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INTRODUCTION

This manual documents system design concepts and hardware functions for the Professional 300 Series
computer system. All hardware descriptions provide functional information on primary signal flow. This
document does not include information on software programming.

Refer to the Related Documentation section for a listing of hardware and software documents that apply
to the Professional 300 Series computer system.

Manual Organization

This hardware document set is divided into two volumes. Volume 1 contains all information regarding the
kernel Professional 300 series system, including information on the Professional 325, Professional 350, and
Professional 380. Volume II contains information on Professional 300 series option modules and
accessories.

The following is a brief description of the Professional 300 Series Technical Manual, Volume I, Kernel
System.

Chapter 1 — System Introduction describes the Professional 325, 350, and 380 systems. It also describes
differences between the three systems and provides hardware specifications for each.

Chapter 2 — System Installation explains how to prepare the system site to install the Professional 300
Series system. It also provides information on cleaning the equipment and handling the diskettes.

Chapter 3 - Controls and Indicators describes all controls and indicators and their functions.
Chapter 4 - System Overview describes how the Professional 300 series system operates.

Chapter 5 - Professional 350 System Module describes the Professional 350 system module.
Chapter 6 — Professional 380 System Module describes the Professional 380 system module.

Chapter 7 - Bit Map Video Controller and Extended Bit Map Modules describes the bit map video
controller module and extended bit map option module.

Chapter 8 - VR201 Monochrome Monitor describes the VR201 monitor.

Chapter 9 - LK201 Kevboard describes the LK201 keyboard and how it operates and interfaces with the
Professional 300 system.

Chapter 10 - H7862 Power Supply describes the Professional 300 Series power supply and its operation.
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Chapter 11 - System Memory and Memory Daughter Modules describes the RAM memory that is on-
board the system module and the various memory daughter modules available as memory options to the
Professional 300 series system.

The following describes the Professional 300 Series Technical Manual, Volume II, System Options.

Chapter 1 - Telephone Management System describes the telephone management system, including the
voice unit.

Chapter 2 - CP/M 80 Option Module describes the CP/M 80 operating system module and how it
interacts within the Professional 300 system.

Chapter 3 - DECNA Option Module describes the Digital Ethernet CTI Bus network adaptor; how it
connects to other devices and how it operates within the host system.

Chapter 4 - Professional 380 Extended Bit Map Option Module describes the extended bit map option
(EBO) module for the Professional 380. Connector pin assignments are also provided.

Chapter 5 - RD50 Hard Disk Drive Controller describes the RD50 hard drive controller module. A
functional description of each circuit is provided.

Chapter 6 - RD50 Hard Disk Drive describes the RD50 hard disk drive operation. Removal/replacement
procedures for the hard drive read/write module are also provided.

Chapter 7 - RX50 Controller Module provides functional and detailed descriptions of each circuit of the
RX50 controller.

Chapter 8 — RX50 Dual-Diskette Drive describes the operation of the RX50 diskette drive.

Chapter 9 - RD52 Hard Disk Drive provides functional and detailed descriptions of the RDS52 hard disk
drive. Specifications for the RD52 are also included.

Related Documentation
The following is a list of documents related to the Professional 300 Series Technical Manual two-volume
document set.

Professional 350 Pocket Service Guide EK-PC350-PS
Professional 350 Illustrated Parts Breakdown EK-PC350-1P
Professional 300 Series Owner Manual AA-NS87A-TH
Professional 300 Series Installation Guide AZ-N626A-TH
Professional 350 User Guide For Hard Disk Systems AA-N603A-TH
Professional 350 Field Maintenance Print Set MP-01394-00
VR201 Field Maintenance Print Set MP-01410-00
K201 Field Maintenance Print Set MP-01395-00
KEF11 Field Maintenance Print Set MP-01473-00
Professional 380 Field Maintenance Print Set PRGEGTFOT
mf-al7zz—ol

XX



CHAPTER 1
SYSTEM INTRODUCTION

1.1 PROFESSIONAL 300 SERIES SYSTEM DESCRIPTION
The following paragraphs provide a physical description of the Professional 300 Series computer. The
kernel system consists of the following three hardware assemblies (Figure 1-1).

1. System unit
2. Video monitor
3. Keyboard

SYSTEM UNIT

RX SERIES
DUAL FLOPPY
RD SERIES DISKETTE DRIVE
HARD DISK DRIVE

VR201 LK201
VIDEO MONITOR KEYBOARD

MA-0171-82

Figure 1-1  The Professional 300 Series Computer System



1.1.1 System Unit
The Professional 300 Series system unit contains the following components.

1. System Module — The system module is central to the entire computer system. It is a printed
circuit board mounted on a metal plate that slides in and out of the bottom of the Professional
enclosure. The system module contains all the control and interface electronics needed to
support the microprocessor chip set mounted on the system module.

2. RD Hard Disk Drive — The system unit contains the RD series hard disk drive. It is a
winchester-based hard disk drive that provides up to 32 megabytes of formatted storage. The
RD drive is an option to both units.

3. RX50 Dual Diskette Drive — The system unit also contains the RX50 dual diskette drive. This
is a dual diskette storage unit that provides 819 kilobytes of formatted storage on removable
diskettes.

1.1.2 Video Monitor

The video monitor provides the system display. It is a 12 inch diagonal monochrome monitor that has an
adjustable tilt for operator viewing comfort and two display controls on the rear panel to adjust brightness
and contrast.

1.1.3 Keyboard
The operator uses the keyboard to enter data into the system. The keyboard contains three keypads (main,
editing, and numeric) and a series of special function keys.

1.1.4 Professional 300 Series System Differences
Table 1-1 shows the differences between the Professional 325, 350, and 380 computer systems.

NOTE
Except for the differences that are described here,
the Professional 325 and Professional 350 are iden-
tical in configuration and operation. All discussions
pertaining to the Professional 350 computer system
also apply to the Professional 325 computer system
unless otherwise noted.
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Table 1-1 Professional 300 Series System Differences

Category System

325 350 380
RX Diskette Drive System yes yes yes
CTI Bus user-available 1 3 5
option slots (floppy-based
monochrome system)
RD Hard Disk Drive System Option no yes yes
Operating System downloading no yes yes
ability (LAN - Local Area
Network)
Hard Disk-Based Operating System no yes yes
Floppy Diskette Based Operating yes yes yes

System

1.2 SYSTEM SPECIFICATIONS

The general system specifications for the Professional 350 and 380 are listed below. Additional specifica-
tions for each component or option modules arc supplied in the appropriate chapters.

SYSTEM UNIT

Functional
Professional 350 microprocessor

Professional 380 microprocessor
Diagnostics
Memory

Video output

Communications port

Printer port

Removable storage

Fixed storage (optional)

Digital F-11 chip set (CPU)

Digital J11 chip set (CPU)

Built-in power-up self-test

Capable of addressing up to 3 megabytes

RS170-compatible, monochrome, bitmap
graphics

RS423 asynchronous/byte, up to 19.2 kilobaud
with modem control

Serial, RS423

Dual diskette drive. 5.25 in (13.3 cm) diskettes.
819 kilobytes total

Up to 32 megabytes, 5.25 in (13.3 c¢m) hard
disk drive, further capability as offered in RD
series



Professional 350 system 3 option slots, user

expansion, floppy-based installable. Slots 1 and 2 are

system used for the RD and RX disk drive controllers.

Professional 380 system 5 option slots, user

expansion, floppy-based installable.

Power

Power supply type Transistor, switch type ac to dc converter

Vac input Switch selectable

115 V nominal Single-phase, 3-wire 90 to 128 V rms, 47 to 63
Hz line frequency
230 V nominal Single-phase, 3-wire, 174 to 256 V rms, 47 to

63 Hz line frequency

Line current 6 A@ 115 Vac
4 A @ 230 Vac

Power consumption 320 watts maximum

Circuit protection Circuit breaker, externally accessible

Physical

Height 16.5 cm (6.5 in)

Length 55.8 cm (22 in)

Width 34.3 cm (14.3 in)

Maximum Weight 15.9 kg (35 Ib)

KEYBOARD

Functional

Electronics 8-bit microprocessor, 4 kilobytes of ROM, 256
bytes of RAM, 4 indicators, transducer

Diagnostics Power-up self-test

Keypads

Main keypad 57 keys

Numeric keypad 18 keys

Special function keys 20 keys

Editing keypad 10 keys



Physical

Height 5 ¢m (2.0 in) at highest point
Length 53.3 ¢cm (21 in)

Width 17.1 cm (6.75 in)

Weight 2 kg (4.5 1b)

Home row key height 30 mm above desktop

MONOCHROME MONITOR

Functional

Character format 24 lines X 80/132 characters per line software
driven

Video format Monochrome composite

Physical

Height 24.38 ¢cm (9.75 in)

Width 29.33 cm (11.73 in)

Depth 30.57 ecm (12.23 in)

Diagonal 305 ¢m (12 in) diagonally measured CRT

Weight 6.6 kg (14.5 1b)

Adjustable tilt +5 to —25 degrees

RX50 DUAL DISKETTE DRIVE SUBSYSTEM

Performance

Formatted capacity 819 kilobytes

Diskettes per drive 2

Transfer ratc 250 kilobits/s

Average access time 290 ms

Functional

Density 96 tracks/in

Physical

Height 8.4 cm (3.25 in)

Width 14.7 ¢cm (5.75 in)

Depth 21.6 cm (8.5 in)

Weight 2.17 kg (4.8 1b)

—
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RD50 HARD DISK DRIVE SUBSYSTEM

Performance
Formatted capacity

Transfer rate
Average access time

Functional
Density

Physical
Height

Width

Depth

Weight

RD51 HARD DISK DRIVE SUBSYSTEM

Performance
Formatted capacity

Transfer rate
Average access time

Functional
Density

Physical
Height

Width
Depth

Weight

5 megabytes
5 megabits/s

170 ms

255 tracks/in

8.25 c¢cm (3.25 in)
14.6 cm (5.75 in)
20.4 cm (8 in)

2.3 kg (5 Ib)

10 megabytes
5 megabits/s

85 ms

345 tracks/in

8.25 ¢m (3.25 in)
14.6 cm (5.75 in)
20.4 c¢cm (8 in)

2.3 kg (5 1b)



RD52 HARD DISK DRIVE SUBSYSTEM

Performance

Formatted capacity 32 megabytes
Transfer rate 5 megabits/s
Average access time 37.5 ms
Functional

Density 695 tracks/in
Physicail

Height 8.25 ¢m (3.25 in)
Width 14.6 cm (5.75 in)
Depth 20.4 ¢cm (8 in)
Weight 3.18 kg (7 lbs)
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CHAPTER 2
SYSTEM INSTALLATION

2.1 INTRODUCTION
The Professional 300 Series computer system is customer-installable. Chapter 2 contains the following
information.

1.  Site preparation
2. Installation
3. System upkeep

2.2 SITE PREPARATION
Before installing the computer system, check the spacing, lighting, power, and environmental
requirements.

2.2.1 Space
When positioning the Professional use these guidelines.

1. Allow six inches on all sides of the computer for adequate airflow.
2. Keep all ventilation ports clear.

3. Allow room for the placement of peripheral devices.

4.  Place all cables away from traffic areas.

2.2.2 Lighting
Place the system unit and the video monitor away from direct sunlight to minimize heat and glare.

2.2.3 Power
The following are the power requirements.

1. Input voltage - 115 or 230 Vac
2. Line frequency - 47 to 63 Hz
3. Power consumption — 320 watts maximum

2.2.4 Environment
The following are environmental requirements.

1. Temperature — 10° to 40°C (50° to 104°F)

. Humidity - 20% to 80% relative humidity
3. Maximum wet bulb of 25°C
Minimum dew point of 2°C

2-1



2.3 PROFESSIONAL 300 SERIES SYSTEM INSTALLATION
This section describes how to install the Professional system and its options.

NOTE

The following procedures summarize the instruc-
tions in the Professional 300 Series Installation
Guide (AZ-N626A-TH). Refer to this guide for
complete installation procedures for the Profession-
al 350. For the Professional 380, refer to the Pro-
fessional Installation Instructions booklet (AV-
C145A-TH).

2.3.1 Packaging
The Professional system is shipped in four containers. Each contains one of the following elements.

System unit

Software - including the Professional 300 Series Installation Guide
Video monitor - including a monitor cable

Keyboard - including a keyboard cable

B —

2.3.2 Installing the Professional
Use the following steps to install the Professional computer system.

1. Unpack the system and place each component on the work area surface.

2. Connect the video monitor cable to the back of the system unit (Figure 2-1) and to the back of
the video monitor (Figure 2-2).

3. Connect the keyboard to the back of the monitor (Figure 2-2).

4. Set the voltage select switch on the back of the system unit to the correct operating voltage (115
or 230/240 Vac).

5. Remove the shipping card from the diskette drive. To do so, open the door and slide the card
out.

6.  Make sure that the system unit power switch is set to the off position (0). Connect the power
cord to the system unit and plug it into the nearest wall outlet.

2.3.3 Additional Equipment
The following are the options/modules for the Professional.

1. Printed circuit board (PCB) modules
2. Mass storage options



VOLTAGE
SELECT SWITCH
{115/220 VAC)

CIRCUIT POWER CORD
BREAKER RECEPTACLE

s

U

l'

|

| [CER ==
[l

NET 1 COMM 1 PR1 VIDEO 1 LEDs
MA-0260-82

Figure 2-1 Professional 300 Series System Unit Rear Panel
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Figure 2-2  Professional 300 Series Monitor Rear Panel



2.3.3.1 Top Cover Removal — Use the following steps to remove the top cover.
1. Set the system unit power switch to off (0).
2. Unplug the power cord and disconnect all cables from the rear of the system unit.

3. Slide the top cover release tabs forward and out and lift the cover straight up (Figure 2-3).

RELEASE TABS
UNDERNEATH
(BOTH SIDES)

MA-0263-82

Figure 2-3  Top Cover Removal



2.3.3.2 Printed Circuit Board (PCB) Module Installation - Use the following steps to install PCB
modules in the system unit card cage.

i.  Remove the top cover (Section 2.3.3.1}.

2. Remove the screw that secures the card cage door in place and open the card cage door (Figure
2-4).

3. Hold the module by the zero insertion force (ZIF) connector and pull the handle out by turning
it 90° clockwise.

4.  Slide the module into the slot in the card cage. Turn the handle straight up and push it in toward
the module.

Figure 2-4 Card Cage Door Securing Screw
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5. If there are any cables to be connected to the PCBs, remove the cable cover screws and then
remove the cable cover.

NOTE

Install the Professional 350 extended bit map mod-
ule into the slot next to the bit map video controller
module. Connect the flat cable provided to the
extended bit map module and the bit map video con-
troller module as shown in Figure 2-5. Cable restric-
tions require that the hard disk drive controller be in
slot 1.

6.  Close the card cage door. Replace the cable cover if it was removed. Replace the top cover and
reconnect all cables to the rear of the system unit.

7. Reconnect the system unit power cord to the nearest wall outlet after you install the last
module.

2.3.3.3 RD-Series Mass Storage Device Installation — The RD-Series hard disk drive is the only mass
storage device available as an option. Use the following steps to install the RD-Series mass storage device
in the Professional.

1. Remove the top cover.

2. Remove the screw that secures the card cage door in place and open the card cage door (Figure
2-4).

MA-0262-82

Figure 2-5 Bit Map Video Controller to Extended
Bit Map Module Connector

2-6



Instali the hard drive controller into the card cage.

NOT
Cable restrictions require that the hard disk drive
controller be in slot 1.

Connect the signal cables and the power cable to the RD50 hard disk drive (Figure 2-6).
Slide the hard drive into the system unit until it clicks into place (Figure 2-6).
CAUTION
Use extreme caution when installing the hard disk
drive. Sudden physical shocks to the drive (such as
dropping it onto a hard surface) will destroy it.
Connect the drive cables to the hard drive controller and the power supply (Figure 2-6).

Replace the top cover.

Reconnect all cables to the rear of the system unit and plug the power cord into the nearest wall
outlet.

MA-Q175-82

Figure 2-6 Hard Disk Drive Installation
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2.4 PROFESSIONAL 300 SERIES SYSTEM UPKEEP
The following sections describe system cleaning and floppy diskette handling.

2.4.1 System Cleaning
To clean the system unit, video monitor, and keyboard covers, use a cloth dampened with a mild solution
of soap and water.

To clean the monitor screen, use a cloth dampened with a mild solution of isopropyl alcohol and water.

2.4.2 Diskette Handling and Storage
Improper handling or storage of diskettes destroys recorded data and damages the read/write (R/W)
heads in the RX50 dual diskette drive. Follow these instructions for diskette handling.

1.
2.

Return the diskette to its protective envelope when it is not being used.
Store diskettes vertically and loosely to avoid warping the jackets.

CAUTION
Never store or place the diskette near any strong
magnetic fields (such as on top of a motor, on top of
the system unit, or on top of the monitor). This
could damage the data on the disk.

Use a felt tip pen to mark the diskette jacket. Do not use a pencil or ballpoint pen. They can
crease the jacket and damage the media inside.

Insert the diskette into the drive carefully. Never force the door closed, you could crush the
diskette.

Never remove or insert a diskette if either indicator on the RX50 drive is lit.
CAUTION
Do not open an access door if either drive is busy
(drive indicator is lit). This damages the data stored
on either diskette.

Never touch the recording surface where the jacket is cut away for the R/W heads. Finger-
prints damage recorded data and the R/W heads.

Never store diskettes in direct sunlight or near heaters where temperatures go above 52°C
(125°F). High temperatures warp the jackets.

Never bend or fold the diskette jacket.
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CHAPTER 3
CONTROLS AND INDICATORS

3.1 INTRODUCTION
The Professional computer system has three major components: the system unit, the video monitor, and
the keyboard. Each has controls and indicators that direct and monitor the system’s operation.

3.2 SYSTEM UNIT CONTROLS AND INDICATORS
The following sections describe the controls and indicators for the Professional 300 system unit.

3.2.1 Controls
The system unit contains the following three controls.

1. System power switch
2. Voltage select switch
3. System circuit breaker

3.2.1.1 System Power Switch — The system power switch is on the front of the system unit (Figure 3-1).
It controls the input power for the system and is labeled with the numbers 1 for on and O for off.

VOLTAGE
SELECT SWITCH
(115/220 VAC})

CIRCUIT POWER CORD
BREAKER RECEPTACLE
\r;_ﬁg

[
|
] I
RICERER=T=
y,

L Bl

Pl

COMM 1 PRV VIDEC 1 LEDs

MA-0260-82

Figure 3-1 System Unit Front Panel
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3.2.1.2 Voltage Selection Switch — The voltage selection switch is on the rear of the system unit (Figure
3-2). It selects either 110 Vac or 220 Vac and must be set before the system is turned on.

3.2.2 Indicators
The system unit contains two groups of indicators and one circuit breaker. The first group, on the front of
the system unit (Figure 3-1), indicates whether the diskette drives are busy or inactive.

The second group, on the rear of the system unit (Figure 3-2), consists of 5 indicators, 4 red and 1 green,
that indicate the status of the system unit’s internal power and self-test.

3.2.2.1 Diskette Drive Busy Indicators - Two indicators on the front of the system unit indicate if the
diskette drive is busy. The upper indicator lights if the upper drive is busy and the lower indicator lights if
the lower drive is busy.

3.2.2.2 Indicators 1, 2, 3, and 4 — These indicators, on the rear of the system unit, monitor the system’s
self-test. The self-test runs whenever the system power switch is turned on. At the end of the test, all four
indicators turn off and the Digital logo appears on the screen.

3.2.2.3 DC Indicator - The dc indicator monitors the power supplied to the system module. If this light
is off when the power switch is on, then no dc is being applied to the system.

3.2.2.4 System Circuit Breaker - The system circuit breaker is located on the rear of the system unit
(Figure 3-2). It pops out when an electrical fault occurs within the system.

3.3 VIDEO MONITOR CONTROLS
The following sections describe the controls for the VR201 video monitor.

The monitor has two controls (Figure 3-3).

1. Brightness
2. Contrast

3.3.1 Brightness - The brightness control, located on the rear of the monitor. determines the brightness
of the display background.

3.3.2 Contrast ~ The contrast control, located on the rear of the monitor next to the brightness control,
determines the brightness of the characters on the screen in comparison to the background of the screen.
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Figure 3-2  System Unit Rear Panel
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Figure 3-3  Monitor Rear Panel
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3.4 KEYBOARD CONTROLS AND INDICATORS
The following sections describe the LK201 keyboard controls and indicators (Figure 3-4).

3.4.1 Controls

The LK201 keyboard contains a series of special function keys and three keypads: the main keypad, the
editing keypad, and the numeric keypad. The special function keys generate electrical codes that are
processed by the internal CPU and then sent to the system module.

3.4.1.1 Main Keypad - The main keypad operates like a standard typewriter keyboard.

3.4.1.2 Editing Keypad - The editing keypad is used to edit or change data that has already been entered
into the system.

3.4.1.3 Numeric Keypad - The numeric keypad is used to enter numeric data. The number, minus sign,
comma, and period keys generate the same characters as the corresponding keys on the main keypad.

3.4.1.4 Special Function Keys — The top row of the keyboard contains 20 keys. Two of these keys are
marked Help and Do. The remaining keys are blank. These blank keys are called special function keys.
The operation that each key performs changes depending on the software application.

3.4.2 Indicators
The keyboard has four indicators and two indicator sounds. The indicators are located just above the
HELP and DO keys. The indicator sounds generate a signal sound when an action occurs.

3.4.2.1 HOLD SCREEN Indicator — The HOLD SCREEN indicator indicates when the system can
display new data. If the indicator is off, the system can display new data. If the indicator is on, the data
displayed on the screen is on hold and does not change.

3.4.2.2 LOCK Indicator - The LOCK indicator indicates when the LOCK key is pressed. If the LOCK
indicator is off, all the alphabetic keys send lowercase characters. If the LOCK indicator is on, all the
alphabetic keys send uppercase characters.

3.4.2.3 COMPOSE Indicator - The COMPOSE indicator indicates when the COMPOSE CHARAC-
TER key is pressed. When it is on, the system combines the next two keys pressed and creates a special
character.

3.4.2.4 WAIT Indicator - The WAIT indicator indicates when the system is performing a specific
function or sequence of functions. When the WAIT indicator is on, the keyboard is inactive. The operator
must wait before entering any more data or commands on the keyboard.

3.4.2.5 CLICK - The click is one of two indicator sounds. A circuit in the keyboard generates this sound
when a key is pressed.

3.4.2.6 TONE - The tone is an indicator sound generated by the keyboard under software control. When
the tone sounds, it indicates either something was performed wrong or a specific sequence of events is
needed.
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CHAPTER 4
SYSTEM OVERVIEW

4.1 INTRODUCTION
This chapter describes the function of each component in the Professional 300 Series computer system and
how they interact. Detailed descriptions for each component are provided in the following chapters.

Figures 4-1 and 4-2 are is a physical block diagrams that shows how each component fits together. Figure
4-1 shows the Professional 350. Figure 4-2 shows the Professional 380. Refer to these figures for the
following discussion.

4.2 FUNCTIONAL DESCRIPTION
The following sections provide a functional description of the Professional 300 Series system components.

4.2.1 System Module
The system module is a 26.7 cm (10.5 in) X 40.6 cm (16 in) printed circuit board. It mounts on a metal
plate that slides in and out of the bottom of the Professional enclosure.

The system module consists of the CPU chip set and support circuits. The F-11 is the central processing
unit (CPU) for the Professional 350. The J11 is the CPU for the Professional 380. Refer to Chapter 5 for
a detailed description of the F-11 chip set. Refer to Chapter 6 for a detailed description of the J11 chip set.

The following is a list of the system module electronics.
1. CPU - Professional 350 F-11 data/control chip, floating point processor and memory manage-

ment unit chip set; Professional 380 J11 data/control, memory management unit and floating
point unit chip set

2. 16 kilobytes of boot/diagnostic ROM

3. A video/keyboard port that supports RS170-compatible color, monochromatic signals and the
keyboard interface. The keyboard interface electronics are located on the system module. The
video interface electronics are located on the video controller. The Professional 350 uses a
separate video module. The Professional 380 incorporates all video electronics in one gate array
located on the system module.

4, - A serial printer port that supports serial printers and acts as a terminal connector for mainte-
nance purposes.

5. A modem communications port that supports asynchronous, byte-synchronous, and bit-synchro-
nous communications.

6. A time-of-day clock with battery backup.
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7. The Professional 350 has two connectors that support two RAM daughter modules providing up
to 1 megabyte of system memory. The Professional 380 provides up to one half a megabyte on
the system module. The Professional 380 has one connector to support one RAM daughter
module that provides up to a half meg of RAM for a total of 1 megabyte.

8. A six-slot card cage that supports the Computing Terminal Interconnect (CTI) Bus. These also
allow access to a general purpose I/O connector and two dedicated I/O connectors.

9. A networking port.

4.2.1.1 Computing Terminal Interconnect (CTI) Bus — The CTI Bus is the interconnect path for the
CPU and other option modules. It is a six-slot backplane that mounts on the system module.

Each slot in the card cage has a 90-pin “T” rail connector. All modules inserted into the card cage must
use a 60- or 90-pin zero insertion force (ZIF) connector.

The first 60 pins of the bus are used for all CTI Bus signals. This portion of the CTI Bus is referred to as
the general section. The last 30 pins route signals from the option modules to connectors on the rear of the
system module. These pins are referred to as the private section of the CTI Bus.

4.2.1.2 System RAM Memory - The following paragraphs describe the random access memory (RAM)
in the Professional 300 Series computer system.

Professional 350 - System memory consists of two memory daughter modules. Each RAM daughter
module incorporates 16 64K X 1 dynamic MOS memory chips. Each daughter module provides 128
kilobytes of memory. The Professional 350 also comes standard with 256 kilobytes of RAM in an option
slot in the backplane.

Professional 380 - The Professional 380 implements two groups of local RAM; module-resident RAM
and a RAM daughter module that connects onto the Professional 380 system module.

¢  System Module-Resident RAM - The Professional 380 contains 512 kilobytes of system
module-resident RAM. The on-board RAM consists of 64 64K X 1 dynamic RAM integrated
circuit chips.

¢ RAM Daughter Module Option - The daughter module provides up to 512 kilobytes of RAM
using 256K X 1 RAM integrated circuit chips. The RAM daughter module plugs into a 48-pin
connector on the system module. The daughter module uses 40 pins on the connector. The
remaining eight pins are for possible future memory expansion options for the Professional 380.
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4.2.2 Keyboard Subsystem
The keyboard subsystem consists of the LK201 keyboard and the keyboard interface electronics. Refer to
Chapter ¢ for a detailed description of the LK201 keyboard.

The keyboard connects to the system module by a cable from the monitor. It is also detachable. The
keyboard contains an 8051 microprocessor to process all data entered through the keyboard. The interface
USART for the keyboard is on the system module.

4.2.3 Video Monitor Subsystem

The video monitor subsystem consists of the VR201 video monitor and the bit map video controlle
module. An extended bit map module is optional. Refer to Chapter 8 for a detailed description of the
VR201 video monitor.

=1

4.2.3.1 VR201 Video Monitor — The display screen is a 30.5 cm (12 in) diagonal monochrome monitor.
The monitor housing contains the CRT, yoke assembly and the video monitor board. Two external
controls adjust brightness and contrast. A cable in the rear of the system unit connects the monitor to the
rest of the system. The monitor also contains a telephone-type connector for keyboard connection.

4.2.3.2 Professionai 350 Bit Map Video Controiier Module — The bit map video controller module is a
12.7 cm (5 in) X 30.5 cm (12 in) circuit board that plugs into one of the six slots in the CTI Bus card cage.
The module contains bit map graphics with a single display memory plane of 1024 X 256 bits. The
controller uses register-based control logic to help the system module access correct bit locations for screen
display.

4.2.3.3 Professional 350 Extended Bit Map Option Module - The extended bit map option module
(EBO) is a 12.7 cm (5 in) X 30.5 cm (12 in) circuit board that plugs into a slot next to the bit map video
controller module in the CTI Bus card cage. This module adds two more bit map memory planes (1024 X
256/plane) to the monitor subsystem. When used with a monochrome system, it provides enhanced
graphics and additional levels of gray scale. When used with a color system, the bit map video controller
provides support for the blue scale. The red and green scales are supported by the extended bit map
module.

NOTE
All video control logic for the Professional 380 is
integrated onto the Professional 380 system module.
Refer to Chapter 6 for a detailed description of the
Professional 380 video control logic. Refer to
Volume II, Chapter 4 for the Professional 380
Extended Bit Map Option Module.



4.2.4 RXS50 Dual Diskette Drive Subsystem

The RX50 dual diskette drive subsystem consists of the drive controller and the drive unit. Refer to
Chapter 7 of Volume II for a detailed description of the RX50 controller module and Chapter 8 for a
detailed description of the RX50 dual diskette drive.

4.2.4.1 RXS50 Controller Module — The RX50 controller module is a 12.7 cm (5 in) X 20.3 ¢cm (8 in)
circuit board that plugs into slot 2 of the CTI Bus card cage.

NOTE
The RX50 controller can only be inserted into slots
1 or 2 of the card cage. If the system has an RD
hard disk drive subsystem, the RX50 controller can
only be inserted into slot 2.

All subsystem activity is performed under program control. The RX50 controller module can perform
implied seeking, reading, and writing to specified sectors and tracks on the diskette.

4.2.4.2 RXS50 Dual Diskette Drive — The RX50 is a diskette drive that mounts in the system box. Each
RX350 unit contains two physical drives.

NOTE
The RXS0 unit is only capable of single-sided read-
ing/writing per drive.

Each drive within a single drive unit provides 409,600 8-bit bytes (formatted) per diskette for a total of
819,200 bytes of storage. A signal cable connects the drive to the RX50 controller. A dc power cable
connects the drive directly to the power supply.

4.2.5 RD Hard Disk Drive Subsystem

The RD hard disk drive subsystem consists of the controller and drive unit. In Volume I, refer to Chapter
5 for a detailed description of the RD hard disk controller and Chapter 6 for one of the RD hard disk
drive.

4.2.5.1 RD Hard Disk Controller - The RD hard disk controller is a 12.7 cm (5 in) X 30.5 ¢cm (12 in)
circuit board that plugs into slot 1 of the CTI Bus card cage. The system module controls all drive activity.
Data transfers to the storage media are performed in two steps.

1. The system module controls a data transfer from the main memory to the sector data buffer on
the RD controller.

2. The RD controller then channels this data to the RD drive.

Two cables connect the controller to the drive: a disk data I/O cable and a control status cable. A power
cable supplies power directly to the drive unit.

4.2.5.2 RD Hard Disk Drive - The RD is a 13.3 cm (5.25 in), nonremovable, sealed media, hard disk
drive. Two nonremovable 5.25 inch hard disks are used as the storage media. Each disk surface uses one
R/W head. The storage capacity (formatted) can be from 5 to 32 megabytes depending on which RD is in
the system.



The RD hard disk drive consists of two subassemblies: the head/disk assembly (HDA) and a R/W
module. The disk drive contains the storage media and supporting mechanical assemblies and cannot
operate without the R/W module. The R/W module is assembled in the drive unit. Both slide into the
system unit. Two connectors on the R /W module connect the drive to the RD hard disk controller. A third
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connector on the R/W module connects the drive to the power supply.

4.2.6 Power Supply

The power supply is a 210 watt, switch type, ac/dc voltage converter circuit. It operates at a constant
frequency using pulse width modulation to regulate voltage to the system. Voltage to the supply is single-
phase/three-wire and user-selectable at 115 or 230 Vac. Maximum input power required is 320 watts.

The supply mounts on the left side of the system unit. The power supply contains the system power switch,
power supply circuit breaker, and voltage selection switch. It also contains circuits to protect the system
against overvoltage, start-up undervoltage, and overcurrent conditions. Refer to Chapter 10 in Volume |
for a detailed description of the power supply.

4.3 FUNCTIONAL DESCRIPTION OF OPERATION
The following is a functional operation description. Figure 4-3 is a functional block diagram that shows
how the components interact in the Professional. Refer to this figure for the following discussion.
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Figure 4-3  Professional 300 Serics Functional Block Diagram
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The operating system of the Professional can execute several simultaneous tasks. This is accomplished by
using dedicated interrupts from microprocessor-based components to the CPU.

4.3.1 [Initialization Sequence
At power up, the CPU accesses all available components to determine the system configuration. It then

assembles an 1/O map in the main memory. This corrolates each device with its appropriate handling
routine.

4.3.2 Hardware Interaction Example

The following example shows how the Professional operates. Note that it may not follow the specific CPU
execution cycles.

In this example, the Professional retrieves a file from the RX50, updates the video display, and prints a file
to an attached printer. Each task is concurrently executed and supervised.

. To retrieve a file, the host processor specifies the necessary address and executes a READ
command to the RX50 controller. When the data is ready, the controller responds with a
command completion interrupt to indicate the data is available.

2. To update the CRT display, the host processor calculates the data and address for the display. It
then loads this information into the video bit map memory space.

3. To print a file, the host processor first addresses memory. It then addresses the printer USART.
The USART assumes control and transfers the data, one character at a time, to the printer. As
each transfer is completed, the USART interrupts the CPU and waits for the next character to
be loaded.

Each task requires several host processor cycles. Dedicated interrupts received from each device inform
the host processor of completed commands or device readiness. Most microprocessor-based devices for the
Professional do not require sequential command and data accesses. This leaves the host processor free to
select, according to its priority scheme, which device to service during each processor cycle.
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CHAPTER 5
PROFESSIONAL 350
SYSTEM MODULE

5.1 INTRODUCTION

This chapter describes the Professional 350 system module, which is represented by the shaded part of
Figure 5-1. The system module contains the central processor unit (CPU) and the circuits that support its
operation. These circuits permit the CPU to communicate with devices mounted on the system module
and on the CTI Bus or peripheral devices that are attached through the connectors on the rear panel of the
system box. Figure 5-2 shows the system module.
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' RX RX
CONTROLLER DRIVE
VIDEO
CONTROLLER
| EXTENDED BIT
MAP VIDEO
| CONTROLLER

POWER
SUPPLY {) L\_

Figure 5-1 System Block Diagram
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Figure 5-2 System Module
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5.1.1 Chapter Organization
This chapter is divided into five sections.

1. Section 5.2 provides a general description of the functions performed by the system module.

2. Section 5.3 provides a detailed description of the circuits and components that perform the
module’s functions. It also provides the theory of operation.

3. Section 5.4 provides information about programming the devices that make up the system
module. Programming information is given in machine language, not high level application
language.

~

Section 5.5 provides the pin location for the connectors on the system module itseif and the
back panel of the system module box.

5. Section 5.6 provides the specifications for the unit.

Sections 5.2, 5.3, and 5.4 follow approximately the same format. The subsections follow the same
sequence, so material presented in Section 5.2.6, for example, corresponds to material in Sections 5.3.6
and 5.4.6. This relationship also appears in Sections 5.2.6, 5.3.6, and 5.4.6.

5.1.2 Related Documentation
For related information, refer to the KEF11 Field Maintenance Print Set (MP-01473-00).

5.2 GENERAL DESCRIPTION
The following paragraphs describe the basic functions of the devices and circuits on the Professional 350
system module.

5.2.1 System Module General Description
The CPU/memory module provides the basic central processor unit (CPU) functions (F-11 CPU chip set,
memory management unit and floating point) for the computer and also supplies the 1/0 module
expansion backplane for up to six options. All input and output connectors (printer, keyboard, communica-
tions, network, and remote access lines) reside on this module. This module supports the Computer
Terminal Interconnect (CTI) Bus structure.

The system module supports random access memory (RAM) on plug-in printed circuit modules (daught-
erboards). Each daughterboard is standard with 128 kilobytes of RAM and can be upgraded to 512
kilobytes. Up to two daughterboards can be used. These modules are not connected through the option
area. A Profcssional 350 also has one memory board standard which is connected through the option area.
It contains 256 kilobytes of RAM.

The system module has a 22-bit address space to access up to four megabytes, although this system’s
memory range has been limited to three megabytes. The top eight kilobytes are reserved as the 1/0 page.

All interrupts for devices on the system module and devices on option modules are handled by controllers
on the system module. The system module supports DMA activity to the RAM memory and arbitrates all
the DMA requests.



5.2.1.1 Subsystem Characteristics -~ The CPU/memory board provides the following functions.

PDP-11/23 instruction set

16-bit word or 8-bit byte addressing

Eight internal registers

Stack processing

Programmable vectored interrupts

Direct memory access (DMA)

16-bit ODT console emulator

Support for one megabyte of RAM (on system module daughterboards)
22-bit addressing (three megabyte addressing capability)
Kernel and user modes only (no supervisor mode)
Floating point instruction set

Power-up self-test and bootstrap (ROM based)
Indicator (LED) display

Battery backed-up time and date clock

Battery backed-up RAM (50 bytes)
Printer/console interface

Video/keyboard interface

Communications interface

Full modem controls

ID PROM

6-slot CTI backplane

5.2.2 Physical Description

The system module is 26.0 X 40.0 cm (10.4 X 16 inches) and has the CPU and support circuits on it. The
CTI Bus is located in an aluminum card cage that has six bus slots inside. A hinged door covers the
opening. Access slots for option modules are on top. The rear panel has most of the connectors on it and
forms the rear of the system module.

5.2.3 System Module Features

The system module consists of a CPU which, under software control, can perform several tasks concur-
rently. This is called interlacing operations. Since a single operation may require more than one processor
cycle, the CPU can perform another task while completing the first. When the first is done, an interrupt
informs the CPU. The CPU can then find the status of that operation, begin its next step, and repeat the
process for the second step.

The CPU directs, controls, and monitors operations on the system module. Interrupts, printer, keyboard,
and communications interfaces are programmable. These devices perform their own functions and through
interrupts, permit interlacing operations to take place in a foreground and background mode.

5.2.3.1 Central Processor — The central processor consists of a 2-die 40-pin hybrid integrated circuit. The
data chip contains the PDP-11 general registers, the processor status word (PSW), working registers, the
arithmetic logic unit (ALU) and conditional branching logic. It performs arithmetic and logical functions,
handles all data and address (except relocation) transfers with the external bus, and operates most of the
signals used for interchip communication and external system control.

The control chip contains microprogram (internally programmed sequences) logic and local microprogram
storage in programmable logic array (PLA) and ROM arrays. This chip accesses the appropriate microin-
struction in PLA or ROM, sends it along the microinstruction bus (MIB) to other control and MMU chips,
and generates the next microinstruction (microprogram instruction) address. The control chip accesses
only its local storage but additional control chips (NOT available from Digital) can be added externally to
provide additional microprogram storage.
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5.2.3.2 Memory Management — The memory management unit provides 22-bit memory addressing
capability of up to four megabytes. It also allows memory protection in a multi-tasking operating system
environment. The maximum allowable system memory is three megabytes.

The memory management function is impiemented in one 40-pin package. The floating point registers are
located in the MMU chip.

5.2.3.3 Floating Point Adapter (FPA) — The floating point instruction set (FP11) is included. Both single
and double precision floating point capability are available. Other features available include floating-to-
integer and integer-to-floating conversion.

The FP1! microprogram resides in two MOS/LSI chips contained in one 40-pin package the FPA. The
FPA requires both the MMU chip and the base MOS/LSI chips because all the floating point accumula-
tors and status registers reside in the MMU.

5.2.3.4 Power-Up Self-Tests — The power-up self-tests in ROM verify system configuration and availa-
ble memory space. The self-test is executed at every system power up. Verification is the identification of
devices and their conditions.

Self-tests include the following three parts.

1.  System
2. Base options
3.  Add-on options

After these three parts are finished, the system executes a bootstrap loading routine.

The system core self-test verifies the CPU, all available memory space, the self-test ROM, and the full
addressing range of the MMU chip. The power-up self-test does not continue testing if the system core
self-test is not successful.

The base option part of the self-test continues after successful completion of the system core self-test. This
part tests all options available on the system module. The options include the communications port, system
clock, FPA, the printer port, battery check, battery backed up RAM check, and video/keyboard port.

The final part of the self-test is the add-on options self-test. This test is performed on all options connected
to the CTI Bus. The self-test is loaded from a ROM located on each option module. This does not include
the RD hard disk drive subsystem, the RX50 dual diskette drive subsystem, and the video subsystem. The
system’s ROMs contain the diagnostics for these components. All other option modules contain their own
self-test diagnostics. All option modules have an option identification number. This number allows the
system self-test to determine which devices are installed in the system and to store this information in a
configuration tabie for use by the operating system.

The primary indicator of an error during self-test is a picture of the system displayed on the monitor with
the failing option highlighted. Also displayed are an error code and the identification number (ID) of the
error type. The secondary error indicator is the four indicators (LED) display on the rear of the system box
which can be used if the monitor display is either not attached or not working.
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5.2.3.5 Boot Sequence - If the power-up self-tests are completed without error, the system enters a
bootstrap routine and the Digital logo appears on the monitor. This causes a search to first determine the
boot device and then to load the boot program.

The following is the three phase boot sequence.

1. Primary Boot Sequence — At the end of the power-up self-test, the diagnostic boot ROM
determines if there are any removable media devices on the system. If there are, each device is
read and tested for a bootable volume. If there are no removable media devices on the system or
there is no bootable volume loaded, the secondary boot sequence is executed.

2. Secondary Boot Sequence ~ The second phase consists of reading the battery backed up RAM
for customer-selected boot devices. The first selectable device boot routine in battery backed up
RAM is loaded and executed. If this boot fails, the diagnostic boot ROM selects the next
device. Once all devices in the battery backed up RAM have been tried without success, the
tertiary boot sequence is started.

3. Tertiary Boot Sequence — The third step uses the boot priorities predetermined by the ID
number of the devices. The diagnostic boot ROM starts with the highest priority, loads the
appropriate boot program, and starts execution. If the boot fails, the next device in the priority
chain is selected and an error is displayed on the monitor, indicating the boot process failed. The
display is a picture of a diskette with a question mark.

NOTE
If the bootstrap error is displayed, the self-test
ROM loops back to the primary boot sequence and
stays in this loop until a valid boot is executed or
power is reduced.

5.2.4 CTI Bus Option Connectors
The CTI Bus backplane is part of the system module. The backplane accepts option modules using a zero
insertion force (ZIF) connector. There are six option module slots.

Each option slot has a 90-pin connector on the system module. The first 60 pins (referred to as the
general section of the bus) are used for the CTI Bus signals. The last 30 pins, 61 through 90 (referred to as
the private section of the bus), are used to route signals from the option modules to connectors on the rear
of the system module. An option module that only requires the CTI Bus signals can use a 60-pin ZIF
connector. An option module that requires using the rear connectors on the system module must use a 90-
pin ZIF connector.

All signals, except six, are bused through all six slots. The six non-bussed signals provide slot dependent
signals to the system module for handling address decoding, interrupts, and DMA.

5.2.5 System Registers

The system module contains registers that store information about the overall system status. The CPU
reads these regularly and performs the appropriate service routine whenever a status change occurs.
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5.2.5.1 Indicator (LED) Register and Display — This register is the only one visible to the user. It shows
the system status after the power-up self-test {Section 5.2.3.4).

There are five LEDs on the rear of the system moduie, one green and four red. The green one turns on
when the DCOK signal from the power supply is asserted. This indicates all dc power is within tolerance.
The four red LEDs indicate errors found during the power-up self-test. At power up, all four red LEDs
turn on then turn off if no errors are found. If the LEDs remain on, it indicates a system module error. The
decoded indicator error codes are found in Table 5-6.

5.2.6 Interrupts
The system module uses three interrupt controller chips to handle all the system interrupts.

1. The first controller handles all the interrupts generated by devices on the system module.
2. The second controller handles all the A interrupts from the option modules.
3. The third controller handles all the B interrupts from the option modules.

The interrupt controllers do the following.

Latch the interrupt requests

Provide the interrupt enable for each

Prioritize the pending interrupts
Generate the proper vectors

B =

The controllers interrupt the CPU at processor status level 4.

5.2.7 ROM Memory
The system module also contains 16 kilobytes of ROM. It contains the power-up self-test code, configura-
tion and initialization code, and the boot code. Some of the ROM is in the /O page and some is in the
memory address space.

Address Size Location
17730000-17757776 12 KB memory space
17760000-17767776 4 KB 1/0 page

Any attempt to write to the ROM locations results in a nonexistent memory trap to location 4.

5.2.7.1 1D PROM - Each system module board contains a PROM with a unique 32-byte ID. The ID
PROM contains information to verify the system module integrity.

5.2.8 RAM Memory

The system module contains support circuitry for two memory daughter modules. There are two 40-pin
connector banks on the system module that accept the memory modules. The memory option modules
provide up to 512 kilobytes of RAM per module with 16 256K X 1 dynamic RAM chips. The system
module can address up to 512 kilobytes at each RAM daughter module bank.

The Professional 350 comes standard with 512 kilobytes of RAM. This is distributed as follows: two 128
kilobyte daughter modules and one 256 kilobyte option module (uses one slot). The daughter modules may
each be upgraded to 512 kilobytes of RAM.



5.2.9 Video/Keyboard Port
The system module provides a serial keyboard port as part of the video/keyboard port. Video signals for
black and white and color CRT monitors use other pins in the same port.

The video controller, mounted on the CTI Bus, generates the video signals. Refer to Chapter 7 for
information about the bit map video controller module.

The keyboard uses a 2661 USART and performs asynchronous serial communications at programmable
baud rates up to 19.2 kilobaud. The port uses EIA RS-423 signal levels. Connection is made on the rear of
the unit via a 15-pin male D-subminiature connector, J5. Section 5.5 shows the pinning and position of J5
on the system module.

The keyboard part of the port communicates with the computer’s keyboard. However, it is a general serial
port that can be used to communicate with any serial device. The mode of operation is programmable
(Section 5.4). When using the port with the computer’s keyboard, the mode must be set to the following
conditions.

8-bit character length
No parity

One stop bit

4800 baud clock rate

o~

5.2.10 Printer Port

The system module provides a serial printer port. It can perform asynchronous serial communications at
programmable baud rates up to 19.2 kilobaud. The port uses EIA RS-423 signal levels. Connection is
made on the rear of the unit via a 9-pin male D-subminiature connector, J6.

5.2.10.1  Console Serial Line Port — The console DL is included as a maintenance feature. Physically, it
is the same port as the printer port. The printer port can be made to simulate a standard console interface.
When a terminal is connected to the port instead of a printer, the address decoder recognizes the console
addresses 17777560-17777566. In this mode, the port programs like a DL serial device with a receiver
CSR, a receiver data buffer, a transmitter CSR, and a transmitter data buffer. Accesses to these registers
when a terminal is not connected to the port result in reads of all Os and writes with no effect. All the
printer port registers, 17773400-17773406, are always accessible.

Interrupts are not handled like a standard console DL. There are no interrupt enable bits in the CSR
registers at locations 17777560 and 17777564. Interrupts must be enabled /disabled and handled through
interrupt controller 0 like the printer port interrupts. The vectors can be changed from the printer port
vectors of 220 and 224 to the console vectors of 60 and 64 by reprogramming the response memory in
interrupt controller 0 (refer to Sections 5.2.6, 5.3.6, and 5.4.6 for details).

Hardware break detection can be enabled when a terminal is connected to the port. This allows the
processor to halt into micro-ODT (Octal Debugging Technique) when the break key is depressed on the
terminal. The hardware break detection has no effect if a printer is connected to the port.

When pins 8 and 9 of the printer port connector J6 are connected together, the hardware determines that a
terminal is connected to the port. When using the port for a printer, a printer port cable (PN BCCO05)
should be used (the cable does not short pins 8 and 9). When using the port as a console, a terminal port
cable (PN BCCO08) should be used (the cable shorts pins 8 and 9).
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5.2.11 Communication Port A

The system module has a communication port that can operate in asynchronous and bit or byte synchro-
nous protocols. In asynchronous mode, it runs at split programmable baud rates up to 19.2 kilobaud. In
synchronous mode, it runs up to 740 Kilobaud. The transmitter is double buffered and the receiver is quad
buffered. A full set of modem controis is also present. All the port signals are EIA RS-423 levels.
Connection is made on the rear of the unit via a 25-pin male D-subminiature connector, J7.

There are two interrupts associated with the communications port. The first interrupts the CPU if the
7201 USART chip requires service, receiver or transmitter. The second interrupt can indicate that a state
change has occurred on one of four modem control signals. These four modem control signals are Ring
Indicator, Data Set Ready, Clear To Send, and Carrier Detect.

5.2.12 Battery Backed-Up System Clock and RAM

The battery backed-up system clock and RAM keeps track of time and date. It stores 50 bytes of data
even when the system is turned off. The clock is an MC146818 CMOS chip. Backup is achieved by using a
rechargeable nickel cadmium (NiCD) battery. The battery power is supplied to the system module via
connector J3.

The clock accuracy is better than one minute per month.

The battery continuously charges when the system is powered on. When the power is shut off, the battery
supplies power to the clock which continues to update the time and date. A completely charged battery
maintains clock operation for a minimum of 10 days while the system is turned off. The battery is
completely charged after 48 hours of continuous system power on time.

The system clock and RAM contain a bit which indicates if the clock power goes too low and that the time
and date may be invalid. The bit, called a valid RAM and time (VRT) bit, is focated in the CSR3 register.
See Section 5.4.13.1 for details of the VRT bit.

The chip can also be programmed to interrupt the CPU at a specified alarm time or at a periodic rate. The
periodic rate can be programmed to one of 13 frequencies ranging from 2 Hz to 8.192 kHz. There is no
line time clock.

5.3 DETAILED DESCRIPTION

This section provides functional and detailed descriptions of the functions performed by the microproces-
sor and support circuits of the KDF11-CA system module. Tt describes the system logic used for making
decisions. It only describes computer operations, electronic processes, or complicated timing sequences
when necessary. '

To understand the central processor’s functions refer to the following books.

Microcomputers and Memories (EB-20912-20)
Microcomputer Processor Handbook (EB-15836-18/79)
KDF11 Field Maintenance Print Set (MP-01473-00)

All illustrations in this section are functional block diagrams. Logic symbols indicate function and may not
represent actual circuitry. Figure 5-3 shows this section’s map and module block diagram. For quick
reference, each block on the diagram has a number or numbers by it. These numbers refer to the
subsection(s) in this section that describe the block.
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5.3.1 Microprocessor Overview

The Professional 350 CPU chip set has five integrated circuit chips: the data chip, the control chip, the
memory management unit (MMU) chip and two floating point (FP) chips. The chip set is a 16-bit LSI
microprocessor with PDP-11/23 capabilities. It also implements a subset of PDP-11 /70 memory manage-
ment. The chip set also executes floating point arithmetic instructions.

The chips are installed on 40-pin ceramic dual in-line packages (DIP). The basic configuration is a hybrid
combination of a data chip and a base control chip on a single DIP, the central processor chip. The
memory management unit (MMU) is mounted by itself on a DIP. The floating point chips are mounted on
another DIP.

The data chip contains PDP-11 registers, scratchpad registers, and the arithmetic logic unit (ALU). The
control chip contains (in internal memory) instructions to supervise CPU operations. These instructions,
called microinstructions, emulate the instructions performed in full size PDP-11 processors. The CPU’s
logic that tells it how to use microinstructions is called the microprogram. The PDP-11 instructions are
called here macroinstructions. The Professional’s CPU performs microinstructions which emulate PDP-1 1
macroinstructions. Several microcycles (periods to perform microinstructions) may be required for each
macrocycle (period to complete a macroinstruction).

The memory management chip contains the necessary registers and relocation logic to implement 18- and
22-bit addressing. It also contains the floating point register file.

1. Data chip
The data chip contains PDP-11 registers, scratchpad registers, the processor status word (PS),
the arithmetic logic unit (ALU), and the conditional branching logic (i.e., microinstructions).
This chip performs all arithmetic and logic functions, handles data and address transfers with
the rest of the system (except relocated addresses), and coordinates most interchip
communication.

Control chip

The control chip contains the microprogram logic and the required storage areas to supervise
CPU operations. The control chip implements microinstruction sets, emulating the basic PDP-
I'1 instruction set. These instruction sets include the extended instruction set (EIS) and provides
console debugging capabilities.

b

3. Memory management unit (MMU) chip
The memory management unit (MMU) performs two activities. It provides the memory man-
agement and contains the necessary registers for floating point execution.

As a memory management unit, the chip provides dual mode capability (user instruction space
- normal operation) and kernel (CPU instruction space - internal operation) for relocation of a
16-bit virtual address to an 18-or-22 bit physical address. The MMU chip contains the error
detection logic to provide memory protection features such as R/W access control and page
length limits. In addition, all necessary memory management data registers are in this chip.

As an aid to floating precision, the MMU chip provides the 36 16-bit registers needed for
operand storage, status information storage, and scratchpad areas during floating point
operations.

4. Floating Point Adapter (FPA)

The floating point adapter (FP11) provides 46 additional instructions to the integer arithmetic
instructions in the basic instruction set. This executes floating point operations 5 to 10 times
faster than equivalent software routines and provides for both single precision (32-bit) and
double precision (64-bit) operands. This is equivalent to 7 and 17 decimal digit accuracy,
respectively. This also conserves memory space since the FP11’s internal logic executes floating
point routines instead of programmed routines. FP11 operation requires the MMU for operation
because the MMU contains eight 64-bit floating point registers.
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5.3.1.1 Chip System Architecture — These are three categories of signals used for communicating
between the chips and with external logic: Microinstruction Bus (MIB), Data Address Lines Bus (DAL),
and discrete signals (Figure 5-4).

The MIB is time-multiplexed. During clock-low time, a new microinstruction travels along the MIB from
the active control chip to the data chip and all other control chips. During the next clock-high time, the
data chip generates control information based on this microinstruction and transmits control information
on the MIB.

The CDAL bus is a bidirectional connection between the logic circuits. It is time-multiplexed and has two
independent definitions during the clock cycle. During the first half of a cycle, clock-high time, the chips
use the CDALs to transfer data in or out. This data is a PDP-11 macroinstruction, a 16-bit physical or
virtual address, or some form of numerical data. During the last half of a cycle, clock-low time, a relocated
address or service information can be transferred on the CDALSs. The relocated address is the 18 or 22-bit
translation of the 16-bit virtual address driven by the data chip during the preceding clock-high time. The
MMU chip must be installed (normal operation in the Professional 350) for 22-bit addressing. Synchro-
nous and asynchronous status information, service, also use the CDAL bus. Service information consists of
interrupt requests, error conditions, power conditions and the halt line. This information is latched in the
control chip where it directs microprogram flow.

The discrete signals are dedicated lines each with specific meanings; they are not time-multiplexed. These
signals are discussed later.

Table 5-1 summarizes the buses just presented.

5.3.1.2 Data/Base Control Chip Interaction — The data chip/base control chip combination is a mul-
tichip PDP-11 microprocessor with expandable internal storage for microprogram processing. The data
chip/control chip relationship is that of arithmetic logic unit (ALU) and sequencer; the data chip is an
ALU and controller, the control chip directs the microprogram sequence and storage. The following
sequence provides an overview of their operation. This sequence considers just the base control chip.
However. all control chips interact with the data chip in the same manner. They differ only in what macro-

level information they can decode.
1. Fetch macroinstruction: both the data and control chips receive and latch a macroinstruction.
7 Execute macroinstruction: the control chip transmits a specific sequence of microinstructions to
emulate the latched macroinstruction. Simultaneously, the data chip receives the microinstruc-

tions and performs the appropriate arithmetic, logic, and control functions.

3. Load service information: the control chip latches service information. If service is pending
(Section 5.3.2.6), the chip set goes to step 4. If no service is pending, the chip set goes to step 1.

4. Execute service routine: the control chip transmits a specific sequence of microinstructions to

execute the required service routine. Simultaneously, the data chip reccives the microinstruc-
tions and performs the appropriate arithmetic, logic, and control functions.
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Clock High Time

Clock Low Time

CDALs: a macroinstruction,
a 16-bit physical or
virtual address.
or numerical data

MIB: control information

A relocated address, or
service data

A microinstruction
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To help clarify the preceding process, the following provides a detailed emulation of the CLR RO
macroinstruction.

Clk* Data Chip Control Chip
PART I: MACROINSTRUCTION FETCH
Low Transmit ADR2 PC microinstruction
on the MIB, (this instruction

causes the value in the PC to
address memory and increments the

PC by 2.
i Latch ADR2 PC
microinstruction
from the MIB
High Execute address ADR2;
put PC on the DALS:,
increment PC by 2,
output discrete
control signals
| Latch control information from
the MIB
Low Transmit instruction input

microinstruction on the MIB

1 Latch instruction
input microinstruction
from the MIB

High Execute the
microinstruction just
brought in; input the
CLR RO macroinstruction
from the DALs and
output discrete
control signals

| Latch macroinstruction Latch macroinstruction from the
from the DALs DALs and control information
from the MIB

*  The terms in this column define the state of the clock line: low = clock voltage at a low, high = clock voltage at a high, [ =a
rising edge, | = a falling edge.



Low

High

The chip set now goes to service. On the next rising edge, the macro-level service data is clocked into the
control chip from the CDALS. If no service is requested, the machine falls through to the macroinstruction

PART 2: MACROINSTRUCTION EMULATION

Latch CLR
microinstruction from
the MIB

Execute CLR
microinstructions;
clear the register
which is specifie

in the latched
macroinstruction

and transmit discrete
control signals

Transmit CLR microinstruction
on the MIB

Latch the control information
from the MIB

fetch sequence. If service is requested, the appropriate service routine begins.

If the CPU cycle is not an address relocation, CDAL address bits 16-21 are pulled low.

5.3.1.3 Memory Management Interaction — When the MMU is used for memory management, it
supplies the resources for 18 and 22-bit addressing. When added to the data chip/control chip system, it
creates an additional communication situation. This occurs when an address needs to be relocated. The
following sequence shows the address relocation.

Relocation Address Interchip Communication

Clk

High
(during
execution
of an
address
micro-
instruction)

——

Data Chip
Outputs the address

on the CDALs and BSIO

(a discrete control
signal), outputs the

the proper AIO codes

(specific

combinations of MIB

lines) on the MIB.

Latches the MIB line

data for MMU chip;
this tells the data
chip that the MMU
is relocating an
address.

MMU Chip

Detects an address cycle by
looking at the AIO codes,
asserts a specific MIB line

to indicate a relocated
address cycle and inputs

the address from the CDALs
and BSIO.



Relocation Address Interchip Communication (Cont)
Clk Data Chip MMU Chip
low Generates the relocated

address and transmits it on
the CDALs and BSIO.

1 Latches the relocated Latches the internally
address from the CDALs relocated address to check
and BSIO to check for for reference to any of the
reference to the PSW. processor’s registers.

If memory management is disabled, address cycles (a macrocycle) proceed as all other microcycles. If
enabled, it adds three changes to the address cycles of the basic chip interaction. First, it changes when the
address on the CDALs is valid. Instead of being valid towards the end of clock high time, the address must
be examined towards the end of clock low time. Second, clock low time must be lengthened from the
minimum specified value for nonrelocated cycles. This allows the MMU time to operate. Third, to prevent
a bus conflict, service cannot be on the DALs at the same time as a relocated address. The microprogram-
ming prevents the chip set from loading service data during an address relocation. In addition, the system
interface will not drive the DALs with service data at this time.

5.3.1.4 Floating Point Interaction — Floating point instruction is standard in the Professional 350
computer. The FPI1 requires the MMU chip’s floating point registers. These registers are indirectly
addressed by the control field of the [/O microinstructions. The timing of the data transfers to and from
these registers is the same as for any other 1/O microinstruction. These transfers are transparent to the
system user.

The microprogram handles control chip selection. A control chip deselects itself by executing an uncondi-
tional jump to another control chip. The target control chip decodes the jump microinstruction and selects
itself. This executes the microprogram in a different part of the internal instruction set.

5.3.2 Instruction Cycles and Timing

The following paragraphs describe concepts of instruction and timing cycles used in the Professional 350.
It does not explain the PDP-11 instruction set.

Section 5.3.2.1 explains micro- and macroinstruction cycles.

Section 5.3.2.2 explains the base system timing logic.

Section 5.3.2.3 explains how the system creates the needed timing signals.
Section 5.3.2.4 explains how the MIB lines are decoded to start a cycle.
Section 5.3.2.5 explains the CPU reset function.

Section 5.3.2.6 explains the service register’s timing between cycles.

aUnhsw =
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5.3.2.1 Instruction Cycles — The chip set emulates PDP-11 macroinstructions with microprograms. This
may require several microinstructions to do a single macroinstruction. Microinstructions use the system
clock for synchronization. Macroinstructions require longer periods to execute that depend on the instruc-
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tells its support circuits how much time is required and sets up the circuits to synchronize properly.

1. Microinstruction Cycles
The basic microinstruction cycle (Figure 5-5) shows common operations which occur every
microcycie. The conditional latching of service data during a microinstruction cycle is con-
trolled by the Next Address Field of the microinstruction being executed. As far as the system
interface is concerned, it should place service data on the CDALSs every clock-low time, except
during address relocation cycles.

During certain microinstructions, internal data is placed on the CDALs. This happens because
the CDAL drivers are enabled every clock high time unless an input microinstruction is being
executed. During certain microinstructions, this data is meaningful; for others the data is not
used. As one microinstruction executed the next is accessed. This results in a faster execution of
instructions.

Microinstructions are not included in this manual because they are proprietary and confidential
to Digital Equipment Corporation.

BASIC MICROINSTRUCTION CYCLE

CLKI l L

CONDITIONALLY § CONDITIONALLY
‘“—LATCH SERVICE “— LATCH SERVICE
DATA DATA
ke—————ACCESS MICROINSTRUCTION >l ACCESS NEXT MICROINSTRUCTION ———|
MICROINSTRUCTION ENABLE CONTRO
ICROI ! BL TROL
CONTROL CHIP {MIB) RECEIVERS (MIB) RECEIVERS
4 LaTen L
ACTIVE CTL ENABLE | MICROINSTRUCTION (A008
MIB DRIVERS gl INPUTS
ws  ZCoNTROL INFORMATIONXZZY MICROINSTRUCTION Y2 CONTROL INFORMATION NEXT MICROINSTRUCTION
ENABLE
MICROINSTRUCTION | ENaBLE cCONTROL |
(MIB) RECEIVERS (MiB) DRIVERS, i
RECEIVER:
LATCH MICROINSTRUCTION

DATA CHIP Iﬂ—-—DECODE MICROINSTRUCTION ———’lﬂ-—DECODE NEXT MICROINSTRUCTION

IQ—EXECUTE MICROINSTRUCTION_.'

DAL T scrvice oata YK oata X0 service oata X777
. ENABLE
MMU CHIP L MICROINSTRUCTION _L ENABLE CONTROL J
[‘ (MIB) RECEIVERS ']‘ (MIB) RECEIVERS
LATCH
LATCH CONTROL
MICROINSTRUCTION INPUTS

MA-0020-82

Figure 5-5 Basic Microinstruction Cycle
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2. Macroinstruction Cycles
If service is pending, the appropriate service sequence is initiated. If no service is pending, a
macroinstruction is fetched.

Once a macroinstruction is fetched, the appropriate emulation microprogram is selected. After
the completion of the emulation microprogram, the cycle begins again by first determining if
service is pending.

5.3.2.2 Basic Timing Logic — The microprocessor operates on microprogram data and instructions
during the high and low periods of its clock. This section describes the system clock. The clock uses two
signals, oscillator output (OSC H) and PHASE H, to synchronize the CPU and supporting logic. OSC is
the system clock. PHASE is the CPU chip set clock.

The oscillator output (OSC H) is the system clock. It regularly sets certain circuits to allow data transfer.
During CPU clock high time (PHASE H asserted), the data chip generates control information based on
the current microinstruction and transmits this on the MIB. The microinstructions travel along the MIB
during CPU clock low time (PHASE H not asserted). The control information on the MIB sets other
circuits and determines the duration of PHASE. Depending on the macrocycle, PHASE H and PHASE L
remain high or low for specific multiples of OSC. These two clocks, along with other control information,
direct the path and timing for data flow.

Three MIB line states indicate the present type of CPU cycle. See Table 5-2. The control circuitry reads
the MIB lines and sets timing circuits for PHASE. PHASE’s duration, then, varies depending on the status
of the MIB lines.

Each microcycle may be an address cycle, a data write, or other operation shown in the table. A read-
modify-write cycle to memory requires several different PHASE periods. PHASE stays high depending on
which devices are communicating. It may be kept high for two, three, five, or more clock cycles depending
on the kind of microcycle. PHASE may be kept high while waiting for a reply from any addressed device
and may be kept high indefinitely waiting for DMA. PHASE can be low for two, five, or six clock cycles,
again depending on the type of microcycle. If PHASE is kept low longer than six clock cycles, the CPU
chips may lose data from lack of refresh. Table 5-3 describes the three basic microcycles.

Table 5-2 System Set Up for Instruction Cycle

MIB 12 9 8 Microinstruction
AlIO 2 1 0 Name Invoked by Meaning
0 0 0 AWO Address During this cycle, the
data chip transmits an
address. It is a data
write only operation.
0 0 1 ARW Address During this cycle, the

data chip transmits an
address. It is a data
read modify write
operation.
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Table 5-2 System Set Up for Instruction Cycle (Cont)

MIB 12 9 8§
AIO 2 1 0 Name

Micreinstruction

Invnl(nr‘ hv

XRTUNRCG UY

0 1 0 -

0 11 ARO

WRITE
BYTE

WRITE

1 1 0 READ

NOP*

Unused

Address

Output

Output

Input

All except
Address,
Input, or
Output

During this cycle, the
data chip transmits an
address. It is a data
read only operation.

The data chip performs
a byte output
operation. During this
cycle, the data chip
transmits a data byte.
If the address is even,
the data is be on the
low byte of the DALs.
If the address is odd,
the data is on the high
byte. In both cases the
non-data byte is
unpredictable.

The data chip performs
a word output
operation. During this
cycle, the data chip
transmits a word of
data.

The data chip performs
an input operation.
During this cycle, the
data chip reads a word
of data.

Data chip is not
performing an 1/0
operation (neither data
in nor data out
operation).

* These control signals are forced to NOP (AIO = 7g) if an input or output microinstruction is executed
when the explicit PS address mode is active (for example, if the PS is referenced by its I/O address, the
input and output AIO codes are overridden to the NOP AIO code). This information is needed by the
control and MMU chips.
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Table 5-3 Microcycles

Cycle Description Cycle Steps

Read Only ARO, READ

Write AWO, NOP, WRITE* or WRITE BYTE*
Read-Modify-Write ARW, READ, NOP, WRITE* or WRITE BYTE*

* The AIO code determines if this is a byte or word operation. Address AOO determines the high or
low byte if it is a byte operation.

By coordinating PHASE with OSC, the latches and buffer chips are ready to load address or data
information. It is necessary to synchronize times for set-up, hold, and release because of buffer chip
parameters and bus specifications.

Example — MIB control information and OSC H produce a sequence of timing signals (including PHASE).
The number of signals depends on the type of cycle to be run. Figure 5-6 shows a timing diagram for an
address relocation cycle. This operation requires three high clock periods and five low. Note the system
clock, OSC, is a periodic signal.

1.  PHASE goes high at OSC H rising edge. As PHASE H goes high, its complementary output,
PHASE L, goes low. This starts the following timing signal sequence and clears a second timing
sequence.

2. At the next OSC H rising edge, Phase Time 2 (PT 2) goes high.
3. At the next OSC H, PT 3 goes high.

prasen [ | I_
erow 1 |

PT 3 H 1

PT4H A

PHASE L | ] L
PBT 2 H | L
PBT 3H  1_
PBT 4 H I 1
PBT 5 H [

PBT 6 H A

I-—PHASE TIME —+——PHASE~BAR TIME -——-|

MA-0021-82

Figure 5-6 Address Relocator Cycle
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4. At the next OSC H, PHASE goes low and PHASE-BAR goes high. PT 2 and PT 3 go low.
However, PT 4 was clocked in just as the input signals went low so that PT 4 H appears as a
spike impulse.

o

5. As PHASE L goes high, it starts a similar sequence of timing signais during PHASE-BAR.
6. At the next OSC H, PHASE-BAR TIME 2 (PBT 2 H) goes high.

7. At each of the next three OSC H signals, PBT 3 H, PBT 4 H, and PBT 5 H go high
respectively.

8. At the sixth OSC H, PHASE-BAR goes low as PBT 6 H appears as a spike impulse.
9.  The signals now are PHASE H and PHASE-BAR L.
10. PT 4, PT 5, PT 6, and PBT 6 are not generated during this cycle.
The next section describes how these signals are generated.

5.3.2.3 Detailed Timing Logic — A 26.666 MHz crystal oscillator output is divided by two and buffered
to drive the timing logic for the CPU, the CTI Bus control logic, and the DAL Bus control logic. This
signal, OSC H, has a period of 75 ns. Figure 5-7 shows the signals used for system timing.

The clock driver uses the PHASE H flip-flop output to produce the +12 V CPU chip set clock signals
(CHIP CLKA H and CHIP CLKB H). Each chip set clock cycle consists of a PHASE time (PHASE H
set) and a PHASE-BAR time (PHASE H clear). The CPU chip set is semi-static and loses information if
it remains in PHASE-BAR time longer than 500 ns. However, it can remain in PHASE time indefinitely.
PHASE and PHASE-BAR are complementary.

Two shift registers (PT 2 H through PT 5 Hand PBT 2 H through PBT 6 H) operate as clock signal timers
during PHASE time (PT) and PHASE-BAR time (PBT), respectively. PT means PHASE TIME and PBT
means PHASE-BAR-TIME. If PHASE H is set, but PT 2 through PT 5 are clear, the logic is in phase
time one. If PHASE H and PT 2 are set, but PT 3 H through PT 5 H are clear, then the logic is in phase
time two. Similarly, if PHASE H is clear and PBT 2 H through PBT 5 H are clear, the logic is in phase-
bar time one. If PBT 2 H through PBT 4 H are set, but PHASE H and PBT 5 are clear, then the logic is in
phase-bar time four.

TURN OFFPT 5 PT4H l—PT5H
RECEIVE PT 3H — L - PT4H
REPLY PT'ZH—'SHIFT —pT 2 H

REGISTER T
F—PT 2 H

TOCHIPCLKAH
AND CHIP CLK B H 0SC H —

SIGNALS
DHASE PHASE H
F-F PBT 5 H— L PBT 6 H
PRT 4 H— L__PBT 5 H
PBT 3H—fSHIFT | —PBT 4 H
peT 2 H —fREGISTERL _ppT 3 H
L o L _PBT 2 H
0SC H —

NOTES: GATES 1,2, AND 3 CONTROL PHASE H DURATION
GATE 4 CONTROLS PHASE-BAR H DURATION

MA-0022-82

Figure 5-7 Phase Signal Duration Functional Diagram
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The PHASE H flip-flop and the two shift registers are clocked on the leading edge of OSC H. When
PHASE H is set, the logic advances from one phase time to the next in sequence. However, there is one
exception: the logic pauses in phase time one if DMA is in process.

When PHASE H is clear, the logic advances from one phase-bar time to the next. Usually it advances
from PBT 2 to PT 1. However, there are two exceptions:

1. During address relocation cycles, the logic enters PHASE after PBT 5.
2. During a reset of the CPU chip cycle, the logic enters PHASE after PBT 6.

A clearing signal clears the flip-flops, which gate data onto the CDAL lines during PHASE time. That
data must remain there for one-half OSC period into PHASE-BAR time. The phase time clearing signal
clears the flip-flops, which gate data onto the CDAL lines during PHASE-BAR time. That data must
remain there for one-half OSC period into PHASE time.

5.3.2.4 MIB Decode Logic — During PHASE-BAR time, the MIB lines contain the current microin-
struction provided by one of the CPU control chips (Table 5-2). During PHASE H time, the MIB lines
contain control information provided by the CPU data chip. The system logic monitors some MIB lines
during PHASE time and some at the end of PHASE time.

During PHASE Time, the MIB lines 12, 9, and 8 contain the address input/output signals (AIO 2, 1, and
0). The AIO codes are decoded to determine whether the current cycle is an address cycle, a bus type data
in cycle, or a bus type data out cycle. The AIO lines are signals which determine whether the logic enters
PHASE-BAR time after PT 2 (SHORT PT H), after PT 3 (MED PT H), or after PT 5 (SHORT PT H
and MED PT H both clear).

At the end of PHASE time, PHASE H clocks the following MIB lines into flip-flops.

1. MIB 15 H to REL CYC H if a memory relocation cycle is indicated.

2. MIB 12 H inverted to LAD CYC L for an address cycle.

3. MIB 07 H inverted (SYNCF H) to LSYNCF L to synchronize the address on the bus.

4. MIB 14 H to INIT H to initialize the system whenever a reset instruction occurs or at power up.
5.3.2.5 CPU Chip Reset - The CPU can remain in PHASE H time indefinitely; PHASE L can remain
no longer than 6 clock cycles before data may be lost. Table 5-4 shows error conditions which could cause
the CPU to be reset. If one of these errors occur, the system logic generates a reset signal which extends
PHASE-BAR time to six clock cycles. Reset enables the CPU service register so the CPU can determine
which error condition caused the reset.
5.3.2.6 Service Register — Service information is system status information. The CPU uses this to
monitor the conditions shown in Table 5-5. The service information is enabled on the CDAL lines when

not doing address relocation when PHASE H is low or during a chip reset. Logic circuits turn on the
drivers that place the service data on the CDAL bus for the CPU to read directly.

5-22



Table 5-4 Reset Conditions

Signal Meaning

DCOKC 3 L DC voltage is OK and present for at least 3 clock cycles. This is a
normal condition that causes reset on power up.

BUS ERROR H The processor put out an address on the bus but there is no response
from the device.

NG CSEL H Neither control chip (CPU nor FPP) is active.
MER H There is a bus memory error.
ABORT L MMU chip tried to address an invalid address.

Table 5-5 Service Register

Signal Meaning

DCOKC 3 L DC voltage is OK and present for at least 3 clock cycles. This is a
normal condition that causes reset on power up.

TIME OUT H No response was received after putting an address on the bus.

MER L There is a bus memory error.

ABORT L MMU chip tried to address an invalid address.

CTL ERR L Neither control chip (CPU nor FPP) is active.

HALT H Octal debugging technique signal to start or stop single step operation

PWRFL 1 Power failing

IRQ 4 H Interrupt request
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5.3.3 Buses

Both 16-bit addresses and 8-bit data bytes or 16-bit data words are multiplexed over bus data/address
lines. During a programmed data transfer, the processor asserts an address on the bus for a fixed time.
After the address time is completed, the processor initiates the programmed input or output data transfer.
The actual data transfer is asynchronous and requires a reply from the addressed device. The bus
synchronization and control signals provide this function.

The bidirectional and asynchronous communications on the buses allow the devices to send, receive, and
exchange data at their own rates. The bidirectional nature of the bus allows use of the common bus
interfaces for different devices.

Communication between two devices on the bus is a master-slave relationship. At any point in time, there
is one device that controls the bus. This device is the bus master. The master device controls the bus when
communicating with another device on the bus, the slave. An example of this relationship is the processor
which, as master, fetches an instruction from memory (which is always a slave). Another example is a
DMA device interface which, as master, transfers data to memory, a slave. Bus master control is dynamic.
The bus arbitrator is the processor module.

Since the CTI Bus is used by the processor and all I/O devices, a hardware priority structure determines
which device becomes bus master when more than one device requests control of the bus. Every device on
the CTI Bus which is capable of becoming bus master is assigned a priority according to its function or
type. If two devices of the same priority level each request the bus at the same time, the device in the lower
slot number becomes the bus master.

Data transfers on the CTI Bus are asynchronous; communication is independent of the physical bus length
and the response time of the slave device. The asynchronous operation between bus master and slave
devices depends on synchronizing the bus transactions with clock signals. This allows each device to
operate at the maximum possible speed.

Full 16-bit words or 8-bit bytes of information can be transferred on the bus between a master and a slave.
The information can be instructions, addresses, or data. For example, this type of information transfer
occurs when the processor, as master, fetches instructions and operands and transfers data to and from
memory.

Refer to Figure 5-4 for a simplified diagram of the buses and Figure 5-8 for a complete system block
diagram showing interfaces. Figure 5-9 shows the buses without other functions. The following paragraphs
describe each major bus.

Microinstruction Bus (MIB)

The 16-bit MIB is common to all data and control chips. The MMU receives a subset of the MIB because
it does not need access to all MIB control signals. A different subset of the MIB controls the processor
support logic.

The MIB is time multiplexed and is used for different functions during clock high and low times. During
clock high time, the MIB transfers control information from the data chip to all control chips, the MMU,
and the board logic. During clock low time, the MIB transfers microinstructions from the active control
chip to other control chips and the data chip.
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Figure 5-9  Professional 350 System Module Bus Scheme

Data/Address Line Bus (DAL)

The DAL interconnects all the MOS chips and buffers on the processor board. The 22-bit DAL bus is time
multiplexed. Of the 22, the CPU uses six lines for addressing only. During clock high time, the data chip
transfers information to or receives information from the other chips along the DAL. During clock low
time, the board transfers service data (such as interrupt requests) along the CDAL bus to the control chip.
The control chip receives service information and determines whether to trap or fetch the next instruction.

During clock low time or during address relocation, the relocated address from the MMU transfers to the
DAL bus.
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Computer Terminal Interconnect Bus (CTI)

The CTI Bus is the control path for the CPU and all options modules. It is also the Professional 350
backplane. The six option slots mounted on the system module connect to the 90-signal bus. All signals are
bused to all six slots with the exception of six signais. These six slot dependent signals are on the system
module for address decoding, interrupts, and DMA. These signals are as follows.

Option present indicator

Slot select from the I/O page address decoder

Two interrupt request lines (A, B) from each option
DMA request from the option

DMA grant from DMA arbitration circuits

Vi —

Each option slot has a 90-pin connector on the system module. The first 60 pins are used for the CTI Bus
signals. These are referred to as the general section of the bus. This section of the bus is control lines and
bused data/address lines (CTI/BDAL). The last 30 pins, 61 through 90, route signals from the option
modules to connectors on the rear of the system module. These are referred to as the private section of the
bus. An option module that only needs the CTI Bus signals can use a 60-pin Zero Insertion Force (ZIF)
connector. An option module that uses the rear connectors on the system module must use a 90-pin ZIF
connector. Section 5.3.5.2 describes the bus timing relationships. Refer to Section 5.5 and Table 5-30 for
the CTI Bus signal definitions.

D Bus

The D bus is the data path to and from the externally mounted RAM daughterboards. Data from the DAL
bus can be written to RAM via the D bus when the WRITE signal is asserted and then written directly to
the daughterboards. A RAM read causes data to be latched from the D Bus into three-state latches for
release to the DAL bus. The RAM modules are addressed via the A Bus.

A Bus

The CPU and DMA devices use the A Bus to address all I/O devices and memory. Addresses are latched
from the DAL bus and held until the bus cycle is completed. Logic uses the A Bus to activate device
strobes, slot selects, ROM, registers, and RAM addressing.

AD Bus
This bus accesses the battery backed up clock chip. It also permits battery backed up RAM addressing
and data transfer. This is a low byte only bus. Refer to Section 5.3.4.1 for further information.

LDAL Bus

This bus is the low driver data/address bus. It is the system’s interface to devices with low drive outputs:
the keyboard, printer, and communications ports. It also carries interrupt vectors to the CPU from the
interrupt controller chips. It carries low drive signals to a TTL buffer which drives the DAL bus. It is a low
byte-only bus.

CDAL Bus
The CDAL bus is an interface bus between the CPU chips and the DAL bus. The CPU chips have low
output drive and would be loaded down by the DAL bus and its interface logic.

MUX Bus

The MUX bus carries address data from the A Bus to the RAM daughterboards. Quad 2:1 multiplexers
transmit first the low, then the high bytes of address data to the RAMs. Refresh address for the RAM also
uses the MUX bus. The system module can support up to 512 kilobytes per daughterboard using a ninth
address line.
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5.3.3.1 Bus Reply - All bus cycles require the enabled device to reply, whether it is a local (system
module) or CTI Bus device. The CPU stops in PHASE time and waits for a reply. The reply ends PHASE
time. Figure 5-10 shows the reply signals and the signals that enable them. Each device needs a different
time to reply which depends on its speed. Therefore, the device determines when PHASE ends via its reply

time.

If PT 4 H is asserted, the CPU is on the bus and a DMA device cannot use the bus. If PT 4 H is sent, there
are 6.5 us for a device to reply. If no reply comes, a timer times out and asserts the reply signal. The reply

ends PHASE time but indicates a timeout error to the CPU.

5.3.3.2 Other Bus Control Signals — Other signals which control data flow on the CTI Bus and internal

buses are as follows.

MA-0023-82

1.  ADDRESS STROBE - Occurs on OSC L. Refer to Figure 5-11.

2. DATA STROBE - Occurs on OSC H. Refer to Figure 5-11.

3.  MDEN - Master Drive Enable indicates that the master is placing an address or data on the

bus. Refer to Figure 5-12.

4. SDEN - Slave Drive Enable indicates that a slave should drive data on the bus. Refer to Figure

5-12.
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Figure 5-11 Address and Data Strobe
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Figure 5-12 Master and Slave Drive Enable

5.3.4 Bus Interfaces

Bus interfaces in the Professional 350 fall into two categories, buffers and registers. Buffers isolate
electrical circuits from each other. For example, a buffer permits passage of data on one bus to another to
meet device drive or timing requirements (Section 5.3.4.1).

Registers hold status information for the CPU to read. They transfer their data directly to the appropriate
bus when addressed and enabled (Section 5.3.4.2).

5.3.4.1 Buffers — There is an interfacing buffer between each pair of buses. These buffers switch a data
path to and from different circuits according to CPU instructions and the timing requirements of different

circuits.

Although buffers switch signals. they can also change drive level requirements depending on the require-
ments of the devices they serve.
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Figure 5-13 shows the system block diagram with only buses and buffers. Each buffer on the figure has a
number which corresponds to the following numbered paragraphs. These paragraphs describe buffer’s
function. Figure 5-13 also shows the enabling signals and the transceivers that change the buffers’
direction.

1. CDAL - DAL Buffers - Signals from the CPU on the CDAL bus are always passed as 16 bits.
They are clocked into latch buffers at the first OSC L rising edge during PT 3 H or at the rising
edge of PBT 4. The CPU enables output to the DAL bus when it becomes bus master. This
places either an address or data on the bus.

2. DAL - CDAL Buffers — This buffer permits data from the DAL bus to be gated onto the
CDAL bus and to the CPU chip set. The signals are clocked in on the falling edge of the
PHASE H signal.

3. DAL - CTI/BDAL Buffer ~ This buffer consists of three octal bus transceivers between the
DAL and CTI/BDAL buses. The CTI/BDAL bus connects the DAL bus to all slots on the CTI
Bus. The CPU transmits address to the DAL bus in 22-bit words. Data to or from the
CTI/BDAL bus is transferred in 16-bit words (BDAL 15:00).

4. DAL - A Bus Address Latches — Latch buffers transfer addresses on the DAL bus to the A
Bus. All DAL lines and BSIO in DMA devices must assert 22-bit addresses and BSIO. The
master also uses 22-bits at address strobe time. The chips in this circuit require set up time for
the addresses to stabilize on the bus before latching them.

5. DAL - LDAL Buffer — This buffer uses an octal transceiver to transmit eight bits of data. The
LDAL, a low drive bus, connects to devices that provide low drive. The buffer amplifies these
devices and puts the signals directly on the DAL bus.

6. DAL - D Buffer - Data for RAM on the DAL bus is written to the D Bus during write
operations. The data is then transmitted directly to the RAM chips.

7. D - DAL Buffer — Data in RAM is available after addressing. The data is latched in tri-state
latch buffers when a valid RAM request is made. A RAM read signal enables the output. This
places the data on the DAL bus.

8. A - AD Buffer - This shifted buffer passes address data (A08-01) to access RAM and registers
in the battery backed-up clock/RAM circuit. A08-01 are used because the address bit AQQ
normally selects high or low byte data. Since this circuit is a low byte device, A0O is not used by
the chip. Therefore the address is shifted one bit to A08-01, instead of A07-00. The address is
valid at the address strobe signal.

9. DAL - AD Buffer - This octal bus transceiver permits data transfer to and from the battery
backed-up clock/RAM circuit. It is enabled by the address decoder and data strobe signals.
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5.3.4.2 Registers - Registers hold status information or other information needed for data processing.
Certain interrupt data, power level data, and system configuration data are examples of the kinds of data
stored in registers.

Figure 5-14 shows the system block diagram. Each register on the figure has a number that corresponds to
the following numbered paragraphs. These paragraphs describe each register’s function.

1.

Power Up Option Register
This register, on the CDAL lines, is an octal tri-state buffer. It is read at power up to make the
CPU go to an address in the system ROM (17760000) and begin executing the code there to
start the power-up self-test.

CPU Service Register
This register stores information about power, errors, and interrupts. Refer to Section 5.3.2.6 for
a list of service register functions.

Maintenance Register (Address 17777750)
This register tells the system software the type of CPU and hardware configuration. The
software can then configure itself to the hardware configuration.

When the computer is booted, the operating software asserts address 17777750. The address
decoder asserts the signal LREPLY H and the CPU waits for a response. Since 17777750 is an
invalid address, there is no response. This means that no device is driving the bus. The software
then reads the bus (which is all low) and interprets this to mean a Professional 350 computer.

Option Present Register (Address 17773702)
A hardwire in each option module pulls a line low when it is inserted in its slot. These assert the
signals OPRES 0 through 5 L.

When the CPU needs to determine which slots are used (to determine address ranges), it puts
this register’s address on the A lines. When decoded, it asserts RD OPRES L. RD OPRES L
enables the register and puts the data on the DAL lines. The buffer control signal SDEN L
permits the buffers to transfer the data to the CDAL lines which connect directly to the CPU
data chips.

Indicator (LED) Register (Address 17773704)

This LED register is a system status indicator. There are five LEDs on the back of the system
module (one green and four red LEDs). The green LED lights when the power supply asserts the
DCOK signal. The four red are error indicators used by the power-up self-test. Table 5-6
indicates the error condition for each LED code.

The LED display register uses only the first four bits of the low byte. It controls the state of the
four red LEDs on the rear of the unit. The register is reset at power up. (At power up, all four
red LEDs are on.) The first error is latched and held and the LED display indicates the error
found. Otherwise the register is always read as all 0s. All writes to the high byte have no effect.

Figure 5-15 shows the positions of the LEDs if viewed from the back of the unit.

Maintenance Terminal Control and Status Register (Address 17777560-17777566)

A console terminal can be connected to the system through the printer port for maintenance
debugging and testing. The console terminal interface is made of four registers at addresses
17777560-177777566. The microcode Octal Debugging Technique (Micro-ODT) accepts 16-
bit addresses which permits addressing 56 kilobytes of memory plus the 8 kilobytes 1/0 page.
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Table 5-6 Indicator (LED) Error Codes

LED 3 LED 2 LED 1 LED 0 Error Condition

off off off off None - self-test found no errors

off off off on Bus slot 0 error detected
(physical slot 1)

off off on off Bus slot 1 error detected
(physical slot 2)

off off on on Bus slot 2 error detected
(physical slot 3)

off on off off Bus slot 3 error detected
(physical slot 4)

off on off on Bus slot 4 error detected
(physical slot 5)

off on on off Bus slot 5 error detected
(physical slot 6)

off on on on Invalid - reserved

on off off off Invalid - reserved

on off off on Keyboard failed

on off on off No boot found

on of f on on Monitor cable not present

on on off off Memory in slots 0 and 1 both
failed

on on off on Memory in slot 1 failed (low bank)

on on on of f Memory in slot 0 failed (low bank)

on on on on System module failed*

* All the LEDs are lit at power up (lamp test). If they all remain lit, a system module error is
indicated.
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Figure 5-15 Indicator (LED) Display

7. System Control and Status Register (CSR) (Address 17773700)
This register tells the CPU which memory module(s) is (are) present (0 and/or 1) and the size
(128 or 512 kilobytes). It also tells if a monitor cable is connected to the system. In addition, the
register enables or disables the break detect from the printer interface.

The CPU puts this register’s address on the A lines, which, when decoded, assert RD STATUS
L. RD STATUS L enables the register and puts the data on the DAL lines. The buffer control
signal, SDEN L, allows the buffers to transfer the data to the CDAL lines which connect
directly to the CPU data chips.

5.3.5 Other Control Logic

This section describes the control logic used to select or enable devices on the system module or on the CTI
Bus.

5.3.5.1 Slot Select Decoder — The slot select decoder uses addresses and selection signals to enable
different slots on the CTI Bus. It asserts a slot select signal (SS n L).

During clock high time of a memory management address relocation cycle, the MMU chip determines if
the address the CPU control chip puts out is in the I/O page range (17760000-17777776). During clock
low time, if it is in the range, the MMU chip puts out a relocated address on the CDAL bus and enables
BSIO H. BSIO H is asserted as BIOSEL L on the CTI Bus and is latched with BSIO and the A Bus
address. Latched BSIO H is LBSIO H which, along with A bus signals A 12:10, enables the slot select
decoder. The decoder uses address lines A 9:7 to assert the slot number selection. Table 5-7 provides each
slot’s address assignments. Address assignments depend on slot number, not device type.

Table 5-7 Slot Select and Address Ranges

Slot Address Range

0 17774000-17774177
I 17774200-17774377
2 17774400-17774577
3 17774600-17774777
4 17775000-17775177
5 17775200-17775377
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5.3.5.2 1/0 Page Address Decoder — The I/O Page Address Decoder is a local device address decoder.
It is a programmable logic array (PLA) that recognizes device addresses and enables the corresponding

circuit. For example, if an address for battery backed up RAM is on the bus, the decoder asserts a battery
backed up RAM enable.

When an address is on the bus, all devices read the address but only the enabled devices can react to it.
The decoder decodes addresses and enables devices for data transfer. System logic coordinates the data
flow on the buses. It opens the appropriate buffers at the right times to permit reading addresses and data
and holds buffers and latches for specified times. System logic uses the system clock and timing signals
generated by PHASE time.

The following are examples of data flow. Refer to Figure 5-13 for each of the examples. This figure shows
the system block diagram with bus interfaces only. In addition, each example refers to an illustration that
shows the system block diagram and the address and data flow. Table 5-8 shows the system memory map
with addresses.

Example 1 - CPU Writing to I/O Device (Refer to Figure 5-16).
1.  The CPU indicates it is to be bus master and latches the address into the CDAL-DAL latch
buffer. This puts the address on the DAL bus. Address strobe also transfers the address to the A

bus. System control logic decodes microinstructions on the MIB bus to generate necessary
control signals.

Table 5-8 System Module Memory Map

17730000-17767776
17772300-17772316
17772340-17772356

-17772516
17773000-17773032
17773034-17773176
17773200-17773212
17773300-17773314
17773400-17773406
17773500-17773506
17773600-17773676

-17773700

-17773702

-17773704
17774000-17774176
17774200-17774376
17774400-17774576
17774600-17774776
17775000-17775176
17775200-17775376
17777560-17777566
17777572-17777576
17777600-17777616
17777640-17777656

~-17777750

-17777776

RAM - main memory

16Kb ROM - diagnostic/boot
MMU - kernel PDRs

MMU - kernel PARs

MMU - SR3

Clock registers

Battery Backed-up RAM - 50 bytes
Interrupt controller registers
Communication port registers
Printer port registers
Keyboard registers

ID PROM

System CSR

Option module present register
Indicator (LED) display register
Option module slot 0

Option module slot 1

Option module slot 2

Option module slot 3

Option module slot 4

Option module slot 5
Maintenance terminal registers
MMU - SRO, SR1, SR2
MMU - user PDRs

MMU - user PARs

Processor maintenance register
Processor PSW

* Upper address limit depends upon the amount of RAM the system is configured with. All addresses
are 22-bit octal format. The system module supports addressing on the daughter modules up to 1
megabyte; the system supports up to 3 megabytes.
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Figure 5-16 CPU Writing to 1/0 Device
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Figure 5-17  Simplified CTI Bus Timing Relationships During Write Cycle

The address decoder decodes the address and, if valid, enables the device (here the printer
USART). The ROM, RAM, and slot address decoders also read the address but do not enable
because the address is invalid for their devices.

On data strobe, the DAL-LDAL buffer transfers data to the LDAL bus and to the printer
USART.

Although this example shows writing to an 1/0 device, the signals are also asserted on the CTI
Bus. Since no device on the bus was addressed (slot select), the bus devices do not respond. The
address decoder responded to the address, enabling the printer USART. Figure 5-17 shows a
simplified bus timing relationship for signals on the CTI Bus.

Example 2 - CPU Read from RAM on a daughter module (Refer to Figure 5-18.)

1.

The CPU indicates it needs to read from RAM. It signals it is to be bus master and latches the
address into the CDAL-DAL latch buffer. This puts the address on the DAL bus. Address
Strobe also transfers the address to the A Bus.

The RAM address decoder decodes the address, recognizes that it is a valid RAM address, and
asserts a RAM enable. This decoder is a 256 X 4 PROM decoder which enables the appropriate
RAM daughterboard module. (There are two possible).

The address is now on the A Bus. A delayed address strobe signal and the system RAM enable
assert signals that transfer the address to a multiplexer driver which, in turn, puts the address on
the RAM chips. Note that the address is also on the CTI Bus but external RAM does not
respond because the address is not decoded in their ranges.

Once addressed, the data in RAM is available for reading. Additional system timing signals
open the latch buffers, putting the RAM data on the DAL bus. The CPU has finished
addressing and enables the slave drive enable signal. This allows a slave device to drive the bus.
This signal enables the DAL-CDAL latch buffer and gates the data to the CDAL bus which
connects directly to the CPU chip set.
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Figure 5-19  Simplified CTI Bus Timing Relationship During a Read Cycle

5. If the CPU requires backplane RAM, the system board RAM enable is not generated and the
appropriate device on the CTI Bus decodes the address and would reply from the bus.

Although this example shows reading from RAM, the signals are also asserted on the CTI Bus.
Since no device on the bus was addressed (slot select), the bus devices do not respond. The
address decoder responded to the address, enabling RAM. Figure 5-19 shows a simplified CTI
Bus timing relationship during a read cycle.

Example 3 - DMA Request and Grant (Refer to Figure 5-20. Also refer to Section 5.3.7 for a description
of DMA).

1. A device on the CTI Bus signals a request for DMA. A hardwire circuit chooses which DMA
request is first.

2. The DMA selection circuit gives a DMA grant to the first device requesting DMA.

3. The device asserts it is bus master and puts an address on the DAL bus and then address strobe.

4. Address strobe latches the address to the A Bus and then it is decoded. The appropriate memory
(either RAM daughterboard or RAM in the backplane) is enabled. If the required operation is a
write to memory, the DMA device asserts the write signal.

5. On data strobe, data transfers to or from the bus master (the device). The direction depends
upon the state of the WRITE signal. If the bus master writes to the RAM daughterboards, the
DAL-D buffer transfers the data.

Figure 5-21 shows a simplified CT1 Bus timing relationship for a DMA request and grant cycle.
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Figure 5-21  Simplified CTI Bus Timing Relationship During a DMA
Request/Grant Cycle

Example 4 — CPU Writing Out to RAM on a daughter module (Refer to Figure 5-22).
1. The system mounted RAM modules are addressed as in example 1.

2. A clock signal enables the data transfer from CPU to DAL bus, then to the DAL-D buffer. The
CPU asserts a write signal. The WRITE signal enables the buffer, putting the data on the D
Bus. The WRITE signal also enables RAM to write.

3. Since the RAM chips were enabled once addressed, data strobe clocks the data into RAM.

4. If the CPU required backplane RAM, the system RAM enable is not generated and the
appropriate device on the CTI Bus decodes the address and would reply from the bus.

5.3.6 Interrupt Vector Circuit

The system module uses three interrupt controller chips (9519A) to handle all the system interrupts. The
first controller handles all the interrupts generated by devices on the system module. The second controller
handles all the A interrupts from the option modules and the third controller handles all the B interrupts
from the option modules. The interrupt controllers latch the interrupt requests, provide the interrupt
enable for each, prioritize the pending interrupts, and generate the proper vectors (Figure 5-23). Firmware
programs the controller chips to prioritize pending interrupts and generate their vectors. The controllers
interrupt the CPU at processor status level 4.

After acknowledgement, the device interrupt request line must be unasserted and then reasserted to
generate a new CPU interrupt request.

Refer to Table 5-9 for the interrupt controller assignments.
Each of the interrupt controllers has a set of registers which control the specific features of operation.

These registers are accessed via the CSR and data registers. Refer to Section 5.4 for details on these
registers.
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Figure 5-23  Functional Interrupt Control Circuit

Table 5-9 Interrupt Controller Assignment

Request

Controller Level Vector* Interrupt Description

0 0 — Not used
1 200 Keyboard receiver interrupts
2 204 Keyboard transmitter interrupt
3 210 Communication port interrupt
4 214 Modem controls change interrupt
5 220 Printer receiver interrupt
6 224 Printer transmitter interrupt
7 230 Clock interrupt

1 0 300 Option module O interrupt request A
1 310 Option module 1 interrupt request A
2 320 Option module 2 interrupt request A
3 330 Option module 3 interrupt request A
4 340 Option module 4 interrupt request A
5 350 Option module 5 interrupt request A
6 — Not used
7 — Not used

2 0 304 Option module O interrupt request B
1 314 Option module 1 interrupt request B
2 324 Option module 2 interrupt request B
3 334 Option module 3 interrupt request B
4 344 Option module 4 interrupt request B
5 354 Option module 5 interrupt request B
6 — Not used
7 — Not used

* Firmware establishes these vectors at power up.
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Figure 5-24 Interrupt Acknowledge Signal

5.3.6.1 Interrupt Service — A device interrupt can be generated at any time. The CPU, by reading the
service register, knows when PHASE H is low. When the CPU receives an interrupt, the CPU stops
processing, stores its current location and function internally, and changes to an interrupt handling routine.
When the CPU asserts an interrupt acknowledgement signal (Figure 5-24), it is ready to read the vector of
the highest interrupting device.

This signal begins the interrupt vector operation. The system I/O controllers determine the highest priority
interrupt. Once determined, the appropriate controller places the vector on the LDAL bus.

The interrupt acknowledge signal performs the following functions.

1.  Enables the LDAL-DAL buffer, putting the interrupt vector on the DAL bus when PHASE H
is asserted.

2. Turns off the control line buffer to the CTI Bus, keeping AS H and all control signals from the
CTI Bus.

3. Initiates the interrupt controllers to generate the vector for the highest pending interrupt.

A response in process signal from the interrupt controller (RIP L) asserts a reply signal. This changes
PHASE to PHASE-BAR and clocks the vector into the CPU.

5.3.7 Direct Memory Access (DMA)

When a DMA-type device on the CTI Bus requires access to memory to read or write data, it requests a
direct memory access (DMA). If a DMA device requests the bus, the CPU gets off the bus and allows the
device to become bus master and access memory directly.

If two or more devices require DMA at the same time, an arbiter determines which device receives the
grant first. There are two priority schemes in the Professional 350.

Each option controller module has a circuit to transmit its own priority level and monitor the priority of
any device currently using the bus. If a low priority device is on the bus and a higher priority device
requests DMA,, the lower priority one unasserts its DMA request line.

There are three priority levels in the Professional 350. If the requesting devices are at the same priority
level, then the one in the lowest slot number wins the decision.
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Figure 5-25 DMA Arbitor

5.3.7.1 DMA Detailed Description — Each slot on the CTI Bus has a DMA request line. An option
controller module pulls the line low to assert a DMA request. A clock circuit samples the DMA requests
and an 8:3 priority encoder drives a latch (Figure 5-25) which holds the winner of the arbitration. A
decoder then enables the DMA grant to the requesting module. Once the request is granted, the priority
encoder can latch for the next arbitration.

When the device receives the grant, it drops its request and asserts a bus busy (BBUSY) signal. This signal
sets up timing circuits that prevent asserting a new DMA grant until the busy signal clears. The DMA
arbitor circuit stops the system clock in PHASE time and disables the CPU until DMA is finished. If a
second DMA request follows the first, the CPU remains idle.

The DMA arbiter also decides between devices on the bus and CPU bus cycles. If the CPU is using the
bus, it prevents a DMA grant until it is finished with the bus.

5.3.8 (Read Only Memory) ROM

The system ROM contains power-up self-test code, configuration and initialization code, and the boot
code. Some ROM is in the I/O page and some is in the memory address space. After addressing, the data
in ROM is put out on the bus. Attempts to write to ROM result in nonexistent memory traps to location 4.
The power-up self-test is described in Section 5.2.3.4.

The following is the address and data read sequence. Refer to Figure 5-26 for ROM addressing and
reading.

1. Addressing ROM
If ROM is in the memory space, the following occurs.

a. If A 21:15 are high, at Address Strobe (AS H), the ROM address decoder decodes A
14:12. This asserts ENB ROM H (valid ROM address) and LOCAL MEM L.

b.  ENB ROM H and Data Strobe (DS H) put addressed ROM data on the bus. High byte
data is on the DAL bus (DAL 15:08), low byte data is on the LDAL bus (LDAL 07:00).

¢. LOCAL MEM L indicates the CPU is talking to either local ROM or RAM.
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Figure 5-26  ROM Addressing and Reading

2. I/O Page Address Decoder
If ROM is in the I/O page range, the following occurs.

a. A 12 and LBSIO are decoded and assert ENB ROM L if the address is a valid ROM
address in this range.

3. Reading Data from ROM

a.  High Byte
(1) At Data Strobe (DS H), the DAL-CDAL buffer passes the data (DAL 15:08) from
the DAL to the CDAL bus.
b.  Low Byte
(1)  LDAL 07:00 transfers data from the LDAL to DAL bus at DS H, and since the

DAL-CDAL buffer is on at this time, the data (DAL 07:00) passes to the CDAL bus.

¢.  Both Bytes

(h
(2)

Data on the CDAL bus is read directly by the CPU chip set.
ENB ROM H also asserted LOCAL REPLY H five clock cycles later. One cycle

after that, it asserts RREPLY 3 L. This ends PHASE time and the data transfer on
the DAL bus.
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5.3.8.1 ID PROM - Each Professional 300 Series computer module has an ID PROM containing a
unique system identifier. When the CPU places an address in this PROM’s range (17773600-17773676),
the address is decoded, the PROM enabled, and the data asserted on the DAL bus.

5.3.9 Random Access Memory (RAM) on Daughter Modules

This section describes RAM on the Professional 350 system module. RAM is mounted on two daughter
modules and in an option slot. Battery backed-up RAM, internal to the battery backed-up clock chip, is
discussed in Section 5.3.13.

Each RAM daughterboard consists of 16 (64K X 1) dynamic MOS memory chips which provide capacity
for 128 kilobytes of memory. The system can address up to 512 kilobytes per daughterboard slot. Inserting
either module in either slot informs the CPU of available address space. Bank 0 is the slot physically
farther from the CPU chip set, while bank 1 is closer.

RAM requires support timing circuits. Address and data come to RAM via the DAL bus. The DAL bus is
multiplexed for address and data, but RAM requires two separate buses so an address can be held while
data is read or loaded. The A Bus accepts address data from the DAL bus and the D bus accepts data,
each at its respective time.

Additional memory is installed in the CTI Bus card cage. Memory added in the card cage requires its own
support circuitry. The memory option module is a 256 kilobyte module containing 32 64K X 1 dynamic
RAMs. A combination of memory option modules can be installed in the system module.

Refresh Cycles

Data in RAM requires periodic refreshes. The system generates a refresh signal every 12.7 us (refresh
clock). The memory chips used here only require a row address strobe for refresh. At the refresh signal, a
counter and driver clock each row to refresh data. The refresh signal also enables a row address strobe
signal described next. Refresh cycles occur after each instruction fetch or when the refresh clock times out
at 12.7 us. These time outs occur while executing long instructions, during DMA transfers (with no
fetching), or when halted into ODT.

Read/Write Cycles

Reading from or writing to RAM requires loading an address into RAM. An address to the RAM chips is
16 or 18 bits wide. Since the RAM chips have only eight or nine address lines, row and column data are
entered separately. First, the low bits are loaded as a row address. Then the high bits are loaded as a
column address. Row address strobe and column address strobe clock in the row and column addresses.

1. A RAM address multiplexer takes the 16 or 18 address lines from the A Bus and first transfers
the low half and then the high half to the MUX bus.

2. Row and column address strobes load the low and high parts of the address from the MUX bus
to the RAM chips.

If a DMA device is reading from RAM, it places the RAM address on the bus. This enables the address on
the chips and asserts the data on the D Bus. RAM outputs the full 16-bit data word. The device then reads
whichever byte(s) it wants.

For a DMA device to write to RAM, it places the RAM address on the bus. This enables the address on

the chips. A write signal is necessary. RAM writes may be low byte only, high byte only, or a full 16-bit
data word.

5-48



RW ——» g s
ELA —  EF | R —» ROW ADDRESS STROVE THEN
DELAYEDAS Fs j COLUMN ADDRESS STROBE
% REFRESH j WiTH 16 OR 18 BiT ADDRESS
A er __”< R
" ' (Ur}
REFRESH _’ REFRESH —# ROW ADDRESS STROBE
REFRESH —"1 . ock L ONLY WITH REFRESH
ADDRESS
INSTRUCTION
FETCH

MA-0302-82

Figure 5-27 Refresh-R/W Arbitration

Refresh Read/Write Arbitration

The system must arbitrate between refresh and read/write (R/W) signals. Arbitration begins when a R/W
signal clocks its respective flip-flop (Figure 5-27). Refresh wins the arbitration if the refresh clock gates
the refresh flip-flop before delayed address strobe. If the R/W signal and delayed address strobe win, there
is a memory cycle. If R/W wins, other circuits are also enabled for data transfer.

5.3.9.1 RAM Timing and Control (Refresh Cycles) - When power is applied to the Professional 350, a
one-shot timer asserts a refresh clock signal (Figure 5-27). This signal clocks a flip-flop which generates the
refresh signal. The following occurs when refresh is asserted.

1. Clocks an 8-bit binary counter which addresses all RAM address rows
2. Enables an octal tri-state buffer driver to put the refresh address on the MUX bus
3. Asserts row address strobe
4. Disables the D-DAL latch buffer
5. Disables column address strobe to the RAM chips
The following occurs when refresh is not asserted.
1. Starts the one-shot timer to clock the next refresh cycle
2. Allows normal RAM operations

Read/Write Cycles - If the CPU asserts a memory cycle, the MIB bus indicates the kind of cycle to take
place. Control circuits set up other logic to carry it through. The signal LBSIO plus two bits on the A bus
(A21 and A20) must all be asserted to enable the RAM address decoder. The address decoder asserts the
memory row select signal for the RAM daughter module(s). The decoder plus a read or write signal
enables circuitry that begins timing used for refresh R/W arbitration. If the CPU wants to read, a whole
word is asserted on the D Bus. If it wants a byte, it ignores the undesired byte. When writing, the CPU can
signal a write or write-byte. If it signals a write-byte, then it asserts a write-high-byte or write-low-byte.
The undesired RAM byte is unaffected. If writing a word, then both write-byte signals are asserted.

Read and write are the inputs to their respective flip-flops. A delayed address strobe clocks each flip-flop.
The delay assures the address decode is completed. Read is triggered at address time and there is no need
to wait for data strobe. The outputs of either flip-flop combine with timing signals as the entry to refresh
R/W arbitration.
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If the R/W signal wins the arbitration, it does the following.

1. Blocks the refresh signal
2. Asserts timing signals
3. Allows reading from or writing to RAM

The timing signals perform the following.

Control the period of the refresh versus R/W cycle

Switch the RAM address multiplexer (Figure 5-26)

Enable the column address strobe

Clear the refresh and R/W flip-flop to be ready for the next arbitration
Enable the D-DAL latch buffer

S v =

Reading the RAM uses the D-DAL buffer. This buffer latches if there is a valid RAM request at delayed
address strobe. As explained, RAM data is put out on the D Bus directly when addressed.

Writing to memory uses the DAL-D buffer which goes directly to the RAM chips. Writing requires the
write command to enable this buffer. The write command also goes out to the CTI Bus.

Refresh R/W Arbitration — When there is no R/W signal, refresh occurs at regular intervals (12.7 us).
When a R/W signal occurs, RAM timing logic arbitrates between the refresh and R/W signals.

The RAM address decoder cannot assert an enable for system RAM until the address is stable on the A
Bus. When clocked, the read and write provides an input to the refresh flip-flop. Arbitration begins when
the R/W signals compare timing with the self-generated refresh signal (Figure 5-28). If the refresh signal
arrives at an R-C timing circuit first, it provides a slower discharge time and a longer period. If R/W
arrives at the R-C circuit, then it provides a faster discharge and holds the refresh flip-flop clear until the
next arbitration begins.

Whichever signal wins begins a new timing cycle. The cycle enables a buffered delay line to provide pulses
for RAM timing logic. The signal that starts this delay line holds itself on until the end of the cycle,
ensuring that the cycle is the correct period.

Timing signals for both daughter modules enable the RAM chips. If it is a refresh cycle, the RAM column
address strobe is blocked and the row address strobe only is sent to both modules (while the counter
refreshes each address row). If it is a R/W cycle, a module select signal enables the RAM row address
strobe for the module selected by the RAM address decoder. The timing signals then enable the column
address strobe and switch the RAM address multiplexer for the high byte.

The refresh flip-flops clear at the end of the refresh cycle timing chain. This permits a new arbitration.
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Figure 5-28 RAM Address Multiplexer
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5.3.10 Keyboard 1/0

The keyboard I/O is a serial port on the system module. It performs asynchronous serial communication to
and from the keyboard. The keyboard interface uses a 2661 enhanced programmable communication
interface {(EPCI). The EPCI is an enhanced USART containing its own I/O buffers and shift registers for
controlling asynchronous character protocol. This chip converts parallel data characters from the LDAL
bus into serial data for transmission to the keyboard. Simultaneously, it converts serial data from the
keyboard into parallel data for CPU processing. The keyboard, discussed in Chapter 6, has its own

microprocessor to coordinate keyboard I/O at that level.

The EPCI requires standard EIA RS-423 signal levels and uses appropriate receivers and drivers for input
and output. Keyboard connection to the system board is via a 15-pin male D-subminiature connector, J5
(see Section 5.5). The 1/O signals to the keyboard are sent and received through the video/keyboard
connector, J5. Signals are physically passed through the video monitor by the monitor’s keyboard connec-
tor. Data to and from the keyboard is via the signals KBD XDATA and KBD RDATA. When a character
is transmitted or received, the EPCI generates an interrupt (KBD XIRQ L or KDB RIRQ L). Refer to the
sections on interrupts (Sections 5.3.6 and 5.4.6).

The EPCI uses a 5.0688 MHz clock for baud rate generation. The transmit and receive baud rates are
programmable by the CPU. The keyboard runs at 4800 baud (the firmware programs the keyboard
USART to 4800 baud). Refer to Figure 5-29.

Refer to Section 5.4 for a complete description of the registers and their interpretation.

EPCI
2661

DATA
LDAL <07:00> BUS
BUFFER

WRITE H ————

A02 H———————— OPERATION
CONTROL

A 01 He—ee———
RD KBD L EN
LD KBD L

5 MHz H ——————¥

BAUD RATE
GENERATOR
AND

CLOCK CONTROL

MODEM

CONTRCOL

TRANSMITTER |— KBD X DATA—] EIA DRIVER

HOLDING REGISTER
SHIFT REGISTER

|—KDB X |IRQL

——{EIA RECEIVER}— KBD RDATA——¥| RECEIVER —» KBD RiRQL

HOLDING REGISTER
SHIFT REGISTER

MA-0304-82

Figure 5-29 Keyboard Interface
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5.3.11 Printer 1/O

The printer I/O is a port on the system module that performs asynchronous serial communication to and
from a serial printer. The printer interface uses a 2661 EPCI. This chip converts parallel data characters
from the LDAL bus into serial data for transmission to the printer. Simultaneously, it converts serial data
from the printer into parallel data for CPU processing (Figure 5-30).

The EPCI requires standard EIA RS-423 signal levels and uses appropriate receivers and drivers for input
and output. Connection to the unit is via a 9-pin male D-subminiature connector, J6 (see Section 5.5).

The EPCI uses a 5.0688 MHz clock for baud rate generation. The transmit and receive baud rates are
programmable by the CPU. The firmware programs the printer port to 4800 or 9600 baud depending
upon the cable, printer (PN BCCO05), or console (PN BCC 08).

A printer must be connected before the EPCI permits data output.

The EPCI generates an interrupt to the CPU when characters are transmitted or received. Refer to
Sections 5.3.6 and 5.4.6.

Shorting pins 8 and 9 of the printer connector together tell the CPU a terminal DL console is connected
for maintenance. The normal printer cable connector does not short these pins. The short pulls the line low,
enabling break detection by the CPU. A received break asserts the CPU halt line (HALT H) to the CPU
via the service register. This makes the CPU enter micro-ODT (Octal Debugging Technique) for mainte-
nance and system level troubleshooting.

This micro-ODT function allows the conventional front panel on a processor to be replaced by any
terminal generating ASCII code. If a conventional printer cable is used (pins 8 and 9 open), BREAK does
not halt the CPU. The cable for this function is the console cable (PN BCCO8).
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Figure 5-30 Printer Interface
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The EPCI is enabled on DS H and received data is placed on the LDAL bus. The CPU then reads the
data. Refer to Sections 5.4.14 and 5.4.15 for a description of addressing and register interpretation.

5.3.12 Communication I/0

The system module has a communication port capable of operating with asynchronous and bit or byte
synchronous protocols. It uses a 7201 USART containing its own 1/O buffers and shift registers. In
asynchronous mode, it can run at split programmable baud rates up to 19.2K baud. In synchronous mode,
it can run up to 740K baud. The transmitter is double buffered and the receiver is quad buffered. A full
set of modem controls is also present for asynchronous communication. All the port signals are EIA RS-
423 levels. Connection is made on the rear of the unit via a 25-pin male D-subminiature connector, J7 (see
Section 5.5).

The communications port can assert two interrupts.
1. The first can interrupt the CPU if the USART chip requires receiver or transmitter service.

2. The second interrupt can indicate that a state change has occurred on one of four modem
control signals.

These four modem control signals are Ring Indicator, Data Set Ready, Clear To Send, and Carrier Detect.

Communication 1/O requires support circuits. A baud rate generator selects the clock speed for the
USART. Modem controls monitor modem status signals.

e  Modem Controls — EIA level buffers receive the modem signals mentioned above. These signals
connect directly to the DAL bus through a buffer which is enabled via the I/O page address
decoder. An exclusive or circuit compares the modem signals’ states clocked in on PHASE time
with their status on the previous PHASE time. If any of the states changes, the exclusive or
circuit generates an interrupt (see Sections 5.3.6 and 5.4.6).

e  Baud Rate Generator - A programmable baud rate generator (BRG) creates the clock signal
for the USART. The I/O page address decoder selects the BRG. Section 5.4.13 provides a table
of selectable baud rates for programming the BRG. Refer to Figure 5-31. Transmit and receive
baud rates for the USART can be selected independently.

e  USART - The communications USART is a parallel-to-serial, serial-to-parallel converter. It is
programmable to check transmitted and received data integrity. [t can generate an interrupt to
the interrupt controller chips (see Sections 5.3.6 and 5.4.6).
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Figure 5-31 Communications Interface
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5.3.12.1 Communications I/O Detailed Description — The following paragraphs provide a detailed
description of the communications 1/O features.

1.

Modem Controls ~ The modem interface uses standard EIA 423 level signals for input and
output. Four modem control signals are modem status indicators: Ring Indicator (RI), Data Set
Ready (DSR), Clear to Send (CTS), and Carrier Detect (CD). At the beginning of each
PHASE period, these signals are latched into a holding buffer. Each signal then provides input
to exclusive NOR gates. If there is a change in state from the beginning of one PHASE time to
the next, the NOR gates assert an interrupt to the interrupt controller chips. The CPU can read
modem signals from the DAL bus by addressing the modem control registers (enabled via the
I/O page address decoder).

Baud Rate Generator (BRG) — The baud rate generator uses the same 5 MHz clock as the
printer EPCI (Figure 5-31).

It generates clock signals for the USART. Table 5-10 shows the selection scheme for the
transmit and receive clocks.

USART - The communications USART uses another clock oscillator. The CPU selects trans-
mit and receive baud rate clocks as described above. Transmit data feeds back into the received
data line (Figure 5-31) but is ignored except when in maintenance mode. When this happens,
received data is ignored until the modem control register is cleared (at power up or by a reset
instruction) or written with new data.

5.3.13 Battery Backed-Up Clock and RAM
The following paragraphs describe the battery backed-up clock and RAM.

1.

Clock — This system clock maintains date and time even when the system is turned off. The
clock is a 146818 CMOS chip. The power off backup uses a rechargeable nickel cadmium
(NiCd) battery. The battery connector, J3, is on the system module (Section 5.5). The battery is
mounted inside on the rear of the card cage. The clock uses its own 32.768 kHz oscillator as a
time base.

RAM - The clock chip has 50 bytes of RAM which are also backed up by battery. The battery
power maintains data in the chip when system power is turned off.

Table 5-10 Baud Rate Generator TX/RX Clock Selection

Clock Source Clock

01 Asynchronous; determined by BRG

01 Modem supplies synchronous receive and transmit signals

10 Modem supplies receiver clock; transmit clock source is transmitter stage

11

of BRG

Maintenance mode; transmit stage of BRG is the clock for transmit and
receive
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Battery — When the system is turned on, the power supply trickle charges the battery and
powers an oscillator for the clock. When turned off, the battery powers the oscillator and clock.

[F9]

Fully charged (power on for 48 continuous hours minimum), the battery maintains clock
operation for 10 days minimum if system power is turned off.

5.3.13.1 Clock and RAM Circuit — The clock chip is programmable for date and time functions. Alarm
and interrupts also are programmable by writing to the clock’s registers. Reads and writes to the clock
require assertion of NV L (from the I/O Page Address decoder) and DS L. Reads require the signal
WRITE L to be high (not asserted). The clock can assert an interrupt request (CLK IRQ L).

The clock chip power line is filtered to minimize spurious noise from the oscillator.

Addresses and data to and from the clock chip are multiplexed on the AD bus and are low byte only.
Refer to Section 5.4.13 for programming and register descriptions for both the clock and RAM.
5.3.13.2 Battery Charger and Voltage Sensor — The battery charging circuit supplies 10 mA to the
battery when the system power is turned on. The charging circuit is a voltage divider that uses +12 Vdc in
reference to +5 Vdc. When the system is turned off, the battery powers the oscillator and clock.

The clock/RAM has an internal bit which can be cleared (VRT in Status register 3) if power goes low.
When set, this bit indicates clock and RAM data may not be valid. If there is insufficient battery power,

the input pin for this circuit is pulled low when the system is first turned on (Figure 5-32). Table 5-11
shows the power sense when power is on and off.

CLOCK/RAM
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PSH PS

— BT

—— TO OSCILLATOR

3 s

!

5 +5

+5
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} } }i——PSH
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=
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Figure 5-32 Functional Battery Charger and Voltage Sensor
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Table 5-11 Power Sense

Battery Installed and Charged
Power Off:
Battery holds PS H.
VRT bit stays set.

Power On:
No change

Battery Not Present or Discharged
Power Off:

PS is low.

VRT bit is clear.

Power On:
RC circuit holds PS low until BDCOK H
(which sets chip enable)
then POK goes L, asserting PS H.

5.4 PROGRAMMING INFORMATION

This section describes the machine level programming for the Professional 350 system module. It contains
information about how to access internally programmed functions for the CPU and support devices on the
system module. It does not contain information about applications programming in high level languages.

5.4.1 Introduction

Each subsection gives a short description of the device and its function. Some sections provide a brief
theory of operation for the devices. Also included are a description of the buffer or register, diagrams
showing the bit names and arrangements, and definitions of each bit or groups of bits. Tables are included
in the bit descriptions to show the effects of the bit combinations.

The de-bugging subsections provide examples that show how to use maintenance commands.

5.4.2 General Programming Information

The system module contains the CPU and other devices that need instructions to operate. The instructions
must be entered at the beginning of each operating session or whenever a change in operating instructions
is needed. This section contains the instructions for the CPU and all the supporting devices on the system
module.

This section contains two types of programming information: information to change the program and
information that tells what is happening. Depending on what is happening, the program might change the
operating instructions.

Operating instructions are written to buffers. Information is read from registers. The CPU chip set,
interrupt controllers, RAM, system clock, keyboard and printer USARTSs, and communications controller
all have buffers into which data can be written. They also all have registers which can be read (ROM can
only be read).
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User programs (in machine language) enter instructions to make the Professional 350 perform as needed.
For example, to restructure the interrupt scheme, the priority of the preferred device can be raised. The
necessary instructions must be entered to the interrupt controllers using their instruction set. If it is
necessary to read the status of certain registers, these can be accessed by addressing the register and
reading its current status.

Buffer contents can be entered and registers read via the printer port. This is described in Sections 5.4.14

and 5.4.15. Simple maintenance and diagnostic routines (in machine language) can be run through this
port.

Refer to Table 5-8 for address ranges.

5.4.3 Central Processor
The following paragraphs provide information about the central processor.

Processor Chip Description

The central processor is a 2-die 40-pin hybrid integrated circuit. The data chip contains the PDP-11
general registers, the processor status word (PSW), working registers, the arithmetic logic unit (ALU), and
conditional branching logic. It performs arithmetic and logical functions, handles all data and address
(except relocation) transfers with the external bus, and operates most of the signals used for interchip
communication and external system control.

The control chip contains microprogram logic and 552 words of local microprogram storage in PLA and
ROM arrays. This chip accesses the appropriate microinstruction in PLA or ROM, sends it along the
microinstruction bus (MIB) to other control and MMU chips, and generates the next microinstruction
address. The control chip accesses only its local storage. However, additional control chips, like the floating
point adapter (FPA), are added externally to provide additional microstorage.

Instruction Set

The instruction set is the standard PDP-11 instruction set plus the Extended Instruction Set (EIS). This
provides hardware fixed point arithmetic in double precision mode. The HALT instruction is executed
differently in kernel mode and user mode. In user mode, a trap through location 10 occurs. In kernel
mode, the CPU halts and enters micro-ODT (Sections 5.4.14 and 5.4.15). The floating point adapter adds
additional instructions.

Processor Registers

Addresses

17777750 Processor maintenance register
(RO) General register 0

(RD) General register 1

(R2) General register 2

(R3) General register 3

(R4) General register 4

(R3) General register 5

(R6 or SP) General register 6 or stack pointer
(R7 or PC) General register 7 or program counter
17777776 Processor status word
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Processor Status Word

15 14 1312 11 10 09 08 07 06 05 04 03 02 01 00
M PM RESERVED si PRIORITY TinN]z]|v|ec
RAW RW oo o |[Rw RIW RW | RW | Rw | Rw [Rrw

SUSPENDED
Lnevuous MEMORY  SosPENDED TRACE ZERO | CARRY
MANAGEMENT MODE NEGATIVE OVERFLOW
CURRENT MEMORY

MANAGEMENT MODE

MA-10,110

The processor status word (PSW) contains the following information on the current status of the PDP-11.
1. The current processor priority
2. The current and previous operational modes
3. The condition codes describing the results of the last instruction

4. An indicator for detecting the execution of an instruction to be trapped during program
debugging

5. An indicator for detecting the presence of a suspended instruction

General Registers 0-7

The eight internal general registers (RO-R7) are used as accumulators and for operand addressing. Access
to these registers is via software reference using the appropriate addressing mode or via the $ and R
commands in ODT.

Stack Pointer — General register R6 is the hardware stack pointer (SP). This register saves and restores
processor status word (PSW) information during hardware traps and interrupts. There are two stack

pointer registers: one for kernel mode and one for user mode. For more information, refer to Section
5.4.3.2.

Program Counter - General register R7 is the program counter (PC). It contains the address of the next
instruction to be executed. It is used for addressing purpose and not as an accumulator for arithmetic
operations.

Processor Maintenance Register — The processor maintenance register is a 16-bit register that identifies
the system architecture. It is always read as all 0s. All Os in bits <7:4> indicate a Professional 300 series
architecture product. Writes to the register have no effect but do not cause a nonexistent memory trap.

Processor Traps

Several instructions and conditions cause the processor to trap through vectors to service routines. The
following list indicates the processor trap vectors and conditions.
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Vectors Conditions

0604 Bus timeout trap or stack overflow trap
010 illegal and reserved instruction traps
014 Breakpoint and trace trap

020 IOT Instruction trap

024 Power fail trap

030 Emulator trap

034 Trap instruction trap

114 Memory error (parity, ECC, etc.)

244 Floating point error

250 Memory management abort

Bus Timeout — A bus timeout prevents hanging the bus when attempting to address nonexistent memory
location. A timeout occurs if the processor does not receive a REPLY signal from a slave device within
approximately 6.5 us from the start of the bus cycle. The timeout causes the bus cycle to terminate and
the processor to trap through location 4.

5.4.3.1 Power Fail Trap — A power fail trap allows the processor to power down in an orderly way when
ac power is lost. When the ac power loss is detected, the power supply clears the POK signal. The
processor then traps through location 24 to allow the execution of a power fail routine.

5.4.3.2 Memory Management — The memory management unit (MMU) provides full 22-bit memory
addressing capability of 2 megawords (4 megabytes). It also allows memory protection in a multitasking
operating system environment.

A single die in one 40-pin package contains the MMU. Some of the floating point registers are in the
MMU chip.

Memory Management Registers

Addresses
17772300-17772316 Kernel page descriptor registers
17772340-17772356 Kernel page address registers
17777600-17777616 User page descriptor registers
17777640-17777656 User page address registers
-17777572 Status register 0
-17777574 Status register 1
-17777576 Status register 2
-17772516 Status register 3
Vector
250 MMU abort

Page Address and Page Descriptor Registers

Kernel Active Page Registers User Active Page Registers

No. PAR PDR No. PAR PDR

0 17772340 17772300 0 17777640 17777600
1 17772342 17772302 1 17777642 17777602
2 17772344 17772304 2 17777644 17777604
3 17772346 17772306 3 17777646 17777606
4 17772350 17772310 4 17777650 17777610
5 17772352 17772312 5 17777652 17777612
6 17772354 17772314 6 17777654 17777614
7 17772356 17772316 7 17777656 17777616
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Page Address Register (PAR) — The page address register (PAR) contains the 16-bit page address field
(PAF) that specifies the base address of the page. The page address register is a relocation constant or a
base register containing a base address. Either explanation indicates the basic function of the page address
register (PAR) in the relocation scheme.

PAGE ADDRESS REGISTER (PAR)

MA-10,111

Page Descriptor Register (PDR) - The page descriptor register (PDR) contains information relative to
page expansion, page length, and access control.

Bit 15

Bits 14-08

Bit 07
Bit 06

Bits 05-04

15 14 08 07 06 05 04 03 02 01 00

X PLF X w XX ED ACF X

MA-10,112

It is not used and is always read as a 0.

PLF - Page Length Field. This 7-bit field specifies the block number
which defines the boundary of that page. The block number of the
virtual address is compared against the PLF to detect length errors. An
error occurs if the block number is higher than the PLF when
expanding upwards or if the block number is less than the PLF when
expanding downwards.

They are R/W bits.

It is not used and is always read as a 0.

W — Write Access Bit. This bit indicates this page was modified (writ-
ten into) after either the PAR or PDR was loaded (W = 1 is affirma-
tive). The W bit is useful in applications which include disk swapping
and memory overlays. It is used to determine which pages were modi-
fied and must be saved in their new form and which pages were not
modified and can be overlaid. Note that the W bit is reset to 0 when
either the PAR or PDR is modified (written into).

It is a read-only bit.

They are not used and are always read as Os.
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Bit 03

Bit 00

ED - Expansion Direction. This bit specifies in which direction the
page expands. If ED = 0, the page expands upwards from block num-

ber 0 to include blocks with higher addresses. If ED = 1, the page
expands downwards from block number 127 to include blocks with

oGl UWIHLWAIS 1201 CIUCK LRIV 147 W0 vl ¥

lower addresses. Upward expansion is usually used for program space
while downward expansion is used for stack space.

It is a R/W bit.

ACF — AcceSS COnfrr\l E;n‘d. This Y hit f‘;e]r‘ Aosnr“’\os tl'\o acgeess r;nkfs
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of this specific page. The access codes or keys specify the way in which
a page may be accessed and whether a given access results in an abort
of the current operation. A memory reference that causes an abort is
not completed, but terminated immediately.

Aborts are caused by attempts to access non-resident pages by page
length errors or by access violations, such as attempting to write into a
read-only page. Traps are used as an aid in collecting memory manage-
ment information.

Table 5-12 lists the ACF keys and their functions. The ACF is written
into the PDR under program control.

It is not used and is always read as a 0.

Table 5-12  Access Control Field Keys

ACF Key Description Function
00 0 Non-resident Aborts any attempt to access this
non-resident page

01 2 Resident Aborts any attempt to write into
read-only this page

i0 4 (not used) Aborts all accesses

11 6 Resident Read or write allowed
read/write No trap or abort

Read/write bits




Status Register 0 (SR0)

SRO contains abort error flags, memory management enable, plus other information needed to recover
from an abort or to service a memory management trap. The following paragraphs describe the SRO
format.

Bits 15-13 are the abort flags. Abort bits can be set simultaneously by the same access attempt. They are
in priority order; flags to the right are less significant and should be ignored. For example, a nonresident
abort service routine ignores page length and access control flags. A page length abort service routine

ignores an access control fault.

Bit 15

Bit 14

NOTE
When set (abort conditions), bits 15-13 cause the
logic to hold the contents of SRO bits 1 through 6
and status register SR2. This makes recovery from
the abort easier.

NON-RESIDENT

ABORT READ ONLY
ACCESS VIOLATION

Abort Nonresident — This bit is automatically set by trying to access a
page with an access control field (ACF) key equal to 0 or 4, or by
enabling relocation with an illegal mode in the PS. When this occurs,
the processor traps through vector 250. This bit can also be written
under program control. However, only that information which is auto-
matically written into this bit because of hardware action is useful as a
monitor of the MMU status. Setting this bit under program control
does not cause a trap to occur. The program should reset this bit to 0
after an abort or trap has occurred to continue monitoring memory
management.

It is a read/write bit.

Abort Page Length — This bit is automatically set by accessing a loca-
tion in a page with a block number (virtual address bits 12-6) not
authorized by the PLF for that page. When this occurs, the processor
traps through vector 250. This bit can also be written under program
control. However, only that information which is automatically written
into this bit because of hardware action is useful as a monitor of the
MMU status. Setting this bit under program control does not cause a
trap to occur. The program should reset this bit to 0 after an abort or
trap has occurred to continue monitoring memory management.

It is a read/write bit.
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Bit 13

Bits 12-07

Bits 06-05

Bit 04

Bits 03-01

Bit 00

Abort Read Only — This bit is automatically set by writing into a read-
only page. When this occurs, the processor traps through vector 250.
This bit can also be written under program control. However, only that
information which is automaticaily written into this bit because of hard-
ware action is useful as a monitor of the MMU status. Setting this bit
under program control does not cause a trap to occur. The program
should reset this bit to 0 after an abort or trap has occurred to continue

monitoring memory management.
It is a read/write bit.
They are not used.

Mode of Operation — These bits indicate the CPU mode (user or ker-
nel) associated with the page causing the abort (kernel = 00, user =
11). They are automatically written at the time of the abort. These bits
can also be written under program control. However, only that informa-
tion which is automatically written in these bits as a result of hardware
action is useful as a monitor of the MMU status.

They are read/write bits.
It is not used.

Page Number — These bits identify the page being accessed when an
abort occurs. They are automatically written at the time of the abort.
Pages, like blocks, are numbered from O upwards. These bits can also
be written under program control. However, only that information
which is automatically written in these bits as a result of hardware
action is useful as a monitor of the MMU status.

They are read/write bits.

Enable relocation and protection — This bit is the memory management
enable bit. It is set and cleared under program control. When it is set
to 1, all addresses are relocated and protected by the MMU. When
cleared to 0, the MMU is disabled and addresses are neither relocated
nor protected.

It is a read/write bit.

Status Register 1 (SR1)
SR1 is a read-only register which is always read as 0.



Status Register 2 (SR2)

16 BIT VIRTUAL ADDRESS

MA-10,106

SR2 is loaded with the 16-bit virtual address (VA) at the beginning of each instruction fetch. It is not
updated if the instruction fetch fails. SR2 is read-only; a write attempt does not modify its contents. SR2 is
the virtual address program counter. On an abort, setting SRO bit 15, 14, or 13 holds SR2 until the SR0O
abort flags are cleared.

Status Register 3 (SR3)

NOT USED (READ/WRITE)

ENABLE 22-BIT MAPPING

MA-10,107

Bits 15-06 They are not used.

Bit 05 Reserved - This bit is a read/write bit that has no effect on system
module operation.

It is a read/write bit.

Bit 04 Enable 22-bit mapping - This bit enables or disables the memory man-
agement 22-bit mapping. If memory management is not enabled (SRO
bit 0 is clear), this bit is ignored and the 16-bit address is not relocated.
If memory management is enabled (SRO bit 0 is set) and this bit is
clear, the computer uses 18-bit mapping. If memory management is
enabled and this bit is set, the computer uses 22-bit mapping.

It is a read/write bit.

NOTE
The 22-bit mapping should always be used. If 18-bit
mapping is used, address bits <21:18> are always 0Os
and the I/0 page is selected when bits <17:13> are
all ones. In 18-bit mode, 12 of the 16 kilobytes of
ROM are not accessible (along with any other mem-
ory devices above the 18-bit address range).

Bits 03-00 They are not used.
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5.4.3.3 Memory Management Reiocation - Figure 5-33 shows how the MMU relocates 16-bit virtual
addresses into 22-bit physical addresses.

Refer to Microcomputers and Memories for a detailed description of the memory relocation process.

5.4.3.4 Default State After Power-Up — At the completion of the power-up self-test, clearing bit 00 in
SRO disables the MMU. Bit 04 in SR 3 is also cleared so 22-bit mapping is not selected.

5.4.3.5 Floating Point Precision - The floating point instruction set (FP11) is contained in the floating
point adapter (F PA). Both single and double precision floating point capability are available togethe

other features including floating-to-integer and integer- to—floatmg conversion.

r with

The microcode resides in two MOS/LSI chips contained in one 40-pin package (FPA). The FPI1 needs
the MMU chip and the base MOS/LSI chips because all the floating point accumulators and status
registers are in the MMU. Figure 5-34 shows the location of the floating point adapter on the system
module.

5.4.4 Computing Terminal Interconnect (CTI) Bus

The CTI Bus backplane is part of the system module. The backplanc is designed to accept option modules
using a zero insertion force (ZIF) connector. Six option module slots are provided. Figure 5-35 shows the
position of the option slots on the system.

Each option slot has a 90-pin connector on the system module. The first 60 pins are used for the general
section of the CTI Bus signals. The last 30 pins, 61 through 90, route signals from the option modules to
connectors on the rear of the system module. These are referred to as the private section of the bus. An
option moduie that only needs the CT1 Bus signals can use a 60-pin ZiF connector. An option module that
uses the rear connectors on the system module can use a 90-pin ZIF connector.

Bus signal timing is discussed in Sections 5.3.3 through 5.3.5. The bus signal descriptions and pin locations
are in Section 5.6.
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Figure 5-34 Floating Point Adapter Location
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Figure 5-35 CTI Bus Option SI
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5.4.5 System Control and Status Register (SCSR)
Register Operation

Address
17773700 Control and status register

This register uses only the low byte. The high byte is always read as all Os and writes to the high byte have
no effect. The system control and status register provide certain configuration information and ailow the
selection of certain modes of operation. The bits in the register function are described in the foliowing
paragraphs.

07 06 05 04 03 02 01 00

EEK 0 0 hPAF?sN 0 ?ANK 0 gANK
Bit 07 BRK EN - Break Enable. This bit enables hardware break detect on

the printer port when that port is used with a terminal. Mode register 1
of the printer port must be initialized before this bit is set. When BRK
EN is set, hardware break detection is enabled. When cleared, break
detection is disabled. If a printer is connected to the port, break detec-
tion is disabled regardless of the state of the BRK EN bit. BRK EN is
cleared at power up.

It is a R/W bit.

Bits 06-05 They are not used and are always read as Os.
They are read-only bits.

Bit 04 MON PRS - Monitor Present. This is a status bit to indicate that a
video monitor is connected to the video interface. MON PRS asserted
indicates a monitor is present and cleared indicates no monitor present.
it is a read-oniy bit.

Bit 03 512KBI. This is a status bit that indicates the size of the memory
module in memory option slot 1. It is clear when the memory module
contains 128 Kbytes or when memory option slot 1 is empty. The
BANKI bit indicates if the slot is empty.

It is a read-only bit.

Bit 02 BANKI. This is a status bit that indicates whether a memory module

is present in memory option slot 1. It is set when a memory module is

present and cleared when no memory module is present.

It is a read-only bit.
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Bit 01 512KBO. This is a status bit that indicates the size of the memory
module in memory option slot 0. It is clear when the memory module
contains 128 Kbytes or when memory option slot 0 is empty. The
BANKO bit indicates if the slot is empty.

It is a read-only bit.

Bit 00 BANKO. This is a status bit that indicates if a memory module is
present in memory option slot 0. It is set when a memory module is
present and cleared when no memory module is present.

It is a read-only bit.

5.4.5.1 Default State After Power-Up — When the power-up self-test is completed, the firmware sets the
break enable bit in the system CS, bit 07. The other bits in the system CSR are read-only and depend upon
the memory installed.

5.4.5.2 Indicator (LED) Display — There are five LEDs on the back of the system module. The green
one lights when the DCOK signal from the power supply is asserted. The four red ones are error indicators
controlled by the power-up self-test. At power up, all four red LEDs are lit. Table 5-13 indicates the error
condition for each LED code.

Indicator (LED) Display Register

Address
17773704 Indicator (LED) Display Register

The LED display register uses only the low byte. The register is always read as all Os and writes to the high
byte have no effect.

The register controls the state of the four red LEDs on the rear of the unit.

07 06 05 04 03 02 01 00

0 0 0 0 |LED3|LED2|LED1|[LEDO

MA-10,116

Bits 07-04 They are not used and are always read as Os.

Bits 03-00 LED3-LEDO. These bits control the state of the four red LEDs on the
rear of the unit. Setting one of these bits causes the corresponding LED
to be turned off. Clearing a bit causes the corresponding LED to light.
All four bits are cleared (lit) at power up. The bits are always read as
Os.

They are write-only bits.
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Table 5-13 Indicator (LED} Error Codes

LED 3 LED 2 LED 1 LED 0 Error Condition

off off off off None - self-test found no errors

off off off on Bus slot 0 error detected
(physical slot 1)

off off on off Bus slot 1 error detected
(physical slot 2)

of f off on on Bus slot 2 error detected
(physical slot 3)

off on off off Bus slot 3 error detected
(physical slot 4)

off on off on Bus slot 4 error detected
(physical slot 5)

off on on off Bus slot 5 error detected
(physical slot 6)

of f on on on Invalid - reserved

on off off off Invalid - reserved

on off off on Keyboard failed

on off on off No boot found

on off on on Monitor cable not present

on on off off Memory in slots 0 and 1 both
failed

on on off on Memory in slot 1 failed (high
bank)

on on on off Memory in slot 0 failed (low
bank)

on on on on System module failed*

* All the indicators (LEDs) are lit at power up (lamp test). If they all stay lit, a system module error
is indicated.
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5.4.5.3 Indicator Display Default State After Power-Up — The power-up self-test firmware uses the
display to indicate any detected errors. At the completion of the self-test, the indicator display contains the
code for the first error detected. If no errors were found, the LED display turns off.

5.4.6 Interrupt Controllers

Each interrupt controller can handle up to eight interrupt requests. Every interrupt in the system is
handled by one of the three interrupt controllers. Table 5-14 shows the interrupts that are handled by each
controller. Interrupt controller O has a higher priority than controller 1 and controller 1 has a higher
priority than controller 2.

Table 5-14 Interrupt Controller Use

Request
Controller Level Vector* Interrupt Description
0 0 - Not used
0 1 200 Keyboard receiver interrupt
highest 0 2 204 Keyboard transmitter interrupt
priority 0 3 210 Communication port interrupt
controller 0 4 214 Modem controls change interrupt
0 5 220 Printer receiver interrupt
0 6 224 Printer transmitter interrupt
0 7 230 Clock interrupt
1 0 300 Option module 0 interrupt request A
1 1 310 Option module 1 interrupt request A
1 2 320 Option module 2 interrupt request A
1 3 330 Option module 3 interrupt request A
1 4 340 Option module 4 interrupt request A
1 5 350 Option module 5 interrupt request A
1 6 - Not used
1 7 - Not used
2 0 304 Option module 0 interrupt request B
2 1 314 Option module 1 interrupt request B
lowest 2 2 324 Option module 2 interrupt request B
priority 2 3 334 Option module 3 interrupt request B
controller 2 4 344 Option module 4 interrupt request B
2 5 354 Option module 5 interrupt request B
2 6 - Not used
2 7 - Not used

* These vectors are established at power up by the firmware. The firmware programs the interrupt
controllers to contain these vectors. It is highly recommended that these vectors not be changed.
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Within a given controlier, the interrupt requests are received at a request ievel from 0 to 7. Request level 0
is the highest if the controller is programmed for fixed priority arbitration. The eight request levels have
basically equal priority if the controller is programmed for rotating arbitration. See bit 00 of the mode
register for more detail. Note that bits within certain internal registers correspond to certain request levels.
For example, there is an 8-bit interrupt mask register which enables or disables the eight interrupts. Setting
bit 02 in the mask register disables the interrupt at request level 2. Clearing bit 05 in the mask register
enables the interrupt at request level 5. In the Professional 350 system, all interrupts occur at request level
4.

Addresses

17773200 Interrupt controller 0 data register
17773202 Interrupt controller 0 CSR register
17773204 Interrupt controiler 1 data register
17773206 Interrupt controller 1 CSR register
17773210 Interrupt controller 2 data register
17773212 Interrupt controller 2 CSR register

All interrupt controller registers use only the low byte. The high bytes are always read as all Os and writes
to high bytes have no effect.

The remainder of this section describes how these interrupt controllers function. Detail at the firmware
level is important to understand the full module operation. However, at higher levels, only a part of the
information is necessary and the rest may be scanned. Important paragraphs are indicated by a bullet ().

Each of the interrupt controllers has a set of registers which controls the specific features of operation.
These registers are accessed via the CSR and data registers. The following are the set of registers.

Interrupt Request Register (IRR) - The IRR is 8-bits long and stores the active transitions on the eight
interrupt request lines. A bit in the IRR is set when the corresponding interrupt request line makes the
appropriate transition. An IRR bit is cleared when the processor acknowledges its interrupt. The processor
can clear or set the IRR bits by writing special commands into the controller CSR. The IRR contents may
be read from the controller data register by preselecting it in the mode register (see mode register). The
IRR bits are cleared by a RESET.

Interrupt Service Register (ISR) — The ISR is 8-bits long and stores the acknowledge status of the IRR
bits. When acknowledged, the controller selects the highest priority request pending, clears the associated
IRR bit, and sets the associated ISR bit. When the ISR bit is programmed for automatic clearing (see auto
clear register), it is cleared at the end of the acknowledge cycle. If auto clear is not selected. the processor
must clear the ISR bit by writing the appropriate command into the controlier CSR. The ISR contents
may be read from the controller data register by preselecting it in the mode register (see mode register). A
RESET clears the ISR bits.

Interrupt Mask Register (IMR) — The IMR is 8-bits long and enables or disables each of the individual
interrupt requests. Setting an IMR bit disables the corresponding interrupt request, while clearing an IMR
bit enables the corresponding request. Only unmasked IRR bits cause a group interrupt. The state of an
IMR bit has no effect on the operation of its IRR bit. The processor can clear or set the IMR bits by
writing special commands into the controller CSR. The IMR contents may be read from the controiler
data register by preselecting it in the mode register (see mode register). The processor loads the IMR by
writing a PRESELECT IMR command (see command definition in next section) into the controller CSR
followed by a write to the data register. A RESET sets all the IMR bits.



Auto Clear Register (ACR) - The ACR is 8-bits long and specifies the automatic clearing option for each
ISR bit. When an ACR bit is set, the corresponding ISR bit is automatically cleared at the end of the
acknowledge cycle. When an ACR bit is cleared, the corresponding ISR bit is not cleared at the end of the
acknowledge cycle. The processor must clear it by writing a command to the controller CSR. The
processor loads the ACR by writing a PRESELECT ACR command (see command definition in next
section) into the controller CSR followed by a write to the data register. The ACR contents may be read
from the controller data register by preselecting it in the mode register (see mode register). A RESET
clears all the ACR bits.

Mode Register — The mode register is 8-bits long and controls many of the controller options. It is loaded
by writing commands into the controller CSR (see command definitions in next section). The mode
register cannot be read. Bits 00, 02, and 07 are available in the controller CSR during read operations. A
RESET clears the mode register. The mode register bit functions are as follows.

07 06 05 04 03 02 01 00

MM | RP1 | RPO |REQP| GIP IM Vs PM

MA-10,117

Bit O7e MM - Master Mask. When set, it enables group interrupts to the
processor. When cleared, it disables group interrupts to the processor.

Bit 06-05e RP1-RPO - Register Preselect. These bits determine which internal
register will be read when the processor reads the controller data regis-
ter. The internal register is selected as follows.

RP1 RPO Register

0 0 Interrupt service register
0 1 Interrupt mask register

1 0 Interrupt request register
1 1 Auto clear register

Bit 04 REQP - Interrupt Request Polarity. This bit determines the active
transition for setting IRR bits. When set, an IRR bit is set when the
corresponding interrupt request line makes a low to high transition.
When cleared, a high to low transition on the interrupt request line sets
the IRR bit. This bit should always be cleared because the system
hardware provides high to low transitions for all interrupts to all three
controllers.

Bit 03 GIP - Group Interrupt Polarity. This bit determines the polarity of the
group interrupt output to the processor. When set, the group interrupt
output is asserted high. When cleared, the group interrupt output is
asserted low. This bit should always be cleared because the system
hardware recognizes active low group interrupts from all three
controllers.
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Bit 02 IM - Interrupt Mode. This bit determines whether the controller is
operating in interrupt mode or polled mode. When IM is cleared, inter-
rupt mode is selected and the group interrupt output functions normal-
ly. When IM is set, the polled mode is selected and the group interrupt
output is disabled so the controiler does not interrupt the processor. In
polled mode, the processor can read the controller CSR to see if any
interrupt requests are pending. See section on status register.

Bit 01 VS — Vector Selection. This bit determines whether the controller gen-
erates a common vector for all the interrupt requests or an individual
vector for each request. The response memory contains eight vectors,
one for each request level (see response memory section). When VS is
cleared, each interrupt level is associated with its own unique vector in
the response memory. When VS is set, all interrupt levels are associated
with the vector in the request level 0 response memory location. In this
mode, the controller generates the same vector regardless of the inter-
rupt request being acknowledged.

Bit 00 PM - Priority Mode. This bit determines whether a fixed priority or
rotating priority selects the highest pending interrupt request. When
cleared, fixed priority is selected. In fixed priority mode, interrupt
request line O is always the highest level and request line 7 is always
the lowest level.

HIGHEST LOWEST
0—s 1— o 2— 3— 4— 5— 65—
MA-10,118

When PM is set, rotating priority is selected. In rotating mode, a circu-
lar chain determines the priorities.

—t ) ——> | —— 2 —— 3

7] ¢—— 6 «=—— 5 &—— 4 «+——

NEW HIGHEST_I LLAST INTERRUPT

PRIORITY SERVICED

MA-10,118

The last interrupt level serviced becomes the lowest priority in the cir-
cular chain.

Response Memory — The response memory stores the vectors for each
of the eight interrupt requests. The response memory contains eight
bytes, one for each vector. The controller, using the response memory,
determines which vector to generate in response to a processor interrupt
acknowledge. The processor loads the response memory by writing a
PRESELECT RESPONSE MEMORY command (see command defi-
nition in next section) into the controller CSR followed by a write to
the data register. The response memory is not effected by a RESET.

All three interrupt controllers program in the same way. The programming and data transfers are all done
with two addressable registers: the data register and the CSR register. These two registers are described in
the following paragraphs.
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5.4.6.1 Control/Status Register (CSR) - The CSR operates as a command register on writes and as a
status register on reads. Commands are written into the CSR to select specific controller operation. The
CSR can be read to determine specific controller status.

Command Register (CSR - write operations)

07 06 05 04 03 02 01 00

CMD7 |CMD6 |CMD5 [CMD4|CMD3|CMD2|CcMD1 [cMDO

MA-10,120

Bits 07-00e CMD7-CMDO - Command. These bits determine the command to the con-
troller. The available commands are given in the following paragraphs.

They are write-only bits.
The following commands are available.

. RESET-0000000
The reset command establishes a known state in the controller. The response
memory and byte count registers are not effected. The interrupt mask register
is set to all ones. The interrupt request register, interrupt service register, auto
clear register, and the mode register are cleared to all Os.

. CLEARIRR ANDIMR-00010X X X
All bits in the interrupt request register and the interrupt mask register are
cleared.

. CLEAR SINGLE IRR AND IMR BIT-000 1 1 B2 Bl B0

The bit specified by B2-B0 is cleared in both the interrupt request register
and the interrupt mask register.

. CLEARIMR-00100X X X
The interrupt mask register is cleared to all Os.

. CLEAR SINGLE IMR BIT-0010 1 B2 Bl BO
The bit specified by B2-B0 is cleared in the interrupt mask register.

. SETIMR-00110XX X
The interrupt mask register is set to all ones.

. SET SINGLE IMR BIT-00 1 11 B2 Bl B0
The bit specified by B2-B0 is set in the interrupt mask register.

o CLEARIRR-01000X X X
The interrupt request register is cleared to all Os.

o CLEAR SINGLE IRR BIT-01 00 1 B2 Bl B0
The bit specified by B2-BO is cleared in the interrupt request register.
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SETIRR-01010XXX
The interrupt request register is set to all ones.

SET SINGLE IRR BIT-0101 1 B2 Bi BO
The bit specified by B2-B0 is set in the interrupt request register.

CLEAR HIGHEST PRIORITY ISR BIT-01 10X X X X
The highest priority bit in the interrupt service register is cleared.

CLEARISR-01110XXX
The interrupt service register is cleared to all Os.

CLEAR SINGLE ISR BIT -0 1111 B2 Bl B0
The bit specified by B2-BO0 is cleared in the interrupt service register.

LOAD MODE BITS MO0 THRU M4 -1 0 0 M4 M3 M2 M1 MO
The five low order bits of the command are transferred to the five low order
bits of the mode register.

CONTROL MODE BITS M5 THRU M7 - 101 0 M6 M5 N1 NO

The M5 and M6 bits of the command are transferred to bits 05 and 06 of
the mode register. The NO and N1 bits of the command control bit 07 of the
mode register are as follows.

N1 NO

0 0 No change to bit 07 in mode register
0 1 Set bit 07 in mode register

1 0 Clear bit 07 in mode register

1 1 Illegal

PRESELECT IMR FOR WRITING-1011 X X X X

Following this command, all write operations to the controller data register load
the data into the interrupt mask register. This condition continues until a differ-
ent preselect command is entered.

PRESELECT ACR FOR WRITING-1100X X X X

Following this command, all write operations to the controller data register load
the data into the auto clear register. This condition continues until a different
preselect command is entered.

PRESELECT RESPONSE MEMORY FOR WRITING-11100L2L1LO
Following this command, all write operations to the controiler data register load
the data into a response memory location. L2 through LO specify which interrupt
request level response memory location is loaded as follows.

L2 L1 LO Level
0

— et e e O O O O

—_—_0 O — — O
—_0 = O — O = O
NV AW — O
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This condition continues until a different preselect command is entered.

NOTE
For the above commands that use B2-B0, the bit
specified is as follows.

B2 B1 B0 Bit

0 0 O 0 LSB
0 0 1 1

0 1 0 2

0 1 1 3

1 0 0 4

1 0 1 5

1 1 0 6

1 1 1 7 MSB

Status Register (CSR - read operations)

Bit 07

Bit 06

Bit 05

Bit 04

07 06 05 04 03 02 01 00

Gl N/U | PM IM | MM [ HP2 [ HP2 | HP2

MA-10,121

GI - Group Interrupt. When set, it indicates that no unmasked
bits are set in the interrupt request register. When cleared, it
indicates that at least one unmasked bit is set in the interrupt
request register. This bit is valid even when polled mode opera-
tion is selected.

[t is a read-only bit.

N/U - It is not used.

It is a read-only bit.

PM - Priority Mode. PM indicates the state of mode register
bit 00. When cleared, it indicates fixed priority operation.
When set, it indicates rotating priority operation.

It is a read-only bit.

IM - Interrupt Mode. IM indicates the state of mode register
bit 02. When cleared, it indicates that interrupt mode is select-

ed. When set, it indicates that polled mode is selected.

It is a read-only bit.
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Bit 03

MM - Master Mask. MM indicates the state of mode register
bit 07. When cleared, it indicates that the controller is disarmed
and wiil not generate a group interrupt to the processor. When
set, the controller is armed and group interrupts to the proces-
SOr can occur.

It is a read-only bit.

HP2-HPO — Highest Pending Interrupt. These bits indicate the
highest unmasked request level bit that is set in the interrupt
request register. These bits should only be considered valid
when the GI bit is cleared. This indicates that at least one
unmasked interrupt request is present. The highest pending
interrupt is determined by the bits set in the interrupt request
register and the priority mode.

They are read-only bits.

5.4.6.2 Data Register

Bits 07-00e

07 06 05 04 03 02 01 00

DAT7|DATG6 {DAT5|DAT4|DAT3|DAT2 | DAT1|DATO

MA-10,122

DAT7-DATO - Data. During write operations, the data in this register
is transfered to the internal register specified by the last PRESELECT
command. The data can be transferred to the interrupt mask register,
the auto clear register, or the response memory. During read operations,
the contents of one of the internal registers is transferred to the data
register. The internal register transferred is determined by the preselect
bits in the mode register (bits 06 and 05). The interrupt request regis-
ter, interrupt service register, interrupt mask register, or the auto clear
register may be preselected.

They are read/write bits.



5.4.6.3 Interrupt Controller Default State After Power-Up — The three interrupt controller chips are
initialized by the firmware at power up. The state of each controller is programmed as follows.

1. Interrupt Controller 0

IRR = 000 (interrupt request register)
IMR = 377 (interrupt mask register)
ACR = 377 (auto-clear register)

Vector 0 = 234
Vector 1 = 200
Vector 2 = 204
Vector 3 = 210 (response memory)
Vector 4 = 214
Vector 5 = 220
Vector 6 = 224
Vector 7 = 230

IMR preselected for reads from data register.
IMR preselected for writes to data register.
Fixed priority mode selected.

Master mask bit set (enabled).

2. Interrupt Controller 1

IRR = 000 (interrupt request register)
IMR = 377 (interrupt mask register)
ACR = 377 (auto-clear register)

Vector 0 = 300
Vector 1 = 310
Vector 2 = 320
Vector 3 = 330 (response memory)
Vector 4 = 340
Vector 5 = 350
Vector 6 = 360
Vector 7 = 370

IMR preselected for reads from data register.
IMR preselected for writes to data register.
Rotating priority mode selected.

Master mask bit set (enabled).
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3. Interrupt Controller 2

IRR = 000 (interrupt request register)
IMR = 377 (interrupt mask register)
ACR = 377 (auto-clear register)

Vector 0 = 304
Vector 1 = 314
Vector 2 = 324
Vector 3 = 334 (response memory)
Vector 4 = 344
Vector 5 = 354
Vector 6 = 364
Vector 7 = 374

IMR preselected for reads from data register.
IMR preselected for writes to data register.
Rotating priority mode selected.

Master mask bit set (enabled).

5.4.7 Direct Memory Access (DMA)

The bus and the system module permit direct memory access by the option modules. A DMA device
requests the bus from the CPU by asserting its DMA request line, DMR n L. The DMA device becomes
the bus master when it receives a grant from the CPU on its DMA grant line, DMG n L. The DMA
devices and the system module each perform part of the DMA arbitration. DMA devices monitor the bus
DMA priority lines, BP 0 L and BP 1 L, and only request the bus if they are at the current DMA priority
level or higher. The system module arbitrates between the DMA devices that are requesting the bus and
the CPU. DMA devices always have priority over the CPU and are granted the bus when the processor
completes any bus cycle already in progress. When multiple DMA devices at a specific DMA priority level
request the bus at the same time, the arbitor grants the bus to the one in the lowest numbered slot, for
example, slot 0 is selected before slot 3. If a DMA device does not assert the BUS BUSY signal in response
to its grant within the permitted time (see Section 5.6), the system module removes the grant and
continues.

All the signals are bused through all six slots with the exception of six signals. The six bidirectional non-
bused signals provide slot dependent signals to the system module for handling address decoding, inter-
rupts, and DMA. These signals are as follows.

OPRES n L Option present indicator

SSnL Slot select from address decoder
IRQAn L Interrupt request A from option
IRQBn L Interrupt request B from option
DMR n L DMA request from option
DMGn L DMA grant from arbiter

where n = slot number (0-5)
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5.4.7.1 Option Module Addresses — Each option module is allocated 128 bytes in the I/O page. The
system module decodes the addresses and asserts a slot select (SS) to the appropriate option module if an
option module address is detected. Table 5-15 shows the byte addresses for each option module.

NOTE
DMA devices may address the option modules. In
this condition, the system module decodes the
address output by the DMA device and asserts a slot
select to the appropriate option module if an option
module address is detected.

5.4.7.2 Option Module Vectors — Each option module has two interrupt request lines so each slot needs
two vectors. Table 5-16 shows the vectors for the option module interrupts.

All interrupt vectors are soft because they can be programmed to any 8-bit number in the interrupt

controller chips (see Section 5.4.6). However, the vectors given are established at power up by the
firmware. It is highly recommended that the vectors not be changed.

Table 5-15 Option Slot Addresses

Slot I/0 Page Addresses
0 17774000-17774177
1 17774200-17774377
2 17774400-17774577
3 17774600-17774777
4 17775000-17775177
5 17775200-17775377

Table 5-16 Option Slot Vectors

Interrupt Request

Slot Vector A Vector B
0 300 304
1 310 314
2 320 324
3 330 334
4 340 344
5 350 354
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5.4.7.3 Option Module Present Register (OMPR) -

Address
17773702 data buffer

The option module present register indicates which of the six option module slots contains a module. It is a
read only register which uses only the low byte. The high byte is read as all Os and all writes to the register
have no effect.

(=]
<«
(o]
%
o

QP4 | OP3 | OP2 | OP1 | OPO

MA-10,123

Bits 07-06 They are not used and are always read as Os.
They are read-only bits.

Bits 05-00 OP5-0P0 - Option Present. A one in an OP bit indicates that a mod-
ule is present in the corresponding option module slot. For example, if
OP1 is set, a module is present in option module slot 1. A 0 in an OP
bit indicates no module is present in the corresponding slot.

They are read-only bits.

54.8 ROM

The system module contains 16 kilobytes of ROM. It contains the power-up self-test code, configuration
and initialization code, and the boot code. Table 5-16 shows that some of the ROM is in the 1/0O page and
some is in the memory address space. Any attempt to write to the ROM locations results in a nonexistent
memory trap to location 4.

Refer to Section 5.2.3.4 for a description of the system power-up self-test.
5.4.8.1 ID PROM - Each system module board contains a PROM with a unique 32-byte ID.

Addresses
17773600-17773676 32 bytes PROM

Al 32 word locations use only the low byte The high bytes are always read as all 0s. Any attempt to write
to the ID PROM locations results in a non-existent memory trap to location 4.

The ID code is a 12-BCD digit (6-byte) random number. The ID PROM should be blasted with the ID as
shown in Table 5-17.



Table 5-17 ROM Address Space

Address Size

Location

17730000-17757777

12 kilobytes

memory space

17760000-17767777 4 kilobytes I/0O page

OCTAL 22-BIT

PROM SYSTEM

ADDRESS PROM CONTENTS ADDRESS
00 RANDOM ID BYTE 1 17773600
01 RANDOM ID BYTE 2 17773602
02 RANDOM ID BYTE 3 17773604
03 RANDOM D BYTE 4 17773606
04 RANDOM 1D BYTE 5 17773610
05 RANDOM 1D BYTE 6 17773612
06 ERROR CHK BYTE 1* 17773614
Q7 ERROR CHK BYTE 2* 17773616
10 RANDOM ID BYTE 1 17773620
1" RANDOM ID BYTE 2 17773622
12 RANDOM ID BYTE 3 17773624
13 RANDOM D BYTE 4 17773626
14 RANDOM ID BYTE 5 17773630
15 RANDOM ID BYTE 6 17773632
16 ERROR CHK BYTE 1* 17773634
17 ERROR CHK BYTE 2* 17773636
20 RANDOM ID BYTE 1 17773640
21 RANDOM D BYTE 2 17773642
22 RANDOM 1D BYTE 3 17773644
23 RANDOM D BYTE 4 17773646
24 RANDOM ID BYTE 5 17773650
25 RANDOM ID BYTE 6 17773652
26 ERROR CHK BYTE 1* 17773654
27 ERROR CHK BYTE 2* 17773656
30 00000000 17773660
31 1111111 17773662
32 01010101 17773664
33 10101010 17773666
34 IRARRRRY] 17773670
35 00000000 17773672
36 ERROR CHK BYTE 3t 17773674
37 ERROR CHK BYTE 4t 17773676

* CHECK BYTES 1 AND 2 FORM A WORD
CHECK ON THE PREVIOUS 6 BYTES

t CHECK BYTES 3 AND 4 FORM A WORD

CHECK ON THE ENTIRE PROM
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54.9 RAM
The module contains support circuitry for two memory option modules. There are two 40-pin connectors

on the system module to accept the memory modules. Figure 5-36 shows the position of the memory
option modules. Refer to Table 5-22 for the memory connects pinning.

Additional memory is installed in the CTI Bus card cage. Memory added in the card cage has its own
support circuitry. The memory option module is a 256 kilobyte module containing 16 64K X 1 dynamic
RAMs. A combination of memory option modules can be installed in the system module. The following
table shows the memory addressing for each combination of daughter modules.

When both slots contain memory boards, the memory in slot 0 always starts at address 00000000 and the
memory in slot 1 starts where the first one ends (Table 5-18).

RAM DAUGHTER
MODULES
INSTALLED

31, MEMORY
J2, MEMORY

MA-0428-82

Figure 5-36  Memory Option Sets

Table 5-18 Memory Configurations

Slot 0 Slot 1 Memory Address

128 kilobytes

128 kilobytes
512 kilobytes

512 kilobytes
128 kilobytes
512 kilobytes

128 kilobytes
128 kilobytes
512 kilobytes
128 kilobytes
512 kilobytes
512 kilobytes

128 kilobytes
128 kilobytes
256 kilobytes
512 kilobytes
512 kilobytes
640 kilobytes
640 kilobytes
1024 kilobytes

00000000-00377777
00000000-00377777
00000000-00777777
00000000-01777777
00000000-01777777
00000000-02377777
00000000-02377777
00000000-03777777
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The system control and status register (at 17773700) can be read to determine the memory configuration.
Bits 03-00 should be interpreted as follows.

Bit State Meaning

00 0 No memory module present in memory slot 0.
00 1 Memory slot 0 contains a memory module.

01 0 The memory module in slot 0 is 128 kilobytes.
01 1 The memory module in slot 0 is 512 kilobytes.
02 0 No memory module present in memory slot 1.
02 1 Memory slot 1 contains a memory module.

03 0 The memory module in slot 1 is 128 kilobytes.
03 1 The memory module in slot 1 is 512 kilobytes.

The system module has circuits for address decoding and multiplexing, for timing, and for cycle-stealing
refresh.

5.4.10 Keyboard

There is a serial keyboard port on the system module. It can perform asynchronous serial communications
at programmable baud rates up to 19.2 kilobaud. The port uses EIA RS-423 signal levels and connection is
made on the rear of the unit via a 15-pin male D-subminiature connector, J5. Section 5.6 shows the
pinning of J5 on the system module.

This port is included primarily to communicate with the Professional 300 series keyboard. However, it is a
general serial port that can be used to communicate with any serial device. The mode of operation is
completely programmable as described in the following paragraphs. When using the port with the
Professional 300 series keyboard, the mode must be set to the following.

1. 8-bit character length
2. No parity

3. One stop bit

4.

4800 baud clock rate

5.4.10.1 Keyboard Interface

Addresses

17773500 Data buffer register
17773502 Status register
17773504 Mode registers
17773506 Command register
Vectors

200 Receiver

204 Transmitter

All the keyboard port registers use only the low byte. The high bytes are always read as all Os and writes to
high bytes have no effects. This port is not a standard DL type interface.
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Data Buffer Register (DBUF)

07 N6 05 04 03 02 01 00

DAT7|DAT6|DAT5 |DAT4|DAT3 |DAT2DAT1|DATO

MA-10,124
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receiver holding register and contains the last received character. The
character is right justified if the character length is less than eight bits.
On write operations, this register serves as the transmitter holding regis-
ter and should be loaded with the next character to be transmitted.

They are read/write bits.

Status Register (STAT)

Bit 05

Bit 04

Q7 06 05 04 03 02 01 00

1 1 FE OE PE | NJU | RD | TR

MA-10,7125

They are not used and arc always read as !s.
They are read-only bits.

FE - Framing Error. When set, it indicates that the received character
was not framed by the programmed number of stop bits. If the
received character is all Os and FE is set, a break condition was
detected. When cleared, FE indicates that the received character was
correctly framed. FE is cleared by disabling the receiver or by a Reset
Error command in the command register (see section on command
register).

It is a read-only bit.

OE - Overrun Error. When set, it indicates that the previous character
loaded into the receiver holding register was not read by the processor
by the time that a new received character was loaded into it. When
cleared, it indicates that no overrun condition occurred. OE is cleared
by disabling the receiver or by a Reset Error command in the com-
mand register (see section on command register).

It is a read-only bit.

-
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Bit 03

Bit 02

Bit 01

Bit 00

PE - Parity Error. When set, it indicates that the received character
had a parity error. When cleared, it indicates that no parity error was
detected. This bit only functions when parity is enabled (see section on
mode register). PE is cleared by disabling the receiver or by a Reset
Error command in the command register (see section on command
register).

It is a read-only bit.
N/U - It is not used.
It is a read-only bit.

RD - Receiver Done. When set, it indicates that a character was
received and loaded into the receiver holding register for the processor
to read. When cleared, it indicates that no new character was loaded
into the receiver holding register. RD is cleared by reading the receiver
holding register or by disabling the receiver in the command register
(see section on command register). RD is not set when characters are
received if remote loopback mode is enabled in the command register
(see section on command register).

It is a read-only bit.

TR - Transmitter Ready. TR is only valid when the transmitter is
enabled in the command register (see section on command register).
When TR is cleared, it indicates that the transmitter holding register is
not ready to receive another character for transmission from the proces-
sor. When set, it indicates that the processor may load the next charac-
ter for transmission into the transmitter holding register. TR is cleared
when operating in auto echo or remote loopback modes (see section on
command register).

It is a read-only bit.

Mode Registers (MR1 AND MR2)

There are two mode registers that select the operating mode of the keyboard port. Both registers reside at
the same address. Operations (read or write) to a mode register cause an internal pointer to point to the
other mode register for the next operation. Reading the command register always causes the internal
pointer to point to mode register 1. Both mode registers are cleared when system power is turned on. The
processor has to initialize both registers to the specified mode of operation. The two mode registers are in

the following paragraphs.
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Mode Register 1 (MR1)

Bits 07-06

Bit 05

Bit 04

Bits 03-02

Bit 01

Bit 00

SBL1|SBLO| PT PC | CL1 | CLO 1 N/U

MA-10,126

SBL1-SBLO - Stop Bit Length. These bits select character framing of
1, 1.5, or 2 stop bits for both the transmitter and the receiver. The stop
bits are selected as follows.

SBL.1 SBLO Stop Bit Length
0 0 0 Invalid

0 1 1 Stop bit

1 0 1.5 Stop bits

1 1 2 Stop bits

They are read/write bits.

PT - Parity Type. When set, PT selects even parity. When cleared, PT
selects odd parity. Parity type is the same for the transmitter and the
receiver. This bit has no effect if parity is not enabled (see PC bit).

It is a read/write bit.

PC - Parity Control. When cleared, parity is disabled for the transmit-
ter and the receiver. When set, the transmitter adds a parity bit to the
transmitted character and the receiver performs a parity check on
incoming characters. The PT bit selects odd or even parity.

It is a read/write bit.

CL1-CLO - Character Length. These bits select the number of data
bits per character for the transmitter and the receiver. The character
length does not include the parity bit (if any), the start bit, or the stop
bits. Character length is selected as follows.

CL1 CLO  Character Length

0 0 5 bits
0 l 6 bits
i 0 7 bits
1 1 8 bits

They are read/write bits.

1. - This bit must always be set to a one for correct operation. When
the system power is turned on, this bit is cleared. The processor must
set it to a 1 before using the keyboard port.

It is a read/write bit.

N/U - It is not used.

It is a read/write bit.



Mode Register 2 (MR2)

07 06 05 04 03 02 01 00

0 0 1 1 |[BRS3{BRS2|BRS1|BRSO

MA-10,127

Bits 07-04 0011 - These bits must always be programmed to 0011 for correct
operation. When the system power is turned on, these bits are cleared.
The processor must program them before using the keyboard port.

They are read/write bits.

Bits 03-00 BRS3-BRS0 - Baud Rate Select. These bits determine the frequency
of the internal baud rate generator. The frequency is 16 times the
selected baud rate. These bits select the clock for both the transmitter
and receiver. The accuracy of the input frequency to the baud rate
generator is £0.01%. The baud rate is selected as follows.

Baud Rate
Generator

BRS3 BRS2 BRS1 BRSO Baud Rate Percent Error

0 0 0 0 50 -

0 0 0 1 75 -

0 0 1 0 110 -

0 0 1 1 134.5 +0.016

0 1 0 0 150 -

0 1 0 1 300 -

0 1 1 0 600 -

0 1 1 1 1200 -

1 0 0 0 1800 -

] 0 0 1 2000 +0.253

] 0 1 0 2400 -

1 0 1 1 3600 -

1 1 0 0 4800 -

1 1 0 1 7200 -

1 1 1 0 9600 -

1 1 1 1 19200 +3.125

They are read/write bits.

Command Register (CMD)

The command register also controls the keyboard port operator. The command register is cleared when
system power is turned on. The processor has to initialize the register to the specified mode of operation.
The command register is described in the following paragraphs.

07 06 05 04 03 02 01 00

OM1 | OMO | RTS | RE FB [RXEN|DTR |TXEN

MA-10,109
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Bits §7-06

Bit 05

Bit 04

OM1-OMO - Operating Mode. These bits select the operating mode of
the port as foliows.

OM1 OMO Operating Mode

0 0 Normal operation

0 1 Automatic echo mode
1 0 Local loopback

1 1 Remote loopback

These modes are described in the following paragraphs.

Normal - The transmitter and receiver operate independently according
to the mode and status registers.

Automatic Echo — Characters received in the receiver holding register
are automatically loaded into the transmitter holding register and trans-
mitted. The receiver must be enabled but the transmitter need not be
enabled (see RXEN and TxEN bits). The receiver continues to assert
Receiver Done each time a character is received but the transmitter no
longer asserts Transmitter Ready. Only the first character of a break
condition is echoed. The transmitter goes to the mark state until the
next valid start is detected.

Local Loopback - In this mode, the transmitter output is internally
connected to the receiver input. The external transmitter output is held
in the mark state. The transmitter must be enabled but the receiver
need not be enabled (see RXEN and TXEN bits). The DTR and RTS
bits must both be set for local loopback to function correctly.

Remote Loopback — Characters received in the receiver holding register
are automatically loaded into the transmitter holding register and trans-
mitted. The receiver must be enabled but the transmitter need not be
enabled (see RXEN and TxEN bits). The receiver no longer asserts
Receiver Done each time a character is received and the transmitter no
longer asserts Transmitter Ready. Only the first character of a break
condition is echoed. The transmitter goes to the mark state until the
next valid start is detected. The error status bits, PE, OE, and FE still
function in this mode.

They are read/write bits.

RTS - Request To Send. There is no external hardware support for this
signal. However, it must be set for local loopback mode to function
correctly (see OM1-OMO bits).

It is a read/write bit.

RE - Reset Error. Setting RE causes the error bits, PE, OE, and FE in
the status register to be cleared. It is always read as a 0.

[t is a write-once bit.
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Bit 03 FB - Force Break. When cleared, normal transmitter operation occurs.
When set, the transmitter output signal enters and holds the space con-
dition at the end of the current transmitted character.

It is a read/write bit.

Bit 02 RXxEN - Receiver Enable. When set, the receiver is enabled for normal
operation. When cleared, the receiver immediately terminates operation
and clears Receiver Done. Disabling the receiver clears the error bits
PE, OE, and FE in the status register.

It is a read/write bit.

Bit 01 DTR - Data Terminal Ready. There is no external hardware support
for this signal. However, it must be set for local loopback mode to
function correctly (see OM1-OMO bits).

It is a read/write bit.

Bit 00 TxEN — Transmitter Enable. When set, the transmitter is enabled for
normal operation. When cleared, the transmitter is disabled. If the
transmitter is disabled, it completes transmitting any character that was
already begun before terminating operation (not a character pending in
the transmitter holding register). When disabled, the transmitter output
stays in the mark state and the transmitter ready bit is cleared.

It is a read/write bit.

5.4.10.2 Keyboard Default State After Power-Up — After the power-up self-test is completed, the
firmware initializes the keyboard port as follows.

Mode Register 1

1 stop bit

Parity disabled

8 bits per character

Mode Register 2
4800 baud

Command Register
Normal operation
RTS enabled

Force break disabled
Receiver enabled
DTR enabled
Transmitter enabled

5.4.11 Printer

There is a serial printer port on the system module. It can perform asynchronous serial communications at
programmable baud rates up to 19.2 kilobaud. The port uses EIA RS-423 signal levels and connection is
made on the rear of the unit via a 9-pin male D-subminiature connector, J6. Section 5.6 shows the pinning
and position of J6 on the system module. The printer cable part number is PN BCCOS5.
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5.4.11.1 Printer Port Interface -

Addresses

17773400 Data buffer register
17773402 Status register
17773404 Mode registers
17773406 Command register
Vectors

220 Receiver

224 Transmitter

All the printer port registers use only the low byte. The high bytes are always read as all Os and writes to
high bytes have no effects. This port is not a standard DL type interface. It can be made to look like a
standard DL interface without the interrupt enable bits at the terminal address of 17777560. See Section
5.4.15 on maintenance terminal registers.

Data Buffer Register (DBUF)

07 06 05 04 03 02 01 00

DAT7 |DAT6 | DAT5{DAT4 | DAT3 |DAT2{DAT1 | DATO

MA-10,108

Bits 07-00 DAT7-DATO - Data. On read operations, this register operates as the
receiver holding register and contains the last received character. The
character is right justified if the character length is less than eight bits.
On write operations, this register operates as the transmitter holding
register and should be loaded with the next character to be transmitted.

They are read/write bits.

Status Register (STAT)

07 06 05 04 03 02 01 00

DSR 1 FE 0E PE | NJU| RD | TR

MA-10,143

Bit 07 DSR - Data Set Ready. This bit shows the state of the DSR signal
input and can be used to determine that the printer is connected and
ready. When DSR is set, it indicates that the DSR signal input is
asserted and the printer is present and ready. When DSR is cleared, it
indicates that the DSR signal input is not asserted and the printer is
either not present or not ready.

It is a read-only bit.
Bit 06 It is not used and is always read as a I.

It is a read-only bit.
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Bit 05

Bit 04

Bit 03

Bit 02

Bit 01

Bit 00

FE - Framing Error. When set, it indicates that the received character
was not framed by the programmed number of stop bits. If the
received character is all Os and FE is set, a break condition was
detected. When cleared, FE indicates that the received character was
correctly framed. FE can be cleared by disabling the receiver or by a
Reset Error command in the command register. See section on com-
mand register.

It is a read-only bit.

OE - Overrun Error. When set, it indicates that the previous character
loaded into the receiver holding register was not read by the processor
by the time that a new received character was loaded into it. When
cleared, no overrun condition occurred. OE can be cleared by disabling
the receiver or by a Reset Error command in the command register.
See the section on command register.

It is a read-only bit.

PE - Parity Error. When set, it indicates that the received character
had a parity error. When cleared, it indicates that no parity error was
detected. This bit functions when parity is enabled. See section on mode
register. PE can be cleared by disabling the receiver or by a Reset
Error command in the command register. See the section on command
register.

Is is a read-only bit.
N/U - It is not used.
It is a read-only bit.

RD - Receiver Done. When set, it indicates that a character was
received and loaded into the receiver holding register for the processor
to read. When cleared, it indicates that no new character was loaded
into the receiver holding register. RD can be cleared by reading the
receiver holding register or by disabling the receiver in the command
register. See the section on command register. If remote loopback mode
is enabled in the command register, RD is not set when characters are
received. See the section on command register.

It is a read-only bit.

TR - Transmitter Ready. TR is only valid when the transmitter is
enabled in the command register. See the section on command register.
When TR is cleared, it indicates that the transmitter holding register is
not ready to receive another character for transmission from the proces-
sor. When set, it indicates that the processor may load the next charac-
ter for transmission into the transmitter holding register. TR is cleared
when operating in auto echo or remote loopback modes. See the section
on command register.

It is a read-only bit.
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Mode Registers (MR1 AND MR2)

There are two mode registers that select the operating mode of the printer port. Both registers reside at the
same address. Operations (read or write) to a mode register cause an internal pointer to point to the other
mode register for the next operation. Reading the command register always causes the internal pointer to
point to mode register 1. Both mode registers are cleared when the system power is turned on. The
processor has to initialize both registers to the specified mode of operation. The two mode registers are

described in the following paragraphs.

Mode Register 1 (MR1)

Bits 07-06

Bit 05

Bit 04

Bits 03-02

07 06 05 04 03 02 01 00

SBL1|SBLO| PT PC | CL1 | CLO 1 N/U

MA-10,142

SBL1-SBLO - Stop Bit Length. These bits select character framing of
I, 1.5, or 2 stop bits for both the transmitter and the receiver. The stop
bits are selected as follows.

SBL1 SBLO STOP Bit Length

0 0 Invalid

0 1 1 Stop bit
i 0 1.5 Stop bits
1 1 2 Stop bits

They are read/write bits.

PT - Parity Type. When set, PT selects even parity. When cleared, PT
selects odd parity. Parity type is the same for the transmitter and the
receiver. This bit has no effect if parity is not enabled (see PC bit).

It is a read/write bit.

PC - Parity Control. When cleared, parity is disabled for the transmit-
ter and the receiver. When set, the transmitter adds a parity bit to the
transmitted character and the receiver performs a parity check on
incoming characters. The PT bit selects odd or even parity.

T+ 1q
it i3

read/write bit.

£

CL1-CLO - Character Length. These bits select the number of data
bits per character for the transmitter and the receiver. The character
length does not include the parity bit if any, the start bit, or the stop
bits. Character length is selected as follows.

CL1 CLO Character Length
0 0 5 bits
0 1 6 bits
1 0 7 bits
1 1 8 bits

They are read/write bits.
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Bit 01 1 — This bit must always be set to a one for correct operation. When the
system power is turned on, this bit is cleared. The processor must set it to
a one before attempting to use the printer port.
It is a read/write bit.

Bit 00 N/U - It is not used.

It is a read/write bit.

Mode Register 2 (MR2)

07 06 05 04 03 02 01 00

1 0 1 1 BRS3 |BRS2 | BRS1 | BRSO

MA-10,141

Bits 07-04 1011 — These bits must always be programmed to 1011 for correct
operation. When the system power is turned on, these bits are cleared.
The processor must program them before attempting to use the printer
port.

They are read/write bits.

Bits 03-00 BRS3-BRS0 - Baud Rate Select. These bits determine the frequency
of the internal baud rate generator. The frequency is 16 times the
selected baud rate. These bits select the clock for both the transmitter
and receiver. The accuracy of the input frequency to the baud rate
generator is £0.01%. The baud rate is selected as follows.

Baud Rate
Generator
BRS3 BRS2 BRS1 BRSO Baud Rate Percent Error
0 0 50
75
0 110
1 134.5 +0.016
0 150
1 300
0 600
1 1200
0 1800
1 2000 +0.253
0 2400
1 3600
0 4800
1 7200
0 9600
1 19200 +3.125

e R i o B e B o M e B e B s B v B
— et et et OO OO et =t = = OOOO

They are read/write bits.
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Command Register (CMD)

The command register also controls the printer port operator. The command register i
system power is turned on. The processor has to initialize the register to the specified mode of operation.
The command register is described in the following paragraphs.

Bits 07-06

07 06 05 04 03 02 01 00

OM1 | OMO | RST | RE FB |RXEN| DTR [TXEN

MA-10,140

OM1-OMO - Operating Mode. These bits select the operating mode of
the port as follows.

OM1 OMO Operating Mode

0 0 Normal operation

0 1 Automatic echo mode
1 0 Local loopback

1 1 Remote loopback

These modes are described in the following paragraphs.

Normal - The transmitter and receiver operate independently according
to the mode and status registers.

Automatic Echo — Characters received in the receiver holding register
are automatically loaded into the transmitter holding register and trans-
mitted. The receiver must be enabled but the transmitter need not be
enabled (see RXEN and TxXEN bits). The receiver continues to assert
Receiver Done each time a character is received but the transmitter no
longer asserts Transmitter Ready. Only the first character of a break
condition is echoed. The transmitter goes to the mark state until the
next valid start is detected.

Local Loopback — In this mode, the transmitter output is connected to
the receiver input internally. The external transmitter output is held in
the mark state. The transmitter must be enabled but the receiver need
not be enabled (see RXEN and TXxEN bits). The DTR and RTS bits
must both be set for local loopback to function correctly.

Remote Loopback — Characters received in the receiver holding register
are automatically loaded into the transmitter holding register and trans-
mitted. The receiver must be enabled but the transmitter need not be
enabled (see RxEN and TxEN bits). The receiver no longer asserts
Receiver Done each time a character is received and the transmitter no
longer asserts Transmitter Ready. Only the first character of a break
condition is echoed. The transmitter goes to the mark state until the
next valid start is detected. The error status bits, PE, OE, and FE stili
function in this mode.

They are read/write bits.
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Bit 05

Bit 04

Bit 03

Bit 02

Bit 01

Bit 00

RTS - Request To Send. There is no external hardware support for this
signal. However, it must be set for local loopback mode to function
correctly (see OM1-OMO bits).

It is a read/write bit.

RE - Reset Error. Setting RE clears the error bits, PE, OE, and FE in
the status register. It is always read as a 0.

It is a write-once bit.

FB - Force Break. When cleared, normal transmitter operation occurs.
When set, the transmitter output signal enters and holds the space con-
dition at the end of the current transmitted character.

It is a read/write bit.

RXEN - Receiver Enable. When set, the receiver is enabled for normal
operation. When cleared, the receiver immediately terminates operation
and clears Receiver Done. Disabling the receiver clears the error bits,
PE, OE, and FE in the status register.

It is a read/write bit.

DTR - Data Terminal Ready. When set, the Data Terminal Ready
signal is asserted on the printer port connector. When cleared, the DTR
signal is not asserted on the printer connector. This bit must be set for
local loopback mode to function correctly (see OM1-OMO bits).

It is a read/write bit.

TXxEN — Transmitter Enable. When set, the transmitter is enabled for
normal operation. When cleared, the transmitter is disabled. If the
transmitter is disabled, it finishes transmitting any character that was
already begun before terminating operation (not a character pending in
the transmitter holding register). When disabled, the transmitter output
stays in the mark state and the transmitter ready bit is not asserted.

It is a read/write bit.
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5.4.11.2 Printer Defauit State After Power-Up - After the power-up seif-test has compieted, the
firmware initializes the printer port as follows.

Meode Register 1

1 stop bit

Parity disabled

8 bits per character

Mode Register 2

4800 baud {9600 baud if terminal cable is attached)

Command Register
Normal operation
RTS enabled

Force break disabled
Receiver enabled
DTR enabled
Transmitter enabled

5.4.12 Communications

A communication port on the system module operates in asynchronous and bit or byte synchronous
protocols. In asynchronous mode, it can be run at split programmable baud rates up to 19.2 kilobaud. In
synchronous mode, it can run up to 740 kilobaud. The transmitter is double-buffered and the receiver is
quad-buffered. A full set of modem controls is also present. All the port signals are EIA RS-423 levels.
Connection is made on the rear of the unit via a 25-pin male D-subminiature connector, J7. Refer to
Section 5.6 for a pin listing of J7 on the system module.

There are two interrupts associated with the communications port. The first interrupts the CPU if the
USART chip needs service for the receiver or transmitter. The second interrupt indicates that a state
change has occurred on one of four modem control signals. These four modem control signals are Ring
Indicator (RI), Data Set Ready (DSR), Clear To Send (CTS), and Carrier Detect (CD).

5.4.12.1 Communication Port Interface —

Addresses

17773300 Data buffer register
17773302 Control/status register A
17773304 Reserved

17773306 Control/status register B
17773310 Modem Control register 0
17773312 Modem control register 1
17773314 Baud rate register
Vectors

210 Receive/transmit

214 Modem change

All the communication port registers use only the low byte. The high bytes are always read as all Os and
writes to the high bytes have no effects. The reserved register (17773304) responds to read and write
accesses but reads always produce all Os and writes have no effect. The other registers are described in the
following paragraphs.
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Data Buffer Register

07

06 05 04 03 02 01 00

DAT7

DAT6 |DAT5 [DAT4 | DAT3|DAT2|DAT1| DATO

Bits 07-00 DAT7-DATO - Data.

bytes received by the

MA-10,139

On read operations, this register contains data
communication port. The receiver has a 3-byte

buffer for holding received characters. On write operations, this register
operates as a transmitter holding register and should be loaded with the
next character to be transmitted.

They are R/W bits.

Control/Status Register A
This register operates as a window to

control/status register loads the data

11 internal registers. The internal registers are eight write registers
and three read registers. The write registers are labeled WRO-WR7 and control the different operating
modes of the communication port. The read registers are labeled RRO-RR2 and provide status informa-
tion. An internal pointer register selects which command or status registers to be read or written during an
access to control/status register A. After reset, the pointer register contents are 0. The first write to the
into WRO. The three least significant bits of WRO operate as the
pointer register. The next access to the control/status register accesses the internal register selected by the

pointer register. The pointer is reset after the read or write operation is completed.

Write Register 0 (WR0)

07

06 05 04 03 02 01 00

CRC1

CRCO [CMD2|CMD1{CMDO| RP2 | RP1 | RPO

MA-10,138

Bits 07-06 CRCI1-CRCO - CRC Reset Code. When written, these bits have the

following effect.

CRC1 CRCO
0 0
0 1
1 0

Effect
Null - It has no effect.

Resets receive CRC checker - resets the CRC
checker to 0s. If in SDLC mode the CRC check-
er is set to all Is.

Resets transmit CRC generator — resets the CRC
generator to Os. If in SDLC mode, the CRC gen-
erator is set to all Is.

Resets Transmitter Underrun/End of Message
Latch.

They are write-only bits.
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Bits 05-03

Bits 02-00

CMD2-CMDO0 - Command Bits. These bits determine which of seven
commands to perform.

Command
(octal)
0

1

Effect
Null - no effect.

Send Abort — generates eight to thirteen 1s when in
SDLC mode.

Reset External/Status Interrupts — resets the latched
status bits of RRO and reenables them, allowing
interrupts to occur again.

Channel Reset - resets the latched status bits of
RRO, the interrupt priority logic, and all control reg-
isters in the channel. Allow two microseconds for the
channel reset time before any additional commands
or controis are written into the channel.

Enable Interrupt on Next Receive Character - if the
interrupt on first receive character mode is selected,

this command reactivates that mode again after each
complete message is received to prepare for the next
message.

Reset Transmitter Interrupt Pending — if the trans-
mit interrupt enable mode is selected, the channel
automatically interrupts when the transmit buffer
becomes empty. When there are no more characters
to be sent, issuing this command prevents additional
transmitter interrupts until the next character has
been completely sent.

Error Reset — error latches, parity, and overrun
errors in RR1 are reset.

End of Interrupt - resets the interrupt-in-service
latch of the highest priority internal device under
service and allows lower priority devices to interrupt.

They are write-only bits.

RP2-RP0O - Register Pointer bits. These bits determine which write
register the next byte is written into or which read register the next
byte is read from. After reset, the first byte written goes into WRO.
Following a read or a write to any register (except WRO) the pointer

points to WRO.

They are write-only bits.
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Write Register 1 (WR1)

Bits 07-05

Bits 04-03

Bit 02

Bit Ol

Bit 00

07 06 05 04 03 02 01 00

0 0 0 |RIE1|RIEO| O TIE | EIE

MA-10,137

N/U - They are not used and must always be written as Os.
They are write-only bits.

RIEI-RIEO - Receiver Interrupt Enable bits. These bits enable receiv-
er interrupts in the following modes.

RIE1 RIEO Function
0 0 Disables receiver and special condition interrupts
0 1 Enables interrupt on first received character

only or special condition

1 0 Enables interrupt on all receive characters or
special condition (parity error is a special
receive condition)

1 1 Enables interrupt on all receive characters or
special condition (parity error is not a special
receive condition)

They are write-only bits.

N/U - It is not used and must always be written as a 0.

It is a write-only bit.

TIE - Transmitter Interrupt Enable. When set, it allows transmitter

interrupts to occur when the transmitter buffer is empty. When cleared,

no transmitter interrupts occur.

It is a write-only bit.

EIE - External Interrupt Enable. When set, it allows interrupts when
one of the following occur.

1. Entering or leaving synchronous hunt phase
2. Break detection or termination
3, SDLC abort detection or termination

4. Idle/CRC latch becoming set (CRC being sent)
When cleared, no such interrupt occurs.

It is a write-only bit.
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Write Register 2 (WR2)

Bits 07-00

0 0 0 0 0 o] 0 0

MA-10,136

N/U - They are not used. If this register is written, it must be written
with all Os.

They are write-only bits.

Write Register 3 (WR3)

Bits 07-06

Bit 05

Bit 04

Bit 03

Bit 02

07 06 05 04 03 02 01 00

RCL1 [RCLO| O EHP | RCE | ASM |SCLI- [RXEN

MA-10,157

RCL1-RCLO - Receiver Character Length. These bits determine the
receiver character length as follows.

RCL1 RCLO Data Bits/Character
0 0 5

0 1 7
1 0 6
1 1 8

They are write-only bits.
N/U - It is not used and must be written as a 0.

It is a write-only bit.

EHP - Enter Hunt Phase. After initialization, the channel automatical-
ly enters the hunt mode. If synchronization is lost, the hunt phase may
be reentered by writing a 1 to this bit.

it is a write-only bit.

RCE - Receiver CRC Enable. Writing a 1 to this bit enables (or
reenables) CRC calculation. CRC calculation starts with the last char-
acter placed in the receiver buffer. Writing a 0 to this bit disables but
does not reset the receiver CRC generator.

It is a write-only bit.

ASM - Address Search Mode. In SDLC mode, all frames are received
if this bit is 0. If this bit is a 1, frames are only received with address
bytes that match the global address (11111111) or the value loaded
into WR6. This bit must be 0 in non-SDLC modes.

It is a write-only bit.
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Bit 01

Bit 00

SCLH - Sync Character Load Inhibit. Setting this bit prevents the
receiver from loading sync characters into the receive buffer.

It is a write-only bit.

RXEN - Receiver Enable. Setting this bit enables the receiver to start.
It should be set only after the receiver is initialized.

It is a write-only bit.

Write Register 4 (WR4)

Bits 07-06

Bits 05-04

Bits 03-02

07 06 05 04 03 02 01 00

CM1 | CMO | SM1 | smMo | SB1 | SBO | E/0 | PEN

MA-10,156

CMI-CMO - Clock Mode. These bits select the clock rate multiplier
for both the receiver and transmitter as follows.

CM1 CMO Clock Rate
0 0 1 x
0 1 16 x
1 0 32 x
1 | 64 x

In synchronous modes, 1 x must be selected.
They are write-only bits.
SM1-SMO - Synchronous Mode. These bits select the synchronous pro-

tocol when synchronous operation is selected. They are ignored when
asynchronous operation is selected.

SM1 SMO Mode

0 0 8-bit internal sync character (monosync)
0 1 16-bit internal sync character (bisync)

1 0 SDLC

1 1 Invalid

They are write-only bits.

SB1-SB0 - Stop Bits. These bits select the number of stop bits for
asynchronous operation. They also select whether the mode of operation
is asynchronous or synchronous.

SB1 SB0 Mode

0 0 Select synchronous operation

0 l 1 stop bit - asynchronous operation

1 0 1.5 stop bits — asynchronous operation
1 I 2 stop bits — asynchronous operation

They are write-only bits.
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Bit 01

Bit 00

1

E/O - Even/Odd Parity. This bit selects even or odd parity for both
the receiver and transmitter when parity is enabled. A 1 selects even
parity and a O selects odd parity.

It is a write-only bit.

PEN - Parity Enable. When cleared, parity is disabled. When set,
parity is enabled for both the receiver and transmitter. If the receiver
character length is programmed to 8 data bits, the parity bit is not
transferred to the processor. With other receiver character lengths, the
parity bit is transferred to the processor.

it is a write-only bit.

Write Register 5 (WRS5)

Bit 07

Bit 06-05

Bit 04

07 06 05 04 03 02 01 00

N/U | TCL1|TCLO| SB |TXEN|CRCS| N/U | TXCE

MA-10,155

N/U - It is not used.

TCL1-TCLO - Transmitter Character Length. These bits determine the
transmitter character length as follows.

TCL1 TCLO Data Bits/Character

0 0 5 or less
0 1 7
1 0 6
1 1 8

Normally each character is sent to the transmitter right-justified and
the unused bits are ignored. However, when sending 5 or less bits per
character, the data should be formatted as follows.

D7 D6 DS D4 D3 D2 D1 DO Bits/Character

0 0 0 D4 D3 D2 DI DO 5
¢ ¢ ¢ D3 D2 D! D0 4
1 1 0 0 O D2 DI DO 3
11 1 0 0 0 DI DO 2
1 1 1 1 0 0 0 DO 1

They are write-only bits.

SB - Send Break. Writing a 1 to this bit causes the transmit data line
to immediately go to the space condition. Writing a 0 to the bit allows
normal transmitter operation.

It is a write-only bit.
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Bit 03 TXEN - Transmitter Enable. Writing a 1 to this bit enables the trans-
mitter and should only be done after the transmitter is initialized. Writ-
ing a O to this bit disables the transmitter and enters either the idle or

mark state.
Bit 02 CRCS - CRC Select. This bit selects which CRC polynomial to be
used by both the receiver and transmitter.
CRCS Mode Polynomial
0 CRC-CCITT X16 + X15 + X5 + 1
1 CRC-16 X16 + X154+ X2 + 1

It is a write-only bit.

Bit 01 N/U - It is not used.

Bit 00 TXCE - Transmitter CRC Enable. Writing a 1 to this bit enables the
transmitter CRC generator. Writing a 0 to this bit disables the trans-
mitter CRC generator.

It is a write-only bit.

Write Register 6 (WR6)

07 06 05 04 03 02 01 00

S/A7 | S/AB [ S/A5 | S/A4 | S/A3 | S/A2 | S/A1 | S/AD

MA-10,154

Bits 07-00 S/A7-S/A0 - Sync/Address Register. This register should be loaded
with the transmit sync character in monosync mode, the low order 8
sync bits in bisync mode, or the address byte in SDLC mode.

They are write-only bits.

Write Register 7 (WR7)

07 06 05 04 03 02 01 00

S/F7 { S/F6 | S/F5 | S/F4 | S/F3 | S/F2 | S/F1 | S/FO

MA-10,163

Bits 07-00 S/F7-S/F0 - Sync/Flag Register. This register should be loaded with
the receive sync character in monosync mode, the high order 8 sync
bits in bisync mode, or the flag character (01111110) in SDLC mode.

They are write-only bits.
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Read Register 0 (RR0)

Bit 07

Bit 06

Bit 05

Bit 04

Bit 03

Bit 02

Bit 01

B/A |TU/EM| N/U | S/H | N/U |[TBMT[ INTP [RXCA

MA-10,498

B/A - Break/Abort. When this bit is a 1 in asynchronous mode, it
indicates the detection of a break (a null character plus a framing error
which occurs when the receive input line is held in the space state for
more than one character time). The B/A bit resets to a 0 when the line
returns to the mark state. In SDLC mode, a | indicates the detection of
an abort sequence (seven or more 1s received in sequence). The B/A
bit resets when a 0 is received. Any transition of the Break/Abort bit
causes an external/status interrupt.

It is a read-only bit.

TU/EM - Transmitter Underrun/End of Message. This bit is set fol-
lowing a reset. It can only be reset by writing a Reset Transmitter
Underrun/End of Message Latch command into WR0. When the trans-
mit underrun condition occurs, this bit is set and an external/status
interrupt is generated.

It is a read-only bit.

N/U - It is not used.

It is a read-only bit.

S/H - Sync/Hunt. The meaning of this bit depends on the mode of
operation. In asynchronous mode, the bit is read as a 0. In monosync,
bisync, or SDLC modes, this bit indicates whether the receiver is in the
sync hunt or receive data operation phase. A 0 indicates the receive
data phase and a 1 indicates the sync hunt phase. A transition of this
bit causes an external/status interrupt.

It is a read-only bit.

N/U - 1t is not used.

It is a read-only bit.

TBMT - Transmit Buffer Empty. This bit is set when the transmitter
buffer is empty except during the transmission of CRC.

It is a read-only bit.

INTP - Interrupt Pending. This bit is set when the vector of a pending
interrupt is read from control/status register B. It is reset when an End
of Interrupt command is issued in WRO and no other interrupt is pend-
ing at the time.

It 1s a read-only bit.
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Bit 00

RXCA - Receive Character Available. This bit is set when the receiver
buffer contains data and is reset when the buffer is empty.

It is a read-only bit.

Read Register 1 (RR1)

Bit 07

Bit 06

Bit 05

Bit 04

Bit 03-01

07 06 05 04 03 02 01 00

EOF RXOE|RXPE | RC2 { RC1 | RCO | AS

CRC/FE

MA-10,152

EOF - End of Frame. This bit is valid only in SDLC mode. A 1
indicates that a valid ending flag is received. EOF is reset by either an
Error Reset command (in WRO) or when it receives the first character
of the next frame.

It is a read-only bit.

CRC/FE - CRC/Framing Error. In asynchronous mode, a 1 indicates
a receiver framing error. In synchronous modes, a 1 indicates that the
calculated CRC value does not match the last two bytes received.
CRC/FE is reset by issuing an error reset command in WRO.

It is a read-only bit.

RXOE - Receiver Overrun Error. When set, this bit indicates that the
receiver buffer is overloaded by the receiver. The last character in the
buffer (the third character) is overwritten and flagged with this error.
Once the overwritten character is read, this error is latched until reset
by the error reset command in WRO.

It is a read-only bit.

RXPE - Receiver Parity Error. If parity is enabled, this bit is set for
received characters whose parity does not match the programmed sense
(odd/even). This bit is latched until it is reset by issuing a error reset
command in WRO.

It is a read-only bit.

RC2-RCO - Residue Codes. Bit synchronous protocols allow I-fields
that are not an integral number of characters. Because transfers from
the communications port to the CPU are character oriented, the residue
codes provide the capability of receiving leftover bits. Residue bits are
right-justified in the last two data bytes received.

They are read-only bits.

5-106



Bit 00

AS — All Sent. In asynchronous mode, this bit is set when the transmit-
ter is empty and reset when a character is present in either the trans-
mitter buffer or the transmitter shift register. In synchronous mode, this
bit is aiways a 1.

It is a read-only bit.

Read Register 2 (RR2)

Bits 07-00

07 06 05 04 03 02 01 00

Y] V] 0 0 0 0 0 0

MA-10,151

N/U - They are not used and are always read as 0s.

They are read-only bits.

Control/Status Register B

This register operates as a window to 11 internal registers as did control/status register A. The internal
registers consist of eight write registers and three read registers. The write registers are labeled WR0-WR7
and the read registers are labeled RRO-RR2. An internal pointer register selects which WR or RR
registers to be read or written during an access to control/status register B. After reset, the pointer register
contents are 0. The first write to the control/status register loads the data into WRO. The three least
significant bits of WRO are the pointer register. The next access to the control/status register accesses the
internal register selected by the pointer register. The pointer is reset after the read or write operation is
completed. In control/status register B, only WR0, WR1, WR2, and RR2 should be accessed. These four

registers are described in the following paragraphs.

Write Register 0 (WRO0)

Bits 07-06

Bits 02-00

07 06 05 04 03 02 01 00

0 0 0 0 0 RP2 | RP1 | RPO

MA-10,150

N/U - They are not uscd and must always be written as Os.

They are write-only bits.

RP2-RPO0 - Register Pointer bits. These bits determine which write
register the next byte is written into or which read register the next
byte is read from. After reset, the first byte written goes into WRO.
Following a read or a write to any register (except WRO) the pointer
points to WRO. The pointer should only be used to access WRO, WRI1,
WR2, and RR2.

They are write-only bits.
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Write Register 1 (WR1)

Bits 07-00

07 06 05 04 03 02 01 00

0 0 0 0 0 1 0 0

MA-10,149

This register must be loaded with 00000100 for correct vector informa-

tion when servicing interrupts from the communication port. No other
data should ever be written into this register.

They are write-only bits.

Write Register 2 (WR2)

Bits 07-00

07 06 05 04 03 02 01 00

V7 V6 Vb X X X Vi VO

MA-10,148

V7-V0 - Vector bits. This register should be written with a base vector
for the channel interrupts (receiver, special receive, transmitter, and
external/status interrupts). It is used when reading RR2 to get the
vector. It does not matter what bits 04-02 are because they are modi-

fied to identify the four channel interrupts. Refer to the next section on
RR2 for details.

They are write-only bits.

Read Register 2 (RR2)

Bits 07-00

07 06 05 04 03 02 01 00

V7 Ve VB | V4r | v3r | v2r | Vi vo

MA-10,147

V7-VO0 - Vector. This register is used to get the vector of the highest
priority interrupt pending in the communication channel. The vector is
the same as the contents that were written into WR2. Bits V4-V2 are
modified to identify which condition caused the interrupt. After a
receive/transmit interrupt causes the CPU to vector through location
210, the interrupt service routine should read RR2 to get the secondary
vector that identifies which condition caused the interrupt.

V4 V3 V2 Condition Causing Interrupt
0 0 Transmitter buffer empty

1 0 1 External/status change

l 1 0 Receiver character available

1 1 1 Special receiver condition
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If RR2 is read when no interrupt is pending, the vector is read with the
variable bits V4-V2 set to all is.

They are read/write bits.

Modem Control Register 0

Bit 07

Bit 06-05

07 06 05 04 03 02 01 00

MM | CS1 } CSC { DTR | RTS ;iDSRS, RL LL

MA-10,146

MM - Maintenance Mode. When set, this bit loops the communications
channel transmit data line onto the receiver data line. The transmit
data signal to the modem is held in the mark state and the receive data
from the modem is ignored. It is cleared at power up or by a RESET
instruction.

It is a read/write bit.

CS1-CS0 - Clock Source. These bits select the source of the transmit
and receive baud rate clocks to the communications channel. The clock
sources can be either the baud rate generator or the modem. The com-
munication port can also provide the transmit clock to the modem. The
following indicates how the selection is made.

Sources for Clocks

CS1 CSo RXC TXC TXC/DTE
0 0 RBRG TBRG None

0 1 RXC/DCE  TXC/DCE  None

1 0 RXC/DCE  TBRG TBRG

1 1 TBRG TBRG None

RBRG - clock is from receiver baud rate generator.

TBRG - clock is from transmitter baud rate generator.

RXC/DCE - clock is the receive clock line from modem.

TXC/DCE - clock is the transmit clock line from modem.

NONE - no clock signal is sent to modem.

The RXC column gives the source of the receiver baud rate clock to
the channel. The TXC column gives the source of the transmitter baud
rate clock. The TXC/DTE column indicates the clock that the commu-
nications port sends to the modem. It is cleared at power up or by a

RESET instruction.

They are read/write bits.
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Bit 04

Bit 03

Bit 02

Bit 01

Bit 00

DTR - Data Terminal Ready. When set, this signal is asserted to the
modem. When cleared, the DTR signal is removed from the modem. It
is cleared at power up or by a RESET instruction.

It is a read/write bit.

RTS - Request To Send. When set, this signal is asserted to the
modem. When cleared, the RTS signal is removed from the modem. It
is cleared at power up or by a RESET instruction.

It is a read/write bit.

DSRS - Data Signaling Rate Select. When set, this signal is asserted to
the modem. When cleared, the DSRS signal is removed from the
modem. It is cleared at power up or by a RESET instruction.

It is a read/write bit.

RL - Remote Loopback. When set, this signal is asserted to the
modem. When cleared, the RL signal is removed from the modem. It is
cleared at power up or by a RESET instruction.

It is a read/write bit.

LL - Local Loopback. When set, this signal is asserted to the modem.
When cleared, the LL signal is removed from the modem. It is cleared

at power up or by a RESET instruction.

It is a read/write bit.

Modem Control Register 1

Bit 07

07 06 05 04 03 02 01 00

DSR | RI CTs | CD TI |SPDMI| o0 0

MA-10,145

DSR - Data Set Ready. This bit indicates the state of the DSR signal
from the modem. A 1 indicates that DSR is asserted and a 0 indicates
that it is not asserted. A transition of this signal generates a modem
change interrupt.

It is a read-only bit.
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Bit 06

Bit 05

Bit 04

Bit 03

Bit 02

Bits 01-00

RI - Ring Indicator. This bit indicates the state of the RI signal from
the modem. A ! indicates that Rl is asserted and a 0 indicates that it is
not asserted. A tramsition of this signal generates a modem change
interrupt.

It is a read-only bit.

CTS - Clear To Send. This bit indicates the state of the CTS signal
from the modem. A 1 indicates that CTS is asserted and a 0 indicates
that it is not asserted. A transition of this signal generates a modem
change interrupt.

CD - Carrier Detect. This bit indicates the state of the CD signal from
the modem. A ! indicates that CD is asserted and a O indicates that it
is not asserted. A transition of this signal generates a modem change
interrupt.

It is a read-only bit.

TI - Test Indicator. This bit indicates the state of the TI signal from
the modem. A 1 indicates that TT is asserted and a 0 indicates that it is
not asserted.

It is a read-only bit.

SPDMI - Speed Mode Indicator. This bit indicates the state of the
SPMI signal from the modem. A 1 indicates that SPDMI is asserted
and a 0 indicates that it is not asserted.

It is a read-only bit.

N/U - They are not used and are always read as Os.

They are read-only bits.

Baud Rate Register

07 06 05 04 03 02 C1 00

TBR3|TBR2|TBR1|TBRO|RBR3|RBR2| RBR1{RBRO

MA-10,144
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Bits 07-04

Bits 03-00

TBR3-TBRO - Transmitter Baud Rate select. These bits program the
transmitter baud rate generator. The accuracy of the input frequency to
the baud rate generator is +0.01%.

ASYNC SYNC
16 X 1X Baud Rate
Clock Clock  Generator
Baud Baud Percent
TBR3 TBR2 TBR1 TBR0O Rate Rate Error
0 0 0 0 50
0 0 0 1 75 1200
0 0 1 0 110
0 0 1 1 134.5 +0.016
0 1 0 0 150 2400
0 1 0 1 300 4800
0 1 1 0 600 9600
0 1 1 | 1200 19200
1 0 0 0 1800
1 0 0 1 2000 +0.253
1 0 1 0 2400
1 0 1 1 3600
1 1 0 0 4800
1 1 0 1 7200
1 1 1 0 9600
1 1 1 I 19200 +3.125

They are write-only bits.

RBR3-RBRO - Receiver Baud Rate select. These bits program the
receiver baud rate generator. The accuracy of the input frequency to
the baud rate generator is +0.01%.

ASYNC Baud Rate
16 X Clock Generator
RBR3 RBR2 RBR1 RBR0O Baud Rate Percent Error
0 0 50
1 75
0 110
1 134.5 +0.016
0 150
1 300
0 600
1 1200
0 1800
1 2000 +0.253
0 2400
1 3600
0 4800
1 7200
0 9600
1 19200 +3.125

et e -, —_, O OO OOOOD
—_—— e O 00D~ = - OO0
—_—_ O O~ — OO =~ OO ==

They are write-only bits.
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5.4.12.2  Communications Port Default State After Power Up - When the power-up self-test is complet-
ed, the firmware initializes the communications port. The firmware issues a Channel Reset command to
both control/status register A and control/status register B. This clears all the internal control registers in
the communications USART. In addition, the firmware loads the modem and baud rate registers as
follows.

000
356

Modem Control Register 0
Baud Rate Register

5.4.13 Battery Backed-Up System Clock and RAM
The battery backed-up system clock and RAM are part of the same chip. A battery, charged when the
system is turned on, maintains the clock and RAM.

The clock’s internal system contains a bit to indicate if the clock power gets too low and the time and date
may no longer be valid. The bit is in the CSR3 register and is called the VRT (valid RAM and time) bit.
See section on CSR3 for details of the VRT bit.

The chip can also be programmed to interrupt the CPU at a specified alarm time or at a periodic rate. The
periodic rate can be programmed to one of 13 frequencies from 2 Hz to 8.192 KHz. There is no line time
clock.

The clock keeps time accurate to within 1 minute per month. This assumes that the system module is
installed in the Professional 300 series system box and operates within the specified temperature limits for
the system. See Section 5.6 for accuracy and temperature specifications.

5.4.13.1 Clock Interface -

Addresses

17773000 Seconds
17773002 Seconds alarm
17773004 Minutes
17773006 Minutes alarm
17773010 Hours
17773012 Hours alarm
17773014 Day of week
17773016 Date of month
17773020 Month
17773022 Year
17773024 CSRO
17773026 CSR1
17773030 CSR2
17773032 CSR3

Vector

230

All 14 registers use only the low byte. The high bytes are always read as all Os. Writes to high bytes have
no effect.
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Time, Date, Alarm Registers

The first 10 registers (17773000-17773022) handle the time, date, and alarm functions. Refer to Table 5-
19. The contents of these 10 registers can be programmed into either binary or BCD format. All of the
registers must be the same format. Bit 02 in CSR1 determines the data format. The hours and hours alarm
registers can be programmed into either 12 or 24 hour format. Both registers must be the same format.
When the 12 hour format is selected, bit 07 of the two registers indicates AM (when cleared) or PM (when
set). The day of week register counts cyclicly from 1 to 7 where 1 represents Sunday. The year register
counts cyclicly from 00 to 99. The three alarm registers can generate an interrupt to the processor at the
specified time if the alarm interrupt enable bit is set in CSR1. Each of the alarm registers can be
programmed to a “don’t care” state by setting bits 06 and 07. This allows alarm interrupts to occur every
hour, every minute, or every second if specified. All 10 time, date, and alarm registers can be read or
written to, but it must be done according to the procedures described in the following paragraphs.

A time and date update cycle starts once each second. The time and date increment by one second and the
time is compared to the alarm registers during the update cycle. The update cycle continues for 1984 us,
during which the 10 time, date, and alarm registers are not accessible. Undefined data results if any of
these registers are read during an update cycle. There are two methods of assuring correct data:

Table 5-19 Time, Date, and Alarm Modes

Decimal BCD Mode

Address Function Range Binary Mode in Hexadecimal
17773000 Seconds 00-59 000-073 00-59
17773002 Seconds alarm 00-59 000-073 00-59
17773004 Minutes 00-59 000-073 00-59
17773006 Minutes alarm 00-59 000-073 00-59
17773010 Hours: 12-hour

AM mode 01-12 001-014 01-12

Hours: 24-hour

PM mode 01-12 201-214 81-92

Hours: 24-hour

mode 00-23 000-027 00-23
17773012 Hours alarm:

12-hour AM mode 01-12 001-014 01-12

Hours alarm:

12-hour PM mode 01-12 201-214 81-92

Hours alarm:

24-hour mode 00-23 000-027 00-23
17773014 Day of week 01-07 001-007 01-07
17773016 Date of month 01-31 001-037 01-31
17773020 Month 01-12 001-014 01-12
17773022 Year 00-99 000-143 00-99
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Bit 07 in CSRO is the update-in-progress bit (UIP).
The UIP bit pulses once per second. After the UIP bit goes high, the update cycle begins 244 us
later. If the UIP bit is read as a low, the program has at least 244 us to read the time and date

1 N atinn imannnccihla T b TITD Wis S0 enn d oo
before the update cycle begins and makes the information inaccessible. If the UIP bit is read as

a high, the time and date may not be available.

CAUTION
If this method is used, the program should avoid
interrupts with service routines that would cause the
time needed to read the time and date to exceed 244
us.

An update ended interrupt is provided to indicate that the update cycle is completed. This
interrupt occurs at the end of the update cycle if the update interrupt enable bit is set in CSR 1.
This method gives the program almost a full second to read the time and date before the next
update cycle. The interrupt service routine must clear the update ended flag bit in CSR2 for
correct operation. See the section on CSR2 for more details.

Care must also be taken when writing to the 10 time, date, and alarm registers. Setting the time and date
or programming the alarm must not be done during an update cycle. The following procedures should be
used.

N

1.

Setting the time and date is done by using the SET bit in CSR1. Setting the SET bit inhibits
update cycles. If an update is in progress when the program sets the SET bit, the update is
completed. With updates halted, the program should select the specified formats in CSR1,
initialize the time and date registers with the appropriate information, and initialize the alarm
registers if used. The SET bit can then be cleared to enable update cycles to occur normally.

The alarm registers can be initialized when the time and date are set or when an update cycle is
not in progress (using one of the two previously described methods).

Control/Status Register 0 (CSR0)

Bit

)
]

e

07 06 05 04 03 02 01 00

UIP | DV2 [ DV1 | DVO | RS3 | RS2 | RS1 | RSO

MA 0,135

UIP - Update in Progress. The UIP bit is a status flag that may be
monitored by the program. It is set 244 us before an update cycle
starts and is cleared immediately after the update cycle is complete.
UIP is not effected by a RESET.

It is a read-only bit.
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Bits 06-04 DV2-DVO0 - Divider Control. These bits should be initialized to the

following.
DV2 DV1 DVO0
0 | 0

Any other state of these 3 bits cause incorrect clock operation. These
bits are not affected by RESET.

They are read/write bits.
Bits 03-00 RS3-RS0 - Rate Select. These 4 bits select one of 13 periodic rates to

generate an interrupt. These bits are not affected by RESET. The peri-
odic rates are selected as follows.

RS3 RS2 RS1 RSO Periodic Rate Frequency
0 0 0 0 None None

0 0 0 1 3.90625 ms 256 Hz
0 0 1 0 7.8125 ms 128 Hz
0 0 1 1 122.070 us 8192 Hz
0 1 0 0 244.141 us 4096 Hz
0 1 0 1 488.281 us 2048 Hz
0 1 1 0 976.562 us 1024 Hz
0 1 1 1 1.95313 ms 512 Hz
1 0 0 0 3.90625 ms 256 Hz
1 0 0 1 7.8125 ms 128 Hz
1 0 1 0 15.625 ms 64 Hz
1 0 1 1 31.25 ms 32 Hz
1 1 0 0 62.5 ms 16 Hz
1 | 0 1 125.0 ms 8 Hz
1 1 1 0 250.0 ms 4 Hz
1 1 1 1 500.0 ms 2 Hz

The accuracy of these rates is +0.0025 %.

They are read/write bits.

Control /Status Register 1 (CSR1)

Q7 06 05 04 03 02 01 00

SET | PIE | AIE | UIE | N/U | DM }24/12| DSE

MA-10,134

Bit 07 SET - The SET bit halts update cycles to initialize the time and date
registers. When set, update cycles are inhibited. If the bit is set during
an update, the update cycle is completed. When cleared, normal update
cycles occur. SET is not effected by RESET.

It is a read/write bit.
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Bit 06

Bit 05

Bit 04

Bit 03

Bit 02

Bit 01

Bit 00

PIE - Periodic Interrupt Enable. When set, it enables periodic inter-
rupts at the rate selected by bits RS3-RS0 in CSR0. When cleared, no
periodic interrupts occur. PIE is cleared by RESET.

It is a read/write bit.

AIE - Alarm Interrupt Enable. When set, it enables alarm interrupts to
occur at the time specified in the alarm registers. When cleared, no
alarm interrupts occurs. AlE is cleared by RESET.

It is a read/write bit.

UIE - Update ended Interrupt Enable. When set, it enables an inter-
rupt to occur at the end of each update cycle. When cleared, no update
interrupts occur. UIE is cleared by RESET.

It is a read/write bit.
N/U - It is not used and is cleared by RESET.
It is a read/write bit.

DM - Data Mode. When set, it indicates that the time, date, and alarm
registers are in binary format. When cleared, BCD format is selected.
DM is not effected by RESET. DM should only be changed when
initializing all the time and date registers.

It is a read/write bit.

24/12 - 24 Hour Mode/12 Hour Mode. When set, it selects 24 hour
clock format. When cleared, it selects 12 hour clock format. AM or
PM is indicated by bit 07 in the hours register. 24/12 is not affected
by RESET. 24/12 should only be changed when initializing all the time
and date registers.

It is a read/write bit.

DSE — Daylight Savings Enable. When set, two special updates are
enabled. On the last Sunday in April the time increments from 1:59:59
AM to 3:00:00 AM. On the last Sunday in October when the time
reaches 1:59:59 AM for the first time, it changes to 1:00:00 AM.
When DSE is cleared, these special updates do not occur. DSE is not
effected by RESET. DSE should not be changed during an update
cycle.

It is a read/write bit.
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Control/Status Register 2 (CSR2)

Bit 07

Bit 06

Bit 05

Bit 04

Bits 03-00

07 06 05 04 03 02 01 00

IRQF | PF AF UF [¢] 0 0 0

MA-10,133

IRQF - Interrupt Request Flag. When set, it indicates that the clock is
generating an interrupt to the processor. IRQF is set when one or more
of the following conditions occur.

1. The PIE and PF bits are both set.
2. The AIE and AF bits are both set.
3. The UIE and UF bits are both set.

It is a read-only bit.

PF - Periodic Interrupt Flag. PF is set at the end of each period time.
The period time is determined by the periodic rate bits RS3-RS0. PF
is set independently from the state of the PIE bit. PF set generates a
clock interrupt to the processor and causes a one to appear in the IRQF
bit if the PIE bit is also set. PF is cleared by RESET or by reading
CSR2.

It is a read-once bit.
AF - Alarm Interrupt Flag. AF is set when the time matches the alarm

time. AF is set independently from the state of the AIE bit. AF set
generates a clock interrupt to the processor and causes a 1 to appear in

the IRQF bit if the AIE bit is also set. AF is cleared by RESET or by
reading CSR2.

It is a read-once bit.

UF - Update-ended Interrupt Flag. UF is set after each update cycle
has completed. UF operates independently from the state of the UIE
bit. UF set generates an interrupt to the processor and causes a 1 to
appear in the IRQF bit if UIE is also set. UF is cleared by RESET or
by reading CSR2.

It is a read-once bit.

They are not used and are always read as Os.

They are read-only bits.
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Control/Status Register 3 (CSR3)

VRT 0 0 0 0 0 0 0

MA-10,132

Bit 07 VRT - Valid RAM and Time. When set, it indicates that the ciock has
not lost power and that the time and date have been updated correctly
since last initialized. If cleared, it indicates that the power to the clock
got too low and the time and date may not be valid. The processor
should set the VRT bit when it initializes the clock. Reading CSR3 sets
the VRT bit. VRT is not effected by RESET. This bit also indicates
the validity of the battery backed up RAM.

It is a read-once bit.
Bits 06-00 They are not used and are always read as 0s.
They are read-only bits.

5.4.13.2 System Clock Default State After Power Up — The firmware initializes the clock after the
power-up self-test is completed. This default state follows.

CSR 0:
bits <06:04>
bits <03:00>

0 1 0 (divider control)
0 0 0 0 (no periodic rate)

CSR 1:
bit 07 (the set bit) is cleared if the battery power got too low and is not effected otherwise
bits <06:04> = 0 0 O (interrupt enables cleared)
bits <03:00> are not effected

CSR 2:
read-only register not initialized by firmware

CSR 3:
bit 07 = 1 (VRT bit always set)

5.4.13.3 Battery Backed-Up RAM

Addresses
17773034-17773176 50 bytes RAM

All 50 RAM locations use only the low byte. The high bytes are always read as all Os and writes to high
bytes have no effect.
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5.4.14 Maintenance ODT

A part of the microcode in the processor emulates the capability found on a “lights and switches” console.
However the Professional 350 computer does not have a “lights and switches” console or a console switch
register at bus address 17777570. Therefore, a terminal at the standard bus address of 17777560 can
perform console functions. Communication between the processor and the user is through a series of
ASCII characters which the processor interprets as console commands. The terminal addresses, 17777560
through 17777566 are generated in microcode and can not be changed.

This feature is called microcode on-line debugging technique (Micro-ODT). Micro-ODT accepts 16-bit
addresses, allowing it to access 56 kilobytes of memory plus the 8 kilobyte 1/0 page.

5.4.14.1 Terminal Interface — The hardware interface for a terminal (serial line) to communicate with
ODT is the printer port. A terminal cable (PB BCC08) must be used instead of the printer cable (PN
BCCO0S). If the terminal cable is not used, read accesses of the terminal CSRs (addresses 17777560 and
17777564) results in all Os indicating that the transmitter and the receiver are not ready. See Section
5.4.15 for details about these cables and the maintenance terminal.

5.4.14.2 Entry Conditions - The ODT console mode can be entered as follows.

1. Execution of a HALT instruction in kernel mode.
or

2. From the maintenance terminal by pressing the BREAK key on the keyboard. The BREAK
ENABLE bit in the system CSR must be set and the terminal cable must be used or BREAK is
ignored.

On entry, ODT causes the following initialization.
1. Prints a <CR> and <LF>.
2. Prints the PC (program counter contents) in 6 digits (16-bit octal).

3. Performs a read from RBUF (input data buffer at 17777562) and then ignores the character
present in the buffer. This prevents ODT interpreting false characters or user program charac-
ters as a command.

4. Prints a <CR> and <LF>.
5. Prints the prompt character “@”.

6.  Enters a wait loop for terminal input. The DONE flag (bit 7) in RCSR at 17777560 is
continuously tested via a read by the processor for a 1. If it is a 0, the processor keeps testing.

5.4.14.3 ODT Operation of Serial Line Interface - The processor’s microcode operates the serial
interface in half-duplex mode by using program I/O techniques instead of interrupts. This means that
when the ODT microcode is busy printing characters using the output side of the interface, the microcode
is not monitoring the input side for incoming characters. In this condition, all incoming characters are lost.
Although the USART chip may post overrun errors, the microcode does not check any error bits in the
serial interface.

NOTE
Do not try to type ahead to ODT because those
characters will not be recognized. More important-
ly, if another processor is at the end of the serial
line, it must use half duplex operation. No input
characters should be sent untii ODT’s output is
completed.
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The input sequence for ODT is on entry to ODT, the RBUF register is read and the character ignored to
eliminate a possible faise command ODT before continuing with the input sequence.

1. Read RCSR bit 7 (Done Flag). If a 0, continue testing.
2.  If RCSR bit 7 is a 1, read low byte of RBUF.
The following is the output sequence of ODT.
1. Read XCSR bit 7 (Done Flag). If a 0, continue testing.
2. If XCSR bit 7 is a 1, write the character into the low byte of XBUF.

5.4.14.4 Command Set — This section describes the ODT command set. For these examples, the
processor’s response appears in boldface type and the user’s entry is depicted in medium type. The
commands are a subset of ODT-11 and use the same command characters. ODT has 10 internal states.
Each state recognizes certain characters as valid input and responds with a “?” to all others. Table 5-20
describes these states.

The parity bit (bit 7) on all input characters is ignored, not stripped, by ODT. If the input character is
echoed, the state of the parity bit is copied to the output buffer (XBUF). Output characters internally
generated by ODT (for example, <CR>) have the parity bit equal to 0. All commands are echoed except
for <LF>.

To describe the use of a command, some commands are referred to before they are defined. This section
should be scanned first for familiarity and then re-read for detail. The word location refers to a bus
address, processor register, or processor status word (PSW).

/ (ASCII 057) Slash

This command opens a bus address, processor register, or PSW and is normally preceded by other
characters that specify a location. In response to /, ODT prints the location contents (for example, six
characters) and then a space (ASCII 40). After printing is complete, ODT waits for either new data for
that location or a valid close command. The space character is issued so that the location’s contents and
possible new contents entered by the user can be seen on the terminal.

Example: @001000/012525 <SPACE>
where:
@ = ODT prompt character
001000 = octal location in the address space specified by the user (leading Os are not
needed)
/ = command to open and print contents of location
012525 = contents of octal location 1000
<SPACE> = space character generated by ODT
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Table 5-20 ODT States

Example of Valid
State Terminal Output Input Comments
1 @ 0-7 Octal digits
R, $
G
P
CTL-SHIFT-S
H
2 @R OR @$ 0-7
S
3 @1000/123456 0-7
CR
LF
4 @R1/123456 0-7
CR
LF
S @1000 0-7
/
G
6 @R1 OR @RS 0-7
S
/
7 @1000/123456 1000 0-7
CR
LF
8 @R1/123456 1000 0-7
CR
LF
9 @/ Previous
location
was opened
10 @ CTL-SHIFT-S | 2 binary
bytes
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The / command can be used without a location specifier to verify the data just entered into a previously
opened location. The / produces this result only if it is entered immediately after a prompt character. A /
issued immediately after the processor enters ODT mode prints a ? <CR> <LF> because a location has
not yet been opened.

Example: @1000/012525 <SPACE> 1234 <CR> <CR> <LF>
@/001234 <SPACE>

where:

first line = new data of 1234 entered into location 1000 and location closed with
<CR>.

a / was entered without a specified location and the previous location
was opened to show that the new contents were correctly entered.

second line

<CR> (ASCII 15) Carriage Return
This command closes an open location. If a location’s contents are to be changed, precede the <CR> with
the new data. If no change is specified, <CR> closes the location without changing its contents.

Example: @R1/004321 <SPACE> <CR> <CR> <LF>
@

Processor register R1 was opened and no change was specified so the user issued <CR>. In response to the
<CR>, ODT printed <CR> <LF> and @.

Example: @R1/004321 <SPACE> 1234 <CR> <CR> <LF>
@

In this condition, the user wanted to change R1 and the new data, 1234, was entered before issuing the
<CR>. ODT deposited the new data in the open location and then printed <CR> <LF> and @.

ODT echoes the <CR> entered by the user and then prints <CR> <LF> @.

<LF> (ASCII 12) Line Feed

This command closes an open location and then opens the next contiguous location. Bus addresses and
processor registers are incremented by two and one respectively. If the PSW is open when a <LF> is
issued, it closes and prints a <CR> <LF> @; no new location is opened. If the open location’s contents are
to be changed, the new data should precede the <LF>. If no data is entered, the location is closed without
being modified.

Example: @R2/123456 <SPACE> <LF> <CR> <LF>
@R3/054321 <SPACE>

In this example, the user entered <LF> with no data preceding it. In response, ODT closed R2 and then
opened R3. When a user has the last register, R7, open and issues <LF>, ODT returns to the beginning
register, RO.

Example: @R7/000000 <SPACE> <LF> <CR> <LF>
@R0/123456 <SPACE>

Unlike other commands, ODT does not echo the <LF>. Instead it prints <CR> then <LF> so that
teletype printers operate correctly. In order to make this easier to decode, ODT also does not echo ASCII
0. 2 or 10, but responds to these 3 characters with ? <CR> <LF> @.
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$ (ASCII 044) or R (ASCII 122) Internal Register Designator
Either character, when followed by a register number up to 7, or PSW designator, S, opens that specific
processor register.

The $ character is compatible with ODT-11. The R character provides an easy one key stroke and is
representative of what it does (R = Register).

Example: @%0/000123 <SPACE>
Example: @R7/000123 <SPACE>

If more than one character (digit or S) after the $ or R is typed, ODT uses the last character as the register
designator. An exception: If the last three digits equal 077 or 477, ODT opens the PSW instead of R7.

S (ASCII 123) Processor Status Word
This designator opens the PSW (processor status word) and must be used after the user enters an $ or R
register designator.

Example: @RS/100377 <SPACE> 0 <CR> <CR> <LF>
@/000010 <SPACE>

Note that the trace bit (bit 4) of the PSW can not be modified by the user. This is so that PDP-11 program
debug utilities (for example, ODT-11), which use the T bit for single stepping, are not accidentally
damaged by the user. If the user issues a <LF> while the PSW is open, the PSW closes and ODT prints a
<CR> <LF> @. No new location is opened in this example.

G (ASCII 107) GO
This command starts program execution at a location entered immediately before the G. This function is
equivalent to the LOAD ADDRESS and START switch sequence on other PDP-11 consoles.

Example: @200G <NULL> <NULL>
The following is the ODT sequence for a G.

I. Prints two nulls (ASCII 0) so the bus initialize that follows does not purge the G character from
the double buffered USART chip in the serial line interface.

2. Loads R7 (PC) with the entered data. If no data is entered, O is used. In the above example, R7
equals 200 and this is where program execution will start.

3. The PSW and FPS (floating point status) registers are cleared to 0.

P (ASCII 120) Proceed
This command continues execution of a program and corresponds to the CONTINUE switch on other
PDP-11 consoles. No programmer visible machine state is modified using this command.

Example: @P

Program execution continues at the place pointed to by R7. After the P is echoed, the ODT state is left
and the processor immediately enters the state to fetch the next microinstruction. If a HALT request is
asserted, it is recognized at the end (during the service state) of the instruction and the processor enters the
ODT state. On entry, the PC (R7) contents are printed. A user can single instruction step through a
program and get a PC “trace” displayed on the terminal, a HALT request can be asserted by using the H
command.
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H (ASCII 110) Halt

The H command asserts a HALT request to the processor and corresponds to the HALT switch on other
PDP-11 consoles. Each time the H command is typed, an internal halt request flip-flop is toggied. On
entering ODT, the halt request flip-flop is cleared (not asserting a halt request). Typing the H toggles the
flip-flop and asserts a halt request. Typing the H again resets the flip-flop and clears the halt request. This
allows the user to single step through this code. To single step, the H command should be used to assert a
halt request to the processor. Then, each time the P command is typed, one instruction is executed. When
single stepping is no longer wanted, type the H command followed by one more P command.

Example: @H <CR> <LF>
@

<CONTROL-SHIFT-S> {(ASCII 23) Binary Dump
This command is for manufacturing test purposes and is not a normal user command. It displays a part of
memory more efficiently than using the / and <LF> commands. The protocol is as follows.

1. After a prompt character, ODT receives a control-shift S command and echoes it.

2. The host system at the other end of the serial line must send two 8-bit bytes which ODT
interprets as a starting address. These 2 bytes are not echoed.

The first byte specifies starting address bits <15:8> and the second byte specifies starting
address bits <7:0>. Bus address bits <21:16> are always forced to 0; the dump command is
limited to the first 64 kilobytes of address space.

3. After the second address byte has been received, ODT outputs to the serial line 12 octal bytes
starting at the address specified previously. When the output is done, ODT prints <CR> <LF>
@.

To exit from the command, if accidentally entered, enter two @ characters (ASCII 100) as a
starting address. After the binary dump, the user will receive a prompt character, @.

5.4.14.5 Address Specification — The Professional 300 series Micro-ODT accepts 16-bit addresses,
allowing it to access 56 kilobytes of memory plus the 8 kilobyte 1/O Page. Addresses 000000 through
157776 correspond to the first 56 Kilobytes of physical memory. Addresses 160000 through 177776
correspond to the 1/O page (physical locations 17760000 through 17777776). If an address with more
than 16 bits is specified, only the 16 least significant bits are used.

Processor I/0 Addresses

Certain processor and MMU registers have 1/0 addresses assigned to them for programming purposes. If
referenced in ODT, the PSW responds to its bus address, 177776. Processor registers RO through R7 do
not respond (time out occurs) to bus addresses 177700 through 177707 if referenced in ODT.

The MMU contains status registers and PAR/PDR pairs. These registers can be accessed from ODT by
entering their bus address.

Example: @177572/000001 <SPACE>

In this example, memory management status register 0 was opened and the memory management enable
bit is set.

The floating point accumulators, which are also in the MMU chip, cannot be accessed from ODT. Only
floating point instructions can access these registers.
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Stack Pointer Selection

Accessing kernel and user stack pointer registers is done as follows. When R6 is referenced in ODT, it
accesses the stack pointer specified by the PS current mode bits (PS<15:14>). This is done for conve-
nience only. If a program operating in kernel mode (PS<15:14> = 00) is halted and R6 is opened, the
kernel stack pointer is accessed.

Similarly, if a program is operating in user mode (PS<15:14> = 11), R6 accesses the user stack pointer. If
a different stack pointer is wanted, the user must change PS<15:14> to the appropriate value and then the
R6 command can be used. If an operating program is halted, the original value of PS<15:14> must be
restored to continue execution.

Example: PS = 140000
@R6/123456 <SPACE>
The user mode stack pointer has been opened.
@RS/140000 <SPACE> <CR> 0 <CR> <CR> <LF>
@R6/001000 <SPACE> <CR> <CR> <LF>
@RS/000000 <SPACE> 140000 <CR> <CR> <LF>
@P

In this example, the kernel mode stack pointer was specified. The PS was opened and PS<15:14> was set
to 00 (kernel mode). Then R6 was examined and closed. The original value of PS<15:14> was restored
and then the program was continued using the P command.

If PS<I15:14> are set to 01, another unique register within the processor is accessed. This register is
reserved for future Digital use.

Entering Octal Digits

In general, when specifying an address or data, ODT uses the last six octal digits if more than six have been
entered. The user need not enter leading Os for either address or data; ODT forces Os as the default. If an
odd address is entered, the low order bit is ignored and a full 16-bit word is displayed.

ODT Timeout
If the user specifies a non-existent address, ODT responds to the bus timeout by printing ? <CR> <LF>
@. The bus timeout is approximately 6.5 us.

5.4.14.6 Invalid Characters - In general, any character which ODT does not recognize during a specific
sequence is echoed (except the ASCII codes 0, 2, 10, or 12) and ODT prints a ? <CR> <LF> @,

ODT has 10 internal states and each state has its own set of valid input characters. Some commands are
only allowed when in certain states or sequences. This lowers the chance of a user accidentally destroying
data by pressing the wrong key. Table 5-20 defines the states and valid input characters.

5.4.15 Maintenance Terminal

The maintenance terminal is included as a debugging and testing feature. Physically, it is the same port as
the printer port. The printer port can be made to simulate a standard PDP-11 DL interface. When a
terminal is connected to the port instead of a printer, accesses to the maintenance terminal addresses
17777560-17777566 function like the standard DL interface. In this mode, the port programs like a DL
serial device with a receiver CSR, a receiver data buffer, a transmitter CSR, and a transmitter data buffer.
Accesses to these registers when a terminal is not connected to the port result in reads of all Os and writes
that have no effect. Accesses to the printer port registers, 17773400—17773406 operate normally regard-
less of the device connected to the port.

5-126



Interrupts are not handled like a standard terminal DL. There are no interrupt enable bits in the CSR
registers at locations 17777560 and 17777564. Interrupts must be enabled, disabled, and handled through
interrupt controller C like the printer port interrupts. The vectors can be changed from the printer port
vectors of 220 and 224 to the terminal vectors of 60 and 64 by reprogramming the response memory in
interrupt controiier O (see Section 5.4.6).

Hardware break detection can be enabled when a terminal is connected to the port. This allows the
processor to halt into micro-ODT when the break key is depressed on the terminal. The hardware break
detection has no effect if a printer is connected to the port.

The hardware determines that a terminal is connected to the port when pins 8 and 9 of the printer port
connector, J6, are shorted. When using the port for a printer, a printer port cable (PN BCCO05) should be
used. The printer cable does not short pins 8 and 9. When using the port for a terminal, a terminal port
cable (PN BCCO08) should be used. The terminal cable shorts pins 8 and 9.

5.4.15.1 Maintenance Terminal Interface

Addresses

17777560 Receiver CSR
17777562 Receiver data buffer
17777564 Transmitter CSR
17777566 Transmitter data buffer
Vectors

220* Receiver

224* Transmitter

All four registers use only the low byte. Writes to high bytes have no effect and high bytes are read as all
0s. The operation of each terminal register is given below.

Receiver Control and Status Register (RCSR)

07 06 05 04 03 02 01 00

RD 0 0 0 0 0 0 0

MA-10,131

Bit 07 RD - Receiver Done. This bit indicates that a character was received
by the interface receiver. Each time a new character is received, the
RD bit is set. RD is cleared by reading the receiver data buffer register
or by a RESET.
It is a read-only bit.

Bits 06-00 They are not used and are always read as 0s.
They are read-only bits.

* Vectors of 60 and 64 can be obtained by programming interrupt controller 0. Interrupts on this port are not
handled like a standard PDP11 DL (see description above).
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Receiver Data Buffer Register (RBUF)

07 06 05 04 03 02 01 00

DAT7 | DAT6|DATS5|DAT4 [DAT3 [DAT2|DAT1|DATO

MA-10,130

Bits 07-00 DAT7-DATO - Data. This register contains the last received character.
Reading the register clears RD. Writes to the register have no effect on
the data in the register nor the RD bit.

They are read-only bits.

Transmitter Control and Status Register (XCSR)

07 06 05 04 03 02 01 00

TR 0 0 0 0 0 0 0

MA-10,129

Bit 07 TR - Transmitter Ready. This bit indicates that the transmitter data
buffer register is ready to be loaded with another character. Each time
the transmitter data buffer is loaded, the TR bit is cleared. TR is set
by a RESET or when the transmitter data buffer becomes ready.

It is a read-only bit.
Bits 06-00 They are not used and are always rea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>