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8540 IU Service

PREFACE

RELATIONSHIP TO OTHER EQUIPMENT

The 8540 Integration Unit (IU) is a distributed, hardware/software
integration work station. The 8540 IU when operating as a stand-alone unit,
provides the tools for testing microcomputer programs and prototype designs,
including In-Circuit-Emulation and PROM Programming. When operating with an
external computer (host), the host is utilized for all software development,
mass storage, and file management.

MANUAL APPLICATION

This service manual describes the functions of the 8540 IU Dbasic circuit
boards in sufficient detail to permit service technicians to perform on-site
(board-level) repairs and limited field service center (component-level)
repairs to the circuit boards.

ABOUT THIS MANUAL

This Manual introduces you to the software and hardware components of the
8540 IU. In addition, this Manual describes (on a block diagram level) the
operation of the hardware within the 8540. 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 8540 IU.

Section 2 This section contains specifications for the 8540 IU.

Section 3 This section contains a brief description of the front and rear
panel controls, connectors, and indicators. It also contains
configuration drawings for each circuit board, with descriptions
of the strap and jumper options.

Section 4 This section describes the System Controller board.
Section 5 This section describes the Communications Interface board.
Section 6 This section describes the System RAM board.



8540 IU Service

Section

Section

Section

Section

Section

Section

Section

Section

Section

Section

Section
Section
Section

Section

Section

Section

ii

7
8
9
10
"

12

13

14

15

16

17
18
19

20

21

22

This section describes the System ROM board.

This section describes the Emulator Controller board.
This section describes the Program Memory board.

This section describes the Front Panel board.

This section describes the Power Supplies.

This section deccribes how to verify that the 8540 is operating
properly.

This section contains the procedures for adjusting the power
supplies.

This section contains maintenance information, disassembly
instructions, and troubleshooting procedures using power-up and
ROM-resident diagnostics. This section also contains
consolidated lists of error codes for both power-up and
ROM-resident diagnostics.

This section contains descriptions of each Power-Up Diagnostic
Test. It also describes how the tests can be used to isolate
problems if any diagnostic test fails to execute properly.

This section contains a description of each  ROM-Resident
Diagnostic Test. It also describes how the tests can be used to
isolate hardware failures if any diagnostic test fails +to
execute properly.

This section contains the options for the 8540.

Installation information is provided in this section.

This section contains technical reference material.

This section contains the 8540 Replaceable Electrical Parts
list.

This section contains the 8540 Schematic Diagrams.

This section contains the Replaceable Mechanical Parts list.
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MANUAL CONVENTIONS

SIGNAL LINE CONVENTIONS
The text and schematic drawings throughout this manual uses 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)

o M(L)/TO(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 buses 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.

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
A OCT 1981) in place of the "@" symbol. New pages added to an existing
section (whether they contain old, new, or revised information) contain the
"@" symbol alongside the revision date (@ OCT 1981).

@ iii
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OPERATIONAL AND INSTALLATION INFORMATION

A minimum of operational and installation information is presented in this
manual. Refer +to the 8540 IU System Users Guide for information regarding
operating procedures. Refer +to the 8540 IU Installation Guide  for
information regarding system installation and initial start-up procedures.

OPTIONS

Options for the 8540 IU are documented by individual manuals. See the
Tektronix Products catalog or contact your local Tektronix Field Office or
representative for a list of available options.
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OPERATORS SAFETY SUMMARY

The general safety information in +this part of the summary is for both
operating and servicing personnel. Specific warnings and cautions will be

found throughout the manual where they apply, but may not appear in this
summary.

TERMS

In This Manual

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

WARNING statements identify conditions or practices that could result in
personal injury or loss of life.

As Marked on Equipment

CAUTION indicates a personal injury hazard not immediately accessible as one
reads the marking, or a hagard 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.

@ xi
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SAFETY PRECAUTIONS

GROUNDING THE 8540

The 8540 Integration Unit 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 8540.
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
8540. 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 8540 in an atmosphere of explosive
gases.

DO NOT REMOVE COVERS OR PANELS

To avoid personal injury, do not remove covers or panels from the 8540. Do
not operate the 8540 without the covers and panels properly installed.

xii @
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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 8540 unless another
person capable of rendering first aid and resuscitation is present.

USE CARE WHEN SERVICING WITH POWER ON

Dangerous voltages exist at several points in the 8540. 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 8540 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.

xiii
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Section 1

GENERAL INFORMATION

INTRODUCTION

This section describes the 8540 Integration Unit (IU) and the host computer
support associated with the 8540. It also discusses the 8540 on a functional
block level to give you an overall understanding of how the system operates.

8540 DESCRIPTION

The 8540 is a distributed, hardware/software integration work station. In
conjunction with a host computer and software development tools, it forms a
complete Microcomputer Development System. This system provides the tools
for testing microcomputer programs and prototype designs, including
In-Circuit-Emulation and PROM Programming. The external computer (host) is
utilized for all software development, mass storage, and file management.
The files are prepared on the host computer; where they are edited, compiled,
linked, and then downloaded to the 8540. Emulation may then be performed by
using unique emulator processors in the 8540. The emulator processors are
optional equipment to the 8540 and configured for specific
microprocessors/microcomputers. A maximum of two emulator processors can be
installed in the 8540 at a time. The number of emulators installed depends
on the specific emulators used. Some 16-bit emulators only permit one
emulator to be installed at a time.

The 8540/Host development system is controlled through a system terminal,
which is usually attached to the 8540. 1In some instances, the terminal may
be attached to the host computer.

The software for the 8540 (operating system) and associated optional
equipment is contained in ROMs. In addition, the 8540 has 4K bytes of
non-volatile EEPROM. This is partitioned into two areas; one area stores
8540 command strings and the other area stores revisions and update
information. Command strings and revisions can be made in the field via the
system terminal. Command strings are stored using the PERMSTR command and
recalled using the string name. Revisions or updates to the operating system
are entered using the ROMPATCH command. The operating system implements the
revisions (patches) after loading the ROM contents into RAM, and before
executing the affected software.

The 8540 has built-in diagnostics that are executed at power-up to verify
proper operation of the basic system. In addition, ROM-resident diagnostics
provide fault isolation +to «circuit board level for the standard 8540
configuration. Additional ROMs are provided as standard accessories for
fault isolation of optional boards (PROM Programmer, Trigger Trace Analyzer
and all emulator processors).

@ 1-1
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8540 ARCHITECTURE

Figure 1-1 is an overall functional block diagram of the 8540. Refer to this
figure as you read the following paragraphs.
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Fig. 1-1. 8540 functional block diagram.
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The 8540 is designed around a dual-processor concept: system (master) and
program (slave) CPUs. The system CPU, a 2650A-1 microprocessor, is referred
to in this manual as the system processor and is 1located on the System
Controller circuit board. The system processor runs the operating system and
performs all interactions with the system I/0 devices. The program CPU
(emulator processor) runs user programs and interfaces with the prototype
microprocessor-based system.

The dual-processor architecture permits the system to support different
emulator processors with the same operating system software. The 8540 can
support both 8-bit and 16-bit emulator processors. The standard 8540 program
memory is 32K bytes, but may be expanded with optional memory boards.

Both the system processor and the emulator processor share +the basic bus
structure; however, only one processor may be active at a time. Interaction
between the system processor and the emulator processor is controlled by the
Emulator Controller board, under the direction of the system processor.

8540 CONFIGURATION

The 8540 consists of a mechanical package (mainframe), power supplies (+5 Vdc
and +/- 12 Vdc), a Main Interconnect board, and a number of plug-in circuit
boards. The plug-in circuit boards are arranged in +the Main Interconnect
board according to the function (system or program) performed by each board.
The Emulator Controller board, located in J5 of the Main Interconnect board,
prevents bus contention by dividing the system function boards from the
program function boards. The Main Interconnect board contains the common
system bus that connects the various circuit boards together.

The basic 8540 configuration consists of the following elements:

Main Interconnect board

e System bus structure

System Function Boards
e System Controller board
o Communications Interface board
¢ System RAM board

o System ROM board

Emulator Controller board
Program Function Boards

e Program Memory (32K) board
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Mechanical Package

o Mainframe

Power Supplies
e +5 Vdc

e +/- 12 Vdec

Front Control Panel

e Front Panel board

The remainder of this section briefly discusses each of these elements in
turn.
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Fig. 1-2. Recommended circuit board arrangement.
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MAIN INTERCONNECT BOARD

The Main Interconnect board contains the 100-line system bus structure that
is common to all plug-in circuit boards. The Main Interconnect board can
. accommodate up to 16 plug-in circuit boards. Figure 1-2 shows a recommended
arrangement for 8540 circuit boards in the Main Interconnect board.

System Bus Structure

The 100-line system bus structure provides most of the connections to the
plug-in circuit boards in the 8540. The bus structure is shown in Fig. 1-3.
The Emulator Controller board separates those control and signal 1lines that
are dedicated to either the system section or the program section. Note in
Fig. 1-3 that most power, ground, data and address buses, and control lines,
are common to all system and program function circuit boards. The mnemonic
name and description of each line in the system bus is defined in Section 19
of this manual.

Sisem Comtoler Proga
r ) r Y
mOononnononNnonNnnn. 1 1

DC Power and Ground

WAN

VNP2V AN

I
| Address Bus - AG—A15
|

<L Extended Address Bus - A16—A23
|
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NN NN N

VAN

|

I

I Control

I 1 F
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l I < Program Debug and Interrupt
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I NENRN
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System and Program Control

I
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(2976-3)3920-2
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C

Fig. 1-3. System bus structure.
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SYSTEM FUNCTION BOARDS

System Controller Board

This board contains the system processor (a 2650A-1 microprocessor),which is
the main controlling element for the 8540. The system processor serves as
the "master" in the master/slave environment of the 8540. The System
Controller permits memory mapping and write protect assigmments to be made to
either the 8540 program memory or the prototype memory. The System
Controller board encodes 16 interrupts, and services up to 32 interrupts.
Sixteen of these interrupts are from the other circuit boards in the 8540.
The System Controller board handles communications for the 8540, debugging,
and execution of system utility programs. The system processor communicates
with the other circuit boards in the 8540 through the use of I/0 port
interfaces.

Communications Interface Board

The Communications Interface board is an extension of the System Controller
board. It contains a Dbaud rate generator, three RS-2%2-C compatible
interfaces for peripheral equipment, and one RS-422 compatible interface for
a High-Speed Serial Interface (HSI). This board is mounted on the 8540 Rear
Panel and contains the connectors and baud rate switch for all intersystem
connections.

System RAM Board

The System RAM board is a 64K dynamic RAM. The System RAM board is wused to
store the 8540 operating system, which is contained in the System ROM board.
The System RAM must be located on the system side of the Emulator Controller
in the Main Interconnect board.

System ROM Board

The System ROM board consists of two memory arrays: 240K ROM and 4K EEPROM
arrays. The 8540 operating system and optional equipment software are
contained in the 240K ROM array. The revisions/updates (patches) to the
software programs in the 240K ROM array are made in the 4K EEPROM array. An
EEPROM Programmer accesses the EEPROMs under control of the 8540 operating
system, in response to commands from the system terminal.

EMULATOR CONTROLLER BOARD

The Emulator Controller board ensures that only one processor (either the
system processor or emulator processor) has control of the system buses at
any time. Bus contention could become a problem without the Emulator
Controller board, since all the system and program function circuit boards
share the same address bus, data bus, and part of +the control 1lines. In

1-6 @
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addition to separating the system and program boards, this board controls
debugging operations. The Emulator Controller contains the breakpoint
registers, forced Jjump registers, and program counter registers used during
debugging operations. Breakpoint addresses are stored in these registers and
compared to the addresses placed on the system address bus by the emulator
processor. If the addresses match, the Emulator Controller informs the
System Controller. The Emulator Controller is under direct control of the
system processor.

PROGRAM FUNCTION BOARDS

Program Memory (%2K) Board

The Program Memory board is a 32K-byte static RAM. This memory is wused to
store the programs that are downloaded from the host computer for execution
by an emulator processor. A second Program Memory board (optional) may Dbe
added, to increase the Program Memory to 64K.

MECHANICAL PACKAGE

The mechanical package consists of a mainframe, mounting hardware, and covers
that house the 83%01. Three power supplies are located in the lower rear
portion of the mainframe. The system bus on the Main Interconnect Dboard is
located in the lower front half of the mainframe. The plug-in circuit boards
are mounted upright, from left to right, across the front of +the mainframe.
The circuit Dboards are plugged into edge connectors installed on the Main
Interconnect board. Ventilation is provided by two circulation fans that
pull air from the front of the unit, through the circuit board compartment,
across the power supplies, and out the rear of the unit.

POWER SUPPLIES
Three power supplies (+5 Vdc, +12 Vdc, and -12 Vdc) are located in the 1lower
rear portion of the 8301 mainframe. The three supplies provide the following
dc output voltages and currents:

o +5.2 Vdc +1%/-2% at 35.0 Amps (max.)

e +12.0 Vdc +/- 5% at 1.7 Amps (max.)

e -12.0 Vdc +/- 5% at 1.7 Amps (max.)
The three supplies are connected to the system bus structure in the Main

Interconnect board, and furnish primary power to the plug-in circuit boards.
The three power supplies operate from the primary ac voltage input supply.
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FRONT CONTROL PANEL
The Front Control Panel contains the POWER and RESTART switches, plus four

LED status indicators.

Front Panel Board

The Front Panel board is located directly behind the Front Control Panel.
The RESTART switch and four LEDs are mounted on the Front Panel board and

extend through the Front Control Panel. The POWER switch is mounted
separately on the Front Control Panel.

DO NOT remove the Front Control Panel without disconnecting ac
power cord from the 8540 rear panel. Refer to Section 14 of this
manual for instructions on removing the Front Control Panel.

1-8 @
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Section 2

SPECIFICATIONS

INTRODUCTION

This section contains the specifications for the 8540. Tables 2-1, 2-2, and
2-3 1list the specifications for the 8540 as a whole. Table 2-4 lists the
power requirements for each circuit board within the basic 8540 unit. Table
2-5 1lists the specifications for EEPROM voltage Vpp during read and write
operations. Tables 2-6 through 2-13 contain the 8540 I/0 port
characteristics for all connectors on the 8540 rear panel. These tables
define the peripheral interface requirements.

Table 2-1
Electrical Characteristics

| Performance Supplemental
Characteristic : Requirement Information
,,,,,,,, I —mm——es == =
———————— ========= I - r T TS EE === === EEEEEEE
Primary Power l
Input Voltages E 115 Vac Low (a) 90--110 Vac
I
i 115 Vac High (a) 108--132 Vac
|
i 230 Vac Low (a) 180--220 Vac
I
E 230 Vac High (a) 216--250 Vac
I
Frequency 5 49--63 Hz
|
|

Line Fuses

115 Vac 3AG, 8 Amps, 250 Volt,
med ium-blow (5 sec.)
250 Vac 3AG, 4 Amps, 250 Volt,

med ium-blow (5 sec.)

Line Current 7 Amps
(maximum)
Power Consump- 700 Watts

tion (maximum)
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Table 2-1 (cont)
Performance Supplemental
Requirement Information

|
i
[
I
|
Power Supply |
I
I
I
|
!
I
i

With all boards installed
in unit. Do not exceed
maximum current of 35 Amps.

With all boards installed
in unit. Do not exceed

maximum current of 1.7 Amps.

With all boards installed
in unit. Do not exceed
maximum current of 1.7 Amps.

Heat Dissipation
Typical 684 BTU/hr

Maximum

Static Discharge

Operating

Front Panel 12.5 kV and below with
LEDs no effect on operation

of unit
Except for 15 kV and below with
Front Panel no effect on operation
LEDs of unit

NOTE

Static voltage must not
be applied to the pins
of any external
connector.

Within .05% for 10%
line voltage change

Load Regulation

Within .05% for 50%

1
i
]
]
]
|
|
|
|
!
|
|
|
1
I
|
!
|
|
]
I
|
|
|
|
|
1
|
]
i
|
I
|
|
i
i 1,227 BTU/hr
|
|
]
|
|
I
|
]
i
]
|
|
|
|
i
|
|
|
|
|
I
|
|
|
|
|
|
|
|
i
|
|
I
|
I
|
i
I
: load change
I
i

e e e e e e e e e e e T e e e e et . o e e e o o e o | o o e T e e o o o . e e

(a) Set switches S300 and S301 to one of the listed operating positions,
determined by the primary voltage source. See Section 3 of this
manual for additional information on setting these switches.

(b) Refer to Section 13 of this manual if these voltages are out of
tolerance.
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able 2-2
al Characteristics

Characteristic : Description
_____________________ | mec————ccec—————=——==——==ss=—======
_____________________ |====================================

Temperature l
Operating i 0 C to +50 C (+32 F to +122 F)
|
Storage a -55 C to +75 C (-67 F to +167 F)
Humidity f
Operating } To 90% relative non-condensing
|
_____________________ e e -
Altitude |
Operating | To 4 500 m (15,000 feet)
I
|
Storage I To 15 000 m (50,000 feet)
|
Table 2-3
Physical Characteristics
Characteristic { Description
_____________________ | emsssccsss——==scc=======
_____________________ |========================
Net Weight a 27 kg (60 1b.)
_____________________ e
Overall Dimensions |
Height i 267 mm (10.5 in.)
|
Width E 432 mm (17 in.)
i
Length ! 597 mm (2%.5 in.)
|
i

2-3
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Circuit Board Power Requirements

Table 2-4

Circuit Board E Voltage
=================I=========
System I +12 Vdc
Controller !

:I -12 Vde

|

: +5 Vde

I
_________________ P
Communications { +12 Vdc
Interface l

| =12 Vdc

]

]

% +5 Vdc
_________________ P
Emulator | +5 Vdc
Controller a
_________________ P ——
Front Panel }| +5 Vdc
_________________ P
System RAM | +5 Vdc

!
_________________ P
System ROM i +5 Vdc

|

Not Programmingi +12 Vdc
i
Programming I +12 Vde
|
_________________ S
Program Memory i +5 Vde
i
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Table 2-5
System ROM Board -- EEPROM Voltage Vpp
Electrical Characteristics

Performance Supplemental
Requirement Information

Voltage at TP Vpp

During Read The voltage at this test

Operations point is the Vpp voltage
applied to the EEPROMs
during a read operation.

During Write +21.0 Vdec +/- 1 Volt The voltage at this test

Operations point is the Vpp voltage

ming EEPROMs) during a write operation
(erase or programming).

Time Constant

Voltage at TP
Vpp 600 us after
start of pulse,
when starting a
write operation.
(during EEPROM
programming)

|
|
|
I
]
|
]
|
|
i
|
|
|
i
i
|
|
I
+
|
|
I
(when progam- :
|
|
|
|
+
|
1
I
| Refer to Fig. 2-1.
|
i
|
i
i
|
|
|
|
|
|
|
|
]

|
|
|
|
|
|
|
|
|
|
|
l
|
|
|
|
I
+
|
|
|
| applied to the EEPROMs
|
|
|
|
+
|
i
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
I

+21 Vdc (1 Volt)

+15 Vdc (11 Volt)

9to 15 ms

Y

600 us <100 us ety

+5 Vdc (1 Volt)

3921-2

Fig. 2-1. Time constant for Vpp during programming.
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Table 2-6
8540 I/0 Port Characteristics
HSI Port Specifications -- J100

Characteristics i Description
===========s============ |======================================
Type ; RS-422
I
Baud Rate 5 HSI -- 153.6K Baud
I
Bits/Character I8
Number of Stop Bits Lo
Parity i Even
i
Signal Descriptions: i
Pin 1 i Shield
Pin 2 | TX -- Transmit Data
Pin 3 } RX -- Receive Data
Pin 4 | RTS -- Request To Send
i (pulled-up to +5 Vdc with
! 200 ohm resistor)
Pin 5 | CTS -- Clear To Send
Pin 10 | RTS' -- Request To Send
} (always grounded)
Pin 11 | TX' -- Transmit Data
Pin 12 | RX' -- Receive Data
Pin 13 ! DTR' -- Data Terminal Ready
Pin 20 | DTR -- Data Terminal Ready
Pin 25 E CTS' -- Clear To Send
I

2-6
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Table 2-7

8540 I/0 Port Characteristics
Remote Port Specifications With DTE!1 Selected -~ J101
(Configured as a DTE Port)

Baud Rate

Bits/Character
Number of Stop Bits
Parity

Signal Descriptions:
Pin 1
Pin 2

Pin 3

Pin 4

Pin 5

Pin 6

Pin 7
Pin 8

Pin 20

Selectable 110--9600 Baud

8

1
Not Checked

Protective Ground
TX -- Transmit Data

(connected to TxD output

on ACIA Type 6850 - U2600-6)
RX -- Receive Data

(connected to RxD input

on ACIA Type 6850 - U2600-2)
RTS -- Request To Send

(connected to RTS output

on ACIA Type 6850 - U2600-5)
CTS -- Clear To Send

(connected to CTS input

on ACIA Type 6850 - U2600-24)
DSR -- Data Set Ready

(ignored - connected to input

of receiver Type 1489 - U3060D)
Signal Ground
DCD -- Data Carrier Detect

(connected to DCD input

on ACIA Type 6850 - U2600-23)
DTR -- Data Terminal Ready

(pulled-up to +12 Vdc with

3.3 kilohm resistor)

The 8540 1looks at CTS

to

NOTE

implement the handshake on data

transmissions from the peripheral to the 8540.
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Table 2-8
8540 1/0 Port Characteristics
Remote Port Specifications With DTE2 Selected -- J101
(Configured as a DTE Port)

Characteristics Description

Type RS-232-C

Baud Rate Selectable 110--9600 Baud
Bits/Character 8

Number of Stop Bits 1

Parity Not Checked

Signal Descriptions:

Pin 1 Protective Ground
Pin 2 TX -- Transmit Data

(connected to TxD output

on ACIA Type 6850 - U2600-6)
Pin 3 RX -- Receive Data

(connected to RxD input

on ACIA Type 6850 - U2600-2)
Pin 4 RTS -- Request To Send

(connected to RTS output

on ACIA Type 6850 - U2600-5)
Pin 5 CTS -- Clear To Send

(ignored - connected to input

i of receiver Type 1489 - U3060C)
Pin 6 | DSR -- Data Set Ready

(connected to CTS input

on ACIA Type 6850 - U2600-24)

Pin 7 Signal Ground
Pin 8 DCD -- Data Carrier Detect
(connected to DCD input
on ACIA Type 6850 - U2600-23)
Pin 20 DTR -- Data Terminal Ready

(pulled-up to +12 Vdc with
3.3 kilohm resistor)

NOTE

The 8540 1looks at DSR to implement +the handshake on data
transmissions from the peripheral to the 8540.
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Table 2-9

8540 I/0 Port Characteristics
Remote Port Specifications With CNTL(L) Selected -- J101

Characteristics
Type
Baud Rate
Bits/Character
Number of Stop Bits
Parity
Signal Descriptions:

Pin 1

Pin 2

Pin 3

Pin 4

Pin 5

Pin 6

Pin 7

Pin 8

Pin 20

(Configured as a DTE Port)

Selectable 110--9600 Baud

8
1
Not Checked

|

I

|

|

|

|

I

|

i

|

i

|

|

|

|

|

I

i

I

l Protective Ground

} TX -- Transmit Data

| (connected to TxD output

} on ACIA Type 6850 - U2600-6)
: RX -- Receive Data

| (connected to RxD input

| on ACIA Type 6850 - U2600-2)
: RTS -- Request To Send

| (Jumper J2 on Communications
} Interface board selects CTS as
| the RTS output or continuously
: asserts RTS. RTS is

} continuously asserted for

: normal operation.)

: CTS -- Clear To Send

{ (ignored - connected to input

! of receiver Type 1489 - U3060C)
| DSR -- Data Set Ready

: (ignored - connected to input

| of receiver Type 1489 - U3060D)
: Signal Ground

} DCD -- Data Carrier Detect

: (ignored - connected to input

| of receiver Type 1489 - U3060A)
5 DTR -- Data Terminal Ready

| (pulled-up to +12 Vdc with

| 3.3 kilohm resistor)

|

I

This configuration
implemented by the
handshaking can take

NOTE
requires only TX, RX, and ground to
peripheral in order to transfer data.
place in this configuration.

be
No
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Table 2-10

8540 I/0 Port Characteristics
Remote Port Specifications With CNTL(L) Selected -- J102
(Configured as a DCE Port)

Characteristics
Type
Baud Rate
Bits/Character
Number of Stop Bits
Parity
Signal Descriptions:

Pin 1

Pin 2

Pin 3

Pin 4

Pin 5

Pin 6

Pin 7

Pin 8

Pin 20

RS-232-C
Selectable 110--9600 Baud

8
1
Not Checked

Protective Ground
TX -- Transmit Data
(connected to RxD input
on ACIA Type 6850 - U2600-2)
RX -~ Receive Data
(connected to TxD output
on ACIA Type 6850 - U2600-6)
RTS -- Request To Send
(ignored - connected to input
of receiver Type 1489 - U30604)
CTS -- Clear To Send
(Jumper J1 on Communications
Interface board selects RTS as
the CTS output or continuously
asserts CTS. CTS is
continuously asserted for
normal operation.)
DSR -- Data Set Ready
(pulled-up to +12 Vdc with
3.% kilohm resistor)
Signal Ground
DCD -- Data Carrier Detect
(pulled-up to +12 Vdc with
3.3 kilohm resistor)
DTR -- Data Terminal Ready
(ignored - connected to input
of receiver Type 1489 - U3060D)

NOTE

This configuration requires only TX, RX, and ground to
implemented by +the peripheral in order to transfer data.
handshaking can take place in this configuration.

be
No
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Table 2-11

8540 I/0 Port Characteristics
Remote Port Specifications With DCE Selected -- J102
(Configured as a DCE Port)

Baud Rate

Bits/Character
Number of Stop Bits
Parity

Signal Descriptions:
Pin 1
Pin 2

Pin 3

Pin 4

Pin 5

Pin 6

Pin 7
Pin 8

Pin 20

RS-2%2-C
Selectable 110--9600 Baud

8
1
Not Checked

Protective Ground
TX -- Transmit Data
(connected to RxD input
on ACIA Type 6850 - U2600-2)
RX -- Receive Data
(connected to TxD output
on ACIA Type 6850 - U2600-6)
RTS -- Request To Send
(connected to DCD input
on ACIA Type 6850 - U2600-23%)
CTS -- Clear To Send
(connected to RTS output
on ACIA Type 6850 - U2600-5)
DSR -- Data Set Ready
(pulled-up to +12 Vdc with
3.3 kilohm resistor)
Signal Ground
DCD -~ Data Carrier Detect
(pulled-up to +12 Vdc with
3.3 kilohm resistor)
DTR -- Data Terminal Ready
(connected to CTS input
on ACIA Type 6850 - U2600-24)

NOTE

DTR must be used to control data transmission from the 8540 to the
peripheral. RTS/CTS are used to control data transmission from the

peripheral to the 8540.
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Table 2-12
8540 I/0 Port Characteristics
Auxiliary Port Specifications -- J103
(Configured as a DCE Port)

Characteristics Description

Type RS-232-C

Baud Rate Selectable 110--9600 Baud
Bits/Character 8

Number of Stop Bits 1

Parity Not Checked

Signal Descriptions:

(connected to CTS input
on ACIA Type 6850 - U2500-24)

|

|

|

I

|

|

|

|

f

|

|

|

|

{

|

l

|

|
Pin 1 ! Protective Ground
Pin 2 I TX -- Transmit Data

| (connected to RxD input

| on ACIA Type 6850 - U2500-2)
Pin 3 | RX -- Receive Data

| (connected to TxD output

| on ACIA Type 6850 - U2500-6)
Pin 4 | RTS -- Request To Send

| (connected to DCD input

| on ACIA Type 6850 - U2500-23%)
Pin 5 | CTS -- Clear To Send

} (connected to RTS output

l on ACIA Type 6850 - U2500-5)
Pin 6 | DSR -- Data Set Ready

} (pulled-up to +12 Vdc with

: 3.3 kilohm resistor)
Pin 7 | Signal Ground
Pin 8 | DCD -- Data Carrier Detect

| (pulled-up to +12 Vdc with

| 3.% kilohm resistor)
Pin 17 |  External Clock
Pin 20 § DTR -- Data Terminal Ready

{

|

|

|

NOTE

DIR must be used to control data transmission from the 8540 to the
peripheral. RTS/CTS are used to control data transmission from the
peripheral to the 8540.

2-12
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Table 2-13%

8540 I/0 Port Characteristics
Terminal Port Specifications -- J104
(Configured as a DCE Port)

Baud Rate

Bits/Character
Number of Stop Bits
Parity

Signal Descriptions:
Pin 1
Pin 2

Pin 3

Pin 4

Pin 5

Pin 6

Pin 7
Pin 8

Pin 20

Selectable 110--9600 Baud

38
1
Not Checked

Protective Ground
TX -- Transmit Data
(connected to RxD input
on ACIA Type 6850 - U2700-2)
RX -- Receive Data
(connected to TxD output
on ACIA Type 6850 - U2700-6)
RTS -- Request To Send
(connected to DCD input
on ACIA Type 6850 - U2700-23)
CTS -- Clear To Send
(connected to RTS output
on ACIA Type 6850 - U2700-5)
DSR -- Data Set Ready
(pulled-up to +12 Vdc with
3.3 kilohm resistor)
Signal Ground
DCD -- Data Carrier Detect
(pulled-up to +12 Vdc with
3.3 kilohm resistor)
DTR -- Data Terminal Ready
(connected to CTS input
on ACIA Type 6850 - U2700-24)

NOTE

DTR must be used to control data transmission from the 8540 to the
peripheral. RTS/CTS are used to control data transmission from the

peripheral to the 8540.
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Section 3

OPERATING INFORMATION

INTRODUCTION

This section contains a brief description of all controls, connectors, and
indicators for the 8540. In addition, the location and function of all

straps and jumpers are described for each circuit board. Detailed operating
information for the 8540 is contained in the 8540 System Users Manual. Refer

to that manual for an explanation of all software commands used with the
8540.

CONTROLS, CONNECTORS, AND INDICATORS

The 8540 controls, connectors, and indicators are discussed in the following
paragraphs. In addition, the pin configurations for all rear panel
connectors are also included. The 8540 front and rear panels are shown in
Figures 3-1 and 3-2. The following description of controls, connectors, and
indicators are keyed to the circled numbers in Figures 3-1 and 3-2.

FRONT PANEL CONTROLS AND INDICATORS

1 RESTART

When this momentary-contact switch is toggled, the entire system is
reset to its initial state. Note that the SELF TEST indicator should be
1lit after you toggle this switch.

2 SELF TEST
When this indicator is 1it, the power-up diagnostics tests are running.
If the indicator does not go out 5 seconds after power-up or re-booting,
an error has been detected in a power-up test.

3 DMA

This indicator is 1lit when a direct memory access (DMA) operation is
occurring.

4 POWER

This ON---OFF rocker switch controls primary power to the 8540.
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(2974-15)3921-7

Fig. 3-1. 8540 front panel controls and indicators.
PROGRAM

This indicator is 1it when the emulator processor has control.

SYSTEM

This indicator is 1lit when the system processor has control.
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REAR PANEL CONTROL AND CONNECTORS

LINE FUSE

This is the line fuse for the 8540. 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 8540. Only the 1line
voltage indicated by the voltage source cover plate should be connected.

=5

@
o o

® 39805 @985
0000 600202 08888 8888
Sae8oegnsases 233508 &%
0303080389 o
00800080000 88 0080 800

QX0E0ERVES 02090 @ 3080@
80828380080008 59096 8885
0308080880883 208 6808
e oisletcte 835 988
8§O§8 o 00 0808 6868

530808080808000 832055580

e

(2974-11)3921-8

Fig. 3-2. 8540 rear panel control and connecters.
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PRIMARY VOLTAGE SOURCE

The primary voltage source for an 8540 is selected at the factory with
two switches: S300 and S301. A cover plate on the rear panel of the
instrument indicates which of four possible voltage sources is selected.
To change +the voltage source, remove this cover plate and change the
settings of the two-position switches. One switch, 8300, selects 115
Vac or 230 Vac and a second switch, 3301, selects a high or low range
within 115 Vac or 230 Vac. If you change the voltage source, be certain
that your instrument has the proper fuse for the new configuration.
Then, replace the cover plate to indicate the new setting. Table 3-1
lists the voltage ranges for the switch positions.

Table -1
Primary Voltage Switch Selection

Primary | Switch S300 | Switch S301
Voltage E 115--230 i HI--LOW
SRR PSR GO P ——

90--110 Vac | 115 ! LOW
108--132 Vac | 115 ! HI
180--220 Vac | 230 ! LOW
216--250 Vac 5 230 i HI

| |

HSI Port

J100 is the High-Speed Serial Interface (HSI) Port. The HSI Port is a
modified RS-422 compatible serial interface designed to communicate with
a data storage unit such as the TEKTRONIX 8560 Multi-User Software
Development System or equivalent. This port operates only at 153.6K
baud. Table 3-2 lists the pin configuration of J100.

REMOTE Port

J101 and J102 form the Remote Communications Port. This port is used to
interface the 8540 with a general-purpose host computer. The port is
also designed to interface the 8540 with a telephone modem. Both the
male and female connectors of this port are RS-232-C compatible. The
Remote Port has two switches associated with it: MODE SELECT switch and
BAUD switch. The BAUD switch selects one of eight baud rates. See Fig.
3-3. The MODE SELECT switch selects one of four operating modes. Table
3-3 1lists the four operating modes. Table 3-4 1lists the pin
configurations for connectors J101 and J102.
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Table 3-2
HSI Port -- J100 Pin Configuration

J100

TX

9600
4300
2400
1200
600
300

150

(2976-4)3921-9

Fig. 3-3.

Baud rate switch.
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Table 3-3
MODE SELECT Switch
Remote Port Operating Modes

Switch {

Setting a RS-232-C Function
___________ O

CeNTL(L) | No Control

DTE1 | DTE with CTS control

DTE2 | DTE with DSR control

DCE ; DCE with control

|

AUXILIARY Port

J103 is the Auxiliary Port. This port provides communications to and
from auxiliary equipment, such as a line printer. The Auxiliary Port is
an RS-232-C compatible port with a switch-selectable baud rate. 1In
addition, a jumper-selectable external baud rate is also available on
pin 17 of J103. The pin configuration for the Auxiliary Port is listed
in Table 3-4. The baud rate switch is the same as that shown 4in Fig.
3-3.

TERMINAL Port

J104 is the Terminal Port. This RS-2%2-C compatible port with a
switch-selectable baud rate provides a communications interface between
the 8540 and the system terminal. The pin configuration for the
Terminal Port is listed in Table 3-4. Figure 3-3 shows the baud rate
switch settings.
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Table 3-4
Pin Configurations for RS-232-C Compatible Ports

I
| |
Pin No. i J101 : J102 ! J103 ! J104
| 25-Pin Male a 25-Pin Female E 25-Pin Female a 25-Pin Female
1 | Shield { Shield | Shield | Shield
2 | X ! X ! TX | X
3 RX l RX l RX } RX
4 RTS I RTS ! RTS : RTS
5 | CTS : CTS } CTS ! CTS
6 | DSR ! DSR ! DSR ! DSR
7 | LOGIC GND | LOGIC GND ! LOGIC GND ! LOGIC GND
8 | DCD ! DCD ! DCD ! DCD
9--16 | -m---- R | | =
17 ) e | m————- | EXT CIK S
18--19 i ------ R i ------ b e
20 | DTR DTR ! DTR ! DTR
21--25 | | - |
| | |
] i |

CIRCUIT BOARD CONFIGURATIONS

The standard circuit boards for the 8540 have jumpers and straps that are
used to change the configuration or function of the circuit board. The
specific function of each jumper and strap is described later in this section
with its associated circuit board.

JUMPERS AND STRAPS

The following paragraphs define the kinds of jumpers and straps that are used
on the standard circuit boards and describe how these connectors can select
alternate functions.

Jumpers

In this manual, the term "jumper" refers to a small connector designed to fit
across a Jumper 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 Jumper is 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 3-5 shows the symbols used for jumpers in
the circuit board configuration drawings that appear later in this section.
Jumpers are designated with the prefix "J".
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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": an ECB run between two through-holes.
The run must be cut before one of the through-holes can be strapped to a
third through-hole. If there is a cuttable run at the location, it must be
cut before the strap is bridged, to prevent system errors. Table 3-5 shows
the symbols used for straps in the circuit board configuration drawings that
appear later in this section. Straps are designated with the prefix "W".

Table 3-5
Symbols for Jumpers and Straps
Used on Circuit Board Configuration Drawings

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

© 58] o [0][@]

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

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.

‘ or @

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.
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SYSTEM CONTROLLER BOARD CONFIGURATION

Figure 3-4 shows the locations of jumpers and straps on the System Controller
board, and the type of connector at each location. There are three jumpers
and eight straps on the System Controller board. In addition, Fig. 3-4 shows
the locations of a DIP switch (S1100) and LEDs associated with ROM-based
diagnostics. Table 3-6 lists the Jjumper and strap configuration required for
normal operation.

J1051 $1100 %}w1304
> [0
o)
w1
[0 oo
LEDs m}
w1308
"4 o
w1309
©l w2017 O]
@]
"8
©] w2098
»[E][E3] J3014 ©l
> [0
w3068
0]

. J5704
&

» [GWS](0] W7400

(2974-22)3921-14

Fig. 3-4. System Controller board Jjumpers and straps.

@ 3-9
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Table 3-6
System Controller Board Normal Operating Configuration

Number Normal Operating Configuration

—_—=——====== Er - P - P R -

Jumper or Strap

Er F e S P P Y = 2 -t 4

J1051 CPU Float Jumper Jumper across pins 2 and 3
" J3014 | Forced Diagmostic Jumper | Jumper across pins 2 and 3
05704 | 2650 Clock Jumper | Jumper across pims 1 and 2 -
WI304 | Even/odd Parity Strap | No change in original strapping
" W1306 | High-Speed Interface Strap | No change in original strapping

w1309 Parity Inhibit Strap No change in original strapping
" W2017 | Bootstrap Limiting Strap | No change in original strapping
w2098 | Direct Interrupt Strap | No change in original strapping
" W3068 | Mapping/Write Protect Strap | No change in original strapping
" W7400 | Line Grownding Strap | No change in original strapping
51100 | Disgnostics Mode Switch | Set the six switches to ON

2650A-1 Clock Jumper

J5704 is the 2650A Clock Jumper. This two-position jumper selects either a 2
MHz System Clock or a 1.25 MHz System Clock. Pins 1 and 2 select 2 MHz.
Pins 2 and 3 select 1.25 MHz. For normal operation, place the jumper across

pins 1 and 2.

Forced Diagnostic Jumper

J3014 is the Forced Diagnostic Jumper. This two-position jumper forces the
Diagnostic ROM on the bus, or allows software to select the Diagnostic or
Boot ROMs. Pins 1 and 2 select only the Diagnostic ROM. Pins 2 and 3 select
the Diagnostic or Boot ROMs. For normal operation, place the jumper across
pins 2 and 3.

3-10 @
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Mapping/Write Protect Strap

W3068 is the Mapping/Write Protect Strap. This two-position strap enables
the Mapping/Write Protect function during normal operation. If the run
between pins 2 and 3 is cut and a strap is placed between pins 1 and 2, the
Mapping/Write Protect function is disabled.

CPU Float Jumper

J1051 is the CPU Float Jumper. This two-position jumper determines the state
of the CPU READ(L) signal. If CPU READ(L) is high, the 2650A-1 can write to
the system data bus. If CPU READ(L) is low, the 2650A-1 can read the system
data bus. Pins 1 and 2 select a high on CPU READ(L). Pins 2 and 3 select a
low on CPU READ(L). For normal operation, place the jumper across pins 2 and
3.

Line Grounding Strap

W7400 is the Line Grounding Strap. This two-position strap grounds P1-56 (a
Main Interconnect board line) during normal operation.

Direct/Indirect Interrupt Strap

W2098 is the Direct/Indirect Interrupt Strap. This two-position strap
provides indirect addressing of interrupts during normal operation. If the
run is cut between pins 1 and 2 and a strap placed between pins 2 and 3,
direct addressing is selected.

Bootstrap Limiting Strap

W2017 is the Bootstrap Limiting Strap. This +two-position strap selects a
2K-byte address space within the Boot ROM during normal operation. If the
run is cut between pins 1 and 2 and a strap is soldered between pins 2 and 3,
only a 1K-byte address space within the Boot ROM is selected.

High-Speed Interface Strap

W1306 is the High-Speed Interface Strap. This single-position strap selects
an 8-bit data character length during normal operation. If a strap is
soldered across this position, a 3-bit data character length is selected.
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Stop Bit Select Strap

W1308 is the Stop Bit Select Strap. This single-position cuttable run
selects one stop bit during normal operation. If the run at this position is
cut, two stop bits are selected.

Parity Inhibit Strap

W1309 is the Parity Inhibit Strap. This single-position cuttable run enables
parity generation and checking during normal operation. If the run at this
position is cut, the parity generation and checking functions are disabled.

Even/0dd Parity Strap

W1304 is the Even/0dd Parity Strap. This single-position strap selects even
parity Dbits during normal operation. If a strap is soldered across this
position and W1309 has not been cut, odd parity bits are selected.

Diagnostic Mode Switch

31100 is the Diagnostic Mode Switch. This 6-position DIP switch is wused to
select +the power-up mode of operation and the boot mode. For normal
operation the six switch positions should be set as follows:

execute STARTUP string

Switeh 81100 | Switch |
Positions No. | Setting | Switch Setting Selects

| |

6 5 0 5 Normal Boot Mode
I I

5 E 0 E Run Power-up Diagnostics
i i

4 | 0 | Branch to CFM or display
: } ROM~Based Diagnostic on
i i error
I i

3 5 1 5 8540 Boot
I ]

2 ! 0 | Not used set to "O"
| |
| |

1 } 0 $ Boot in Local Mode
i i
| !
I I




Operating Information---8540 IU Service

NOTE

A switch setting of "O" is ON (or CLOSED).

A switch setting of "1 "
is OFF (or OPEN).

Diagnostic LEDs

These LEDs are illuminated while the Power-Up Diagnostics are running.
indicate which test is in progress.
is displayed on the LEDs.
on the System RAM board.

They
If an error is detected, an error code

These LEDs are used in conjunction with the LEDs
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EMULATOR CONTROLLER BOARD CONFIGURATION

Figure 3-5 shows

Controller board, and the type of connector at each location.

the locations of Jjumpers

and straps on the Emulator

Jjumpers and five straps on the Emulator Controller board. Table
the jumper and strap configuration required for normal operation.

There are five

3-7 lists

J3073
=g
)|

w1111

"8o

J4093
J4083

b .

w5097

[e]

U Ug )

W4153 W4163 W4165
© o ]
> [CWo] (MOl & [OKO]
J5177
E ol

-

J1183

(2974-23)3921-15

Fig. 3-5.

Emulator Controller board Jjumpers and straps.
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Table 3-7
Emulator Controller Board Normal Operating Configuration

Number | Jumper or Strap | Normal Operating Configuration
31185 | Front Pancl Hold Jumper | Junper scross pins 2 and 3
95075 | Direct Interrupt Jumper | Jumper across pins 2 and 3
34085 | BP1 Extended Address Junper | Jumper scross pins 1 and 2
38095 | BP2 Extended Address Jumper | Jumper across pins 1 and 2
5177 | SVC Detection umper | unpor across pins 1 and 2
WIT11 | Bxtended Address Strap | No change in original strapping
WAT53 | Immcdiate Interrupt Strap | No chenge in originel strapping
W4163 | Forced Jump Option Strap | No change in original strapping
W4165 | Forced Jump Option Strap | No change in originel strapping
W5097 | Line Grounding Strap | o change in original strapping
| I

Front Panel Hold Jumper

J118% is the Front Panel Hold Jumper. This two-position Jumper enables or
disables the front panel circuitry. Pins 1 and 2 enable the front panel
circuitry. Pins 2 and 3 disable the front panel circuitry. For normal
operation, place the jumper across pins 2 and 3.

Extended Address Strap

W1111 is the Extended Address Strap. This two-position strap enables the
extended address function during normal operation. If the cuttable run
between pins 1 and 2 is cut and a strap is soldered between pins 2 and 3, the
extended address enable 1line 1s connected to a pull-up resistor and the
extended address function is disabled.

Line Grounding Strap

Wh097 is the Line Grounding Strap. This single-position cuttable run grounds
P1-56 (a Main Interconnect board line) during normal operation.
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BP1 Extended Address Jumper

J4083 is the BP1 Extended Address Jumper. This two-position jumper enables
or disables the breakpoint 1 extended address function. Pins 1 and 2 enable
the function. Pins 2 and 3 disable the function. For normal operation,
place the jumper across pins 1 and 2.

BP2 Extended Address Jumper

J4093 is the BP2 Extended Address Jumper. This two-position Jumper enables
or disables the breakpoint 2 extended address function. Pins 1 and 2 enable
the function. Pins 2 and 3 disable the function. For normal operation,
place the jumper across pins 1 and 2.

SVC Detection Jumper

J5177 is the SVC Detection Jumper. This two-position Jumper selects SVC
Detection support for all three emulation modes or for mode O only. Pins 1
and 2 select support for all modes. Pins 2 and 3 select support for mode O
only. For normal operation, place the jumper across pins 1 and 2.

Direct/Indirect Interrupt Jumper

J3073 is the Direct/Indirect Interrupt Jumper. This two-position Jumper
selects either direct or indirect addressing of interrupts. Pins 1 and 2
select direct addressing of interrupts. Pins 2 and 3 select indirect
addressing of interrupts. For normal operation, place the jumper across pins
2 and 3.

Immediate Interrupt Option Strap

W415% is the Immediate Interrupt Option Strap. This two-position strap
supports the current configuration of a single immediate interrupt and
provides a method to incorporate an additional immediate interrupt if needed.
If the cuttable run between pins 1 and 2 is cut and a strap is soldered
between pins 2 and 3, INT 31 FF(H) is NORed with the current immediate
interrupt at U4150.

Forced Jump Option Straps

W4163 and W4165 are the Forced Jump Option Straps. Future requirements +to
provide a forced jump capability to interrupts 30 and/or 31 can be met by
cutting the run between pins 1 and 2 and soldering a strap between pins 2 and
% of each strap.

3-16 @
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SYSTEM RAM BOARD CONFIGURATION

Figure %-6 shows the location of the two jumpers and eight LEDs on the System
Table 3-8 1lists the jumper configuration required for normal

RAM Yboard.
operation.

iml I

LEDs

)]
w4151
©)

—
J6140
a8

3921-16

Number

===

J6140

Fig. 3-6. System RAM board Jjumpers and straps.

Table 3-8
System RAM Board Normal Operating Configuration

} Jumper or Strap : Normal Operating Configuration
I !

‘ EE - P T AR
| Test Jumper f Jumper across pins 1 and 2

Fm e ————————— Fomr e —————
E Developmental Strap E No change in original strapping
i I
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Test Jumper

J6140 is the Test Jumper. This two-position jumper determines the Dboard's
response to the CMEM(H) line. Pins 1 and 2 select the board as System Memory
whenever the CMEM(H) line goes low. For special applications, pins 2 and 3
select the Dboard as Program Memory. In this configuration diagnostics that
test various program memory functions can be conducted on the board when the
CMEM(H) 1line goes high. When testing the board using diagnostics, the board
is physically located in the System section of the Main Interconnect board.
For normal operations, place the jumper across pins 1 and 2.

Developmental Strap

W4151 is a strap that may be used for special developmental requirements.
This two-position strap permits MSTR RUN(L) and OPREQ(L) to control the
timing of the board. If the cuttable run between pins 2 and 3 is cut and a
strap is soldered between pins 1 and 2, MSTR RUN(L) is removed from the
board.

Diagnostic LEDs

Five of these eight LEDs are turned off or on while the Power-Up Diagnostics
are running. The five LEDs indicate which test is in progress; if an error
is detected, an error code is displayed on the LEDs. These LEDs are used in
conjunction with the LEDs on the System Controller board. The other three
LEDs monitor the status of the lower three bits from the data byte of I/0
port address D2.
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SYSTEM ROM BOARD CONFIGURATION

Figure 3-7 shows the configuration of the System ROM board. It also shows
the location of the test point TP Vpp, the 32 ROM sockets, and the test point
connector, J1111. Test point TP Vpp is used to determine if the correct
voltage and timing is applied to the EEPROMs during an erase or programming
operation. Test point connector J1111 contains nine TTL test points. This
harmonica-type connector provides easy termination of a logic analyzer or
similar test equipment. Table 3-9 lists the nine TTL test points.

The System ROM board has no Jjumper positions. However, there are five
two-position strap configurations located directly below 30 of the 32 ROM
sockets. Refer to Fig. 3-7. The strap configurations are used to configure
each ROM socket for a specified PROM type.

r/fgi 91111 drrrirrbbh Ai\\
[}
Ccs82

Ccs83 Css4 Cs8s5 Cs86 Cs90 Cs91 Cs92 Cs93 Cs94 Cs95 Cs96 Cs97

000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
00000 00000 00000 00000 00000 00000 00000 0000Q 0000Q gooog 00000
- o O 0 G o o o o o G O 0O o o o 0 o o [ - -] o o

Ccs87 cs8s Ccs89 CS8A cssB Cs98 Cs99 CSSA cs9B css9c Cs9D CS9E CS9F
0000 I TH 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 0000
00000 0000 00000 00000 00000 00000 00000

o o O_ 0 o o [ o © o

cssc cssD CS8E CS8F

[ L [1

3921-17

Fig. 3-7. System ROM board Jjumpers and straps.
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Table 3-9
J1111 -- TTL Test Points

WRP(H) is high, generates the WRP MD (Write
Pulse Modified) pulse (pin no. J1111-8).

Pin No. a Designation I Function
_____________________ | emm—————————s————Em————m—E———sm———mm—s———========
________ l=============|==ss=c===cccoccocsssssssszss=ssssssssss===s=====
1 E GND i Logic ground.
| |
2 l STAT } Status--During a read to I/0 port address D8,
| | data bit D5 is high when the EEPROMs are
i 5 being programmed or erased.
I I
% | BDEN | Board Enable--When data bit D7 of I/0 port
i | address D8 is set high, the ROM array is
! E enabled.
| I
4 ! EE EN | EEPROM Enable--When data bit D6 of I/0 port
| | address D8 is set high, the EEPROM array is
! E enabled.
| I
5 : Vpp l When high, EEPROMs are being programmed or
i ; erased.
i i
6 | BD BUF | Board Buffer--When low, buffer U4090 is
l | enabled ,forcing the data byte onto the
E i system data bus.
I I
7 | EE BUF | EEPROM Buffer--When low, address and data
{ | latches are enabled during a write operation
i 5 (programming or erasing) to the EEPROMs.
I i
8 | WRP MD | Write Pulse Modified--Clocks the D-type
i | flip-flop when going from low to high, at the
i i start of a programming or erase cycle.
i I
9 5 EE WR i EEPROM Write--When high at the same time
1 |
I i
| |
i I

NOTE
The test point TP Vpp (shown in Fig. 3-7) and pin no. J1111-5
(also designated Vpp) are not the same test point. TP Vpp is the
actual dc voltage applied to the EEPROM devices. Pin no. J1111-5
is a TTL test point. The timing relationships of the two test
points, however, are identical.
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ROM-Socket Straps

Figure 3-8 shows the two-position strap configurations for each of the three
PROM types. Each ROM socket is configured for the type-2764 PROM when the
board is manufactured. If a type-2732A or type-27128 PROM is used, W5 must
be strapped accordingly. Table 3-10 lists the strap configuration required

for normal operation.

NOTE
Designations W1 through W5 and arrow heads (to indicate pin 1) are
added to Fig. 3-8 for clarity purposes. The arrow head and strap
designations are not etched on the actual circuit board.

TN T T T

ROM Socket ROM Socket ROM Socket

TY vy

[o}={0] =
[O}={0] =
[o}={0]
[O}={0]
[O}={0] =
Cl FIE
[op={0] =
[Op={0] =

- [0} 0] (9] [o] [o] =

W1 W2 W3 w4

s
N
P
b}
s
H

Strap

@ Added

(o] 3
50 [9

Zero Ohm
Resistor Added

2732A 2764 27128
3921-18

Fig. %-8. Strapping configurations for specified PROM types.
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Table 3-10
System ROM Board Normal Operating Configuration

2 and 3.

Strap Number i PROM Types i Normal Operation Configuration
I 27324 |
Wi--w4 ; 2764 i No change in original strapping
| 27128 i
| |
_____________ U
w5 l 2764 E No change in original strapping
[ v
_____________ SO
W5 } 2732A E Strap across pins 1 and 2
|
___________________________ O
W5 ! 27128 5 Zero-ohm resistor across pins
| !
[ |

Installation of ROMs

When you receive your 8540, the EEPROMs and ROMs are installed in the System
ROM Dboard for the basic system and any optional boards ordered with your
basic unit. Refer to Fig. 3-7. The EEPROMs are installed in sockets (S80
and CS81. The remainder of the sockets (CS82--CS9F) are for the operating
system ROMs, diagnostic ROMs, and optional equipment ROMs.

There is no requirement for the ROMs to be installed in specific sockets;
however, +the operating system ROMs are normally in the lower numbered
sockets: CS82 and up. The diagnostic ROMs are next, 1leaving the remaining
sockets for options.

The 8540 is designed to accommodate two emulator boards. This means that any
two 8-bit or 16-bit emulators (one board each) can be installed. However,

only one 16-bit emulator consisting of more than one board can be installed
at a time.

The spare ROM sockets for optional equipment are also limited. You may have
to remove existing ROMs and install other ROMs when you add or replace the
emulator board(s). This will depend on the options installed in your 8540.

Procedures for the removal or installation of devices are also
applicable to the ROMs. The body of the ROM should remain parallel
to the circuit board during removal or installation. Do not rock
or tilt +the ROM when removing or installing. Make sure pin 1 of
the ROM is inserted in pin 1 of the socket.
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PROGRAM MEMORY BOARD CONFIGURATION

Figure 3-9 shows the locations of the Jjumpers, straps, and switch on the
Program Memory board, and the type of connector at each location. There are
four jumpers and two straps on the Program Memory board. In addition, a DIP
switeh (8S7170) is used to select the extended addressing function. Table
3-11 lists the jumper and strap configuration required for normal operations.

b =]
[©] w5011 J6175 [0
) > (@

@
J6179 [g
[ )
S$7170
m ‘ w7080 | I J7171 =@ o[

(2974-25)3921-19

Fig. 3-9. Program Memory board jumpers and straps.
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Table 3-11
Program Memory Board Normal Operating Configuration

Number {i Jumper or Strap }' Normal Operating Configuration
J5175 =| Memory Relocation Jumper :1 Normal Operating Configuration
_____________________________________ =
J6175 { Low/High Board Jumper |l See text description
________ | = e e e e e | —————————
I
J6179 E Program/System Memory Jumper I Jumper across pins 1 and 2
———————— I ————— ——————————— ———————— - ——— I-————.._——_———_——————————————————
I
J7171 i Extended Bank Jumper | Jumper across pins 1 and 2
________ | ———— e —————————— | oo o e e > -~ ————————
I I
W5011 | Delayed Read Strap | No change in original strapping unless speci-
! | fied in the Emulator Processor Installation
| | Manual.
———————— | - —— - - T S == S = — ——— - — - I - ————— - — - ——— T ————— ——————— ————
| i
W7080 | Line Grounding Strap I‘ No change in original strappin,
________ | e e o e | e e
S7170 | Extended Memory DIP Switch i See text description
l 1

Program/System Memory Jumper

J6197 is the Program/System Memory Jumper. This two-position  Jjumper
determines whether +the board is wused as Program Memory or, for special
applications, as System Memory. Pins 1 and 2 select Program Memory. Pins 2
and 3 select a special System Memory configuration. The 8540 operating
system, 0S/40, prohibits using the Program Memory board as System Memory.
Therefore, for normal operations, place the jumper across pins 1 and 2.

Low/High Board Jumper

J6175 is the Low/High Board Jumper. This two-position Jumper determines
whether the ©board will be used as low memory (addresses O to 32K) or high
memory (addresses 32K to 64K). Pins 1 and 2 select high memory. Pins 2 and
3 select low memory.

Extended Bank Jumper

J7171 is the Extended Bank Jumper. This two-position Jjumper enables or
disables the extended bank comparator function. Pins 1 and 2 enable this
function. Pins 2 and 3 disable the function. For normal operation, place

the jumper across pins 1 and 2.
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Memory Relocation Jumper

J5175 is the Memory Relocation Jumper. This two-position jumper enables or
disables the memory relocation function. Pins 1 and 2 enable the function.
Pins 2 and 3 disable the function. For Program Memory normal operation with
one memory board installed, place the jumper across pins 1 and 2. When two

Program Memory boards are installed, place the jumpers on both boards across
pins 2 and 3.

Delayed Read Strap

W5011 is the Delayed Read Strap. If the cuttable run between pins 1 and 2 is
cut and a strap soldered between pins 2 and 3, the READ ENBL(L) signal will
no longer be delayed. This signal is delayed during normal operation.

Line Grounding Strap

W7080 is the Line Grounding Strap. This single-position cuttable run grounds
PT-56 (a Main Interconnect board line) during normal operation.

Extended Memory DIP Switch

37170 is the Extended Memory DIP switch. This 8-bit DIP switch works in
conjunction with +the Low/High Jumper to allocate extended memory. Unless a
particular setting for an option is indicated within that option's
Installation Manual, all switches should be in the ON or CLOSED position.
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COMMUNICATIONS INTERFACE BOARD CONFIGURATION

Figure 3-10 shows the locations of jumpers on the Communications Interface
board and the type of connéctor at each location. There are three jumpers on

the Communications Interface board. Table 3-12 1lists the configuration
required for normal operation.

1
EaE EE3 [E)e"q)
J3 J2 J1

(2974-26)3921-20

Fig. 3-10. Communications Interface board jumpers.

Table 3-12
Communications Interface Board Normal Operating Configuration

umber | Jumper or Strap | Nornal Operating Configuration

31 | BS-232-C Maltiplexer Jumper | Jumper scross pins 2 and 3

92 | RS-252-C Multiplexer Jumper | Jumper across pins 2 and 3

75 | Bxternal Baud Rate Jumper | Jumper scross pins | and 2
| |

RS-232-C Control Line Multiplexer Jumper (J102)

J1 (located on the Communications Interface board) is the RS-232-C Control
Line Multiplexer Jumper for Jjack J102 (located on the rear panel). This
two-position jumper selects the RTS(H) signal or ground as a control signal
for J102. Pins 1 and 2 select the RTS(H) signal. Pins 2 and 3 select
ground. For normal operation, place the jumper across pins 2 and 3.
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RS-23%2-C Control Line Multiplexer Jumper (J101)

gg (1ocated on the Communications Interface board) is the RS-232 Control Line
Multiplexer Jumper for jack J101 (located on the rear panel). This
two-position jumper selects the CTS(H) signal or ground as a control: signal
for J101. Pins 1 and 2 select the CTS(H) signal. Pins 2 and 3 select
ground. For normal operation, place the jumper across pins 2 and 3.

External Baud Clock Jumper

J3 (located on the Communications Interface board) is the External Baud Clock
Jumper. This two-position jumper selects either 110 baud rate or an external
baud rate clock. Pins 1 and 2 select a signal from the 110 baud rate
generator. Pins 2 and 3 disconnect the line from the 110 baud rate generator
and select an external signal as the baud rate. For normal operation, place
the jumper across pins 1 and 2.
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Section 4

SYSTEM CONTROLLER BOARD

INTRODUCTION

The System Controller board is located on the system side of the Emulator
Controller board in the Main Interconnect board. The System Controller is

the controlling element within the 8540. The major functions of the System
Controller are:

® address and data bus scheme
® system processor

® Dpower-on reset

e memory map and write protect
e interrupt priorities

o clock generation

e interval timer

e Dbootstrap ROM

e diagnostic ROM

e I/0 port interfaces

Figure 4-1 is a functional block diagram of the System Controller board.

ADDRESS AND DATA BUS SCHEME

There are two address buses and two data buses in the System Controller bus
structure, as shown in Fig. 4-1. The system processor uses these buses as
four unique buses. Addressing and data flow on the buses are controlled by
enabling and disabling directional and bidirectional buffers. The four buses
are designated:

e address bus AO(H)--A15(H)

e address bus BAO(H)--BA15(H)

e data bus DO(H)--D7(H)

e data bus BDO(H)--BD7(H)
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ADDRESS BUSES @@

Address bus BAO(H)--BA15(H) interfaces directly with the system processor.
It also interfaces with the system address bus through directional buffers
U4040 and U4050. These buffers are enabled whenever the system processor is
active (running). Address bus AO(H)--A15(H) interfaces with the system
address bus through directional buffers U6040 and U6050. Lower order address
buffer U6040 is always enabled. The high-order address buffer U6050 is
enabled except when the system processor is addressing its uppermost 512
addresses (FEQO--FFFF), during a memory map or write protect function. (See
the memory map and write protect function discussion, later in this section.)

DATA BUSES <>

Data bus DO(H)--D7(H) interfaces directly with the system processor. It also
interfaces with the other data bus, BDO(H)--BD7(H), through directional
buffer U2060. Data bus BDO(H)--BD7(H) interfaces to/from the system data bus
through receive/drive buffers U5060 and U6060. Figure 4-2 is a simplified
schematic of the data buses, showing the direction of data flow when the
buffers are enabled.

SYSTEM PROCESSOR <>

The system processor U2050 is a 2650A-1 microprocessor that provides overall
control of the 8540. Supervisory functions are provided to the system under
software control. The software functions controlled by the system processor
include:

System input/output Directs all I/0 activity for the system peripherals,
including the system terminal, the line printer, and
the High-speed Serial Interface (HSI).

Debugging Executes the debug program and controls the emulator
processor through separate debug hardware.

System utilities Performs all system wutility functions, such as
processing messages  between system peripheral
devices.

The system processor has full access to both system memory and program
memory. The system processor performs input/output functions to all system
peripherals through I/0 interface ports. It also directs all other system
and program circuit boards, such as the Emulator Controller, System RAM,
System ROM, Program Memory, and optional boards.
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POWER-ON RESET <>

The power-on reset circuitry initializes the 8540 system during power-up, and
resets the system during a restart. The power-up detector initiates a reset
signal, causing RESET(L) to go low. When low, RESET(L) causes the system
processor to fetch and execute the instruction at address 0000 in the system
memory. RESET(L), when low, is also used throughout the system to initialize

or reset all of the circuit boards. When the RESTART switch on the Front
Panel is set to the restart position, RESET(L) goes low, resetting the system
processor and all of the circuit boards.

MEMORY MAP AND WRITE PROTECT @

In emulation mode 1, memory can be mapped to the 8540 Program Memory and/or
the prototype memory. Memory mapping permits the user to assign 128-byte
blocks of memory address space to either the 8540 Program Memory or the
prototype memory, throughout a total address space of 64K bytes. Figure 4-3
shows the functional control of the memory mapping feature. The UMAP(L)
control 1line determines whether the 128-byte memory block is stored in
program memory or prototype memory. Additionally, any 128-byte block within
the 8540 Program Memory (64K address space) can be write-protected. The RAM
INH(L) line determines which of the 128-byte blocks of program memory are
write-protected. If a write violation occurs, an interrupt is generated.
The write-protect function does not affect the prototype memory. Figure 4-4
is a simplified block diagram of the memory map and write protect circuitry.

8540
Program
Memory

Address Bus

. |Prototype
/| Memory

Emulator

Processor Prototype

Data Bus

Data Bus

| Data Bus [
Selector

UMAP(L)

(2976-121)3920-5

Fig. 4-3. Memory map functional control.
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U2022F
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MAPON(L)

3920-6

Fig. 4-4. Memory Map and Write Protect simplified block diagram.

The memory map consists of two 256 x 1-bit RAM storage devices (U5010 and
U6010) for a total of 512 bits of storage capacity. The memory capacity of
64K Dbytes is divided into 512 blocks. Each block contains 128 bytes of
memory and is represented as one bit in the 512-bit memory map. Each bit in
the memory map defines one of the 512 blocks of memory as being in the 8540
Program Memory or the prototype memory.

The write-protect logic consists of two 256 x 1-bit RAM storage devices
(U022 and U6030), for a total of 512 bits of storage capacity. The
write-protect and memory map storage are identical, with the exception of the
DI (Data In) and the DO (Data Out) lines. Each of the 512 blocks of 8540

Program Memory can be write-protected by setting the write-protect bit for
each block.

The uppermost 512 addresses (FEOO--FFFF) of the system memory address space
are used to store the memory map and write-protect information. When these
addresses (FEOO——FFFF) are accessed, data bus bits DO and D2 are stored in
the RAMs (on a write operation) or read from the RAMs (on a read operation).
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In Fig. 4-4, note that address lines BA9(H)--BA15(H) are connected to the
input of decoder U4060. These address lines are high for addresses between
FEOO and FFFF; the decoder is enabled when the other input control lines are
also high. When the decoder is enabled, MAPON(L) control line goes low.
This has the following effect:

1. Disables address Dbuffer U6050, which removes the higher order
system address byte (A8--A15) from the unique address bus,
AO(H)--A15(H).

2. Enables address buffer U4010, which forces the lower order
address Dbyte, BAO(H)——BA7(H) (from the system processor), onto
the high-order address byte, A8(H)--A15(H). These addresses are
also presented to the memory map and write protect RAMs.

5. Enables gate U4020C, which places the state of BA8(H) onto the
chip enable (CE) input lines of the memory map and write protect
RAMs.

Note that address 1line BA8(H) is low for addresses between FEOO--FEFF, and
high for addresses between FFOO--FFFF. Therefore, U5010 and U6022 store the
memory map and write-protect information for addresses between FEOO--FEFF
(256 bytes). Likewise, U6010 and U6030 store the memory - map and
write-protect information for addresses between FFOO--FFFF (256 bytes).

The WRITE MAP(L) control 1line determines whether the RAMs are storing
information from +their data inputs (DI) or reading the stored data in the
RAMs. WRITE MAP(L) is low when storing data, and high when reading the
stored data. The data output (DO) follows the complement of the stored data
during a read cycle.

Data bit DO sets the memory map RAMs, and data bit D2 sets the write protect
RAMs. Table 4-1 1lists the logic states of bits DO and D2 and the control
functions performed. When UMAP(L) is high, the 8540 program memory is
accessed. When UMAP(L) is 1low, the user or prototype memory is accessed.
Also, when RAM INH(L) is high, the write-protect feature is disabled, and
when RAM INH(L) is low, the write-protect feature is enabled for 8540 program
memory only.
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Table 4-1
Memory Map and Write Protect Features

Type of:WRITE {DatalState }Storedl Data
Oper  |MAP(L)|Bit aof Bit| Bit | Out

UMAP(L) is high, assigns address
block to program memory.

Write DO

UMAP(L) is low, assigns address
block to prototype memory.

|
|
|
]
I
|
i
!
I
I
I
|
!
i
|
0 : UMAP(L) is high, reads the data
I bytes from program memory.
f
|
|
I
i
I
|
I
i
|
I
I
I
|
i
!
|
|
I

Read

UMAP(L) is low, reads the data
byte from prototype memory.

RAM INH(L) is high, removes write
Write protect from program memory.
or

Read

RAM INH(L) is low, assigns write
protect to program memory.

—

INTERRUPT PRIORITIES<<:>

The system processor (2650A-1 microprocessor) in the System Controller has
vector interrupt capabilities. The starting address of a service routine
(interrupt) is called an interrupt vector, and is read by the system
processor as a vector address from the data bus. The system processor can
service up to 32 of these interrupts on a priority basis. Sixteen of the
interrupts are encoded and placed on the data bus by the System Controller;
the other sixteen are encoded and placed on the data bus by the Emulator
Controller. A priority is established for each interrupt; System Controller
interrupts have a higher priority than Emulator Controller interrupts. Table
4-2 shows the priority assigmment, vector address, and function or
interrupting device for each interrupt. The priority encoding and enabling
of these interrupts is controlled by logic circuitry on the System Controller
and Emulator Controller boards.

4-8 @
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Table 4-2
Interrupt Vectors

Vector
Address

Reset

System Memory Parity Error
Write Protect Violation
Reserved for Program
Memory Parity Error

HSI Interface In

HSI Interface Out

Remote Communications Port
(ACIA)

Auxiliary Port (ACIA)
System Terminal Port (ACIA)
Interval Timer

DMA

Flexible Disc Port

Not Assigned

PROM Programmer

PROM Programmer

System RAM Refresh
Emulator SVC 1

Emulator SVC
Emulator SVC
Emulator SVC
Emulator SVC
Emulator SVC
Debug SVC 1 (Dump--Restore)
Debug SVC 2 (Get--Put)
Breakpoint 1

Breakpoint 2

Single Cycle

Emulator Halted

Diagnostic Interrupt
TTA/RTPA Interrupt 29

RTPA Interrupt 30

RTPA Interrupt 31

U~ W
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Each interrupting device/function has a dedicated interrupt flip-flop/latch
associated with it. When a device requests an interrupt, +the corresponding
interrupt flip-flop/latch is set. The priority encoders ensure one of the 16
encoded interrupts on the System Controller board is serviced first. If
there is more than one interrupt at one time, the highest priority interrupt
is serviced first. The lower-priority interrupt remains set in its
associated flip-flop/latch, and 1s serviced when the higher-priority
interrupt is completed.

Table 4-3 contains the following information:

e A list of the system bus interrupt lines associated with each of the
16 interrupts encoded by the System Controller board.

o The associated flip-flop/latch output control line.
® Where the interrupt originated.
o The function of the interrupt.

As listed in Tables 4-2 and 4-3, the 16 interrupts encoded by the system
processor are assigned as follows:

o Seven interrupt flip-flops are located on the System Controller
board.

e Three interrupts are passed from peripheral devices through the
associated ACIAs.

® One interrupt is reserved.

® TFour interrupts are from other boards: two from the System RAM board
and two from the PROM Programmer.

® One interrupt is not assigned.
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Table 4-3

Flip-Flop/Latch Interrupts on the System Controller Board

System Bus
Line Name

INT O(L)

INT 1(L)

INT 2(L)

INT 3(L)

INT 4(L)
INT 5(L)

INT 6(L)

INT 7(L)

INT 8(L)

INT 9(L)

INT 10(L)

INT 11(L)

INT 12(L)

INT 13(L)

INT 14(L)

INT 15(L)

Flip-Flop/Latch | Origin Of

Output Line

RESET(L)

INT 1(L)

WRITE PROT (L)

HS IN(L)
HS OUT (L)

RINT(L)

AINT(L)

TINT (L)

CLOCK INT(L)

DMA INT(L)

DISC INT(L)

INT 13(L)

INT 14(L)

INT 15(L)

Interrupt

Sys. Cont. &

Front Panel

System RAM

Sys. Cont.

Sys. Cont.
Sys. Cont.

ACIA (Sys.
Cont.)

ACIA (Sys.
Cont.)

ACIA (Sys.
Cont.)
Sys. Cont.

Sys. Cont.

Sys. Cont.

PROM Prog.

PROM Prog.

System RAM

System Memory
Parity Error

Write Protect
Violation Interrupt

Reserved for Program
Memory Parity Error

HSI Interrupt In

HSI Interrupt Out

Remote Communications
Port Interrupt (ACIA)

Auxiliary Port
Interrupt (ACIA)

System Terminal Port

Interrupt (ACIA)

Interval Timer
Interrupt

DMA Interrupt

Flexible Disc Port
Interrupt

Not Assigned

PROM Programmer
Interrupt

PROM Programmer
Status Interrupt

System RAM Refresh
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CLOCK GENERATION <1>

The Clock Generation circuitry consists of two crystal oscillators: Y7806
(2.4576 MHz) and Y4800 (20 MHz). Figure 4-5 is a functional block diagram of
these oscillators. The 2.4576 MHz oscillator is used to generate a 153.6K
baud rate for the High-speed Serial Interface (HSI). This frequency is also
divided by two, and fed to the Communications Interface board to generate the
various baud rates for the ACIAs. The 20 MHz oscillator feeds two timing
chains that provide the clock frequencies listed in Table 4-4.

Table 4-4
20 MHz Timing Chains

processor and I/0 Clock
timing chain

Frequency | Function
______________ | —ssoc————sess———ss——————====
.............. |===s==s====s=======ss==========
10 MHz 5 8540 System Clock
|
2 MHz | FAST Clock for the system
E processor and DMA Clock
i
1.25 MHz | SLOW Clock for the system
I
[
I
I
|

The 1.25 MHz and 2 MHz frequencies are connected to an internal Jumper,
J5704. The position of jumper J5704 selects either a SLOW or FAST clock for
the system processor (2650A-1).

The 1.25 MHz clock is divided by 32 in another timing chain to provide an I/0
Clock of 39.06 kHz.

INTERVAL TIMER @

The Interval Timer circuitry is another timing chain that generates the 100
ms interval timer clock. The 1200 Hz frequency from the baud rate generator
on the Communications Interface board is divided by 120 to generate the 100
ms interval clock. Figure 4-6 is a functional block diagram of the interval
timer. For additional information on the use of the interval timer, refer to
the Interval Timer I/0 Port discussion later in this section.

4-12 : @
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153.6k baud
*=  To High-speed Serial
_____ Interface (HSI)
r LS109 1
Y7806 :
2.4576 MHz 1 1.2288 MHz To
Crystal +2 ¥ #=—  Communications
Oscillator : | Interface Board
uvaz7ooB !
L2~ J
SYSCLK(L) 10 MHz
#8540 System Clock
:_ U6700 LS163 1 - 1 .25 MHz for
Y4800 | 1/0 Clock
20 MHz | |
Crystal +2 +2 22 1 .2 » 1.25 MHz SLOW System
Oscillator | | Processor Clock
l l
L e e e e e e e e e J
rf———"~"~"~"~"==77=7=~"7=777-7 1 2 MHz FAST System
: U5700A | Processor Clock
| +5 +2
| |
| | DCLK(H) 2 MHz
LS390
L o e e e e e e e | DMA Clock
(2976-122)3920-7
Fig. 4-5. Clock timers functional block diagram.
r uU5600 -!
|
1200 Hz | rm-=-—==--
From —— +12 L “us7008 |
Communications | I |
Interface Module ) | I I 100
L LS163 J +10 t ms &= To Clock Interrupt
—————— | | circuitry.
|
| Ls3go |
J
(2976-123)3920-8
Fig. 4-6. Interval timer functional block diagram.
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BOOTSTRAP ROM @

The Bootstrap ROM (U5040, a type-2716 device) has the capacity to store 16K
bits (2K bytes). Strap W2017 allows the ROM to be strapped for either 8K or
16K bits of storage. Normal strapping is 16K bits. The Bootstrap ROM can be
software-enabled or -disabled, but is automatically enabled when control line
RESET(L) is asserted. On power-up or restart conditions (after the power-up

tests have completed), the Bootstrap ROM boots the operating system from the
System ROM board into the System RAM board.

_ MEM(L)

Address Bus
A@(H)-A15(H)

MAPON(L)

N A15(H) O:
N, A14(H) o
N, A13(H) 3 );
N A12(H) q

AN A11(H) . U201

N\ A10(H)a B0
Qg
V

U1020

.

o

U1020
u3060

RAM INH(L)
U2020 D)_>

R(L)/W(H) gy2010 — Data Bus
CPU FLT(L) {>lg0903 g y BDG(H)-BD7(H) __
CMEM(H)

. uU1010D
] Data Bit D6(H) DIAG ENBL(H) y
j : - BOOT ENBL(H) (
N\_A10H | ys040 ) /ﬂl(.'iL U5030
Bvde N ASH) A10(H)
J3014 \. A8(H) BD7(H) / Y/ A9!H) BD7!H! /
i \. A7(H) BD6(H) / A8(H) BD6(H) /

L

w2017

1YY

.

. A6(H) ‘Bootstrap BDS(H)/ e A7(H) |Diagnostic| BD5(H) /|
N AsH) | ROM  [Bpan) | |/ aemn) | ROM  T'gpan)
N__A4H) | 2716 BD3(H)¢ ” A5(H) | 2332 |BD3(H)

N_A3(H) BD2(H) /" A4(H) BD2(H) /
N A2(H) BD1(H) /] V A3(H) BD1(H) A
N A1(H) BDgH) / | _A2(H) BD@(H) /
\__Ag8(H) ' _A1(H)
A@(H)
f—/
§ V4 Note: W2017 is shown in the

2k byte position.

3920-9

Fig. 4-7. Bootstrap ROM and Diagnostic ROM simplified schematic.

Figure 4-7 is a simplified schematic of the Bootstrap ROM circuitry. The
Bootstrap ROM is enabled when all the following conditions exist:
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1. When control line CPU FLT(L) is high, indicating jumper J1051 is
not installed. (See Section 3 of +this manual for 1list of
jumpers.)

2. When control line CMEM(H) is low, allowing the system processor
to address system memory.

3. When control line R(L)/W(H) is low, indicating a read operation.

4. When address bus lines A11(H)--A15(H) are 1low, indicating
address bit A11 is limiting the Bootstrap ROM capacity to 2K
bytes (2K x 8), which is normal.

5. When control line BOOT ENBL(H) is high, indicating that data bit
D5 is low when I/0 port address EA is on the address bus during
a write operation.

When the Bootstrap ROM is enabled, the bootstrapping data stored in the ROM
may be read from the data bus for any address 0000--OTFF (AO--A10). In

addition, when the Bootstrap ROM is enabled, control line RAM INH(L) goes
low, disabling the system and program memories.

DIAGNOSTIC ROM<<:>

Diagnostic ROM U5030 (a type-2332 device) is a mask programmable ROM that has
a storage capacity of 32K bits (4K bytes). The Diagnostic ROM occupies
memory space at addresses 0000--OFFF. It can be enabled or disabled by
software or by the Mode Select switch. (Refer to Section 15 of this manual
for additional information on the Mode Select switch.) The Diagnostic ROM
contains the power-up tests that are executed each time the POWER or RESTART
switch is activated. The Diagnostic ROM is also enabled if jumper J3014 is
installed in the forced diagnostic position. (Refer to Section 3 of this
manual for a complete listing of all jumpers.)

Figure 4-7 also shows the enabling circuitry for the Diagnostic ROM. The
Diagnostic ROM is enabled when the first three conditions for the Bootstrap
ROM are satisfied, plus all the following conditions:

1. When control line MEM(L) is low, indicating a memory access.

2. When address bus lines A12(H)-—A15(H) are low, indicating a bus
address between 0000--OFFF.

3. When control line DIAG ENBL(H) is high, indicating that data bit
D6 is high when I/0 port address EA is on the address bus during
a write operation.

OR

When the strapping Jjumper is installed on pins 1 and 2 of J3014,
which forces control line DIAG ENBL(H) high.
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When the Diagnostic ROM is enabled, the diagnostic data in the ROM may be
read from the data bus for bus addresses between 0000--OFFF. When the ROM is
enabled, control line RAM INH(L) goes low, disabling the system and program
memories.

I/0 PORT INTERFACES

In order to perform its software functions, the system processor must be able
to communicate with the remainder of the System Controller board, with the
8540° plug-in circuit Dboards, and with peripheral equipment. This is
accomplished through I/0 port addresses that have internal and external
interfaces. Internal interfaces are within the 8540. External interfaces
are with peripheral equipment, external to the 8540. The I/0 port address
establishes the correot interface, and the associated data byte on the data
bus contains the communications or information which takes the form of:
o status (read)
e control (write)
o data (read or write)
The System Controller board has the following I/0 port interfaces:
e External I/0 Ports
1. Remote Communications Port (RS-23%2-C)
2. Auxiliary Port (RS-232-C)
3. System Terminal Port (RS-2%2-C)
4. High-speed Serial Interface Port (RS-422)

5. Manufacturing Test Port

e Internal I/0 Ports
1. Interval Timer/CPU Reset Port
2. Switch Read/LED Write Port
5. -Bank Switching Port
4. Sync Test Port
5. DMA Interface Ports

Various types of decoders are used to decode the I/0 port addresses that are
associated with a particular board or function. The System Controller board

4-16 @
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utilizes three decoders: one Functional Decoder and two I/0 Decoders. These
decoders are discussed in the following paragraphs, followed by an
explanation of each external and internal I/0 port.

FUNCTIONAL AND I/0O DECODERS

The lower-order address bus lines, AO--A7, are decoded to determine which I/O
port 1is accessed. Table 4-5 lists the I/0 port address assignments for the
System Controller. Refer to Section 19 of this manual for a complete listing
of the 8540's I/0 port address assigmnments.

I/0 port addresses for the System Controller board are decoded in a
functional decoder and two I/0 decoders: one for read operations and one for
write operations. Figure 4-8 is a simplified schematic diagram of these
decoders.

Table 4-5
System Controller I/0 Port Address Assigmments

Port } }
Address | Read/Write | Function or Device
========§============E==========================================
90--9F i R/W ; DMA Controller
i |
CA l R/W | Remote Port---ACIA control and status
CB | R/W | Remote Port---ACIA data
CcC } R/W { Auxiliary Port---ACIA control and status
CD l R/W | Auxiliary Port---ACIA data
CE ; R/W i System Terminal Port---ACIA control and
i | status
CF 5 R/W E System Terminal Port---ACIA data
i |
E8 } R/W { High-Speed Communications port data
E9 : R/W l High-Speed Communications port control
} : and status
EA } R/W : Manufacturing Test status and control
EB : R/W | Manufacturing Test data
EC | W | Interval Timer control port
EC : R : Programmed reset
ED l W | LED Write port
ED | R ; Switch Read port
EE | W | Bank Switch
EF E R E Sync Test port
I I
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Data Buffers
DB DRV(L) yd
(90-9F) DMA(L)
uUs050 = Chip Select for
| Not Used DMA device
CPU DRIVE(L) /
Functional | (CE-CF) P3(L)
(CC-CD) P2(L) \
(CA-CB) P1(L) N
R(L)/W(H)
— L———a Chip selects for
ACIA devices
U5070A la—— EB-EF(L)
MEM(L)/10(H) To f_gg%'?;ad/
MSTR RUN(H) Diagnostic Tests
I-INTACK(L) ) (EF) SYNC(L) To Test |
U4030 [ (EE) Not Used Point—TP-2
RIL/W(H) s————Q >-(ED) SWR(L) A
Vo o (EC) RESET CPU(L) Resets
Decoder (EB) FD DATA RD(L) 2650A-1
OPREQ(H) »— (Read) [P
| (EA) FD STATUS RD(L)
(E9) HISR(L) \
(E8) HIDR(L)
To Bank
Switching
0 (EF) Not Used
U5080A | U3030 [ (gE) BANK(L)
Db
R(L)/W(H) o (ED) DIAG TEST(L) /
WRP(H) /0 (EC) TIMER(L) Enables
Decod - Clock
ecoder (EB) DISC WR(L) Interrupt
(Write) VQ(EA) EAIL)
— b ( RN
(E9) HICW(L)
(E8) HIDW(L) N
Enables Flexible

Enable/Direction
/ for Bidirectional

Enables / Disc Interface
High-Speed

Interface

(2976-124)3920-10

Fig. 4-8. Functional and I/0 decoders block diagram.

Functional Decoder @

Functional decoder US050 utilizes a type-745472 PROM as a decoder. This

decoder is
Fig. 4-8):
1.

2.

3.

enabled when all of the following conditions are met (refer to
When control 1line MSTR RUN(H) is high, indicating that the
2650A-1 is fetching and executing instructions;

When control 1line M(L)/IO(H) is high, indicating the execution
of an I/0 instruction; and

When control line I-INTACK(L) is high, indicating that there is
no interrupt pending or in progress.

When enabled, the functional decoder decodes the following I/0 port addresses
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from the address bus during either a read or write operation. (Refer to
Fig. 4-8.)

90--9F Any of these I/0 port addresses sets control line DMA(L)
low, enabling the DMA device.

CA and CB These I/0 port addresses set control 1line P1(L) 1low,
enabling the Remote Communications port ACIA.

CC and CD These I/0 port addresses set control 1line P2(L) low,
enabling the Auxiliary port ACIA.

CE and CF These I/0 port addresses set control 1line P3(L) 1low,
enabling the System Terminal ACIA.

E8--EF Any of these I/O port addresses sets control line E8--EF(L)
low, enabling one of the three enabling inputs to each I/0
decoder. The other two inputs are discussed later in this
section.

Table 4-6 shows the states of the enabling control 1lines, the I/0 port
addresses, and the output control lines for the functional decoder. Note in
Fig. 4-8, that there are two other output lines from the functional decoder,
DB DRV(L) and CPU DRIVE(L). These control 1lines are wused to set the
direction of data flow through the directional and %bidirectional data Dbus
buffers. This permits the system processor to be selective during read/write
operations, and to read to or write from the unique data buses and/or the
system data bus.

I1/0 Decoders<<:>

The two I/0 decoders are shown in Fig. 4-8. Decoder U4030 is activated
during a read operation and decoder U3030 is activated during a write
operation. As previously discussed, I/0 port addresses E8--EF set the
functional decoder output control line, E8—-EF(L), low. This control line,
E8--EF(L), is one of three enabling inputs to each of the I/O decoders.

Read I/0 decoder U40%0 is enabled during a read operation when all of the
following conditions are met:

1. Control line E8--EF(L) from functional decoder US5050 is 1low,
indicating that an I/0 port address between E8--EF is on the
address bus;

2. Control 1line OPREQ(H) is high, indicating that a bus operation
" is in progress; and

3. Control line R(L)/W(H) is low, indicating a read operation.
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Table 4-6
System Controller Functional Decoder
Enabling Control Lines and Output Control Lines

Functional Decoder Enabling
Control Lines

|

=I

|
Read/ | PoI- I P I/0 | I
Write | MSTR |INTACK| M(L)/!R(L)/ | Port | Line |
Oper ERUN(H)a (L) i IO(H)E w(H) i Addr a Name a Function
TEEEES | TEEsss |mEEssS | SESEES | TEESES | mEEEss mEsssss=s | TEEEEEEEREESsssEsE=
Read | ! ! I 0 ! ! ‘Chip select for
------ b b b l-—-——-190--9F| DMA(L) |8257 DMA
Write a E E E 1 E ! EController
_____ e e e s s
Read | ! : Lo | | IACIA chip select
------ b b1 | 1 l-——-——-lCcA--CB| P1(L) |for Remote
Write‘a E E E 1 i i ECommunications Port
————— | Batentab bl it b Bt E et e M
Read | : | I o ! IACIA chip select
—————— b T R l-—————lCC--cD| P2(L) |for Auxiliary
Write | ! ! b l | Port
------ RSV SOCPURS VPOV OV
Read | | l o | ! {ACIA chip select
------ b1 11 1 1 le————-|CE--cF| P3(L) |for System
Write a a E E 1 i i ETerminal Port
______ s e e e e e
Read } { l Lo | { }Enabling control
------ b b b |eee—-- |E8--EF|E8--EF(L) | 1line for I/0
Write E E E E 1 ! { Decoders

I | | |

Write I/0 decoder U3030 is enabled during a write operation when all of the
following conditions are met:

1. the first +two conditions for a read operation (1listed
previously) are met;

2. Control line R(L)/W(H) is high, indicating a write operation;
and

3. WRP(H) is high, indicating that the data on the bus is valid for
a write command.

When either the read or write I/0 decoder is enabled, an output control 1line
is asserted which activates an I/0 port interface. The I/0 port address on
the address bus determines which control line is asserted. The 1lower three
address bits (A0, A1, and A2) and the R(L)/W(H) control line determine which
I/0 decoder output control 1line is asserted. Table 4-7 contains the
following information about the I/0 decoders:

® enabling control lines.
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I/0 port addresses.

output control lines for the I/0 decoders.

function of output control lines.

[

Table 4-7
System Controller I/0 Decoders
Enabling Control Lines and Output Lines

] 1 1 1 | 1 I | I [ | | 1 1
I | 1 1 1 1 1 1 1 1 1 O 1 1 1
1 n I 1 1 1 | 1 | 1 11— 1 | |
1 noe 1 s | I 1 | I | [ < 1 1 |
1 [T T I o T | | 1+ 1L [ 1+ 1 [ 1 1 1
1 [T I T I | 1 1w [I] () ] 1 [ = [ [
I o1 o 1 [0 1o () [} ] 1O 1w [ < T I
| [T T T B | = (B3] (= (= i 1 PSP 1 @ 1 P
] 1] 1 ] | | ] | 1 1. [ I S I B ] 1 o1 g
19} 1 [T T I S| 1 1 &) I 8 1 8 [-] [ I I R T ) [ B
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EXTERNAL I/0 PORTS

R3-232-C Interface Ports

Three peripheral interface ports provide compatible EIA standard RS-232-C
interfaces:

o Remote Communications port

e Auxiliary port

e JSystem Terminal port
These ports use Asynchronous Communications Interface Adapter (ACIA) devices
(Motorola type 6850) that connect to standard 25-pin connectors. The
interfacing connectors are 1located on the 8540 rear panel. A baud rate

selector switch is located adjacent to each connector. The following baud
rates are available for each port:

10 1200
150 2400
300 4800
600 9600

The ACIA devices perform a serial-to-parallel conversion from the peripherals
to the 8540, and a parallel-to-serial conversion from the 8540 to the
peripherals. The status, control, and data transfer (read/write) functions
of the ACIAs are software-controlled by I/0 port addresses and by the
associated data bytes.

The four registers in the ACIA are selected with I/0 port addresses and the
read/write control line. Table 4-8 shows the states of these lines and the
selection of the various registers.

Now refer back to Table 4-6. Note that the I/0 port addresses CA--CF cause
the functional decoder output control lines P1(L), P2(L), and P3(L) to go

low. These lines are shown in Table 4-8 as the ACIA chip select (CS) input
for each ACIA.

The interfaces between the ACIA devices and the System Controller board are
identical for each ACIA. The interfaces between the ACIA device and the
Communications Interface board depend on the type of peripheral equipment
connected to the port. Figure 4-9 is a simplified schematic showing the
interfaces between the remote communications ACIA device U2600 and the System
Controller board. The ACIA is enabled and the various registers are selected
as follows:

1. The ACIA is selected when the chip select input lines C30 and
CS1 are high, and CS2 is 1low. CSO and CS1 are tied high;
therefore, the ACIA is selected when CS2 goes low.
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2. When the ACIA is selected, it is enabled (E) on the first 2560
CLK(L) pulse after OPREQ(H) goes high.

3. The read/write [R(H)/W(L)] line selects the write-only registers
or the read-only registers. Refer to Table 4-8.

4. The register select (RS) line selects the transmit/receive data
registers when high, and the control/status registers when low.
Refer to Table 4-8. This line connects to address bit AO, and
is either high or low depending on whether the I/0 port address
on the address bus is even or odd.

AO(H)
-
U65008B U4700A
OPREQ(H) J a Ja
-— > —p
K
uU2600
2650 CLK(L)
- RS TXD p——--it
E RXD p——-
—RHI/WID R/W DCD}— o ) TO
o Communications
cs2 CTs}————m Interface Board
U5070B
CS1 RTS b
>
— D7 RXC
D6 ™>C To Baud Rat_e
P1(L) L~ Selector Switch
P2(L) ~—]D5
- T S +5V ‘
P3(L) de _—] D4
] D3
\ , | — D2
To Other —1 D1
AClAs — D@ IRQ —j
) ACIA *
Y
To - From To Interrupt
BD@(H)—BD7(H) Register
(2976-125)3920-11

Fig. 4-9. ACIA interface to System Controller board.
As previously stated, when a register is selected, the associated data byte

is either loaded into the register during a write operation or read from the
register during a read operation.
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Table 4-8
ACIA Register Selection

o — o ——— o —— — T —— o —— — ——— T —— —— — — T " "

Type|I/O .ACIA Chlpl }Register.

of |Port. Select ,R(H)/. Select | Function

Oper,Addrl (cs2) |w(n) | (ms)
|

iSelects the ACIA control register
.(CR) and loads the control byte into

0 ,reglster to control the ACIA receiver,
ltransmltter, interrupt enables, and
perlpheral equipment.

I
l
I
|
|
|
|
|
i
I
i
|
: |Se1ects the ACIA transmit data register
b |(TDR) and loads the data byte into the
} }register for transmission to the
} }peripheral equipment.
) ] !
_________________ !
|
|
|
|
|
I
I
|
|
|
I
I
|
|
I
I
I
|

fSelects the ACIA status register (SR),

0 Iwhich contains the status of the TIR,
Ireceive data register (RIR), error
Elogic and peripheral equipment.

|Selects the ACIA RDR and reads the data
1 ,byte received from the peripheral
.equlpment.

Remote Communications Port<<:>
The Remote Communications port ACIA (U2600) provides an RS-232-C compatible
interface, configured to be wused with a modem for telephone data
communications. The port has a switch-selectable DTE/DCE (Data Terminal
Equipment/Data Communications Equipment) capability. A switch on the 8540
back panel selects one of four possible modes:

o No control

o DIE with DSR (data send ready) control

¢ DIE with CTS (clear to send) control

o DCE with control
On the 8540 back panel, a male (J101) and a female (J102) connector are
associated with this port. Only one connector can be used at a time. A baud

rate selector switch (S1060), adjacent to the connectors on the 8540 back
panel selects one of eight baud rates.
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The Remote Communications port ACIA is accessed by I/0 port addresses CA or
CB. Refer back to Tables 4-6 and 4-8. Whenever I/0 port address CA or CB is
on the address bus, control line P1(L) is low. P1(L) is the chip select line
for the Remote Communications ACIA. P1(L), in association with R(H)/W(L) and
address bit AO, establishes the status/control and receive/transmit functions
of the ACIA. Table 4-9 shows the relationships of these control lines.

Table 4-9
Remote Communications Port ACIA

modem.

|
#
I
I 1/0 | | ACIA |Register]
Type of | Port | | Select| Select | Input/Output
Operation [Address|R(H)/W(L)! P1(L) | 40O | Data Bus Functions
__________ N T T S S
---------- e R sl il e st bt bt
l CA : 1 l 0 l 0 } Receives status information
: : } : : from the modem.
Read I, P ——— [ e e
! CB l 1 f 0 ! 1 ! Receives data from the
I { : I } modem.
1 | | ! |
---------- i el e e Bttt
{ CA { 0 { 0 ! 0 ! Transmits control signals
} l { l : to the modem.
Write P P . P b e
' ! CB | 0 i 0 f 1 f Transmits data to the
I | l I I
[ I I | |
| I i I i

Auxiliary Port <2>

The Auxiliary port ACIA (U2500) provides a DCE (Data Communications
Equipment) RS-232-C compatible interface, configured to be used with a line
printer or similar equipment. A female connector (J103) on the 8540 back
panel interfaces with the peripheral equipment. A baud rate selector switch
(S1080), adjacent to the connector, selects one of eight baud rates.

In addition, this port has provisions to input an external clock through pin
17 of connector J103. The external clock must be TTL-compatible. An
internal Jjumper, J3, on the Communications Interface board can be positioned
so that the external clock is substituted for the standard 110 baud rate on
the baud rate selector switch (S1080). (See Section 3 of this manual for a
complete list of internal jumpers.)

The auxiliary ACIA is accessed by I/0 port addresses CC or CD. Refer back to
Tables 4-6 and 4-8. Whenever I/0 port address CC or CD is on the address
bus, control line P2(L) is low. P2(L) 1is the chip select 1line for the
auxiliary ACIA. P2(L), in association with R(H)/W(L) and address bit AO,
establishes the status/control and receive/transmit functions of the ACIA.
Table 4-10 shows the relationships of these control lines.
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Table 4-10
Auxiliary Port ACIA

Auxiliary I/0 port.

|
I
|
% | | . !
i I/0 i ACIA |Register)
Type of | Port | | Select| Select | Input/Output
Operation aAddress}R(H)/W(L){ P2(L) | 40 i Data Bus Functions
_________________ oo e e e o ________
.......... [ sl sl sl ittt i === = ==
l cC : 1 l 0 i 0 s Receives status information
: | : i i from the I/0 port.
Read i ——————— P P ——— i ———————— i —————————————————————————————
1 CD } 1 i 0] | 1 l Receives data from the
a E | i | Auxiliary I/0 port.
---------- Rl el Rt Bl e ittt et bt
I cc l 0 : 0 ; 0 { Transmits control signals
i | | i i to the I/O port.
Write E ------- lommmme P {— S
{cD 5 0 o | 1 | Transmits data to the
| . | | |
| | | | ]
| 1 | I I

System Terminal Port<<:>

The System Terminal port ACIA U2700 provides a DCE (Data Communications
Equipment) RS-232-C compatible interface. This interface is configured to be
used with a CRT terminal that provides receive/display and transmit functions
with full ASCII (96 characters) capabilities. A female connector (J104) on
the 8540 back panel interfaces with the peripheral equipment. The baud rate
selector switch (S1090), adjacent to the connector, selects one of eight baud
rates.

The system terminal ACIA is accessed by I/0 port addresses CE or CF. Refer
back to Tables 4-6 and 4-8. Whenever I/0 port address CE or CF is on the
address bus, control line P3(L) is low. P3(L), in association with R(H)/W(L)
and address bit AO, establishes the status/control and receive/transmit
functions of the ACIA. Table 4-11 shows the relationships of these control
lines.
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Table 4-11
System Terminal ACIA

system terminal.

|
|
| |
i 1/0 | | ACIA |Register|
Type of } Port } l Select: Select ! Input/Output
Operation EAddress{R(H)/W(L)} P3(L) l AOQ : Data Bus Functions
_________________ I P S
_________________________________ le=c=szszlos===csssczs=s===s=sas=======
{ CE ! 1 ! 0 i 0 i Receives status information
| | | | i from the I/0 port.
Read I ——————— I --------- : ——————— } ———————— } -----------------------------
i CF i 1 i 0 i 1 i Receives data from the
I I i I | system terminal.
| I | | I
--------- | T e e e e | e e | e e | e ———
: CE I 0 : 0 I 0] E Transmits control signals
| | i l | to the I/0 port.
Write — |------- |—mmmmm - f=mmmm- |==mmmme fmmmmmmm e
5 CF i 0 i 0 i 1 5 Transmits data to the
| i I i |
I I [ | I
| | ] i I

RS-422 Interface Port

The High-speed Serial Interface (HSI) provides a 153.6K baud serial interface
between the 8540 and an 8560 unit. A type-IM6402 Universal Asynchronous
Receiver Transmitter (UART); (U1200) is wused for this interface. The
transmitter in +the UART converts parallel data into a serial format, and
automatically adds start, parity, and stop bits. The serial data is then
transmitted over the HSI. The receiver in the UART receives the serial data
over the HSI, and converts the serial start, data, parity, and stop bits to

parallel data. The receiver also verifies the proper code transmission,
parity, and stop bits.

HSI 1/0 Port<<:>

The UART is activated by I/0 port addresses E8 and E9. Refer back to Table
4-7. DNote that addresses E8 and E9 generate four control lines. Two control
lines are used for each address: one for read operations and one for write
operations. I/0 port address E8 permits the system processor to read or
write data from/to the UART. I/0 port address E9 provides control of the HSI
and DMA ports during a write operation, and the status of the ports during a
read operation. Table 4-12 shows the status, control, and data Dbits placed

on the data bus during read/write operations when I/0 ports E8 and E9 are
accessed.
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Table 4-12
HSI I/0 Ports

operations.

Type of | I/0 Port | I/0 Decoder |
Operationa Address i Output Line E Function
; ! ! Enables receive portion of HSI
. E8 | HIDR(L) | UART, forcing the 8-bit parallel
: : : data byte onto the data bus.
Read i —————————— ; -------------- ; —————————————————————————————————
| | | Enables tristate buffer U1090,
| E9 | HISR(L) | forcing the HSI UART status byte
a a a onto the data bus.
--------- [T T e e e e e e e
I } } Loads 8-bit parallel data byte
|  E8 | HIDW(L) | into HSI UART prior to serial
l l { transmittal.
Write i ---------- i -------------- i —————————————————————————————————
| | Clocks 8-bit parallel control
E9 i HICW(L) ; latch U2300 which controls HSI
i |

Manufacturing Test Port<<:>

The manufacturing test port provides two 8-bit parallel communication
channels Dbetween the 8540 and a manufacturing test wunit (used during
manufacturing process only). One of the 8-bit parallel channels sends data
to the manufacturing test unit [data out, DODO(H)——DOD7(H)]. The other 8-bit
parallel channel receives data from the manufacturing test unit [data in,
DIDO(H)--DID7(H)]. This interface port is enabled by I/0 port addresses EA
or EB. Refer back to Table 4-7. Address EA provides control to the
manufacturing test unit during a write operation, and the status of the
manufacturing test unit during a read operation. Address EB clocks an 8-bit
parallel 1latch U1030, which forces +the data from the data bus onto the
parallel data-out channels [DODO(H)——DOD7<H)] during a write operation.
Address EB also enables the input data buffers (U1060) during a read
operation, gating the parallel data-in channels [DIDO(H)——DID?(H)] onto the
data bus.

Table 4-13 lists the read and write operations for I/0 port addresses EA and
EB.
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Table 4-13
Manufacturing Test I/0 Ports

U1030.

Type of | 1/0 Port | I/O Decoder |
Operation a Address l Output Line : Function
____________________ ' e e e e e e
.......... |s=sss===== |=sss=ssss====s=s= |ssssssssssssssssssesss=s
5 { ! Enables tristate
I EA | FD STATUS RD(L) | buffer U3020D.
Read : —————————— : ----------------- : ------------------------
I I l Enables the parallel
| EB | FD DATA RD(L) | input tristate buffers
| i | U1060.
__________ R UG
| f f Clocks the 8-bit
I EA ! EA(L) ! control latch U1040.
Write —|--—-m=--n- R fmm e
! | Clocks the 8-bit
EB i DISC WR(L) E parallel output latch
% ‘.
| |

INTERNAL I/0O PORTS

Interval Timer/CPU Reset Port<<:><::>

This I/0 port interface is used to enable/disable the interval timer and to
reset the system processor. The I/0 port is accessed at port address EC.
Refer back to Table 4-7. When the I/0 port address EC is on the address bus
during a read operation, the control line RESET CPU(L) goes low. When low,
this line resets J-K flip-flop U4400A, which resets the system processor on

the next system clock pulse. The associated data byte on the data bus is not
used for this I/0O port interface.

When I/0 port address EC is on the address bus during a write operation, the
control 1line TIMER(L) goes low. When low, this line clocks timer flip-flop
U3400A. Data bit DO from the data bus is fed to the J-K inputs of this timer
flip-flop. The output of the timer flip-flop enables or disables clock
interrupt flip-flop U5400B. When enabled, the clock interrupt flip-flop
generates an interrupt to the system processor every 100 ms. Table 4-14
shows the relationships of the control lines and the data bit DO for both the
interval timer and the CPU reset I/0 ports.
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Table 4-14
Interval Timer and CPU Reset I/0 Ports

I/0 Port | Type of | Output{Data Bit|

Address ! Operation a Line | DO Function

___________________________ R

___________________________ |========|=c=====sc=c==ss==s======s======
! ! RESET { Not The control line RESET CPU(L)
| Read | CPU(L)| Used resets the 2650A-1
} : l microprocessor.

EC i ----------- ; ------- ; ---------------------------------------

| 1 1 1 | Enables Timer interrupt
| Write | TIMER |----=--- e
i E (L) ; 0 i Disables Timer interrupt
i | i I

Switch Read/LED Write Port<3>

This I/0 port interface is used to call up diagnostic routines (self tests).
The port consists of a six-position DIP switch S1100 that can be read from
the data bus lines D2(H)--D7(H) by I/0 port address ED. Various diagnostic
self-tests can be conducted, depending on the settings of the DIP switch.
The LEDs are turned on or off during the execution of the diagnostic tests.
Five LEDs are located on the System Controller board, and one LED (labeled
SELF TEST) is located on the 8540 front panel. The LEDs are turned off or on
by writing to I/0 port address ED. The system processor can determine if the
SELF TEST LED on the front panel is turned off or on, by reading bit D6 of
I/0 port address E9.

Table 4-15 shows the I/0 decoder output lines, the affected data bus lines,
and their functions during a read or write operation to I/0 port address ED.
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Table 4-15
Switch Read/LED Write I/0 Port

1/0 |TYPe| |
Port. of |Cont '
Addr40per|L1nes|

EE L T T 5SS

EE T S

The states of data bus :When control line SWR(L) goes low,

(L) |ta1n the results of the.latch input lines (data bus lines
|conducted diagnostic IDO--D5).

ltest. :
| |
|

|
I

e
: l }lines D2--D7 are |buffer U1100 is enabled. This
| R | SWR }dependent on the set- .forces the states of the 6-position
l i (L) |tings of the 6- pos1t10n|DIP switch onto the data bus. The
l } {DIP switch. | switch settings determine which
l | | }diagnostic test is conducted.

ED |---=|-—=== f = e
l { }Data bus lines DO--D5 .Latch U7010 is clocked when
! l lare connected to the |control line DIAG TEST(L) goes low.
| IDIAG llnputs of a latch. :The latch outputs turn LEDs OFF or
E W ETEST |These data lines con- |ON, depending on the states of the
% i
I I
i |
I i
I I
I i

Bank Switching Port<:>>

The system processor can address up to 32K of address space. It has 15
address lines (AO--A14), with a maximum addressing capability of TFFF.
However, bank switching circuitry allows the system processor to address up
to 64K of address space in both system and program memories. Bank switching
permits 16K blocks of system or program memory addresses (on even 16K

boundaries) to be switched into the system processor's upper 16K address
space (16K--32K).

Refer back to Table 4-7. Note that during a write to I/0 port address EE,
control 1line BANK(L) 1is low. Figure 4-10 is a simplified schematic of the
bank switching circuitry. Refer to Fig. 4-10 as you vread the following
description of bank switching.
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o BANK(L) MAPEN(H) -—
LU \Y4 Qi 1B
vy b, U2040 g, l Y U3040 ,y
D2(H) Bank Bank
D3| O° Switching @ 2% Aowisching 2Y [ U30608
D lath = g f | 1 2a Muttiplexer . _j CMEM(H)
748175 38
3A
From
Data Bus —ML—)j s v 745257
D@(H)-D7(H) r Y
+6 Vdc
AEN(H)
RUN(H)
BA15(H)- N
A4 BA14(H)
A13 BA13(H) Higher
u20s0 BA12(H) idress
o Bus
A11 BATIH) o /' BA1S(H)
2650A1 .0 BATOH) _ | to
Microprocessor BA9(H) BAB(H)
es own
ines show! A8 BAS8(H) -

(2976-126)3920-12

Fig. 4-10. Bank switching simplified schematic..

On power-up or restart, the system processor addresses its lower 16K address
space (0000--3FFF). The state of address line A14 is low. Al14 is connected
to the select input of multiplexer U3040. When this input is 1low, the A
inputs to the multiplexer are selected. This forces BA15(H) and BA14(H) 1low,
limiting the maximum addressing to 3FFF. The 3Y output also forces CMEM(H)
low, which selects +the system memory. Therefore, on initial power-up or
restart, the system processor is accessing the lower 16K block (0000--3FFF)
of system memory. To access any portion of program memory or above 16K in

system memory, the system processor must address its upper address space
(16K--32K). '

When the system processor is addressing its upper address space (4000--TFFF),
the state of address line A14 is always high. When this line goes high, the
B inputs to the multiplexer are selected. The B inputs are controlled by the
data byte written to I/0 port address EE. Data bit D2(H) selects either
program or system memory. Data bits D1(H) and DO(H) select the 16K block of
memory addresses accessed by the system processor in either system or program
memory. Therefore, when the system processor is accessing any portion of
program memory or above 16K in system memory, the bank switching circuitry is
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enabled. Table 4-16 shows the state of the control bits for accessing both
system and program memories.

Note in Fig. 4-10 that data bit D3(H) controls the state of MAPEN(H), when
the bank switching latch is clocked. When D3(H) is high, the memory map and
write protect circuitry can be enabled. MAPEN(H) is one of the inputs to
NAND gate U4060, the memory map and write protect detector.

Table 4-16
Bank Switching Write to I/0 Port EE

|
|
|

Address ! State of
|
|
]

| |
| |
| |
1 Access E From 1 f
16K Memory | System/ | 2650A-1 | Data Bus Lines | Bus Lines CMEM(H)
y
Block and | Program o { ———————————————— P i Control
Address | Memory | A14 | D2 D1 DO | BA15 BA14 | Line
___________ S S O [ I
"""""" [ Dbl B b sl I
0--16K 5 System i 0 ; X X X ; 0 0 ; 0
0000--3FFF
------ R S S U M S
16K--32K ; System i 1 E 1 0 1 ; 0 1 ; 0
4000--TFFF | | | | I
| | | | |
""""""""" | Il R e e
32K --48K ; System i 1 i 1 1 0 } 1 0 i 0
8000--BFFF | | | ]
| | | | |
"""""""" | Bami e Hin e Hanteendn e e
48K--64K ; System i 1 ; 1 1 1 ; 1 1 ; 0
COO0--FFFF
----------- S O Y Y S
0--16K 5 Program i 1 ; 0 0 0 ; 0 0 i 1
0000--3FFF
------ G0 SR WS SN S S
16K--32K 5 Program E 1 i 0 0 1 E 0 1 5 1
000--TFFF
T S | e o
32K--48K 5 Program ; 1 i 0 1 0 E 1 0 i 1
8000--BFFF
-----------
48K--64K | Program i 1 i 0 1 (A 1 i 1
CO00--FFFF | | . i 1
| | | |
I | I I |

Sync Test Port<<:>

The sync test port provides a sync pulse for test purposes during a read
operation. When I/0 port address EF is read, the control line SYNC(L) is
low. This control line terminates in a test point, TP-2. Table 4-17 shows
the I/0 port address and control line. The associated data byte for this I/0
address is not used.
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Table 4-17
Sync Test Port

I/0 | | Output !
Port { Type of } Control { Function of Control Line
Address | Operation | Line |
| : ! Provides a sync pulse to
EF | Read i SYNC(L) | TP-2 for test purposes.
| I
] i i

Direct Memory Access (DMA)<<:>

The direct memory access (DMA) interface utilizes a type 8257 DMA controller
(U2080) which is specifically designed to transfer data at high speeds and in
blocks of up to 16K bytes. The DMA controller is a four-channel device;
however, in the 8540 only three channels are utilized. Channels O and 1 are
used for direct transfer of data from memory-to-memory within the 8540.
Channel 2 is used to transfer data over the HSI (high-speed serial interface)
port.

Once the DMA device is initialized by software, it can transfer up to 16K
bytes in a block of data (memory-to-memory or memory-to-HSI directly),
without further intervention from the system processor. If a request for
transferring data (DMA request line set high) is received from the HSI port
or a request for a memory-to-memory transfer is made, the DMA controller
performs the following sequence of actions:

1. Assumes control of the system address and data buses.
2. Waits for the system processor to return a hold acknowledge.

3. Acknowledges receipt of the hold acknowledge, which activates
the correct DMA channel for transferring data.

4. Outputs the eight least significant bits of the memory address
onto the address bus (lines BAO--BA7).

5. Outputs the eight most significant bits of the memory address
onto the data bus (lines BDO--BD7).

An 8-bit latch U2080 on the System Controller board then transfers these
memory address bits onto the address bus (lines BA8--BA15), and generates the
appropriate memory and I/0 read/write control signals, causing the peripheral
or memory to receive or deposit a data byte directly from or to the addressed
memory location.

As long as the DMA request line is held high, the DMA controller retains

control of +the system address and data buses, and continues the transfer
sequence. When the specified number of data bytes have been transferred, the
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DMA device activates its TC (terminal count) output, which informs the system
processor through an interrupt that the transfer operation is complete.

DMA I/0 Port

The DMA controller has ten internal registers. Each of the four channels has
a 16-bit DMA address register and a 16-bit terminal count register. All
eight registers may be read and/or programmed. In addition, there are two
general registers: one 8-bit mode set register (program only) and one 8-bit
status register (read only). The registers are programmed or read when the
system processor executes a write or read instruction that addresses a
designated register within the DMA device. Note in Table 4-6 that I/0 port
addresses 90--9F are reserved for the DMA controller. If any of these
addresses appears on the address bus, control line DMA(L) goes low and
enables the DMA controller, DMA(L) is connected to the CS(L), chip select,
input of the DMA device. In addition to enabling the DMA controller, I/0
port addresses 90--98 (in conjunction with other control signals) are used to
select one of the ten internal registers within the DMA device. Table 4-18

and 4-19 show +the state of the control signals and address lines and the
functions performed.

Note in Table 4-18 that control lines IWR(L) and IRD(L) (input write and
input read), in conjunction with DMA(L) (DMA chip select) determine whether
the addressed register is programmed or read. The I/0 port address bit A3
specifies whether a channel register or mode set/status register is to be
accessed. When A3 is set to "O", the channel registers are accessed. When
A3 is set to ™", the mode set/status registers are accessed.

Table 4-19 is an expansion of Table 4-18 showing the I/0 port address
assigmments for each of the ten registers. The rightmost hexadecimal digit
in the I/0 port address (0--8 represented by address lines AO--A3) designates
the specific register being addressed. Note that I/0 port address bit A3 is
shown in both tables. The least significant I/0 port address bits (A0--A2)
designate the specific register to be accessed. When one of the channel
registers is accessed, bit AO selects either the DMA address register (A0=0)
or the terminal count register (AO=1). Bits Al and A2 specify which one of
the four channels is accessed. When A3=1 and the mode set or status
registers are accessed, AO--A2 are all zero.
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Table 4-18
DMA Input Control Lines

|  Connecting DMA | l1/0 Port |
:Input Control Lines:Program Data l Address i
Register |-=—————-mmmmmooo | To or Read | Bit
Selected iDM(L)|IWR(L)‘IRD(L)‘ Data From | A3(H) i Function
| ! I :Program LSB of DMA
| 0 1 | LSB of . {Address Register
R O S PR O | DMA Address | o T B
! 1 0 | Register | ,Read LSB of DMA
Channel (n) | I .Address Register
DMA Address |-—-—--|-=—===|———=== T T
Register l |Program MSB of DMA
: 0 1 | MSB of .Address Register
¢ S Sy P | DMA Address 0 e
} 1 0 Register .Read MSB of DMA
a 1 .Address Register
____________ SR S PN PO O PO U
| ;Program LSB of
| 0 1 | LSB of ITC Register
S [ JR———. { TC 0 S —
| 1 0 | Register IRead LSB of
Channel (n) ; i lTC Register
Terminal |----=|-=====|-===—= R et Rttt B
Count (TC) { .Program MSB of
Register 0 1 | MSB of .Tc Register
(0 N PSSR, P | TC 0  Jemmmmmmm o
1 0 | Register .Read MSB of
E 1TC Register
_____________________________ O Y PSS
Mode Set | Mode Set lProgram Mode
Register i Register :Set Register
____________ R, P JE S
Status : Status .Read Status
Register i Register =Reg1ster
I
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Table 4-19
DMA I/0 Port Address - Register Selection
| | 1oport | |
1/0 | l | Addr Inputs | | System Data Bus
Port, Register | - : e TR
Addr{  Selected | Byte| A3 A2 A1 A0 | F/L |D7 D6 D5 D4 D3 D2 DI DO
====|============|=====|=============l===== ST EEEEEE S E SRS
90 | Channel 0 | LSB | O O O O | O |A7 A6 A5 A4 A3 A2 A1 AO
a DMA Addressa MSB a 0 0 0 O i 1 |A15 AT4 A13 A12 A11 A10 A9 A8
bl e |===== | B | T == st
91 | Channel 0 | LSB | O O O 1 | O |C7 C6 C5 C4 C3 C2 C1 CO
E TC a MSB i 0 0 0 1 i 1 |RA Wr C13 C12 C11 C10 C9 (8
TTTT T T T |===== | Bttt | == === | Rkt
92 | Chanmnel 1 | LSB | O O 1 O | O |<==mmeo Same as Channel O------ >
a DMA Addressa MSB a 0O 01 0 [ ¥ S— Same as Channel O------ >
TTTT | TTT T |===== | Tmm T |===== e
93 | Channel 1 | LSB | O O 1 1 | O |<===mmm Same as Channel O------ >
a TC a MSB l 0 0 1 |<mmmmmm Same as Channel O------ >
TTTT T T T T |===== | T T |===== e
94 | Chamnel 2 | LSB | O 1 0 O | O |<—=eoeo Same as Channel O----—- >
a DMA Addressa MSB a O 1 0 0 | 1 i< ------ Same as Channel O=------ >
TTTTTTE T T | === | Benhe b R
95 | Channel 2 | LSB | O 1 O 1 | 0O |<ememe- Same as Channel O------ >
E TC i MSB i 0O 1 0 1 ; 1 ;< ------ Same as Channel O------ >
it et |===== | Bt |===== | Eaatnt bbb
96 | Channel 3 | LSB | O 1 1 O | 0O |{====mn Same as Channel O------ >
i DMA Addressa MSB a 01 1 0 i 1 ;< ------ Same as Channel O------ >
TTTT | TTT T T | | B | === | Eaaieet b e
97 | Channel 3 | LSB | O 1 1 1 | 0 |<-=mmms Same as Channel O------ >
i TC a MSB a 0 1 1 ; 1 i< ------ Same as Channel O------ >
TTTT T T T T | |TTm T T |mT == [ Bt
| Mode Set | --- |1 0 O O | O |AL TCS EW RP EN3 EN2 EN1 ENO
Gprogzen | |
] only) ] I ] i
98 |-mmmmmmmmom- == fmmmmmmmmmm e e R e
Status E - 5 1 0 0 0 ; 0 ; 0O O O UPTC3 TC2 TC1 TCO
! l I |
| | | |

Since the channel registers are 16 bits wide, two program instruction
to program or read an entire register.

are

required

cycles

The DMA controller has

an internal first/last (F/L) flip-flop that toggles at the completion of each
The state of the flip-flop determines
The F/L

program
whether the lower or upper bytes of the register are to be accessed.
flip-flop

loaded.
instruction

is

or read

To

channel

operations

operation.

occur in

accessed first, then the upper byte.
both bytes.

synchronization,
pairs.

all
The lower byte of the register is
The same I/0 port address is

channel

is reset by the DMA reset input, or whenever the mode set register
maintain proper

command

used for
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Both the DMA address register and terminal count register must be initialized
before a channel is enabled. Table 4-19 shows the DMA address register is
loaded with the first memory location to be accessed. The value loaded into
the 14 1least significant bits (C0--C13) of the terminal count register
specifies the number of DMA cycles before the terminal count (TC) output is
activated. When the specified number of data bytes are transferred, the DMA
controller activates its terminal count (TC) output, informing the system
processor that +the DMA operation is completed. A terminal count of zero
causes the TC output to be active in the first DMA cycle for that channel.
Therefore, the value loaded into the lower-order 14 bits should be the number
of DMA cycles minus one (N-1), where N is the desired number of DMA cycles.
The two most significant bits in the terminal count registers specify the
type of DMA operation for that channel, as follows:

Bit 15 | Bit 14 | Type of DMA Operation
0 ! 0 ! Verify DMA cycle
0 : 1 | Write DMA cycle
1 I 0 } Read DMA cycle
1 l 1 } (Illegal)
| |
] |
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Section 5

COMMUNICATIONS INTERFACE BOARD

INTRODUCTION

The Communications Interface board is attached to the rear panel inside the
8540. It is an extension of the System Controller board and contains the
following functions:

e Dbaud rate generator and switches

e RS-232-C compatible ports

e HSI port (RS-422 compatible)
The interface between the System Controller and the Communications Interface

board is wvia 40-pin edge connectors on both boards and an interconnecting
ribbon cable.

BAUD RATE GENERATOR AND SWITCHES<<:>

Figure 5-1 is a functional block diagram that shows how baud rate generator
UZ081 divides a 1.2288 MHz frequency into eight baud rates. The 1.2288 MHz
frequency is derived in the System Controller by dividing the 2.4576 MHz
crystal oscillator by two.

The eight baud rates are switch-selectable. Slide-type switches are located
adjacent 1to each of the three RS-232-C compatible interface connectors, on
the back side of the Communications Interface board. The switches extend
through the 8540 back panel. The eight baud rates are:

110 1200
150 2400
300 4800
600 9600

@ 5-1
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—= 9600 Baud\

= 4800 Baud

N I N i v e 2400 Baud
& 1200 Baud

] 1
) u3081 :
[}
|
s |
yste — -2 sa +2 s2 22 o4 :2 2 o2 o 2 Hh To RS-232-C
[}
)
! |
| +
| |
| |
| |
|
L

(B:g:tcr'oller Interface Ports
I

& 600 Baud
300 Baud

—# 150 Baud
—— 11OBaud/

_____________________________________ 4 L—p= 1200 Hz to System
Controller

(2976-127)3920-13

Fig. 5-1. Baud rate generator functional block diagram.

RS-232-C COMPATIBLE PORTS

There are four RS-232-C compatible port connectors for connecting peripheral
equipment to the 8540. Refer to Table 5-1. These connectors are labeled:

e J101 -- REMOTE (DTE)
e J102 -- REMOTE (DCE)
e J103 -- AUXILIARY

e J104 -- TERMINAL
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Table 5-1
Interface Connectors

l Interface l Connector }

Interface I Connector a Type E Function
________________ e L DR
__________________________________________ less=m==cs=ss==s==s===

; J101 g 25-pin male i Interface to a Data
| | i Terminal Equipment
| } ! (DTE) modem.
Remote l { {
Communications | J102 I 25-pin female } Interface to Data
l } : Communications
Il | i Equipment (DCE).
I
""""""""""" | Bt R
System L J104 | 25-pin female | Interface to
Terminal } } l System Terminal.
I | I
--------------- | e | e e e e | e — o — -
Auxiliary l J10% } 25-pin female } Interface to line
Terminal l } } printer.
| I |
"""""""""""" | Bttt Rt b
High-Speed { J100 I 25-pin male l High-Speed Serial
Serial I { { Interface to a DMU
Interface : ! I or compatible
(HSI) E E E peripheral.
I I I

REMOTE PORT @

The remote port interface is configured to use a modem for telephone data
communications. This port is provided with a switch selectable DTE/DCE
interface (Data Terminal Equipment/Data Communications Equipment). The
switch is 1labeled MODE SELECT (S1030) and is operated from the 8540 back
panel. The switch selects one of four interface modes, as 1listed in Table
5-2.

Table 5-2
MODE SELECT Switch Settings

DCE with control
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Refer to Section 2 of +this manual for information regarding the switch
settings for various interface requirements.

The remote port has two connectors: a male connector (labeled J101 --- DTE),
and a female connector (labeled J102 --- DCE).

NOTE
Only one connector can be used at a time. The BAUD switch (S1060)

adjacent to J102 selects one of eight baud rates for both
connectors J101 and J102.

AUXILIARY PORT @

The auxiliary port interface provides a DCE RS-232-C compatible interface.
The BAUD switch (S1080) adjacent to J103 selects one of eight baud rates for
this interface. In addition, an external clock baud rate connected to pin 17
of J103 may be selected by changing the position of internal jumper J3. See
Section 3 of this manual for the location and proper setting of Jjumper J3.
The external clock must be TTL-compatible.

TERMINAL PORT <7>

The system terminal port interface is configured as a DCE RS-232-C compatible
interface with control signals implemented. The BAUD switch (S1090) adjacent
to J104 selects one of eight baud rates for this interface. This is the
normal interface between the 8540 and the system terminal.

HSI P0RT<7>

The HSI port interface is configured as a RS-422 compatible interface. This
interface is compatible with the electrical characteristics of a
balanced-voltage (differential) digital interface circuit defined in the
RS-422 standard. This is the normal interface between the 8540 and the 8560.
The baud rate for this interface is 153.6k baud. Communications through the

HSI port may be on a byte-by-byte basis under communication control lines CTS
(Clear-To—Send) and DTR (Data-Terminal—Ready). Refer to Table 5-1 for
information about this port.

5-4 @
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Section 6

SYSTEM RAM BOARD

INTRODUCTION

The System RAM board operates in byte mode only and must be installed on the
system side of the Emulator Controller board in the Main Interconnect board.
This board can only be utilized as the system memory.

The System RAM board is a 64K dynamic RAM that contains the following major
functions:

¢ Address and Data Buses
¢ RAM Controller and Memory Array
® Refresh Logic
® Write Protect
o DPage Switching
o Parity Error Logic
o Diagnostic Provisions
e I/0 Port Interfaces
Figure 6-1 is a functional block diagram of the System RAM board. Refer +to

this figure and to +the board schematics in the rear of this manual as you
read the following paragraphs.

ADDRESS AND DATA BUSES

Figure 6-1 shows the one address bus and three data buses for the System RAM
board. These four buses are designated as follows:

e Address Bus --- AO(H)--A15(H)

o Data Bus --- DO(H)--D7(H) (write data bus)

e Data Bus --- DOO(H)--DO7(H) (read data bus from memory array)
o Data Bus --- DBO(H)--DB7(H) (read data bus)
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ADDRESS BUS <26>

The System Address Bus is complemented by directional buffers U5020 and
U5030. This complemented bus, AO(H)--A15(H), is used for all addressing
functions for the System RAM board.

DATA BUSES @

Figure 6-2 is a simplified schematic diagram of the three data buses on the
System RAM board. The associated buffers and latches ensure that the correct
data is sent to or received from the System Data Bus.

To Data Bus
DPp—D7

U5090
Parity
Checker

To/From
System Data Bus uUs5050
Data
Buffer
DATA OUT
from
Memory
Array

£<7

i DATA RD(L)

US060 o
Eéata Error
us Address
Drive Latch
Buffer (H igh)
-<7<:}' i DsR(L)
SYS DRVI(L) | ? US080
Parity
Error
Address
Latch
(Low)

i D,R(L)

Fig. 6-2. System RAM board data buses.

3920-15
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On a write operation, Data Bus Drive Buffer U5060 is disabled. Since Data
Buffer U5050 is always enabled, data from the System Address Bus passes
through U5050 and appears on the data write bus as DO(H)--D7(H). This bus is
used during a write to memory or a write to I/O ports D2 and D3.

During an I/0 read to either port address D2 or D3, Data Bus Drive Buffer
U5060 is enabled. D2 (read) also enables Parity Error Address Latch U5080,
and D3 (read) enables Parity Error Address Latch US5070. This permits the
system processor to read the low and high bytes of the parity error address.

When the system processor is not making an I/0 read to either port address D2
or D3, Data RD(L) is low, enabling Data Latch U5100 and disabling Parity
Error Address Latches U5070 and U5080. This 1latches the Data Out bus,
DOO(H)--DO7(H), from the memory array onto the read data bus DBO(H)--DB7(H).
Parity Checker U5090 checks the data from the memory array for an even
parity. During a system processor memory read, SYS DRV(L) is also low,
enabling Data Bus Drive Buffer U5060. The data on the data read bus,
DBO(H)--DB7(H), passes through US060 and appears on the System Data Bus.

RAM CONTROLLER AND MEMORY ARRAY

The memory array is physically configured in four banks, with nine dynamic
RAM devices (type-2118) in each bank. The storage capacity of each RAM is
16K x 1-bit. BEight RAMs in each bank are used for data storage and one RAM
for parity. This provides a total memory storage capacity of 64K bytes of
data with parity. Internally, each RAM device has row and column addressing
that defines a specific memory cell. Each RAM device has seven address
inputs. Two internal 7-bit latches are clocked alternately by row and column
strobes. This requires that the input addresses be multiplexed to each
device. RAM Controller U2040 (type-8202A device) provides the required
multiplexing, strobes, and refresh requirements for the RAM devices.

ADDRESS MULTIPLEXING

Of the 16 System Address Bus lines, 14 1lines provide the low-order and
high-order address 1lines to the multiplexer within the RAM Controller. The
two most significant bits of the System Address Bus are input to the Timing
Control 1logic within the RAM Controller. Table 6-1 shows the relationships
of the system address bus lines to the RAM Controller output lines.

6-4 @
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Table 6-1

Relationships of System Address Bus to
RAM Controller Output Lines

System | U2040 |
Address | Input | RAM Controller Output Lines
Bus E Address E
======z==|========= |s======s========================================
AO | ALO  |--—-
A1} ALY } I
A2 | AL2 | Low-Order Address. These address inputs
A3 : AL3 I {__ generate the row addresses for the
A4 | AL4 | | multiplexer in the RAM Controller.
A5 | ALS
A6 i AL6 }---
AT ! AHO !-——
A8 | AH1T |
A9 l AH2 l : High-Order Address. These address inputs
A10 l AH3 { l generate the column addresses for the
A1 l AH4 i :__-multiplexer in the RAM Controller.
A12 | AHS ||
A13 E AH6 i-——
i |
A4 : BO {—_—I Bank Address. These inputs select one of
A15 5 B1 E____r_— the four banks in the memory array.
i i

ROW AND COLUMN STROBES

Four row strobes (one for each memory bank) and one column strobe are
generated in the Timing and Control logic within the RAM Controller. As
shown in Table 6-1, the two most significant bits of the system address bus
determine which of the four banks is selected in the memory array. Table 6-2
shows the relationship between the system bus addresses and the banks
selected by the Row Address Strobes.

Table 6-2
Relationship of Bus Addresses to Selected Memory Bank

System Bus l Row Address i
Address a Strobe 1 Memory Bank
0000--3FFF | RasoO(L) | Bank 1
4000--7FFF | RasS1(L) | Bank 2
8000--BFFF | RAS2(L) | Bank 3
CO00--FFFF E RAS3(L) ! Bank 4
| |

6-5
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The CAS(L) (Column Address Strobe) output is common to all memory Dbanks.
This output is used to latch the column addresses into the memory bank, which
was explained earlier.

REFRESH

The RAM Controller has the capability of providing an internal refresh cycle
or accepting an external refresh request. A refresh timer in the RANM
Controller generates a refresh cycle if an external refresh request is not
received within a specified time. The refresh timer is reset when a refresh
cycle is requested internally or externally. An internal refresh counter
contains the address of the row to be refreshed. This counter is incremented
after each refresh cycle. The external refresh logic is discussed in the
following paragraphs.

REFRESH LOGIC @

The memory array is refreshed by the following methods:

1. RAM controller 02040 has a refresh +timing cycle that
automatically provides a refresh request every 10--16
microseconds.

2. An external refresh command is issued to the RAM controller at
three times:

a. 200 ns after the leading edge of OPREQ(H).

b. After the leading edge of each I/0 clock pulse
(providing the 2650A-1 or DMA is not in control of the
bus) . In this mode, the 8202A performs an Auto refresh
between I/0 clocks, due to the time between I/0 clock
pulses.

c. During maintenance if the FP HOLD(L) line is asserted,
indicating a breakpoint or single-step operation.

WRITE PROTECT @

During a write operation to the RAMs, the RAMINH(L) control 1line is gated
with the WRT(H) line. Therefore, if the RAMINH(L) line is asserted for any
reason, the RAMs cannot be written to.

6-6 @
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PAGE SWITCHING

Page switching dis similar +to, but should not be confused with, bank
switching. Page switching affects 8K blocks of System Memory (RAM) only; on
the other hand, bank switching affects 16K blocks of either System or Program
Memory. Page switching allows any one of eight 8K blocks of System Memory
(RAM) to be switched into the second 8K address space (8K--16K) of the system
processor. This permits the system processor to address the following:

e System Memory (RAM) in its address space 2000--3FFF (8K--16K) with
page switching.

o DBither Program or System Memory in its address space 4000--T7TFFF
(16K--32K) with bank switching.

Figure 6-3 is a simplified schematic diagram of the page switching logic.
I/0 port address D3 is the page switching port. When address D3 is on the
address bus, PAGE(L) goes low and clocks Paging Latch U4010. The data inputs
to U4010 are presented to the "B" inputs of Paging Multiplexer U4020.
Address lines A13--A15 are presented to the "A" inputs of U4020.

- CMEM(L) U30108B
MEM(H) U30208 p/o U2030
"MSTR RUN(H) seuny (VY
o NBA13 ——— D Q
~ NBA14 l Latch
- NBA15
EN
Latch enabled 200 ns
after OPREQ(H) o
w PAGED) LSEL(H)
u4010 1B U4020 u2040
[ 1 . A15 A 1Y
Paging 1
Latch / 28
D6
- D, Q; I A14 2A 2y BO
3B
D5 3Y AH6
———-Do— D; Q3 —-I /&__ 3A
W
Paging RAM
Multiplexer Controller
-— A13—A15 /
3920-16

Fig. 6-3. Page Switching logic.
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NAND gates U3010B and U3020B are enabled when all of the following conditions
exist:

e CMEM(L) goes high, indicating that the system processor  is
addressing system memory.

o MEM(H) goes high, specifying a memory access.

e VSTR RUN(L) goes high, indicating that the system processor is
active.

e The states of NBA13--NBA15 are such that the addresses on the
address bus are between 2000--3FFF. (Binary addresses
0010 XXXX XXXX XXXX -- 0011 XXXX XXXX XXXX.)

When NAND U3010 and U3020 gates are enabled, SEL(H) and LSEL(H) are high. A
high on LSEL(H) selects the "B" inputs to Multiplexer U4020. The three most
significant bits (D5--D7) from the associated data byte of 1/0 port address
D3 appear as inputs to RAM Controller U2040. The data bits are utilized as
follows:

e D6 and D7 provide the bank address and select one of the four memory
banks.

o D5 sets the state of the most significant bit (AH6) of the column
addresses.

For addresses other than 2000--3FFF, ©NAND gates U3010B and U3020B are
disabled and LSEL(H) goes 1low. This 1low selects the "A" inputs +to
Multiplexer U4020. The three most significant address bits A13--A15 are now
the inputs to the RAM Controller.

PARITY ERROR LOGIC @

As previously mentioned, the ninth memory device in each of the four memory
array Dbanks is wused to store the parity bit. Figure 6-4 is a simplified
schematic diagram of the Parity Error logic.

Parity Generator US040 generates an even parity bit from data bus DO--D7
(data input lines to memory array). This bit is stored in the parity memory
devices. If the number of high bits on the data bus is even, the parity Dbit
is high. If the number of high bits is odd, the parity bit is low. Parity
Checker US090 adds the number of high bits from data bus DBO--DB7 (data
output lines from the memory array) to the parity bit stored in the memory
array. If the parity bit is high (indicating an even parity), the output of
the Parity Checker is low. The high parity bit, when added to an even number
of high bits, produces an odd number of high bits, and thus a low output from
the Parity Checker. If no parity error exists, the output of US090 will
always be low. When a parity error is detected, the output of U5090 will be
high. This high output triggers flip-flop U5140A and generates a Parity
Error, which is Interrupt Vector 1.
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Fig. 6-4. Parity Error logic.
If a parity error is detected, the associated 16-bit address is latched in

Parity Error Address Latches US070 and U5080. The address of the parity
error is available by consecutively reading I/0 ports D2 and D3.

The parity bit from Parity Checker U5090 may be complemented by writing to
I/0 port D2. This provides a means for diagnostics to check the parity and
associated Interrupt No. 1. Interrupt No. 1 is cleared whenever I/0 port D2

is read.
DIAGNOSTIC PROVISIONS @
The System RAM board provides several features to aid in diagnostic

troubleshooting:

e The address of the last parity error is latched and can be read by
the system processor at I/0 ports D2 (low byte) and D3 (high byte).

¢ Interrupt Vector 15 is used to indicate a refresh operation to the

@ 6-9
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64K RAM array. This interrupt is enabled by writing to I/O port
address D2.

e The parity line may be inverted by writing to I/0 port address D2,
thus providing a means for diagnostics to check the parity logic and
Interrupt Vector 1 (System Memory Parity error).

® TFive LEDs on the System RAM board may be turned on or off by writing
to I/0 port address D2. Three additional LEDs monitor the status of
the lower three bits of the data byte from I/O port address D2.

e J6140 is a two-position Jjumper, labeled TEST. For special
applications, this jumper can be positioned so that the board
responds to CMEM(H) control line going high. In this position, the
board functions as program memory. This permits the program memory
diagnostic tests to be run on this board when the CMEM(H) line goes
high.

NOTE

Refer to Section 15 of this manual for additional information on
these diagnostic features.

I/0 PORT INTERFACES

A combination of NAND gates and decoders are used to decode I/O port
addresses D2 and D3. Figure 6-5 is a simplified schematic diagram showing
the I/0 port decoder and associated logic.

NAND gates U4040B and U4030 decode I/0O port addresses D2 and D3 (except for
the least significant bit, AO). The output from the NAND gate decoders
enables Functional Decoder U3160. The states of input lines AO and R(L)/W(H)
determine which of the four output lines of U3160 are used to select the
various functions. Table 6-3 shows the relationship of the enabling control
lines to the output control lines. Refer to Section 19 of this manual for a
detailed breakdown of the associated data bytes of I/0 port addresses D2 and
D3.

6-10 @
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Fig. 6-5. I/0 Port Decoder
Table 6-3%
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Section 7

SYSTEM ROM BOARD

INTRODUCTION

The System ROM board contains two memory arrays:

1. 240K bytes of ROM or EPROM (Electrically Programmable Read Only
Memory) .

2. 4K byt;s of EEPROM (Electrically Erasable Programmable Read Only
Memory) .

The System ROM board provides the following functions:
e ROM Array
® EEPROM Array
e I/0 Port Decoder
e Board Enable
o Chip Select
e FEEPROM Programmer

Figure 7-1 is a functional block diagram of the System ROM board. Refer to

this figure, and to the board schematics in the rear of this manual, as you
read the following paragraphs.

ROM ARRAY <:>><§:>

Up to thirty 8K x 8-bit ROM devices (type-2764) may be installed on the
System ROM board. The ROM array has a total storage capacity of 240K bytes,
when all 30 ROM devices are installed. Each ROM socket is designated in the
schematics (located in the rear of this manual) with a "U" number and a "CS"
nunber. The "U" number is used in the parts listing. The "CS" number is a
hexadecimal address (the data byte written to I/0 port D8) sent to the chip
select decoders that enables a specific ROM. Only the "CS" numbers (not the
"U" numbers) are etched on the front and back of the circuit boards. This is
discussed in greater detail later in this section.
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The ROM array is physically divided into four banks. The output data from
the array is divided into four buffered buses: one buffered bus for each
bank. Each bank contains the following number of devices:

e Bank No. 1 -- 6 devices
e Bank No. 2 -- 8 devices
® Bank No. 3 -- 8 devices
o Bank No. 4 -- 8 devices

The first address location of each ROM is always located at address 8000.
With the type 2764 device, the highest address location is 9FFF, for a
maximum addressing capability of 8K. Other ROM types may have up to 16K
maximum addressing capability (8000--BFFF). Strapping provisions are
provided on the circuit board directly below each ROM socket, in the event
other types of ROM devices are used. Refer to Section 3 of this manual for
strapping information on how to set the straps for other ROM types. (The
minimum and maximum addressing of the ROMs will be covered in more detail
later in this section.)

EEPROM ARRAY

Up to two 2K x 8-bit EEPROM devices (type-2816) may be installed on the
System ROM board. The EEPROM array has a storage capacity of 4K bytes when
both devices are installed. The type 2816 device 1is Dboth electrically
erasable and electrically programmable. Update changes and patches to the
ROMs are made in the EEPROMs. This provides a convenient method for updating
the firmware for +the 8540 operating system, diagnostics, and options.
Changes to the EEPROMs that require erasing and programming functions can be
made from the system terminal.

1/0 PORT DECODER

Figure 7-2 is a simplified schematic of the I/O port decode logic. A
combination of gates (U5110, U5130, and U6020) are used to decode the I/0
port address D8 and associated control lines. The result is a PORT READ(H)
control line during a read operation and a PORT WRITE(H) control line during
a write operation.

The associated data byte of I/0 port address D8 provides control and status
information. Refer to Section 19 of this manual for a detailed breakdown of
the associated data byte.

-3
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Fig. 7-2. I/0 port decoder logic.

BOARD ENABLE 4g>M€E>

Figure 7-3 is a simplified schematic of the board enable logic. The System
ROM ©board powers up with both the ROM and EEPROM arrays in a disabled state.
When either array is being read, control line EN ROM(L) is generated, which
enables the Chip Select Decoders. In addition, when the EEPROMs are written
to (programmed), control line EEPROM EN(H) is generated; this control 1line
provides EEPROM programming voltages and timing. EEPROM EN(H) is generated
by setting data bit D6(H) high during a write to I/0 port address D8.

EN ROM(H) is generated when NAND gate U5140B is enabled. This NAND gate is
enabled when both of the following conditions exist:

1. Output D7 of Write Latch U4110 is high. This is caused by
setting data bit D7 high during a write to I/O port address D8.

2. The output of Decoder U5110 is high, which is caused by all of
the following conditions:

a. CMEM(H) going low, indicating that the system processor
or DMA Controller is addressing system memory.

b. I0(H)/M(L) going low, indicating a memory access.

c. A15(H) going high and A14(H) going low, indicating an
address on the system address bus between 8000--BFFF.
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Buffer Bank Decoder U4100B is enabled when both of the following conditions
exist:

1. 0S0+CS1(L) is high, indicating that chip select (S82--CS9F is
selected; and

2. EN ROM(H) is high.

One of four outputs from U4100B is set low, depending on the states of its
input lines. The input line states are controlled by setting data bits D4
and D3 high or low during a write to I/O port address D8. Each low output
for U4100B enables a data output buffer associated with each ROM memory bank.

RAMINH(L) is generated on this board during a memory read to the EEPROMs or
ROMs, or during a memory write to the EEPROMs. When generated, RAMINH (L)
disables the System RAM array, ensuring that the system processor addresses
only the System ROM arrays.

CHIP SELECT

Figure 7-4 is a simplified schematic of +the Chip Select Decoders and
associated logic circuitry. Write Latch U4110 is clocked during a write
operation to I/O port address D8. The five lower bits of the associated data
byte are decoded to select one of 32 ROM devices (two EEPROMs and 30 ROMs) .
Data bits D3 and D4 are decoded by ROM Bank Decoder U4100A. The outputs of
U4100A select one of four Chip Select Decoders. Data bits D5, D6, and D7 are
decoded in each Chip Select Decoder, providing a total of 32 chip select
outputs from the four Chip Select Decoders. Each Chip Select Decoder (with
the exception of U2090) corresponds to the banks in the ROM array. €SO and
C31 from U2090 select the two EEPROM devices. (S2--CS7 from U2090 select the
six ROM devices in Bank No. 1. Chart A in Fig. 7-4 shows the relationship
between chip select numbers, the data byte written to I/0 port address D8,
and the chip designation etched on the circuit board. Note that the data
byte written to I/O port address D8 corresponds to the last two digits of the
etched circuit board designation. This designation is etched on the front
and back of the circuit board for each EEPROM and ROM socket.

7-6 @
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EEPROM PROGRAMMER ‘

The EEPROM programmer consists of a 22.5 Vdc switching voltage supply and a
state machine for performing programming operations to the EEPROM devices.

22.5 VOLT SUPPLY

The 22.5 Vdec supply consists of:
e a switching regulator device, U6190 (type 78S540);

e a Darlington transistor configured as an emitter-follower, Q5191;
and

® associated resistive/capacitive networks.

Switching regulator U6190 is powered from a +12 Vdc source. The output of
the switching regulator is configured for +22.5 Vdc. The output voltage from
the state machine is wused to change +the voltage applied to the base of
emitter-follower Q5191, which changes the emitter ‘voltage Vpp(H) that is
applied to the EEPROMs. When the state machine output voltage is high, the
base of Q5191 is +22.5 Vdc (+21.4 to +23.17 Vdc) and the voltage at the
emitter is +21.0 Vdc (+/- 1 Volt). When the state machine output voltage is
low, the base of Q5191 is +6.3 Vdc (+6.1 to +6.7 Vdc) and the voltage at the
emitter is +5.0 Vdc (+/- 1 Volt). The state machine output voltage remains
high for 12.8 ms, applying the +21.0 Vdc +to the EEPROMs during all
programming operations. '

STATE MACHINE

Figure 7-5 is a simplified schematic of the state machine. The state machine
contains a timing chain that provides the timing pulses required to apply the
+21.0 Vdc during EEPROM programming. Programming occurs during either an
erase or a write operation. Refer to Fig. 7-5 and to the state machine
timing diagram shown in Fig. 7-6.

The two D-type flip-flops, US170A and US170B, are cleared by RESET(L) going
low or by the outputs from the divider network, U4190A, U4190B, and U4200B.
The timing sequence is started by WRP(H) and EE WR(H) going high. At that
time, U5170B's input 2D(H) is high. When U5170B is clocked, its output 2Q(H)
goes high and output 2Q(L) goes low. Output 2Q(L) clears and resets the
divider network, and output 2Q(H) drives U5170A's input 1D(H) high. Output
2Q(H) is also control line STATUS(H), and remains high until the flip-flop is
cleared. U5170A is clocked by the falling edge of WRP(H) and its output
1Q(H) goes high. This output, when high, causes the emitter of Q5191 to go
to approximately +21.0 Vdc, which is the programming or erase voltage for the
EEPROMs .

The divider network is clocked by the first high-to-low transition of the I/0

clock, after being enabled by U5170B's output 2Q(L) going low. This divider
network is a 500-to-1 divider. After 500 I/0 clock cycles (12.8 ms), the

7-8 , @
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QA(H) output of U4200B goes high. This output clears flip-flop U5170A
through gates U5020A and U6150B. US5170A's output 1Q(H) goes low, and remains
low until the next EE WR(H) pulse. The first divider in the divider network
(U4190) starts the count again. After the fourth I/0 clock pulse (102.4
microseconds later), U4190A's output QC(H) goes high. This output is ANDed
with the other divider output and the programming sequence is completed as
follows:

1. U4190's output QC(H) goes high.

2. US170B is cleared.

3. US170B's outputs 2Q(H) goes low and 2Q(L) goes high.

4. When US5170B's output 2Q(L) goes high, the divider network is
reset, causing U4200B's output QA(H) and U4190A's output QC(H)
to go 1low. This forces the clear inputs of flip-flops (U5170A

and U5170B) high, setting these flip-flops for the next clock
pulse from WRP(H).

———————== STATUS(H) US5020A
- NESET(L) U5150B
U6130D
U6150A
oo & 00 | o | 2
u4190A|ua1908|uaz008
1 U61508
wRp(H)  U8120D usi20c cEl l l
| b'q >p | EEBUF(L
2D 20 L) g
U5170B l
U5120E
CLR
Dc >1D 10 —a \/pp(H)
lus170A
-—

U5120F

o EEPROM EN(H)
U6120E
—RH/WO) US150R U6050C
csg _U6150C LQ :))—4> & EE WR(H)
3920-23

Fig. 7-5. State Machine logic.
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Fig. 7-6. State Machine timing diagram.

EEPROM PROGRAMMING SEQUENCE

The following procedure describes how the EEPROMs (type-2816 devices) are
programmed or reprogrammed :

® The desired location in the EEPROM must first be erased by filling
the location with "1's".

o The new data byte is then written to the desired location.

o The location may be read to ensure that the data byte was actually
entered.

7-10 @
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The following example shows how data byte 55 is entered at location 8000.

2816 PROGRAMMING SEQUENCE EXAMPLE

LODI,R1 O6H ;Load 06 into R1.

WRTE, R1 OEEH ;Write R1 to Bank Switch Port EE.
;8000--BFFF of System Memory is
snow selected.

LODI,R1 OCOH ;Load CO into R1.

WRTE, R1 OD8H ;Write R1 to System ROM control port D8.
;Chip select CSO and ROM socket CS80 are
;selected on the System ROM board.

;(EEPROMS are located in ROM sockets CS80

;or CS81 and are selected by CSO or CS1.)

LODI,R2 OFFH ;Load FF into R2.
STRA, R2 4000H ;Write R2 to location 8000.
LOOP1 REDE, R1 OD8H ;Read System ROM board status port D8.
TMI,R1 20H ;Test bit D5 of status port D8.
BCTR, EQ LOOP1 ;Continue looping until bit D5 of
;status port D8 is zero.
;Data byte at location 8000 is FF,
;which erases previous data byte.
LODI,R2 55H ;Load desired data byte 55 into R2.
STRA, R2 4000H ;Write R2 to location 8000.
LOOP2 REDE, R1 OD8H ;Read System ROM board status port D8.
T™™I,R1 20H ;Test bit D5 of status port D8.
BCTR, EQ LOOP2 ;Continue looping until bit D5 of

;status port D8 is zero.
;The data byte at location 8000 is
;now programmed for 55.

NOTE

During EEPROM programming, an attempted write operation to
addresses 8000--BFFF will assert RAMINH(L) on the system bus, thus
preventing the write operation. If a write operation 1is required
in this address range during the programming of the EEPROM, set bit
7 of I/0 port address D8 low. See Section 19 of this manual for
information on the contents of the data byte.
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Section 8

EMULATOR CONTROLLER BOARD

INTRODUCTION

The Emulator Controller ensures that only one processor (either the systenm
processor or emulator processor) has control of the buses at any time. Since
the system and program sections share the same 16-bit address and data buses
(plus some of the control lines), bus contention could become a problem
without the Emulator Controller. The location of +the Emulator Controller
board in J5 of the Main Interconnect board separates the system section from
the program section, for certain portions of the system bus structure. In
addition, +the Emulator Controller board supports the following software
features:
® Provides two program breakpoints that may be set for any address.
o Permits the emulator processor to be force-jumped to any address.
® Keeps +track of the addresses of the 1last program instruction
executed and the next program instruction to be executed when an
emulator/slave interrupt breakpoint occurs.

These software features are available for any address within the total 16M
program memory address space.

This section discusses the operation of the Emulator Controller, and is
divided into the following functional categories:

o Address and data buses

e System processor/emulator processor control

e Service (SVC) request detection

e Breakpoint logic

® Interrupt logic

e Program Counter (PC) Last/Next storage registers
e Forced jump logic

® Extended bank switching

e I/0 port interfaces
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ADDRESS AND DATA BUSES

Figure 8-1 1s a simplified functional block diagram of the Emulator
Controller board. This figure defines the four address buses and two data

buses within the Emulator Controller board. These buses are 1listed as
follows:

o Address Buses

Address Bus #l===mmmmmmmemun . Writes to system
I--—- and extended
Extended Address Bus #1 ----' address buses
Address Bus #2 =—=mm—m—m—me- . Reads from system
:—--- and extended
.Extended Address Bus #2 ----' address buses

e Data Buses

Data Bus #1 ----- Data write bus
Data Bus #2 ----- Data read bus

Address Buses #1 and #2 interface with system address bus lines AO--A15, and
are common to the system and program sections of the Main Interconnect board.
The +two Extended Address Buses interface with extended address bus lines
A16--A23, and are only available to circuit boards in the program section of
the Main Interconnect board.

Note that the buffers for all six buses are directional. The two "write"
address buses are used to transfer addresses from the Emulator Controller to
the system and extended address buses. The two "read" address buses are used
to bring addresses from the system and extended address buses to the various
comparators and registers in the Emulator Controller. Data Bus #1 is wused
during a write operation to transfer data from the system data bus into the
appropriate registers. Data Bus #2 is used during a read operation to

transfer data from registers in the Emulator Controller to the system data
bus.
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SYSTEM PROCESSOR/EMULATOR PROCESSOR CONTROL <::>

This function ensures that only one of the processors is allowed to access
the address and data buses at a time. Since the processors both share the
same buses, only one is allowed to run at a time. This type of system is
referred to as a master/slave arrangement. The system processor has the
higher priority, and is referred to as the master. The emulator processor is

the slave. Switching and control of the master/slave processors is
accomplished as follows:

1. A separate control line, labeled MSTR PAUSE(L) or SLV PAUSE(L),
is monitored by each processor. When either of these lines is
asserted, the associated processor is halted.

2. By preventing MSTR/SLV flip-flop U3180A from changing state
until the active processor on the buses has halted, the Emulator
Controller ensures that the master and slave processors will
never be on the buses at the same time.

3. Flip-flops and gates are arranged to ensure that one of the
PAUSE 1lines 1is always asserted, except during DMA operations.
During DMA operations, both the MSTR PAUSE(L) and SLV PAUSE(L)
lines are asserted simultaneously. This pauses both processors
and permits the DMA controller to assume control of the buses.

SERVICE (SVC) REQUEST DETECTION <::>

SVCs allow a user's program to access data from an input device, or to
transfer data to an output device. When an SVC is executed in a user's
program, an SVC request is sent to the Emulator Controller. The SVC request
logic recognizes a software '"service request" from the active emulator
processor and notifies the system processor of the interrupt.

SVC mapping register U5040 allows SVCs to be mapped anywhere Dbetween OO--FF
on even 16-byte boundaries. The SVC range defaults to FO--F7 on power-up or
restart conditions.

An internal jumper (J5177) permits SVCs to occur during emulation modes O and
1. Refer to Section 3 of this manual for the location and proper setting of
this jumper.

SVC mapping is accomplished by writing to I/0 port address F3. SVCs are
enabled or disabled by writing to bit 4 of the debug command port (I/0 port
address F9).
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BREAKPOINT LOGIC

The breakpoint logic permits two independent breakpoints to be set into
breakpoint registers for any address between 000000--FFFFFF (AO--A23). The
breakpoint logic compares the address values from the system (A0--A15) and
extended (A16--A23) address buses with the values stored in the breakpoint
registers. A breakpoint interrupt will occur when all of the following
conditions are met:

0 a match occurs between breakpoint registers and the address buses;

o the R/W line matches the break-on-read or break-on-write conditions
set into debug control register U3060 (I/0 port address F8);

0 no debug interrupt is pending;
o no forced Jjump address is in progress;

o SLV OPREQ(L) is asserted, indicating that the emulator processor is
active; and

o M(L)/10(H) control 1line is low, permitting access to program memory.

INTERRUPT LOGIC <::>

The Emulator Controller initiates service requests for all interrupts from
the program section of the 8540. Priorities are assigned to these
interrupts, and the DBG INT(L) (debug interrupt) control 1line forwards the
interrupt to the system processor. The interrupts are assigned the following
priorities (in descending order):

1. Service request interrupt--SVC INT
2. Breakpoint 1--BP1

3. Breakpoint 2--BP2

4. Single-cycle interrupt--S/CY INT

5. ©Slave halted interrupt--SLV HLT INT
6. Diagnostic interrupt--DIAG INT

7. Interrupt 29--INT 29 (TTA/RTPA)

8. Interrupt 30--INT 30 (RTPA)

9. Interrupt 31--INT 31 (RTPA)

Four of the interrupts provide an immediate interrupt. That is, DBG INT(L)
is generated immediately upon receipt of any of the following interrupts:
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e SVC INT

e SLV HLT INT

e DIAG INT

e INT 30
The remaining interrupts provide a pending interrupt. That is, DBG INT(L) is
not issued wuntil the following FETCH cycle is received. This allows the

address of the next instruction to be latched into the PC Next registers
prior to interrupting the active processor.

PC LAST/NEXT STORAGE REGISTERS <::>

The PC Last/Next circuitry keeps track of the address of the last instruction
executed and the next instruction to be executed whenever a slave interrupt
occurs.

When the emulator processor is executing instructions normally (that is, no
interrupts have occurred), the address of the current executing instruction
is latched into three 8-bit PC Last latches (A0--A2%). These 8-bit latches
are continually updated as each program instruction is executed.

When a hardware or SVC interrupt is detected during program execution, the PC
Last latches are no longer clocked, and the address of the last instruction
executed remains in the PC Last latches. When the emulator processor starts
to execute the mnext program instruction, the SLV FETCH pulse causes this
instruction address to be latched into the 8-bit PC Next latches (AO--A23).

Therefore, the PC Last latches contain the address of where the program was
interrupted, and the PC Next latches contain the address of the next program
instruction to be executed.

FORCED JUMP LOGIC

The forced Jjump logic forces the -emulator processor to transfer program
execution to a particular address. The jump address is loaded into the jump
address registers with the three I/0 port addresses listed in Table 8-1.
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Table 8-1
Forced Jump Address Registers

e e e e e

|
|
|
FA -—- (Write) E Lower eight address bits AO--A7 .
FB --- (Write) ! Upper eight address bits A8--A15
|
______________________ D e
F5 ——- (Write) E Extended eight address bits A16--A23
|

A forced jump command (JMP CMD) is issued to the active emulator processor
when any of the following conditions exist:

o Bit 2 of I/0 port address F9 is set low.
0 Breakpoint 1 or 2 is enabled.

o Bit 4 of I/O port address F8 is set high, enabling single-cycle
interrupt.

o A TTA breakpoint is enabled (INT 29).

When a forced Jjump command is issued to the active emulator processor, the
processor responds by asserting the Jjump acknowledge control line [JMP
ACK(L)]. When this line is asserted, the forced jump address is gated onto
the system and extended address buses.

EXTENDED BANK SWITCHING

The 8-bit extended bank switch register (U3110) is loaded by writing to I/0
port address F4. The extended address is gated onto the extended address bus
when control 1line EN ADDR(L) is asserted, indicating that the system
processor 1is active. This circuitry permits the system processor to address
the extended address range.

I/0 PORT INTERFACES

As previously stated, the system processor communicates with the various
boards by means of I/0 port addresses and the associated data bytes. The I/0
port addresses for the Emulator Controller board are divided into the
following functions:

e Functional Decoder (Read/Write)

e I/0 Decoder (Read)

e I/0 Decoder (Write)

e Extended Address Decoder (Read/Write)
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The lower-order address bus lines (AO--A7) are decoded to determine which I/0

port is

accessed.
Emulator Controller.

Table 8-2 lists the I/0 port address assigmments for the
A detailed description of the associated data byte

for

each I/0 port address is contained in Section 19 of this manual.

Figure 8-2 is a simplified block diagram of the Emulator Controller decoders.
Refey to this figure, and to the board schematics in the rear of this manual,
as you read the following explanation of the I/O port interfaces.

Address Bus

A13(H)
MEM(L)/10(H)
MSTR(H)
OPREQ(H)

U5060

U2120

(Read/Write)|

Decoder

R(H)/W(L)

U2060C

(F6-F7) ENBL EXTD(L)

——

(F6) BP1 EXTD(L)

U20708B
Extd (F7) BP2 EXTDIL)
L Addr (F6) PC NEXT EXTD(L)
(Read/Write) |(F7) PC LAST EXTD(L)

(F6) EXTD SEL(H)

To E: ded Jump

(F5) JMP ADR EXTD(L)

(F4) EXTD BANK(L)

Address Register

To E ded Address

(F2) READ INT(L)

(F8-FF) WR PORT(L)

(FC-FF) RD PORT(L)

Bank Register

To Interrupt
Pending Register

R(H)/W(L)
— (F3) SVC MAP(L) o
& {FF) PC LAST HI(L)
U2070A (FE) PC LAST LO(L)
170
Decoder (FD) PC NEXT HI(L)
(Read) (FC) PC NEXT LO(L)
To PC
Registers
Jx To Breakpoint 2
(FF) BP2 HI(L) " Registers
U3050 [ (r) 8Pz LOIL) j )
o TO Breakpoint 1
(FD) BP1 HI(L) Registers
(FC) BP1 LO(L) ;l
To Jump Address
o (FB) JMP ADR HI(L) " Registers
Decoder {FA) JMP ADR LO(L) :
WRPLL {Write)  [™tF9) oUT cCMD(L) Debug Command—Sets
- (L) (F8) OUT CNTRL(L) *» Emulator Control Options
I Debug Control—Enables
= Single-cycie and
Breakpoint Operations
(2976-131)3920-26
Fig. 8-2. Bmulator Controller Decoders simplified block diagram.

8-8
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Table 8-2

Emulator Controller I/0 Port Address Assigmments

Port
Address

F2
F3
¥4
F5
F6
F6
FT7
Fr
F8
F9
FA
FB
FC
FC
FD
FD
FE
FE
FF

FF

Reserved (decoded but not assigned)
Reserved (decoded but not assigned)
Pending interrupts port

SVC mapping port

Extended bank switch

Jump address extended

Program Counter Next, extended
Breakpoint 1, extended

Program Counter Last, extended
Breakpoint 2, extended

Debug control port

Debug command port

Jump address, lower-order

Jump address, higher-order

Program Counter Next, lower-order
Breakpoint 1, lower-order

Program Counter Next, higher-order
Breakpoint 1, higher-order

Program Counter Last, lower-order
Breakpoint 2, lower-order

Program Counter Last, higher-order

Breakpoint 2, higher-order

8-9
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PUNCTIONAL DECODER (READ/WRITE)

Functional decoder U2120 is a type-IM5610 PROM used to decode the lower four
address bits (AO0--A3). The PROM is enabled when all of the following
conditions are met:

1. control 1line MSTR(H) is high, indicating that the system
processor is active;

2. control 1line MEM(L)/IO(H) is high, indicating the execution of
an I/0 instruction;

3. control 1line OPREQ(H) is high, indicating the start of a bus
operation;

4. address line A13(H) is high, indicating an extended I/0 address;
and

5. address lines A4(H)--AT7(H) are all high, indicating that an I/0
port address FO--FF is on the address bus.

Tables 8-3 and 8-4 show the state of the input enabling control lines to the
Functional Decoder and output control lines from the Functional Decoder.

Table 8-3
Enabling Functional Decoder

i the NAND gate's out-
}put goes low, enabl-
Iing the functional
}decoder.

I1/0 Port | } IMEM(L) /| | |
Addresses|OPREQ(H)|MSTR(H)| I0(H) ‘A13§A7 A6 A5 A4) Function
_________ N [ O [ O [,
__________________________________ Y PP ——

E : }When all input lines

} l Ito the NAND gate are

| l lhigh during I/0 port

FO--FF i } 1 1 1 1)addresses FO--FF,

1 {

| ]

| |

| ]

] |

] |

8-10 @
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Table 8-4

Emulator Controller
Functional Decoder Input and Output Lines

Decoder Input Control Lines
| 1/0| |
R/W.Port! \R(H)/
OperEAddrEAB A2 A1 AO iW(L)
| | |
R | F2 10 0 1 0} 1
L |
| | |
TSIt T T j=T=—===
W P30 0 1 11 o0
i I %
| | |
Dbt e Bttt j===—=
| | |
I ] |
W i F4 5 01 0 O 5 0
i | |
| | i
Dt B b j=====
| | |
I I |
vw !'m o 1 0 1] 0
| l |
———— l____ e b
! ! !
L |
R i 1
| | |
1 | i
——1 F6 {0 1 1 0 |-==-
. |
W | ;O
1 i |
| i |
S S N — —
| | |
1 # !
R I 1
| I |
| I |
----j F7 } o1 1 1 ; -----
! % |
W I ;O
| | |
| | |
el B ===
R | | P
———=] F6 | O 1 1 O |-==m-
W i i 0
el EEE (R —— =
R | | P
———= 1 F7T 10 1 1 1 |eeee-
W | i 0
| I |
| i |

Output Control

Line Name

EXTD SEL(H)
(is low)

EXTD SEL(H)
(is high)

ENBL EXTD(L)

Forces pending interrupts
in interrupt registers
onto data bus.

ISets I/0 address bits
IAT--A4 for emulator SVCs.

iSets address bits A23--A16
| for system controller
jaccess to program memory.

ISets extended address bits
lA23--A16 of a forced

ljump address.

I

!Sets input control line
}of extended address
}decoder to select PC
INEXT EXTD register on

| read operation, or BP1
IEXTD register on

jwrite operation.
I
| e e -

ISets input control line
:of extended address
Idecoder to select PC
|LAST EXTD register on
jread operation, or BP2
lEXTD register on

iwrite operation.

land F7 set control line
ENBL EXTD(L) low, enabl-
}ing the extended address
Ideooder during both
{read and write
ioperations.

i
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Table 8-4 (cont)

|
i
|
| I/0] | | l
R/W|Port| IR(H)/| Output Control]
OperaAddraAB A2 A1 AO iW(L) i Line Name i Function
il Rt e el R el ittt
i F8 E 1 0 0 O | } i
Il e | |
i F9 41 0 O 1, [ i
e S . |
Il FA 1 0 1 0} ! l1/0 port addresses
S { | | F8--FF set control
I FB {1 0 1 1 | } {line WR PORT(L) low,
| T P ! 0 | wR PORT(L) lenabling the I/0
} FC : 1 1 0 0 | l Idecoder (write) during
JES, P ' ! lall write operations to
i FD i 1 1 0 1 ' ithese I/0 port addresses.
jmm—= e ——————— [ | [
I FE } 1 1 1 0 | |
[ S | :
P FF L1 01 1 1| | i
S e B R, — T ——
i FC 11 1 0 0 i 'I/0 port addresses FC--FF
P S —— . | iset control line RD PORT(L)
I FD 1 1 0 1} I ! low, enabling the I/O
S P P ! 1 | RD PORT(L) |decoder (read) during
{ FE } 11 1 O { : Iall read operations to
S P l | |these I/0 port addresses.
LV FF | 1 1 1 1 | | '
| i | [
I I | [

I/0 DECODER (READ) ’

During a read operation, I/0 port addresses FC--FF cause control 1line RD
PORT(L) from the functional decoder to be asserted. This enables I/0 decoder
(read) U2070A. The lower two address lines (AO and A1) determine which I/0
port is accessed. Table 8-5 shows the state of the input control lines and
the output control lines’ from the I/O decoder (read). The output control
lines from this decoder force the appropriate PC Next/Last address onto the
data bus to be read by the system processor.

8-12 @
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Table 8-5
Emulator Controller
I/0 Decoder (Read) Input and Output Lines

Decoder Enabling
and Input Control Lines

i bus after interrupt.
i
i

|
i
I
]
i
I/0 | Type | | | !
Port : of : RD : } Output Control}
Addr i Oper E PORT(L)EA1 AOE Line Name E Function
l l l I }Forces A7--AO of next
FC i Read i 0 ; 0 0 i PC NEXT LO(L) |instruction onto data
| | 1 1 | bus after interrupt.
I [ | [ |
"""" el R Rt Bttt BT it
: } l } IForces A15--A8 of next
FD | Read | O | O 1 | PC NEXT HI(L) |instruction onto data
l { l l :bus after interrupt.
| | i | i
_____ S O
| ! E ! !Forces A7--AO of last
FE : Read i 0 l 1 0 } PC LAST LO(L) linstruction onto data
a i a i abus after interrupt.
----- Rt Bl el Bl
: : } { lForces A15--A8 of last
FF i Read i 0 ; 11 ; PC LAST HI(L) ;instruction onto data
o o
I i i I

I/0 DECODER (WRITE) ‘

During a write operation, I/0 port addresses F8--FF cause control line WR
PORT(L) from the functional decoder to be asserted. This enables I/0 decoder
(Write) U3050. The lower three address lines (AO——A2) determine which I/0
port is accessed. Table 8-6 shows the state of the input control lines and
the output control lines from the I/0 decoder (write). The output control
lines from this decoder 1load the associated data byte into the selected
registers. The registers are designated by the specific I/0 port address.

EXTENDED ADDRESS DECODER (READ/WRITE) ’

Decoder U2070B is enabled when I/0 port address F6 or F/ is on the address
bus. The states of the two decoder input lines determine which output line
is asserted. During read operations, either I/0 address F6 or F7 causes the
extended PC Next/Last address to be forced onto the data bus. During write
operations, either I/0 address F6 or F7 permits data to be loaded into BP1 or
BP2 registers. Table 8-7 shows the state of the input control lines and the
output control lines from the decoder.
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Table 8-6
Emulator Controller
I/0 Decoder (Write) Input and Output Lines

Decoder Enabling

and Input Control Lines

Output Control
Line Name

====s=ss=s====s

oUT cMD(L)

JMP AIR LO(L)

JMP ADR HI(L)

BP2 HI(L)

iDebug Control Port--
ienables S/C and BP
jregisters.

Debug Command Port
-~ sets emulator
processor control
functions.
R
.Forced Jump Address
,A7--AO is loaded
jinto jump address
Ereglsters

!Forced Jump Address
:A15--A8 is loaded
jinto jump address
.registers.

.BP1 Address A7--AO
lis loaded into BP1
Icomparison register.
|BP1 Address A15--A8
lis loaded into BP1
lcomparison register.
.BP2 Address A7--A0
lis loaded into BP2
.comparison register.
.BP2 Address A15--A8
lis loaded into BP2
}comparison register.
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Table 8-7
Emulator Controller
Extended Address Decoder (Read/Write) Input and Output Lines

Decoder Enabling
and Input Control Lines

I|BP1 Extended Address
|A23——A16 is loaded into
(EXTD BP!1 comparison
.reglster.

1BP2 Extended Address
{A23--A16 is loaded into
|EXTD BP2 comparison
Iregister.

.Forces bits A2%3--A16 of next
|1nstruct10n executed by
|emulator processor onto the
.data bus after an interrupt.
IForces bits A23--A16 of last
|1nstruct10n executed by
|emulator processor onto the
ldata bus after an interrupt.
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Section 9

PROGRAM MEMORY BOARD

INTRODUCTION

The Program Memory board is a 32K static RAM memory. This memory board has
the following features:

e address buffers

e program/system select
e word/byte mode

o RAM inhibit

e low/high board select
e memory relocation

o extended bank

e I/0 port interfaces

Four features are selected by internal jumpers: program/system select,
low/high board select, memory relocation, and extended bank. The positions
of these internal jumpers determine which features are selected for the
Program Memory board. The various features of the Program Memory board are
discussed in the following paragraphs. Refer to Section 3 of this manual for
the location and correct setting of +the internal jumpers on the Program
Memory board.

Figure 9-1 is a simplified functional block diagram of the Program Memory
board. Refer to this figure, and to the board schematics in the rear of this
manual, as you read the following paragraphs.

ADDRESS BUFFERS @

System address bus lines AO(L)--A15(L) are buffered and complemented, and the
line designations changed, when they pass through the address buffers. Some
emulator processors operating in the word mode also require that the address
lines be shifted. Table 9-1 shows the relationships of the system address
bus lines to new line designations for both shifted and unshifted conditions.
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Table 9-1
Relationship of Address Lines to
Address Buffer Output Lines

| Shifted | Unshifted|
l Buffer IAddress { Buffer l
Termination of | Output | Bus | Output | Termination of
Address Lines l Address l Lines l Address l Address Lines
i Lines E i Lines E
! ! A15(L) ! MA14(H)-!- To Physical Addresses
To Physical Addresses - |-MA14(H) | A14(L) | ma13(H) | | PA14(L)--PA11(L)
PA14 (L)--PA11 (L) ol ma13@) ) a13(n) | ma12(") o Memory Relocation
Memory Relocation Volomat2(®) Loa12(n) ) mMAa11(H)- |- Logic
Logic -1-ma11(8) | A11(L) | MA10(H)- |-
|—E-MA10(H) ! A10(L) i MA9(H) i !
| MA9(H) ! A9(L) | MA8(H) .
i 1 MAS(H) | A8(L) | MAT(H) |
P MAT(H) | AT(L) } ma6(H) | |
Pl ma6e(H) ) oa6(n) | Ma5(H) | |---To low and high
To low and high------- bobomas(H) ) As(n) ) ma4(g) || memory arrays
memory arrays Dol omaa(a) | oa4a(n) o ma3(H) ||
i ; MA3(H) ; A3(L) ; MA2(H) i i
P Ma2(H) o oA2(n) o MAI(H)
Pl ma1(H) o A1(L) | MAO(H)--|-
--MAO(H) | AO(L) | BAO(H)--|----- To Word/Byte
To Word/Byte----==—m—=n-=n I-BAO(H) | Ground | ! circuitry and
circuitry and } | (Logic | } Data Buffer Control
Data Buffer Control E E low) i E
] I | |

Address Dbuffers U6010B, U6020B, U6030B, and U6040B are enabled for all
emulators operating in the byte mode and for most emulators operating in the
word mode (unshifted condition). Address buffers U6010A, U6020A, U6030A, and
U6040A are enabled for those emulators operating in the word mode that
require the address lines to be shifted. The address lines are shifted when
WD ACCESS(L) control line is low, and BYTE ADDR(L) 1line is high. For those
emulators operating in the word mode and unshifted conditions, the WD
ACCESS(L) line and BYTE ADDR(L) are both set low. TFor all emulators
operating in the byte mode, the WD ACCESS(L) line is high and BYTE ADDR(L)
line is low.

9-3
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PROGRAM/SYSTEM SELECT<::>

The setting of internal jumper J6179 (Program/System Jumper) determines
whether the memory board will be used as Program Memory or (for special
applications) as System Memory. When the program/system jumper (J6179) is
set for Program Memory operation, the memory board is operational when the
CMEM(H) control line is high. For special applications, when J6179 is set
"for System Memory operation, the memory board is operational when the CMEM(H)
control line is low. Other than this CMEM(H) distinction, there is no
operational difference when a memory board is used as Program or System
Memory. Jumper J6179 remains in the PROGRAM position for 8540 operations.
The 8540 operating system (0S/40) prohibits using this board as System
Memory.

WORD/BYTE MODE<<:>

The word/byte mode circuitry determines how the data from the data bus is
stored in or read from the memory array banks. There are two 16K x 8-bit
memory arrays that are selected by an emulator processor. When the byte mode
is selected, the +two arrays are essentially arranged in series to form one
array (8 x 32K). When the word mode is selected, the +two arrays are
essentially arranged in parallel to form one array (16 x 16K). Byte mode is
normally selected for 8-bit emulator processors, and the word mode of 16-bit
processors.

Word or byte mode operation is selected by the states of the WD ACCESS(L) and
BYTE ADDR(L) control lines, and the state of the BAO(H) address line, as
shown in Table 9-2. ‘

In the byte mode, the lower or higher arrays are accessed by the upper eight
data lines (D15--D8). When WD ACCESS(L) is high and SWAP(L) is low, the data
is read from/written to data lines D15--D8, instead of D7--DO.

RAM INHIBIT<<:>

When the RAM INH(L) (RAM Inhibit) control line is asserted, Data Buffer
Control U6100 is disabled. This disables both the read and write data
buffers to/from the low and high memory arrays. All read and/or write
operations to/from the memory arrays are inhibited.

LOW/HIGH BOARD SELECT<<:>

The position of the Low/High Board jumper (J6175) determines whether the 32K
memory board responds to low or high memory addresses. See Table 9-3.
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Table 9-2

Word or Byte Mode Operation

BYTE ADDR(L) is asserted
and
BAO(H) is low
WD ACCESS(L) is high
(the bus address is even)

BYTE ADDR(L) is asserted
and
BAO(H) is high
WD ACCESS(L) is high
(the bus address is odd)
WD ACCESS(L) is asserted
and BAO(H)
is either high or low.

BYTE ADDR(L) is high for
emulators requiring that
the address be shifted,
and low for all other
emulators.

Byte mode is selected. U6110B is enabled
and memory access line LOW BYTE(L) is
asserted. U6170A is enabled and the low

memory is accessed.

Byte mode is selected. U6110C is enabled
and memory access line HIGH BYTE(L) is
asserted. U6170B is enabled and the high
memory array is accessed.

Word mode is selected. U6110B and U6110C
are enabled, and memory access lines

LOW BYPE(L) and HIGH BYTE(L) are both
asserted. U6170A and U6170B are enabled
and both low and high memory arrays are
accessed, providing storage for/reading
of a 16-bit data word.

Table 9-%

Low/High Board Jumper J6175

If the Low Board is selected, control line LOW BOARD(L) is low and the memory
arrays are accessed whenever PA14(L) is high. If the High Board is selected,
control line LOW BOARD(L) is high and the memory arrays are accessed whenever
PA14(L) is low. The state of PA14(L) is the same.as that of A15(L).  A15(L)

is high for memory addresses O0000--7FFF and 1low for memory addresses
8000--FFFF. Remember that the common system address bus lines are all low on
the system address bus. Refer to Section 3 of this manual for the location

and correct setting of Jjumper J6175.
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MEMORY RELOCATION

The memory relocation logic permits 32K of the total 64K block of Program
Memory addresses to be relocated to one 32K Program Memory board. The
addresses are relocatable in 4K-byte blocks to even 4K address boundaries.

Before discussing the memory relocation 1logic, here are two address
definitions that must be understood:

Bus Addresses Those addresses present on the system address
bus that are generated by the active processor.

Physical Addresses Addresses that are presented to the chip-select
decoders and the memory arrays on the Program
Memory board.

Figure 9-2 is a block diagram of the Memory Relocation logic. The Memory
Relocation logic uses the four most significant address bits A12(L)--A15(L)
to accomplish the memory relocation. Address bus lines A12(L)--A15(L) are
complemented by the address buffers, and the line designations are changed to
MA11(H)--MA14(H). (Refer earlier in this section to the discussion of
"Address Buffers", and to Table 9-1.) These four address lines
MA11(H)--MA14(H) are fed to the inputs of Address Selector U7010 and Address
Select Mux UT7030.

MEMORY RELOCATION LOGIC DISABLED

The relocation logic is disabled if the Memory Relocation Jjumper J5175 is in
the disable position (across pins 2 and 3). When this jumper is in the
enable position (across pins 1 and 2), the relocation logic can still be
disabled when either of the following conditions exits:

e When RESET(L) goes low during a system reset.

e When PROGRAM/SYSTEM MEMORY jumper J6179 is in the SYSTEM position,
setting PROG MEM(H) 1low. (J6179 should remain in the PROGRAM
position for normal 8540 operations.

If either of these conditions exists, Disable Latch U7080A is set, which
disables Relocation RAM U7040 and enables Address Selector U7010. When
Address Selector U7010 is enabled, the four address lines MA11(H)--MA14(H)
are complemented and wire-ORed with the output of Relocation RAM U7040 (which
is disabled). These address 1lines now become physical address lines
PA11(L)--PA14(L).
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Bus
Address

Write
Data

1/0 Port Address
B8(L) (Low board)
B9(L) (High board)

Address
Selector
745240
u7010

Address
Select
Mux -
4.Bit il Relocation bt Physical
Synchronous P AL L) PaL) Address
ves s 745189
Counter
74LS191 u7040 PA11(L)-PA14(L)
u7020 |
A
Disable
s Latch
74LS109
u7080

1/0 Decoder
&

Misc. Control

D@(L)-D4(L)

3920-28

Fig. 9-2. Memory Relocation logic block diagram.

MEMORY RELOCATION LOGIC ENABLED

The relocation logic is enabled when all of the following conditions exist:

(o)

Memory Relocation jumper J5175 is in the enable position (across
pins 1 and 2).
PROGRAM/SYSTEM MEMORY jumper J6179 is in the PROGRAM position

setting PROG MEM(H) high.

RESET (L) control line is high, indicating that no reset is pending.

Data bit WD4 is set low.

9-7
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Read Operation

When the Memory Relocation logic is enabled during a read operation, Address
Selector UT7010 is disabled, Address Select Mux U7030 is set to select its "A"
inputs, and address lines MA11(H)--MA14(H) are presented as an address to
Relocation RAM U7040. After an access time (35 ns maximum), the "mapped"
(relocated) address is present at the output of the RAM. Since Address
Selector UT0O10 is disabled, the RAM output becomes physical address lines
PA11(L)--PA14(L).

Write Operation

When the Memory Relocation logic is enabled during a write operation, Address
Selector U7010 is disabled, Address Select Mux U7030 is set to select its "B"
inputs, and the four outputs from the 4-bit counter are presented as an
address to Relocation RAM U7040.

MEMORY RELOCATION CONTROL AND STATUS

Figure 9-3 shows the control word that is written to the relocation logic at
I/0 port address B8. Data bit WD6 (E) is used to enable/disable the extended
bank feature. Data bit WD5 (R) is used to reset the 4-Bit Counter. Data bit
WD4 (D) is wused to set/reset Disable Latch U7TO80A. Data bits WD3--WDO
(PA3--PAO) are used to consecutively load the Relocation RAM.

wD7 WwDO
| O | E | R | D | PA3 | PA2 | PAl | PAO |
i | | i i | | | |
1 T 1 i I T
| | ] | i |
i | [ ! | I
| I ] | I
I I I T
i I ] I
I ] i ' : 4-bit physical
= | | | address
| i I
| I I
| | l Relocation disable--- 1 = disable
| i 0 = enable
E | } Counter reset--- 1 = reset
| E—
| |
} } BExtended bank comparator disable--- 1 = disable
| O = enable
i
]

Reserved for possible future use.
Should be set to O.

Fig. 9-3. I/0 Port Address B8 (Write) Control word format.

Figure 9-4 shows the status word that may be read from Readback Buffer U7T050
at I/0 port addresses BS. Data bit D6 (E) defines the extended bank
enable/disable status. Data bit D4 (D) defines the Disable Latch status.
Data bits D3--DO (PA%--PAO) display the physical address.

9-8 @
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Note that Relocation RAM U7040 cannot be examined or written to while +the
Disable Latch is set.

D7 DO
iX:E}X}D:PAB}PAZ{PMlPAO}
. | | | | | i | |
T T T T T 1
i | I i | i
I | i I | 1
| I i | I i
| | | I T
i I I | !
E i i ; i 4-bit physical
| | 1 | address
o
i i i l Disable Latch status--- 1 = disable
] 1 | 0 = enable
E } : Not implemented
|
i I
: : Extended bank disable status--- 1 = disable
{ 0O = enable
|
i

Not implemented

Fig. 9-4. I/0 Port Address B8 (Read) Status word format.

PROGRAMMING THE RELOCATION RAM

I/0 port address B8 (write) is used to program the Relocation RAM. The
relocation logic is enabled by the conditions listed under the previous
heading, "Memory Relocation Logic Enabled." The 4-bit Counter is incremented
by one each time a read or write operation is performed at I/0 port address
B8.

Figure 9-5 is an example of how 32K of the 64K bus address may be relocated
and converted into 32K of physical addresses. Table 9-4 shows the data
written to the Relocation RAM to provide the 32K of physical addresses shown
in Fig. 9-5.
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Physical Address Bus Addresses
! 0000 T 0000
{ } OFFF
! ! 1000
| i 1FFF
{ i 2000
| 2FFF ! 2FFF
‘/ [ 771717777 j 3000
____LLLLLLA _____ 3FFF
./ / / / / /] 7]/ l 4000
, /1 /] /] 4FFF
7777777777' 5000
/S 5FFF
| 3000 | 6000
| I 6FFF
} | 7000
| AFFF | TFFF
777/ /T7T77, 8000
W/ 8FFF
/777777777 9000
/) 9FFF
/I A000
/)] /. AFFF
7777777777 BOOO
_LLLLLLLL/A BFFF
/11T 7T €000
/L] CFFF
i 5000 } D000
! i DFFF
! | E000
! ! EFFF
‘ } FOOO
i TFFF | FFFF
:7/7/7! = Not in physical address space
| I
Fig. 9-5. Example of memory allocation.
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Table 9-4
Example of Data Written to the Relocation RAM.

Data Written

]
|
to Control {
Port B3(L) E Comment
20 ! Enables and resets the counter.
I
___________ e
00 l Allocates blocks O, 1, and 2 to
01 I physical address space.
02 E
OF f Bus addresses 3000--5FFF are
OF t not in the physical address space.
OF i
___________ b e o
03 ! Bus addresses 6000--7FFF correspond
04 E to physical addresses 3000--4FFF.
___________ b e o
OF |
OF |
OF | Bus addresses 8000--CFFF are
OF l not in the physical address space.
OF E
___________ e e
05 | Bus addresses DOOO--FFFF correspond
06 | to physical addresses 5000--T7FFF.
o7

The following comments pertain to Fig. 9-5 and Table 9-4:

1.

Writing data byte "20" (hexadecimal) to control port B8 sets the
4-bit Counter to "1111" (binary).

Data byte "20" sets data bit WDS5(H) high. The next write access
to this port will start the counter at zero.

Writing data byte "20" +to control port B3 clears the Disable
Latch and resets the 4-Bit Counter. Note +that this does not
write any data into the Relocation RAM.

The first 4K-byte block of physical address space entered into
the program will respond to bus addresses 0O0OO--OFFF.

The four most significant bits in the physical address should be
written to control port B38.

Continue this operatién for each block of bus addresses until
the final block FOOO--FFFF is reached.

9-11
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7. The 4-bit Counter automatically increments after each read or
write access to the control port. After exactly 16 writes, the
physical address may be read back for verification or the
counter may be reset and then the readback started.

8. In Table 9-4, "OF" is written when a block of bus addresses is
not used in the physical address space. However, any value from
08--OF may be written. PA14(L) is low for data bytes 00--07 and
high for data bytes 08--FF.

EXTENDED BANK

The extended bank feature permits extended address lines A16--A23 to be wused
in the program section of the Main Interconnect board. The extended bank
logic permits a block of program addresses (up to a maximum of 64K) to be
located to any even 64K-address block within the 16M address space provided
by the 24 address bus lines. The location of this 64K address block is
determined by the settings of an 8-position DIP switch (S7170). The states
of the eight most significant bits of the 24 address bus lines are set into
the 8-position DIP switch. In addition, jumper J7171 is provided to enable
or disable the extended bank feature. Refer to Section 3 of this manual for
the location and proper settings of the switch (S7170) and jumper (J7171).

1/0 PORT INTERFACES

The system processor communicates with the Program Memory board through I/0
port addresses B8 and B9. I/0 port address B8 is used to address the low
board (Program Memory addresses 0000--7FFF) and B9 is used to address the
high board (Program Memory addresses 8000--FFFF). A decoder on the memory
board decodes the I/0 port addresses. The output of the decoder and the
associated data byte of the I/0 port address provides enabling and disabling
of the memory relocation and extended bank features. Therefore, these
features may also be enabled or disabled by software, in addition to Jjumpers
J5175 and J7171. Figures 9-3 and 9-4 show the control and status bytes for
I/0 ports B8 and B9.

NOTE
If either jumper J5175 (memory relocation) or J7171 (extended bank)

is in the "Disable" position, the feature associated with the
Jjumper cannot be enabled by software alone.

9-12 @
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Section 10

FRONT PANEL BOARD

INTRODUCTION

IU Service

The Front Panel board is attached to the Front Control Panel. The RESTART
switch and four LEDs are mounted on the Front Panel board and extend through

cutouts in the Front Control Panel.

INTERCONNECTING CABLES

A1l input/output connections between the Front Panel board and

the Main

Interconnect board terminate in J1 on the Front Panel board and J17 on the

Main Interconnect board. The connectors on the ~interconnecting

cable are

designated P! and P17, respectively. All connectors are 16-pin harmonica

type. The interconnecting cable consists of two parallel ribbon

cables (8

conductors each). Table 10-1 lists the pin connections for both J1/P1 and

J17/P17.

NOTE

In Table 10-1, there is no correlation between corresponding

pin

numbers of P1 and P17. When connecting either P1 or P17, you must
match pin 1 of the "P" connector with pin 1 of the "J" connector.

A small white dot on the connector designates pin 1 of th
connectors. A small arrowhead on the circuit board designates

e "P "

pin

1 of the "J" connectors. Use care when connecting either P1 or

P17; the harmonica connectors are easily misaligned.

REMOVAL AND REPLACEMENT OF FRONT PANEL BOARD

Section 14 of this manual contains procedures for the removal and replacement

of the Front Panel board and the Front Control Panel.

10-1
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Table 10-1
Pin Numbers of J1/P1 and J17/P17

Front Panel

|
Board { Board
Y L s | Systen Bus
e Mamber e D e . | iime e e
9 j—- 1* f +5—Vd; -
10 3 2 % PAUSE(L)
11 i 3 ; RUN(L)
12 | 4 i GROUND
13 ; 5 § SELF TEST(L)
14 E 6 E GROUND
15 i 7 g SLV PSE(L)
16 ; 8 +5 Vdc
1 ; 9 +5 Vdc
2 i 10 MSTR PSE(L)
3 % 11 |  GROUND
4 ; 12 ! RESET(L)
5 i 13 | GROUND
6 ; 14 i MSTR RUN(L)
7 E 15 ; GROUND
8 g 16 } +5 Vde
| I

10-2
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Section 11

POWER SUPPLIES

Page

Introduction .eeeee... cecen

........... e A B

Circuit Description .ee.... R A K
Voltage Regulation and Adjustment .e.eeeeeececccesccasosasosscssssnacasas 11=2
Current Limiting and Adjustment ..ceeeeeeeececeececcecesesoscscsoassssess 112
Overvoltage Protection and Adjustment .......cecec..

e A

Power Supply Adjustments ...... S 1-3

Removal and Replacement of Power Supplies ¢.eeeeececo... cecrescncssesess 11-3

Repair of Power Supplies eeceeeeececsecns

T

@ 1M-1



8540 IU Service

Section 11

POWER SUPPLIES

INTRODUCTION

This section describes the DC power supplies in the 8540. There are two 12
Vdc supplies and one 5 Vdc supply. The schematic diagrams for these power
supplies are located in the rear of this manual.

The two 12 Vdc supplies are identical. One supply has its positive output
terminal connected to logic ground, and the other supply has its negative
output terminal connected to logic ground, resulting in a -12 Vdc and a +12
Vdc power supplies with reference to logic ground.

The 5 Vdc supply has its negative output terminal connected to logic ground,
which provides a +5 Vdc power supply with reference to logic ground.

NOTE

Logic ground and chassis ground are not common in the 8540.

The calibration procedures for the power supplies are contained in Section 13
of this manual. The removal and replacement instructions are contained in
Section 14 of this manual. Before you attempt to adjust or remove the power
supplies from the 8540, refer to the procedures in Sections 13 and 14.

CIRCUIT DESCRIPTION @

The circuit description for both 5 and 12 Vdc supplies is very similar. The
control circuitry is almost identical for Dboth supplies. The input and
output components of the 5 Vdc supply are reinforced to handle the additional
current capabilities. The 5 Vdc supply has six series pass transistors,
Q2--Q7. These are in a series/parallel arrangement, providing a maximum
output current of 35 amps. The 12 Vdc supply has only one transistor, Qi,
that provides a maximum output current of 1.7 amps. Due to the similarity in

the +/-12 Vdc supplies and the +5 Vdc power supply, only the +5 Vdc power
supply circuitry is described here.

The control circuitry in these supplies is centered around U1, a type-723
voltage regulator device. The control circuitry performs three major
functions:

o Voltage regulation and adjustment

e Current limiting and adjustment

111
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o Overvoltage protection and adjustment

VOLTAGE REGULATION AND ADJUSTMENT

A voltage divider network is across the positive and negative output
terminals. This divider network consisting of R37, R43 (Voltage Adjust),
R28, R29, and R38. Within U1, pins 4 and 5 are the inputs "to an error
amplifier. Outside the device, these pins are connected across R28.
Therefore, the voltage drop across R28 is the input to the error amplifier.
An internal voltage regulator provides a reference voltage between pins 5 and
6. When the 5 Vdc supply output voltage drops, the voltage across R28
decreases. This decrease to the input of the error amplifier causes the
voltage at pin 10 to increase. Increasing the voltage at pin 10 increases
the drive through Q!, which also increases the drive of the six series pass
transistors: Q2--Q7. This brings the output voltage wup until it Dbalances
with the reference voltage.

R43 (Voltage Adjust) is in series with R28. Adjusting R43 also changes the
voltage across R28 and permits adjustment of the output voltage. In the 5
Vdc supply, R43 provides an adjustment in the output voltage from 4.75 to 7.0

Vdc. In the 12 Vdc supplies, R20 provides an adjustment in the output
voltage from 10.5 to 15.75 Vdc.

CURRENT LIMITING AND ADJUSTMENT

The current limiting adjustment (R23) is set for the maximum current of 35
amps for the 5 Vdc supply. (R3 is set for a maximum current of 1.7 amps for
the 12 Vdc supplies.) Pins 2 and 3 of U1 are connected to the base and
emitter of a transistor within Ul. R23 (Current Limit) and R24 form a
voltage divider network that establishes a reference voltage at pin 2.

When the current in the 5 Vdc supply is increased, the voltage tends to
decrease. This decrease increases the drive through Q1, as described in the
previous paragraphs. This decrease also changes the voltage drop across R23
and R24 and the reference voltage between pins 2 and 3 (connected to the base
and emitter of the internal current limiter). If the output current exceeds
35 amps, the internal current limiter is turned on and the supply goes out of

regulation. As you exceed the 35 amp limit, the output voltage decreases
accordingly.

OVERVOLTAGE PROTECTION AND ADJUSTMENT

The overvoltage protection circuitry consists of Q9, CR9, SCR1, SCR2, and
associated resistors. The emitter of Q9 1is connected directly to the
positive output terminal. R30 and R31 (Over Voltage) form a voltage divider
across the positive and negative output terminals. The voltage at the
junction of R30 and R31 determines when CR9 will +turn on. As the 5 Vdec

output voltage increases, the voltage drop across R31 increases until CR9
fires. This turns on Q9, whose collector is connected to the gate of SCR1,
turning it on. When SCR1 is turned on, two things happen:

11-2 @
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1. SCR2 is turned on, which shorts the output to logic ground.

2. The base drive to the six series pass transistors (Q2--Q7) is
reduced.

This shuts the power supply down rapidly. When SCR2 is turned on, the output
drops to approximately one volt. Once this happens, the main power switch
must be turned off and then turned on again, to reset the gates on SCR1 and
SCR2. R31 is adjusted to ensure that the supply shuts down at 6.2 Vdc +/-0.1

V. (R13 for the 12 Vdc supply is adjusted to ensure shut down at 13.3 Vdc
+/-0.2 V.)

POWER SUPPLY ADJUSTMENTS

The three adjustments on each power supply are interactive. The adjustments
must be made in the following order:

1. OQOver Voltage
2. Voltage Adjust

5. Current Limit

CAUTION

The power supplies are set at the factory to the proper voltages
and currents. They are adjusted to conform to UL specifications,
and the adjustment pots are sealed. Adjust power supplies only
when necessary. However, if it ©becomes necessary to make any
changes to the adjustments, refer to Section 13 of this manual for
detailed calibration  procedures. Follow  those procedures
carefully.

REMOVAL AND REPLACEMENT OF POWER SUPPLIES

Section 14 of this manual contains step-by-step procedures for the removal
and replacement of the power supplies.

REPAIR OF POWER SUPPLIES

If the 12 Vdc supply fails, it is recommended that the circuit board be
discarded and a replacement board installed. This recommendation is based on
the cost of the replacement circuit board.

If the 5 Vdc supply fails, it is recommended that the 5 Vdc supply be

returned to Tektronix Inc., through your nearest Field Support Activity, and
that an exchange 5 Vdc supply be installed.
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Section 12

FUNCTIONAL CHECK PROCEDURES

TNt rOQUCTION tetteeeeeeeeeeeeoaoesooaecooscasosnsessosassesnsonasensosss
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FUNCTIONAL CHECK PROCEDURES

INTRODUCTION

In this section, we'll present a step-by-step procedure for verifying the
correct operation of the 8540. The diagnostic tests used in this procedure
provide an easy way of functionally checking the 8540 system operation. The
tests performed are executed by minimum user-entered responses to menu
displays on the system terminal.

8540 DIAGNOSTIC TESTS

Two separate diagnostic test programs must be successfully executed to verify
the 8540 system. These test programs are:

e power-up diagnostics

® ROM-resident diagnostics

POWER-UP DIAGNOSTICS

The power-up diagnostic tests are run automatically during power-up or
restart conditions. These tests verify the circuitry within the 8540 that is
required to boot and transfer the operating system from ROMs into the 8540's

system memory. If the power-up test are passed, the operating system is
automatically booted and the terminal displays the following boot message:

8540 BOOT Vx.x

I
|
|
I
|
(User start-up processing message from $STARTUP string :
goes here. This message may or may not occur.) i
|
'u
I
|
i
|
I
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Power-Up Errors

Two types of errors can occur while the power-up diagnostics are running:
fatal and non-fatal.

Fatal Error

A fatal error occurs if a fault is encountered that prohibits the
ROM-resident diagnostics from running or prevents the operating system from
booting. If a fatal error occurs, the test is suspended and the diagnostics
branch to the Critical Function Monitor (CFM).

An error code is also displayed on three sets of LEDs: one set of five LEDs

on the System Controller board, one set of five LEDs on the System RAM board,
and one LED on the Front Control Panel labeled SELF TEST.

Non-Fatal Error
A non-fatal error occurs if a fault is detected in any part of the system
that would not prohibit running the ROM-resident diagnostics. If a non-fatal

error occurs, the ROM-resident diagnostics are automatically loaded and the
diagnostic menus appear on the system terminal.

Critical Function Monitor (CFM)

The Critical Function Monitor (CFM) is automatically entered if a fatal error
is encountered when running the power-up tests. The CFM provides a limited
troubleshooting capability when the system cannot boot or run the
ROM-resident diagnostics. The CFM contains several test routines and a
limited set of user commands that are entered from the system terminal. A
detailed description of +the CFM and its use 1is contained in the 8540
Integration Unit Service Manual.

ROM-RESIDENT DIAGNOSTICS

The ROM-resident diagnostics provide the user with a means of verifying
system performance, and a tool for troubleshooting in the event that a
failure is detected during the running of any test. These diagnostics run
automatically after being initiated by the user. Individual tests may also
be executed by the user.

The ROM-resident diagnostics are menu-driven, which provide a friendly and
easy-to-use interface with the user.

The 8540 Integration Unit Service Manual contains a detailed explanation of
the ROM-resident diagnostics and how they are used.

12-2 @
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8540 SYSTEM VERIFICATION PROCEDURE
The following procedure will step you through the power-up sequence and

system verification. It 1is helpful to first read through this procedure
before you start.

Procedure

1. Turn on the 8540 by pushing the 8540 POWER switch to the ON position.

2. As soon as the POWER switch is in the ON position, the front panel LEDs
labeled SYSTEM and SELF TEST will light.

3. After a few seconds, the LED marked DMA will flash very briefly, and
then the SELF TEST lamp will go out.

4. At this time, +the system terminal will display the following boot
message:

8540 BOOT Vx.x

(User start-up processing message from $STARTUP string
goes here. This message may or may not occur.)
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