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8560 MUSDU Service

PREFACE

RELATIONSHIP TO OTHER EQUIPMENT

The 8560 Multi-User Software Development Unit (MUSDU) is wused primarily in
conjunction with the 8540 Integration Unit. Together, the two units comprise
a complete microcomputer development lab. Uses of this lab are described in
separate user manuals.

MANUAL APPLICATION

This service manual describes the 8560 Multi-User Software Development Unit
(MUSDU) in sufficient detail to permit service technicians to perform on-site
board-level repairs.

ABOUT THIS MANUAL

This manual introduces you to the 8560 MUSDU Multi-user Software Development
Unit (MUSDU). The manual also describes hardware operations within the 8560
at a block diagram level.

This Manual is organized into 22 sections. A brief description of each
section follows:

Section 1 This section contains general information and an introduction to
the 8560 MUSDU.

Section 2 This section contains the 8560 specifications.

Section 3 This section contains a brief description of front and rear
panel controls, connectors, and indicators. It also contains
board configuration drawings and tables, showing the default
strap and jumper positions for each board.

Section 4 This section describes the LSI-11/23 Processor.
Section 5 This section describes the Utility board.

Section 6 This section describes the System Memory (RAM) board.
Section 7 This.section deécr&bes the I/0 Processor board.
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SAFETY PRECAUTIONS

Grounding the Product

The 8560 is grounded through the grounding conductor of 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 the 8560 in an atmosphere of explosive
gases.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove covers. or panels from the 8560. Do
not operate the 8560 without the covers and panels properly installed.
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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 on the 8560 wunless 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 the 8560. To avoid - personal
injury, do not touch exposed connections and components while power is on.

Disconnect power before removing protective panels, soldering, or replacing
components.,

POWER SOURCE

The 8560 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.

@ xi
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This section describes the I/0 Adapter and I/0 Connector boards.
This section describes the PMS Controller board.
This section describes the Micropolis M1220 Interface board

This section provides a general descrlptlon of the hard disc and
flexible disc drive units.

This section describes the 8560 power supply. It also contains
procedures for bringing up and adjusting the supply.

This section describes the 8560 power-up diagnostics.

This section contains an adjustment procedure for the power
supply +5V reference.

This section describes all Power-Up Diagnostic Tests. It also
describes how the tests can be used to isolate problems if any
diagnostic test fails to execute properly.

This section describés all disc-resident diagnostic tests.

This section lists the 8560 MUSDU options.
Installation information is provided in this section.

This section contains reference material such as bus signal
mnemonic descriptions, and Main Interconnect board connector pin
assignments.

This section contains the 8560 Replaceable Electrical Parts
list.

This section contains the 8560 Schematic Diagrams.

This section contains the Replaceable Mechanical Parts list.
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MANUAL CONVENTIONS

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

e SLVOPREQ(L)

e CMEM(H)

e M(L)/IO0(H)

SLASHED ZEROS

Throughout the text in this manual, zeros are not slashed.

HEXADECIMAL NOTATION

All address references in this manual are represented by hexadecimal numbers.
The contents of 8-bit registers and data busses are also represented by
hexadecimal numbers. Exceptions are made in some instances when binary
values are noted.

CHANGE INFORMATION

Change notices are issued by Tektronix, Inc. to document changes in the
manual after it has been published. Change information is located in the
back of this manual, following the yellow tab marked "CHANGE INFORMATION &
TEST EQUIPMENT". When you receive this manual, enter any change information
into the body of the manual, as indicated on the change notice,

e iii
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REVISION HISTORY

As this manual is revised and reprinted, revision history information is
included in the text and diagrams. Original manual pages are indicated by
the "@" symbol at the bottom inside corner of the page. Existing pages of
manuals that have been revised are indicated by a revision code and date (REV
OCT 1981) in place of the "@" symbol. New pages added to an existing section
(whether they contain o0ld, new, or revised information) contain the "@"
symbol alongside the revision date (@ OCT 1981).

OPERATIONAL AND INSTALLATION INFORMATION

A minimum of operational and installation information is presented in this
manual. Refer to the 8560 MUSDU System Users Guide for information regarding
operating procedures. Refer to the 8560 MUSDU Installation Guide for
information regarding system installation and initial start-up procedures.

OPTIONS
8560 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.

iv : e
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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 immediately accessible as one
reads the marking, or a hazard to property including the equipment itself.

DANGER indicates a personal injury hazard immediately accessible as one reads
the marking.

SYMBOLS

As Marked on Equipment

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

/\  ATTENTION - Refer to manual.
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Section 1

GENERAL INFORMATION

INTRODUCTION

Section 1 introduces the 8560 Multi-User Software Development Unit. It
introduces individual hardware system building blocks, and discusses their
relationship to each other. This section also introduces the system's
operating software and the diagnostic firmware/software.

THE 8560 MUSDU

The 8560 Multi-User Software Development Unit (MUSDU) is a 16-bit
bus-oriented computer with mass storage. The 8560 MUSDU allows up to eight
users to simultaneously develop programs for their 8540 Integration Unit
workstation. The 8560 consists of these major components:

e system hardware,

e operating firmware

e diagnostic firmware

e diagnostic software, and

e operating software.

The 8560 MUSDU's main purpose is to serve as a program development tool and
provide file management for the 8540. Data storage is on two disc drives. A
Winchester-technology hard disc drive unit stores up to 35 M-bytes of data.
A second disc drive-unit provides 1 M-byte of storage on double-sided,
double-density flexible discs.

This manual describes system hardware, diagnostic firmware, and diagnostic
software. Furthermore, this manual introduces operating firmware for two
micro-processor-controlled boards.

8560 System Software, the TNIX Operating System and its components, are
described in a separate 8560 Users Manual.

HARDWARE CONFIGURATION

The 8560 MUSDU is a single-enclosure mainframe. It contains power supplies,
disc drives and all control circuits in a bus-oriented system architecture.
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The 8560 main controller 1is a Digital Equipment Corp LSI-11/23 processor.
Two additional processor controlled boards work in conjunction with the
LSI-11/23. Figure 1-1 shows a simplified 8560 block diagram,

The 8560 MUSDU employs the back-plane concept. In that concept, a
horizontally 1located board serves as the mother board into which the major
system boards plug into. 1In the 8560 MUSDU, this board is called the Main
Interconnect board. It provides the vehicle for the 100-line wide 8560 bus.

The Main Interconnect board provides direct system bus-access for the
following boards:

e the LSI—11)23 Processor,
e the PMS Controller,

e two System Memory boards
e two I/0 Processor boards

e the Utility board

Power Front
Supply - Panel
Flexible Disc Halsd_Disc
Drive e 1 1] e e
. r 1
* ’ | |
| Line |
| " Printer |
LSI-11/23 PMS M1220 [ :
Processor Controller Interface | |
|
- Line |
: Printer |
| |
e External
System e g et———— 10C
10P 10P 10A
Memory Board #2 Board #1 Board Board
To 8540s

or Terminals

(3899-2)12581-60

Fig. 1-1. 8560 system block diagram.
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THE 8560 BUS

The 8560 bus is the main system bus. The 100-line wide bus is based on the
DEC "Q-bus" but with increased flexibility. The DEC interrupt structure is
retained, as is most of the DEC signal protocol. Each 8560 circuit board
interfaces directly with the 8560 bus. The 8560 bus provides 22 data lines.
(For more 8560 bus information see Section 19 in this manual.)

THE MAIN INTERCONNECT BOARD

The Main Interconnect board is a horizontally mounted circuit board located
near the cabinet bottom adjacent to the drive units. The Main Interconnect

board provides a vehicle for the 100 line-wide 8560 system bus. 72 of those
lines serve the LSI-11/23. The remaining 28 lines provide specific board

functions for the previously listed boards.

The Main Interconnect board contains one 72-pin connectors and eight 100-pin
connectors. The 72-pin connector connects to the L3I-11/23. All other 8560

system boards, except the power supply and two I/0 boards, plug into the Main
Interconnect board's 100 pin connectors. Because of the 8560 bus structure,

each circuit board is assigned a specific connector. Figure 1-2 shows the
system bus and a typical system 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 20 of this manual provides connector wiring charts, and Section 3
identifies the bus grant jumpers.

M1220
Interface

PMS
Controller
Spare
Optional
64 K-Word
Memory
64 K-Word
Memory
GPIB
Option
1/0 Processor 2
Option
10 Processor 1
Utility

LSI-11/23
Processor

I |

12581-61

Fig. 1-2. Typical 8560 Configuration.
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THE LSI-11/23 PROCESSOR

The 8560 MUSDU wuses the Digital Equipment Corporation LSI-11/23 16-bit
microcomputer as its main control unit. The heart of the LSI-11/23
microcomputer is the LSI-11/23 chip set. The L3I-11/23 chip set consists of
three LSI devices: a data control unit, a memory management unit, and an
optional floating point arithmetic unit.

THE UTILITY BOARD

The Utility board contains miscellaneous 1logic for a number of 8560
functions. The Utility board has the following features:

e Two RS-232-C Interfaces

e Line-Time Clock Control circuit (LTC)
e System bootstrap firmware

e RAM board service routine firmware

o Power-up diagnostics firmware
The Utility board plugs into connector J13 of the Main Interconnect board.

THE SYSTEM MEMORY BOARD

The 8560 system memory consists of 64 K-words of RAM located on one circuit

board. Another 64 K-word RAM board may be added to increase 8560 memory to
128 K-words. The two boards plug in Main Interconnect board connectors J§
and J9.

THE I/0 PROCESSOR (IOP) BOARD

The I/0 Processor board is an 8088-controlled communications board. The IOP
controls data flow to and from external 8560 peripherals. The IOP relieves

the LSI-11/23 of most I/0 processing chores that are associated with external
8560 peripheral communications.

One IOP board plugs into Main Interconnect board connector J12, and processes
data for four HSI channels. A second optional IOP board plugs into connector
J11 and increases the number of available HSI ports to eight.
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THE I/O ADAPTER (IOA) BOARD

The I/0 Adapter (IOA) board is a small circuit board mounted to the side rail
near the rear of the 8560 cabinet. The IOA board services eight high speed
interface (HSI) ports and two RS-232-C-compatible printer ports.

HSI ports 0-7 operate under either High Speed Interface protocol

(electrically compatible with RS-422) or RS-232-C protocol. The PRINTER
ports operate only under RS-232-C protocol.

THE I/0 CONNECTOR (IOC) BOARD

The I/0 Connector (IOC) board is a small circuit board without active devices
that contains up to ten 25-pin D-type connectors. The board is mounted on
the rear panel with the connectors protruding through the rear panel. The
connectors are accessible from the cabinet outside; and serve printer ports
LP1 and LP2, and HSI ports 0 - 7.

THE PERIPHERAL MASS STORAGE (PMS) CONTROLLER

The Peripheral Mass Storage (PMS) Controller controls all interfacing between
the flexible and hard disc drives and the 8560 system. The PMS controller
consists of two circuit boards: the PMS Controller board; and the attached
Micropolis M220 Interface board.

The PMS Controller Board

The PMS Controller board provides control and interface functions for the
flexible disc, and control functions for the hard disc drive. The PMS
Controller board is Z80-based, and can assume 8560 bus mastership whenever
required. This board plugs into Main Interconnect board connector J6.

The Micropolis M1220 Interface

The M1220 Interface provides interfacing logic for the Micropolis M1223-1
hard disc drive. The M1220 Interface is attached in piggy-back fashion to
the PMS Controller board, and interfaces with it, and the Micropolis M1223
Winchester-technology hard disc drive, henceforth called the hard disc. The
Miceropolis Interface is controlled by the PMS Controller board and its Z80
processor. Thus, the two boards operate in a master/slave fashion.
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THE POWER SUPPLY

The 8560 power supply provides four DC voltages and one AC voltage. It
generates DC voltages in four steps from the AC line voltage.

MECHANICAL PACKAGE

INTRODUCTION

The 8560 mechanical package consists of mounting hardware, a Qume flexible
disec drive, and Micropolis Winchester-technology hard disc drive, all in a
covered enclosure. The power supply is in an enclosed assembly that occupies
the 1left rear corner. Attached to the rear of the 8560 is a fan enclosure.
The fan provides cooling for the disc drives, power supply assembly, and
circuit boards. Section 11 provides additional information on the two disc
drives.

THE FLEXIBLE DISC DRIVE

The 8560 flexible disc drive is a Qume Corporation DataTrack 8. This wunit
utilizes standard removable eight-inch flexible IBM discs. The flexible disc
drive can store data on double-sided single-density discs (0.6M-bytes of
storage), or on double-sided double-density discs (1.2M-bytes of storage).

THE WINCHESTER-TECHNOLOGY HARD DISC DRIVE

The 8560 hard disc drive-unit is the winchester-technology 35 M-byte
Micropolis Model M1223-1. This hard disc drive unit contains a

control/interface board on top that is hinged to provide access to both board
sides.

The discs themselves are located in the sealed chamber that comprises the
lower part of the drive unit. To service the discs the whole drive unit must
be completely removed. and returned to your Tektronix Service Center, For
more service information and instructions to remove the hard disc drive see
Section 15, Maintenance.
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THE FRONT CONTROL PANEL

The front control panel contains the front panel board, DC, HALT/RUN, RESTART
switches and three LED status indicators.

Front Panel Board

The front panel board is located to the right of the two disc 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 High-Speed 1Interface (HSI) ports,

two auxiliary RS-232 compatible ports, a primary power switch, line fuse,
primary line-voltage indicator, and the power-supply fan assembly.

OPERATING FIRMWARE

The 8560 operating firmware provides instructions for the micro-processor
controlled system boards. Operating firmware is located in the Utility, PMS
Controller, I/0 Processor and M1220 Interface boards 8560 operating firmware
falls into two categories:

e System boot-up firmware;

e firmware containing instructions for the PMS Controller and the I/O
Processor.

BOOT-UP FIRMWARE

The 8560 boot-up firmware is the first firmware executed when the 8560 is
turned on or restarted. The boot-up firmware is located on the Utility
board. The boot-up firmware performs system initialization, and then turns
control over to the power-up diagnostics. Once the power-up diagnostics has
checked system operation, it returns control to boot-up firmware, which moves
the 8560 operating system from disc 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 8560's LSI-11/23 processor,
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CONTROLLER FIRMWARE

As previously stated, the PMS Controller and I/O Processor are both
micro-processor controlled. The IOP board contains 24 K-bytes of controller
firmware in ROM. The PMS Controller and Interface boards together contain 16
K-bytes of controller firmware in ROM.

DIAGNOSTIC FIRMWARE

8560 diagnostic firmware informs you of the overall system conditions; and
provides you with specific system status information. 8560 Diagnostic
firmware provides power-up tests for the user and the service technician, and
service routines for the technician.

8560 diagnostic firmware consists of power-up diagnostic tests including disc
drive service routines service routines for the system Memory boards.

The power-up tests together with the system memory board firmware are located

on the Utility board. They share 2 k-bytes of ROM with the Boot-up routines.
Power-up tests are described in Section 13.

Another, not previously mentioned firmware package, 1is the ODT (Octal
Debugging Technique) firmware. ODT is located in unchangeable microcode and
is part of the LSI-11/23 chip-set. Section 13 describes ODT wusage. oDT

allows you to look at memory and I/0 port locations, and check the status of
the LSI-11/23.

POWER-UP DIAGNOSTICS FIRMWARE

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 is detected, the power-up diagnostics identify the failure with a
message on the system terminal. Power-up diagnostiecs are further described
in Section 13 of this manual.

DIAGNOSTIC SOFTWARE

The 8560 provides you with another service tool -- Disc-based Diagnostics.
8560 Disc-based Diagnostics provide individual board test programs that you
call from a terminal. These programs 1locate problem areas to the block
diagram 1level. The disc-based diagnostics are stored on a separate flexible
disc. Section 16 provides detailed descriptions of the tests and their
functions.
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OPERATING SOFTWARE

The 8560 operating software is an enhanced version of the popular UNIX¥
operating system called TNIX. The TNIX operating system is stored on the
Micropolis Model M1223-1 Winchester-technology hard disc. The TNIX operating
system is described in a separate systems users manual.

¥UNIX is a registered trademark of Bell Laboratories
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Section 2

SPECIFICATIONS

INTRODUCTION

This section contains the 8560 system specifications. Table 2-1 1lists the
electrical specifications, Table 2-2 lists the environmental specifications,
and Table 2-3 lists the physical specifications. Power supply internal
specifications are given with the supply description in section 12. Section
14 of this manual provides power supply calibration information.

Table 2-1
Electrical Characteristics

Performance
Requirements

Characteristic

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,
medium-blow (5 sec.)
230 Vac 3AG, 4 Amps, 250 Volt,

medium-blow (5 sec.)

Power Consump- 460 Watts

tion (maximum)

Power Supply 110 VAC for disc drive

motor

+5.0 Vdc +4%, -2%, 31A

+12.0 Vde +/- 3%, 1.7A

-12.0 Vde +/- 5%, 1.3A

(>}

)
|

-
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Table 2-1 Electrical -Characteristics (Cont.)

Characteristic

Static Discharge
Operating

Performance
Requirement

15 kV and below with
no effect on oper-
ation of unit

20 kV and below will
not cause component
failure

Table 2-2
Environmental Characteristics

Characteristic i Description
—EESE=EEZ====S===z=z==== : H Pttt ittt ittt Lttt
Temperature !
Operating ! 0 C to +40 C (+32 F to +104 F)
]
]
Storage i =55 C to +75 C (=67 F to +167 F)
]
I
Humidity i
Operating H To 90% relative non-condensing
]
]
Altitude i
Operating i To 2500m (8,000 feet)
[]
]
Storage | To 12 200 m (40,000 feet)
Table 2-3

Physical Characteristics

Characteristic

Net Weight

Description

- - - > > > - = am A W -
24—

33 kg (72.5 1b.)

Overall Dimensions
Height

Width

Length

267 mm (10.5 in.)
432 mm (17 in.)

646 mm (25.4 in.)
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Section 3

OPERATING INFORMATION

INTRODUCTION

This section briefly describes all 8560 controls, connectors, and indicators.
In addition, Section 3 gives the location of all circuit board straps and
Jumpers, and describes their functions.

Detailed 8560 operating information can be found in the 8560 System Users
Manual. Refer to it for explanations of all software related questions.

CONTROLS, CONNECTORS, AND INDICATORS

The following paragraphs discuss the 8560 controls, connectors, and
indicators. In addition, the pin configurations for all rear panel
connectors are also included.

THE FRONT PANEL

Switches

The 8560 front panel has three switches: DC ON/OFF, RESTART, and RUN/HALT.

They are described in the following text. Figure 3-1 shows the 8560 front
panel layout.

DC ON/OFF

This switch supplies DC voltage to the system. When this switech 1is in the
OFF position, the system is in the standby mode, and the AC ON indicator is
lit. 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 regardless what task it
performs at the time.
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Indicators

The front panel has three indicator lights.
and AC ON. Their description follows.

DC ON

This indicator is lit when the
is applied to the system.

AC ON
This indicator is 1lit whenever
PROCESSOR BUSY

This indicator is lit when the

They are DC ON, PROCESSOR BUSY,

DC switch is in the ON position and DC power

the rear panel AC switch is on.

LSI-11/23 is performing a task.

DC ON/OFF RESTART
/Rwdyugn DCON\ AC ON __ /HAUVRUN
7 ' T
1 \ _
i m f Nnaonnan
|
;
!
f¢
2. 4 | SLAUUYO
é\ I —
T
S\ mwf“
= ! :\’ S
[ mnmm§<< ] Ueddidd t
= /
. Access Light L—— PROCESSOR
BUSY
3899-13
Fig. 3-1. 8560 Front panel controls and indicators.
3-2 @
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THE REAR PANEL

Controls

POWER ON/OFF

This 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
1lit. Figure 3-2 shows the 8560 rear panel layout.

LINE FUSE

This is the line fuse for the 8560. If the instrument is configured for 115
Vac, use a 3AG, 8 Amp, 250 Volt, medium-blow (5 sec.) fuse. If the
instrument is configured for 230 Vac, use a 3AG, 4 Amp, 250 Volt, medium~blow
(5 sec.) fuse.

PRIMARY POWER PLUG

This is the primary power supply plug for the 8560. Only the 1line 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 instrument rear panel indicates which of two possible voltage
sources is selected. To change the voltage source, remove this cover plate,

change the two-position switch, replace the cover plate to indicate the new
setting.

If you change the voltage source, be certain that your instrument has the
proper fuse for the new configuration.
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Power
: Switch
HSI 1/0 Ports —_|
0-7 . 2 .
— ~e—— Line Fuse
Line Printer i —@'Ej e - — g T 'I;:\A;ertC(;:;d
5 — ceptac

Ports ~]‘L®\

Disc Extender Port ~/ Zanary Voltage

Indicator Plate

3899-14

Fig. 3-2. 8560 Rear panel control and connectors.
Connectors

HSI PORTS O - 7

J801 through J804 and J806 through J809 are the High-Speed Serial Interface
(HSI) Ports. In a standard configuration, only sockets J804 through 806 are
available, The HSI Ports are modified RS-422-compatible serial ports

designed to communicate with a workstation such as the TEKTRONIX 8540
Integration Unit..

The HSI ports transmit and receive at 153.6 K-baud. Any HSI port, however,
can be reconfigured to operate under RS-232-C protocol by moving the
appropriate jumper block on the IOA board. this allows you to connect a
system terminal directly to the 8560. Instructions to configure an HSI port
and an RS-232 port are located in Section 8 of this manual. Table 3-1 show
HSI port pin assignments.

3-4 e
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Table 3-1
HSI Port Configurations

Pin | Function
===== : —E S C oSS oSSRz ===

1 | Shield

7 | Signal Ground

2 | R DATA -~ Receive Data

11 | R DATA'

3 | T DATA -~ Transmit Data

12 | T DATA!

20 | DTR —-- Data Terminal Ready
13 | DTR'

5 | CTS -~ Clear To Send

25 | CTS!

6 | DSR -- Data Set Ready

18 | DSR!

8 | CAR DET -- Carrier Detect

9 | CAR DET!

Notes: (1) The DSR and CAR DET signals are always transmitted on.
(2) During RS-232-C operation, only the positive (+) side

PRINTER PORTS 1 and 2

J8051 and J8101 are the ports that provide communications with auxiliary
equipment, such as 1line printers and terminals. These ports are RS-232-C
compatible and have switch-selectable baud rates. Table 3-2 gives pin
configurations for the PRINTER PORTS.
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Table 3-2
Line Printer Port Configuration

Fune¢tion

- - - - W - > = P =P = D WP > —— -
PRk

Shield

Signal Ground

R DATA - Receive Data

T DATA - Transmitted Data
DTR - Data Terminal Ready
CTS - Clear to Send

DSR - Data Set Ready

CAR DET - Carrier Detect
T CLK

R CLK - External Clock
RTS - Request to Send

N
E~NUVNTOoOAUVITOWN -~ =

—

Notes: 1. The DSR and CAR DET signals are always asserted.
2. The external clock input (T CLK and R CLK) is routed
directly to the Utility Board.

COMMUNICATIONS

INTRODUCTION

This subsection describes how peripherals connect to the 8560 MUSDU. Recall
that in its standard configuration, the 8560 supports four HSI ports and two
printer ports. HSI ports typically operate under modified RS-422 protocol
and communicate with the 8540 Integration Unit, You can, however,
reconfigure them for use as terminal ports operating under RS-232 protocol.

By adding another I/0 Processor board and exchanging the I/0 connector board

with one having eight connectors, four additional HSI ports are available as
an 8560 Option.

As shown later in this manual, each I/0 Processor (IOP) board controls up to
four HSI ports. Figure 3-3 shows how the signals connect from HSI ports to

the I/0 Processor via the I/0 Adapter (IOA) board to the I/O Connector (IOC)
board.
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Fig. 3-3. 1I/0 port connections to the IOP.
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INTERFACING

Interfacing to an 8540 via an HSI Port

The 8560 and the 8540 communicate via interconnecting cables between the
units, Figure 3-4 1identifies the interconnecting signhal lines for an HSI
interface between the 8560 and the 8540, For more information see the 8560
Installation Guide. Also see the chapter on baud rate selection later in
this section.

(DATA SET) (DATA TERMINAL)
8560 HSI1/0 ) 8540 HSI (J100)
B 2 Tx 2
11 Tx' 11 Q
3 Rx 3
D 12 Rx’ 12 %:b
B 20 DTR 20
13 DTR’ 13 ﬂ
5 CTS 5
[} 25 CcTs’ 25 J>
N 1 SHIELD 1
) [::ii:]
6 4
+ O— —AAN— DSR RTS AMA- —Q +
Fi DSR’ RTS’ _Ji_i&
8
+ O AAN DCD
i 9
6———_ DCD’
7
V——— SIGNAL GROUND
3899-26

Fig. 3-4. High-Speed Interface (HSI) lines.
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Interfacing to a Terminal via an HSI Port

If the terminal 1is connected directly to an 8560 HSI I/0 port, the
appropriate IOA board jumper must be repositioned to provide the RS-232-C
interface protocol., (See "Baud Rate Selection" later in this section).
Figure 3-5 shows the interconnecting signal lines between a typical system
terminal and the 8560 MUSDU.

(DATA SET) (DATA TERMINAL)
8560 HSI1/0 SYSTEM TERMINAL
(configured for RS-232-C) (Typical)
N 1 SHIELD 1 ~
~ Q
3 R 3
TS 5 Not used with
5 c 4024/4025
Terminals
Not used with
+ O AA- 6 DSR 6 CT 8500
Terminal
8 DCD 8
+O- AN~ >0
20 DTR 20
NN -0 +
7 SIGNAL GROUND 7
9 4
4 DCD’ RTS —
v 18
DSR’
11
-O0—O Tx
12
—0 O— Rx’
13
-O0—0 DTR’
25
0 O—f—CTS’
3899-27

Fig. 3-5. 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 interconnecting signal lines between an
8560 MUSDU and a typical line printer.

(DATA SET) (DATA TERMINAL)
8560 LINE PRINTER 1/0 LINE PRINTER
(RS-232-C)- (Typical)
N 1 SHIELD 1 ~
~N : C Ny
o< 2 Tx 2 /
\ 3 Rx 3 >
Cxi:::: 4 RTS a4 ,/////
\ 5 cTS 5 >
+ A 6 DSh 6 >
N AN, 8 DCO 8 >
cx(:::] 20 DTR 20 <::::]
15
T CLOCK
T 17
R CLOCK
7  SIGNALGROUND 7

3899-28

Fig. 3-6. Typical line printer interface with the 8560 MUSDU.
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8540 Remote Interfacing

The 8560 can also communicate to the 8540 via the 8540 REMOTE port (J101).
This 1is an RS-232-C-compatible interface with a maximum baud rate of 9600.
Interconnecting signal lines for this interface configuration are described
in Fig. 3-7.

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

(DATA SET) (DATA TERMINAL)
8560 HSI1/0 8540 REMOTE PORT
(configured for RS-232-C) ° (J1(())1 )E 0

1 SHIELD 1

N} ~
~N Q
Q 2 Tx 2 °<]
> 5 CTS 5 >Q
6 DSR 6
+ O AV >o
+O AAA 8 bcb 8 >o
<} 20 DTR 20 A

7 SIGNAL GROUND 7

i 9 4
DCD’ RTS —
v 18
DSR’
11
Tx’
:; 12
—0 O— Rx’
13
KE;————43——<)———————DTR’
25
—— CTS’

<L
1

{3899-27)12851-64
Fig. 3-7. RS-232-C interface lines between the 8560 and the 8540.
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PORT CHARACTERISTICS

Introduction

The following pages summarize the RS-232-C and RS-422 protocols as they are
used with the 8560. To communicate with external peripherals, the 8560
provides ten ports. Eight ports are defined as HSI ports and the remaining
two are PRINTER ports.

Recall that two I/O processor boards can serve up to eight ports. Typically,
these ports are defined as High-Speed Interface (HSI) ports, since they
transmit and receive at a rate of 153.6 K-baud. You can, however, configure
any HSI port to operate under the RS-232 protocol, and set its baud rate to
any value permitted by this protocol. 1In RS-232-C configuration, a port is

typically wused for terminal communications. HSI ports are accessible at the
rear panel.

Two additional port are defined as PRINTER PORTS 1 and 2. These ports always
operate under RS-232-C protocol. Their baud rates, however are variable and
can be set, to any speed allowable 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 select from the Utility
board. (See Circuit Board Configurations later in this section). PRINTER
port 1 uses a default address of 177510 and an interrupt vector address of
200. PRINTER PORT 2 uses default address 177560 and an interrupt vector
address of 60. Both the 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 IDATA 1line, 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 are present. If they are not present, a
framing error is generated. You can disble the framing error with a strap.
(See Circuit Board Configurations later in this section for Utility board
strapping options). Parity is also checked by the 8560 unless the Utility
board 1is strapped for the NO PARITY option. Instructions to set baud rates
can be found later in this section.

The CTS (Clear to Send) line is asserted by the 8560 when the 8560 is free to
receive data. The RTS (Request to Send) signal is asserted when the
peripheral wishes to receive data (thereby putting the 8560 in transmit
mode) . The DTR signal 1is activated by the peripheral when it is ready to
transmit or receive. Note that all signals including data are active low.

The T/R (Transmit/Receive) Clock line is an optional facility for setting
communications rates by means of an external clock. This must be an even
baud rate (including stop bits) determined by dividing the bit rate frequency
by 16. ‘
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The 8560 conforms to the Electronic Industries Association (EIA) standard.

For time durations of all signals mentioned, refer to the applicable EIA
documents.

HSI/RS-U22 Protocol

The RS-422 communication standard is similar to RS-232-C in terms of signals.
The difference 1is 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 in RS-232. 1In the case of RS-U422, each pair are balanced lines.

In balanced lines, the signal is sent on one line in the normal fashion (as
for RS-232-C), while the signal on the other line is an exact mirror image of
the sent signal. This has the advantage that the differential signal is
twice as large. Therefore, 1line interference 1is canceled by the signal
opposition, but the differential voltage remains the same).

BAUD RATE SELECTION

Printer Ports LP1 and LP2

Printer ports LP1 and LP2 are factory strapped to transmit and receive at
2400 baud. You can change this baud rate by moving the appropriate jumper on
the Utility board. Table 3-9 later in this section identifies these jumpers
and provides strapping information for other available baud rates.

HSI Ports

When an HSI port is configured for HSI operation, the baud rate is fixed at
153.6 Kbaud. When an HSI port is configured (with jumpers on the IOA board)
as a RS232-C port, the baud rate defaults on power-up to 2400 baud. Firmware
on the IOP board then lets you search from the terminal for the baud rate
matching the attached terminal.

To search for the correct baud rate, depress the BREAK key. A message on the
terminal screen informs you whether or not you have obtained the correct baud
rate.



Operating Information - 8560 MUSDU Service

JUMPERS AND STRAPS

The 8560 circuit boards provide jumpers and straps that change the board
operating configuration. Most 8560 circuit boards contain straps that either
are used to tailor the board for a specific function, or are used as a
trouble shooting tool. The configuration tables list every board's straps
and jumpers. A strap or Jumper 1is either 1IN, OUT, or connected to a
position. The tables list the circuit board default strapping.

Specific jumper and strap functions are described later in this section with
its associated circuit board.

The following paragraphs define jumpers and straps. They also show how you
can use these straps to change board configurations or select alternate
functions.

JUMPERS

In this manual, the term "jumper" refers to a small connector designed to fit
across a Jjumper position. A "jumper position" consists of two square pins
that can accommodate the placement of the jumper. Jumper positions are
arranged on the circuit boards as single-position or two-position jumpers.
Single-position jumpers have only two square pins, the Jjumper 1is either
installed or removed. Two-position jumpers have three square pins, arranged
in a straight line or "L" pattern. The jumpers may be installed on pins 1
and 2, 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.
Jumpers are designated with a "J".

Jumpers are also found in clusters rather than singular. In that case,
rather than changing an individual jumper, all jumpers in the cluster are
changed al at once with the "jumper block".

A jumper block is two or more jumpers in one physical wunit. Jumper blocks
are usually used where you have a number of jumpers change the same function,
but 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 is
also associated with a "cuttable run", That is, an ECB run between two
through-holes is a strap. The run must be cut before one of the
through-~-holes can be strapped to a third through-hole. If there 1is 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 1later in this section.
Straps are designated with a "W".
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Table 3-3
for Jumpers and Straps

Jumper/Strap

- - TS " W O A =P Y - S = - - -
22— PP P PP P P PP

- = T - = - P N A - - - - " -
ettt

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

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

@
[CH{eHe]

or

These two-position straps show the
cuttable runs between pins 1 and 2.
The runs may be cut and the straps
bridged across pins 2 and 3.

These single-position straps show the
through-holes with or without a
cuttable run. The cuttable run may
be cut or the through-holes may be
bridged with a strap.

o
or=[@ 0] o

or

o (0 O

A

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

In this subsection we discuss the configuration of all 8560 system circuit
boards that maintain jumpers or straps. Here you will find the location of
each board's jumpers, and its default strapping.

MAIN INTERCONNECT BOARD CONF IGURATION

The Main Interconnect board provides seven pairs of bus grant jumpers (J19
through J32). Each board, plugging into the Main Interconnect board, has an
associated pair of bus grant jumpers. Exceptions are the LSI-11/23 and
Utility boards.

Jumper pairs are set either to the PASS or to the NO PASS position. In the
PASS position, the bus grant is passed to the next in-line 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. As shown, all empty
slots and the system memory boards are strapped to PASS. - All other slots are
strapped to the NO-PASS condition. If you need to change the jumpers, remove
the adjacent board, and use a needle nose pliers to reposition the jumper.

Table 3-4 shows the default strapping.

Table 3-4 Bus Grant Jumpers

Jumper | Function i Default
===sS=SsS=== :::'—':====:=================: : S========s==
J19/26 | the jumpers in this i NO PASS

220/27 | group pass the bus grant | PASS
J21/28 | to the next card if the | PASS
J22/29 | next in line slot is i PASS
J23/30 | empty. | PASS
Jau/31 | |  PASS
Ja2s/32 | i NO PASS
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J25 HEE EEE J32

J24 HIRE HER J3!

J2 HENE REN J30

J22 HEE NER J28

J2) Wil NEE J28

Jo¢ HEE EEE J27

Jic aEE BEE J2%

(PASS)  (PASS)
e, ——
aEE EEN
(ND PASS) (NO PASS)

N\ /

\\\\\\;\\\__———”////// REPRESENTATIVE JUMPER

12681-65

Fig. 3-8 Main Interconnect board jumper locations.

LSI-11/23 CONFIGURATION

Table 3-5 gives the default 8560 LSI-11/23 jumper configuration, Figure

3-9

shows the jumper locations on the board. for additional information please

see the DEC Microcomputer and Memories handbook.
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Table 3-5
Default LSI-11/23 Jumper Configuration

Jumper | In/Out || Jumper | In/Out
=:===:=:}:==:::::l::::::::::::::::::
W1 i In i1 W11 | N/A
W2 i In i wi2 | N/A
Wiy | Out i W13 | N/A
W5 y  Out Y Wi4 | N/A
Wé H In i W15 | N/A
W7 I Out i W16 | In
w8 ] In i w17 | In
W9 i N/A i W18 | In
W10 | N/A |} _—_ ] -

=T

wi1isg
Red Wire

— W1

MMU
Spare
Foating Point
Data Control

— W16
— w7

12581-66

Fig. 3-9. LSI-11/23 jumper locations.
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UTILITY BOARD CONFIGURATION
The following pages provide the default jumper strapping for miscellaneocus
jumpers and straps (Table 3-6). Furthermore, this subsection provides
information on jumpers and wire straps that control the following functions:

e diagnostics control

e framing errors (Table 3-7)

e port interrupt vectors

e parity and bits/character (Table 3-8)

® RS-232 port baud rates (Table 3-9)

e port mode selection (Table 3-10)

e ROM and LTC enable

e port interface address selection (Table 3-11)

e power control enable

Figure 3-10 illustrates the Utility board. Table 3-6 shows the Jjumpers and
straps in their default positions.
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/

N

(X}
J1036 N w1071 w1072
Maintenance Interrupt o0
Jumper Vectors o0
B A
w1073 w1074 o-A— W1098 Baud Rate
| - J2052 : YY) } ® O Wi099 Enable
® | 2053 Printer 2
-8 2054 e @ W2091  Printer
® e W2092 Port
o 2058 Parit ® @ w003
Framing Errors " #2056 andagitys/ ——e nggg Baud Rate
W4045/46 - 3052 Char. :—: W2096 Selection
® = J3053 ® e W2097
W4043/44 o 3083 ® @ W2098 Baud
W4041/42 s = 13055 o0 @ ® W3091 Enable
| @ =W y3056 W3071 w3073 & B8 W3092 1
w4031/32 ee Port
°
o— e PT7770¢ °
A B|B|B w3072 w3074
R ® bdoded 'Y
—e
- B_,} W4016/17
*——o
o 5 o) Wa018/19
W5061 ROM/LTC
Disable
wW6101/02 Interface Address
*——o Printer 1 Printer 2
e -o B ABaA
Line 6111 ERE EWE 6131
Printer 6112 mm® mB® 6132
Mode 6113 -ma 6133
o[Re 6114 B EE® 6134
o o -mE 7131
W7011/12 7111
'—'} ° 7112 . 7132
:—: wW7013/14 7113 e aEmA 7133
® ®'\w7015/16 7114 uums ER® 7134
o—-o} 7115 sl ame 7135
:—‘: W7017/18 J7079 7116 mm @ mm 7136
o[ RJ® -
Power Up/Down
L] Control
(2975-17)12581-125
Fig. 3-10. Utility board strap and jumper locations.
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Table 3-6

Strap or | i Default
Jumper | Function | Position
==zz=z==z=== |zzsz=====z=zzz=z==z |==z===zT==T
P1036 ! Maintenance ] IN
] ]
i ]
W4031/32 | Framing Error | B
] ]
] ]
W4041/42 | Framing Error | A
] ]
| t
W4043/44 | Framing Error | A
] ]
1 - [
wuous/46 | Framing Error | A
1 1
] i
W5061 { Framing Error | IN
[ ]
i 1
J2052 ! PRINTER Port 2 |
' Int. Vector | A
| 1]
} ]
J2053 ! PRINTER Port 2 |
! Int. Vector | A
| ]
I ]
J2054 | PRINTER Port 2 |
H Int. Vector | B
t ]
] I
J2055 \ PRINTER Port 2 |
1 Int. Vector | B
1 ]
] ]
J2056 { PRINTER Port 2 |
i Int. Vector | A
] []
1 |
J3052 | PRINTER Port 1 |
i Int. Vector ! B
] 1
i i
J3053 ! PRINTER Port 1 |
i Int. Vector 1 A
] 1
i ]
J3054 ! PRINTER Port 1 |
i Int. Vector i A
] ]
I ]
J3055 i PRINTER Port 1 |
t Int. Vector i A
] 1
] i
J3056 ! PRINTER Port 1 |
{ Int. Vector i A
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Table 3-6 (Cont.)
Utility Board Default Jumper/Strap Positions

Strap or | | Default
Jumper H Function | Position
==I=Z==Z===== }:::::::::::::::: I:::::::::::
W3071 ! PRINTER Port 1 |
{ 8 Bits/Char. | OuT
] ]
] 1
w3072 i PRINTER Port 1 |
i No Parity g ouT
] [}
1 |
W3073 i PRINTER Port 1 i
! No Parity i OouT
] 1
1 ]
W3074 i PRINTER Port 1 |
i 8 Bits/Char. | ouT
1 t
1 i
w1071 ! PRINTER Port 2 |
! 8 Bits/Char. | ouT
] 1
] 1
w1072 ! PRINTER Port 2 |
i No Parity i OuT
1 1
[} I
W1073 i PRINTER Port 2 |
i No Parity i OuUT
(] 1
i 1
W1074 | PRINTER Port 2 |
! 8 Bits/Char. | ouT
] ]
i i
W3091 ! PRINTER Port 1 |
i Prg Baud Enbl | ouT
1 ]
] i
W3092 i PRINTER Port 1 |
! Prg Baud Enbl | IN
1 ]
] i
w1098 i PRINTER Port 2 |
! Prg Baud Enbl | IN
| [}
| 1
W1099 ! PRINTER Port 2 |
| Prg Baud Enbl | ouT
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Strap or | ! Default
Jumper | Function i Position
:::::::::::::::::::::::::: ::::::::::::
W2095 i PRINTER Port ]
i 2400 Baud H IN
] ]
| |
W2096 i PRINTER Port i
H 2400 Baud H OouT
! |
I 1
W2097 i PRINTER Port i
H 2400 Baud i OouT
1 |
] |
w2098 ! PRINTER Port |
1 2400 Baud | ouT
] |
] I
W2091 i PRINTER Port 2 |
i 2400 Baud i ouT
] 1
] ]
W2092 i PRINTER Port !
i 2400 Baud ! ouT
1 ]
| |
W2093 { PRINTER Port i
H 2400 Baud i ouT
1 t
t ]
w2094 \ PRINTER Port H
i 2400 Baud i IN
) |
[} [}
W7011/12 | PRINTER Port !
{ Non LAV-11 i A
] |
] [}
W7013/14 | PRINTER Port !
i Non LAV-11 g B
[} [}
] 1
W4016/17 | PRINTER Port d
i Non LAV-11 ] A
1 ]
] |
W7015/16 | PRINTER Port d
! Non LAV-11 ] A
] t
1 1
WT7017/18 | PRINTER Port |
i Non LAV-11 H B
] ]
] ]
W4018/19 | PRINTER Port H
| LAV-11 i A
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Table 3-6 (cont)
Utility Board Default Jumper/Strap Positions

Strap or | | Default

Jumper i Function \ Position

===s=z=====|=sszzszsss=z=z=zz=z== [==zz=z===s==c

Wé6111 i PRINTER Port 1 |

w6114 | Interface Addr | B
] ]
] ]

w7111 i PRINTER Port 1 |
! Interface Addr | B
[} !
1 1

w7112 i PRINTER Port 1 |
! Interface Addr | A
] ]
] ]

W7113 ! PRINTER Port 1 |
| Interface Addr | B
] ]
] ]

W7114 —~ |} PRINTER Port 1 |

w7115 | Interface Addr | A
] . ]
] 1

W7116 ! PRINTER Port 1 |
! Interface Addr | B
] ]
] 1

W6131 — | PRINTER Port 2 |

w6134 ! Interface Addr | B
1 1
] ]

W7131 ! PRINTER Port 2 |
! Interface Addr | B
1 i
] i

W7132 | PRINTER Port 2 |
! Interface Addr | A
[] 1
i ]

W7133 -~ | PRINTER Port 2 |

W7135 ! Interface Addr | B
1 ]
1 ]

W7136 ! PRINTER Port 2 |
! Interface Addr | A
] 1
] 1

JT7079 !. Power Control |
' Enabled i IN
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The Maintenance Jumper

When jumper J1036 is installed, the 8560 runs through its normal power-up
sequence. If J1036 is removed, the 8560 enters the ROM-based debugging mode,
and all communication with the 8560 will be through a PRINTER port.

The Framing Error Straps

The framing error straps (W4031/32, WHOU1/42/43/44/45/46, and W5061 )
determine what the LSI-11/2 will do if a framing error is detected at one of
the 8560 I/0 ports. Table 3-7 lists the possible actions,

Table 3-7
Framing Error Straps

| WL031/ | WU4O41/ | WHOU3/ | WhOus/ | i
Port 1 u032 | uou2 | HOLM | LOLU6 | W5061 i
====zs======z |=zs=zzsz===|=z=zzz==z)zsszsssz | zzssczes |sxseoszses j2asmssznnns
i A - A | A i B g IN { RESTART @
i i i g i i 173000
JE—— : : : :
Not Used i B H A 1 A H B 1 X { HALT
1 ' I 1 ) i
i i i i ] i
i A i A i A i B | ouT { HALT @
H i | i i i 173000
| : | : : :
i A i A | B i A i IN | RESTART @
i 1 i i i i 173000
: : : : | :
PRINTER 1 | B H A i B i A d X { HALT
| 1 I ] I )
i i i | I i
i A | A i B i A i ouT | HALT @
| d | | i i 173000
| i : | | :
H A i B i A i A H IN | RESTART @
i ] i i | i 173000
: : : : | :
PRINTER 2 | B | B i A i A H X { HALT
i 1 ) ! ] |
i ] i i ] i
i A i B | A H A H out { HALT @
i i i H i i 173000

X=don't care
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~Port Interrupt Vectors

Both PRINTER ports interrupt vectors are strap selectable. The wupper five
bits of each eight-bit vector can be selected using J2052 through J2056 for
the PRINTER port 2, and J3052 through J3056 for the PRINTER port 1. The "A"
position for each jumper equals 0, and the "B" position equals 1. J2052 and
J3052 set the most significant bits (bit 7), and J2056 and J3056 set the
least significant bits (bit 3).

Parity and Bits/Character

Wire straps allow you to configure the parity and bits/character feature of
each PRINTER port. The Utility board default-strapping is set to 8
bits/character and NO PARITY. Table 3-8 allowed port combinations.

Table 3-8
Parity and Bits/Character

PRINTER. 1 E W3071 E w3072 i W3073 E W3074
PRINTER 2 g W1071 E w1072 i W1073 E W1074
g Bits/Character] OUT | X | X | oUT
7 Bits/Characteri IN i X ; X % ouT
!
6 Bits/Character{ ouT E X ; X ; IN
[ 1
5 Bits/Character{ IN % X ; X E IN
] ]
Even Parity { X § ouT ; IN i X
(] ]
0dd Parity { X E IN E IN § X
No Parity ; X ; X ; ouT 2 X

X = don't care

Baud Rate Selection

PRINTER port baud rates are factory set to 2400 baud. You can,however,

change them with the wire straps on the Utility board. Table 3-9 lists the
settings for each port.

3-26 e



Operating Information - 8560 MUSDU Service

Table 3-9
Baud Rate Selection Straps

PRINTER Port 1 E W2095 i w2096 i W2097 E W2098
PRINTER Port 2 E w2094 E W2093 E w2092 E W2091
“External Clock | TN { IN { IN | IN

I | I I
External Clock { IN i IN i IN ; ouT
| | |
50 Baud % IN % IN E ouT i IN
75 Baud i IN % IN ; ouT i ouT
i !
110 Baud i ouT E ouT E ouT E ouT
134.5 Baud E IN é ouT E IN i IN
200 Baud E IN E ouT % IN i OouT
300 Baud i OouT E ouT % IN i ouT
600 Baud E IN E ouT E ouT E IN
1200 Baud { ouT E IN E out ; ouT
I : '
1800 Baud { OouT E IN i ouT E IN
2400 Baud E IN % ouT E ouT ; outT
1 I
2400 Baud { ouT § ouT i IN i IN
4800 Baud i ouT % IN E IN % ouT
9600 Baud E OouT ; IN ; IN ; IN

Port Mode Selection

Both PRINTER ports can operate in Digital Equipment Corporations's four
LAV-11 modes. (LAV-11 modes force bit 2 of the interrupt vector to a zero.)
You can also set the ports to a non-LAV-11 mode. Table 3-10 lists the modes
and straps for each port,
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Table 3-10
Port Mode Straps

PRINTER Port 1 | WU4016/4017 | W7011/7012 } W7013/7014
[} 1 1
1 1 ]
PRINTER Port 2 | W4018/4019 | W7015/7016 | W7017/7018
++4+ 41+ttt t 4+ ::::::::::::: : H+ 1+ttt :::::::::::::
LAV-11 Mode: no | H '
hold-off i A | A i A
1 ] ]
] ] [}
LAV-11 Mode: ! ' i
hold-off while | A ! B H A
RTS is false ] i i
] ] ]
] ] !
Default Strapping} I i
LAV-11 Mode: i A i A i B
hold-off while | i g
DTSR is false ' ' i
I ] 1
1 ] 1
Non LAV-11 Mode | B i X ' X

ROM and LTC Enable

The power-up diagnostic ROM, boot-up ROM, and Line-Time Clock functions of
the Utility board can be disabled for trouble shooting purposes. Straps
W6101 and W6102 enable or disable the ROMs and LTC. Placing both straps in
the "B" position disables the ROMs and LTC. Placing the straps in the "A"
position enables both. The default configuration is in position A.

Port Interface Addresses

The interface addresses for both PRINTER ports can be selected by wire
jumpers. Table 3-11 lists the straps and their address values.

Table 3-11
Port Interface Address Straps

PRINTER 1 {W6111161121611316114]71111711217113171141711517116

1 ] i ] [} ! [} 1 ]
! 1 i I [} i 1 ] 1

i
PRINTER 2 1W6131161321613316134171311713217133i71341713517136
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To select a high or a low on a particular bit, set the corresponding strap
to: A (= 0), or B (= 1). Bits 1 and 2 of the address are under program
control, and select one of four Utility board interface registers (see the
description of the Utility board in Section 9 of this manual). Bit 0 is' not
used.

Power Control Enable

Jumper J7079 1is used during troubleshooting to disable the power control
facility of the Utility board., To disable the power control facility, remove
J7079. J7079 is normally installed.

THE SYSTEM MEMORY BOARD CONFIGURATION

The Memory board jumper straps fall into three basic categories:
® Miscellaneous straps —- shown in Table 3-12,
e Bank interchange straps -- shown in Table 3-13, and
e Data/Parity interchange test straps shown in Table 3-15.

Figure 3-11 shows the jumper strap locations of the System Memory board.

Miscellaneous Straps

Except the first two straps in Table 3-12, all other memory board jumpers are
used for trouble shooting. They disable signals such as the input data,
clock, refresh and others.
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Table 3-12
Miscellaneous Straps

Name/No H Function | Default
:::::::::::::::::::===:======::=====:::::::::::::::::::::::::::::::::
i i
CG - CF (J5161) | I/0 memory space selection (2K or 4K) | 1IN
i i
(J6112) | configures the board either as the ! CC-CA (a)
CA - CB - CC | upper or the lower 64 K-word bank i
1 i
(J7141) i i
CM - CL - CN { disable parity errors i CL -CM
i i
CJ - CK (J7101) | Test Strap - disables bus output data | 1IN
] 1
| ]
BZ - BY (J7121) | Test Strap - disables clock signal i IN
] [}
[} |
CD - CE (J6135) | Test strap - disables refresh 1IN
] [}
] 1
CL - CI (J7101) | Test Strap - disables bus timing signal} 1IN
i i
J7088 { Test pins for Signature Analysis i N/A

(a) This straps the board as a lower 64-K word bank.
CB - CA straps the board as a upper 64-K-word bank.

Bank Interchange Straps

Address bits 15 and 16 contain trouble shooting straps that can be wused to
swap the 16K-word memory banks. Tables 3-13 and 3-14 give the binary
expressions under which the straps swap the memory banks.

Table 3-13
Bank Interchange Strap Functions

Straps | Address Signals { Default
::::::::}::::::::::::::::::::::::::::::::::
w7109 | ADD16H = AD16H { BJ - BN
w7113 | ADD16H = AD15H i BQ - BU
w7115 | ADD16H = AD16L { BS - BW
w7112 | ADD16H = AD1SL { BL - BP
] ]
1 i
w7108 | ADD15H = AD15H \ BI - BM
w7114 | ADD15H = AD16H i BR - BV
w7116 | ADD15H = AD15L { BT - BX
w7111 | ADD15H = AD16L { BK - BO
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Table 3-14
Bank Interchange Logic

Address Signal

]
]
| State
Bank H
{ ADD16H | ADD15H
Z=zzz=zzzz|==zz=czzzzzszs==s====
CAS1 | 0 | 0
CAS?2 d 0 i 1
CAS3 H 1 i 0
CASY ' 1 i 1

Data and Parity Swapping

Table 3-15 lists the straps by which the low-byte parity bit memory may be
swapped with bit 0 memory and the high order parity bit memory may be swapped

with bit 8 memory. This allows parity to be read as data, hence providing
testability of all memory chips on the board.
Table 3-15
Data and Parity Interchange Test Straps
Name | Signal ! Function | Default

:::::::::::::::::::::;:::::::::2::::::::::::===:=========::::::::::
AM -~ AT | DNO(H) i i IN
AO - AK | DNLP(H) | Swaps DNOH and DNLPH signals i OUT
AN - AJ | DNO(H) 1 J6078 i OUuT
AP - AL | DNLP(H) | 7 IN

1 1 ]

] 1 i
AE - AA |} DTO(H) H i IN
AG - AC | DTLP(H) | Swaps DTOH and DTLPH signals i OUT
AF - AB | DTO(H) i J5077 i OuUT
AH - AD | DTLP(H) | i IN

1 i 1

1 ] [}
AU - AQ | DN8(H) H i IN
AW — AS | DNHP(H) | Swaps DN8H and DNHPH signals ! ouT
AV - AR | DN8(H) i J5091 i OuT
AX - AT | DNHP(HI | 1IN

] - [} ]

] [} i
BE - BA | DT8(H) i i IN
BG - BC | DTHP(H) | Swaps DT8H and DTHPH signals ! ouT
BF - BB { DT8(H) i J5108 } OuT
BH - BD | DTHP(H) | i our
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/

IOP BOARD CONFIGURATION

The IOP

3-32

board provides jumper straps for the following functions:

priority levels

Vector Strap functions

Signature Analysis

Miscellaneous functions

board selection

+5 0 O GND
J5077 J5091 J5108 e
| S 55 | S8 -
. J5161
lt:u
0o
J6078
S J6112 D CE
[ -
CA CC J6135
QN n <
ee TT sy sz
~ND
EE =2 mmoJ7121 CL-CM
©0 0000 0 J7141
cJ Cl 0Q) Resistors CN
00 000
0000 l' -~ b o
J7088 CK CL s :-J-—: =
J7101 N KR
s'=s =2
3899-17
Fig. 3-11. RAM board jumper strap locations.
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Interrupt Vectors

Two independent interrupt vectors that interface with the 11/23 Processor
board are generated on the IOP board. The two interrupt vector circuits can
be independently jumpered to establish a selected 1level of interrupt
priority. One set of jumpers determines which interrupt lines will be
asserted, and the other set of jumpers selects which lines will be monitored,
when intercepting a grant from the 11/23 Processor. Table 3-16 describes the
priority levels. Figure 3-12 shows the jumper arrangement for Vectors 1 and

2, and Fig, 3-13 illustrates jumper configurations for priority levels 4, 5,
and 6.

Table 3-16
Interrupt Priority Assignments

Priority | Interrupt i Interrupt
Level ! Lines Asserted | Lines Monitored
=Zs======= : cEEZEZZIT==sS=s=SsS====== = H4+ 4t -
Yy | BIRQ 4 | BIRQ 5, 6

5 i BIRQ 4, 5 i BIRQ 6
6 i BIRQ 4, 6 i BIRQ 7
7 \ BIRQ 4, 6, 7 T

Priority level 7 is used only by the 11/23, and is not user-definable.

Aas [ Ja0s51 As O J4051
A4 (O J4052 A4 O J4052
A2 O J4053 A2 0O J4aos3
At O J4o54 A1l O Ja054
(a) (b)
IOP Board 1 I0P Board 2
(Device Register Address 00) {Device Register Address 01)
3899-22

Fig. 3-12. Interrupt priority jumper arrangement.
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J7121

J7122

J7123

J7124

Vector 1
a
o0 o
O o o
a oo
o 00O

J7125

J7126

J7127

J7128

Vector 2
0
o o0o~D
O 0 0O
0D 0O 0O
O 0 O

3899-23
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Fig. 3-13. Jumper configurations for interrupt priority levels.

Miscellaneous Diagnostic Jumper Straps

Table 3-17

- > an o - =
——eraatmae==

Function

- P > S > D D D - S NP D W D D R - W - - -
=== ]

forced NOP
processor testing
testing system bus
testing SIO DMA
disable bus driver
clock normal/slow

Disable HRQ between 8088 and 8237

I/0 read 00 or NOP

Normal or forced OP codes
slow clock

Disable DCO10

Default

Note that the default position is indicated on the board by a /.
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Board Selection Straps

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 3-14a 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, as above. The second board must be
configured as IOP 2 and installed in the IOP 2 slot in the card cage (see
Fig. 3-14b).

O a
J7121/J7125
J7122/J7126
J7123/J7127
J7124/J7128
(a) (b) (c)
Level 4 Level 5 Level 6

3899-24

Fig. 3-14. Device register jumper positions.

Table 3-18
Memory Strapping

Jumper | Function | Default
4+ttt :================================ ::::::::::::::

J1081 i changes U1080 from RAM to ROM | ROM
J1082 d H

] 1

1 ]
J1091 |  changes U1090 from RAM to ROM | RAM
J1092 i i

] [

] 1
J1101 i changes U1100 from RAM to ROM | RAM
J1102 i i

] t

1 ]
J1121 | changes U1120 from RAM to ROM | RAM
J1122 i i

] []

i |
J1131 i changes U1130 from RAM to ROM | RAM
J1132 i i
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ROM ~=t B RAM

/ OO0 0D 0D 01O 01O 01 01O 04O 01O 04O \
!
sl !
. ROM ROM || ROM || ROM (| ROM
Diagnostics ROM ROM OR OR OR OR OR RAM RAM RAM
Display RAM RAM RAM RAM RAM
m |
B J2061 J2171 OO0
12041 Signature J2172 OI11D
Analysis J2173 11D
J2174 OOI113
Device
Registers
10 J3161

A5 [l J4051

A4 [HE J4052 L iA

A2 (1 J4053

J3162
A1 [l J5054 (Refer to text)
J5161

J6091 J6171

B ﬁ:l Vector 1

HH
| AARM veswro

Interrupt Vectors

(Refer to Text)
J7011

3899-21

Fig. 3-15. 1IOP board jumper strap locations.

I/0 ADAPTER (IOA) BOARD CONFIGURATION

The IOA board contains eight sets of jumper straps. J1011 through J4011
provide strapping for HSI ports 0 through 3, and J5011 through 8011 provide
strapping for HSI ports 4 through 7. Each set of straps consists of eleven
pair of pins. Jumper plugs for these jumpers have ten pairs of pins. By
moving the jumper strap either up or down one pin, you can change the port

configuration from HSI protocol to RS-232-C protocol. Figure 3-16 shows the
Jjumper strap locations.

3-36



Operating Information - 8560 MUSDU Service

/————— Jumper in RS-232-C (S10) Position
L]

[ U [] DU U l:] Jumper in RS-422 (HSI) Position
% .
- - - ™ - ™ = ™
Lol ol ol o o D
©O O 00 0 QO O O
KN ©® B g ® N «
i B B B B B B A |

Jumper Connector | HSI1/0 Port

J1011 J801 0

J2011 J802 1

J3011 J803 2

Jao11 J80o4 3

J5011 J806 4

—— 3501 Joon -

J7011 J8os8 6

( J8o011 J809 7

3899-15

Fig. 3-16. IOA board jumper strap locations.

I/0 CONNECTOR BOARD CONFIGURATION

Figure 3-17 shows the IOC board strap locations., Straps W802 through W811
are of the plated through-hole type. These straps are associated with the
communications ports. There is one strap for every port-connector. It
allows you to install a resister or capacitor between the shield (of the
transmission line) and ground. To install a device, you must first remove
the strap. In the shipped configuration, all straps on this board are
installed. Table 3-19 relates the straps to the port connectors.
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Table 3-19
IOC board straps

Port | Strap | Port | Strap
=======|=z==z====z|zzz=zxz|z===z====

J801 | W8011 [J805 | W8051
J802 | W8021 1J807 | W8071
J803 | W8031 1J808 | W8081
J8o4 | W8ou1 1J809 | W8091
J805 | W8051 1J810 | W8101

O———0O wso2 wso7 O——Q
O——O0 ws03 wgogs O—Q
O——O wso4 wgos O——O
O——0O wso0s wg10 O——0
O———0 w806 wg11 O—O

12581-70

3-38

Fig. 3-17. 1IOC board strap locations.
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PMS CONTROLLER BOARD CONFIGURATION

Figure 3-18 shows the PMS Controller board strap locations.

S

ave for the

RAM, address, and interrupt straps, all other straps on this board are used
by diagnostic tests, Table 3-20 lists the jumper functions and the default
Jjumper positions.
NOTE
If the system is in the normal wupright position, all jumpers,
except J1050, J1070, and J3070, are installed horizontally.
Schematics show all jumpers in the default position.
33
123 D B 328 5
41031 J1050 J1070 2> g
TP10110 J1034 - TP11410
- 5 J1040 g g TP11420
TP1012 mm [ TP11430
J1038 J1130 g
o J1131
o - o0 - J2040 OO OOy
am OC J2110 J2130
[m]
J1010
- J2111 J2131
TP3012  J3020 N TP31410
J3070 J3080
-
J3100
0 TP5052 Ja1ao
TP5051 0
J5140
U- ]
J5058 99105 121 J6122
J7101 J7102 = -
0 0 - s @]
- . o 0 a
J6061 J6062 o
J7103 == 471155 8 J6140
0 471163 J6123
o J7105 F rals
TP7012 o T o
“'] J7081 I N
[ i N
[« %
-
(3899-18)12581-126
Fig. 3-18. PMS Controller jumper strap locations.
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Table 3-20
PMS Controller Board Configuration

Jumper | Signal | Default Strapping and Function
======zZ== :::::::‘—': :=====::::::‘-’==‘-’===============:=:=====:=::=:::::::::::
J1031 | D7 i 0 0-0 forces NOP (00) instructions
J1032 | D6 { 0 0=0 on the data bus
J1033 | D5 | 0 0-0 in the TEST position, and
J1034 | D4 i 0 0-0 allows normal bus access
J1035 | D3 { 0 0-0 in the NORMAL position.
J1036 | D2 { 0 0-0
J1037 | D1 | 0 o-0
J1038 | DO | 0 0-0
1 ]
! |
J1010 | NMI(L) | ol
H i 1 0-02 causes NMI when J1131 is shorted
i i o3
1 t
1 |
' i i ©0-0
J1011  {WAIT(L) | o the 7280 WAIT signal is available
] ]
[} §
J1040 | Head H 0-0 the PIO controls loading of the
i Load L o) disc heads
] ]
[} 1
J2040 | READ | o U4050 is triggered from
{ DATA(L)! 0-0 the READ DATA(L) signal
1 1
i 1
J1050 | PIO (A)} normally IN otherwise used for port and logic
J1070 | PIO (B)! normally IN block testing
] ]
] ¥
J1090 | i
J1091 | { normally OUT —— used with signature analyzer
J1092 | i
] 1
] 1
J1130 | H o normal position:
H I o-0 selects 1 K-bytes of RAM
1 ]
! |
H i o other position
i | oo selects 2 K-byte of RAM
[} 1
L} |
J3070 | | normally IN these two jumpers are used in
J3090 | { normally OUT in conjunction with J1050 and
H ] 1070 to test PLL write precom-
| i pensation logic
[] [}
] 1
JU140 H | normally IN these two jumpers are used (with
J5140 i | normally IN J1050 and J1070) to test the
I |
[} 1

DMA logic
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Table 3-20
PMS Controller Board Configuration (cont.)

Jumper | Signal | Strapping/Function
==Z=Z=Zz===== :::::::::: :========‘-’:===:=:===::::=========:::::::::::::::::::::
Jé6140 | ! normally IN used (with J1050 and 1070 to
| 1 test the Interrupt replay logic
] ]
1 i
J5058 | I o Normal PMS address strapping
! | o0-0 Address: 777150
) [}
] 1
i i o Other position:
' i oo Address 777154
1 ]
] [}
J3020 | CLKIMHZ | o-o
1 [}
] 1
i i o
J3100 |} DMAINIT | o-o0 These jumpers are used with
i 1 the PMS Controller diagnostic.
J5105 | VALAD i o-o0
1 1
1 ]
J6061 | TDALOE | o}
| i o-0
| :
J6062 | RINIT i o
| | o-0
i i
J7145 | CLK8MHZ | normally IN isolates the main clock when out
] ]
i 1
J7115 | DO | normally OUT selects the diagnostic mode when
J7116 | D1 { Normally OUT IN
] ]
I 1
J7101 | | o-o0
| i o
J7102 | H 0=-0
i ! o
J7103 | i 0-0 monitor interrupt requests
i i o o4
J6121 | 1 1 o-0 3
i i o2
J6122 | | o-o0
i i o©
i i
J1131 | i normally out diagnostic test switch shorts
i i pins 2 and 3 and triggers
H i DIAGIN(L) :

341



Operating Information - 8560 MUSDU Service

M1220 INTERFACE BOARD CONFIGURATION

The M1220 Interface board provides jumper straps for miscellaneous trouble
shooting functions. Figure 3-19 shows the M1220 board jumper strap
locations.

Table 3-21
M1220 Interface Board Jumper Straps

Jumper ! Function iDefault
==z===z==zz |=z=zz=z=z==z=z==z==z==z==z=zzzzz==z===Zz=|zzzz===

J1011 i forces CNTRAO high for diags i IN

] 1

. H 1

J1012 g i IN
J1013 | disconnects terminators for i IN
J1041 | diagnostics i IN

1 [}

| |
J3045 i selects 1K or 2 K RAM | 0-0

] [}

[} i
J5051 i connects PIO A port i IN

] [}

I N 1
J5055 | connects PIO B port i IN

] [}

1 }
J6055 i Signature analysis ; OUT

1 1

i |
J2011 ' 1 OUT
J3011 | used by diags when connected to | OUT
JU011 i PMSC board jumpers J1050/J1070 { OUT

POWER SUPPLY BOARD CONFIGURATIONS

The 8560 power supply has two boards that contain jumper straps: the
Regulator board and the Secondary board. Tables 3-22 and 3-23 show the
jumpers and their functions. Figures 3-20 and 3-21 locate the jumpers.

Most power supply jumpers are used for trouble shooting. Except for the

EXTERNAL SUPPLY connection (J6075) all jumpers are normally installed.

Table 3-22
Regulator Board Jumpers

Strap | Function | Default
:::::::::::::::::::::::::::::::;::::::::
J3115 jovervoltage protection | IN
J3103 | 5V over current ! IN
J3113 | 24V overcurrent i IN
J3111 }-12V overcurrent i IN
J3101 {+12V overcurrent i IN

3-42 e



Operating Information -~ 8560 MUSDU Service

LTI

. J1011
. J1012
- J1013

E J2011

TP2014
0
o
TP2015

EJ301 1
EJ4011

o
TP6038

L
J1041

Q
-

J3045

s]
TP3045

-
(4]
o
(5]
-

TP3050
o

o
TP3059

[
(5
[=]
[5)]
a

og
oo
[s]s}
[a]s]
ao
J6055

3899-19

Fig.

3-19. M1220 Interface board Jjumper strap locations.

Table 3-23
Secondary Board Jumpers

J6075

low voltage shutdown

disable

| External supply

i
i
! External Reference
]
E

iDefault
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g 43118
g y3114

g 43112
g v3109

B 43104

12581-71
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Fig. 3-20. Secondary board jumper strap locations.
J6048
J6035 oo 16075
g ' m
125681-72
Fig. 3-21. Regulator board jumper strap locations.
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LSI-11/23 PROCESSOR

INTRODUCTION

The 8560 uses the Digital Equipment Corporation (DEC) LSI-11/23 16-bit
microcomputer as its main control unit. The LSI-11/23 is a standard DEC dual
height circuit board that is compatible with the DEC LSI-11 bus. The heart
of the LSI-11/23 microcomputer is the LSI-11/23 chip set.
The LSI-11/23 has the following features and capabilities:

e 128K word address space

e four levels of vectored interrupts

e DMA

e nmemory management

® Octal Debugging Technique
The LSI-11/23 chip set consists of three L3I devices: a data contrcl unit, a
memory management unit, and a floating point unit.
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.

The memocry management unit facilitates multi-programming and memory
protection.

The floating-point unit is an 8560 option.
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OCTAL DEBUGGING TECHNIQUE

DESCRIPTION

The Octal Debugging Technique (ODT) is a built-in feature of the LSI-11/23.
ODT 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 shows a summary of ODT commands. For additional
information refer to the DEC Microcomputer Handbook.

The ODT Terminal

The 8560 treats any device connected to 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 one of the following ways:

¢ The processor executes a HALT instruction.

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

e A double Bus Error occurs (the stack pointer points to a
non-existent memory location when the stack is used after an error
condition)

¢ A Bus Error when the processor is attempting to input a vector from
an interrupting device,
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Table 4-1
ODT Command Summary

Command {ASCII| Function
=zz=zzzzzzz=zx=sz=zz |s=zzz|szzzzzzzsszzzscccorsssszszzssssssszzzzzzss
x/ (Slash) 1 057 | Prints contents of location specified
! | by x, and leaves that location open.,
[} 1
i [}
<CR> (Return) | 015 | Closes an open location and accepts
H | next command.
' |
| 1
<LF> (Line Feed)} 021 | Closes current location and opens the
‘ ! | next sequential location.
[} ]
[} i
Rx/ (Register) | 122 | Opens a specific processor register x
or $x/ 1oouy |
] 1
i [}
S (Processor 1 123 | Opens the Processor Status Register (PS3).
Status) i i This command must follow a "$" or "R"
i | command
[} ]
[} t
- xG (Go) ! 107 | Go to location x and start program
i | execution.
1 1
1 1
P (Proceed) i 120 | Resumes execution of a program

JUMPERS

The default 8560 LSI-11/23 jumper configuration is given under "Circuit Board
Configurations" in Section 3 of this manual.
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UTILITY BOARD
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Section 5

UTILITY BOARD

INTRODUCTION

The Utility board contains a collection of miscellanecus circuits providing
various system functions. Figure 5-1 shows the Utility board block diagram.
Figure 5-2 illustrates the serial interface registers. See Section 3 of this
manual for strap locations and their functions. The Utility board has these
features:

Two RS-232-C Interfaces

e Line-Time Clock Control (LTC)

e Bootstrap ROM

e Diagnostic ROM

e Front Panel Functions (RESTART, RUN/HALT)
¢ Bus Termination Resistors

® Diagnostic Error Indicators (LED's)
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RS-232-C COMMUNICATIONS

The outputs and inputs of the two RS-232-C interfaces (LP1 and LP2) connect
" to the I/0 Adapter Board. The I/0 Adapter Board provides the translation
between the TTL output/input of the Utility board and standard RS-232-C
voltage levels, Please see " Communications" in Section 3 for more

- information.

You can select the baud rate for the two RS-232-C interfaces with straps on
the Utility board. Available baud rates range from 50 to 9600. For more
information on baud rate selection, see Section 3 of this manual.

SERIAL INTERFACE REGISTER DEFINITIONS

Register 0 - Receiver Control/Status Register (RCSR)

BIT DESCRIPTION

15 Set when Data Terminal Ready (DTR) and Request To Send (RTS) are both
received true. (Read-only bit)

1 Set when DTR is received true. (Read-only Bit).
13 Set when RTS is received true (Ready-only bit.)
12-8 NOT USED, read as 0

7 Receive done bit., Bit 7 is set when a character has been received and
is ready to be read from RBUF. This bit is automatically cleared when
RBUF is read or when DCOK goes false. A receiver interrupt is sent by
the interface when this bit 1is set and the receiver interrupt is
enabled (i.e., bit 6 is alsoc set). (Read-only bit). interrupt request
when a character is ready for input to the processor (i.e., bit 7 is
also set). Cleared wunder program program control or by the INIT
signal. (Read/Write bit).

5-1 NOT USED. Read as 0.

0 CTS. Drives Clear To Send (CTS). 1 = not CTS, 0 = CTS. (Read/Write
bit, cleared by INIT during initialization).
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Register 2 - Receiver Data Buffer (RBUF)

BIT

15

14

13

12

11

DESCRIPTION

e e s et s e s o S

Error. "OR" of bits 14, 13, and 12. (Read-only bit).

Overrun Error., This bit indicates that the previocusly received
character was not read prior to receiving a new character., Bit 14 is
cleared when DCOK is false or the receipt of a new valid character
after reading the overrunning character. (Read-only bit).

Framing Error. When this bit is set, the incoming data was transmitted
at the wrong baud rate., Bit 13 is cleared when DCOK is false or a new
valid character is received. (Read-only bit).

Parity Error. When this bit is set, the parity of the received
character does not agree with the expected parity. This bit is always
0 if no parity is selected. Bit 12 is cleared when DCOK is false or a
new valid character is received. (Read-only bit).

NOT USED. Read as 0

Contains 5 to 8 data bits in a right-justified format. (Read-only
bits).
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Register 4 - Transmit Control/Status Register (XCSR)

BIT DESCRIPTION

——— s e s oo e e st

15-12 Programmable Baud Rate Select Bits. These bits choose the baud rate.
The baud rate varies from 50 to 9600 or can be externally supplied.
Bit 5 of XCSR register must be set and the baud rate enable straps for
LP1 or LP2 must be installed before these bits are enabled (see Section
Y). Reading these bits returns the actual baud rate. If the
programmable baud rate 1is disabled, the baud rate jumpers are read.
(read/write bits).

11-8 NOT USED. Read as 0

7 Transmitter Ready. This bit is set when the transmitter buffer (XBUF)
can accept another character. When bit 7 and bit 6 are set, it
initiates an interrupt sequence Bit 7 is set during power up sequence
by DCOK, and cleared by writing into XBUF. hang 6 Interrupt Enable.
When set, allows an interrupt sequence to start (Read/write bit).
Cleared by INIT.

5 Programmable Baud Rate Enable. Bit 5 must be set for bits 15-12 to
select the baud rate. Bit 5 is a read/Write bit, cleared by INIT.

k-1 NOT USED. Read as 0.
0 Break. When set, a continuous space is transmitted across the RS-232-C

interface, giving the receiver a framing error. Bit 0 is a read/Write
bit, cleared by INIT.
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Register 6 - Transmit Data Buffer (XBUF)

BIT DESCRIPTION

———— e e . . e S

15-8 NOT USED. Read as O.

7-0 Holds the character to be transferred to the external device. Data
must be right-justified if the UART is strapped to less than 8 bits.
Writing to this register initiates the transmit sequence. Write-only
bits. Read as 0's.

LINE-TIME CLOCK (LTC) CONTROL

The Line-Time Clock (LTC) circuits consists of a control register and
supporting logic to control the bootstrap/diagnostic ROM and the processor
EVENT trigger line. '

The logic is named after a characteristic of the EVENT interrupt line, which
is triggered on the Utility board by a 60 Hz square wave signal derived from
the 8560 power supply.

The EVENT interrupt provides a software facility allowing for real time clock
applications. The presence of this signal is controlled by LTC bit 6. It is
cleared (disabled) by either setting bit 6 to a =zero, or during system
initialization (INIT).

Other active bits in the LTC register are: bits 5 and 11 - controlling the
ROM address space (see "Diagnostic and Bootstrap ROM's"); bit 7 - to monitor
the line frequency clock (see LTC Register bit definition); bit 0, which is a
strappable option (P1036) for software diagnostic purposes; and bits 15-11
which drive five LED's used for diagnostic status reporting.
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Line-Time Clock Status Register (Address = 777546)

BIT DESCRIPTION

——— - e v o e e v e e e

15-11 Utility board LED's., The LED 's are used by the power-up self test to
indicate errors and conditions (refer to Section 3 for the error
codes). Writing a0 to a bit turns on an LED. The Initialize
condition sets all LED's ON. Writing a 1 turns it off. Write-only
bits.

11,5 Diagnostic/Bootstrap ROM select. These bits select which bank of the
diagnostic and bootstrap ROMs are located from addresses 773000 to
TTHT76. Refer to the text under the heading "Diagnostic and Bootstrap
ROMs "

10-8 NOT USED. read as O.

7 Monitor., Set to 1 by line frequency clock signal. Cleared by program.
Read/Write bit. Writing a zero clears the bit, writing a 1 does not
set it. Bit 7 is set by INIT, or the line frequency clock.

6 Interrupt Enable. When 1, the line frequency clock signal asserts the
BEVNT line. Read/Write bit. Cleared by INIT.

4-1 NOT USED. Read as 0.

0 Strap selected logic level for diagnostic ROM control.

DIAGNOSTIC AND BOOTSTRAP ROMS

Two 2K-byte ROM's in parallel provide ZK-words of diagnostic and bootstrap
memory. This memory utilizes an address space of cctal 773000 to 774776, or
approximately 512 words. The memory is broken into four banks by bits 5 and
11 of the LTC register to fit into the given address space. Addressing
within the address space is via bits A1-A8 and A11. The functions provided
by each bank of the diagnostic and bootstrap memory are shown in Fig. 5-3.

When the 8560 is powered-up or reset, the power-up tests of bank 0 are run,
and then the tests of bank 3 are run. Following completion of the power-up
tests, the bootstrap routines in bank 3 are run. The 8560 first tries to
boot from the flexible disk drive; if it is unable to boot from the flexible
disk, it tries to boot from the hard disk. If the 8560 is unable to boot, it
runs through the self test routines again.

The command interpreter in bank two will be entered after the power-up tests
if J1036 is not present, or if an error is encountered. Bank 1 contains
service routines for flexible disk drive alignment and RAM board signature
analysis. For more information on Utility board strapping see Section 3.
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HIGH BYTE LOW BYTE
\
Bank 3 Power-up tests:
LTC, IOP, Printer Ports, PMS
(LTCR Boot strap routines.
=4040) checksums
Even
> LED
Codes
Bank 2
(LTCR Command interpreter.
=4000)
S
Bank 1
Service Routines and
(LTCR 10P | | driver.
=40)
Odd
> LED
Codes
Bank 0 Power-up tests:
(LTCR = 0) RAM, ROM, CPU
J
12581-74

Fig. 5-3. Diagnostic and bootstrap ROM functions.

FRONT PANEL FUNCTIONS

The Utility board controls the system restart operation. When the front
panel RESTART switch 1is toggled, the BDCOK signal goes false, forcing the
processor to start execution at location 773000.

The front panel board provides the debounce circuit for the RUN/HALT and

RESTART switch. When the RUN/HALT switch is in the HALT position the
processor halts after the current instruction is executed.

BUS TERMINATION RESISTORS

Each bus signal is terminated on the Utility board with a resistive divider
network consisting of 180 ohms to +5 Vdec and 390 ochms to ground. DMA Grant
(DMG) and Interrupt Acknowledge (IAK) lines are terminated with a resistive
divider network consisting of 330 ohms to 45 Vdc and 680 chms to ground.
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THE DIAGNOSTIC ERROR INDICATORS (LED'S)

Table 5-1 shows the diagnostic error indicator sequence. You view the LED's
with the 8560 top cover removed from the side opposite the disc drives. The
LED closest to the front is the most significant bit.

If the 8560 is powered up, it takes approximately 30 seconds to go through
the sequence. If the 8560 is reset, it takes less than 5 seconds.

~ Table 5-1
LED Error Codes

LEDs | Octal Value} Definition
==zsr== (==csszssss=z |s=ssssssssEsssssssssEsszsssssszssszsss
ExEx | 37 i Unable to execute firmware
—— ] 00 H LTC error
— 01 |  Initialization error
— 02 i  Printer Port 2 error
—— 03 i LSI-11/23 MMU error
_— ] ou | Printer Port 1 error
—% 05 i ROM error (low byte)
—— % 06 i PMS Controller error
—— k% | 07 ! ROM error (high byte)
R 10 1 Page O RAM error
X% 11 1 Page 0 RAM error
—k_%_ | 12 i Page 1 RAM error
%% 13 H Page 1 RAM error
% 14 H Page 2 RAM error
—E_% | 15 ! Page 2 RAM error
—NEE_ | 16 i Page 3 RAM error
~REEE ! 17 |  Page 3 RAM error

¥____ | 20 | Page O RAM parity fault
¥ | 21 | Page 0 RAM parity fault
*__%_ | 22 ! Page 1 RAM parity fault
¥__x* | 23 i Page 1 RAM parity fault
®_¥__ | 24 | Page 2 RAM parity fault
k_w_% | 25 H Page 2 RAM parity fault
*_%x_ | 26 i Page 3 RAM parity fault
LR L L 27 H Page 3 RAM parity fault
*¥___ | 30 i IOP error

e__% | 31 i LSI-11/23 CPU error

RE_x_ | 32 i Trying to boot from a flexible disc
wEE_% | 33 H Not used

xxx__ | 34 i Debugging Mode

rEX_% | 35 | Debugging Mode

REEE_ 36 i  Executing secondary boot from disc
LA LA L 37 i  TNIX running

5-10 e
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Section 6

SYSTEM MEMORY

INTRODUCTION

The standard 8560 Memory consists of 64 K-words of dynamic RAM on a single
circuit board. Another memory board can be added to increase the 8560 memory
to 128 K-words. The memory is divided into two main banks, the lower and the
upper bank, with each bank containing 64K-words of storage.

Each 64 K-word memory bank, built from 16K X 1 dynamic RAM's, is contained on
a separate circuit board. Each board contains four 16K banks of 16 bit
words, plus byte parity. The two boards plug into any Main Interconnect
board connectors J8 and J9. The two boards are identical, but straps on each
board define the board either as a lower or an upper 64K memory bank. Figure
6-1 shows a block diagram of the System Memory board.

MEMRQ
SYNC
—_— ]
BBS?7 Memory Access L__A___, RAS
DBAL17 Logic Timer -
18 & 19
,———L REFRQ ! E WRITE 64K x 8
Byte Word H RAM Memory
WTBT yte v « +Parity
) Write - CAS
Generator g 2—-—.
\ v Upper Byte
N ADO
[ 2 ]
§ a - AD15 g .
D Lo |AD16 3% IC
2 -]
] g% < %_ Address — 20
§ 5% 2E [ F-=——===- 1
= 23 E i |
2 < £= ! |
@ s ! I
18 18 18 Ic i ]
) 64K x 8 !
| RAM Memory !
I + Parity |
DBAL16 | :
|
|
: Lower Byte |
|
REFRQ Refresh Timer |- Clock : |
19 19 1 :
|
MEMEQ 1 21 :
Lo i
12581-75

Fig. 6-1. Block diagram.
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DESCRIPTION

BUS PROTOCOL

Address bits 15 and 16 select the proper bank. These address bits gate the
CAS signal to one of the four banks via a 745139 decoder. The RAS signal is
transmitted to the four banks every time the memory is accessed. Except
during a byte cycle, all chips receive the WRITE ENABLE pulse while a write
cycle is in progress.

The memory interface to the LSI 11/23 bus is via four bus transceivers
(U7010,U7020,U7030, and U7040) that also generate a four-bit parity. Byte
parity 1is achieved by an exclusive OR chip (U6050) which gates the
transceiver's four bit parity output.

Before the BSYNC signal goes true, the 16 data lines contain the 1lower 16
word address bits., When BSYNC goes true, the address bits are latched into
two eight bit registers (U6060 and U6070). At the same time, the BBS7 and
BDAL17 signals are sampled to determine if the memory will be accessed during
that cycle.

Except in special cases, any time BSYNC goes true, a read, write or
read-modify-write memory cycle is initiated. There are two exceptions: when
BBS7 is true indicating an accessed peripheral, or when BDAL17 is strapped to
access the optional 64K-word board.

MEMORY TIMING

Memory timing is provided by a 20 MHz clock (period=50 usec) located on the
memory board. Shift register (U7070) provides the memory with the RAS,
ADDRESS SELECT, and CAS signals. The bus signal BDOUT generates WRITE
ENABLE; and the BDOUT and BDIN signals return BRPLY to the LSI-11/23. BDIN
also controls the bus transceivers when data from a memory read operation
must be placed on the bus by ENOUT.

A traveling ones shift register timing chain halts at state 6 until either
BDOUT or BDIN goes false. This event advances the timing sequence to state
T7 and allows a shift register time-out. This time-out (states 7 through 12)
allows RAS to recharge the memory chips before the shift registers return to
a quiescent state. After the shift register reaches the 0 state, another
memory cycle may be initiated.

6-2 ’ @
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The state diagram in Table 6-1 corresponds to the system timing diagrams
(Figure 6-2 through 6-4), and defines the system RAS/CAS generation.

Table 6-1
State Diagrams

STATE T T T T T T T EVENT SIGNAL
01 2 3 4 5 6

==;======;==B==;==Z==B==3==?====;E§;;===Egii§======iii============

1 1.0 0 0 0 0 1  TO(H RAS(L)

2 1170 0 0 0 0  TI(H GO . TI(H). T6 (L)

3 111 0 0 0 0  T2(H) CAS(L)

y 11 1 1 0 0 0  T3(H _—

5 1 1 1 1 1 0 0  T4H —

6 117 1 1 1 1 0  T5(H) (Wait state)

7 117 1 1 1 1 1  BRPLY (end of cycle), T6(H)

8 o 1 1 1 1 1 1 TO(L) -—

9 00 1 1 1 1 0 TIL) RAS, CAS T6(H)

10 o000 1 1 1 0 T2(L) —

11 0 00 0 1 1 0  T3(L) _—

12 0O 0 00 0 1 1  T&L) GO . MEMRQ . T6(H)

0 0000 0 0 1 -_— —
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Fig. 6-4. Data Refresh cycle.

'I/0 MEMORY SPACE

Jumper J5161 (CG-CF) controls the size of the I/0 memory space at the top of
the memory. The jumper, if installed, limits the size of the I/0 memory to 2
K-words. (In that case, data bit 12 (DN12H) 1is gated with BBS7, hence
limiting the I/0 memory space to 2 K-words). If the jumper is not installed
(default condition), the I/0 memory space is 4 K-words.

ADDRESS SELECTION

Memory address multiplexer (U6090) performs the RAS/CAS address selection.
Bus signals BWTBT and BDALO determine a high/low byte write sequence as BDOUT
goes true. This memory does not allow byte-read instructions. Each
memory-read sequence addresses a 16-bit word, and places it on the bus. The
processor . arbitrates a read-byte access. Byte parity allows writing of one
byte per memory access.

The read-modify-write sequence consists of two full memory cycles. The first
cycle is a normal read cycle. Next is a write cycle that is set-up when WTBT
is low while BSYNC is asserted and MEMRQ remains high. The write portion of
this cycle is started by BDOUT

6-6 e
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REFRESH

U6090, in addition to the memory address multiplexer, also contains a refresh
address counter and gating logic. This logic gates the counter to the memory
address lines during the refresh operation.

Count down of the 20 MHz clock generates 128 RAS-Only refresh cycles. The
clock generates a complete refresh cycle every 1.6 msec. Memory access,
prohibited during a refresh cycle, is delayed until the refresh operation is
completed, refresh and memory- access cycle requests are sampled by
different edges of the memory clock pulse, thereby preventing a race
condition, The time interval between counter resets is always 13 uS. During
that 13 uS interval, a refresh cycle is allowed by trailing edge of the MEMRQ
signal, A counter within the memory address multiplexer maintains a count of
the refresh address, and multiplexes a REFRESH cycle every 13 uS.

JUMPERS AND STRAPS

This board provides various jumpers. Except for J5161 and 6112, the System
Memory board jumpers are diagnostic aids. They disable various signals such
as input data, clock, refresh and others.

Jumper J5161 and J6112 are not used for diagnostics. J5161 selects the size
of the memory I/0 space; and J6112 configures the board either as a upper or
lower memory bank.

Section 3 of this manual provides the System Memory board default strapping.
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Section 7

THE I/0 PROCESSOR

INTRODUCTION

This section describes the 1I/0 Processor (IOP) board hardware and its
functions. Section 3 of this manual describes the IOP default jumper
strapping; and Sections 13 and 16 deal with IOP diagnostics.

The IOP board 1is a microprocessor-controlled communications board that
controls the information flow to and from 8560 external peripherals. Figure
7-1 shows the IOP block diagram.

The IOP board relieves the LSI-11/23 of most I/0 processing chores that are

associated with external 8560 peripheral communications. The IOP board
provides four full duplex serial data channels.

For the purpose of this discussion, we divided the IOP board logic into these
distinect parts.

e the kernel

e the system memory access logic
e the I/0 logic

e the Interrupt vector logic

® the diagnostic registers

The IOP kernel consists of the 8088 processor (U3050), the clock logic, and
10 K-bytes of RAM and 20 k-bytes of ROM.

The system memory access logic provides memory mapping and direct-memory
access functions. Memory access logic also provides various registers. ' The
8088 accesses the 8560 bus by treating it as a subset of its address bus.

I/0 Processor I/0 logic provides four data channels, I/0 registers, SIO
(serial I/0 device) wait logic, and a baud rate generator. Typically, a 8560
with four HSI channels contains one IOP board. A second IOP board, serving
another - four HSI channels, is available as an option. The baud rate of each
communication channel is independent. This is a function of jumper straps, a
control register, and SIO channel programming.
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The 8088 sets 8560 bus interrupts under firmware control. Interrupt vector

circuits .provide two vector ports interface with the LSI-11/23 via interrupt
vector registers.

The IOP provides two diagnostic registers, One register 1is a write-only

register, while the other 1is a read-only register. the output of the
write-only register drives a seven-segment LED display.

Bus Wait 8284

v SI10 Wait

SIO -
DMA Interfaces |<ag—p-
§ Access of ‘ ’
8560 Bus

8088
P DMA [——
rocessor - HRQ SI0/RAM

11\ 31

1

SIO |
Interfaces |-eg—p
1

i

Baud Rate
Control

Interrupt
Vectors

3

30
Device

Registers

29
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Fig. T7-1. IOP Block Diagram.
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THE KERNEL

The kernel is defined as that part of the IOP board that must be operational
before any firmware or software diagnostics can be executed. The kernel

encompasses the 8088 processor (U3050), the clock, and the ROM and RAM
memories.

THE PROCESSOR

The heart of the IOP board is the Intel 8088 microprocessor strapped for MIN
mode. The 8088 1is a third generation microprocessor that can address 1
mega-byte of memory.It has an 8-bit external data path to memory and I/0 |,
and a 16-bit wide internal data bus. To speed up instruction processing, the
8088 consists of two separate processing units within the one device: the
execution wunit (EU) and the Bus Interface Unit (BIU). The EU executes

instructions, and the BIU fetches instructions, reads operands, and writes
results,

The EU and BIU operate independently, and in most instances instruction fetch
operations can overlap with instruction executions. The result is that the
processor does not need to stop while an instruction is fetched, therefore
reducing the overall fetch/execution time. Firmware on the IOP board
provides the instructions for the 8088 processor,

THE CLOCK CIRCUIT

A 8284A Clock Generator-driver device (U3160) supplies the master clock
signal for the 8088. Besides supplying the primary CPU clock signal, the
8284A also provides a hardware reset function, and a mechanism to permit
insertion of bus cycle wait states.

The 8284A Clock Generator device uses an external crystal oscillating at 15

MHz. From this frequency U3160 generates a 15MHz, 5MHz, and 2.5 MHz output.
The 2.5 MHz output is not used.

From the 8284A 15MHz output, a frequency dividing counter (U4170) generates
7.5 MHz and 3.75 MHz clock frequencies. The 7.5 MHz clock drives the DEC

DCO10 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 asserted from the 82U2A's RESET
input. When the RESET input is high, the RESET output 1is asserted
synchronously with the CLK signal for four clock cycles. This causes the CPU
to fetch and execute the instruction at location FFFFO. The RESET signal
originates at the LSI-11/23 as INIT.
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THE IOP MEMORY ALLOCATION AND ASSIGNMENTS

The IOP board provides 10 K-bytes of RAM. 1In addition, the 8088 can access
the 8560 system memory.

The IOP board also contains 20 k-bytes of ROM. This memory contains 8088
operating firmware and various IOP service routines. Figure 7-2 shows the
8088 address space. Note that the IOP divides the memory into four quarters.

The lowest quarter (address 00000 to 3FFFF) is reserved for on-board RAM and
status/control registers. The next quarter (addresses 40000 to TFFFF) maps
the 8560 bus I/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 memory space., Finally, the highest quarter (addresses C0000 to FFFF) is
designated for on-board PROM and ROM memory.

Figure 7-3 defines the 8088 memory space hardware decoding. Note that all
I/0 registers are 1located in the 8088 memory space. The diagnostic
registers, however, still reside in I/O space. Note also that, except for
the DMA controller (8237), all least significant bits are don't care bits,
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SYSTEM MEMORY ACCESS CIRCUITS

The system memory access circuits 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
larger than that would be normally possible with a finite number of address

lines. The 8088 has 20 address lines which allow direct addressing of 1
M-byte of RAM.

Since the 8560 bus provides 22 address lines, but the 8088 has only 20, the
8088 can map only a subset of the system memory.

A 6-bit address extension register allows the 8088 to address up to 4 M-bytes
of system memory. The memory extension register acts as a page or bank
switch for a 64 K-byte memory partition.

DMA CONTROL CIRCUIT @

The IOP board provides two independent DMA control circuits: one to access
the 8560 bus, and another to access the SIO logic. This text describes the
8560 bus DMA logic. The SIO DMA logic is described wunder "I/O Circuits"
later in this section,

The 8560 bus DMA logic allows the 8088 to access address locations that are
normally accessed by the LSI-11/23. The 8560 bus DMA logic consists of a DEC
DCO10 device (U6080) and its associated logic. The 8560 bus DMA controller

is under direct control of the 8088 and provides direct access to the system
memory,

Bit 7 at location 8040H determines whether a system memory DMA data transfer
is in word mode or in byte-mode. With bit 7 set, all data transfer via the
8560 bus is in byte mode. If bit 7 is not set, all data transfer via the
8560 bus is in word mode.

Whenever the 8088 accesses the 8560 bus, the DMA circuit signals the 8284 to
extend the 8088's read or write cycle. Figure T7-4 shows the timing
relationship between the 8560 bus and the 8088. The 8088 clock 1logic
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 or DOUT signal goes true. The logic then waits for the
accessed device to return a reply. When the reply is received, the DMA logic
completes 1its timing and negates the WAIT signal to allow the 8088 to
complete it's read or write cycle. If no reply is detected before U6170
times out, bit 6 at location 8040 is set to indicate an error condition, and

U6080, the 8560 bus DMA device, is allowed to terminate the DIN or DOUT
cyecle,
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REGISTERS

The registers described in this subsection include the memory extension
register, device registers for HSI terminal functions, 8560 bus registers and
buffers, and a register that performs miscellaneous functions. Figures 7-5,
7-6, and T-7 show the registers.

Extended Addressing Register @

The memory extension register is a six-bit register that is wused to extend
the sixteen bit portion of the 8088 bus to to address the 22-bit 8560 bus.

The contents of this register determine which 64 k-byte bank the 8088 can
access.

Device Registers <<:>

The IOP has two 16-bit device registers. The register consisting of U6020
and U6040 1is device register 1, designated for HSI functions. Theée register

consisting of U6010 and U6030 is device register 0, designated for terminal
functions.

Any device on the 8560 bus, such as the LSI-11/23 or the 1I0OP, can access
(read and write) these registers. Normally data is written into the
registers by the LSI-11/23 and read back by the IOPs 8088 wusing its memory
mapped 8560 bus access.

System Bus Registers and Buffers <::>

Transferring data to and from the 8560 bus requires various buffers and

registers. For this discussion, they have been separated into four distinct
groups,

The first group consists of U7080 and U7090. These two registers work in
conjunction with the DEC DCO10 8560 bus DMA controller.

The next group consists of U7010, U7020, U7030, and U7040. These devices
have open collectors driven to assert data on the system bus. They also have
a Schmitt bus receiver to receive data from the 8560 bus.

The group consisting of U4020 .and U40U40 provides addresses for the 8560 bus.

The last group, consisting of U5010, U5020, U5030, and U5040 provides data-in
and data-out functions. U5020 and US040 latch the data from the 8088 bus.
From there the data goes onto the 8560 bus via buffers (U7010, U7020, U7030,

UT7040). U5010 and U5030 receive the data from the 8560 bus buffers and latch
it before it is transmitted onto the 8088 bus.
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Miscellaneous Register

The miscellaneous register (U6060) provides various control and status
functions. The Miscellaneous Register address is at location 8040. Figure
7-8 shows the register format. The text following the figure describes each
bit.

D7 Dg | Ds | Ds | D3 | D2 | Dy | Do Miscellaneous

? L—> Device Register O

Device Register 1

= Vector O Busy

#= Vector 1 Busy

— Line Frequency (60 Hz or 50 Hz)

- Unused

— Bus Timeout Error

# Bus Byte Mode

12581-86

Fig. 7-8. Miscellaneous register.

(Bit 0) Device Register 0 Loaded.

When a 8560 bus master such as the LSI-11/23 writes to Device Register 0 this
bit will be set. When the 8088 finds this bit set, it will take appropriate
action and then clear the bit,

(Bit 1) Device Register 1 Loaded.

When a 8560 bus master writes to Device Register 1 this bit will be set.
When the 8088 finds this bit set, the processor takes appropriate action and
then clears the bit.

(Bit 2) Vector 0 Busy.

When the 8088 writes to the 8560 bus Vector 0 register, this bit 1is set.
When the LSI-11/23 responds with the proper interrupt grant and the IOP

intercepts the grant, bit 2 is cleared. As long as the interrupt is pending,
bit D2 is read as a 1.
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(Bit 3) Vector 1 Busy.

When the 8088 writes to the 8560 bus Vector 1 register, this bit 1is set.
When the LSI-11/23 responds with the proper interrupt grant and the IOP
intercepts 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 that has the frequency of the ac
line, and a TTL-level amplitude. A firmware timing loop continually samples

this bit to determines whether the unit is connected to a 50 Hz or 60 Hz
power line.

(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 and time-out occurs, this error bit is set and the 8560

bus cycle is completed. The 8088 then polls this bit, takes appropriate
action and clears it.

(Bit 7) 8560 Bus Byte Mode.

If bit D7 is set, a bus cycle is generated and the 8560 bus is accessed. A
write cycle exercises the 8560 bus WTBT signal.

If bit D7 is cleared, the 8088 assumes word mode, and the information
contained in the even-numbered address (low byte) to be written on the bus is
temporarily stored in a latch, No bus cycle 1is generated. 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.

When reading a 16-bit word from the 8560 bus, the low byte is read first, and
‘is directly transmitted to the 8088. The next read operation then reads the
high byte, but no bus cycle is generated.
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I/0 LOGIC

SIO ACCESS DMA CONTROLLER

The SIO DMA controller consists of the 8237 four channel Quad DMA controller
device (U3060), the latches (U3010) and associated logic. The 8237 performs
queueing tasks between the data coming from the SIO and IOP RAM, The DMA

controller 1is programmed by the 8088, and provides direct-memory-access
between the IOP memory and the SIO channels.

For each SIO channel, the 8237 puts incoming data automatically into 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 feeding data is an 8540, and the queue approaches an overflow
condition, the CTS signal is negated to stop the 8540 from sending data until
the queue can again accept it.

If, however, the peripheral feeding the data is a terminal, the CTS signal
may not stop the incoming data flow. The 8237 can queue terminal data up to
the limit of its queue size. Then the incoming data overruns the queue until
the terminal stops transmitting data.

SIO DMA CONTROL STATUS REGISTERS

The 8237 uses eight DMA control status registers. These registers are
software registers and are accessed at memory locations 8088H through 808FH.
There are seven write registers and one read register. Figure 7-9 shows the
registers and their bit assignment. For additional information on the SIO
device, refer to the device manufacturer's specifications.

SIO INTERFACING LOGIC @

The SIO interfacing logic controls serial data interfacing between the IOP
and the 8560 on one hand, and the external workstations, such as the 8540 on
the other, The SIO0 interfacing logic consists of U4080, U4100, and
associated logic. The heart of the interfacing logic consists of two SIO
devices, Each SIO device provides two IO channels, hence giving the IOP four

channel capability. Both SIO devices are configured for asynchronous
operation.

When interfacing the 8560 to an 8540, the I/0 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 assume
a baud rate of 153.6 K baud.
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Fig.7-9. SIO-DMA control status registers.

Figure 7-10 shows the connections between the IOP board the IOC (1/0
Connector) board. An SIO treats the data paths as data terminal devices,
The IOP channels, however, are configured as Data Sets. Therefore, signal
names must change before they will match the names in the SIO literature.
The upper channel in Fig. T7-10 is configured for a terminal, and all signal
levels are RS-232-C protocol-compatible.

In the same figure, the lower channel illustrates HSI operation. Here, the
HSI signal 1is asserted low and the RS-422 differential signals (CTS, RDATA,
DTR, TDATA) are used for data transfer.
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Fig. 7-10. Serial interfacing connections.
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SIO REGISTERS

Recall that the IOP uses two SIO devices, with each device providing two
duplex channels, Each channel has one data input/output register and one
control register. The SIO multiplexes the control registers internally.
Thus, the SIO provides eight write registers and three read registers to be
used for status information.

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

The control register is a single read/write address that multiplexes ten
registers. These registers are:

WRO - WR7 -- write registers 0 through 7
RRO - RR2 —-- read registers 0 through 2

Write register 0 contains a three-bit pointer that points to the register to
be accessed next. After it has been accessed, the pointer returns to zero,
thus allowing the pointer to be set for another register.

Figure 7-11 defines the previously mentioned eight write and three read
registers. Bits specified as 1 and 0 are assigned to perform a specific SIO
operation. Bits specified as X are "don't care" bits, For additional
information refer to SIO device manufacturers literature.

7-18 @
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Fig. T7-11. SIO register definitions.
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SIO Wait Logic

Since 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 consists of a binary counter (U5160) and
associated logic. The SIO wait logic provides a wait time of approximately
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. Both SIO
devices can be addressed at 8XXX and CXXX locations. If the address is in
the form 8XXX the walt circuit is inhibited. If the address is in the form
CXXX, the wait circuit is enabled.

The SIO wait logic checks address bits 14 and 15 to determine whether or not
the SIO wait 1logic is turned on. The wait logic is asserted when signal
lines A14 and A15 are asserted, and A18 and A19 are unasserted,

For example, if SIO channel 0 is accessed at location 8000H, the wait 1logic
will not respond. If, however, the same channel is accessed at address
COOOH, the wait logic is initialized, and the 8088's read or write cycle is
extended for the required time interval. The wait logic is also asserted
during an 8237 DMA cycle which moves data between the SIOs and on-board RAM.

Baud Rate Generator

The IOP baud rate generator consists of the clock generator device (U2100),
lateh (U2090), and multiplexers U5080, U5090, U5100, and U5110. The clock
generator device generates a crystal-controlled 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 generator frequency. The
firmware then programs the SIO for a X16 clock, effectively dividing the
2.U576 MHz frequency by 16 and generating a baud rate of 153.6 Kbaud.

For RS-232-C operation the SIO receives either the 153.6 KHz or the 19.2 KHz
generator frequency. This is shown in Fig. T-12. The firmware than
programs the SIO for a X16, X32, or X64 clock, generating baud rates ranging
from 300 to 9600.

Jumper straps on the IOA board change an HSI port to an RS-232-C port and
vice versa. Strapped for RS-232-C, the port then transmits and receives data
in baud rates that range from 300 baud through 9600 baud.

You can change baud rates on HSI ports by initiating a BREAK from the
terminal key board after a port is strapped for RS-232-C. The firmware then

steps through the available baud rates. At power-up, the default baud rate
is 2400 baud.

7-20 €
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Fig. 7-12. Baud rate control.

INTERRUPT VECTOR CIRCUITS

12681-89

The vector generator logic provides vector ports for vector 0 and vector 1.

two independent vector circuits that interface with
the LSI-11/23 via vector registers.

Effectively, there are

Vector 0 is loaded at location 80FO.

Vector 1 is loaded at location 808F

and

7-21
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VECTOR 0 @

The logic for vector 0 consists of flip-flop U6110, straps, the write-only
vector register (U4010), and other associated logic. The priority of Vector
port 0 is strapped with jumpers J7121, J7122, J7123, and J7124. Straps J7123
and J7124 determine the transmit priority, and J7121 and J7122 determine the
receive priority. In addition, bit 2 of the Miscellaneous register controls
when the vector register (U4010) can be rewritten. If bit 2 is a 1, vector O
is still pending. If bit 2 is a 0 the data from the register has been
transmitted, and the register can now accept a new set of data.

VECTOR 1 @

The logic for vector 1 consists of flip-flop U6110B, straps, the write-only
vector register (U4030), and other associated logic. Vector 1 priority is
strapped with jumpers J7125, J7126, J7127, and J7128. Straps J7127 and J7128
determine the transmit priority, and J7125 and J7126 determine the receive
priority. In addition, bit 3 of the Miscellaneous register controls when the
Vector register (U4030) can be rewritten. If bit 3 is a 1, vector 1 is
still pending. If bit 3 is a 0, the data from the register has been
transmitted, and the register can accept new data.

VECTOR REGISTER CONTENT TRANSMISSION

When the contents of the eight-bit vector register are transmitted to the
LSI-11/23, two zeros, added automatically at the LSB end, result in a 10 bit
vector. This vector then points to the system memory location from which the
LSI-11/23 fetches a processor status word. The next memory location contains
the starting address of the LSI-11/23 interrupt routine.

Interrupt Priority Levels

As previously stated, each vector circuit can be independently strapped for a
selected priority level. Each vector has two sets of straps with one set
selecting the signal lines to be asserted, and the other selecting the 1lines
to be monitored on request from the LSI-11/23. Priority levels are shown in
Table T7-1. Straps and their functions are shown in Table 7-2. For
additional information on board configuration and default strapping, see
Section 3 of this manual.
Table 7-1
Priority Levels

Level | Lines Asserted i Lines Monitored
_—m=osZe== : pg— s o= : bt e oG-
4 | BIRQ 4 ! BIRQ S5, 6
5 ! BIRQ 4, 5 ! BIRQ 6
6 d BIRQ 4, 6 ! BIRQ 7
7 i BIRQ 4, 6, 7 g —_——

7-22 ’ e
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Table 7-2
Vector Strap Functions

Vector 0 | Vector 1 | Function
Strap H Strap !

=====zs===== : s=S=s======== : EEEEECSSE=E=SsSE==Zz==z=======
J7121 i J7125 i IN - IRQ5, NULL,IRQY
J7122 g J7126 | IN - NULL, IRQ6
J7123 d J7127 i OUT - NULL, IRQ5
JT7124 H J7128 | OUT - NULL, IRQ6

DIAGNOSTIC REGISTERS

The IOP board contains two hardware diagnostic registers: U2020 (write-only)
and  U3030 (read-only). The 8088 accesses both registers with I/0
instructions.

WRITE-ONLY REGISTER @

The contents of the write-only register are visually displayed with a
7-segment readout (DS1031) plus decimal point. For each register bit, a zero
turns the segment on and a 1 leaves it off. Figure 7-13 shows the element
selection.

7 0

12581-90

Fig. 7-13. 7-Segment decimal diagnostic display.
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READ-ONLY REGISTER <::>

The positions of J2041 and J5161 control the read-only register contents. If
J2041 1is open, and J5161 is in the default position (see Section 3), a read
cycle moves the register contents into the 8088. The read-only register
drives the 8088 with NOP's. The register is filled with NOP instructions
when the pins of J2041 are shorted. :

Typically the read-only register is read by reading I/0 1location O. The
read-only register can be strapped to either address 90 or 00. Installing a
switch on J2041, allows you to use the read-only register for single stepping
through diagnostics.

T-2U ' @
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Section 8

I/0 ADAPTER AND I/O CONNECTOR BOARDS

INTRODUCTION

This section describes the I/0 Connector (IOC) and the I/0 Adapter (IOA)
boards. The IOA board board, in conjunction with the I/0 Processor and the
Utility Board, services the IOC board's rear panel connectors, These four
boards operate together to provide up to ten 8560 serial I/0 ports. Figure
8-1 is a block diagram illustrating 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-T7. HSI ports operate under either High Speed Interface protocol
(electrically compatible with RS-422) or RS-232-C protocol.

The IOC board is a small circuit board without active devices that contains
ten 25-pin D-type connectors. The I0C board is mounted on the rear panel
with the connectors protruding through the rear panel, making them accessible
from the cabinet outside. The connectors serve printer ports LP1 and LP2,
and HSI ports 0 through 7.

The I0A board is a signal conversion board. mounted on the 8560 side rail
toward the cabinet rear. The IOA board converts the signals from TTL levels
to RS-232-C or RS-422 levels.

The following pages describe both boards.

THE JOA BOARD

The IOA board contains two identical circuits for the line printer ports and
eight identical circuits serving the HSI ports. The following discussions
cover only one of each ports.

LINE PRINTER PORTS

The IOA board contains two identical driver/receiver circuits, each serving
one line printer port. This discussion covers LP1,

Line receivers U6060A, U6060B, and U8060A operate in the wunbalanced mode.
They receive the RDATA(Received Data), DTR (Request to Send), and DTR (Data
Terminal Ready), lines. Line drivers U7060A and U7060B operate as
single-ended drivers (pin 4 1is high). They drive the T Data (Transmitted
data) and CTS (Clear to Send) signals.
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To
LP1/LP2

—\ To 4
l——( 8540s

Utility
Board

.12581-91

Fig. 8-1 8560 serial interfacing.

THE HSI PORTS @ @

The I0A board contains eight identical circuits - one for each HSI port. The

following discussion, although 1limited to HSI port 0, also applies to HSI
ports 1 through 7.

The position of jumper block J1011 determines if the port is configured for
High Speed Interface operation or for RS-232-C operation. The upper position
selects High Speed Interface, and the 1lower position selects RS-232-C.
Figure 8-2 shows all jumper block locations. Default jumper positions can be
found in section 3.

When a port operates as a High Speed Interface, U1040A and U1040B are
differential input receivers for the DTR and R DATA lines. During RS-232-C
operation, UTO40A and U1040B are connected as unbalanced line receivers for
these 1lines. In that case, the positive inputs are grounded and the signals
are applied to the negative inputs.

The T DATA and CTS 1lines are driven by U1030, configured as a dual
differential driver (pin 4 must be 1low). During High Speed Interface
operation, both lines are balanced. During RS-232-C operation, only the
inverting outputs of U1060 are used, providing unbalanced outputs.

8-2 @
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The HSIO signal connects J1011 to the I/0 Processor. When the jumper block
is in the High Speed Interface position, HSIO is grounded, indicating to the
I/0 Processor that High Speed Interface operation has been selected. This
line 1is not grounded when the jumper block is in the RS-232-C position, and
the I/0 Processor selects one of six RS-232-C compatible baud rates.,

/——— Jumper in RS-232-C {S10) Position

Jumper in RS-422 (HSI) Position

Jso11 ]
J7on [
Jeo11 ]
Jsonm1
Jaon1 [
J3on1 ]

J2011
J1011

Jumper Connector HSI1/0 Port
J1011 J8o1 0
J2011 J802 1
J3011 J803 2
J4011 J8o4 3
J5011 J806 4
c—— J6011 J807 5
J7011 J808 6
11 09 7
— J80 J8

3899-15

Fig. 8-2. IOA board jumper locations.

POWER SUPPLY

The IOA board receives +5V, -12V, and +12V supplies from the 8560 backplane.
A -5V supply is derived from the -12V supply by U1050.
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THE IOC BOARD <::>

The IOC board contains ten 25-pin D connectors for ports LP1, LP2, and ports
HSI 0 - HSI 7. Connector assignment for each port is shown in Table 8-1.
The connector pin assignments are shown in Tables 8-2 and 8-3.

The IOC board connects to the IOA board with 20 pin connector J8102 and 72
pin connector P2.

Table 8-1
Port - Connector Assignments

Connector

Port |
szz=z=z=zz|zz=z====z===c
LP 1 | J8051
LP 2 | J8101
HSI 0 | J8011
HSI 1 | J8021
HSI 2 | J8031
HSI 3 | J80u1
HSI 4 | J8061
HSI 5 | J8071
HSI 6 | J8081
HSI 7 1 J8091
Table 8-2

HSI Port Connector Pin Assignments

Pin | Function
sS==== : 444444+ttt
1 | Shield
7 | Signal Ground
2 | R DATA -- Receive Data
11 | R DATA'
3 | T DATA -- Transmit Data
12 | T DATA!
20 | DTR -~ Data Terminal Ready
13 | DTR'
5 1 CTS —- Clear To Send
25 | CTS'
6 | DSR —— Data Set Ready
18 | DSR'
8 | CAR DET -~ Carrier Detect
9 | CAR DET'

8-4 )
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Notes: 1. The DSR and CAR DET signhals are always transmitted on.
2. During RS-232-C operation, only the positive (+) side
of the balanced signals are used.

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

Function

SSS====

- - — — — — - — = - - "> = s o > = s = e = =
R

Shield

Signal Ground

R DATA - Receive Data

T DATA - Transmitted Data
DTR - Data Terminal Ready
CTS - Clear to Send

DSR - Data Set Ready

CAR DET - Carrier Detect
R CLK

R CLK - External Clock
RTS - Request to Send

N
E~NUICoO0NUTOoOW NN~ —

—_ 3

Notes: 1. The DSR and CAR DET signals are always asserted.
2. The external cloeck "input (T CLK and R CLK) 1is routed
directly to the Utility Board.

SHIELD STRAPS

All output connector shields are grounded through a strap. You can cut these
straps and bridge the gaps with passive components to deal with unusual
static discharge problems.
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Section 9

PERIPHERAL MASS STORAGE (PMS) CONTROLLER BOARD

INTRODUCTION

The PMS Controller board, together with the M1220 Interface board, interfaces
the 8560 to 1its flexible and hard disc drives. The PMS Controller board
contains control and interface functions for the flexible disc, and control
functions for the M1220 Interface board., The M1220 Interface board handles
interface functions for the hard disc drive. The M1220 Interface board is
described in Section 10, and the disc drives are described in Section 11.

For the purpose of this discussion the PMS Controller board is divided into
these major parts:

e the Kernel

e the 8560 Clock Generator

e LS-11/23 8560 bus interfacing

e the real-time clock

e I/0 logic

e the FDC controller

e the CPU wait-state generator

e diagnostic jumpers and test points
A block diagram of the PMS controller is shown in Fig. 9-1. The PMS
Controller kernel consists of the Z80A processor (U1020), 16 K-bytes of

read-only memory (ROM), and 2 K-bytes of random-access memory (RAM).

The clock generator provides a 4 MHz clock for the Z80A processor, and an 8
MHz clock for the FDC (Flexible Disc Controller) device.

The interfacing circuits consist of DMA circuits that transfer data to and
from the system memory under control of the PMS board's Z80A processor.
Furthermore, DMA disables the LSI-11/23's control of the 8560 bus, and allows
the Z80A to obtain control.

The real—timeAclock controls flexible disc-head unloading delays.
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The 1I/0 logic provides 8560 bus control and status to both 8560 disc drives.

The FDC circuit controls the flexible disc drives. This logic includes the

pre-compensation circuit, phase-locked loop, and the driver/receiver
circuits.

The CPU Wait state generator provides the wait states for the Z80A processor.

It synchronizes the Z80A with the 8560 for DMA transfer, and with the data
moving to and from the flexible disc.

The PMS Controller board contains a number of Jumpers. These Jjumpers are
used for trouble shooting. Section 3 shows the jumper default positions.

THE KERNEL

The PMS Controller kernel consists of the Z80A microprocessor, 16 K-bytes of
ROM and 2 K-bytes of RAM.

THE Z80A PROCESSOR @

The PMS Controller is controlled by a Z80A microprocessor (U1020). The Z80A
CPU is the heart of the kernel, It fetches instructions from ROM and
performs the specified operation. 16 k-bytes of on-board ROM contain the
Z80A CPU instructions, and 2 k-bytes of RAM serve as working memory.
Furthermore, the Z80A provides 128 bytes of I/0 space.

The memories are located partly on the PMS Controller board and partly on the
M1220 Interface board. The PMS Controller board and the M1220 Interface
board both contain 8 K-bytes of ROM and 1 K-byte of RAM.

The Z80A processor includes a small read/write memory which 1is configured
into eighteen 8-bit registers, and four 16-bit registers. The registers
include two sets of six general purpose registers that are used individually
as 8-bit registers. The CPU also contains two sets of accumulator and flag
registers.

ADDRESS DECODERS @

The PMS Controller board has two address decoders: an I/0 decoder (U3060),

and a memory decoder (U3070). The two decoders are described in the
following paragraphs.
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I/0 Decoder (U3060) <::>

The I/0 decoder divides the 128 bytes of Z80A 1I/0 space into into eight
16-byte parts. Decoder U3060 is a T4LS138 3 input 8-output decoder., Table
9-1 describes the signal lines and their functions.

Table 9-1
I/0 Decoder Signals

Signal | Description
====I====== : 34333ttt it ittt it ittt it ittt ittt ittt ittt ittt i+
! Pins 15 and 12 address the M1220 Interface board,
]
1
CTC i provides the chip-select function for the
i counter/timer (U1080)
1
1
PIOL | enables the Z80A PIO device (U1070)
1
-1

INTVECT | Requests an interrupt from the LSI-11/23. The Z80A
| writes an 8-bit word to a location in I/0 space,
i The eight bits of this location are
{ asserted on the 8560 bus when the interrupt is acknoleged.,
]
[}

AWAITD |} asserts CPU wait states until the data from the flexible
{ disc is ready.
!
I

FDSEL { provides the chip select function for the
i disc controller device (NEC765) control and status ports.

DACK | provides a data acknowledge to the Z80A processor.

Memory Decoder (U3070) <::>

The memory decoder is a TULS138 3 input 8-output decoding device. U3070
divides the Z80A memory space for use by the PMS Controller.

The memory decoder decodes the lower 32 k-byte of Z80A memory space into 4
K-byte segments.

The MEMO and MEM1 signals are OR-ed with U6110 to read the ROM (U1100). MEM2
enables the 1 k-byte RAM on the PMS Controller board.

ERRCLR clears the error latch (U4120) after a DMA timeout has occured.
ERRCLR also accesses the Buffer (U7110) via the jumper straps J7115 and
J71120, therefore providing the Z80A with status information while the

ROM-based diagnostic tests are executed. Also see the Wait State Generator
description later in this section.

9-1 e
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LSI-11/23 INTERFACING

This subsection covers the following interfacing logic: DMA control 1logic,
DMA address registers, interrupt logic, and 8560 bus transceivers.

DMA CONTROL

The PMS Controller DMA circuit transfers data to and from the system memory
under control of the PMS board's ZB80A processor., DMA disables the LSI-11/23
and allows the ZB80A to take control of the 8560 bus. The Z80A initiates DMA

operations and reads or writes two bytes at a time in its upper 32 K-byte
memory bank.

For the purpose of this description, the DMA control circuit has been divided
into these parts:

e the DMA access trigger circuit,

e the DMA bus grant circuit,

e the DMA sequencer and output circuits

e the DMA byte counter

e the 8560 bus sync/delay ciruit

These five parts are described on the following pages in the order stated.

DMA Access Trigger <i:>

The DMA access trigger circuit consists of the flip-flops (U4130), an OR gate
(part of U3020), and the decoder/multiplexer U5120,.

Whenever A15 and MREQ are asserted, RFSH is unasserted , and the CLR signal
goes high, U5120 is ready to be enabled. When UU4130 receives the next clock
pulse, U5120 is enabled and one of the U5120 outputs is asserted.
The four output signals are: WRLBT, RDLBT, WRHBT, and RDHBT.

o WRLBT and RDLBT respectively write and read the low byte

e WRHBT and RDHBT respectively write and read the high byte

The four output 1lines connect to DMA registers described later in this
section, A DMA cycle is started when RDLBT and WRHBT are asserted.
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DMA Bus Grant Circuit

The DMA bus grant ciruit consists of flip-flop (U3120), gate (U5120) and an
inverter (U3090). U3120 detects the leading edge of the JRDMGI signal, and
determines whether or not the PMS Controller needs to obtain bus mastership
for a DMA transfer. If the PMS Controller does not need bus access, the bus
grant circuit passes the grant to the next 8560 circuit via the DMA grant
output signal TDMGO.

DMA Sequencer

The DMA sequencer consists Flip-flop U3120, U4030, U3110, U4040 and
associated logic. This circuit is controlled by the DMA bus grant circuit,
the Z80A DMA trigger circuit, and by the 8560 bus sync/delay circuit.

When a DMA access is not completed in the allotted time (approximately 8 uS),
the DMA sequencer asserts the TIMOUT signal, notifying the Z80A that the DMA
data transfer is incomplete, TIMOUT is cleared by the ERRCLR signal.

8560 Bus Sync/Delay Circuits

Near the DMA access trigger circuit is a set of nine flip-flops. These
flip-flops form three circuits that delay and synchronize asynchronous
information arriving from the 8560 bus.

The top-most circuit, consisting four flip-flops (U3130, U5130), accepts the
JRRPLY signal, delays and synchronizes it for use on the board.

The next circuit, flip-flops U3130 and U5130, accepts the JRSYNC signal, and
then delays and synchronizes it for use on the board.

The last two flip-flops synchronize internal board signals from the DMA
sequencer,

9-6 ' @
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DMA DATA AND ADDRESS REGISTERS

Address Comparators

U5060 and U6050 comprise the address comparators that detect when address
777150 1is accessed. If the bus address matches the input address, pin 9 on
both devices goes high, asserting the VALAD signal high.

As long as there is a mismatch on either device, VALAD remains low.

The strobe signal JRSYNC is derived from the BSYNC signal on the 8560 bus.,
When JRSYNC 1is asserted, VALAD(H) is latched high for as long as the PMS

Controller is accessed by the LSI-11/23. The Command Buffer-Pointer Register
can then be accessed.

Command Buffer Pointer Register (CBP) @

The Command Buffer Pointer (CBP) register is the only PMS Controller hardware
register that the LSI-11/23 can access directly. U5030 and U6030 form the
16-bit CBP register.

When information is written into the CBP register, the Z80A interprets that
data as the address of a command buffer in the system memory.

When the Z80A reads the CBP register, it performs an DMA operation to the
8560 bus and the LSI-11/23 I/0 space.

Receive Data Register <:>>
U5040 and U6040 form the 16-bit receive-data register. The receive-data

register latches data it receives from the 8560 system memory during a DMA
access,

Transmit Data Register <::>

U5020 and U6020 comprise the the transmit data register. This register
receives and latches the data to be transmitted to the 8560 bus from the Z80A

DMA Address Register <::>

U6010 and U6010 form the DMA address register. It receives the DMA address
from the Z80A address bus.
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8560 INTERRUPT LOGIC @

The interrupt circuit consists of the 1logic surrounding U3100 and gates
Us110, U4110, U5080. This circuit generates the interrupt request signals

for one of four interrupt priority levels, and responds to the acknowledge
signal.

TIRQY is asserted for all interrupt priority levels. Jumpers J6121 and J6122
allow the use of interrupt priority levels 5, 6, and 7. (For more
information on interrupt priority levels see the DEC Microcomputer handbook.)

TIRQY is the transmit interrupt request line that is asserted when the PMS
Controller interrupts the LSI-11/23. The LSI-11/23 RIAKI signal acknowledges
that the LSI-11/23 is expecting an interrupt. U3100 looks at the received
data, and depending on the interrupt priority level on the 8560 bus, may pass
the TIAKO signal to the next device on the 8560 bus.

The sequence is as follows:

1. the PMS Controller transmits an interrupt request to the
LSI-11/23

- 2. the LSI-11/23 returns RIAK signal acknowledging that it received
an interrupt request.

3. the PMS Controller then transmits TRPLY and asserts an interrupt
vector on the 8560 bus.

8560 BUS TRANSCEIVERS

u7010, UT020, UT7030, and U7040 buffer data and addresses from the 8560 bus.
Pins 9 and 9 are the ENABLE inputs. When they are low, the PMS Contrcller
transmits data and addresses to the system memory.

When an interrupt occurs on the bus, VECTEN is asserted. That enables U7030
and U7040, the lower 8 bits of the address word. The upper eight bits remain
disabled, and float to a logical zero.

U7050,U07060, UT7070, U7080, and U7090 serve the extented address 1lines, DMA
control lines, memory access control lines, and interrupt control lines.

9-8 e
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THE REAL TIME CLOCK @

U1080 is a Z80 counter/timer (CTC) device that provides four programmable
channnels, The real-time clock uses two of the four channels: channels 2 and
3. Channel 2 is programmed as a timer, and channel 3 is programmed as a
counter, Channel 2 receives the 4 MHz clock and generates an output pulse
every 2 mS. Channel 3 counts these pulses, 1its internal counter register
overflowing every 500 mS. The Z80A monitors the real-time clock to control
head unloading o the flexible disc drive.

The Z80A programs each of the sixteen pins either for anan input or for an
output operation.

THE I/0 CONTROLLER

8560 MEMORY ADDRESS COUNTER @

Channel A of the Z80A PIO device (U1070) provides four additional bits that
connect to the Memory address counter (U3050) These bits appear from U3050 as
signal lines TAD14, TAD15, TAD16, and TAD17, and are used to convert the PMS
Controller from 16-bit address space into LSI-11/23 18-bit address space.

HARDWARE CONTROL AND STATUS PORTS @

The Z80A PIO device provides 16 output lines that provide status and control
information. The sixteen lines perform the functions described in Table 9-2.
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Table 9-2
Control and Status Port Signals

routines.

Signal | Description
==z==zs=z==z|===z=zzzzz==cs===z=z=Z====z=zzs=zZz====ZZ=S=Z=SSsTST=S=T==S==z========2
TBST i is an address line that designates LSI-11/23 I/0 space
! to be accessed.
]
1

TIMEOUT | is checked after a DMA transfer to determine

| if a bus error occured,
]
[}

CMNDCL | clears flip-flop U1130 after the PMS Controller
i has received an LSI-11/23 command.
1
1

FDINT | is asserted high by the FDC controller device (U1050)
| and is polled by the Z80A to determine if the NEC765 needs
| to be serviced.
1
1

DIAGIN | leads to a test pin which may be used for diagnostic
| operations. Under normal operation, DIAGIN is not used.
]
]

DRQ i is the data request line. It is asserted by the FDC

i device (NECT765) when a data byte has to be transferred.
1
1

LSIATN | is asserted when the PMS Controller has received a command.
i To assert the LSIATN signal low, CMNDCL must be asserted
| high, LSIATN is then read by the PIO.
]
1

TIRQ4 i a PIO input signal - TIRQY4 is the transmit interrupt
| request line. When it is asserted high, the PMS
i Controller can not issue interrupts.
[}
|

TERMCNT | terminates NEC765 data transfers. The NEC765 receives this
{ pulse from the PIO at the end of each data transfer.

]
'

HDLOAD i is the head load line. When HDLOAD is asserted high, the
| heads on the flexible disc drive are loaded. When HDLOAD
| is asserted low, the heads are unloaded.

DLOCK i controls the phase-locked loop as it locks onto the
| serial data stream from the flexible disc drive.
]
!
START | is an output signal that is used for signature analysis
]
|
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FLEXIBLE DISC CONTROLLER

This subsection covers that part of the PMS Controller board that controls
access to thé Qume Datatrak 8 disc drive. For this description, the
controller circuits are divided into these four parts:

e the flexible disc device and its associated circuit,
e the data pre-compensation circuit,
e the phase-locked loop circuit, and

e the flexible-disec driver circuits.

THE FDC (FLEXIBLE DISC CONTROLLER) DEVICE <::>

The heart of the flexible-disc controller circuit is the programmable NECT765
disc controller device (U1050). This device performs control functions
between the Z80A processor and the flexible disc drive. The NEC765 supports
the IBM compatible double density format used on the 8560 disc drive.

Pins DO through D7 connect to the Z80A data bus. These data lines provide a

path for all data traveling to and from the disc. The NEC765, under control
of the Z80A, performs the following operations.

o the NEC765 receives an instruction from the Z80A

e the NECT765 executes this instruction and responds to the Z80A with
status information

Upon command from the operating system, the Z80A polls the NEC765 main status
register at 1location 60. If the Z80A finds proper information in this
register, the NECT765 is ready. The Z80A then sends the NEC765 an instruction
in the form of one or more command bytes. An instructions may require up to
7 command bytes. Between each command byte, the Z80A polls the NEC765 main
status register, making sure that the NEC756 s ready for the next command
byte. The main instructions in this category are read, write, format, and
seek.

When the Z80A instructs the NEC765 read from the disc, the NEC765 reads the
data from the disc in serial format. The serial data is decoded by the
NEC765 into an eight-bit byte. The Z80A then reads this byte and stores it
at the appropriate system memory location.

When the Z80A instructs the NEC765 to write data onto the disc, the disc
controller receives the data as a byte from the Z80A. The Z80A previously
fetched the data from the system memory. The disc controller then encodes
the data into serial format and writes it on the disc.
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FLEXIBLE DISC DRIVE WRITE PRE-COMPENSATION CIRCUIT

Introduction

Due to the physical disc limitations, data patterns on inner disc tracks
(tracks 43 through 76) are 1located much closer to each other than on the
outer tracks. This causes the timing of bits to shift when they are read

back. To overcome this problem, data is written a little sooner or later
than normal., This is called write pre-compensation.

NEC765 pre-compensation signals PSO and PS1 are always asserted high. Even
though outer disc tracks need no pre-compensation, the NEC765 device provides
pre-compensation for all tracks. The NEC756 device determines when
compensation 1is needed. If pre-compensation is needed, the NEC765 device
determines if the pre-compensation must be early or late.

When a data string is ready to be written, PSO and PS1 generate a number that
determines if pre-compensation is normal (no pre-compensation), or
pre-compensation is early, or late. That number is seen on the inputs (A, B,
C, and D) of the pre-compensation counter. The following counter inputs
identify pre-compensation:

e 0 no pre-~compensation
e 13 late pre-compensation

® 3 early pre-compensation

The write compensation circuit consists of the pre-compensation counter
U3080, gate 4010, NAND gate 6010, and flip-flop U4080.

WDA is the encoded data output from the NECT765. WDA determines when the
number generated by PO and P1 is loaded into the pre-compensation counter,
and the counter starts counting clock cycles. When WDA is asserted high, pin
9 (U3080) goes 1low, and loads the number at the four counter load inputs
(A,B,C,D) in the counter.

Normal WRITE DATA Operation

For a normal write operation (no pre-compensation), both PSO and PS1 are low,
hence all four counter inputs are zero. The counter then counts four 16-MHz
clock cycles and puts the WRITE DATA pulse on the disc bus. At the count of
4 the 1logic of inverter U4010 and NAND gate (U6100) asserts the WRITE DATA

line. At the count of 8 the WRITE DATA 1line becomes unasserted and the
writing function is complete. ‘
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Late Pre-compensation

If, however, the WRITE DATA pulse must appear on the bus late, PSO 1is low,
and PS1 1is high, causing the counter input to see 13. When the WDA pulse
becomes unasserted, pin 9 returns to a high state, causing the counter
countdown. The counter, starting at 13, counts 14, 15, 0, 1, 2, 3, 4. At a
count of U, the logic consisting of U4010 an NAND gate U6100 asserts the
WRITE DATA pulse. This pulse is 250 nS wide. When the count reaches 8 the
WRITE DATA line becomes unasserted and the write operation is completed.

Early Pre-compensation

If the WRITE DATA must appear on the bus earlier than normal, PSO is asserted
high, and PS1 is asserted low. In this case, the A and B inputs are low, and
the C and D inputs are high, thus loading the counter with a 3. As pin 9
(U3080) returns to a high state, the counter starts counting at 3. At count
4, the logic consisting of U4010 and NAND gate U6100 asserts the WRITE DATA
pulse. When the count reaches 8 the WRITE DATA line becomes unasserted and
the write operation is completed.

THE PHASE LOCKED LOOP (PLL) CIRCUIT

The PLL circuit compensates for shifts in data rates as the data is read from
the disc. Shifts in data rates can occur when the disc speed changes. The
PLL circuit assures, that when data comes from the disc, the read window

(RDW) signal is asserted, and the data is clocked into the NEC765 at the
correct frequency

The PLL circuit consists of, phase comparator and low-pass filter UT7120.
U7120 has a V (pin 3 )input and and a R input (pin 1). R is the reference
input, and V is the variable input. U7120 compares the timing differences

between its R and V inputs and generates signals on pins 5 and 10 based on
that difference.

If the signals on R (pin 1) and V (pin 3) go through their negative
transitions simultaneously, pins 5 and 10 (U7120) remain unchanged. As the
difference in negative transitions between the R and V pins increases, the
pulse width on either pin 5 and 10 increases.

The Darlington amplifier (UT7120) sees these pulses of varying width, and
averages the pulse width. From this average, the Darlington then either
increases or decreases the frequency of the voltage-controlled oscillator
(VCo) UuT140. The adjusted VCO 16 MHz output is then feed back via U4080,
U3030, U3010 to the V input of UT120. ‘

The R-input reference signal follows the data stream from the disc. The
V-input follows the frequency of the voltage-controlled oscillator. Thus the
PLL circuit generates a pseudo clock called "read data window" (RDW) which
the NCEC765 uses to clock the data onto the disec.
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FLEXIBLE DISC DRIVERS/RECEIVERS @

Three output devices provide the drive/receive signals for the flexible disc

drive,

They are U7080, U5120, and U6100.

U7080 handles the STEP, LOWCURRENT, DIRECTION, TRACKOO, WRITE PROTECT,

TWO

9-14

and

SIDED signals. U7110 and U5120 provide the DRVSEL signals. U6100
provides the WRITE DATA, HEAD LOAD, WRITE GATE, and SIDE SELECT signal.
Table 9-3 describes the signals and their functions.

Table 9-3
Control and Status Port Signals

Signal |- Description
========== : — e S E L S s s CECSS EC s CC TS SC ST ST oSS s s sss=ss=zz=========
STEP { This pulse causes the R/W heads to move one track in the
i direction of motion defined by the "Direction " line.
]
]
LOW { This interface line switches to the
CURRENT i 'Low Write Current mode' for tracks 43 and higher
i
] :
DIRECTION | This signal defines the direction of the R/W heads
| when the STEP signal is asserted. A logical one defines
| the direction as "in", Thus, the R/W head moves
| toward the center of the disc (high numbered
! track). A logical zero defines the "out" direction
i and the R/W head moves towards the outer disc edge.
]
[}
TRACK 00 | This signal indicates when the R/W. head is
| positioned at track zero (the outermost track). A logical
| one indicates that the head is positioned at track zero.
- ]
[}
WRITE { This signal informs the Z80A controller
PROTECT | when a write-protected disc is installed. A logical one
| indicates that the disc is write-protected. The drive
| inhibits writing to a write-protected disc.
]
|
TWO SIDED | This interface signal indicates whether a "two sided" or
1
;
!
i
1
[}

a "single sided" disc is installed. A logical one
indicates that a "two sided"™ disc is installed.
A logical zero indicates a one-sided disc.
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Table 9-3 (cont.)
Control and Status Port Signals

Signal | Description

===z ==== : mE e RS T TS S S S NS S S S S S S s S S S S s s T s TS S s sS === ====z==2=

DRIVE i This output line enables the flexible disc drive.

SELECT 0 | system. In addition, the DRIVE SELECT signal lights
i the LED indiecator in the door push button.
]
|

WRITE i This interface line sees a 250 nS pulse whenever a data
DATA { bit is written on the disc.

]
|

HEAD LOAD | This signal loads the R/W head against the disc.
! The head load signal also locks the drive door.
\ The HEAD LOAD signal remains true for 3 seconds
| after the last disc operation.
1
1

WRITE GATE| This signal informs the flexible disc drive that a write
| operation is in progress. This signal is ANDed with-
! WRITE PROTECT to supply the write current.
1
[}

SIDE | This signal selects the proper disc side for reading

SELECT { or writing. A logical zero selects side 0, a logical
]
1

one selects side 1.

Input Signals

U7080 has three inputs from the 8560 bus. they are: the INDEX, READ DATA,
and READY signals. Table 9-4 gives the signal descriptions.

Table 9-4
Control and Status Port Signals

Description

The INDEX signal arrives from the flexible disc drive
once for every disc revolution (approximately every

166.7 mS). INDEX indicates the beginning of the track
(sector 1). INDEX is asserted for a period of 1.8 mS once
every revolution,

READ#DATA

This signal carries the incoming data stream from the
disc when the WRITE GATE signal is unasserted and the
heads are loaded.

READY

READY confirms that the drive contains a disec,
the door is closed , and the disc is at operating speed.
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THE CLOCK GENERATOR

The clock generator consists of 1/2 of U7140 and associated logic., UT7140 is
a voltage-controlled oscillator device with an 8MHz crystal across pins 10
and 11, The input pin (pin 12), normally connected to a control voltage, is
connected here to a constant voltage. This results is a constant TTL level
8MHz clock output.

Jumper J7145 (normally in) connects the output to 1/2 of U3030, a 4-bit
binary counter, This counter provides clock frequencies of UMHz, 2MHz, 1
MHz, and 500 KHz. (Please see Section 3 for more jumper information).

The UMHz output connects to U3040. Transistor Q1041 provides a pull-up
function. Thus, the output of this circuit is a UMHz clock with a amplitude
of 5V p-p. :

THE WAIT STATE GENERATOR @

The wait state generator consists of flip-flops U3130 and U4030, and gates
U3020 and U5070. The wait-state generator provides two functions:

e it generates wait states to synchronize Z80A processor speed with
the data rate of the NEC765 disc controller

@ it provides wait states during DMA access of the LSI-11/23.
The AWAITD signal enables Z80A wait states during flexible disc access. A
wait state is not cleared until pin 1 of U1130 goes low. For this, either
one of the three U5070 inputs must go high. This is caused by either one of
these conditions,

e an asserted RESET signal

e an asserted NEC765 interrupt signal

e when DRQ 1is asserted and the disc controller (NEC765) has data, or
is ready to receive data from the disec.

DIAGNOSTIC JUMPERS

The PMS Controller board has a number of diagnostic jumpers. The jumpers and
their functions are shown in Table 9-5., Section 3 of this manual provides
the jumper default positions.

9-16 e
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Table 9-5 PMS Controller Diagnostic Jumpers

Jumper | Signal | Default Strapping and Function
J1031 | DT ! o o-0 o-0 o forces NOP (00) instruc-
J1032 | D6 i o o~0o Normal 0-0 O tions on the data bus
J1033 | D5 | 0 0-0 0-0 0 in the TEST position, and
J1034 | D4 | 0 0-0 0-0 0 allows normal bus access
J1035 | D3 i o o-0 0-0 0 in the NORMAL position.
J1036 | D2 i 0 0-0 0-0 O
J1037 | D1 i o 0-0 Test o0-0 o0
J1038 | DO i 0 0-0 0-0 ©
J1010 | H Z y

i i 1o 2 no NMI

i i o 3

i i

| NMI(L) | o normal position:

| i 0-0 NMI caused by a shorted J1131

i i o

[} 1

1 ]

i g o

i ) Z NMI caused by POINTRWR(L)

i i

1 1

I 1
J1011  |WAIT(L) | g ‘

i i o] inhibits the Z80A WAIT signal

] 1

| ]

i i o0-0

' ] o normal position: Z80A WAIT on
Jiouo | i 0-0 Normal position: head loading

| head : o controlled by the PIO

| load i

i i o g test position: head loading

g i controlled by the NECT765
J2040 | READ H o] normal position:

! DATA(L)! o-o0 U4050A triggered from READ DATA(L)

] ]

] ]

! | i test position: U4050A triggered from

| i o 500KHz master clock
J1050 | PIO (A)} normally IN used for port and logic
J1070 | PIO (B)!| normally IN block testing
J1090 | i
J1091 | { normally OUT —— used with signature analyzer
J1092 | ]
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Table 9-5 (cont,) PMS Controller Diagnostic Jumpers

Jumper | Strapping/Function
J1130 | o) normal position:
H 0-0 selects 1 K-bytes of RAM
1]
I
! z other position
1 0 selects 2 K-byte of RAM

]

[}
J3070 | normally IN these two jumpers are used in
J3090 | normally OUT in conjunction with J1050 and

H 1070 to test the PLL write -

i precompensation logic
Jytuo | normally IN these two jumpers are used (with
J5140 | normally IN J1050 and J1070) to test the

! DMA logic
Jéiuo | normally IN used (with J1050 and 1070 to

H test the Interrupt replay logic
J5058 | o Normal position:

! 0-0 address 777150

]

]

] Z test position:

H o) address 777154
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Table 9-5 PMS Controller Diagnostic Jumpers (cont.)

Jumper | Signal Strapping/Function
J7101 | | o-o0
i )
J7102 | H 0-0 assert interrupt requests
i | o
J7103 | i 0-0
i o) o
J6121 | i 0-0 monitor interrupt requests
i i o
J6123 | | 0-0
| I o
J1131 |DIAGNIN(L)| normally out diagnostic test switch shorts
i | pins 2 and 3 and triggers
i i DIAGIN(L)
J3020 | CLKIMHZ | o-o
] ]
! ]
' i o These jumpers, shown in normal
J3100 | DMAINIT | o-o position, are not used
] 1
I |
J5105 | VALAD | o-o0
] t
I t
J6061 | TDALOE | o
i i o-0
i !
J6062 | RINIT | o
| i 0-0
J7145 | CLK8MHZ | normally IN isolates the main clock when out
J7115 + DO | normally OUT selects the diagnostic mode when
J7116 + D1 | Normally OUT IN
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Section 10

MICROPOLIS M1220 INTERFACE BOARD

INTRODUCTION

The Micropolis M1220 Interface board, henceforth called M1220 board, is a
small (10 x 20 cm) piggy-back board attached to the PMS Controller board.
The M1220 board interfaces to the PMS Controller board and with the
Micropolis 1223-1 Winchester-type hard disc drive. The M1220 board is
controllied by the PMS controller board and its Z80A processor.

Figure 10-1 shows the M1220 board block diagram. For the following
discussion, the board is divided into these major parts.

e The hard disc DMA logic
e the DMA address counter
e the PIO device

® expanded memory

DESCRIPTION

THE HARD DISC DMA LOGIC

The hard disc DMA logic consists of two data multiplexers (U5020 and U6020),
the bus transceiver U2050, and other flip-flops and gates (U3010, U4010,
U2030). This DMA logic controls the data transfer between the Z80A data bus
to the hard disc. The following paragraphs describe the DMA logic operations
in simplified terms.

The hard disc DMA logic initiates a bus request and, after receiving control
of the Z80A bus, puts the Z80A into a high impedance state. This effectively
halts the Z80A. The hard disc DMA logic then assumes control of the Z80A
bus. By virtue of memory mapping, the Z80A can access the LSI-11/23 memory
space, and the hard disc DMA 1logic can access system memory. Two
simultaneous DMA operations are required to move data between the hard disc
and the system memory.
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Fig. 10-1 M1220 Interface block diagram.

DLATCH(H) and DGATE(H) generate the read and write strobe signals WSTR(L) and
RSTR(L). DLATCH(H) and DGATE(H) are always asserted at the same time,
DLATCH(H), however, always goes low before DGATE(H). Thus, as 1long as
DGATE(H) is asserted, this logic can access the Z80A data bus to read and to
write. When the DLATCH(H) signal is asserted, the hard disc DMA 1logic can
latch data either on the disc or into the PMS Controller DMA sequencer.

When the PMS Controller writes to the hard disc, the controller first puts
the data onto the Z80A address bus via bus transceiver U2050. It then
transfers the data to the hard disc buffers with WSTR(L). The WSTR(L) signal
originates at the data multiplexer (U6020).

When the PMS Controller reads data from the hard disc, DLATCH(L) generates
the MREQ(L) signal, and DGATE(H) asserts the RSTR(L) signal. When MREQ(L)
goes high, it latches the valid data from the hard disc into the buffers on
the PMS Controller board. '

During a DMA operation, these handshake signals are asserted: QBUSRDY(H),

BUSRQ(L), BUSAK(L), TCO(H), and XFERGAT. Table 10-1 describes the signals
and their functions.

10-2 @
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Table 10-1 DMA Handshake Signals

Signal i Description
............ O S B e p—
____________ |=2==z=zz======s==zzz===z=====s=zzz==========szz===zz====z
QBUSRDY(H) | Informs the disc DMA logic when the DMA sequencer
! has completed its memory cycle. and when the 8560
| bus is ready to receive another DMA request.
]
]
DREQ(L) { Informs the hard disc DMA logic when a byte
{ of data is available from the hard disc,
i or when the disc needs byte of data.
[}
I
BUSRQ(L) ! Puts the Z80A in a high impedance state,
| relinquishing control to the hard disc DMA logic.
]
1
BUSAK(L) |} Is the bus request acknowledge signal. It informs
| the hard disc DMA logic that it is now bus master.
]
i
TCO(H) | This counter/timer signal informs the Z80A/8560 DMA
i logic that a terminal count of zero was reached
! while counting data byte transfers.
]
1
XFERGAT(H) | XFERGAT(H) is the transfer gate signal that enables
]
]

the hard disc DMA logic.

In addition to the input signals in Table 10-1, the DMA operation affects six
output signals. The main signals are the write and read-strobe signals
WSTR(L) and RSTR(H). Four other signals are not asserted during DMA
transfer, but must remain unasserted while a DMA transfer takes place. They
are: IORQ(L), M1(L), WR(L), and RFSH(L).

When the hard disc DMA logic is not enabled, the Z80A communicates with the
hard disc under program control. The Z80A sends a series of command bytes to
the hard disc, and the disc returns with a series of result bytes. This
operation is performed with the RSTR(L), WSIR(L) and WDSEL(L) signals.

THE DMA ADDRESS COUNTER

The DMA address counter is a 16-bit binary counter that consists of four,
4-bit binary counter devices (U6040, U7040, U6050, and UT7050). This counter
counts each data byte either received from or transmitted to the hard disc.
It also tracks the Z80A addresses during a DMA operation. The address
counter receives the the starting address via the Z80A PIO (U3050).

@ 10-3
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THE Z80 PIO DEVICE

The Z80 Parallel I/0 device (U3050) is a programmable two port device that
interfaces between the Z80A bus and M1220 Interface. The PIO device has 6
address lines connected to the Z80A bus, and 16 I/0 port data lines. The
data lines connect via 16 jumper straps that are normally installed.

The PIO controls the SELECT(L) and ENABLE(L) signal lines. Since there is
never more than one hard disc in the system, the PIO always communicates with
controller 0. SELECT is never asserted, and ENABLE is always asserted.

MEMORY EXPANSION

Space limitations on the PMS Controller board restrict the number of memory
devices the PMS Controller board can contain. Two additional sockets on the
M1220 board overcome that problem, and provide the PMS Controller with the
memory it needs. One socket accepts an 8K-byte ROM device, while the other
accepts 1 K-byte of RAM.

DIAGNOSTIC JUMPERS

The M1220 board has a number of jumpers. Section 3 of this manual gives
their default positions.

10-4 @
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Section 11

THE DISC DRIVES

INTRODUCTION

The 8560 provides almost 36 M-bytes of non-volatile memory. The vehicles for
this storage are a double-sided, double-density flexible disc drive, and a
winchester-type hard disc drive.

THE FLEXIBLE DISC DRIVE

The 8560 flexible disc drive is a Qume Corporation DataTrak 8 . This unit
utilizes the standard removable eight-inch flexible IBM dises or any
equivalent as storage medium,
This drive provides storage under these standards:

e 0.6M-bytes of storage capacity on a two-sided single-density disc,

® 1.2 M-bytes of storage capacity on a double-sided double density

disc

The Datatrak 8 drive has a two-sided head/carriage assembly with two ceramic
read/write heads that provides track-to-track access time of 3 mS.
For additional information see the DataTrak 8 Flexible Disc Drive Manual

available from Tektronix Inc.

THE MICROPOLIS MODEL 1223-1 DISC DRIVE

The 8560 hard disc drive is a 35.64 M-byte Micropolis Model M1223-1 with its
own intelligent interface control unit. The M1223-1 disc drive unit consists
of a die-cast deck whose lower half is a closed-circuit clean area. This
clean area contains three hard discs. Air is circulated through the clean
area by the rotation of the disks. The air flow is directed through a 0.3
micron absolute filter.

The clean area contains no active electronic parts. Therefore, the
electrical connections between this area's compcnents and interface
electronics are made with an ECB which seals the clean area from the rest of
the casting.
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The M1223-1 has a quartz-locked direct drive, brushless DC motor that rotates
the three sealed discs. A breaking mechanism is part of the drive.

The M1223-1 is equipped with an intelligent Micropolis controller/interface.
The controller/interface board is located on the top of the drive unit, and
being hinged, provides access to both board sides. The controller provides
the drive with error correction capability.

ATTENTION

Servicing the discs inside the clean area, requires that you remove
the drive unit completely from the 8560 enclosure. The disc drive
is serviced by the manufacturer only.

Service information and instructions to remove the Micropolis disc drive are
given Section 15, Maintenance. For detailed information on the Micropolis
M1223-1 see the Manufacturers literature.
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Section 12

POWER SUPPLY

INTRODUCTION

This section describes the 8560 power supply and provides proéedures for
troubleshooting the supply. The material in this section consists of:

e A functional description of the 8560 Power Supply.
e A troubleshooting guide for the 8560 Power Supply.

e A bring-up procedure to return a repaired power supply to operation.

FUNCTIONAL DESCRIPTION

This subsection describes the circuitry of the 8560 Power Supply and is
divided into three parts:

e A general description of an inverter-type supply.
e A description of the DC output circuitry in the 8560 Power Supply.

® A description of the power supply for the flexible disc drive
motors.

INVERTER-TYPE SUPPLY DESCRIPTION

The 8560 Power Supply is an inverter-type supply. The power supply provides
the four DC voltages (+5 V, +12 V, =12 V, and +24 V) required by the 8560,
These voltages are generated in four steps:

1. The incoming AC line is rectified and filtered into high voltage
DC.

2. The high voltage DC powers an ultrasonic oscillator called an
inverter.

3. The output of the inverter is fed to an isolation transformer.

4, The waveform at each transformer secondary 1is rectified and
filtered into low voltage DC.

The four steps are illustrated in the block diagram in Fig. 12-1.
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Fig. 12-1. Inverter-type supply block diagram.

DC OUTPUT CIRCUITRY

The output voltages of the supply are regulated by control circuitry that
feeds information back to the inverter from the output rectifiers and
filters. Three of the four output voltages (+12 V, =12 V, and +24 V) must
have additional regulation; only the +5 V output can be adequately regulated
by controlling just the inverter. This additional regulation is performed by
the secondary regulators. The secondary regulators are controlled by the
same reference voltage that controls the 5 V output. All of the control
circuitry 1is powered by a +15 V supply, which is separately derived from the
incoming AC 1line.

Protection circuitry monitors the voltage outputs and the inverter, and shuts

the supply down when fault conditions occur. Three types of faults external
to the supply can shut the supply down:

e Line voltage below about 85 V will shut down the supply until the
line voltage rises above 90 V,

e Overcurrent or overvoltage on any of the power outputs shuts down
all of the outputs for about a second. The supply then tries to

restart every 1 to 1.5 seconds until the fault is corrected or until
the supply is turned off.

Figure 12-2 is a block diagram of the 8560 Power Supply.
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Fig. 12-2. 8560 Power Supply block diagram.

MOTOR DRIVER CIRCUIT

The 8560 Power Supply generates a 115 Vrms sine wave to power the flexible

disc drive motor and fan. This 115 V output is generated by amplifying a

crystal-controlled 60 Hz sine wave reference signal with a switching

amplifier. The switching amplifier is connected to the same high voltage DC
that powers the inverter.

The 115 V output is regulated by a signal derived from the DC supply control
circuitry.. Excessive output current or any of various internal faults can
cause power to be removed from the switching amplifier. The protection
circuitry that removes power from the switching amplifier is tied into the DC
supply shutdown circuitry, so that all parts of the supply turn off and
restart together.

Figure 12-3 is a block diagram of the motor driver circuit.
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Fig. 12-3. Motor driver block diagram.

TROUBLESHOOTING GUIDE

This troubleshooting guide is intended to allow you to locate and repair most
of the failures that can occur in the 8560 Power Supply. The guide is
divided into two main parts:
1. Catastrophic failures
2. Non-catastrophic failures
a. Finding what's wrong when the supply won't turn on.
b. Troubleshooting the +24 V Secondary Regulator.
¢. Troubleshooting the +12 V and -12 V Secondary

Regulators.

To troubleshoot the supply, follow the appropriate procedure in this
troubleshooting guide. If you are troubleshooting a catastrophic failure,

proceed to the Bring-Up Procedure later in this section after repairing the
problem.
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Equipment Required

The following equipment is required to perform the tasks described in this
troubleshooting guide:

Equipment Recommended Type

Soldering iron/solder

800 F tip temperature/
63% tin, 37% lead, rosin core

Needle-nose pliers Sturdy, with plastic grips

Screwdriver Philips for #6 and #4 screws

Voltmeter/diode meter Fluke Model 8030A or equivalent

Oscilloscope TEKTRONIX 465 or equivalent

JUMPERS

Refer to Section 3 of this manual for detailed information on all power
supply Jjumpers.

CATASTROPHIC FAILURES

Catastrophic failures generally occur while the instrument is up and running.
Failures of this type cause the instrument lights to go out and the line fuse
to blow. These symptoms are sometimes accompanied by a burning odor or
popping noises.

Catastrophic failures most often originate in the high-voltage switching
circuits of either the main inverter or motor driver. These two circuits are
located on the Inverter board, which is one of three plug-in circuit boards

in the 8560 Power Supply.

In the following inspection and repair procedure, the most likely causes of
failure are investigated first.

Procedure

1. Make sure the 8560 is disconnected from the primary power source.
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12-6

Use insulated tools and probes at all times and observe the
supplementary cautions contained in the text. Stored charge
in the large capacitors of the power supply can cause severe

burns and/or electric shock even when the supply is turned
off. '

To gain access to the Inverter board, remove the fan housing at the rear
of the 8560. Remove the two screws closest to the rear panel on the
housing's 1left side, and the six screws that secure the housing to the

rear panel. Disconnect the two wires connected to the fan and set the
fan housing aside.

Three plug-in circuit boards are now visible through the opening that
the fan housing normally covers. The Inverter board is the lowest of
these three boards. To remove the Inverter board, grasp the 1left side
of the board firmly with a pair of insulated needle-nose pliers (see
Fig. 12-4), and pull the board out.

e Do not touch the metal on the pliers; high voltage may be
present on the board while it is installed. Also, it's a good
idea to keep away from grounded objects while pulling the board
out. '

e After removing the board, allow five seconds for the capacitors
to discharge before handling the board.
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Fig. 12-4, Inverter board.

Notice the finned heatsink on the left side of the Inverter board. The
two transistors on the finned heatsink are the main inverter's
high-voltage switching components. Also notice the two bent heatsinks
on the right. The five transistors on these heatsinks are the motor
driver's high-voltage switching components. Look for obvious signs of
failure, such as cracked transistor cases or charred circuit board.

If the failure appears to be only in the motor driver circuit, skip to
step 6. If there are no obvious signs of failure, or the main inverter
circuit appears to be at fault, proceed to step 5.

NOTE

While performing the rest of the procedure, refer to the Power
Supply Inverter board schematics at the rear of this manual.

If the failure seems to be in the main inverter, the following
components (listed in descending order of probability) may have failed:

1. High-voltage switching transistors Q2025 and Q5025

2. Turn-off capacitors €1021 and C6019
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a)

3. Turn-off transistors Q1015 and Q6015
4, Drive transistors Q5047 and Q6049

5. Bleeder resistors R2017 and R6013

If either Q2025 or Q5025 1is obviously damaged, remove the bad
transistor(s). Be careful when removing these transistors. The two
screws holding down the collector tabs of these transistors are the
only secure mechanical connection between the heatsink assembly and
the circuit board.

If either Q2025 or Q5025 is apparently undamaged, it should be
checked in-circuit with any diode meter having a 1 mA measuring
current. Forward base-collector and base-emitter voltages for good
transistors are between 400 and 600 mV (see Fig. 12-5 for pinouts).
Remove any transistor that shows a bad junction voltage. If neither
transistor is bad, the failure probably occurred in the motor driver
(proceed to step 6).
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b)

Fig. 12-5. Semiconductor component pinouts.

After Q2025 and Q5025 have been removed, all of the other components
listed back at the beginning of step 5 can be checked with the diode
meter. The capacitors should read between 1300 and 1600 mV in
either direction (although a resistor failure or turn-off transistor
failure could affect these readings). The turn-off transistors
should show forward junction voltages between 400 and 600 mV., The
bleeder resistors should read between 900 and 1100 mV in either
direction. The drive transistors should eventually read between 400
and 600 mV when the positive lead of the meter is connected to the
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6.

12-10

e)

source and the negative lead to the drain. With the leads reversed,
the reading should eventually rise to more than 1999 mv.
("Eventually" means that the meter may take a few seconds to charge
up the capacitors in parallel with the component being measured.)

Replace any of the components which seem to be faulty. Rebuild the
heatsink assembly. (Make sure all parts are present, including the
plastic inserts and rectangular alumina washers.) Make sure there
is heatsink compound under the transistors.

If the motor driver circuit is still suspect, proceed to step 6;
otherwise, skip to the Bring-Up Procedure, later in this section.

If the failure seems to be in the motor driver, the following components
(listed in descending order of probability) may have failed:

1. High-voltage switching transistors Q4058, Q2069, Q2076,
Q4069, and Q4075

2. Gate-source protection diodes for the high-voltage switching
transistors - VR3056, VR2065, VR2073, VR4065, VRL0T6

3. Series diodes CR3062, CR2075, CR4062, CRUO8L

4, Shutoff transistor Q3053

Less likely possibilities:

a)

b)

5. Soft-start capacitor C4055
6. Level-shift diodes VR2067, VR2074, VR4063, VRLOTL

Remove all of the high~-voltage switching transistors that are
obviously damaged. The remaining transistors can be tested in the
same way as the main inverter drive transistors (see step 5b). The
high-voltage switching transistors should be tested individually,
and removed if bad. Since two or three bad transistors can cause
all of them to appear bad, you should recheck all suspected
transistors out of the circuit.

All of the other components listed at the beginning of step 6 can be
checked with the diode meter once the bad transistors are removed.
The gate-source protection diodes for the bad transistors should be
checked in the forward ( not zener) direction. Diodes showing a
forward voltage outside of the 500 to 800 mV range should be
removed.

The level-shift diodes for the bad transistors can also be checked.
However, since these diodes are in parallel with the protection
diodes, one lead of the level-shift diode will have to be lifted for
the test, wunless the associated protection diode has been removed.

The level-shift diodes should show a forward voltage between 600 and
800 mvV.
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If QU058 was bad, check Q3053 and CH4055 by connecting the diode
meter in both directions across CU4055. With the positive lead on
the collector of Q3053, the reading should be more than 1999 mV.
With the 1leads reversed, the reading should be between 500 and
700 mV; however, if VR3056 has been removed, both readings should be
more than 1999 mV. If your readings are lower than those just
mentioned, remove Q3053 and repeat the measurements. If the
readings are now correct, Q3053 is bad. If the reading is still
bad, the capacitor is at fault, and Q3053 should be checked again to
see if it's good.

Finally, check all of the series diodes. Any diode with forward
voltage less than 400 mV or greater than 600 mV should be removed.

¢) Replace all of the faulty components. If the heatsinks were
removed, reassemble them onto the transistors (after making sure the
collector tabs of any replaced transistors are adequately coated
with heatsink compound). If the original screws are not available,
use plastic screws when rebuilding the heatsink assemblies, to avoid
shorting transistors together.

7. Proceed to the Bring-Up Procedure, later in this section:

NON-CATASTROPHIC FAILURES
The two most common non-catastrophic failures are failure of the supply to
turn on, and failure of a secondary regulator to produce the correct output
voltage. This part of the Troubleshooting Guide is organized as follows:

1. Finding what's wrong when the supply won't turn on.

2. Troubleshooting the +24 V Secondary Regulator.

3. Troubleshooting the +12 V and -12 V Secondary Regulators.
Follow the appropriate procedure until you've discovered and repaired the

problem. Then, power up the system to verify that you have completely
repaired the supply.

The Supply Won't Turn On

The 8560 power supply has many different kinds of fault sensing and
protection features. This means that any of a number of things can prevent
the supply from coming up when both front and rear panel power switches are
turned on.

If the AC ON light on the front panel remains off, the line fuse is probably
open, indicating that one of the following may have occurred:

e A catastrophic failure has occurred in the supply. See Catastrophic
Failures earlier in this section.
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e Your 8560 is configured for a 115 V line, but connected to a 230 V

line. See "Selecting the Proper Primary Voltage", in Section 19 of
this manual. ‘

If the AC ON 1light is illuminated, but the 8560 doesn't power up when you
turn ON the front panel DC switch, the following procedure should uncover the
source of the problem,
NOTE
If the front panel switch is ON when the rear panel switch is
turned ON, the AC ON 1light will illuminate immediately but the
instrument won't power up for about a second. This is entirely
normal.
Procedure
1. Remove the two top cover retainers at the rear of the mainframe and
slide off the top cover. Locate the power supply top shield, which is
behind the hard disc drive.
Use extreme caution once you have removed the power supply top
shield. Dangerous voltages are present underneath the top
shield.
Be careful to keep fingers and other objects out of the power
supply fan blades. The fan housing has no protective covering
from the inside of the supply.
Remove the four screws that secure the shield, then lift the shield off.
2. If you can hear a faint chirping sound coming from the supply about once
every second, proceed to step 3.
If you cannot hear any chirping, measure the voltage at the PONPS
testpoint (TP6048) and at PON on the Interconnect board (the second pin
from the left on the upper row of J1010). Both of these voltages should
be between 12 and 15 V, if front and rear switches are both ON.
a) If both voltages are near ground, either the front panel, or the
wiring to it from the Interconnect board, is probably defective.
(It is also possible that the +15 V supply circuit has failed.
12-12
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Check the +15 V testpoint (TP6076). The voltage should be correct
within +5%.)

b) If only PONPS is incorrect, check the Shutdown testpoint (TP6046).
If the testpoint voltage is above 11 V, proceed to step 3. The
supply is probably chirping as previously described. You may not be
able to hear it if you're in a noisy work area.

Turn off the 8560 at the rear panel power switch.

Use insulated tools and probes at all times and observe the
supplementary cautions contained in the text. Stored charge
in the large capacitors of the power supply can cause severe

burns and/or electric shock even when the supply is turned
off-

Locate the fan housing at the rear of the instrument. Remove the two
screws (closest to the rear panel) on the fan housing's left side and
the six screws that secure it to the rear panel. Disconnect the two
wires connected to the fan and set the fan housing aside.

Three plug-in circuit boards are visible in the rear opening. These
boards are, from top to bottom, the Regulator board, the Secondary
board, and the Inverter board.

Dangerous voltages are present on the Secondary board even
when the front panel power switch is turned off. Line voltage
is connected to the side of the large transformer (T1011) that
faces the Interconnect board.

Remove the Regulator and Secondary boards from their slots. Insert the

Secondary board in the top slot, and the Regulator board in the second
slot.

Connect the external trigger of an oscilloscope to the Shutdown
testpoint on the Regulator board (TP6046). The scope's sweep rate
should be set to 10 ms/div, initially. The triggering should be set to

NORMal mode, DC coupling, EXTernal source, positive level, and negative
slope.

Turn ON the 8560 with the rear panel power switch. If the front panel
switeh is also ON, the supply should chirp faintly as before, and a
single trace should be displayed on the scope with every chirp.
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If you determine that the Shutdown testpoint is not providing a trigger

signal, but is staying above 11 V at all times, there are three possible
causes:

e The undervoltage shutdown circuitry (U5040, U30U40A) is faulty.

e The 8560 is configured for a 230 V line, but is connected to a
115 V. 1line (see "Selecting the Proper Primary Voltage" in
Section 19 of this manual).

e If the 8560 was running for some time prior to failure, the
supply's thermal shutoff switch may have tripped. If so, the
supply will come on again in a few minutes. When the supply
comes on, check the fan for proper operation.

8. Set the scope's vertical sensitivity to 5 V/em. Connect a probe from
the vertical input of the scope to TP6046. The two traces shown in
Fig. 12-6 1illustrate the range of expected waveforms. If the waveform
is like Fig. 12-6b, reduce the sweep speed until event Y (shown in
Fig. 12-6a) is visible. Note the position of event Y on the screen:
event Y occurs when the supply shuts down.

12681-99

Fig. 12-6. Waveforms at Shutdown testpoint.

Use extreme caution when servicing the Inverter board.

Dangerous voltages exist on the Inverter board when the 8560
is turned on. :
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Connect the scope probe to the 15K resistor R6059 on the Inverter board,
on the side of the resistor that is connected to PROTTR. There should
be a 10 V negative-going spike from +15 V at the same position as event
Y in Fig. 12-6a. You may have to increase the intensity of the display
for the spike to become readily visible.

Connect the probe to the other side of R6059.
a) If the spike amplitude is the same as in step 9, proceed to step 11.

b) If the spike amplitude is greater than in step 9, connect the probe
to the base of Q6056. If this voltage rises slowly from -15 V until
event Y, and then drops back to -15 V, either an overload on the
motor driver's output or fault in the motor driver itself is
preventing the supply from turning on.

If the voltage stays at -15 V, the primary current 1imit is being
activated. There may be a fault in the main inverter control
circuitry, or perhaps a secondary winding of power transformer T1011
on the Secondary board is shorted.

To test for an overvoltage problem on the supply outputs, connect the
scope probe to each of the following testpoints on the Regulator board:
+5 V Sense (TP6061), +12 V Sense (TP6043), =12 V (TP6015), +15 V
(TP6076) and +24 V (TP6011).

a) If the voltage during event Y at any of these testpoints is greater
than 105% of the designated testpoint voltage, the supply is
probably being shut down by the overvoltage protection circuit
(U3110C on the Secondary board).

b) If the overvoltage is on the 5 V line, the reference voltage Vref
(TP6066) may have been set too high. Check Vref by measuring the
voltage between TP6062 and Ground Sense (TP6056). The reading
should be within 1% of 5.00 V.

e¢) If the overvoltage is confined to the +24 V line, see
"Troubleshooting the +24 V Secondary Regulator".

d) If the overvoltage is confined to the +12 V or -12 V 1line, see
"Troubleshooting the +12 V and -12 V Secondary Regulators". If the
overvoltage is on the +15 V line, U1060 on the Regulator board is
probably faulty.

If overvoltage does not seem to be the problem, there may be a short or
overload on one of the supply's DC outputs. You can check this by
connecting the scope's vertical input differentially across the
capacitors 1listed in Table 12-1. The setup for this connection is
accomplished as follows:

In order to differentially connect across the +5 V and +12 V capacitors,
connect a separate scope channel to each end of the capacitor you want
to look at. Then, set the scope's controls so that the difference
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between the two channels is displayed. To connect across the +12 V and
-12 V capacitors, the same method can be used if your scope has a linear
range of 130 cm at a vertical sensitivity of 100 mV/cm. Otherwise, you
must use a differential probe, such as the TEKTRONIX P6046. In any
case, set the vertical sensitivity of the scope to 100 mV/cm for both

channels, but do not change the triggering and sweep from their previous
settings.

Each of the capacitors listed in Table 12-1 is the input capacitor of
one of the overcurrent comparators. The listed capacitors are all
located on the Secondary board. If the voltage across a given capacitor
approaches within +10 mV of ground at event Y of Fig. 12-6a, the
corresponding output is being overloaded.

Table 12-1
Overcurrent Checkpoints

Overcurrent Comparator

]
i
DC Output | Input Capacitor
a====s====== : S EECES s SS=s==ssz==23===2
+5 V ! €C3119
+12 V H C3111
-12 Vv i C3117
+24 vV 1 C3113

Troubleshooting the +24 V Secondary Regulator

The output of the +24 V Secondary Regulator 1is determined by a switching
regulator which is slaved to the +5 V regulator. The regulating element is a
switching transistor (Q3071). Q3071 is driven by a comparator (U2010)
through a complementary emitter follower (Q2073, Q2071). The comparator
generates a switching signal through comparison of Vref with the actual

output voltage. All of these components are on the Secondary board, except
for U2010 on the Regulator board.

The two most common symptoms of failure in this circuit are overvoltage on
the output (which causes the supply to shut down), and insufficient voltage
(usually less than half the proper value, even with light loads).

Output overvoltage is usually due to a collector-emitter short in the
switching transistor. This short effectively removes the regulator from the

circuit. Insufficient voltage on the output is usually due to an open PNP
driver transistor or a comparator that has failed (refer back to Fig. 12-5).

Procedure

1. Make sure the 8560 is disconnected from the primary power source,
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Use insulated tools and probes at all times and observe the
supplementary cautions contained in the text.- Stored charge
in the large capacitors of the power supply can cause severe

burns and/or electric shock even when the supply is turned
off.

2. To gain access to the Secondary board, remove the fan housing at the
rear of the 8560. Remove the two screws closest to the: rear panel on
the housing's left side, and the six screws securing the housing to the

rear panel. Disconnect the two wires connected to the fan and set the
fan housing aside.

3. Three plug-in circuit boards are now visible in the fan housing opening.
The Secondary board is the middle board. To remove the board, grasp
firmly with a pair of pliers and pull the board out.

y, Check the forward base—collector and base-emitter voltages of Q3071 with
a diode meter. These voltages should be between 400 and 600 mV.

5. Check for a collector-emitter short by connecting the positive lead of
the diode meter to the emitter and the negative lead to the collector.
The reading should be more than 1999 mV for a good transistor.

6. If the switching transistor is good, check the two driver transistors in
the same way. However, reverse the meter leads when checking for a
collector-emitter short in the NPN driver transistor.

7. If the driver transistors are good, check the comparator while the
supply is running. A failure of this component usually shows up in one
of two ways: as an output that is incompatible with the inputs (for
example, the positive input is above the negative input, but the output
is low); or as an input that is more than a few hundred millivolts above
Vref.

Troubleshooting the +12 V and -12 V Secondary Regulators

If the supply won't turn on because of overvoltage on the +12V or =127V
outputs, or if one or both of these output lines is the wrong voltage, use
Table 12-2 to find the problem. For each faulty circuit condition, the most
likely bad components are listed in descending order of probability. All
listed components are located on the Secondary board.
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Table 12-2
:12 V Secondary Regulator Faults

Circuit Fault Component Fault

1 ]

i 1

[} ]

1 1

i ! +12 V ! =12V

—_—EsCEES=SS=ZSzZ===z=== : S EsSCSE===sSZIZzsszZ=Zzsz=zZZs=z===z==e=== :::::::::::::: : ===sS===z==zsz2==

Output voltage is | 1. Open secondary fuse | F3091 | F3081
close to ground | 2. Failed op amp H U1090 i U 1090

! 3. Open pass transistor i Q3091 ! Q2101

1 ] ]

i ] I
Undervoltage on { 1. Failed op amp i U1090 H U1090
output | 2. Failed pass transistor H Q3091 | Q2101

] ] 1

[} | |
Overvoltage on { 1. Shorted pass transistor | Q3091 i Q2101
output 1 2. Failed op amp i U1090 H U1090

i 3. Shorted drive transistor | Q1101 1 Q1103

If both secondary outputs produce approximately the same undervoltage, check
the output of the reference voltage buffer (U1110B, pin 7).

1. If the buffer output at pin 7 is within 1% of 5 V, replace U1090.

2. If the buffer output is out of tolerance, check the buffer input
(pin 5).

a). If the input is within 1% of 5V, U1110B or C1111 is probably

faulty. A low output indicates C1111, and a high output indicates
U1110B,

b) If the input is out of tolerance, the voltage reference (primarily
VR5072 and R6067 on the Regulator board) may need adjustment or

repair. In this case, the 5 V output of the supply will also be
incorrect.

BRING-UP PROCEDURE

The following bring-up procedure is intended to be used after you have
completed the troubleshooting procedure for catastrophic failure. This

procedure enables you to fully check out the power supply and restore it to
working order.
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PRECONDITIONS

Before you perform the bring-up procedure, make sure that you have completed
the following steps:

o The fan housing on the rear panel of the 8560 and the power supply
top shield have been removed.

e The Inverter board has been investigated for failures (according to
procedures outlined under Catastrophic Failures), and has been
repaired as needed.

o The rear panel power switch is OFF, and the input capacitors (the
large cans below the Inverter board) have discharged to a safe
voltage. Discharging occurs within five minutes after line power 1is
removed.,

e The 8560's line voltage selector switch is properly set.

After verifying that all preconditions are met, refer to Fig. 12-7 and
prepare the test set-up. The following equipment is required:

Equipment

Soldering irom/solder

Recommended Type

800 F tip temperature/
63% tin, 37% lead, rosin core

Needle-nose pliers Sturdy, with plastic grips

Screwdriver Phillips for #6 and #4 screws

Voltmeter/diode meter Fluke Model 8030A or equivalent

Oscilloscope TEKTRONIX 465 or equivalent

Isolation transformer Must have at least 8 A output

capability

Variable autotransformer Variac* with at least 8 A

output capability

External power supply Must be able to supply +/-17 V

at 400 mA

¥ Variac is a registered trademark of the GenRad Corporation
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Voltmeter _‘—gﬁ 8560

External Power Supply

I T >+17 V, >400 mA
{4-25 Vdc, 120 Vac rms)
Variac
» > 8A Output
Capabilitiy
Isolation w/Wattmeter
Transformer and Voltmeter
1=1 Off
28A Output les
Capability Regulator Board VARSI

Secondary Board

[ 60 L

Inverter Board

Probe

]

-}

Vert. in Ext. Trig

(2975-82)12581-100

Fig. 12-7. Test equipment set-up.

After installing the test equipment, check that all instrument fuses are

good.

PROCEDURE

This procedure contains enough detail to allow you to check out every primary

supply

characteristic except output ripple, input line frequency range, and

overvoltage shutdown. It is therefore too detailed for some situations.

If you are certain that only the main inverter failed, just follow

steps 1--3, 5--14, 16, 19--22, 26 and 27.

If you are certain that only the motor driver failed, just follow

steps 1--3, 5, 8 (with no waveform), 12--18, 21 (with no waveform),

25--217.

Use insulated tools and probes at all times and observe the
supplementary cautions contained in the text. Stored charge in the
large capacitors of the power supply can cause severe burns and/or
electric shock even when the supply is turned off.

It is possible to operate the main inverter and motor driver separately.
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e If motor driver operation is not desired, remove Q6062 on the

Inverter board.

If you prevent main inverter operation, the 1line voltage
produced by the Variac must be maintained at less than
110 Vrms; otherwise, circuitry may be damaged by
abnormally high motor driver output voltages. When TP6046
and TP6076 are shorted together, the motor driver output
is not regulated.

o If main inverter operation is not desired, connect a clip 1lead
between the +15 V testpoint (TP6076) and the Shutdown testpoint
(TP6046) on the Regulator board.

Remove the Inverter board from its slot and insert the Inverter extender

board into the same slot. Then insert the Inverter board into the
extender.

Make sure the external power supply is OFF, Connect 1leads from the
external supply through a 3-pin harmonica connector to the three square
pins on the Regulator board (J6075). The connections should be to
+Voltage, Ground, and -Voltage, from left to right (viewed from the rear
of the 8560). The supply should be set between +17 V and +40 V
(nominally +20 V).

Make sure that the rear panel power switch and the Variac power switch
are OFF, Turn ON the external power supply. Measure the voltage from
the +15 V test point (TP6076) to ground (TP6025), and from the =151V
test point (TP6077) to ground on the Regulator board. If any measured
voltages are not within 5% of a test point's assigned voltage, you must
repair the standby regulators (U1060, Q1071) on the Secondary board
before further testing. Make sure that the external supplies are not
operating in a current-limited mode. The external supply current limits
should be at least 400 mA each.

Measure the voltage from Vref (TP6066) to Ground Sense (TP6056). Adjust

the trimmer on the Regulator board (R6067) until Vref is within 1% of
+5.00 V., ;

Remove the undervoltage shutdown jumper (J6048) from the Regulator
board. Also, remove Q6056 on the Inverter board.

Connect the external trigger input of the scope to the Trigger test
point (TP6039) on the Regulator board. Set the scope's sweep rate to
10 us/em. Be sure that the external trigger is selected.
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7. Connect the vertical input of the scope through a probe to the base of
Q2025 on the Inverter board. Connect the ground clip of the probe to

the emitter of the selected transistor. Set the vertical sensitivity to
2 V/cm.

8. Turn the 8560 DC power switch ON. The scope should display the waveform
shown in Fig. 12-8, or a waveform shifted from this by 180 degrees. If
the waveform is correct, proceed to step 10,

125881101

Fig. 12-8. Q2025/Q5025 base-~emitter voltage waveform.

9. If the voltage does not drop from 0.7 V to -2 V, but remains near ground
or 0.7 V until the negative pulse, one of the driver transistors (Q5047
or Q6049) is probably bad. If the negative pulse is less than about 3 V
from base to peak, and the transition time of the falling edge of the
positive pulse is 1less than 1 us, the other driver transistor is
probably bad.

To check these transistors, change the scope's vertical sensitivity to
1 V/em, and connect the probe to each of the drain tabs in turn, while
connecting the ground clip to TP6069. The scope should display the
waveform shown in Fig. 12-9, or a waveform shifted from this by
180 degrees. If the large positive pulse has a flat top or is severely
attenuated, the transistor is defective. Replace any bad transistors
with good ones. If, after you have checked these transistors, the
circuit still does not seem to be working properly, proceed to step 11,
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,1%5§1-102‘

Fig. 12-9. Q5047/Q6049 drain voltage waveform.

Check the base-emitter voltage waveform on Q5025. The waveform should
have the same shape as that of Q2025, but shifted 180 degrees in phase.
If the waveform does not meet this description, check for failures, as
in step 9.

If the supply is being brought up after a catastrophic main inverter
failure, check the waveforms at the gates of Q5047, Q6049, and Q6054,
The waveforms at Q5047 and Q6049 should be square waves with a period
between 50 and 70 us, a high level at +15 V, and a low level at ground.
These two waveforms should also be 180 degrees out of phase. The
waveform at Q6054 should be a 1 us negative-going pulse from +15 V to
ground every 25 to 35 us. If any voltage is more than a few volts away
from the proper level, the transistor you are checking is probably
defective, even if its drain voltage 1is correct. However, if the
transistor under investigation checks out good, U2030 on the Regulator
board 1is bad. One further note: if no voltage is observed on the bases
of Q2025 and Q5025, and the gate waveform of Q6054 is approximately
correct, Q6054 is bad.

If you skipped step 10, go back and do it now. Then proceed to step 12.

Set the scope's vertical sensitivity to 5 V/em and its sweep rate to
5 us/cm. Move the trigger input to the Sawtooth testpoint (TP6028) on
the Regulator board, and set the triggering for negative slope. Make
sure that external trigger is selected. Check the gate-source voltage
on Q4075 Dby connecting the vertical input probe to the cathode of
VRY40T4, and the probe's ground clip to the anode of CR4085. The scope
should display the waveform shown in Fig. 12-10a. If the waveform more
closely resembles Fig., 12-10b, either the transistor or the zener diode
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is too 1leaky and should be replaced. The voltage at point X in
Fig. 12-10a should not drop lower than 9 V.

{a) good {b} leaky

12881-1031

13.

14,

15.

16.

12-24

Fig. 12-10, QUOT5 gate voltage waveforms.

Next, check the gate-source voltage of Q2069 by connecting the probe to
the cathode of VR2065. Check QU069 by connecting the probe to the
cathode of VR4065. Finally, check Q2076 by connecting the probe to the
cathode of VR20T74, All of these waveforms should appear similar to
Fig. 12-10a and not Fig. 12-10b.

The high voltage should stay near 10 V ana the low voltage should stay
at ground. Replace any transistors or 12 V zener diodes that appear to
be leaky during testing. Note that the transistor is most likely to be
at fault. ‘

Reinsert Q6056 in its socket on the Inverter board.

Make sure there is at 1least a minimum load on the 5 V supply in the
8560. (A minimum load consists of the flexible disc drive, plus the the
standard circuit board configuration in the 8560 card cage.) However,
do not bring up the supply with maximum load on the 5 V output.
Disconnect power to the hard disc drive.

Connect the vertical input probe to RU4059 (100 K), at the end that is
nearest QU058. Connect the ground clip to the anode of CRUO42, Set the
sweep rate to 5 ms/cm and set the trigger source to line.

Turn the Variac output voltage control to zero. Turn ON both the
Variac, and the 8560 rear panel power switch.



17.

18.

19.
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Use extreme caution when servicing circuitry on the Inverter
board. Dangerous voltages exist on the Inverter board when
the 8560 is connected to line voltage.

Slowly increase the Variac voltage wuntil 12 V pulses can be seen
oceurring about once every second. The rise time of the pulses. should
be about 2 ms, and the fall time should be so short that the trace
during fall is essentially invisible. If the pulses exhibit a slow fall
time, or if they fail to appear at all, there is either a fault in the
circuit that drives the gate of QU4058, or the gate of Q4058 is too
leaky. :

There are two vertical inputs that can be subtracted from each other on
your oscilloscope (assuming that you are using a TEKTRONIX 465 or
equivalent). Leave the probe that is already connected to the scope,
and connect another probe to the second vertical input. Set the
sensitivity of both vertical inputs to 50 V/cm. Connect the probes to
either side of C2049 and connect their ground clips together. Set up
the scope so that the second input is subtracted from the first.
Continue to turn up the Variac voltage until a continuously visible
waveform appears on the screen, or until the voltage is 90 Vrms,
whichever occurs first. The waveform should be a fairly undistorted
60 Hz sine wave. If the supply does not turn on continuously, turn back
to "The Supply Won't Turn On" for troubleshooting information (ignore
step 2 of that procedure).

Remove both probes and set up the scope to observe a single vertical
input again. Connect that input's probe to the emitter of Q5025 and the
ground clip to the end of C3028 closest to the rear of the instrument.
(C3028 is the large, white plastic film capacitor parallel to the long
side of the finned heatsink.) Reconnect the trigger input to the
Trigger testpoint, as in step 6. Reset the sweep rate to 10 us/cm. The
scope should display the waveform shown in Fig. 12-11a. If the waveform
seems to be unstable, slowly increase the Variac voltage while watching
its wattmeter. The waveform should stabilize, eventually increasing in
frequency. The wattmeter should not read much over 140 W, if there is a
minimum load in the instrument (see step 14). If anything indicates
failure, turn the Variac down immediately. The supply may shut off at
some 1line voltage below 90 Vrms, but if nothing else suspicious occurs,
keep turning the Variac up until its output is 90 V., If the supply is
operating correctly, when the Variac output is 90 V, the scope will
display the waveform shown in Fig. 12-11b.
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{a) {b)

12581104

Fig. 12-11, T1011 primary winding waveforms.

If the waveform doesn't stabilize or rise in frequency, there is
probably a fault in the main inverter control circuitry on the Regulator
board (U3030, U5030D, U5060B, U6010, U2040, U2030, and U3040B). If the
wattmeter indicates excessive power consumption, there is probably a
shorted diode on the secondary side of power transformer T1011 (see the
Secondary board schematics). If the supply won't come on when the
Variac output is 90 V, turn to "The Supply Won't Turn On"™ (ignore step 2
of that procedure).

20. Connect the negative lead of your voltmeter to Ground Sense (TP6065),
and the positive lead to each of the testpoints listed in Table 12-3.

Table 12-3
Regulator Board Testpoints

Expected Voltage

P

i ]
] ]
i H
+5 V Sense i TP6061 ! +4,9 V to +5.2 V
+24 v | TP6011 ! +22.8 V to +25.2 V
+12 V Sense | TP6043 I +11.64 V to +12,36 V
=12 VvV ] TP6015 P =11.,4V to -12.6 V

If the +24 V output is incorrect, see "Troubleshooting the +24 V
Secondary Regulator" in the Troubleshooting Guide, earlier in this
section. If either the +12 V or the =12 V output is incorrect, see

"Troubleshooting the +12 V and =12 V Secondary Regulators", also in the
Troubleshooting Guide.
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Replace the Undervoltage Shutdown jumper (J6048) on the Regulator board.
Place the voltmeter leads on the +5 V Sense testpoint (TP6061) and
Ground Sense testpoint (TP6056). Vary the Variac voltage between
132 Vrms and 90 Vrms. The waveform on the scope should remain stable,
and neither the positive or negative peak should go over 200 V. The
voltmeter reading should remain within 1% of 5.00 V.,

If the supply is being brought up after a catastrophic failure in the
main inverter, and the supply fails to stay on over an input . voltage
range of 90--132 Vrms, the +24 V secondary regulator may be regulating
improperly. To check the +24 V secondary regulator, set the scope's
vertical sensitivity to 50 mV/cm and change the coupling to AC. With
the supply running, observe the waveform at pin 3 of U2010 on the
Regulator board. If this waveform does not match the waveform in
Fig. 12-12 (especially if the sawtooth is smaller or nonexistent), U5030
on the Regulator board is probably faulty and should be replaced.

12581-108
S ——

23.

24,

Fig. 12-12, 424 V regulator reference waveform.

Turn OFF the external power supply. The 8560 supply should stay on
without change. Turn the Variac voltage below 90 Vrms until the supply
shuts off. It should shut off at approximately 80--85 Vrms. Turn the
Variac voltage back up until the supply turns back on. This should
occur below 90 Vrms, and the supply should turn on cleanly, with only
one chirp and no sputtering.

Check the overcurrent shutdown circuitry (U6040 on the Regulator board,
U3110 and U1110A on the Secondary board). Connect a 5-ohm resistor from
the ~12 V test point (TP6015) to ground (TP6025). The supply should
shut down immediately and chirp faintly every second or so until the
resistor is removed. If the supply does not shut down, don't do any
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25.

26.

27.
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further overcurrent shutdown testing until the problem in the =12 V
shutdown circuitry is repaired.

If the supply does shut down, connect the 5-ohm resistor from +12 V
sense (TP6043) to ground. Then, connect a 3-ohm resistor from +24 V
(TP6011) to ground. In both cases, the supply should shut down and
chirp until the resistor is removed. Finally, connect a 0.1 ohm
resistor from the +5 V power bus to ground near the edge connector on
the Regulator board. The supply should again shut down and chirp until
the resistor is removed.

The fan and flexible dise drive motors should be running. Connect a
voltmeter with insulated probes across C2049 on the Inverter board. The
voltage should stay within +10%/-5% of 115 Vrms (109--126.5 V), as the
Variac output voltage is varied between 90 and 132 V. Obtain a
well-insulated clip 1lead and momentarily short out C2049 with it. The
supply should shut down and restart about a second later.

Use insulated tools and probes at all times and. observe the
supplementary cautions contained in the text. Stored charge
in the large capacitors of the power supply can cause severe
burns and/or electric shock even when the supply is turned
off. :

Turn OFF the 8560 from the rear panel. Unplug the 8560 and wait five
minutes for the input capacitors to discharge to a safe voltage. Then
remove all probes from the supply boards.

Remove the Inverter board and its extender, then insert the Inverter
board into its edge connector. Be certain that the Secondary and
Regulator boards are in the correct slots. Replace the top shield over
the supply with its four screws. Make sure the grommet on the fan cable
is fitted into the rear edge of the Inverter board, then replace the fan
housing with its eight screws. Reconnect the hard disc power connector
and replace any circuit boards removed during this bring-up procedure.
Replace any outside covers and feet that were removed from the
instrument. The supply should now be in satisfactory working order.
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Section 13

FUNCTIONAL CHECK PROCEDURES

GENERAL INFORMATION

INTRODUCTION

This section describes the self-testing diagnostics that are executed within
the 8560 Multi-User Software Development Unit (MUSDU) every time you power-up
the system or toggle the front panel RESTART switch. The diagnostics consist
of seven power-up tests and three service routines.

The power-up tests check the RAM, ROM, CPU, Line-Time Clock (LTC), 1line
printer ports, I/0 Processor (IOP) board(s), and PMS Controller board. The
service routines aid in alignment of the flexible disc drive heads, and
exercise the low and high 64K Memory boards for examination by oscilloscope.

NOTE

Throughout this section, all addresses are shown in octal notation
unless otherwise noted.
This section is organized into five parts:

e An introduction to the 8560 ROM-based diagnostics and some general
background information. This part of the section includes the
power-up test summary.

e Detailed descriptions of the power-up tests. This part also

describes the five LEDs on the Utility board that display error
codes.

e A description of the Debugging Mode, including service routines.

e A description of the Octal Debugging Technique (ODT), and a summary
of ODT commands.

e A summary of error codes.
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THE FIRMWARE

The 8560 power-up diagnostics and service routines, and the debugging monitor
are contained in two 2K x 8-bit ROMs. The ROMs are located in the system
‘address space as shown in Fig. 13-1.

The ROM firmware is organized as four selectable banks. Each bank consists
of 512 16-bit words:

e Bank 0 tests processor-related functions:

RAM
ROM
CPU

e Bank 1 contains the debugging monitor I/0 routines and the service
routines:

flexible disc head alignment
low 64K Memory board exerciser
high 64K Memory board exerciser

e Bank 2 contains the debugging monitor;
e Bank 3 tests the I/0 functions

LTC

line printer ports

IOP board(s)

PMS Controller

and contains the bootstrap routine.
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1/0 Hardware Registers

Bank 3 i Bank 3
e N PSSy PRI (R U ————
| _High J Bank2 1 jow J Bank2
Byte Y Bank 1 1 BYt®) Bank 1
e = § e j—mem = —
Bank O | Bank O

1/0 Hardware Registers

High
64K Memory
Board

Low
64K Memory
Board

Interrupt Vectors

1000000
774776

773000
770000

600000

400000

200000

400

ROM

Page 3

Page 2

Page 1

Page O

12581-106

Fig. 13-1. 8560 system memory map.
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HARDWARE RESTRICTIONS

In order for the power-up tests to execute properly, certain parts of the
8560 must be functioning correctly. The diagnostic firmware assumes that the
LSI-11/23 processor and support circuits (power supplies, clock, and RESET
circuits) are operational.

UTILITY BOARD LEDS

The Utility board contains five LEDs that represent an octal code. You can
view the five LEDs when the 8560 top cover is removed. (For more information
on removing the top cover, refer to the 8560 MUSDU Installation Guide.) The
LEDs are mounted along the Utility board's top edge, with the least
significant bit closest to the rear panel. Figure 13-2 illustrates the
Utility board LEDs.

Least significant bit

UTILITY

~¢——— Front of
8560

12681-107

Fig. 13-2., The Utility board LEDs.
During the power-up sequence, each test-function sets the individual LEDs on

or off, corresponding to the octal number representing that function. This

allows you to identify the last executed test or function before the sequence -
was halted.

The LED error codes for the functional checks are listed in Table 13-1.
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Table 13-1
LED Error Codes

LEDs(a)! Octal Value

EREXR E 37
----- ! 00
—— | 01
— | 02
—E 03
% o4
%% | 05
—EE_ 06
—%EX 07
—*o 10
k% | 11
—%_%_ ! 12
—R_%% | 13
—X%__ ! 14
_XX_% | 15
—KEE_ 16
_EAER | 17
*ee | 20
¥o__% | 21
¥__%_ | 22
Ko %% | 23
¥ | 24
K_%_% | 25
®_¥E_ | 26
X_RXE | 27
e 30
RE__% | 31
®E_%_ | 32
RE_%% | 33
REE__ | 3y
REX_% | 35
KEXR_ | 36
REXXE | 37

Unable to execute firmware

Definition

LTC error
Initialization error
Printer Port 2 error
LSI-11/23 MMU error

Printer Port 1 error
ROM error (low byte)
PMS Controller error
ROM error (high byte)

Page O RAM
Page 0 RAM
Page 1 RAM
Page 1 RAM
Page 2 RAM
Page 2 RAM
Page 3 RAM
Page 3 RAM
Page O RAM
Page O RAM
Page 1 RAM
Page 1 RAM
Page 2 RAM
Page 2 RAM
Page 3 RAM
Page 3 RAM
IOP error
LSI-11/23
Trying to
Not used
Debugging
Debugging
Executing

error
error
error
error
error
error
error
error
parity
parity
parity
parity
parity
parity
parity
parity

fault
fault
fault
fault
fault
fault
fault

fault .

CPU error

boot from a disc

Mode
Mode

secondary boot from disc

TNIX running

(a) The dash represents an unlit LED.

a 1lit LED.

The asterisk represents

These codes are described in detail in the error summary at the end of this

section.
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POWER-UP TESTS

The seven power-up tests execute automatically every time you power up the
system, or toggle the front panel RESTART switch. You can also start the
power-up sequence at any test by entering the appropriate Debugging Mode "t"
command from a terminal. The "t" commands are described in the Debugging
Mode discussion later in this section.

OPERATION /

The power-up tests execute sequentially, wunder control of the LS3SI-11/23
processor. The power-up sequence executes in about 15 seconds for a system
restart or 40 seconds for a power-up, and gives reasonable assurance that the

system is operational. Once all power-up tests have passed, the system boots
automatically.

If any power-up test fails, the LED readout identifies the test. If a
terminal is installed, the diagnostics give control to the Debugging Monitor.
To troubleshoot the problem, you can loop on the failed test and display the
affected registers. In addition, a set of disc-based diagnostic programs
(described in Section 16 of this manual) lets you further investigate the
failure.

Table 13-2 summarizes the power-up tests, and lists the corresponding restart
(t) commands for each test.
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Table 13-2
Power-Up Tests

Name | Command | Description
=== =s====== : Z======== ‘ RN S S S S S R S S S S S S S S S S RS S S S S S S s Res=s=Rz======2=
Initial- | ot i This test initializes critical interrupt
ization | | vectors, sets up the LSI-11/23's Memory
and RAM | i Management Unit (MMU), and checks the
Test H i system memory by writing various patterns
' ! to all RAM locations and then reading them
i | back.
1 )
i [}
ROM Test | 1t ! This test performs a checksum test
i | on the diaghostic ROMs located on the
i i Utility board.
1 ]
I 1
CPU Test | 2t i This test verifies that the LSI-11/23
H i processor is functioning correctly.
i 1
] g 1
LTC Test | 3t i This test uses instruction timing to
i | verify that LTC interrupts occur at either
i i a 50 Hz or 60 Hz rate.
] ]
i I
Printer | 4¢ i This test verifies that the line printer
Ports i ! ports on the Utility board can be written
Test ! i to and read from.
1 [}
i 1
IOP Test | 5t i This test verifies that at least one IOP
| | board is installed in the 8560 and is
i i working properly. If two boards are
i | installed, both are verified.
] ]
i i
PMS i 6t i This test verifies that the PMS Controller
Controller| i 1s working properly and able to access its
Test ] i disecs.

POWER-UP TEST DESCRIPTIONS

Introduction

The 8560 executes the seven power-up tests in the sequence shown in
Table 13-2. Once the sequence 1is started, it continues until either
completed or halted by an error. Figure 13-3 is a flowchart of the power-up
diagnosties sequence.

Figure 13-4 is a block diagram of the 8560, for reference as you read the
power-up test descriptions. The power-up diagnostics execute as follows:
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The LSI-11/23 initializes the system and attempts to read from RAM

location 4. If this is not possible, the PROCESSOR BUSY light dims
noticeably.

The LSI-11/23 starts the power-up sequence at ROM location 773000. The
seven power-up tests are then executed in sequence. Each test sets the
LEDs to an error code during the course of the test. If a test does not
pass, the LEDs remain set, identifying the failed test. If a 1line
printer is connected to LP1 or LP2, or a terminal is connected to LP2,
the diagnostics write an error message. If no line printer (or terminal

connected to LP2) is installed when the test fails, the test halts the
system. .

If all tests 1in the power-up sequence pass, the 8560 bootstrap routine
tries to boot from the flexible disc. If the routine cannot boot from
the flexible disc, the routine then tries to boot from the hard disc. 1In
the event that no bootable disc is found, the routine restarts the 8560,
and the power-up sequence repeats. This cycle continues until either a
bootable disc is found or the 8560 is turned off.
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Bank Diag
Start of 3 Error
Bank 0
Initialization: LTC test:
Set LEDs Set LEDs Jumper No
Set SP Enable LTC interrupts J1036 Loop on
Set PSW Count them for .5 second Installed? Test
Set Interrupt vectors
Set LEDs
Test PARERR vector Pass Yes
Test all vectors 1
MMU Register Test:
Set LEDs i
. Printer Ports test: .
Set up MMU registers Set LEDs f Elglgrt No
Writes to both LP ports ;ne Irlmd; r HALT
Pass and read back nstalle
‘ Pass Yes
RAM test: V
Set LEDs
Write patterns into . i 0
RAM and read back iOP tes‘é Print Error Code
Determine size of RAM aeitti:"z[;sIOP Diag
Verify command(s) and Error
Pass interrupts for each IOP
Y
No
Pass More Data?
ROM test: V
Set LEDs Fail
Move program to RAM
Compute and verify - ( HALT ) PMSS ?fggoller test: Yes
checksums € s
Verify command(s) and
interrupts for PMS con.
Pass Print Data Field 1
Y Pass
CPU test: ]
Set LEDs Fail
Check instruction set HALT .fju;ggesr Bank 2 Print Data Field 2
Verify user and Instalied? Monitor
kernel operations nstafle
Pass
Y
Flex disc bootstrap: I\?lz’r‘\'i(tgr
Set LEDs
Try to boot from
flexible disk
Fail
\
Hard disc bootstrap:
Set LEDs pank 2
Try to boot from
hard disc
Fail
Debugging Mode
Bank
W]
12581-108

13-3.

Power-up sequence flowchart.
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Power Front
Supply - Panel
. . Hard Disc
Flexll)l:liSeD'sc pve | [ | | ________
r A
# % | |
[ Line |
| Printer |
LSI-11/23 PMS M1220 | ‘
Processor Controller Interface | :
|

- Line |
: Printer |
| |
L | _ External

Memory Board #2 ‘-l Board #1 Board Board
To 8540s
or Terminals
(3899-2)12581-60
Fig. 13-4, 8560 block diagram.

Initialization and RAM Test

Command: ot

Function: To check the addressing and data storage capability of

Blocks Involved:

Error Codes:

Description

the system memory.

LSI-11/23 Processor,
13-4).

Fig.

LED Errors 01, 03,

The initialization routine

toggle the
interrupt vectors

front panel

and sets

doing the following:

1. Set the LEDs

13-10

to 01 to

is started every time
RESTART switch.

10--27

you

power

the

Utility Board, System Memory (see

show that the firmware is initializing.

system or

This routine initializes critical
up the LSI-11/23's Memory Management Unit (MMU) by
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2. Initialize the stack pointer.
3. Initialize the Processor Status Word (P3W).

y, Set all interrupt vectors (0--374) to halt at the location following the
vector. (For example, a trap to O halts at 2.)

5. Set the LEDs to 11.

6. Check the parity error locations (114 and 116) for the correct data.
Since this is the first time that RAM is read, the program halts at 116
if there is a RAM problem.

7. Write the address of the parity error handler into the parity error
vector, and verify that the address was written. '

8. Check all of the interrupt vectors for the correct contents, and write
the address of the appropriate error handler into each vector location.

9. Set the LEDs to 03. Make sure that the MMU is disabled, and then set up
each MMU register. ‘

10. Enable the MMU,
11. Initialize the RAM test.

The RAM test verifies system memory by writing patterns into each byte of
memory, and then reading each location to see if the expected data is there.
To be more precise, the test starts at the beginning of free memory (location
400) and writes a counter into each location within a 128-word block. The
test does a parity check on that block of memory and then complements the
contents of the block. After another parity check, the test moves on to the
next block of memory and repeats the process.

When the RAM test reaches the top of memory, a bus error occurs. The bus
error handler then determines the size of system memory. After that, the
test starts at the top of memory and reads each location to check for the
expected data. If the data is correct, the location is cleared.

The RAM test can detect two types of errors: parity errors and "wrong data"
errors. If a parity error occurs, the parity interrupt handler sets the
‘"parity error" LED code and finds the address of the error. If a "wrong

data" error occurs, the test branches to an error handler that determines the
address of the error.

This test takes approximately 4 seconds per memory board to execute. If the
test passes, the next test is automatically initialized.
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ROM Test
Command: 1t
Function: To perform a checksum test on the two Utility board ROM

devices.

Blocks Involved: LSI-11/23 Processor, Utility Board, System Memory (see
Fig. 13-4).

Error Code: LED errors 05 and 07
Description

The ROM test performs a checksum test on the two ROM devices located on the
Utility board. The 8560 contains two 2K-byte ROMs, one for the low byte and
one for the high byte. This test takes only a few milliseconds to execute.

Figure 13-5 shows how the program is organized within the two ROMs. As
shown, bank 0 and bank 3 of each ROM contain the power-up tests.

This test sets the LEDs to 05, and then moves all of the firmware banks from
ROM into system memory. After the contents of ROM have been transferred, the
ROM test performs a checksum test on the low-byte ROM. Next, the ROM test
sets the LEDs to 07 and performs a checksum test on the high-byte ROM. If a
ROM error occurs, the program halts with the LEDs set.

HIGH BYTE LOW BYTE
\
Bank 3 Power-up tests:
(LTCR BLT(i ltOP, Printer Ports, PMS
Even
> LED
Bank 2 Codes
an
(LTCR Command interpreter.
=4000)
S
\
Bank 1 :
Service Routines and
“;1%? 10P | | driver.
Odd
} LED
B Codes
ank 0 Power-up tests:
(LTCR = 0) RAM, ROM, CPU
12581-74

Fig. 13-5. Firmware memory map.
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CPU Test
Command: 2t
Function: To execute a representative LSI-11/23 instruction set,

which indicates whether the CPU is operational.

Blocks Involved: LSI-11/23 Processor, Utility board, System Memory (see
Fig. 13-4).

Error Codes: LED Error 31

Description

The CPU test checks a representative sample of LSI-11/23 instructions to
determine whether the CPU is operating properly. This test takes only a few
milliseconds to execute.

The test first sets the LEDs to 31, then fetches and executes instructions
from ROM. The test executes the simpler instructions first and then proceeds

to more complex instructions. The CPU test performs the following steps:

1. Checks a representative set of single-operand instructions with
destination mode O.

2. Checks a representative set of single-operand instructions with
destination mode 0, using byte mode.

3. Checks a representative set of double-operand word instructions, using
most source modes and using destination mode O.

4, Checks a representative set of double-operand byte instructions, using
various source modes and using destination mode O.

5. Checks a representative set of word instructions, using various source
modes and most destination modes.

6. Checks a representative set of byte instructions, using various source
modes and various destination modes.

7. Checks the JSR, RTS, and MARK instructions, using various modes.

8. Checks the MUL, DIV, and ASHC instructions, by solving an equation and
checking the result.

9. Checks that instructions operating in user and kernel mode work properly
when the MMU is activated.

The CPU test checks the results of the executed instructions, and halts the
LSI-11/23 if any result is not correct.
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Line~-Time Clock Test

Command: 3t

Function: To verify that the Line-Time Clock interrupts the
L3I-11/23 at the correct rate.

Blocks Involved: LSI-11/23 Processor, Utility Board, System Memory (see
Fig. 13—}4)0

Error Codes: LED Error 00
Descriptioh

The LTC test checks that the Line-Time Clock interrupts occur at the proper
intervals. This test takes 0.5 second to execute.

The LTC test starts by setting the LEDs to 00, setting up the LTC vector, and
enabling the LTC interrupts. The test then detects the first interrupt, and
waits in a loop for 0.5 seconds while the LTC handler counts the number of
interrupts that occur. The program then disables interrupts and checks the
interrupt counter. If the frequency of the LTC is between 46 and 54 Hz, the
frequency 1is stored as 50 Hz. If the frequency of the LTC is between 56 and
64 Hz, the frequency is stored as 60 Hz. All other frequencies are
considered invalid and are reported without rounding. If an invalid
frequency is reported, the test fails.

Printer Ports Test

Command: Lt

Function: To verify that the 1line printer ports on the Utility
board can be written to and read from.

Blocks Involved: L3I-11/23 Processor, Utility board, System Memory (see
Fig. 13-4).

Error Codes: LED Errors 02 and 04

Description

This test sets the LEDs to 02, then writes to the LP2 Control/Status
Register, reads the register, and verifies that the same data is written and
read. Next, the test sets the LEDs to OU4 and repeats the same procedure for
the LP1 Control/Status Register. If either register doesn't respond
correctly, or if a bus error occurs when either register is accessed, the
program will report the error. This test takes only a few milliseconds to
execute. The main purpose of the Printer Ports test is to verify that the
address jumpers on the Utility board are properly set.
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I/0 Processor Test

Command: 5t

Function: To verify that at least one IOP board is installed in the
8560 and is operating correctly. If two IOP boards are
installed, both boards are verified.

Blocks Involved: LSI-11/23 Processor, IOP board, Utility board, System
Memory (see Fig. 13-4),.

Error Codes: LED Error 30
Description

This test sets the LEDs to 30, sends a command to the IOP board(s), and then
verifies the interrupt and status indication sent back. If Device Register 1
on an IOP board does not respond correctly, or if a bus error occurs during a
register access, the test will also report the error. Next, the test
initializes the IOP board(s) as necessary for use by the operating system.
This test takes only a few milliseconds to execute under normal conditions.
However, if the IOP board is malfunctioning, this test could take 2 or
3 seconds to execute.

PMS Controller Test

Command: 6t

Function: To verify that the PMS Controller is operating properly
and is able to access its disc drives.

Blocks Involved: LSI-11/23 Processor, PMS Controller board, Utility board,
System Memory, M1220 Interface, Hard Disc Drive, Flexible
Disc Drive (see Fig. 13-4).

Error Codes: LED Error 06
Description

This test sets the LEDs to 06, sends a self-test command to the PMS
Controller, and then verifies the interrupt and status indication sent back.
The test also reports an error if the Control Register on the PMS Controller
does not respond correctly, or if a bus error occurs. This test normally
takes about 5 seconds to execute, but can take up to 40 seconds if there is a

mal function. A flexible disc does not need to be inserted for the test to
pass.

Further testing of the PMS Controller is performed by the boot routine, which

issues a read command for the flexible disc and/or the hard disc. During an
automatic boot, such errors as "drive not ready" and "no boot record on disc"
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don't cause the diagnostics to report an error. However, these errors are
reported during a manual boot attempt.

Bootstrap Routine

Once all of the power-up tests have passed, the bootstrap routine is
automatically started. In the normal power-up sequence, the firmware first
attempts to boot from the flexible disc. If no flexible disc is present, or
if the disc doesn't have a correct boot record, the firmware tries to boot
from the hard disec. If a bootable hard disc cannot be found, the firmware
repeats the power-up sequence.

THE DEBUGGING MODE

INTRODUCTION

The Debugging Mode is a firmware program that aids in troubleshooting minor
system failures prior to system boot-up. The Debugging Mode requires that a
terminal be connected to either LP2 or one of the IOP terminal ports (either
directly or via an 8540). The Debugging Mode lets you:

® write or read any location in the 8560;

e restart the power-up routine at any test;

e boot the system manually rather than automatically;

e type in a program and execute it;

® execute any service routine.

ENTERING THE DEBUGGING MODE
You can enter the Debugging Mode under the following conditions:

e If all power-up tests pass and the maintenance jumper (J1036 on the
Utility board) is not installed, the firmware automatically selects
the Debugging Mode.

o If any test fails (other than ROM or CPU) and the maintenance Jjumper
is installed, the firmware automatically selects the Debugging Mode.
(Provided a terminal is installed to LP2, or 1line printer is
installed to LP1 or LP2, allowing the error code to be printed).

e You can also enter the Debugging Mode manually by the following
method:

1. Set the RUN/HALT switch to HALT.
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2. Toggle the RESTART switch.

3. Set the RUN/HALT switch to RUN.

4, Enter the following underlined characters on a terminal
connected to LP2:

TTT546/ xxxxxx 4000 <CR>
P

Baud Rate Selection

The Debugging Mode normally communicates with your terminal at 2400 baud, but
this baud rate can be changed if necessary. The following text explains what
you must do to use a terminal set for a baud rate other than 2400.

If you are using the Debugging Mode from a terminal connected to LP2 or to an
8540: the Debugging Mode baud rate is determined by hardware settings (see
the 8560 MUSDU Installation Guide or the 8540 Installation  Guide,
respectively).

If you are using a terminal connected directly to an IOP channel, the
Debugging Mode baud rate will be 2400 by default. However, you can change
the baud rate of any IOP channel to which your terminal is connected. First,
set the baud rate of your terminal to the desired setting. Then, press the
BREAK key one or more times until the "=" prompt appears on the screen. You

have now programmed the channel's baud rate to match the baud rate of your
terminal.

DEBUGGING MODE COMMANDS

The Debugging Mode follows a predetermined operating sequence, unless
interrupted by a valid Debugging Mode command. Valid commands are listed in
Table 13-3. Figure 13-6 shows the Debugging Mode program flow.
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Table 13-3
Debugging Mode Commands

Command E Function
TRt I Starts a power-up test or service routine
i specified by x (a).
f ; Causes the 8560 to boot from the flexible disec.
1
h E Causes the 8560 to boot from the hard disc.
]
x/ E Print contents of a location x.
RETURN i Close an open location and accept next command.
LINEFEED ; Close current location and opens the next
| sequential location.
]
Xg E Go to location x and start program execution.

(a) In this table, "x" is an octal number of up to six digits.

Commands may be entered in either upper or lower case. If you enter an
illegal command, the firmware will print a help message.

The Debugging Mode commands are similar to the Octal Debugging Technique
(ODT) commands discussed later in this section. Debugging Mode commands can
be used in most situations where ODT commands are used. Differences between
the two types of commands include:

o The Debugging Mode Go command accepts a 16-bit address only, and no
memory mapping is allowed (as in ODT).

e In Debugging Mode, LSI-11/23 internal registers cannot be written to
or read from (as in ODT).

o In Debugging Mode, the terminal does not need to be connected to LP2
(as required by ODT); the terminal can also be connected to any IOP
port, or the terminal port of a connected 8540,

® The ODT Proceed command is not used in the Debugging Mode.
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Fig. 13-6. Debugging Mode flowchart.

The -Restart (t) Commands

The Debugging Mode allows you to restart the power-up sequence at any test.
When the "=" prompt appears on the terminal, you can issue a command that
determines where to restart the power-up sequence. The following is a list
of the restart commands along with their respective functions.
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0t Initializes the power-up tests and restarts the RAM test.
1t Restarts the ROM test.

2t Restarts the CPU test.

3t Restarts the LTC test.

4t Restarts the Printer Ports test.

5t Restarts the IOP test.

6t Restarts the PMS Controller test.

MAINTENANCE JUMPER

If a power-up test failed, you may want to use an oscilloscope or other test
equipment for further troubleshooting. This can be done by removing the
maintenance jumper (J1036 on the Utility board), and RESTARTing the 8560.

The system 1loops on any hardware failure that it finds, thus exercising the
failed circuits.

However, this method of troubleshooting is effective only for solid errors.

In the case of intermittent errors, the test drops out of the loop the first
time the test passes.

As previously mentioned, the maintenance jumper can also be used to control
access to the Debugging Mode. Table 13-4 1lists the functions of jumper
J1036. These functions depend on whether the power-up tests pass or fail,
and on the position of J1036.

Table 13-4
Maintenance Jumper Functions

Tests | J1036 | Result
pass? | position|
=====z=== : ====z==== :::::::::::::::::::::::::
no i ON i Enter Debugging Mode
i | (if terminal connected)
no i OFF | Loop on error
yes i ON | Boot from disc
yes H OFF i Enter Debugging Mode
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SERVICE ROUTINES

The Debugging Mode lets you access three service routines that allow you to
perform flexible disc drive head alignment and an azimuth check, and perform
additional memory verification. Table 13-5 summarizes the service routines.

Table 13-5
Service Routines

Name i Command | Description
_—sas=====S==== : ======== : S S S S oo oSS oS ECSCooE-SE=S-=IZo=Z=zZ=oS=z=Z==S======
Alignment Tt i This service routine assists in aligning
Aid | i the flexible disc heads and checking the
i i azimuth. An oscilloscope and alignment disc
i { are required. This routine can also be used
i ! with a head-cleaning disc to clean the heads.
] t
] ]
Low Memory | 10t i This service routine exercises the signal
Board i i paths on the low 64K Memory board, allowing
Signal H i an oscilloscope to troubleshoot the board.
Exerciser | i
! ]
| I
High Memory | 11t | This service routine exercises the signal
Board ! ! paths on the high 64K Memory board, allowing
Signal ! | an oscilloscope to troubleshoot the board.
Exerciser | |
Alignment Aid
Command: Tt
Function: To assist in aligning the flexible disc drive heads.

Blocks Involved: LSI-11/23 Processor, PMS Controller, Flexible Disc Drive,
System Memory, Utility board (see Fig. 13-4).

Description
The following service routine description is divided into three parts:
o A supplementary procedure for flexible disc drive head alignment.

e A supplementary procedure for a flexible disec drive azimuth check.

® A procedure for cleaning the flexible disc drive heads.
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Head Alignment. The Alignment Aid service routine is intended to allow you to
perform a track-38 head alignment of the flexible disc drive., Refer to the
DataTrak 8 Flexible Disc Drive Service Manual for the basic procedure. Use
the following service routine description to supplement that procedure.

This routine displays a message telling you to type "O" to align side 0 of
the dise, or "1" to align side 1.. After you select the desired side of the
disc, the disc drive will produce a whirring noise as the heads are loaded
onto the alignment disec and moved to track 38. Once the heads move to
track 38, the same message will print on the screen again.

Each time you select a side of the disc, the program alternately does a seek
to either track 0 or 76, and then returns to track 38. The program then
causes the disc drive to do a perpetual read to track 38, thereby reading
continuously from the alignment track.

To stop this routine, press the front panel RESTART switch.

Head Azimuth Check. The Alignment Aid service routine can be used to check
head azimuth as well as adjust head alignment. Refer to the DataTrak 8
Flexible Disc Drive Service Manual for the basic azimuth check procedure.
Use the following description to supplement that procedure.

Before the azimuth check 1is performed, you must temporarily alter the
Alignment Aid service routine, so that the routine will do a perpetual read

to track 76. Changing the routine is accomplished by completing the
following procedure:

1. Enter the Debugging Mode by removing jumper J1036 on the Utility
board and RESTARTing the 8560.

2. When you see the "=" prompt, enter ™24/, In response, you
will see 000046 printed (the octal equivalent of 38).

3. Enter 114 (the octal equivalent of 76), followed by a RETURN.

4, In response to the "=" prompt, enter "7t", just as you would for
head alignment.

After completing this procedure, the firmware will move the heads to
track 76, as required in the azimuth check procedure. You select the disc
side and move the heads, as outlined in the preceding Head Alignment
description.

To stop this routine, press the front panel RESTART switch.

Head Cleaning Procedure. The Alignment Aid service routine can also be used
to clean the flexible disc drive heads. To clean the heads, insert a
head-cleaning disc in the drive, and type "7t". In response to the "side of
disc" prompt, type "O". After waiting the time specified in your
head-cleaning kit (usually about 30 seconds), press RESTART and remove the
disc.
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Memory Board Signal Exerciser

Command: 10t (low 64K Memory board) or 11t (high 64K Memory board)

Function: To exercise the signal paths on one of the 64K Memory
boards, allowing an oscilloscope to be used to
troubleshoot the board.

Blocks Involved: LSI-11/23 Processor, PMS Controller, Flexible Disc Drive,
System Memory, Utility board (see Fig. 13-4).

Description

This service routine 1is wused in conjunction with an oscilloscope to
troubleshoot either of the 64K Memory boards by allowing you to examine
activity on all of the signal lines. This routine is a loop that writes ¢to
and reads from sequential memory locations, thus stimulating all signal paths
on the memory board.

To use this routine, first disable parity and refresh on the memory board you
want to troubleshoot. (You can disable parity by moving jumper J7141 on the
memory board to position 2. Disable refresh by removing jumper J6135 on the
memory board.) Then, start the routine by entering either 10t or 11t (while
in the Debugging Mode). After the routine has been started, all signal paths
on the memory board will be toggling. You can now refer to the 64K Memory
board schematics at the back of this manual.

TROUBLESHOOTING IN THE ODT MODE

INTRODUCTION

The Octal Debugging Technique (ODT) is a built-in feature of the LSI-11/23.
ODT allows you to examine and change register contents and memory locations.
ODT also permits you to single-step and restart a user program. The ODT

commands and addresses (in octal) must be entered on a terminal connected to
LP2.

Table 13-6 summarizes the ODT commands, and lists the ASCII code for each
command. Note that the commands may be upper or lower case characters. For
additional information, refer to the Microcomputer Processor Handbook,
published by the Digital Equipment Corporation.
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ENTERING ODT

ODT is invoked automatically by one of the following methods:

13-24

e You set the RUN/HALT switch to HALT; or

e The LSI—11/23 executes a HALT instruction.

Table 13-6
ODT Commands

Command {ASCIT|

Function

1 1
| ]
x/ i 057 | Print contents of location x (a), and
| | leave that location open.
] ]
| 1
RETURN | 015 | Close an open location and accept next
i | command.
] ]
1 i
LINEFEED | 021 | Close current location and open the next
i | sequential location.
] ]
1 |
rx/ i 122 | Open a specific processor register x
or $x/ 1oo4u |
1 ]
] ]
s i 123 | Open the Processor Status Register (PS).
i i This command must follow a "$" or "r"
i | command.
1] [}
- 1 I
Xg i 107 | Go to location x and start program
i | execution.
1 ]
1 1
p i 120 | Resume execution of a program.

(a) In this table

, "x" is an octal number of up to six digits
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ERROR SUMMARY

INTRODUCTION

The following text summarizes the power-up test error codes that are
displayed on the Utility board LEDs, a line printer connected to LP1 or LP2,
or on a terminal connected to LP2. If a line printer or terminal (connected
to LP2) is installed on the 8560 before the power-up sequence, error messages
are printed in the following format:

LC D1 D2
f A i
two-digit l l six-digit octal numbers

error code

LC is an octal representation of the LED error code. The code shows what the
LEDs would have displayed if a line printer or terminal were not installed.

D1 and D2 are optional data fields that may contain information about the
error,

If for any reason the error codes were not printed, you can still find out
what you missed. The error codes are stored in 8560 memory, as follows:

LC location 52
D1 location 54
D2 location 56

If you are reading an error code from the LEDs, remember that the LED
representing the least significant bit is located closest to the rear panel.

ERROR CODES

00 Error during the LTC test. If this message is printed, the data
fields provide the following information:

a. If no data fields are printed after the 00, a bus error or
unexpected interrupt occurred during the test.

b. If D1 is 0, no LTC interrupts at all occurred. This could be due
to a broken signal path on the Utility board, a missing signal on
the bus, or an incorrectly placed jumper on the CPU board.

ec. If D1 is greater than 0 but less than 27, the line frequency is
less than 46 Hz.

d. If D1 is greater than 40, the line frequency is greater than
64 Hz, It is also possible that the CPU is slowing down due to
DMA operations of part of the system.
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01

02

03

o4

05

06

07

10--11

13-26

Normally this code is never printed. If the LEDs display this code,
the CPU was unable to complete initialization. Failure to initialize
can be due to a hung bus, a faulty CPU board, or a .faulty memory
board.

LP2 is faulty. This means that the CPU is unable to write to or read
from the registers jumpered for 777560 on the Utility board. Either
the Utility board is at fault, or there is an address conflict between
the Utility board and another board. A good place to start checking
is the jumpers on the Utility board.

The CPU board's Memory Management Unit (MMU) is not working properly.
To find out which of the MMU's registers is at fault, divide D1 by 2;
the resulting number is the number of the bad register.

LP1 is faulty. This means that the CPU is unable to write to or read
from the registers jumpered for 777510 on the Utility board. Either
the Utility board is at fault, or there is an address conflict between

the Utility board and another board. Check the jumpers on the Utility
board.

Normally this code is never printed. If the LEDs display this code,
U5080 on the Utility board does not verify. Either the ROM or its
associated circuitry could be bad, but first check related jumpers.

Error during PMS Controller test. If the message is printed, the data
fields provide the following information:

a. If no data fields are printed, a bus error or invalid interrupt

occurred during the test. This could mean that a PMS Controller
board is not installed.

b. If D1 is 0, the program was unable to correctly write or read the

PMSCBPR register on the PMS Controller board.

c. If D1 1is 1, the PMS Controller did not send a valid interrupt to
the CPU. Make certain that the jumpers on the PMS Controller are
correctly installed.

d. If D1 is 2, the PMS Controller sent a valid interrupt to the CPU,
but did not set its done bit. This could indicate DMA problems.

e. If D1 is 3, the PMS Controller reported a fatal error. D2
displays the PMS Controller error code. These codes are described
at the end of Section 16 of this manual.

Normally this code is never printed. If the LEDs display this code,
U5090 on the Utility board does not verify. Either the ROM or its
associated circuitry could be bad, but first check related jumpers.

This code indicates a RAM error (other than a parity error) in page O
(0-=-177777). The error could be due to addressing or data paths, or
to RAM size (which must be at 1least 64K words). D1 displays the
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address (without the two most significant bits) where the error
occurred, but this address could be off by +2. D2 displays the
expected data at the location specified by D1. With this information
you can open the specified location and determine which bits are not
correct. The error is probably on the low 64K Memory board.

12=-=13 This code indicates a RAM error (other than a parity error) in page 1
(200000-=377777). The error could be due to addressing or data paths,
or to RAM size (which must be at least 64K words). D1 displays the
address (without the two most significant bits) where the error
occurred, but this address could be off by +2. D2 displays the
expected data at the location specified by D1. With this information
you can open the specified location and determine which bits are not
correct. The error is probably on the low 64K Memory board.

14--15 This code indicates a RAM error (other than a parity error) in page 2
(400000~--57T7777). The error could be due to addressing or data paths,
or to RAM size (which must be at least 64K words). D1 displays the
address (without the two most significant bits) where the error
occurred, but this address could be off by +2. D2 displays the
expected data at the location specified by D1. With this information
you can open the specified location and determine which bits are not
correct. The error is probably on the high 64K Memory board.

16--17 This code indicates a RAM error (other than a parity error) in page 3
(600000-=777777). The error could be due to addressing or data paths,
or to RAM size (which must be at least 64K words). D1 displays the
address (without the two most significant bits) where the error
occurred, but this address could be off by +2. D2 displays the
expected data at the location specified by D1. With this information
you can open the specified location and determine which bits are not
correct. The error is probably on the high 64K Memory board.

20--21 This code indicates a RAM parity error in page 0 (0--177777). D1
displays the address (without the two most significant bits) where the
error occurred, but this address could be off by +2. D2 displays
where the program was when the error occurred, and so D2 is not
intended for general use. To determine which of the 16 bits is at
fault, you must disable parity and execute the RAM test again. (This
allows the last part of the test to run.) To disable parity, move
jumper JT7141 on the memory board(s) to position 2. (Position 1 is
indicated by the arrow on the circuit board.) The error is probably
on the low 64K Memory board.

22--23 This code indicates a RAM parity error in page 1 (200000--377777). D1
displays = the 16-bit address (without the two most significant bits)
where the error occurred, but this address could be off by +2. D2
displays where the program was when the error occurred, and so D2 is
not intended for general use. To determine which of the 16 bits is at
fault, you must disable parity and execute the RAM test again. (This
allows the last part of the test to run.) To disable parity, move
jumper JT7141 on the memory board(s) to position 2. (Position 1 is
indicated by the arrow on the circuit board.) The error is probably
on the low 64K Memory board.
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24--25

26--27

30

13-28

This code indicates a RAM parity error in page 2 (400000--577777). D1
displays the 16-bit address (without the two most significant bits)
where the error occurred, but this address could be off by +2. D2
displays where the program was when the error occurred, and so D2 is
not intended for general use. To determine which of the 16 bits is at
fault, you must disable parity and execute the RAM test again. (This
allows the last part of the test to run.) To disable parity, move
jumper J7141 on the memory board(s) to position 2. (Position 1 is
indicated by the arrow on the circuit board.) The error is probably
on the high 64K Memory board.

This code indicates a RAM parity error in page 3 (600000--777777). D1
displays the 16-bit address (without the two most significant bits)
where the error occurred, but this address could be off by +2. D2
displays where the program was when the error occurred, and so D2 is
not intended for general use. To determine which of the 16 bits is at
fault, you must disable parity and execute the RAM test again. (This
allows the last part of the test to run.) To disable parity, move
jumper J7141 on the memory board(s) to position 2. (Position 1 is

indicated by the arrow on the circuit board.) The error is probably
on the high 64K Memory board.

Error during IOP test. The data fields provide the following
information:

a. If no fields are printed, an IOP bus error occurred. Verify that
there is at least one IOP board in the 8560.

NOTE
For the following cases, D2 displays the error code
returned by the IOP board.

b. If D1 is 0, the firmware could not correctly write to or read from
Device Register 0 on IOP board 1.

c. If D1 is 1, IOP board 1 timed out without returning an interrupt.

Make sure that the jumpers on the IOP board are correctly
installed.

d. If D1 is 2, IOP board 1 returned an interrupt, but the buffer was
not changed. This could be due to DMA-related problems.

e. If D1 is 3, IOP board 1 detected a fatal error.

f. If D1 is 4, the firmware couldn't correctly write to or read from
Device Register 0 on IOP board 2.

g. If D1 is 5, IOP board 2 timed out without returning an interrupt.

Make sure that the Jjumpers on the IOP board are correctly
installed.
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h. If D1 is 6, IOP board 2 returned an interrupt, but the buffer was
not changed. This could be due to DMA-related problems.

i. If D1 is 7, IOP board 2 detected a fatal error.

31 Error during CPU test, indicating that the LSI-11/23 processor is not
operational. Normally this code only appears on the LEDs.

32 Normally this code appears on the LEDs as a status indication that the
8560 is trying to find a bootable disc. However, if you used the "f"

or "h" command and a message is printed, the data fields provide the
following information:

a. If no data fields are printed, a bus error or unexpected interrupt
occurred. Check if the PMS Controller is installed.

b. If D1 is 0, the PMS Controller ignored the command to boot.

c. If D1 is 1, the PMS Controller returned a fatal error code, which

appears in D2. These codes are described at the end of Section 16
of this manual.

d. If D1 is 2, the boot block on the disec was invalid because it
didn't have correct data.

e. If D1 is 3, the boot block was loaded and executed, but the file
system on the disc was incorrect.

33 This code is not used.

34~-35 This code normally appears only on the LEDs, as a status indication
that the firmware is in the Debugging Mode.

36 This code normally appears only on the LEDs. It means that a boot
block was loaded from the disc, and that it is being executed.

37 This code normally appears only on the LEDs. 1If this code appears
when power is first turned on and never changes, the firmware could
not execute at all. This could be due to any of the following
conditions: the 8560 RUN/HALT switch is in the HALT position, missing
memory boards, a missing CPU board, or a hung bus.

If this code appears after the LEDs flash through their normal
sequence, the TNIX operating system is in control of the 8560.
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Section 14

ADJUSTMENT PROCEDURES

INTRODUCTION

The only adjustment in the 8560 MUSDU is the 5 V reference adjustment in the
power supply. The 5 V reference adjustment sets the level of the +12 V,

-12 V, and +24 V DC outputs. This adjustment should never need to be changed
in normal service.

PROCEDURE

1. Make sure the 8560 is disconnected from the primary power source.

Use insulated tools and probes at all times. Stored charge in
the 1large capacitors of the power supply can cause severe

burns and/or electric shock even when the supply is turned
off.

2. To gain access to the 5 V reference adjustment (which is located on the
Regulator board of the power supply), remove the fan housing at the rear
of the 8560. Remove the fan housing by taking out the two screws
closest to the rear panel on the housing's left side, and the six screws
that secure the housing to the rear panel. Disconnect the two wires
connected to the fan and set the fan housing aside. Three plug-in
circuit boards are now visible through the opening that the fan housing
normally covers. The Regulator board is the uppermost board.

3. Connect the 8560 to the primary power source. Turn ON the rear panel AC
power switch, but leave the the front panel DC power switch OFF.

4, Measure the voltage between Vref (TP6066) and Ground Sense (TP6056) on
the Regulator board. The voltage should be within 4.95--5.05 V. If the
measured voltage is out of that range, adjust trimmer resistor R6067
(located near the right-hand edge of the board).

5. Remove the voltmeter and replace the fan housing at the rear of the
8560. The adjustment is now complete.






8560 MUSDU Service

Section 15

MAINTENANCE

Page

INTRODUCTION

9 0 00 ¢ 000 PP 0EPRE0OL OO EPLOL0LR00000000000000Rs0OGRSCELIEOEONIOIESTS 15-1

STATIC-SENSITIVE DEVICES

S0 0 e cessscerevrressscnc/esrsnsescssssccscssssssse e 15—1

REDUCING SUSCEPTIBILITY TO STATIC DISCHARGE

00000 es0es s se0t00s000 PP RS 15—2

PREVENTIVE MAINTENANCE

Cleaning ® 0 © 0 08 000000000000 LOINLOELRONDLLOLLLPCO0000E0C0000000OOCEIISTRSICITEOEDOTIOSD 15—3

Exterior

Interior © 06 0000000000000 000006000006000600000000006000006000000s00csccossosocrce 15-3

Visual Il’lSpection 00 000 E 0L PT PP GNP ELOLLCLEOEONOOPIPRLOESOOOOOOIENIONOIOIENOEOIDILTDS 15"3

860000000000 0CC0E000PSP0000CO00LCLILESTNNOIONINGOERIEOEITIETS 15_2

LN U I LI A A I I A I A I A I I I B I I A I I B B I I BB B BB IR L B B B B N 15‘3

 TROUBLESHOOTING «eeeveccccnccacncccesoccsocsacssascsnsasscascssscasssas 15=3
Servicing AidS ...eeereceecsesssccsvecccsccsccscssssoscssccscsssssssssssscsss 15=3
DiagramsS .eeeeeeccaccscsscsscsssoscacssssscsccssasasscsasasscssnsneasssscsasae 15=3
Circuit Board Illustrations ...eeeecececccssccsscscoscscssssnsesssnsas 15=U
Capacitor Marking ..ceeececececccccresonccscscoscscsscssssnsascssccscssass 15=U
ReSisStor Marking ..eecececececssssccsossossccssssccsccssnsasasssccosses 10=U
Diode COE civveoeovososccccssvosscscscsssscscsssscssssscscasasascsssscsnne 15=T
Coil and Transformer Identification ...cceeeececcecsscrccccsocssssanae 15=T
Transistor and Integrated Circuit Pin Configuration ......cceceeeesees 15=8
Obtaining Replacement PartsS .....ceceecsecccssscccscossassssssssscssssasce 15=8
Assembly Repair and Exchange Program ...ccescecscescsccssssscssscssscnses 15=9
Troubleshooting Procedures ...ccecececcescccesccsosscascsscsascssssssnssses 15=9
Initial Equipment CheCKS ceieeecescsssasssesesccsassscasossocscsncosccee 15=9

PREPARING THE 8560 FOR SERVICING POWER SUPPLIES .cccecececococscscssscsecase 15=9
Removing The Cover Panels ® 0 0 0 0 0 0 O 0 OGSO PSSO OO OSSO OO PO OSSP E SO OO e s s e 15-9
Removing The Rear Panel Fan HOUSINE ..ceececevececccssaccscccsscsecsoses 15=10

SERVICING THE MICROPOLIS DISC DRIVE ..cevecsccssccccvrcevscoscccsescsscsse 15=11
Removing the M1223-1 Disc Drive Unit .ceeeececcccsccceccoceccscccascsoecs 15=11

The Bad-Track ROM ...ceeeccesscscccccccsooscsceosnssssssccscncessssccse 15=12
Installing the M1223-1 DiSC Drive .ieeecececcccscccccsccossassssscnescee 15=13
Locking and Unlocking the Read/Write Heads ...c.eeeecececcencsccscaaseeas 15=13

SERVICING THE QUME FLEXIBLE DISC DRIVE .eeeecsceccccocscocesscccscsssace 15=13
Removing The Flexible DisScC Drive ...ceeececccccvcccocesscscscssssssssssas 15=13
Installing The Flexible Disc Drive Unit ...eeeececesvesscosccscccsscess 15=15
Accessing The Flexible Disc Drive For Head Alignment .....cececceececee.. 15-15

) 15-1



Maintenance - 8560 MUSDU Service

Fig.
No.

15-1
15-2
15-3
15-4
15-5
15-6
15-7
15-8

15-1i

ILLUSTRATIONS

Page
Ceramic and film capacitor coding ...... cesssase cesecsssssansse esee 15-5
Tantalum capacitor color COde ...ceeecescretssecscncscnsnses ceeses 15-5
Metal film resistor color COde ..iceeesscecscsssssnsssssonossossss 15-6
Diode polarity marking .......... teesesessscssassssaans cesesssiees 156=T7
Pin 1 identification for integrated circuits .....c.cceveeeenenn 15-8
Removing the 8560 tOp COVEr .ieeeceessncscscoscnnsancanes ceseesen 15-10
M1220 Disc drive screw locations ........ cevressesessssnsesassenss 15-12
Qume Disc drive screw 1ocations .iceeiceeessescosscscsssonnss . 15-14



8560 MUSDU Service

Section 15

MAINTENANCE

INTRODUCTION

This section describes preventive maintenance procedures that will help to
improve equipment reliability. Techniques and aids for troubleshooting,
including diagnostic testing routines, are included in the second part of the
section, If the equipment fails to operate properly, corrective measures

should be taken immediately; an equipment malfunction may cause additional
problems to develop.

STATIC~-SENSITIVE DEVICES

Some of the transistor and integrated circuit (IC) devices in this equipment
are sensitive to static discharge, and can be damaged by failure to observe
the proper handling precautions. Observing the following suggestions will
help to minimize the possibility of such damage:

1. Minimize the handling of static-sensitive parts.

2. Transport and store static-sensitive parts in their original
containers, on a metal rail, or on conductive foam. Label any
container having a static-sensitive assembly or device.

3. Before handling these devices, discharge the static charge on
yourself by using a wrist strap. Servicing of static-sensitive
assemblies or devices should be performed only at a static-free work
station, and only by qualified personnel.

4, Do not allow anything capable of generating or holding a static
charge onto the work station surface,

5. Keep the leads shorted together whenever possible.
6. Pick up the part by the body, never by the leads.
7. Do not subject the part to sliding movements over any surface.

8. Avoid handling parts in areas having a floor or work surface covering
that contributes to the generation of a static charge.

9. Use a soldering iron that has a connection to earth ground.

10. Use a special anti-static suction-type desoldering tool, such as the
Silverstat Soldapullt, or a wick-type desoldering tool.
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REDUCING SUSCEPTIBILITY TO STATIC DISCHARGE

This equipment (and its supporting system) incorporate a number of safeguards
to reduce the chance of static discharge damage. ’

Violation or modification of the following safeguards can result in
ground loops and/or static discharge problems.

1. The ground (earth) wire of the primary power cable is connected to
the chassis where the cable enters the unit,

2. Shields of interconnecting cables are grounded to the chassis at the
point of connection to each unit.

3. Ground loops have been avoided by installing a common ground between
all units.

PREVENTIVE MAINTENANCE

Preventive maintenance consists of <cleaning, visual inspection, and
performance checks., The preventive maintenance schedule established for the
equipment should be based on the amount of use, and on the environment in
which the equipment is operated.

CLEANING

Clean the equipment often enough to prevent dust or dirt from accumulating in
or on it, Dirt acts as a thermal insulator and prevents efficient heat
dissipation., It also provides high-resistance electrical 1leakage paths
between conductors or components in a humid environment.

Do not allow water to get inside any enclosed assembly or
components, such as switch assemblies, potentiometers, etc. Do not
clean any plastic materials with organic cleaning solvents (such as
benzene, toluene, xylene, acetone, or similar compounds); such
solvents may damage the plastic.
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Exterior

Clean the dust from the outside of the equipment by cleaning the surface with
a soft cloth or brush., Hardened dirt may be removed with a cloth dampened in
water that contains a mild detergent. Abrasive cleaners should not be used.

Interior

Clean the interior by loosening accumulated dust with a dry, soft brush, then
blow the loosened dirt away with low-pressure air. To clean a circuit board,
remove the circuit board and clean it with a dry, soft brush. Hardened dirt
or grease may be removed with a cotton-tipped applicator dampened with a
solution of mild detergent and water. Abrasive cleaners should not be used.

After cleaning, allow the interior to dry thoroughly before applying power to
the equipment.

VISUAL INSPECTION

After cleaning, carefully check the equipment for such defects as defective
connections and damaged parts. The remedy for most visible defects is
obvious. If heat-damaged parts are discovered, try to determine the cause of
overheating before replacing the damaged part; otherwise, the damage may be
repeated.

TROUBLESHOOTING

The following text describes general servicing information, presents selected
general and specific troubleshooting procedures, then provides detailed
diagnostic tests, to aid you in tracing a problem to its source. However,
before beginning any troubleshooting work, you should check your warranty or
service agreement. For your warranty to remain in effect, all service must
be performed by Tektronix, Inc., for the first 90 days following delivery.

Your Tektronix Service Support Center is best suited to perform repairs on
TEKTRONIX equipment.

SERVICING AIDS

Diagrams

Circuit diagrams appear on foldout pages in the Diagrams section of this
manual. The circuit number and electrical value of each component are shown
on the diagram. (See the first page of the Diagrams section for an
explanation of the symbols used to identify components in this equipment.)
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Components on circuit boards are assigned vertical and horizontal grid
numbers which correspond to the location of the component on the circuit
board. Refer to the Replaceable Electrical Parts List section for a complete
description of each component and assembly.

NOTE

Corrections and modifications to the manual and equipment are
described on inserts bound into the rear of the manual. Check this

Change Information section for manual or instrument changes and
corrections.

Circuit Board Illustrations

Electrical components, connectors, and test points are identified on circuit
board illustrations 1located on the inside fold of the corresponding circuit
diagram, or on the back of the preceding diagram, This allows
cross-referencing between the diagram and the circuit board, and shows the
physical location of components.

Capacitor Marking

The capacitance (in microfarads or picofarads) and voltage rating of any
ceramic mica, plastic film, and electrolytic capacitors are marked on the
side of the component body. The values of other ceramic disc and plastic
film capacitors, as well as monolithic ceramic capacitors (such as DIP and
glass-encapsulated types), are marked according to the code depicted in
Fig. 15-1. Tantalum capacitors are marked in microfarads or according to the
color code shown in Fig. 15-2.

Resistor Marking

Carbon resistors are marked according to the standard U4-band resistor color
code. A fifth band, if present, defines the failure rate. Metal film
resistors are marked according to either the standard 4-band resistor color
code or the 5-band color code illustrated in Fig. 15-3.
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XXXX

Codes (all values in picofarads):

XXX X
Tolerance (optional)
Number of zeros following significant digits

2nd significant digit
L 1st significant digit
XRXX

I_I_ Tolerance (optional)
2nd significant digit
I

Decimal point
1st significant digit
XX9X
| l_ Tolerance (optional)
Multiply significant digits by 0.1
L 2nd significant digit
\___ 1st significant digit

XXXX
Tolerance Code F G H J K M z P w G
Tolerance 1% | 2% | +3% | 5% | +10%|+20%|-20/ | O/ |+22/ | Spe-
+80% | +10%| -90% | cial
3758-3
Fig. 15-1. Ceramic and film capacitor coding.
Capacitance in
Color +85 C Picofarads Muiltiplier
Tolerance Voitage | 1st Figure 2nd Figure
+20% tolerance—No dot Black 4 0 -0 —_
+10% tolerance—Silver dot ~s— 1st Figure Brown 6 1 1 -
+5% tolerance—Gold dot Voltage e— 2nd Figure gé::nge ':g ; :23 :
and - 4
Polarity ~— Multiplier Yellow 20 4 4 x10
Body Color Green 25 5 5 x10°
Optional Blue 35 [} 6 x10°
With Vendor Violet 50 7 7 x107
Gray - 8 8 —
White — 9 9 —
3758-4
Fig. 15-2. Tantalum capacitor color code.
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1st Signiﬁgant-Digit—Bam!
2nd Significant-Digit-Band Tolerance Band
- 3rd Significant-Digit-Band -

Multiplier Band

Data Code and Temperature Characteristic Code

COLOR BAND INFORMATION

1st 2nd 3rd
Color Sig. Sig. Sig. Multiplier Tolerance
Digit | Digit | Digi t %

Black (o] (o] (o] 1 —

Brown 1 1 1 10 1.

Red 2 2 2 100 2. G
Orange 3 3 3 1,000 3. H
Yeilow 4 4 4 10,000 —

Green 5 5 5 100,000 .5 D
Blue 6 6 6 1,000,000 .25 C
Violet 7 7 7 10,000,000 A B
Grey 8 8 8 100,000,000 .05 A
White 9 9 9 1,000,000,000 —

Gold A 5. J
Silver .01 10. K
No Color 15. L
No Color 20. M

DATA CODE INFORMATION
YYwWw
‘ LWeek of the year (may be from 01-52).
Last two digits of the year.

TEMPERATURE CHARACTERISTIC INFORMATION
Temperature Temperature Temperaturé
Characteristic Coefficient Range (°C)

_Code (PPM/°C)
T-0 D (C-0) 0 to £160 -55 to +175
T-00 0 to 200 -55to +175
T-1 D (C-1) 0 to +100 ~-55 to +175
T-2 C (C-2) Otot 50 -65 to +175
T9 E (C-3) Otot 25 -55 10 +175
T-10 Otot 15 -20to + 85
T-13 Otot 10 -20to + 85
T-14 Oto# 20 ~20to + 85
T-15 Otot 25 -20to+ 85
T-16 Otot 5 -20to+ 85
T-18 Otox 2 Oto+ 60
T-18 Oto+x 5 -55 to +125
T-B Oto+ 10 25 to +125
T-E 0 to +100 -500 -55 to +175
T-R 0 to +100 -250 -55 to +175

3758-5

Fig. 15-3. Metal film resistor color code.

15-6




Maintenance - 8560 MUSDU Service

Diode Code

The cathode of each glass-—-encased diode is indicated by a stripe, a series of
stripes, or a dot. Some diodes have a diode symbol printed on one side.
Figure 15-4 illustrates diode types and polarity markings.

(C1664-14)12581-110

Fig. 15-4. Diode polarity marking.

Coil and Transformer Identification

Coils and transformers used in this product are identified by Tektronix part
numbers, If the part number appearing on the part consists of only four
numbers, a prefix number must be added to obtain the complete part number:

Classification | Part No. Prefix
Ht 4+ -1+t :::::::::::::::::
Fixed Coils H 108-
Variable Coils | 114~
Transformers H 120-
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Transistor and Integrated Circuit Pin Configuration

Lead identification drawings for transistors and 3-lead integrated circuits
are included with the schematic diagrams. Pin 1 identification for other
integrated circuit is shown in Fig. 15-5.

(2184-36)12581-111

Fig. 15-5. Pin 1 identification for integrated circuits.

OBTAINING REPLACEMENT PARTS

Most electrical and mechanical parts are available through your 1local
Tektronix Field Office or representative. The Replaceable Electrical and
Mechanical Parts List sections contain information on how to order these
replacement parts. Many standard electronic components can be obtained
locally in less time than required to order from Tektronix, Inc. It is Dbest
to duplicate the original component as closely as possible, Parts

orientation and lead dress should be duplicated, since orientation may affect
circuit interaction.

If a component you have ordered has been replaced with a new or improved

part, your 1local Field Office or representative will contact you concerning
the change in the part number.
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ASSEMBLY REPAIR AND EXCHANGE PROGRAM
Tektronix service centers provide replacement or repair of major equipment

assemblies, in addition to complete equipment units. Contact your local
service center for this service.

TROUBLESHOOTING PROCEDURES

Initial Equipment Checks

Before you start any detailed troubleshooting of the equipment, perform the
following basic equipment checks:

° Check that all cabling is installed properly.
) Verify that all supporting equipment is operating correctly.
) Check power supply levels.

) Remove appropriate circuit boards and clean the edge connectors on
the boards, then replace the boards in their correct positions in the
equipment.

PREPARING THE 8560 FOR SERVICING POWER SUPPLIES

To inspect, replace, or calibrate the power supply, or any part thereof, the
8560 must be powered-down, the rear panel fan housing and the top cover-panel
must be removed.

See Section 12 in this manual for power supply descriptions and trouble
shooting guides; and see Section 14 for instructions to adjust the power
supply 5V reference voltage.

REMOVING THE COVER PANELS

The 8560 has four cover panels - two side panels, one top panel and one
bottom panel. These panels are flat metal sheets with a small flange at
their rear edge. Each cover fits into two grooves along the top, side, or
bottom of the chassis, Four plastic retainers at the rear of the cabinet
hold them in place. The retainers are fastened to the rear casting with
screws.

To take off the top cover, first ensure that power to the 8560 is OFF, then
remove the screws and retainers as shown in Fig. 15-6. Slide the top cover
towards the cabinet rear and lift it away.

To take off any other cover, first ensure that power to the 8560 is OFF, then

remove the appropriate retainers and slide the cover towards the cabinet rear
and 1lift it away. ‘
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Top Cover

Retainers

W\/\’%\ Cover

Cover Retainer
screws

(3665-6)12681-122

Fig. 15-6. Removing the 8560 top cover.

REMOVING THE REAR PANEL FAN HOUSING

To gain access to the 5 volt reference adjustment, the fan housing at the

8560 cabinet rear panel must be removed. Facing the cabinet rear, remove the
housing as follows:

1. Remove the two horizontally mounted screws in the housing's left
side, :

2. Remove six additional screws (three on top and three on the

bottom) that mount the housing to the rear panel. Note that the
screw on the lower left is longer than the other five.
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SERVICING THE MICROPOLIS DISC DRIVE

REMOVING THE M1223-1 DISC DRIVE UNIT

The following paragraphs provide instructions on how to remove the Micropolis
Model M1223-1 disc drive wunit. Removing this unit is fairly simple. You
need only a stubby and normal size Phillips-type screw driver.

The M1223-1 disc drive unit is mounted with three screws on either side of
the unit., Remove the drive in the following sequence:

1. Remove the top and side covers by removing the four plastic
retainers and then sliding the covers out of their grooves
towards the rear, (See the description earlier in this
section.)

2. Remove all boards from the Main Interconnect board. Do not
touch the static-free board surfaces.

3. Disconnect the power cable, the M1223-1 interface cable, and the
hard disc-expander cable from the rear of the unit.

4, Remove three screws on the cabinet outside and the front screw
in the card cage. Figure 15-7 locates the screws on the drive.

5. Then use your stubby screw driver and remove the two remaining
screws, holding the unit in place.

6. Close the door of the flexible disc drive

7. Lift the unit at the back and front and carefully slide through
the opening in the front panel.

Do not drag the unit along the top of the flexible disc drive unit.

6 : 15-11
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Front inside -

screw

Two screws i

3899-8

Fig. 15-7. M1220 Disc drive screw locations.

The Bad-Track ROM

Each hard disec drive unit contains a ROM device that stores the bad
disc-track information. This device, a 16-pin DIP, 1is located on the
underside of the hinged controller board near the front. You can identify
the bad-track ROM by its handwritten label on top. The number on the label
matches the number stenciled into the drive unit casting.

When the PMS Controller accesses any disc, the controller in the hard disc
drive unit reads the information stored in the bad-track ROM, and skips the
tracks identified as bad tracks.

ATTENTION
Since this information is unique for every hard disec drive unit,

this ROM must remain with the drive when the controller board is
returned or exchanged for service.
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INSTALLING THE M1223-1 DISC DRIVE

If you are changing disc drives, your replacement drive may be without a
front panel. Remove the front panel from the defective drive and reinstall
it on the new drive. The front panel attaches to the drive unit with four
flat head screws - two on each side. If you are reinstalling the same unit
this step is not necessary.

Install a M1223-1 drive unit by reversing the procedure for removal.
1. slide the unit into the front panel opening.

2. slide it all the way back until the unit front panel aligns with
the flexible disc drive front panel.

3. reinstall the six screws.

4, After the wunit 1is installed reconnect the power and interface
cable to the unit.

5. Then, reinstall the previously removed circuit Dboards, and
install top and side covers.

6. Secure the covers with the retainer.

LOCKING AND UNLOCKING THE READ/WRITE HEADS

To minimize the possibility of damage to the read/write heads during storage
and reshipment, the Micropolis drive assembly provides a head-locking device,
This device must be set to the "UNLOCK" position prior to installing a new or
exchanged disec drive unit; and set to the "LOCK" position prior to packing
the 8560 for storage or reshipment. Section 18 in this manual provides
access information for the locking device.

SERVICING THE QUME FLEXIBLE DISC DRIVE

REMOVING THE FLEXIBLE DISC DRIVE

The flexible disc drive unit is removed through the bottom of the 8560
cabinet Remove it as follows:

e Remove the cover panels as explained earlier in this section.
® Remove all boards from the Main Interconnect board.
® Remove the three outside screws

e Turn the 8560 on its drive unit side.
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Remove the three inside screws shown in Fig. 15-8 (first front,
then back, then middie)

With the 8560 front facing you, back up the drive slightly. You
should now be able to get your hands behind the unit to disconnect
the two power cables and the interface cable.

After you have the cables disconnected, continue to remove the unit,

in card cage ~

ﬂ{ree screws on outside
\'

’7’

on bottom

2 screws

(3899-8)12581-112

15=-14
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INSTALLING THE FLEXIBLE DISC DRIVE UNIT

To install a flexible disc drive wunit reverse the
process.

Then, reinstall all previously removed circuit boards
Main Interconnect board.

Install top, bottom and side covers.

Secure the covers with the retainer.

ACCESSING THE FLEXIBLE DISC DRIVE FOR HEAD ALIGNMENT

To perform flexible disc drive

firmware) ,

access the drive unit from the

1.
2.

3.

You now have access to all adjustments and testpoints
firmware-aided head alignment or azimuth check.
found in the DataTrak 8 Flexible Disc Drive Service Manual (with

you do not need to remove the drive unit from the 8560. -

removal

on the

head alignment or an azimuth check (using 8560

Instead,

8560 cabinet bottom using this procedure:

Remove the bottom two cover retainers at the rear of the 8560.

Turn the 8560 over so that it rests on either side.

Slide the bottom cover off the 8560 and set aside.

to those procedures located in Section 13 of this manual).

needed to perform a
The actual procedures may be
supplements
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Section 16

DISC-BASED DIAGNOSTICS

GENERAL INFORMATION

INTRODUCTION

This section describes the 8560 disc-based diagnostics. The diagnostics
consist of seven individual tests:

1. RAM test - checks the 8560 system memory

2. ROM test

checks the 8560 boot and diagnostic memory

3. CPU test

checks the LSI-11/23 processor

4, LTC test checks the Line-Time Clock

5. Printer Ports test - checks the printer ports
6. IOP test - checks the IOP channels
7. Discs test - checks the read/write capability of the discs

These tests check the same hardware as the ROM-based diagnostics discussed in
Section 13 of this manual, but perform a more thorough check. In addition, a
separate System Interaction test checks how well the different elements of
the tested 8560 system hardware work together. The System Interaction test
executes automatically every time all the diagnostic tests are executed in a
series.

NOTE

Throughout this section, all addresses are shown in octal notation
unless otherwise noted.
This section is organized into four major parts:

1. General information that introduces the disc-based diagnostics, gives a
summary of tests and their functions, and provides other information of
general interest.

2. Instructions for executing the 8560 disc-based diagnostics.

3. Detailed descriptions of the individual test routines.
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y, A summary of all error messages that may be displayed on the terminal.
The disc-based diagnostics outlined in this section are distinet from the
ROM-based power-up tests described in Section 13. The disc-based diagnostics
are contained on a flexible disc and can be accessed from a terminal
connected to LP2 or to one of the I/0 Processor (IOP) terminal ports.

The 8560 disc-based diagnostics can execute either within an 8560 system or a
combined 8560/8540 system.

HARDWARE RESTRICTIONS

The 8560 diagnostics work only if the 8560 kernel is operational. The 8560
kernel consists of:

e Power supplies

e LSI-11/23 processor

e The lower 32K of 64K Memory board 1

o The portion of the Utility board containing the boot ROM

e Either an IOP board or that portion of the Utility board that
controls a serial 1/0 channel (LP2)

o The I/0O Adapter (IOA) and 1/0 Connector (IOC) boards
o The PMS Controller

e The flexible disc drive

8560 DIAGNOSTICS OVERVIEW
The following basic procedure is used for running the diagnosties:

1. Insert the diagnostic disc into the 8560 flexible disc drive.

2. If the 8560 is already ON, toggle the front panel RESTART
switch, Otherwise, turn ON the 8560.

3. Answer the questions that appear on your terminal.

The "Typical Operating Procedure™ (later in this section) provides a more
detailed explanation.

Figure 16-1 is a flowchart of the 8560 diagnostics procedure.
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The 8560 diagnostic program, which consists of a single file called
"diagb0.sav", resides on one flexible disc written in the TNIX fbr file
structure. The disc is self-loading; it does not require either the TNIX
operating system or the hard disc for loading. Once this file is loaded, it
remains in system memory until the 8560 is RESTARTed.

The diagnostics are non-destructive (that is, they will not corrupt any
directories or files on the discs in the 8560). A terminal connected to any
serial I/0 port in the system (except LP1) may be used to communicate with
the program.

8560 Menu Descriptions

To perform all 8560 diagnostics functions, four menus are provided: the
Option, Loop Control, Display Mode, and Display Output menus. If you want to
select a test or function listed in one of the menus, enter the number that
precedes that test or function, and then press RETURN. If you want to select
the default option, simply press RETURN.

The Option Menu

The Option menu is the first 8560 menu displayed on the system terminal after
the 8560 has passed its power-up tests. Display 16-1 shows the Option menu
as it appears on the terminal screen.

8560 Diagnostic Disc V1.x
Press RETURN to select terminal
¥¥X%¥%%% 8560 Diagnostics - Version 1.x - Loaded ¥¥¥¥¥¥x

Option Menu

- Run all tests [default]
- Test 8560 RAM

- Test 8560 ROM

- Test 8560 Processor

Test 8560 Line~Time Clock
- Test 8560 Printer Ports

- Test 8560 IOP Channels

- Test 8560 Disc Drives

- Help

SSNoulsWw 2O
I

Type in option {<CR>} or {0 - 7 or h and <CR>}
?

Display 16-1
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Run all tests. This item executes the test series once. When the 8560 has
passed all seven tests, the diagnostic program executes the System
Interaction test. That test determines whether all checked system components
interact with each other properly. If you do not specify an individual test,
this option is selected by default.

Run specified tests. Items 1 through 7 are run codes that each specify an

individual test routine to be executed. Help. This item displays information
that explains all of the options in the display.

The Loop Control Menu

After you choose one of the Option menu tests, the diagnostic program
displays the Loop Control menu. This menu allows you to select a looping
option. Display 16-2 shows the format of the Loop Control menu as it appears
on the terminal screen.

Loop Control Menu

Do not loop on test  [default]
Loop on test

Loop until error

- Help

S wn -
I

Type in loop control {<CR>} or {1 - 3 or h and <CR>}
f)

Display 16-2

Do not loop on test. This item executes the selected test option only once.

Select the "no looping" option either with a RETURN or with a 1 followed by a
RETURN.

Loop on test. This item continuously repeats the selected test option until
you press the ESC key.

Loop until error. This item continuously repeats the selected test option
until an error is encountered, or until you press the ESC key.

Help. This item displays information that explains all of the options in the
display.
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Display Mode Menu

This menu is displayed after you select either item 1, 2, or 3 from the Loop
Control Menu. Display 16-3 shows the Display Mode menu as it appears on the
terminal. The display mode option allows you to turn the run-time status
displays either on or off. (For an example of the run-time status display,
see Display 16-5.) You can select either item 1, 2 or Help.

Display Mode Menu

1 - Display run-time status [default]
2 - No run-time display
h - Help

Type in mode {<CR>} or {1 - 2 or h and <CR>}
?

Display 16-3

Display run-time status. This option displays messages during the tests to
describe what is going on. Select this option by entering a RETURN or a 1
followed by a RETURN.

No run-time display. This option disables the run-time display (but input
prompt messages are still displayed).

Help. This item displays information that explains both of the options in the
display.

Display Output Menu

This menu selects the peripheral device on which the test data is displayed.
Display 16-4 shows the Display Output menu as it appears on the terminal.
This menu is the last 8560 menu displayed. Press RETURN to display the test
data on the terminal. You may alternatively display the error information on
a line printer connected to either LP1 or LPZ2.

Help. This item displays information that explains all of the options in the
display.
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Display Output Menu

Display on printer 1
Display on printer 2
Help

SWN -
|

]
]

i

]

]

i

Display on terminal [default] |
[}

!

'

]

!

]

Type in display output {<CR>} or {1 - 3 or h and <CR>}
?

Display 16-4

The Diagnostics Test Series

Instead of executing tests individually, you can execute all diagnostic tests
sequentially. When you press RETURN (or O followed by a RETURN) from the
Option menu, the diagnostic program executes all tests in the sequence shown.
When the tests are executed in a series, all error information is displayed
at the end of the series.

While the diagnostic program is executing the test series, the program keeps
you informed about test status on the terminal. As each test is executed,
the terminal displays the name of each test. Each time the test series

executes, the terminal displays the time that has elapsed since the test
series was started.

When you execute the 8560 test series, a display similar to Display 16-5 is
shown on the terminal.
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Beginning of pass 1 Elapsed time: 0:0:0
Testing RAM....ievevnnncens

Testing ROM...

Testing Processor...

Testing Line Time Clock...

Testing Printer Ports...

Lpr1

Nothing connected to Lpr1 - press RETURN to continue?
Lpr2

Testing IOP channels...

IOP1....

Nothing connected to channel 3 - press RETURN to continue?
Testing disc drives...

Flex disc drive

Writing to unused blocks between 137 and 1994

Hard disc drive(s)

Writing to unused block 69599 on hard disc O

Display 16-5
The System Interaction Test

When you execute all seven tests in a series, the diagnostic program
automatically proceeds to the System Interaction test after the last test is
executed.

The System Interaction test checks that all individual system components work
together as designed. This test cannot be selected individually; it is
always part of the test series. The System Interaction test requires about a
minute to execute, and displays the contents of the error registers on the
terminal, as shown in Display 16-6. The error register contents change
continuously, as this test exercises the system. If the system passes the
System Interaction test, you can be reasonably sure that your 8560 is
operating properly.

1

i

IBeginning device interaction test (error counters in octal)...

i ROM RAM CPU INT BUS LTC IOP1 I0P2 LPR1 LPR2 DISCS
1000000 000000 000000 000000 000000 000000 000000 000000 000000 000000 000000

iResults of 8560 Diagnostics V1.x Copyright 1981, Tektronix, Inc.
18560 verification passed. Do you want to see more information?
iType y or n

Y

Display 16-6
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If you respond with a y <CR>, statistical data similar to Display 16-7
appears on the terminal.

If you respond with an n <CR>, the Option menu is displayed again.

Diagnostics Failure

If some 8560 boards do not pass a particular test, the diagnostic program
displays warning messages while that test executes. After the System

Interaction test is completed, you may request that the diagnostic program
display statistical information as shown in Display 16-7.

Note: addresses and register values are listed in octal
Number of test cycles: 1 Elapsed time: 0:1: 26
RAM -
memory installed: 128 K words
ROM -
utility board PROM part numbers: 160 1094 00 , 160 1093 00
CPU -
standard processor installed
LTC -
frequency = 60 hz, status: 000340
Lprt1 -
line printer connected
baud resr rbuf xesr xbuf
2400 040000 000000 070200 000000
Lpr2 -
test plug connected
baud resr rbuf Xcsr xbuf
2400 160000 000000 070200 000000
IOPs - ;
IOP1 PROM part numbers: 160 1408 00, 160 1407 00, 160 1406 00
HSI I/0 0 - terminal connected, current baud rate = 2400
HSI I/0 1 terminal connected, current baud rate = 2400
HSI I/0 2 test plug connected, IOA set for HSI
HSTI I/0 3 - nothing connected, IOA set for terminal

Discs -
PMS controller board PROM part numbers: 160 1411 00 , 160 1410 00

flexible disc: double-sided, double-density
hard disc 0 capacity = 69599 blocks

8560 verification passed
Ready for next menu (press RETURN)?

Display 16-7
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Display 16-7 shows statistical data from an error-free run. If any errors
occur during diagnostic testing, they will be reported along with the
statistical data in this display. The error messages that can be displayed
by the diagnostic program are explained later in this section in the "Error
Displays" discussion. These error messages let you determine whether the
failures are serious enough to warrant further investigation and/or repair.

TYPICAL OPERATING PROCEDURE

The following procedure may be used to run the entire 8560 diagnostic test
series once. (You can use the same procedure to run individual diagnostic
tests - just select a different option in step 9.)

FIXTURES REQUIRED

The serial ports can be partially tested without any additional hardware.
However, to fully exercise the 8560 ports, one or more wrap-back connectors
are required. Wrap-back connectors are RS-232-type connectors wired so that
output signals from the port are fed back into the same port. Thus, data
transmitted by a port is received by the same port. You can order wrap-back
connectors from Tektronix, Inec.

Note that a wrap-back connector is referred to as a "test plug" in displays
produced by the diagnostic program. :

NOTE
When the following procedure is performed on a terminal connected
directly to an IOP channel jumpered for RS-232-C operation, the
terminal should be set for 2400 baud, if it can be done from the
keyboard. If the terminal is not set for 2400 baud, the first
message from the diagnostic program will be garbled.

PROCEDURE

1. Make sure that your terminal is turned ON and properly connected to the
system. If the terminal is connected to the 8560 via an 8540, the 8540
must also be turned ON, and be in its transparent mode (refer to the
8540 System Users Manual).

2. Turn ON the 8560's AC power switch (rear panel). The AC ON light on the
front panel will come on.

3. Turn on the 8560's DC power switch (front panel). The DC ON 1light on
the front panel will come on. You will hear a whining noise as the fans

and hard disc begin to spin. The PROCESSOR BUSY light will come on, and
will remain on.
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Insert the 8560 diagnostic disc into the flexible disc drive.

After approximately 30 seconds, the hard disc's ready light on the front
panel will come on. Shortly thereafter, the flexible disc busy light on
the front panel will come on as the 8560 reads the boot block off the
disc.

If the system cannot boot from the disc, refer to the "System Won't
Boot" discussion, following this procedure.

In most 8560 terminal configurations, the message

8560 Diagnostic Disc V1.x

will be printed on the screen. (If your terminal is connected directly
to an IOP channel jumpered for RS-232-C operation, and the baud rate of

the terminal is not 2400 baud, this message may be garbled. Don't worry
about it yet.)

If more than one terminal (and/or a line printer connected to LP2) is
on-line the following message appears:

Press RETURN to select terminal

Press RETURN 1if this message appears. (If your terminal is connected
directly to an IOP channel jumpered for RS-232-C operation, and the
display 1is garbled, press the BREAK key; this selects a new baud rate.
Continue pressing the BREAK key until you see the message "new baud rate
selected", then press RETURN.)

Next, the following message will be displayed:
k%¥%%%%% 8560 Diagnostics - version 1.x - loaded ¥¥¥¥¥¥xx

This message will be followed by the Option menu. (If your terminal is
connected directly to an IOP channel jumpered for RS-232-C operation,
and the display is garbled, press the BREAK key; this selects a new baud
rate. Continue pressing the BREAK key until you see the message "new
baud rate selected". Then press the ESC key to cause the Option menu to
be reprinted.)

Press RETURN to select the "Run all tests" option.

The Loop Control menu will be displayed. Press RETURN to disable the
looping options.

The Display Mode menu will be displayed. Press RETURN to enable the
run-time display.

The Display Output Menu will be displayed. Press RETURN to direct the
output to your terminal.

The tests will begin running. You will see a run-time display similar
to that shown back in Display 16-5.

16-11



Disc-Based Diagnostics - 8560 MUSDU Service

14, If the program tries to test a serial I/0 port, and discovers nothing is
connected to the port in the first pass of the test, the program will
display the message:

nothing connected to port x - press RETURN to continue?

If the preceding message is displayed, you can connect a terminal or
wrap-back connector to the port before you press RETURN. Note that you
can rearrange connectors whenever the program is paused. This is useful

if, for example, you only have one wrap-back connector and want to try
it on all of the ports.

15. After the test series is completed, you will see the message:

Verification passed. Do you want to see more information?
Type y or n

If you type a y and then press RETURN, the program displays information
about how your 8560 is configured.

16. If you don't want to perform any more tests, remove your diagnostic disec
and toggle the RESTART switch to boot the TNIX operating system.

SYSTEM WON'T BOOT

If, for some reason, the system won't boot from the diagnostie disc, read
through the following four situations. Find the situation that describes

what 1is happening to your system, and follow the directions in the
accompanying text.

Situation 1. The light on the flexible disc drive flashes briefly, then the
8560 loads the operating system off the hard disc.

This means that the 8560 firmware decided that booting the flexible disec was
impossible. To discover why the firmware decided this, complete the
following steps:

1. Remove jumper J1036 from the Utility board.

2. Connect a line printer to LP1 or LP2, or connect a terminal to LP2,
(These two ports are used by the firmware to report errors.)

3. RESTART the 8560,

4, When you see the "=" prompt on your terminal, press "f". You should see
three error codes printed out. For an explanation of these error codes,
refer to "Error Summary" at the end of Section 13 in this manual. These
error codes should help you decide what to do.
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Situation 2. The light on the flexible disc drive stays on for a period
ranging from several seconds to over a minute. After the light goes out, an
error message is displayed on one or more terminals (at 2400 baud). TNIX is
then loaded. This means that the boot block was loaded from the disec, but
the file could not be loaded.

If this situation occurs, perform the following steps:

1. If the message that was displayed was not legible, set the baud rate of
your terminal to 2400 baud and RESTART the 8560.

2. If the message concerns an invalid file system, the directory and/or
diagnostic file on your flexible disc may have been altered. If suspect
a problem with your disc, substitute another disc.

3. If the message refers to disc read errors, there may be a problem with
your flexible disc, or with your flexible disc drive. Substituting
another disc or cleaning the heads may solve this problem. (A head
cleaning procedure is described under the "Alignment Aid" description in
Section 13 of this manual.)

If all else fails, refer to the end of this section and look up the PMS

error code that was displayed. The error code may indicate why the read
error occurred. '

Situation 3. Neither TNIX nor the diagnostic disc can be loaded and executed.

This generally means that a power-up self-test failed. To pinpoint the
problem, complete the following steps:

1. To determine which test failed, connect a line printer to LP1 or LP2, or
connect a terminal to LP2. (These two ports are used by the firmware to
report errors.)

2. RESTART the 8560.

3. After you complete step 2, one of the following will occur:
a. Within a minute, an error code is displayed.

b. The PROCESSOR BUSY light on the front panel goes out. (If this
happens, you will have to remove the 8560 top cover, and look:at the
error code displayed on the Utility board LEDs. Refer to Utility
Board LEDs in Section 13 in this manual.)

4, To find out what the error code means, refer to the "Error Summary" at
the end of Section 13 in this manual.

If the system displayed the "=" prompt on your terminal, you may be able to .

override the error by typing an "f". Whether you can override the error
depends on the type of error detected.
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Situation 4. Not only will TNIX and the diagnostic disc not 1load, the 8560
firmware won't run either.

This may be due to bad firmware on the Utility board. Try the following
procedure:

1. Insert the diagnostic disc in the flexible disc drive.

2. Connect a terminal to LP2.

3. Set the front panel RUN/HALT switch tovthe HALT position.
L, Toggle the RESET switch on the front panel.

5. Set the front panel RUN/HALT switch to the RUN position.

6. You are now in ODT mode. Enter the following underlined characters on
the keyboard:

11000/ xxxxxx 2013 <LF>
011002/ xxxxxx O <LF>
011004/ xxxxxx 1000 <LF>
011006/ xxxxxx O <LF>
011010/ xxxxxx O <LF>
011012/ xxxxxx 0 <LF>
011014/ xxxxxx O <CR>
777150/ xxxxxx 11001 <CR>

T. You will now hear the flexible disc drive activate. When the drive
stops making noise (after about a second), enter:

R7/ xxxxxx 0 <CR>
P

8. The system should now boot from the flexible disc.

PROGRAM STOPS RUNNING

If the diagnostic program hangs up while executing, and pressing the ESC key

does not produce any results, you can find out what happened by completing
the following procedure:

1. Connect your terminal to LP2. Make sure that the baud rate of your
terminal matches the LP2 baud rate (which 1is set for 2400 at the
factory).

2. Raise the front panel RUN/HALT switch, and then lower it again.
3. Enter "3000g" on your terminal. If the diagnostic program is still
intact in system memory, the program should display the results from the

tests that were run previously.
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TEST PROGRAM DESCRIPTIONS

So far we have discussed how to execute the disc-based diagnostics 1in an
8560, The following discussion provides a summary of the 8560 tests and
detailed descriptions of each individual test routine.

TEST SUMMARY

Table 16-1 summarizes the disc-based diagnostic routines. For each routine,
the table gives the test name, the run code, and a short test description.
Figure 16-2 is a block diagram of the 8560. Refer to Fig. 16-2 while
reading the test descriptions.

Table 16-1
Diagnostic Test Summary

Controller and the disc drives. The test checks
the read/write capability of the discs.

! Run |
Name i Code | Description
===z=z===z=|zz====|TzZss=soSsssss=Z==TSSsSSSSSSTSSS=SsTs=Ssz===ssS=sSsss
RAM Test | 1 | This test checks the system RAM.
] 1
| 1
ROM Test | 2 i This test performs a checksum test on
! i bootstrap/diagnostic ROMs, and checks for a
{ ! valid ROM part number. The test consists of two
! | parts with each part testing one ROM.
| [}
1 I
CPU Test | 3 | This test checks selected LSI-11/23
i | instructions and registers. The CPU test performs
i i a more thorough check of the instruction set than
| | the ROM-based CPU test.
1 ]
i |
LTC Test | 4 | This test checks the 8560 Line-Time
i i Clock interrupts.
] ]
= I
Printer i 5 i This test checks the two RS-232-C
Ports H | line printer ports.
Test i i
i i
IOP Test | 6 i This test checks the operation of the IOP
i i ports and the associated DMA circuitry.
i ]
1 I
Discs Test} 7 | This test verifies the operation of the PMS
. ]
!
]
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" Power -3 Front
Supply Panel
Flexible Disc Hard Disc
Drive | } 777 1 1 |1 | meee_————
r A
: e | |
([ Line |
| Printer |
LSI-11/23 PMS e M1220 Utility I I
Processor Controller Interface Board | :
|
- Line |
: Printer |
|
L External 2
System - = | g————— ] 10C
I0P 10P I0A
Memory Board #2 Board #1 Board Board
To 8540s
or Terminals
(3899-2)12581-60
Fig. 16-2, 8560 block diagram.
RAM TEST
Run Code: 1
Function: Checks the data storage capability of the system RAM.

Blocks Involved:

Duration:

16-16

LSI-11/23 Processor, Utility Board, System Memory,

I0C, and IOP boards (see Fig. 16-2).

Up to 30 seconds.

IoA,
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Description

The RAM test verifies system memory by determining the size of memory,
writing patterns into each location, and then reading the patterns back. If
you have selected the "Run-time display" option from the Display Mode menu,
the test will print out a series of period characters while executing. Each
period that is printed represents a test module that is executed within the
RAM test. The test performs the following steps:

1. If you selected the run-time display, the first period character of the
display is printed.

2. The test first determines how much RAM is installed by writing to memory
locations above the program until a bus timeout is detected, or until
the test reaches 128K words. An error occurs if less than 64K words of
memory is installed.

3. The test now verifies that part of RAM occupied by diagnostics by:

a. saving the contents of each program location,

b. writing complementary test patterns into the location,

c. verifying that the patterns were written, and

d. restoring the original contents of each location.

If an error is detected, it is stored in RAM for later display.

4, The test verifies the remaining RAM in the 8560 by:

a. printing the second period, putting the CPU in wuser mode, and
writing 125252 into every location above the program;

b. printing the third period, then waiting 2.5 seconds (this step is
used to verify the refresh circuit);

c. printing the fourth period, then waiting 2.5 seconds;

d. printing the fifth period, then complementing each word of the test
pattern (starting at the bottom of the test area);

e, printing the sixth period, then verifyihg each location;

f. printing the seventh period, then complementing each word of test
pattern (starting at the bottom of the test area);

g. printing the eighth period, then reading and verifying each
location; :

h. printing the ninth period, then complementing each byte of the test
pattern (starting at the top of the test area);

i. printing the 10th period, then reading and verifying each location;
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j. printing the 11th period, then complementing each byte of the test
pattern (starting at the top of the test area);

k. printing the 12th period, then reading and verifying each location;

1. printing the 13th period, then complementing each word twice and
adding 1 to each byte (starting at the bottom of the test area);

m. printing the 14th period, then reading and verifying each location;

n. printing the 15th period, then complementing each word (starting at
the top of the test area);

o. printing the 16th period, reading and verifying each location, and
then putting the CPU in kernel mode.

If an error occurs, the error information is stored for future display. Note
that the interval between printing two successive periods varies (depending
on how much memory is installed), but should never be more than about
3 seconds between any two successive periods.

If a parity error interrupt occurs during this test, the 1location of the
error is stored, but the bit fault mask is not. (The fault mask is a 6-digit
octal number, in which each non-zero bit represents a mismatch between the
data written and the data read inside the given address range.) To determine
which bit is at fault, you must disable parity error reporting (by moving
J7141 on the 64K Memory board(s) to position 2), and run the test again.
Parity should be re-enabled before you reboot TNIX,

It is possible to narrow down the possible source of a reported error,
because the error message prints out both an address range and a mask of the
bits that failed. For example, if a single bit failed within a narrow range
of addresses, a RAM chip probably failed; the address range in the error
message will allow you to pinpoint the failed chip. On the other hand, if
more than one bit is set in the fault mask, it is more likely that the
support circuitry for the RAMs has failed.
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ROM TEST
Run Code: 2
Function: Checks the data recorded in the diagnostic/bootstrap

ROMs.

Blocks Involved: LSI-11/23 Processor, Utility Board, System Memory, IOA,
I0C, and IOP boards (see Fig. 16-2).

Duration: 1 second.
Description

1. Test Low-Byte ROM

The test calculates the checksum and compares it with the checksum stored in

the 1low-~byte ROM. The ROM test also reads the ROM-stored part number and
determines whether that number is valid.

2. Test High-Byte ROM

The test calculates the checksum and compares it against the checksum stored

in the high-byte ROM. The ROM test also reads the ROM-stored part number and
determines whether the number is valid.

3. Recall Error Information
If the test is executed alone, and both ROMs have been checked, the program
recalls the error information from the system memory and displays it on the

terminal., If the test 1is executed as part of the test series, the
diagnostics program displays the error at the completion of the test series.
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CPU TEST
Run Code: 3
Function: ~ Checks the operation of the CPU by executing a

representative instruction set.

Blocks Involved: LSI-11/23 Processor, Utility Board, System Memory, IOA,
I0C, and IOP boards (see Fig. 16-2).

Duration: Less than 1 second.

Description

The CPU test checks a representative sample of LSI-11/23 instructions to
determine whether the CPU is operating properly. The disc-based CPU test
checks more instructions than the ROM-based test. The test executes the

simpler instructions first and then proceeds to more complex instructions.
The CPU test verifies most LSI-11/23 operations by checking:

1. a representative set of single-operand instructions with destination
mode O;

2. a representative set of single-operand instructions with destination
mode 0, using byte mode;

3. a representative set of double-operand word instructions, using most
source modes and using destination mode 0;

y, a representative set of double-operand byte instructions, using various
source modes and using destination mode O;

5. a representative set of word instructions, using various source modes
and most destination modes;

6. a representative set of byte instructions, using various source modes
and various destination modes;

7. the JSR, RTS, and MARK instructions, using various modes;

8. trap instructions;

9. the MUL, DIV, and ASHC instructions (by solving an equation and checking
the result);

10. that instructions operating in user and kernel mode work properly when
the MMU (Memory Management Unit) is on;

11. the floating point option.
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The CPU test checks the results of the executed instructions. If any result
is not correct, the test records the error for later display.

LTC TEST
Run Code: 4
Function: To check the frequency of interrupts from the AC power

source.

Blocks Involved: LSI-11/23 Processor, Utility Board, System Memory, IOA,
I0C, and IOP boards (see Fig. 16-2).

Duration: 1 second.
/

Description

This test verifies that the processor is correctly receiving 1line frequency
interrupts. The test uses the Line-Time Clock to count the interrupts caused
by the line frequency.

1. Initialize Interrupts

The LTC test starts by setting up the LTC vector and enabling the LTC
interrupts. The test detects the first interrupt, then waits in a loop for
1 second while the LTC handler counts the number of interrupts that occur.
The program then disables interrupts and checks the interrupt counter. If
the frequency of the LTC is between 48 and 52 Hz, the frequency is stored as
50 Hz;  if the frequency is between 58 and 62 Hz, the frequency is stored as
60 Hz. All other frequencies are considered invalid and are reported without
rounding. If an invalid frequency is reported, the program logs the error
and stores the frequency.

2. Display Errors

If the test is executed alone, the program recalls the error information from
the memory and displays it on the terminal. If the test is executed as part
of the test series, the error data is displayed at the completion of the test
series.
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PRINTER PORTS TEST

Run Code: 5
Function: To check the two line printer (RS-232-C) ports.

Blocks Involved: L31-11/23 Processor, Utility Board, System Memory, IOA,
IOC, and IOP boards (see Fig. 16=-2).

Duration: Up to 20 seconds.

Description

The Printer Ports test consists of two identical parts. The first part
checks LP1, and the second checks LP2. Each part is divided into individual
routines, depending on the system configuration. The Printer Ports test can
check the two ports under the various conditions determined by the external

port connections. This test checks port operation with the port connected to
one of the following devices:

® A wrap-back connector
e A line printer
e The terminal from which the test is exercised
® An open circuit
The following test sequence is used for each printer port:

1. If the "Run-time display" option was selected from the Display Mode
‘ menu, the test displays the name of the port under test on your
terminal.

2. The test determines whether the printer control registers can be

accessed. If not, the test logs the error and discontinues testing this
printer interface.

3. The test exercises the CTS 1line to determine whether any device is
connected to the port. If the DTR signal is not detected, the test
assumes that nothing is connected and notifies you. After you
acknowledge this notification by pressing RETURN, the test again checks
the port to see if any device is connected.

y, The test verifies that the bits in the interface registers can be turned
on and off. If any bit fails, the test logs an error.

5. If any device is connected to the port (DTR has been detected), the test
determines the vector address of the transmit interrupt. The vector
address determines whether the port is strapped for terminal or printer

operation. If the port is not strapped for printer operation, an error
- is logged.
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If a wrap-back connector is installed, the test exercises the transmit
and receive circuits by transmitting a series of characters through the
wrap-back connector. The test transmits characters at various baud
rates by reprogramming the interface, and checks these baud rates
against the line frequency. Since this process takes about 10 seconds,
the test prints out three period characters during this step.

If a wrap-back connector is installed, the test verifies overrun error
checking by transmitting several characters without emptying the receive
buffer.

If a line printer is connected, the test transmits the following test
pattern:

1M#$BE" () *+, -, /0123456789 ; <=>2?@ABCDEFGHIJKLMNOPQRSTUVWXYZ [\1"
_abedefghi jklmnopgrstuvwxyz {1}~

If the Printer Ports test 1is executed alone, the test retrieves the
error information from the system memory and displays it on the
terminal. If the test is executed as part of the test series, the error
information is displayed at the end of the series.
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IOP CHANNELS TEST

Run Code: 6
Function: To check the operation of the IOP channels.

Blocks Involved: LSI-11/23 Processor, Utility Board, System Memory, 1IOA,
I0C, and IOP boards (see Fig. 16-2).

Duration: Up to 30 seconds.

Description
The IOP Channels test consists of two identical parts. The first part checks
IOP board 1 (channels 0--3), and the second checks IOP board 2 (channels
4--7). At least one IOP board must be installed for the test to pass; if two
boards are installed, both are tested. Each of the two parts of this test
are divided into individual routines, depending on the system configuration.
If the Jjumper plug on the IOA board for a particular channel is in the
RS-232-C position, the test will automatically execute a set of routines for
any of the following configurations:

® a wrap-back connector,

e a terminal, or

@ an open circuit
(depending on what is connected to the IOP channel).
If the jumper plug on the IOA board for a particular channel is in the H3I
position, the test will automatically execute a set of routines for any of
the following configurations:

® a wrap-back connector,

e an 8540, or

® an open circuit
(depending on what is connected to the IOP channel).

The following test sequence is used for each IOP board:

1. The test attempts to read the device register on the IOP board. If a

bus time-out occurs, the test assumes the board is not installed, and
stops testing the board.

2. If the "Run-time display" option was selected from the Display Mode
menu, the test prints the name of the board under test.
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The test issues a self-test command to the board under test. This
causes the IOP board to verify its ROM, RAM, and DMA, and to verify that
certain control circuits respond. On completion, the IOP writes Iits
PROM part numbers and status into 8560 RAM, and issues an interrupt to
the LSI-11/23 processor. If the test program times out without
receiving the interrupt, the program logs the fact that no interrupt was
received., If the status is invalid, the program 1logs an appropriate

error code. (Note that in this part of the test, the program may ignore
keyboard interrupts.)

After the self-test is completed, the routine tests each of the four IOP
channels individually, using the following steps:

a. If the "Run-time display" option was selected from the Display Mode
menu, the routine prints a period character.

b. The routine requests HSI status for the IOP channel. The routine
uses the response to determine whether the jumper block on the IOA
board is in the RS-232-C or HSI position.

¢. If the channel is jumpered for a terminal, the routine tells the IOP
to assert CTS and then check for DTR. If DTR is not present, the

output of the channel is assumed to be an open circuit, and the
routine skips to step h.

d. The routine "characterizes™ the channel. This characterization
involves telling the IOP what baud rate to use for the channel, how
characters are to be echoed, and what to return if a framing error
is detected. (The routine tells the IOP to return a <null> any time
a framing error is detected, so you may get confusing results if you
type a <null> on the keyboard while the diagnostics are running.)

e. The routine tells the IOP to return a character if the IOP receives
a character on this channel.

f. The routine tells the IOP to transmit a RETURN on this channel. If
after 0.07 seconds, the character has still not been transmitted,

the routine assumes the channel is an open circuit and skips to
step h.

g. If the routine receives a RETURN from this channel, the routine
assumes that a wrap-back connector is attached. If nothing is
received from the channel, the routine assumes that either a

terminal or an 8540 is connected (depending on the position of the
I0OA jumper block).

h. The routine recharacterizes the channel, using parameters that are
appropriate for the device that is connected to the channel. The
routine now branches to either step i, ii, or iii (depending on
which device is connected to the channel).

i. If the test has determined that the connector is an open
circuit, and if this is the first pass of the test, the
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routine reminds you that the circuit is open. At this point
you have the option of connecting a device to the port. When
you press RETURN, the routine.repeats steps b through h to see
if the connector is still an open circuit. If the circuit is
still open, the routine goes back to the beginning of step 4
or goes on to step 5, depending on whether this 1is the 1last
IOP channel to be tested.

ii. If a wrap-back connector is installed, the test exercises the
transmit and receive functions of the channel by transmitting
a series of characters through the wrap-back connector. The
test does this at various baud rates by reprogramming the
interface, and checks the throughput rate against the 1line
frequency to determine whether the baud rate circuitry is
being programmed correctly. Note that baud rate verification
is performed only on channels that are jumpered for terminals;
the HSI baud rate of 153.6K is not verified by this test.

iii. If a terminal or 8540 is connected to this channel, but this
is not the channel that you are using (as determined by the
diagnostics after boot-up), the routine transmits the message:

Diagnostics in progress. No logins.

The routine does not automatically perform character input
testing in part iii, but you can still verify that this
channel works. To do so, type characters on the terminal
connected to this channel (or to an 8540 connected to this
channel), and see that the characters are echoed.

If the IOA is set up for HSI mode, this verification also
checks the baud rate of 153.6K., If a terminal is connected,
you can use the BREAK key to select different baud rates (as
outlined in the "Typical Operating Procedure", earlier in this
section). This type of verification can be performed at any
time, not just during the IOP Channels test.

5. When all four channels of the IOP board have been tested, the program
displays an error count if any errors have occurred. (If the "Run-time
display" option was selected from the Display Mode menu, the error count
is not displayed.

6. After both boards have been checked, and if the IOP test was executed
alone, the program retrieves the error information from memory and
displays it on the output device. If the test was executed as part of
the test series, the error information is displayed at the end of the
series.
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DISCS TEST
Run Code: 7
Function: Checks the operation of the PMS Controller and the disc

drives.

Blocks Involved: LSI-11/23 Processor, Utility Board, System Memory, PMS

Controller, Flexible Disc Drive, Hard Disc Drive, IOA,
I0C, and IOP boards (see Fig. 16-2).

Duration: Less than 1 minute.

1.

Description

The test attempts to read the device register on the PMS Controller. If

a bus time-out occurs, the test stores an error code in system memory
and makes an exit.

The test issues a self-test command to the PMS Controller. This command
causes the PMS Controller to verify its own RAM and ROM, the DMA
interface, the interrupt -circuitry, the interface to the disc drives,
and the ability of the controller to move the heads. The test does not,
however, check the read/write capability of the drives. The PMS
Controller also reports back the part numbers of its PROMs,

The program logs one or more error codes 1if the self-test command
doesn't issue an interrupt to the LSI-11/23 or if the command returns
invalid status bytes.

The test informs you that it is checking the flexible disc drive. The
test then asks the PMS Controller what type of disc is in the flexible

disec drive. If an invalid response is returned, the test logs an error
code.

If a disc is in the flexible disc drive, the test searches the directory
to locate the free (unused) blocks. If free blocks can be located, the
test skips to step 5. If free blocks cannot be located, the test gives
you the option of choosing a read/write test (which will erase the disec)
or a read-only test on the entire disc. If the test cannot locate free
blocks, one of the following conditions exists:

® all blocks on the disc are used,
e the directory is unreadable,
® the directory is not a TNIX fbr-type directory, or

e the directory is corrupted.
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CAUTION

If the test is looping, do not change flexible discs after the
first test pass; the test may write over used blocks on the
new disc. The Discs test searches for free blocks only during
the first test pass; if you substitute another disc after the
free block search, the test will not perform another search.

If there are free blocks on the flexible dise, or if you have decided to
let the program write on the disec anyway (and the disec is not
write-protected), the test writes to five randomly selected blocks
within the permitted range and reads back the information to verify the
write operation. If a read-only test is being run, the test simply

verifies the CRCs (cyclic redundancy checks) on five randomly selected
blocks.

v If there is a disc in the flexible disc drive, the test reads the first

four blocks of track 0 into a high-address memory area. This is simply
to verify that the boot block area on the disc is readable, and that the

PMS Controller can access upper RAM addresses in the 8560,

If any recoverable errors were detected during the test (for example,

‘the PMS Controller was able to read data after several tries), the

10.

11,

12,
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number of recoverable errors is displayed. Recoverable errors are
usually due to worn flexible discs or dirty heads. Unless these errors
occur consistently (for example, once per test pass), they. may be
ignored.

The test informs you that it is testing the hard disec drive. The test
then asks the PMS Controller what the capacity of the disc is. The disc

capacity should be 69,599 blocks. If the controller returns an invalid
response, the test logs an error code,

The test writes and reads a special reserved service block on the disc,
which 1is not accessible by TNIX. The test compares the data to make
certain the data was written correctly.

The test reads from ten randomly selected blocks on the dise and
verifies their CRCs.

The test reads the first four blocks of the hard disc into a
high-address memory area. This verifies that the boot block area on the
disc 1is readable, and that the PMS Controller can access upper RAM
addresses in the 8560,

If any recoverable errors were detected during the test, the number of
these errors is displayed. Recoverable errors may result from reading
blocks that were in TNIX's bad block list (and therefore not used by
TNIX). Running the TNIX syschk program ensures that TNIX never accesses

the bad blocks, but does not prevent diagnostics from reading the bad
blocks.



Disc-Based Diagnostics - 8560 MUSDU Service

13. If the Discs test is executed alone, the error data is retrieved from
system memory and displayed on the terminal. If the test is executed as

part of a test series, the error information is displayed at the end of
the series.

DEVICE INTERACTION TEST

Run Code: Only executes after all the other tests have been run.
Function: Checks that all 8560 devices interact with each other
‘properly.

Blocks Involved: All (see Fig. 16-2).

Duration: Less than 1 minute.

Description

This test consists of a foreground task (the RAM test described previously),
and a number of background tasks that are interrupt- and DMA-controlled.
These background tasks consist of parts of the LTC test, the Printer Ports
test, the IOP test, and the Discs test. The ROM test and CPU test are not
rerun, but the CPU is tested implicitly. If the "Run-time display" option
was selected from the Display Mode menu, a set of error counters will be
continuously reprinted in octal during the Device Interaction test. These
error counters are also displayed on any other terminals that are on-line.
If any of these error counters is not zero, the test will display a more
detailed error message explaining the counter after the test is stopped.
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ERROR DISPLAYS

At the end of a set of tests, you will see a display similar to Display 16-8.

]
]
¥%*¥Warning®** NNNNN function A error(s) |
Probable source: device X i
Other possibilities: device Y, device Z i
Verification [failed or passedl. Do you want to see more information?|
Type y or n i

? H

1

]

Display 16—8
The following is an explanation of the messages in Display 16-8:
e "NNNNN" is the number of errors detected;
e "function A" is the name of the function that caused errors;

e "device X" is the name of the module or board that is the likely
culprit; and

e "device Y" or "device Z" are less likely culprits.
When you type y <CR> to see more information, you will see a display or

printout similar to that in Display 16-9. Information will appear only for
those tests that you run.
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Note: addresses and register values are listed in octal
Number of test cycles: 1 Elapsed time: 0:1¢: 26
RAM -
memory installed: 128 K words
ROM -
utility board PROM part numbers: 160 1094 00 , 160 1093 00
CPU -
standard processor installed
LTC -
frequency = 60 hz, status: 000340
Lprt1 -
line printer connected
baud resr rbuf Xcsr xbuf
2400 040000 000000 070200 000000
Lpr2 -
test plug connected
baud resr rbuf xesr xbuf
2400 160000 000000 070200 000000
I0Ps -
IOP1 PROM part numbers: 160 1408 00, 160 1407 00, 160 1406 00
HSI I/0 0 -~ terminal connected, current baud rate = 2400
HSI I/0 1 - terminal connected, current baud rate = 2400
HSI I/0 2 - test plug connected, IOA set for HSI
HSI I/0 3 - nothing connected, IOA set for terminal

Discs -~
PMS controller board PROM part numbers: 160 1411 00

, 160 1410 00
flexible disc: double-sided, double~density
hard disc 0 capacity = 69599 blocks

8560 verification passed
Ready for next menu (press RETURN)?
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Display 16-9

Display 16-9 shows statistical data from an error-free run. If any errors
occurred during diagnostic testing, they will be reported along with the
statistical data in this display. The error messages that can be displayed
by the diagnostic program are explained in the following paragraphs.
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GENERAL MESSAGES

The following messages, if they are used, appear near the top of the display.

These messages do not relate specifically to any of the seven diagnostic
tests.

Number of test cycles - The number of test cycles that were run or started.
If you did not specify looping, there will be only one test cycle.

Elapsed time - The amount of time the test took to run. For a pass of the

entire 8560 diagnostic series, this number ranges between 1 to 2 minutes,
depending how the 8560 is configured for the test.

Unexpected interrupt vectored at NNNNNN - An interrupt occurred that was not
anticipated by the diagnostics. The number represents the interrupt vector
address. Standard 8560 interrupts include:

000004 - bus timeout or stack overflow
000010 - invalid instruction executed
000014 -~ BPT instruction

000020 - IOT instruction

000024 - power fluctuation

000030 - EMT instruction

000034 - TRAP instruction

000060 - LP2 I/0

000064 - LP2 (normally unused)
‘000100 - Line Time Clock

000114 - RAM parity error

000200 - LP1 I/0

000204 - LP1 (normally unused)

000234 - PMS Controller

000244 -~ floating point

000250 - memory management

000260 - PMS Controller

000270 - PMS Controller

000274 - PMS Controller

000300 - IOP 1
000304 - IOP 2
000310 - IOP 1
000314 - IOP 2

If the vector displayed is not on this list, the vector strapping on one of
the boards may be incorrect. Run the diagnostic tests individually to
determine which board is producing the interrupt.

Stack overflow - possible interrupt problem - The processor detected that its
stack pointer was outside the legal range. This problem could occur if the
CPU has to process more interrupts than it can handle. This problem could
also be caused by a series of unexpected interrupts.

Run the tests individually to determine which board is causing the problen.
Also look at other error messages, such as RAM errors or unexpected interrupt
errors. It may be necessary to reload the program and start over.
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Invalid instruction trap. Possible program error. Restart or press <esc)> -
The processor detected an invalid instruction. The presence of an invalid
instruction probably means that part of the program has been accidentally
altered. The program could have been altered by a number of problems: a CPU
error, RAM error, unauthorized DMA operation by another device on the bus, or
unexpected interrupts.

First press the ESC key to see if any error messages are printed. Then
reload the diagnostic program and run individual tests to isolate the
problem.

Memory mapping error. Possible program error. Restart or press <esc> - The
processor reported a memory management exception (indicating program
corruption). Memory management exceptions are generally caused either by
writing to write-protected RAM, or by an unauthorized action of a diagnostic
task running in user mode. Also, the program may have been corrupted by a
RAM error, CPU error, Memory Management Unit (MMU) error, unauthorized DMA
operation on the bus, or an unexpected interrupt. First press ESC to see if
any error messages are printed. Then reload the program and run individual
tests to isolate the source of the problem.

Power failure detected. Restart or press <ese¢> - This message is displayed if
a power-fail interrupt is detected by the CPU board. A power-fail interrupt
generally indicates that the DC outputs of the power supply are fluctuating.

NNNNN bus errors. - This indicates that intermittent bus reply timeouts were
detected at an unknown address. You can isolate the problem by running
individual tests.

NNNNN interrupt errors - This indicates that unanticipated interrupts
occurred. Look for a subsequent message indicating the vector at which the
interrupts occurred.

RAM-RELATED MESSAGES
The following messages display information gathered by the RAM test.

RAM error in program space. Restart or press <esc>. - An error occurred in
the memory that the diagnostic program occupies. If the diagnostic program
is loaded into bad memory, the program may not run properly. Note that since
the program itself requires 1less than 32K words, it 1is possible to
re~-configure memory by changing jumpers (see "Bank Interchange Straps" in
Section 3 of this manual).

NNNNN RAM error(s) - Some type of RAM error was detected. Error types

include configuration errors, parity errors, and data or addressing errors.
The following messages should help you isolate the problem:

Memory installed - NNN K words - NNN is the amount of memory (in K words)
tested by the program. This can range from 64K words to 128K words,
depending on the number and type of memory boards installed. If 1less than
64K words of memory is installed, an error will be reported. Normally, the

) 16-33



Disc-Based Diagnostics - 8560 MUSDU Service

board in the slot marked MEM1 will have its jumpers set for the 0--64K memory
range, and the board in the MEM2 slot will have its jumpers set for the
64--128K memory range; however, the boards may be reversed with no effect on
8560 operation. The program determines how much memory is installed by
writing to memory locations above the program until a bus reply timeout is
detected, or wuntil the maximum 1legal configuration 1is reached. If the
diagnostics report less memory than you have installed, recheck the jumpers
on the memory board(s) before you suspect a malfunctioning board.

RAM error(s) in range xxxxx to xxxxx, fault mask = NNNNNN - This indicates
the address range where RAM errors were detected. The fault mask is a
6-digit octal number, in which each non-zero bit represents a mismatch
between the data written and the data read inside the given address range.

If only parity errors were detected, the fault mask will be O because the
program is unable to determine bit faults when a parity interrupt occurs. If
necessary, you can disable parity error reporting by moving J7141 on the
memory board(s) to position 2, and then rerun the test to isolate the bits at
fault. (Remember to restore J7141 before reloading TNIX, however.) If the
errors are in a single bit of the mask, and within a single 16K-word address
range (for example, 100000 to 177777), the error is likely to be in or near
the corresponding 16K RAM chip. If the range is larger than 16K words
(100000 octal) or errors are detected in more than one bit, the problem may
be in the support circuitry on the memory board.

Patterns in the address range or fault mask may help to isolate the problem.
For example, errors that only occur within a 16K-word range may indicate a
problem with the corresponding 16K-word bank of memory. A fault mask of
177400 or 000377 may indicate a problem in the byte accessing circuits.

NNNNN parity error(s) were detected - This indicates the number of parity
interrupts that occurred during testing. If the jumpers on the memory board
are set up for normal operation (that is, for running TNIX), almost all
memory errors should produce a parity error interrupt. For troubleshooting
the memory board, however, you should move the parity enable jumper (J7141 on
the memory board) to position 2. This disables hardware error checking and
allows the diagnostics to more easily isolate the error.

ROM-RELATED MESSAGES

The following messages display information gathered by the ROM test.

NNNNN ROM error{s): U50xx - The contents of the Utility board ROMs, which
contain the 8560 bootstrap and power-up diagnostics, don't match their
checksums., - U50xx indicates which ROM (U5080 or U5090) failed to verify. If
replacing the ROMs does not help, check for activity on the ROMs' data and
address lines during the ROM test.

Utility board PROM part numbers: 160-1094-xx, 160-1093-xx - This message
indicates which version of bootstrap/diagnostic firmware is installed in your
8560. The first number is the part number of U5080, the second is the part
number of U5090, The 1last two digits of each part number are the version
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number. If the parts are reversed or identical, your 8560 will not Dbe able
to boot automatically.

CPU-RELATED MESSAGES

The following messages display information gathered by the CPU test.

NNNNN processor error(s) - The 8560's L3I-11/23 processor did not pass its
instruction set test. The CPU board is probably at fault. However, this

error message may be printed if part of the program memory has been corrupted
by a RAM failure or unauthorized DMA access.

standard processor installed - The LSI-11/23 processor in your 8560 has no
options installed. If the diagnostic program displays this message, but your
processor has the floating point option, check to be certain the floating

point device is properly inserted in the correct socket before rerunning the
CPU test.

floating point option installed - The LSI-11/23 processor in your .8560 has
the floating point option installed.

bad floating point chip ~ The floating point option did not verify its
instruction set test. Make certain the floating point device is properly
inserted in the correct socket. If the floating point device is properly
installed, the device itself is probably bad.

LTC~-RELATED MESSAGES
The following messages display information gathered by the LTC test.

NNNNN line-time clock error(s) = The Line-Time Clock did not provide
interrupts at the correct frequency, as measured by the processor. See the
following message for information about the frequency observed by the 8560's
processor. Ranges accepted by the test are 48--52 Hz, and 58--62 Hz. Note
that if power supply noise (glitches) occur during the LTC test, you may see
a figure of 51 Hz or 61 Hz.

frequency = NN Hz, status: NNNNNN - The frequency provided in this message
should be the line frequency of the 8560 power source. If a frequency error
occurs at any time during the test, the incorrect frequency will be reported
in this message. If the reported frequency is too high, it may be due to
power-line noise, or to a device performing excessive DMA accesses (this
would effectively slow down the processor speed, which is used as a frequency
reference).

NNNNNN represents the contents of the LTC status register on the Utility
board. This status register normally contains either 000340 (if jumper J1036
on the Utility board is installed) or 000341 (if J1036 is removed).
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missing interrupt - The expected line frequency interrupts did not occur.
This may be due to a broken signal path somewhere between the power supply
and the processor board, or to an unauthorized jumper on the processor board.
(If jumper W4 1is installed on the CPU board, the BEVENT clock line will be
ignored by the processor, causing the test to fail.)

LP1- AND LP2-RELATED MESSAGES
The following messages display information gathered by the LPR test.

lpr n errors - Some type of error was detected on the specified line printer

port. The following messages indicate the type of error:

incorrect address strapping - A bus reply timeout was detected when the

processor attempted to access the printer port's registers. This is probably
due to incorrect jumper configurations on the Utility board.

xxxxx connected - This message indicates whether a line printer or wrap-back

connector (or nothing at all) was connected to the printer port. If the
device was later moved to another channel, "(later removed)" will also be
printed. The test uses the CTS and DTR signals to determine which device is
connected. The message "nothing connected" means no DTR signal was detected,
and "test plug connected" means the DTR and CTS lines were tied together.

baud resr rbuf Xxesr xbuf
XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX - The numbers displayed in this message

indicate the status of the printer interface on the Utility board.

"baud" is the baud rate that the previously specified printer port is

strapped for. If no error message is printed, the other four status fields
can be ignored.

For a detailed explanation of the following registers' contents, refer back
to "Serial Interface Register Definitions" in Section 5 of this manual.

® '"resr" displays the contents of the Receiver Control/Status
Register. Bits 0, 13, 14, and 15 represent various interface
signals. Bit 6 is the interrupt enable bit, and bit 7 is the
character received bit.

e '"rbuf" displays the contents of the Receiver Data Buffer (which is
the 1logical OR of characters that caused errors). Bits 13, 14, and
15 are error bits. \

® '"xcsr" displays the contents of the Transmit Control/Status Register
(which indicates the transmitter's control status). Bits 12, 13,
14, and 15 represent the baud rate in use by the interface. Bits O,

5, and 6 are various control signals. Bit 7 1is the  transmitter
ready bit.

e "xbuf" displays the contents of the Transmit Data Buffer (which 1is
the transmitter's output buffer). The xbuf register will always be
0 unless there is a stuck bit on the data bus.
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The resr and rbuf registers are for diagnostic use. The xesr and xbuf
registers are used by TNIX as well as the diagnostics.

baud rate not as shipped - This message is intended primarily for factory
use. When shipped, line printer ports on the Utility board are strapped for
2400 baud. If you have intentionally changed the baud rate strapping, you
may ignore this message.

baud rate errors - One or more baud rates for this printer port did not seem
to be correct. Baud rate verification is performed only if a wrap-back
connector is connected to the port. Verification is performed by measuring
the throughput rate against the line frequency. Anything that interferes
with throughput or with the Line-Time Clock may also cause this test to fail.
The baud rate at which the test failed is reported in the xcsr display. Note
that the baud rate that failed may not be the baud rate that the port is now
strapped for, because the test reprograms the baud rate.

output not present - port not fully tested - No output device was detected
for this printer port, so only minimal testing was performed. In other
words, the DTR and/or Transmit Ready (TRDY) signals were not present. DIR is
received via the connector on the back panel. TRDY is generated by the UART
on the Utility board. ‘

output interrupt not present - port not fully tested - Although a device was
connected to the printer port, the port was unable to correctly generate a
transmit interrupt. This may be due either to a incorrectly set jumper on
the Utility board, or to a problem with the interrupt request circuit.

LP mode not as shipped - The line printer mode straps on the Utility board
are set incorrectly. TNIX requires that the line printer ports be strapped
for line printers.

input not present - port not fully tested - This message is meaningful only
if a wrap-back connector is installed. No data was received due to a problem
with the receive (or transmit) lines on the IOA, 1IOC, or Utility boards.
Make sure the wrap-back connector is installed properly and is wrapping the
signals back. (This message may also appear if the 1line printer ports
strapping is incorrect.)

NNNNN data errors - Receiver errors have probably occurred. If bit 13 in
rbuf is set (in a preceding message), a framing error was detected. If
bit 14 in the rbuf is set, an overrun occurred (characters were received
faster than the program could process them). If neither of these error bits
is set, an out-of-sequence character was received.

Other errors in the 8560 may also produce this error message, such as
excessive DMA requests or interrupt requests. If receiver errors seem to be
the cause of this message, check the UART on the Utility board.

input interrupt not present - port not fully tested - Although the resr
indicated that characters were received by the port via the wrap-back
connector, no input interrupt occurred. This may be due either to a
misplaced jumper on the Utility board, or to a problem with the interrupt
request circuit.
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IOP-RELATED MESSAGES

NNNNN IOPx errors - Errors were detected during the IOP test in IOP board x.
The following messages provide more details.

IOPn PROM part numbers: 160-xxxx-xx, 160-xxxx-xx, 160-xxxx-xx - This message
indicates which firmware is installed on IOP board number n. The last two
digits of each part number indicate the version number.

HSI I/0 n - description - This message describes what the diagnostics have
decided 1is connected to channel n (where n is a number between 0 and 7). If
a terminal is connected, the current baud rate will also be shown. If a
wrap-back connector is in use, the IOA jumper configuration will be shown. A
"nothing connected" message indicates that the IOP test detected no DIR
signal for this channel.

If you do not see the description that you expect, there are several
different steps that you can take to find and/or correct the problem:

e Reseat the IOP board in its socket.

e Connect your terminal to the channel specified in this message, and

then run the IOP test to see if characters can be transmitted and
received.

e Check to see if the ROM-resident debugging monitor will communicate
with this channel. (Refer to Section 13 for information on the
Debugging Mode.)

For further details on how the IOP test determines what device is connected

to an HSI I/0 channel, refer to the IOP test description earlier in this
section.

baud rate did not verify - One of the programmable terminal baud rates did
not verify when throughput was checked against the Line-Time Clock. Baud
rate verification is performed only if the IOA jumper block 1is in the
terminal position and a wrap-back connector is installed. Anything that

interferes with either the IOP throughput or the LTC may also cause this test
to fail.

To verify that a baud rate is failing, connect a terminal to the specified
channel and restart the IOP test to see if a message is displayed. If a
message is displayed, but the message is garbled, try programming the channel
for different baud rates by pressing the BREAK key.

missing interrupts - The expected interrupts from the IOP board did not occur
within the expected time. This could be due to a throughput problem which
prevents the IOP from sending or receiving characters. This could also be
due to problem with the interrupt logic on the IOP board.

board does not process commands - The IOP firmware does not respond to
commands 1issued by the system processor, although the device register on the
IOP board can be accessed. This can be due to a whole range of problems.
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To determine if the IOP board is operational, look at the seven-segment LED

on the IOP board, and see if the LED matches any of the displays shown in
Fig. 16-3.

12681-114

Fig. 16-3. IOP board seven segment LED.
The displays shown in Fig. 16-3 indicate the following:
a. The 8088 microprocessor is probably not running at all.

b. The self-test PROM activated normally, but could not transfer control to
the other two PROMs correctly.

c. The self-test PROM correctly transferred control, but the IOP board is
unable to properly communicate with the 8560 bus. This display is used
only if the input power-line frequency to the 8560 is 60 Hz.

d. The self-test PROM correctly transferred control, but the IOP board is
unable to properly communicate with the 8560 bus. This display is wused
only if the input power-line frequency to the 8560 is 50 Hz.

If the LED displays a character other than those shown in Fig. 16-3, there
may be an HSI communication problem or some problem that is affecting 8088
operation.

no IOP boards installed - Bus reply timeouts occurred when the system
processor tried to access IOP1 and IOP2. If you do in fact have an IOP board

installed, make sure that the jumpers on the board are set properly, and that
the board is firmly seated in the 8560.

IOP aborted command - The IOP board unexpectedly aborted a command that was
sent to the board. Make sure that all of the connectors are firmly attached,
and that you do not change any jumpers while the test is running.

missing DMA write or unexpected interrupt - More interrupts were received
than could be accounted for by DMA transfers. (The software expects the
number of interrupts and the number of DMA transfers to match.) The problem
may be due to a DMA write problem with the IOP board.

e 16-39



Disc-Based Diagnostics - 8560 MUSDU Service

transmit timeout - The program tried to transmit something from this channel,
but was unable to transmit within the expected time period. This may be due
to a removed connector, or to an intermittent DTR signal.

timeout - The program sent a command to the IOP board expecting a quick-
reply, but the response did not occur as expected. This problem could occur

if a connector or jumper is changed during the test, or if the IOP board
spends excessive time on some previous command.

invalid character(s) received - The program thought that a  wrap-back
connector was connected to this channel, but the program received a character
that was different than the character it sent. The problem may be on the IOA
or IOP board. There is a possibility that this error message could also be
caused by an IOP addressing error (for example, the IOP may have read from or
written to the wrong location in system memory.)

self-test error, code = NNNNNN - The self-test command issued to the IOP
board did not produce the expected response.

The self-test error code 1is initially set to 177777 by the diagnostic
program. The IOP board will change this error code to 0 if the self-test
reveals no problems and will also write a test pattern into memory. If these
events do not occur as expected, this error message is displayed.

Make sure that all IOP board jumpers are correctly set, and that all three
IOP PROMs are properly installed.

DISC-RELATED MESSAGES
The following messages display information gathered by the Discs test.

Timeout waiting for interrupt - This message will appear during the Dises
test if the PMS Controller did not complete an operation in the expected time

period. For more information, look at the messages printed after the tests
are complete.

PMS RAM addressing error - This message will appear during the Discs test if
the PMS Controller does not seem to be using the 8560 RAM buffers set aside
for its use. This may be due to a problem with the PMS Controller bus
interface. If this only occurs with the hard disc, it may indicate a problem
with the M1220 interface DMA sequencer.

PMS overran buffer. Attempting restart - This message will appear during the
Discs test if the PMS Controller exceeded the boundaries of its data buffer
in 8560 memory. Since the diagnostic program may have 1lost control, the
program attempts to reinitialize itself after printing this message. The
problem may be due to the PMS Controller's DMA sequencer that communicates
with the 8560 bus, or to some other problem on the PMS Controller board.

Writing to unused block(s).... — This message is printed during the first
pass of the Discs test to reassure the user that the only blocks written to
by the test are those not used by TNIX,
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When responding to the following error message, typing a "y" and
RETURN will erase the inserted flexible disc.

Cannot locate TNIX (fbr) free blocks. OK to erase flex disc? - This message
is printed during the Discs test if the diagnostics are unable to determine
where to write on the flexible disc. Either the disc inserted does not have
an fbr directory, the directory is corrupted, or parts of the directory are
unreadable. Since the 8560 diagnostic disc has a valid fbr directory on it,
this message should not appear unless you have changed discs. If you press
RETURN, or n <CR>, the diagnostics program will perform a read-only test on
the drive. If you press y <CR>, the diagnostics will assume this is a
formatted "scratch" disc, and will write and read to random blocks all over
the flexible disc. If you press the ESC key, the test will be aborted, and
the program will tell you whether any read errors were detected while reading
the directory. The program will also specify the type of read errors.

Disc just became ready - This message will be printed during the operation of
the Discs test if the corresponding disec drive has changed its "ready" status
to ready. For example, if you insert a disc into the flexible disc drive
while diagnostics are running, this message will be displayed. After you
have started a test pass, don't do anything that might change the ready
status.

Disc just became not ready - This message will be printed during the
operation of the Discs test if the corresponding disc drive has changed its
"ready" status to not ready. For example, if you open the door of the
flexible disc drive while diagnostics are running, this message will be
displayed. After you have started a test pass, don't do anything that might
change the ready status.

NNNNN recoverable errors - Errors were detected during operations on the
previously specified drive, but the PMS Controller automatically retried the
operation, and the errors were no 1longer present. Unless the number of
recoverable errors 1is excessive (one or more per test pass), the errors may
be ignored. Usually, these errors are due to disc media-related problems.
If these errors occurred on a flexible disc, the disc is probably worn from
use or the heads are dirty. If these errors occurred on a hard disc, you can
use the syschk program under TNIX to make sure that TNIX never accesses the
bad blocks. (Unlike TNIX, the diagnhostics have access to the bad blocks).

NNNNN disc error(s) - Non-recoverable errors were detected during the Dises
test. The following messages provide more details:

controller does not respond at address - A bus reply timeout occurred
when the program tried to access the device register of the PMS
Controller. This may be due to incorrectly placed jumpers on the PMS
Controller, an incorrectly installed board, or a problem with the bus
interface circuit on the PMS Controller.
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PMS Controller board PROM part numbers: 160-1411-xx, 160-1410-xx - This
message indicates which version of firmware is installed. The first part
number displayed is the diagnostic PROM on the PMS Controller itself,
The second part number is the PROM on the M1220 piggy-back board attached
to the PMS Controller. The last two digits of each part number represent
the version number. If the two PROMs are reversed, or if both PROMs are
the same, the system will not boot.

NNNNN controller error(s) - The PMS Controller does not seem to be
functioning properly. Generally, there will be an error code listed
several lines below this message that indicates more specifically what

the symptom is. Look at the error code before assuming the PMS
Controller is faulty.

missing interrupts - The expected interrupts from the PMS Controller did
not occur. Possible causes include:

® The PMS Controller may be waiting indefinitely for a particular
signal to occur. (This would happen if the M1220 board is not
connected to the PMS Controller, or if one of the cables to or
from the hard disc drive has not been connected properly.)

e The PMS Controller may have its jumpers set for stand-alone
diagnostics. (Remember that in normal operation, the PMS
Controller will usually have a 5, a 0, or a 1 in its LED display
while 8560 diagnostics are running.)

e If everything else seems to be normal, the interrupt 1logic on
the PMS Controller board may be at fault.

flexible disc: description - This message describes which type of disc
(if any) is inserted in the drive. This message also reports the
density, whether the disc is double-sided, and whether the write-protect
notch is covered.

hard disc n not ready - The specified drive did not return a ready
status. Make sure all the cables are connected. If the disc has power
applied, you will hear a steadily increasing whining noise as the disc
comes up to speed after power-on. Also, make sure the heads have been
fully unlocked after shipment. The problem is more likely to be caused
by the hard disc and its associated circuitry than by the PMS Controller.

hard disc n capacity = NNNNNN blocks - This indicates the capacity of the
hard disc. Each block holds 512 bytes of user data. If the number shown
is less than 69,599 blocks, not all of the heads are accessible by the
PMS Controller firmware.

non-standard disc size - The capacity of the disc drive previously

specified 1is not correct. This may be due to a PMS Controller error, or
to a disc drive problem.
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bad blocks include: NNNNNN NNNNNN - This message indicates which blocks
the PMS Controller had trouble reading. The program can report up to 52
different bad blocks. If this message follows the flexible disc message,
the errors may be due to worn media or to an unformatted flexible disc.
On the hard disc, the blocks may be blocks that TNIX has already recorded
in its bad block 1list. Since the diagnostics do not look at the bad
block list, they may be reporting irrelevant information. To make

certain TNIX does not use the bad blocks, you may want to run the syschk
program supplied with TNIX,

(These should be in TNIX's bad block list. If you're not sure, run
syschk.) - Bad blocks were detected on the hard disc. Since the
diagnosties do not use the bad block list, it is possible that the bad
blocks reported by the diagnostics are ones that TNIX already knows
about. To be safe, you should run syschk.

(Try using a new disc and/or cleaning the heads) - Errors that occurred
while reading the flexible disc could be due to a worn disc or dirty
heads. A head-cleaning procedure is described under "Alignment Aid" in
Section 13 of this manual.

error codes include NNNNNN NNNNNN - This message displays up to five
octal error codes for each disc drive. Most of these error codes are
reported by the PMS Controller board; however, some special codes are
generated by the diagnostic program. In general, if the high bit
(bit 15) of the code is a 1, the error was non-recoverable. If bit 15 is
a 0, the error may generally be ignhored unless frequent (one or more
recoverable errors per test pass).

The following error codes are generated by the diagnostic program:

177400 = invalid disc size for this drive

177401 - timeout and/or missing interrupt

177402 - PMS Controller is not addressing 8560 RAM correctly

177403 - the value written to the PMS Controller's device
register (PMSCBPR) is not the value being used by
the PMS Controller.

177404 - the PMS Controller completed a read operation, but
did not put anything in the 8560's data buffer.

177405 - the data read from the disc is not the same as the
data written to it.
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The following error codes are returned by the PMS Controller firmware
during self-test operations:

000004 - flexible disc not ready

100000 -~ DMA timeout

100001 - PMS ROM checksum error

100002 - PMS RAM error

100003 -~ flexible command not accepted
100005 - flexible disc fault

100006 - flexible disc seek error

100010 - DMA compare error

100011 - piggy-back board ROM checksum error
100012 - piggy-back board RAM error

100013 -~ timeout waiting for hard disc to become ready
100014 - hard disc seek error

In addition to the previous error codes, there are approximately 40 error
codes that can be returned by the PMS Controller during normal operation,
These error codes are listed under three categories: software interface
errors, flexible disc errors, and hard disc errors.

Software interface errors

The following errors should never occur under normal circumstances.
If any of these error codes is returned, reload the diagnostic
software.

100400 - 8560 address out of range
101000 - odd 8560 address

101400 - odd byte count

102400 - invalid device number

104000 - invalid command code

104400 - utility command for busy device
105000 - align command for hard disc

Flexible disc errors

010400 - drive not ready

011000 - no track 0 signal

011400 - data overrun error

012000 - ID field CRC error

012400 - bad cylinder address in ID field

013000 - wrong cylinder address encountered in ID field
013400 - bad ID fields

014000 - missing data field address mark

014400 - missing ID field address mark

015000 -~ control field address mark detected

015400 - attempt to access sector beyond end of track
017000 - write-protected disc

016000 - invalid cylinder address

016400 - DMA timeout during disc read

017400 - DMA timeout during disc write

052000 - block number is too large
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Hard disc errors

020400
021000
021400
022000
022400
023000
023400
024000
024400
025000
025400
026000
026400
027000
027400
060400
061000
061400
062000

invalid hard disc command
invalid parameter byte

drive not ready

drive fault

illegal head or cylinder address
sector not found

data error

verify (compare) error

timeout error

hard disc positioner error

drive fault during write
Micropolis performed re-try

DMA timeout during disc read

ECC performed

DMA timeout during disc write

no spare sector on track

spare sector command not for hard disc
hard disc access timeout

block number is too large
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LED ERROR MESSAGE SUMMARY

. The disc-based diagnostics also use the five Utility board LEDs to display
error information. (The LED error displays are discussed fully in Section 13
of this manual.) A summary of the error codes is shown in Table 16-2.

Table 16-2
Diagnostic Disc LED Error Codes

LEDs | Octal Value} Definition

===z==z= |z==zz==z==z=z=z |zc=======z=z=zz=z=zz==zs=z=zzczcz====s===s==cczz=z=
BE_¥kx | 33 | Booting in file from disc
wEE_% | 35 ! Printing label from disc
RExxE | 37 ! Program started and issued a reset
————— | 00 | Program cleared LEDs after starting
——— 01 i Initializing RAM variables and interrupt

| i vectors, enabling LTC interrupts, and

H i and verifying LTC frequency
— 02 ! Program checking which IOP channels

i i have terminals
—% 03 | Program checking which line printer

H i ports have terminals
— o4 | Printing "Press RETURN to select

i i terminal" on all terminals
——k_% 05 i Waiting for a terminal to send a return
—k%_ | 06 i Re-initializing terminal interfaces and

i i variables
—x_¥_ | 12 i Illegal instruction trap (program not

d | executing properly - could not recover)
—k_%% | 13 | Memory management trap 