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PREFACE

This addendum contains information for service engineers, technicians, or other interested persons who
need to know how the Rainbow™ PC100-B and Rainbow™ 100+ computers are designed and operate.

Included are explanations of the features, capabilities, system architecture, and technical characteristics as
well as general reference data. The addendum also describes the differences between the Rainbow PC100-
A and Rainbow PC100-B computers. The addendum is divided into the following chapters and
appendixes.

Chapter 1, Introduction, contains a general description of the PC100-B system unit and
describes the differences between the Rainbow PC100-A and PC100-B computers.

Chapter 2, Operating Information, provides basic operator information, including using the
keyboard and set-up modes for setting or changing the computer characteristics.

Chapter 3, PC100-B System Module Technical Description, contains a technical description of
the PC100-B system module.

Chapter 4, Winchester Hard Disk Controller, provides a general, physical, and functional
description of the Winchester hard disk controller as well as programming and interfaces
information.

Chapter S, Power Supply and Fan Assembly, provides a physical, functional, and detailed
circuit description of the H7842-D power supply.

Appendix A, Rainbow Computer Parts List, contains a list of the user-replaceable parts for
Rainbow computers.

Appendix B, Diagnostic Tests, describes the internal ROM resident diagnostic and diskette
resident diagnostic tests used to detect and isolate problems that may occur in the computer.

Appendix C, Character Generator ROM Codes, contains a list of the hexadecimal codes used to
display the characters of the ASCII, United Kingdom, Special Graphics, and DEC Multination-
al Character sets.

Appendix D, Glossary, is a glossary of terms and abbreviations used in this addendum.

Many terms used in this addendum are written out the first time they appear followed by an abbreviation
or mnemonic in parenthesis that is generally used thereafter. Numbers may be given in binary, octal,
decimal, or hexadecimal (hex). The decimal form is used for numbers in general; the hexadecimal form for
data and addresses. An H following a number indicates a hexadecimal number.
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CHAPTER 1
INTRODUCTION

1.1 GENERAL DESCRIPTION

There are three basic versions of the Rainbow personal computer; the Rainbow model PC100-A, the
Rainbow model PC100-B, and the PC100-A with a Winchester upgrade kit. The PC100-B with a
Winchester hard disk drive as standard equipment is called the Rainbow 100+. Each of these computers
uses and 8088™ processor and Z80A® processor in a dual-processor system architecture that allows

execution of 8-bit or 16-bit application programs using the CP/M®-86/80 or MS™-DOS operating
system.

Each model of the Rainbow computer can store and access programs on a dual diskette drive and on a
Winchester hard disk drive. The hard disk drive is standard on the Rainbow 100+ and can be added as an
option to either the Rainbow model PC100-A or the model PC100-B.

The Rainbow computer comprises three basic units: the system unit, the monitor, and the keyboard.
Figure 1-1 shows the Rainbow computer in two views, one showing the system unit positioned horizontally,
and the other showing the system unit positioned vertically in the optional floor stand.

The same type of monitor and keyboard is used with either model of the computer. The VR201
monochrome monitor displays alphanumeric or graphics video information on a 12.7 X 20.3 cm (5 X 8 in)
viewing area on a 30.5 cm (12 in) diagonal screen. A detailed description of the VR201 monitor is
provided in the Rainbow™ 100 Technical Manual (EK-PC100-TM).

The LK201 keyboard is a low profile keyboard with 105 keys and is the user interface to the system. It
detects keystrokes, encodes them and transmits the information to the system module. The keyboard can
also receive instructions from the system unit. These instructions are used to change keyboard transmission
characteristics and to control the keyboard indicators and beeper. A detailed technical description of the
keyboard is provided in the Rainbow™ 100 Technical Manual (EK-PC100-TM).

The BA25-C small system unit enclosure houses the system module, option modules, and other assemblies
of the Rainbow models PC100-B and 100+. The Rainbow model PC100-A uses the BA25-B small system
unit enclosure.

8088™ is a trademark of Intel Corporation.

Z80A® is a registered trademark of Zilog, Inc.

CP/M® is a registered trademark of Digital Research, Inc.
MS™-DOS is a trademark of Microsoft Corporation.
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SYSTEM UNIT

RAINBOW 100 (PC100-A)
RAINBOW 100+ (PC100-B)

MONITOR

KEYBOARD

SYSTEM UNIT
IN OPTIONAL
FLOOR STAND

LJ-0055

Figure 1-1 Basic Units of the Rainbow Computer
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The Rainbow PC100-A system unit contains the following modules and assemblies.

PC100-A system module (part number 70-19974-00)

64K bytes of main memory (expandable to either 128K bytes or 256K bytes)

A standard dual-diskette drive with the capacity to hold 800K bytes of data on two 5-1/4 inch
diskettes. An optional second dual-diskette drive provides an additional 800K bytes of memory
storage capacity.

An RX50 controller module

A printer multiprotocol serial port for adding an optional printer

A communications multiprotocol serial controller for adding an optional communication link to
another computer

An H7842-A dc power supply

Three option slots for system expansion

A detailed description of the Rainbow 100 system unit is provided in the Rainbow™ 100 Technical
Manual (EK-PC100-TM).

The Rainbow 100+ system unit contains the following modules and assemblies.

PC100-B system module (part number 70-19974-02)

128K bytes of main memory (expandable to 320K bytes in 64K byte increments or 896K bytes
in 256K byte increments)

An RXS50 dual-diskette drive with the capacity to hold 800K bytes of data on two 5-1/4 inch
diskettes

An RX50 controller module

An RD51 hard disk drive which provides 10M bytes of formatted program storage
An RDS51 hard disk controller module

Two option slots on the system module for system expansion

An H7842-D dc power supply

A printer multiprotocol serial port for adding an optional printer

A communications multiprotocol serial port for adding an optional communication link to
another computer

The Rainbow model PC100-B has all the modules and assemblies of the Rainbow 100+ with the exception
of the Winchester hard disk drive and the hard disk controller module.

Table 1-1 provides a comparison of the different Rainbow models, their hardware differences, and system
capabilities.
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Table 1-1 Rainbow Model Comparisons

Hardware and Capability Rainbow PC100-A

Rainbow PC100-A
with Winchester

Rainbow PC100-B or
100+

System module

ROMs

Main system memory
Memory options

Total memory capacity
Power supply

Fan

DC fan cable
Winchester hard disk

Color/graphics option

Extended communication

option

PC100-A
(70-19974-00)

3 (24K bytes)

64K bytes

64K and 192K bytes
256K bytes
H7842-A

AC

Not present

No

Yes

Yes

Automatic memory sizing No

Automatic bootstrap

Capability to boot
from Winchester

No

No

PC100-A
(70-19974-00)

3 (24K bytes)

64K bytes

64K and 192K bytes
256K bytes
H7842-D

AC

Present, but not used
Yes

Yes

No

PC100-B
(70-19974-02)

2 (32K bytes)

128K bytes*

128K and 256K bytes*
896K bytes

H7842-D

DC

Yes

Yest

Yes

i
Yes

Yes

Yes

* The memory capacity of the 128K and 256K byte memory options can be increased in 64K or 256K byte increments.
+ The Winchester hard disk is standard on the Rainbow 100+ and optional on the Rainbow PC100-B.

1 The extended communications option is offered as an option only on the model PC100-B.
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Printer Options — Any printer with the same FCC classification as the Rainbow 100+ computer, such as
the LAS50 Personal Printer, LA100 Printer, or LQP02 Letter-Quality Printer can be used with Rainbow
computers.

1.2 FEATURES AND CAPABILITIES
The following features are standard on the Rainbow 100+ computer.

Power-up selftest diagnostics with error messages and LED readouts
24 lines by 80- or 132-column video display

128K bytes of main memory (RAM)

800K bytes of diskette drive memory

10M bytes of Winchester hard disk drive memory

Built-in controller for a serial printer port and an asynchronous/synchronous communications
port

Programmable baud rates for the printer and communications ports
Hardware/software error messages
Full VT102 ROM-based terminal emulation.

NOTE
The Rainbow model PC100-B has all the above stan-
dard features with the exception of the hard disk
drive; however, this drive can easily be added to the
system.

The Rainbow 100+ and the model PC100-B computers are capable of the following.

Operating CP/M-86/80, concurrent CP/M-86/80, and MS-DOS software programs

Automatically recognizing programs written for 8-bit or 16-bit (Z80 or 8088) processors when
running CP/M-86/80

Expanding main memory to 896K bytes

Supporting an RS-423 printer and/or communications modem

Providing optional color/graphics

Providing optional extended communications ports (only on the model PC100-B)
Automatically sizing memory

Automatically bootstrapping



1.3 SPECIFICATIONS

The general system specifications for the Rainbow 100+ and model PC100-B computers follow. Addition-

al specifications for each unit, module, or option are supplied in the appropriate chapters.

Environment
Temperature

Operating*
Not operating

Relative Humidity

Operating

Not operating
Altitude (maximum)

Operating
Not operating

15°C to 32°C (59°F to 90°F)
—34°C to 60°C (—29°F to 140°F)

20% to 80% with maximum wet bulb
25°C (77°F) and minimum dew point
2°C (36°F)

5% to 90% (noncondensing)

2.4 km (8,000 ft)
9.1 km (30,000 ft)

1.3.1 System Unit and Power Supply Specifications

System Unit Weight and Dimensions:

Height

Length

Width

Weight
Power Supply Type:
AC Input:

120 V (nominal)

220 V to 240 V (nominal)
Line Frequency:

Line Current:

115 Vac
230 Vac

AC Power Consumption:

Power Output:

*  Maximum allowable temperature is reduced by 1.8°C per 1000 m (1°F per 1,000 ft) above sea level. Example: At 2.4 km

16.5 cm (6.5 in)

48.3 cm (19 in)

36.3 cm (14.3 in)

13.6 kg (30 1b)

Transistor, switching type ac to dc converter
Switch-selectable

Single-phase, 3-wire, (90 V to 128 V rms)

Single-phase, 3-wire, (174 V to 256 V rms)

47 Hz to 63 Hz low line, 57 Hz to 63 Hz high line

3.0 A (rms), maximum
2.0 A (rms), maximum

237 W input maximum at full rated dc output load of 142
W, including 3 W of power for the system dc fan

142 W, maximum

(8,000 ft), the maximum temperature is 27.5°C (82°F).
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Regulated Output Voltages:

Load Current Range:

Circuit Protection:
Power Supply Weight and Dimensions:
Height
Length
Width
Weight
1.3.2 Monochrome Monitor Specifications
Characters:

Character Format:

Graphics
(with Graphics Option):

Screen Size:
Screen Viewing Area:

Cursor Type:

Standard Video Output:
Screen Display Phosphor:
Monitor Viewing Angle:
Monitor Weight and Dimensions:
Height
Width
Depth
Weight
1.3.3 Keyboard Specifications

Audio and Visual Indicators:

Diagnostics:

+5.1V 6%

+12.2 V 6%

—-12.0 V7%

5.1 V(2.5 A minimum to 11.5 A maximum)

12.2 V (0.6 A minimum to 6.7 A maximum)

12.0 V (0.0 V minimum to 388 milliamp maximum with
5.1 V load current of 10.5 A and 12.2 V load current of
6.7 A)

Circuit breaker, rated at 4.0 A, externally accessible

9.29 cm (3.66 in)
36.83 cm (14.5 in)
10.87 cm (4.28 in)
2.72 kg (6.0 1b)

7 X 9 dot matrix, includes 2-dot descenders

24 lines X 80 or 132 characters

800 X 240 pixels
30.5 cm (12 in) diagonal measurement
12.7 cm X 20.3 cm (5 in X 8 in)

Keyboard-selectable, blinking block character or blinking
underline

RS170 compatible, monochrome character cell video
White, green, or amber

Adjustable from +5 to —25 degrees

29.2 cm (11.5 in)
349 cm (13.75 in)
31.1 cm (12.25 in)
6.4 kg (14.0 1b)

4 lights and bell-tone generator

Power-up selftest, generates identification code upon pass-
ing test
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Keyboard:

Home Row Key Height:
Keys:

Key Size (each):

Key Spacing:

Key Wobble:

Travel to Activate Keys:
Numeric Data Entry Keypad:
Typing Keys:

Function Keys:
Screen/Cursor Control Keys:
Power:

Keyboard Weight and Dimensions:
Height
Length
Width
Weight

Sculptured key array in four groups

3 cm (1.2 in) above desktop

105 keys; matte, textured-finish, concave surface
1.27 cm (0.50 in) square

1.9 cm (0.75 in) center-to-center (single-width keys)
Less than 0.5 mm (0.020 in)

Less than 0.3 cm (0.12 in)

18 keys

57 keys

20 function keys horizontally positioned below label strip
10 keys on the middle keypad

+12 V +5% at 400 mA, 4.8 W maximum

1.25 cm (0.5 in) to 4 cm (1.6 in) at highest point
53.3 cm (21 in)

17.1 cm (6.75 in)

2 kg (4.5 1b)

1.3.4 RXS50 Dual-Diskette Drive Specifications

Performance:

MFM Storage Capacity Per Diskette
(80 tracks):

MFM Storage Capacity Per Drive:

MFM Storage Capacity Per Track
(10 soft sectors):

MFM Storage Capacity Per Sector:
Average Access Time:

MFM Data Transfer Rate:
Functional Specifications:

Diskettes Per Dual-Diskette Drive:

Number of Recording Surfaces Per
Diskette:

400K (409,600) bytes
800K (819,200) bytes

5,120 bytes
512 bytes

290 ns
250,000 bits/s
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Diskette Rotational Speed: 300 r/min (—1.5% to +1.5% maximum)
Track Density: 96 tracks per inch
Tracks (Per Diskette): 80
Input Power Requirements:
5.0 V (475 V minimum, 5.25 V maximum) at 0.5 A
120 V (11.4 V minimum, 12.6 V maximum) at 1.25 A
Power Dissipation:
Operating 17.5 W typical
Standby 4.2 W typical

Diskette Drive Weight and Dimension:

Height 8.4 cm (3.3 in)
Width 14.7 cm (5.8 in)
Depth 21.6 cm (8.5 in)
Weight 1.7 kg (3.8 Ib)

1.3.5 RDS51 Hard Disk Drive Specifications

Performance:
Formatted capacity per drive 10 Mbytes
Formatted capacity per surface 2.5 Mbytes
Formatted capacity per track 8,192 bytes
Formatted capacity per sector 256 bytes
Sectors per track 32
Average access time 85 ms
Data transfer rate 5 Mbits/s

Functional Specifications:

Disks per drive 2

Number of recording surfaces

per disk 2

Disk rotational speed 3600 r/min £1%

Track density 345 tracks per inch
Recording density 9,074 bits/in (maximum)
Cylinders 306

Read/write heads 4

Input Power Requirements:

12 V £5%, 1.6 A typical, 3.5 A (at power on)
5V £5%, 1.1 A typical, 1.7 A (maximum)

1-9



Power Dissipation:

Typical
Maximum

Hard Disk Drive Weight and Dimensions:

Height
Width
Depth
Weight

1.3.6 Memory Option Specifications
Memory Option Storage Capacity:

PC1XX-AC standard
module configuration

PC1XX-AD standard
module configuration

8.3 cm (3.3 in)
14.6 cm (5.8 in)
20.4 cm (8.5 in)
2.3 kg (4.5 Ib)

128K bytes (18 64K X 1 bit chips)

256K bytes (9 256K X 1 bit chips)

NOTE

To expand the storage capacity of the standard con-
figurations install 64K byte (PC1XX-AY) or 256K
byte (PC1XX-AZ) add-on memory chip sets.

Memory Option Functions:
Memory error reporting
Memory diagnostic capability
Memory option expansion capability

Power Requirements:

PCI1XX-AC
PCI1XX-AD

Module Dimensions:

Width
Length

1.3.7 Color/Graphics Option Specifications:

Graphics Type
Resolution

High-resolution mode

Medium-resolution mode

5 Vdc
5 Vdc

7.57 cm (2.9 in)
25.4 cm (10.0 in)

Bit-mapped

800 pixels horizontally by 240 pixels vertically; 2 planes

of memory

384 pixels horizontally by 240 pixels vertically; 4 planes

of memory
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Number of Colors Displayed (Color Monitor)

High-resolution mode , 4 colors, selectable
Medium-resolution mode 16 colors, selectable
Palette 1,024 for the Rainbow PC100-A*

4,096 for the Rainbow PC100-B and Rainbow 100+
Number of Gray Shades Displayed (Monochrome Monitor)
High-resolution mode 4 gray shades
Medium-resolution mode 16 gray shades

Modes of Operation:

Text mode Writes characters in a 10 X 10 character cell at a speed of
960 char/s.

Graphics mode Supports vector drawing.

Scroll mode Supports jump and 3 speeds of smooth vertical scrolling

with a full or split screen.

Readback mode Reads back a selected bit map memory plane to facilitate
generation of hard copy on a printer or pen plotter. May
also be used for diagnostic purposes.

Power Requirements:

5 Vdc +5% at 3.05 A (typical), 3.36 A (maximum)
12 Vdc +10% at 180 mA (typical), 220 mA (maximum)

Module Dimensions:

Width 14.48 cm (5.7 in)
Length 25.4 cm (10.0 in)

1.3.8 Color Monitor (VR241-A) Specifications

Video Format: Red, green, and blue (RGB) color composite video
(RS170 compatible)

Video Screen: 33 cm (13 in) diagonal, high-resolution color
Display Characteristics: 0.31 mm (0.012 in) dot pitch with bonded 62% anti-glare
filter
Active Raster Size: 24 cm (9.45 in) width X 15 cm (5.9 in) height

* The palette for the Rainbow model PC100-A is 4096 if separate monitors are used for text and graphics.



Synchronization:
Vertical rate
Horizontal rate
Bandwidth
Power Supply Type:
AC input:
115 V nominal
(100 V /115 V /120 V)
230 V nominal

Power consumption
Fuse
Monitor Weight and Dimensions:
Height
Width

Depth
Weight

Selectable, on green or external

60 Hz
15.72 kHz
20 MHz

Transistor, switch type ac to dc converter
Switch-selectable

Single-phase, 3-wire, 90 V to 120 V rms, 47 Hz to 63 Hz
line frequency

Single-phase, 3-wire, 185 V to 256 V rms, 47 Hz to 63 Hz
line frequency

85 W

2.5 A, externally accessible

31.9 cm (12.8 in)
36.3 cm (14.5 in)
43.2 cm (17.0 in)
16.6 kg (36.6 1b)

1.3.9 Extended Communications Option Specifications

Option Digital Part Number:

Functions:

PC1XX-BB

Provides two additional serial communications ports

Supports asynchronous, bit-synchronous, and byte-synchronous protocols

Direct memory access (DMA) and programmed I/O modes

Provides internal serial data loopback for diagnostic testing

Communications Ports:

Port A

Port B

Programmable Baud Rates:

Port B

RS422/RS485 high-speed, half-duplex, fixed 722K baud
rate

RS232C/RS423 low-speed, full-duplex with modem con-
trol, programmable baud rate

50, 75, 110, 134.5, 150, 200, 300, 600, 1,200, 1,800,
2,000, 3,600, 4,800, 9,600, 19,200
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Protocols Supported:

Asynchronous

Byte-synchronous

Bit-synchronous

Synchronization:

Byte-synchronous mode

Bit-synchronous mode

Power Requirements:

Data formats include 5, 6, 7, or 8 data bits, even, odd or
no parity, and 1, 1.5, or 2 stop bits. Detects parity, fram-
ing, and overrun errors.

DDCMP, BISYNC

SLDC, HLDC, X.25 LAP, and ADCCP

External signal or internal detection of a one-byte or
two-byte synchronization pattern. Data is checked by an
internal CRC-16 or CRC-CCITT generation and detec-
tion circuit.

HLDC/SLDC flag generation and recognition, 8-bit
address recognition, automatic zero insertion and deletion,
and automatic CRC-CCITT generation and checking

+5 Vdc at 790 mA (typical), 1.1A (maximum)
+12.0 Vdc at 39 mA (typical), 54 mA (maximum)
—12.0 Vdc at 39 mA (typical), 54 mA (maximum)

Module Dimensions:

Width
Length

Communications Connectors:

Port A
Port B

1.4 REFERENCE DOCUMENTATION

9.90 cm (3.9 in)
25.4 cm (10.0 in)

Nine pin subminiature “D” type
Twenty-five pin subminiature “D” type

Additional documentation containing information pertaining to the Rainbow computer is available from

Digital as well as other sources.
Digital Documentation

Title

Digital Part No.*

Color/Graphics Option Programmer’s Reference Guide AA-AE36A-TV

Rainbow™ Installation Guide
Rainbow™ 100 Owner’s Manual
Rainbow™ Owner’s Manual

EK-R100E-IN
EK-P100E-OM¢¥
EK-R 100E-OM3

Rainbow™ 100 User’s Service Guide EK-P100E-SV
Rainbow™ Memory Board Option Installation Guide EK-RBMXE-IN
PC100 Rainbow™ System Unit IPB EK-SB100-IP
Rainbow™ 100 Technical Manual EK-PC100-TM

Rainbow™ Pocket Service Guide

EK-PC100-PS-002
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Rainbow™ Winchester Disk Option Installation Guide
Rainbow™ 100 Winchester Disk Option Upgrade

and Installation Guide

Rainbow™ Color/Graphics Option Installation Guide
Rainbow™ 100 Extended Communications Option Installation Guide
Rainbow™ 100 Extended Communications
Programmer’s Reference Guide

Rainbow™ CP/M-86/80 Getting Started

Rainbow™ CP/M-86/80 User’s Guide

Rainbow™ MS™-DOS User’s Guide

Rainbow™ MS™-DOS Advanced User’s Guide
Rainbow™ 100 Getting Started

Rainbow™ 100 User’s Guide

Rainbow™ GSX-86 Getting Started

Rainbow™ GSX-86 Programmer’s Reference Manual
VR241-A Color Video Monitor Pocket Service Guide

These manuals can be ordered from:
Digital Equipment Corporation
Accessories and Supplies Group
P.O. Box CS2008
Nashua, New Hampshire 03061

Other Documentation

Title

iAPX 88 Book

8251 A Programmable USART Specifications
8237 A-5 DM AC Specifications

Z80A Technical Manual

7201 MPSC Specification
7220 GDC Design Manual

WDI1010 Winchester Disk Controller
Specification

WDI1793 Floppy Disk Formatter/Controller
Specification

EK-RBWIN-IN+}
EK-PCWIN-IN*

EK-PCCOL-IN
EK-PCEXC-IN
AA-V172A-TV

AA-Y523B-TV
AA-Y524A-TV
AA-YB894A-TV
AA-YI983A-TV
AA-NS75B-TV*

AA-P300B-TV*
AA-V526A-TV

AA-W964A-TV
EK-VR241-PS

Order From

Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

Zilog, Inc.
10340 Bubb Road
Cupertino. CA 95014

NEC Microcomputers, Inc.
173 Worcester Street
Wellesley, MA 02181

Western Digital Corp.
2445 McCabe Way
Irvine, CA 92714

* The first two letters of the part number designate the type of manual. EK = hardware manual, AA = software manual.

+ Rainbow PC100-A only (This manual has three magenta stripes on the cover.)
¥ Rainbow PC100-B only (This manual has a rainbow on the cover.)
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CHAPTER 2
OPERATING INFORMATION

2.1 GENERAL

This chapter describes the procedures for operating the Rainbow PC100-B computer without going into
details on software use or application programs. Refer to the Rainbow™ CEB/M®-86/80 User’s Guide
(AA-Y524A-TV), the Rainbow™ MS™-DOS User’s Guide (AA-Y894A-TV), and the Rainbow™ GSX-
86 Programmer’s Reference Manual (AA-W964A-TV) for information on the use of software or
applications programs.

2.2 USING DISKETTES
1.  Always handle diskettes by the label end.
2. Keep diskettes away from magnetic tools.

3. Insert diskettes so that the orange arrow on the diskette points to the orange strip on the front
bezel which becomes visible when the drive door is open.

4.  Never insert and remove diskettes when power is off.
5.  Never remove a diskette when the light on the front of that drive is on.

6.  Use pre-formatted diskettes when possible. RX50 diskettes can be pre-formatted or formatted
in the field.

7. Use write-protect tabs for the operating system diskettes and for other diskettes you want to
write-protect. Write-protect tabs are available at most computer stores.

2.3 POWERING UP THE RAINBOW PC100-B COMPUTER

The Rainbow PC100-B computer has an auto-boot feature, that, when selected, automatically transfers
(loads) the operating system program from a selected auto-boot device into memory when you turn on the
computer. The screen the computer displays after power-on or reset depends on whether you select any of
the auto-boot devices to auto-boot the operating system. The following paragraphs describe the operation
performed and the displays produced by the computer when it is powered on either with or without the
auto-boot feature selected.

The following power-on procedures assume that the Rainbow PC100-B computer has been properly
installed and previously powered up in accordance with the instructions given in the Rainbow™ Installa-
tion Guide (EK-R100E-IN).

2.3.1 Power On Without Auto-Boot

1. Place the power switch on the front of the system unit to 1 (on). At this point the Rainbow
PC100-B computer runs an internal ROM-based power-on selftest to determine if the computer
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can load a diskette and run as a terminal. The computer displays the word TESTING in reverse
video in the upper left corner of the screen while the test is in progress. If the power-on selftest
completes successfully and the auto-boot feature has not been selected, the computer displays
the Main System Menu and sounds the computer bell once. See Figure 2-1.

e A

d]ilglilt]a]L
Rainbow 100

Version 04.03L
Copyright (c) Digital Equipment Corporation 1983
All Rights Reserved

Press A, B, C, D, W, S, or T

A = start from Drive
B = start from Drive
C = start from Drive
= start from Drive
= start from Drive
= execute Self Test
= enter Terminal Mode

. )

MR-10940

EUO WD

- n E O

Figure 2-1 Rainbow Main System Menu

NOTE
The Main System Menu selection, “W - start from
Drive W”, is not available on the PC100-A or the
PC100-A with the hard disk upgrade kit.

The screen shown in Figure 2-1 may not be identical to the one displayed on your computer.
The general information should be the same; but specific information such as dates and version
numbers may differ.

Run the extended selftest. This test runs more extensive internal diagnostic tests than those run
upon power on or reset. Run this test when a problem is suspected in the diskette drives. Use the
following procedure to run the extended selftest.

a.  Open drive A and, if desired, drive B.

b. Load a formatted blank or scratch diskette into drive A and close its door.

c.  If also testing drive B, load a formatted blank or scratch diskette into the drive and close
its door.

d.  Press the S key on the keyboard. The computer displays the word TESTING in reverse
video in the upper left corner of the screen while the test is in progress. If the extended
selftest is completed successfully, the computer displays the Main System Menu again
(Figure 2-1), and sounds the computer bell once.
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2.3.2 Power On with Auto-Boot

1.

Placing the power switch to 1 (on) with the auto-boot feature selected causes the computer to
run the power-on selftest. The computer displays the word TESTING in reverse video in the
upper left corner of the screen while the test is in progress. If the power-on selftest is completed
successfully, the computer then transfers the operating system from the previously selected
diskette drive (A, B, C, or D) or the hard disk drive (W) into the main memory and displays the
operating system title followed by the selected boot device and prompt character (Figure 2- 2).

r \

CP/M-86/80 Version 2.00 C(1.1)
(c) Copyright 1981 Digital Research Inc.
(c) Copyright 1982, 1983 Digital Equipment Corporation

all

LJ-0081

Figure 2-2 CP/M-86/80 Operating System Start-Up Message

NOTE

The screen shown in Figure 2-2 may not be identical
to the one displayed on your computer. The general
information should be the same, but specific infor-

mation, such as dates and version numbers, may
differ.

The last symbol displayed on the left side of the screen, A>, is called the operating system
prompt, or prompt. The prompt consists of the drive the operating system is currently working
from and a right angle bracket.

When auto-booting the operating system, the computer displays a letter indicating which drive
loaded the operating system into memory. The computer displays letter A, B, C, or D if the
operating system was loaded from a diskette drive. If the operating system was loaded from the
hard disk drive, the computer displays the letters E, F, G or H, depending on how the disk drive
was partitioned.
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2. If you select a diskette drive (A, B, C, or D) as the auto-boot device, and an operating system
diskette is not in the selected drive, or the drive door is open when the system is powered on, the
computer runs the power-on selftest and then displays a drive-not-ready message (see Figure 2-
3). Put the operating system diskette into the selected drive and load it into memory by pressing
the appropriate keyboard key (A, B, C, or D).

3. If you select the hard disk drive as the auto-boot device and the operating system is not stored
on the disk, the computer runs the power-on selftest, then displays the Main System Menu and a
drive-not-ready message when you turn it on. See Figure 2-3.

The procedure for storing the operating system program on the hard disk is described in
Paragraph 2.4.2.6.

2.3.3 Power-On Error Messages
The computer displays error messages if the computer encounters an error while running the power-on
selftest or the extended selftest. There are two types of error messages, nonfatal and fatal.

If a nonfatal error occurs while running the power-on selftest or the extended selftest, one bell sounds and
the computer displays a message in flashing reverse video above the Main System Menu. An example of
an error message display is shown in Figure 2-3. A nonfatal error indicates that only one of computer’s
operational modes is working. For example, if a diskette drive fails, the Rainbow computer can still be
operated as a terminal connected to a remote computer. If the communications line fails, the Rainbow
computer can still be operated as a personal computer.

4 )

See Owner’s Manual - MESSAGE 21 - Drive Not Ready

9] i1l t]a]l]

Rainbow 100

Version 04.03L
Copyright (c) Digital Equipment Corporation 1983
All Rights Reserved

Press A, B, C, D, W, S, or T

= start from Drive
start from Drive
start from Drive
start from Drive
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execute Self Test

A
B
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D
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MR-10944

Figure 2-3 Main System Menu with Message



If a fatal error occurs while running the power-on or extended selftest, three bell tones sound, the computer
does not display the Main System Menu, and it may or may not display an error message (see Figure 2-4).
An error code, displayed by the lights on the back of the system unit, also reports the error.

4 I

See Owner’s Manual - MESSAGE 13 - Keyboard

\_ J

LJ-0082

Figure 2-4 Error Message Display

When a fatal error occurs, you cannot operate the Rainbow computer in either the personal computer or
terminal mode and you must correct the cause of the error before using the computer. Appendix B lists the
error messages and error codes for determining the possible causes of reported errors.

2.4 SET-UP FEATURES

Set-Up features are a series of options in the Rainbow computer that allow you to tailor the computer to
your operating environment. Set-Up features can be grouped in three general categories: installation,
operator comfort, and compatibility with a remote computer and/or external devices.

You can change the Set-Up features temporarily or you can store them permanently in nonvolatile
memory (NVM).
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To change a Set-Up feature, enter the Set-Up mode, display the various Set-Up menus until you reach the
desired feature, and make the change. The location of the Set-Up key is shown in Figure 2-5.

SET-UP
[

/
/

‘EHT
E«m [ hu-/n Brook Interupt  Resume  Concel ucl |n| (r: ﬁ ko “:“ 3 F19 F20 1'

DDDDDHDDDDDI—IDDWI_WI—LE[ ]l_lljf_][_lﬁl

CEEELEEREERERLEER I [~]= il
[JUWHMHPWWHDWWT ) R
o G S
VIHWHHH F”HHWL][ L*]

5 |6

2 3 Emer

°HH7F

MR-9929

Figure 2-5 Set-Up Key Location

If you want the Set-Up feature change to be permanent, that is, to remain in effect after you turn the
system off and back on again, you must save the Set-Up feature. Use the following procedures to
manipulate the Set-Up features.

e  To enter Set-Up, press <Set-Up>.
e To leave Set-Up, press <Set-Up> again.

e To perform a system reset, enter Set-Up and press <Ctrl/Set-Up>. This stops whatever
program, diagnostic, or operating system is running; performs a brief test (3 seconds); and
returns you to the Main System Menu.

e  To restore the default Set-Up features, enter Set-Up and press <Shift/D>. This changes all the
Set-Up features to the features the system had when it was originally shipped. This set of
features is adequate for many installations. When you restore the default Set-Up features, the
text that was on the screen before you entered Set-Up is lost.

e  To recall the Set-Up features, enter Set-Up and press <Shift/R>. This returns the Set-Up
features to what they were the last time they were saved. With Set-Up, this is the same as
turning the system off and then back on again. When you recall the Set-Up features, the text
that was on the screen before entering Set-Up is lost.

e  To save the Set-Up features, enter Set-Up and press <Shift/S>. This saves the current Set-Up
features in nonvolatile memory (NVM) so they will not be lost when you turn off the system.
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e  To move to another Set-Up menu, press the <Next Screen> or <Prev Screen> key.
®  To select another variable within a Set-Up menu, press the «— or — key.
e To change the value of a variable, press the | or | key.

2.4.1 Terminal Mode

When the Rainbow computer is in the terminal mode, it acts like a terminal. It sends all the characters
typed on the keyboard to the remote computer through the communications port. The remote computer
processes the characters and echoes them on the screen. The Rainbow computer must be in the line mode
(see Paragraph 2.4.2) to communicate with the remote computer. To enter terminal mode, press T when
the computer displays the Main System Menu (Figure 2-1). To leave terminal mode and return to the
Main System Menu, reset the computer (enter Set-Up and press Ctrl/Set-Up).

NOTE
Certain features of the Rainbow computer must
remain at their factory settings so that you can use
the software that comes with the computer. You can
change these features when you use the Rainbow
computer as a terminal; but, you must change them
back to their factory settings, shown in the table
below, when you use the Rainbow as a personal

computer.
Features Selection Factory Setting
Emulation (ANSI/VTS52) ANSI 1
Auto-wrap Off 0
New line mode LF (line feed) 0

Local and Line Modes - The local/line mode selection only affects the Rainbow computer when it is in
terminal mode. In line mode, the mode normally used, the computer interacts with the remote computer,
sending all the characters typed on the keyboard to the remote computer where they are processed and
echoed back to the Rainbow computer. In local mode, the Rainbow computer acts like a typewriter. The
computer displays everything typed on the screen but does not send it to the remote computer or process it
by itself. You can enter the escape sequences to control cursor position, character set selection, bold,
blinking, and other attributes directly from the keyboard. Pressing the Print Screen key in local mode
sends the screen display to the printer. To change from line mode to local mode or from local mode to line
mode, enter Set-Up and press L.

2.4.2 Set-Up Menus

There are six Set-Up menus in each version of the Rainbow computer, and each menu has selections
(parameters) which can be changed. Figure 2-6 summarizes the selections available for the Rainbow
PC100-B and 100+ computers and shows their default values. The Set-Up menus and their selections are
described in the following paragraphs.
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Figure 2-6 Summary of Parameter Settings
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2.4.2.1 Tabs Set-Up Menu
The Tabs Set-Up menu is shown in Figure 2-7. Use the — and — keys to select tab columns; use the T, |,
or T keys to set and clear tab stops. Press <Ctrl/Tab> to clear all of the tabs; press <Shift/Tab> to

restore the default tab settings.

(

SET-UP

VERSION NUMBER AND —
LANGUAGE KEYBOARD | jo tX!7 PRESS "seT-up

IDENTIFICATION TO RESET TYPE <CTRL/SET-UP>
04.03L
MEMORY SIZE 128K
NAME OF MAJOR TABS
HEADING
T T T T
CURSOR AT . 1234567890 [FERIEEEN 1234567890
TAB SETTING

_

MR-10921

Figure 2-7 Tabs Set-Up Menu
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2.4.2.2 Parameter Settings Set-Up Menu - Figure 2-8 shows the Parameter Settings (Param Set) Set-
Up menu. Use this menu to manipulate the following features.

ﬁ

SET-UP

TO EXIT PRESS SET-UP
PRESS "HELP"
TO RESET TYPE <CTRL/SET-UP>

04.03L

128K
MAJOR HEADING e
VALUES OF it ‘
PARAM SET
MINOR HEADING iy —
NAME OF e
MINOR HEADING SCROLL
VALUE CHOICES -0 = Jump
AND MEANINGS 1 = SMOOTH

X

Figure 2-8 Parameter Settings Set-Up Menu

MR-10922

1.  SCROLL - Select smooth or jump scrolling.

2. CORRESPONDENCE/DATA PROC KYBD - Use this feature with keyboards other than
the U.S.A. keyboard. The correspondence setting enables characters on the left side of the key
caps. The data processing setting enables characters on the right side of the keycaps.

3. SCREEN WIDTH - Select a width of 80 columns or 132 columns. When you change the
width, the text that was on the screen before you entered Set-Up is lost.

4. CURSOR - Select an underline or block cursor.

5. EMULATION - When your Rainbow computer is connected to a remote computer you can
choose to have the computer behave either like a VT52 terminal or according to the American
National Standards Institute (ANSI) standard.

6. AUTO-REPEAT - You can choose to have keyboard keys repeat when you hold them down.

7.  SCREEN - Select a dark (white characters on a black screen) or light screen display.

8.  MARGIN BELL - You can choose to have a bell sound when you near the end of a line of
typing.

9.  KEYCLICK - You can choose to have keys click when you press them.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

AUTO-WRAP - Select on to have the computer automatically start a new line when the text
reaches the edge of the screen. Select off for CP/M-86/80 application software.

NEW LINE MODE - Select LF (line feed) or NL (new line) when using the Rainbow
computer as a terminal; however, you must use LF (the 0 setting) when using the Rainbow as a
personal computer to use the software that comes with the computer.

DEFAULT CHARACTER SET - Select US ASCII for the # character or UK for the £
character.

AUTO-SCREEN BLANK - You can choose to have the screen go blank after it has been idle
for more than 30 minutes. A phantom cursor remains on the screen.

POWER - Match the monitor scan rate to the power line frequency to prevent screen jitter. (60
Hz is recommended regardless of line frequency.)

PRINT TERM CHAR - Select a print termination character. When set to FF (1), the system
automatically sends a form feed character to the printer at the end of each print screen
function. Used only for terminal mode.

PRINT EXTENT - Select scroll region or full screen. When set to scroll region, the computer
prints only the lines selected by the remote computer. Used only for terminal mode.

AUTO-XON/XOFF - You can choose to enable the XON and XOFF signals. When on, the
Rainbow computer uses XON and XOFF control signals to tell the remote computer to pause
when the Rainbow computer’s incoming buffer is full so that characters are not lost. This is used
only for terminal mode.

LOCAL ECHO - Choose to turn local echo on or off. It is normally off. Turn it on when
connected to a remote computer that does not echo the characters on the screen as you type
them. Used only for terminal mode.

XMT BREAK - Choose to enable or disable the Break key. Use only for terminal mode.

MODEM STOP BITS - Select modem stop bits. Normally, you use 1 stop bit at baud rates
over 110, and 2 bits at 110 and slower. This is used only for terminal mode.

RCV CHAR PARITY - Check for or ignore incoming data parity errors. Used only for
terminal mode.

AUTO-ANSBK - Turn auto-answerback on or off. If auto-answerback is on, the Rainbow
computer automatically sends a message to the remote computer when: 1) a connection is made;
2) the host sends an ENQ code; or 3) you press <Ctrl/Break>. To store an answerback
message, press <Shift/A>, follow this with any convenient delimiter character that you are not
going to use in your message, (for example, / or *), type your message (up to 20 characters),
and follow your message with the same delimiter character. For example, to use Auto-Ansbk to
log in on a remote computer whenever you turn on your Rainbow computer, you might type the

following.
<Shift/A>*LOGIN PASSWORD<Return>*

The computer displays <Return> as a reverse video M. Used only for terminal mode.

2-11



23.

24.

25.

26.

27.

DISCONNECT CHAR USE - Choose to enable a disconnect character to disconnect a
telephone line. Used only for terminal mode.

DISCONNECT DELAY - Set how long the system will wait after loss of telephone carrier
before disconnecting. In the United Kingdom, 60 ms is typical; in the United States and other
countries, 2 seconds is typical. This value is only used with FDXB and FDXC modem protocols;
it is ignored with FDXA. See Paragraph 2.4.2.3, Modem Set-Up Menu. Used only for terminal
mode.

LOCK MODE (PC100-B and 100+ only) — Choose how you want to use the Lock key.
Keyboards generate a different set of characters depending on how Lock Mode is set. If you
select caps lock, only the alphabetic keys will generate shifted characters. If you select shift
lock, all keys will generate shifted characters.

KEYBOARD (PC100-B and 100+ only) — Choose another keyboard language with this setting.
Change the setting to 0, press <Shift/S> to save the setting, and press <Ctrl/Set-Up> to reset
the computer. The computer will display the language selection menu (Figure 2-9). Follow
instructions on the screen to select a new language.

4 )
oliloliltla]ll]

Rainbow 100

United States/Canada

Canada (Frangafs) [:J[::][:]
Deutschland/Usterreich

France/Belgique Press SELECT TO

Schweiz choose keyboard [::][:]
Suisse

United Kingdom

. Use up/down arrows to move cursor
Belgium (Flemish)
Denmark Utilisez les touches flé&chées [:] [:J
Finland pour déplacer le curseur
Holland
Italy Bewegen Sie die Schreibmarke
Norway mit den Pfeiltasten " and v
Spain
Sweden

MR-10865

Figure 2-9 Language Selection Menu

CHAR CODES (PC100-B and 100+ only) — Select the DEC Multinational Character set,
which has 256 characters and uses 8 bits to code each character, or select the National
Replacement Character set, which has 128 characters and uses 7 bits to code each character.
The National Replacement Character set used is determined by the keyboard currently
selected.



2.4.2.3 Modem Set-Up Menu - You can manipulate four features from the Modem Set-Up menu,
shown in Figure 2-10, to configure the Rainbow computer to communicate with a remote computer.

(" )
SET-UP

TO EXIT PRESS "SET-uUP"
PRESS "HELP"
TO RESET TYPE <CTRL/SET-UP>

04.03L
128K

MODEM

X1 - bata B/P
9600 = XMT BAUD
9600 = RCV BAUD
FDXA = PROTOCOL

\_ J

MR-11131

Figure 2-10 Modem Set-Up Menu

1. DATA B/P (data bits and parity) — Set data bits to 7 or 8 data bits per character. Set parity to
odd, even, or no parity. For example, 8N means 8 data bits per character and no parity bit
transmitted or expected on reception.

2.  XMT BAUD (transmit baud rate) — Set the rate at which data is sent from the Rainbow
computer to the remote computer.

3. RCV BAUD (receive baud rate) — Set the rate at which the Rainbow computer will receive data
from the remote computer.

NOTE
When changing the data bits and parity, the comput-
er does not recognize the change until reset. XMT
and RCV BAUD rate changes are recognized
immediately.

4. PROTOCOL - This feature, which includes three protocols, applies only to terminal mode.
a. FDXA - Full-duplex, no modem (data leads only)

b. FDXB - Full-duplex, full modem control
c. FDXC - Asymmetrical full-duplex with full modem control (requires a special cable)
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2.4.2.4 Printer Set-Up Menu - You can select two features from the Printer Set-Up menu, shown in
Figure 2-11, to configure the Rainbow computer to communicate with its printer.

( )
SET-UP

TO EXIT PRESS "“SET-UP"
PRESS "HELP"
TO RESET TYPE <«CTRL/SET-UP>

04.03L
128K

PRINTER

B - vata B/

4800 = XMT/RCV BAUD

_ Y

MR-11132

Figure 2-11 Printer Set-Up Menu

1.  DATA B/P (data bits and parity) — Set data bits to 7 or 8 data bits per character. Set parity to
odd, even, or no parity. For example, 8N means 8 data bits per character and no parity bits
transmitted or expected on reception. The LA100, LQP02, and LAS50 printers are set up for 8
data bits and no parity when shipped.

2. XMT/RCV BAUD (transmit/receive baud rate) — Set the rate at which the Rainbow computer
sends data to its printer and the rate at which it receives status information from its printer. The
LA100, LQP02, and LAS50 printers are set for a baud rate of 4,800 when shipped.

NOTE
When changing the data bits and parity, the comput-
er does not recognize the change until reset. XMT
and RCV BAUD rate changes are recognized
immediately.
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2.4.2.5 Miscellaneous Set-Up Menu — You can select three features from the Miscellaneous (Misc)
Set-Up menu, shown in Figure 2-12.

4 3
SET-UP

TO EXIT PRESS *“SET-UP"
PRESS "HELP*"
TO RESET TYPE «<CTRL/SET-UP>

04.03L
128K

MISC

E = SCROLL RATE
7 = BELL VvOL
7 = CLICK vOL

\— _

MR-11140

Figure 2-12 Miscellaneous Set-Up Menu

1. SCROLL RATE - Select 1, 2, or 3. Three is the fastest scroll rate (applicable only if smooth
scrolling is selected).

2. BELL VOL - Select a bell volume level between 1 and 8. Eight is the loudest.

3.  CLICK VOL - Select a keyclick volume level between 1 and 8. Eight is the loudest.
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2.4.2.6 Auto-Boot Set-Up Menu (PC100-B and 100+ only) — Figure 2-13 shows the Auto-Boot Set-Up
menu. Use this menu to enable one of the diskette drives (A, B, C, or D) or a hard disk drive (W) to load
the operating system automatically. The default (represented by a ‘?’ on your screen) indicates that no
device is selected.

( )
SET-UP

TO EXIT PRESS “SET-UP"™
PRESS "HELP"
TO RESET TYPE <«CTRL/SET-UP>

04.03L
128K

AUTO-BOOT

= drive

. J

MR-10924

Figure 2-13  Auto-Boot Set-Up Menu (Rainbow PC100-B and 100+ only)

NOTE
W = start from Drive W is not available on the
PC100-A or the PC100-A with the hard disk
Winchester upgrade kit.

When you select the hard disk as the auto-boot device, the CP/M-86/80 operating system must be present
on the hard disk to allow the computer to auto-boot it into memory-on/power up. If the CP/M-86/80
operating system is not on the hard disk, it can be loaded onto the disk by performing the following steps.

NOTE
See the Rainbow™ Winchester Disk Option Instal-
lation Guide (EK-RBWIN-IN) and Chapter 6 of the
CP/M-86/80 User’s Guide (AA-Y524-TV) for
additional information on loading an operating sys-
tem on the hard disk.



If desired, repartition the hard disk as follows.

a.
b.
c
d

NOTE
Repartitioning destroys all data.

Load the Rainbow Hard Disk Ultility Program diskette into drive A.
Type A from the Main System Menu.

Type 2 and press the Do key to repartition the hard disk.

Follow the instructions on the screen.

Select Auto-Boot Partition as follows.

a.

C.

From the Main Menu of the Rainbow Hard Disk Utility Program diskette, type 6 and
press the Do key to select Auto-Boot Partition.

Select the desired boot drive and press the Do key to enable auto-boot from that drive (the
hard disk drive).

Press <Set-Up> and <Ctrl/Set-Up> to reset the computer.

Load the operating system onto the hard disk as follows.

a.

Remove the write-protect tab from a copy of the operating system diskette (version 2.0 or
higher); then, load it into drive A.

Type A from the Main System Menu.

After the prompt, type: submit syscopy A: E: if drive E is being loaded and press
<Return>. If drive F is to be loaded, type: submit syscopy A: F: and press <Return>.

When the program is through copying all files, remove the diskette from drive A and
install a write-protect tab on it. List all files.

All other files may be transferred by using the Peripheral Interchange Program (PIP)
command.

Change Set-Up to boot from hard disk drive as follows.

& o

Press <Set-Up> and <Prev Screen> to access the Auto-Boot Set-Up menu.
Press the | key to display:

W = drive

Press <Shift/S> to save this selection.

Press <Ctrl/Set-Up> to reset the computer.
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CHAPTER 3
PC100-B SYSTEM MODULE TECHNICAL DESCRIPTION

3.1 INTRODUCTION

This chapter provides a technical description of the Rainbow PC100-B system module for repair and
maintenance personnel. The system module is described to the functional block diagram level. The logic
circuits are not described to the detailed circuit level in this addendum. The PC100-B system module
contains many logic circuits which are similar to the logic circuits used in the PC100-A system module. A

more detailed description of these logic circuits can be found in the Rainbow™ 100 Technical Manual
(EK-PC100-TM).

Many terms used in this chapter are written out the first time they appear, followed by an abbreviation or
mnemonic in parenthesis. Only the abbreviation or mnemonic is generally used after the flrst time it
appears in the description. Appendix D is a glossary of terms and abbreviations.

Numbers are given in binary, octal, decimal, or hexadecimal (hex). The decimal form is used for numbers
in general; the hexadecimal form for data and addresses. Numbers are subscripted B for binary, Q for
octal, H for hexadecimal, and no subscript for decimal.

3.1.1 Chapter Organization
The information in this chapter is divided into five sections.

A general description of the functions performed by the system module (Paragraph 3.2)
A physical description of the system module (Paragraph 3.3)

A functional description of the system module (Paragraph 3.4)

A description of the system module connectors (Paragraph 3.5)

System module specifications (Paragraph 3.6)

nhkwn =

3.1.2 Related Documentation
The detailed circuit logic for the PC100-B system module is on a set of 11 sheets of schematics. The
drawing number for the set is D-CS-5416206-0-1.

3.2 GENERAL DESCRIPTION

The system module has a dual-processor architecture which uses an 8088 16-bit processor coupled with a
Z80A 8-bit microprocessor. Figure 3-1 is a block diagram showing the relationship between the
microprocessors and their supporting logic. The microprocessors operate from and transfer data through
memory to direct, control, and monitor the system functions. The system module contains 128K bytes of
standard RAM that is partitioned into a low order 64K byte bank and a high order 64K byte bank. 62K
bytes of the low order bank can be accessed by both microprocessors. The Z80A microprocessor can
access 2K bytes of private RAM in addition to the shared 62K bytes of RAM. The 8088 processor can
access all 128K bytes of standard RAM and the following additional memory.

e 32K byte or 64K byte ROM
e 4K bytes of video screen RAM (static)
e 4K bytes of video attribute RAM (static)
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® 256 X 4 bit NVM
e 64K byte to 768K byte optional unshared RAM
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Figure 3-1 PC100-B System Module Block Diagram

Each microprocessor supports a portion of the system’s function in addition to running 8-bit or 16-bit
application/user software. The 8088 microprocessor (also referred to as the 8088 processor) controls the
monitor, keyboard, communications connector, and all options added to the system. The 8088 processor
communicates with its supporting logic and installed options via a 20-bit unidirectional address bus and an
8-bit bidirectional data bus.

The Z80A microprocessor (also referred to as the Z80A processor) transfers address/data and control
signals to the RX50 controller, which uses these signals to read data from and write data to the dual-
diskette drives. The Z80A processor communicates with its supporting logic and the RX50 controller via a
16-bit unidirectional address bus and an 8-bit bidirectional data bus.

The system module also contains two programmable baud rate generators, one for communications and
one for the printer. The communications baud rate generator provides the transmitter and receiver clocks
for the communications channel of the multiprotocol serial controller (MPSC). The user may independent-
ly program the transmitter and receiver clock baud rate for this channel programmer.

The printer baud rate generator provides the transmitter and receiver clocks for the printer channel of the
multiprotocol serial controller (MPSC) and the keyboard PUSART. The transmitter and receiver clock
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baud rates for the printer MPSC cannot be independently programmed. The printer baud rate generator
also supplies the transmitter and receiver clocks for the keyboard PUSART at a fixed 4.8K baud rate.

The clock circuit on the system module provides three groups of clock pulses that are derived from the
master crystal clock oscillator. The 8088 processor and its supporting logic use one group of clock pulses.
The Z80A processor and its supporting logic use a second group of clock pulses. The RX50 controller logic
uses a third group of clock pulses.

The system module includes the following features.

8088 microprocessor

Z80A microprocessor

64K byte shared dynamic RAM
64K byte unshared dynamic RAM
2K byte Z80A dedicated RAM
32K bytes or 64K bytes ROM
256 X 4 bit (NVM)

DCO11, DCO12 video processor
4K byte screen RAM

4K byte attribute RAM
Asynchronous/bisynchronous communications port
Printer port

Keyboard interface

RX50 controller interface

Option expansion capability

Extended communications

Color/graphics

Extended memory (64K bytes to 768K bytes)
—  Hard disk controller

3.3 PHYSICAL DESCRIPTION

The system module is a modified quad module which is 35.56 cm (14 in) long, 26.42 cm (10.4 in) wide,
and 2.25 cm (0.9 in) high. The module height is the combined thickness of the printed circuit board and
printed circuit board connectors. A metal and plastic back panel attached to the rear of the printed circuit
board contains three rectangular holes for the module connection to external devices and eight round holes
for viewing the diagnostic lights. The back panel also contains four thumbscrews that secure the system
module to the system unit.

The system module contains nine connectors of three different types.

1.  Three D-type connectors mounted on the rear edge of the system board provide the external
connections to the communications device, printer, and keyboard/monitor.

2. The input dc power connector is a 13-pin in-line connector with one of the pins removed to
provide a locating key.

3. The remaining five connectors are dual-row headers and directly connect the system module to
the RX50 controller module, the memory extension option, the extended communications
option or the hard disk controller, and the color/graphics option. The RX50 controller module
and option modules are secured by plastic standoffs located at appropriate places on the system
module.

Figure 3-2 shows the locations of the connectors, the main logic elements, diagnostic lights, and manufac-
turing test/configuration jumpers.
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Figure 3-2 PC100-B System Module Physical Layout

3.4 SYSTEM MODULE FUNCTIONAL DESCRIPTION

The functions the 8088 and Z80A processors and their support circuits perform are described in this
section. If you need detailed information on the 8088 or Z80A processors (not provided in this manual),
refer to the manuals listed in Paragraph 1.4.

All illustrations in this chapter are functional block diagrams. Logic symbols on the block diagrams
indicate function and may not represent circuitry. The sheet number inside the functional block refers to
the sheet number of the circuit schematic set where the logic circuits are located.

3.4.1 System Module Address and Data Buses

The system module has two primary address and data buses: one for each of the 8088 and Z80A
microprocessors over which they operate and transfer data to/from their supporting logic, I/O devices,
and the shared/unshared memory. The system module also contains many secondary address and data
buses. These secondary buses transfer data between the primary address and data buses and the video
processor or shared memory logic. Figure 3-3 shows the primary and secondary address and data buses and
their relation to the main logic elements on the system module.

3.4.1.1 8088 Address and Data Buses — The 8088 processor address A<19:0> and data BAD<7:0>

buses support the monitor, keyboard and communications interfaces, options, the video processor, the
shared memory logic, and the 8088 processor control logic. Latch and combine the AD<7:0> and
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Figure 3-3 PC100-B System Module Address and Data Buses
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A<19:8> bits from the 8088 processor to obtain the address bus, which is a 20-bit unidirectional bus. The
address and data bus AD<7:0> connecting the 8088 processor with the address latch, output data buffer,
32K byte ROM, and the data bus transceiver is bidirectional for data transfers and unidirectional for
address cycles.

3.4.1.2 Z80A Address and Data Buses - The Z80A processor address ZA<15:0> and data ZD<7:0>
buses support the RX50 controller, the 2K byte RAM, and the Z80A control logic. The address bus is a
16-bit unidirectional bus which accesses 62K bytes of the 64K byte shared RAM through a DRAM
address multiplexer. The data bus ZD<7:0> is an 8-bit bidirectional bus which transfers data to/from the
62K byte shared memory through the Z80A shared memory data transceiver.

3.4.1.3 Buffered Output Data Bus — Buffer the address and data AD<7:0> bits from the 8088 processor
to obtain the buffered output data bus BOD<7:0> which is a unidirectional bus. The BOD bus supplies the
bits to the communications control register, diagnostic write register, communications baud rate generator,
and printer baud rate generator. It is pulled up to +5 volts to guarantee a sufficiently high (1) logic voltage
level for the communications baud rate generator.

The 8088 processor uses this bus to write modem control and diagnostic error information into the
communications register, diagnostic control information into the diagnostic register, and programming
baud rates into the baud rate generators.

3.4.1.4 Video Processor Shared Address Bus — The shared address bus SA<10:0> is a unidirectional
bus that accesses the 4K byte screen RAM and the 4K byte attribute RAM in the video processor
subsystem. Multiplex the 8088 processor address A<10:0> and the buffered address BA<10:0> bits from
the video processor to obtain the SA<10:0> bits.

The 8088 processor uses the bus to access the screen and attribute RAMs to store the character and
attribute information to be displayed on the screen.

The video processor uses this bus to retrieve the stored character and attribute information by direct
memory accesses to the screen and attribute RAMs.

3.4.1.5 Video Processor Buffered Address Bus — The video processor uses the buffered address bus
BA<10:0> to access the screen and attribute RAMs to retrieve character and attribute information to be
displayed on the screen.

3.4.1.6 Video Processor Attribute Bus — The attribute bus AT<7:0> is a bidirectional data bus that
carries character, line, and screen attributes. The video processor only uses the four least significant bits.

The 8088 processor uses the AT bus to store the attributes in the attribute RAM. The PC100-B firmware
obtains the default attribute information from the nonvolatile memory (NVM) via the BAD<7:0> bus and
attribute RAM data transceiver.

The video processor uses the AT bus to retrieve the four least significant bits from the attribute RAM and
then uses these bits to specify the attributes of the character, line, and screen display.

3.4.1.7 Video Processor Buffered Data Bus — The 8088 processor and the video processor use the
buffered data bus BD<7:0>, which is a bidirectional data bus. The 8088 processor uses this bus to store an
ASCII coded representation of a character to be displayed in the screen RAM. The 8088 processor obtains
this character via the BAD<7:0> bus and screen RAM data transceiver.

The video processor uses this bus to retrieve the stored ASCII encoded character by direct memory
accesses to the screen RAM, and then converts the data into an electrical signal that the monitor displays
as letters, numbers, and symbols.



3.4.1.8 Shared Memory Address Bus - The 8088 and Z80A processors, the extended communications
option or the hard disk drive controller, and the refresh logic use the shared memory address bus
SHMA<7:0> which is an 8-bit unidirectional bus to access the 128K byte shared/unshared RAM. The
8088 address A<15:0> and Z80A address ZA<15:0> bits are transferred to the shared memory address
bus through two DRAM address multiplexers that are controlled by the shared memory arbitration logic.
The shared memory arbitration logic continuously monitors and establishes the priority for the devices
using the SHMA <7:0> bus.

3.4.1.9 Shared Data Bus — The 8088 and Z80A processors and the extended communications option or
the hard disk drive controller use the shared data bus SHD<7:0> which is a bidirectional bus to transfer
data to and from the 128K byte shared/unshared RAM. The 8088 data BAD<7:0> and Z80A data
ZD<T7:0> bits are connected to their respective shared memory data transceivers. The control signals from
the 8088 and the Z80A processors determine the direction and gating of the data bits through the 8088
and Z80A transceivers. The shared memory arbitration logic continuously monitors the devices and
establishes priority for devices using the SHD<7:0> bus.

3.4.2 PC100-B System Module Clocks
The clock circuit logic on the system module generates three groups of clock pulses that determine the

basic timing of the Rainbow computer. These three groups are derived from a crystal controlled oscillator
that oscillates at 24.0734 MHz.

The first group of 4.815 MHz clock pulses runs the 8088 microprocessor and its support logic. The second
group of 4.012 MHz clock pulses runs the Z80A microprocessor and its supporting logic. The third group
of clock pulses at 8 MHz, 4 MHz, 1 MHz, and 500 kHz for the data separator’s use, write precompensa-
tion, and diagnostic circuits in the RX50 controller module.

3.4.3 8088 Processor
The 8088 is a high performance processor implemented in N-channel, depletion load, silicon gate technolo-

gy (HMOS). It is mounted in a 40-pin dual in-line (DIP) package. The processor has attributes of both 8-
and 16-bit processors.

The 8088 processor features a time-multiplexed address and data bus that permits some pins to serve dual
functions. It can be operated in one of two modes (minimum or maximum) depending on the strapping of a

single input pin to ground or +5 Vdc. The 8088 processor operates in the minimum mode in all models of
the Rainbow computer.

The 8088 processor has two processing units: the execution unit (EU) and the bus interface unit (BIU).

The EU executes all instructions, provides data and addresses to the BIU, and manipulates the eight

general registers and a flag register. Except for a few control pins, the EU is completely isolated from the
external support logic.

The BIU executes all external bus cycles. The BIU controls six segments and two communications
registers, the instruction pointer register, and the 4-byte instruction object code queue. The BIU combines
segment and offset values in its dedicated adder to derive 20-bit addresses, transfers data to and from the
EU on the arithmetic logic unit (ALU) data bus, and loads instructions into the instruction queue.

When the EU is ready to execute an instruction, it fetches the instruction object code byte from the BIU’s
instruction queue and then executes the instruction. If the queue is empty, the EU waits for the instruction
byte to be fetched. In the course of instruction execution, if a memory location or I/O port must be
accessed, the EU requests the BIU to perform the required bus cycle.
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The two processing sections of the processor operate independently. When one byte of the 4-byte queue is
empty, the BIU executes an instruction fetch cycle. The 8088 processor accesses one instruction object
code byte per bus cycle. If the EU issues a request for bus access while the BIU is processing an instruction
fetch bus cycle, the BIU completes the cycle before honoring the EU’s request.

8088 Pin Description — The 40 pins of the 8088 processor are divided into six functional groups.

Sk~

Address bus

Address/status bus
Address/data bus

Bus control outputs
Processor control inputs

Power inputs

The voltage level (Vce or ground) applied to the minimum/maximum mode input (pin 33) defines the
function of many 8088 control pins. Three of the 40 available pins of the 8088 processor are not used in
Rainbow computers. Tables 3-1 and 3-2 describe the pin functions.

Table 3-1 8088 Processor Pin Descriptions

Pin
Number

Signal
Mnemonic

Pin
Symbol

Direction*

Signal Name and Function

9-16

2-8,39

38
37
36
35

AD7-ADO

Al15-A8

Al6
Al7
Al
Al9

AD7-ADO

A15-A8

A16/S3
A17/S4
A18/S5
A19/S6

1/0

(o)ojo)e)

ADDRESS DATA BUS: These lines are the
time multiplexed memory/IO address (T1) and
data (T2, T3, TW, and T4) bus. These lines are
active high and float to 3-state off during inter-
rupt acknowledge.

ADDRESS BUS: These lines provide address
bits 8-15 for the entire bus cycle (T1-T4).
These lines do not have to be latched by ALE to
remain valid. A15-A8 are active high and float
to 3-state off during interrupt acknowledge.

ADDRESS/STATUS: During T1, these are the
four most significant address lines for memory
operations. During I/O operations, these lines
are low. During memory and I/O operations,
status information is available on these lines
during T2, T3, TW, and T4. S6 is always low.
The status of the interrupt enable flag bit (S5) is
updated at the beginning of each clock cycle. S4
and S3 are encoded as shown in Table 3-2.

This information indicates which segment regis-
ter is currently being used for data accessing.

*Indicates direction of signal with respect to the 8088 processor. (O = Output, I = Input)
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Table 3-1 8088 Processor Pin Descriptions (Cont)

Pin Signal Pin
Number Mnemonic Symbol Direction*

Signal Name and Function

32 RD88 L RD O

22 READY H READY I

18 INTR H INTR I

23 COMM/PRT TEST I
INTR L

17 PARITY NMI I
ERROR L

READ 88: Read strobe indicates that the
processor is performing a memory or /O read
cycle, depending on the state of the IO/M pin
or S2. This signal is used to read devices that
reside on the 8088 local bus. RD is active low
during T2, T3, and TW of any read cycle, and is
guaranteed to remain high in T2 until the 8088
local bus has floated.

READY: This is the acknowledgement from
the addressed memory or I/0 device that it will
complete the data transfer. This signal is active
high. The 8088 READY input is not synchro-
nized. When READY is active low, wait states
(TW) are added to the 8088 bus cycle.

INTERRUPT REQUEST: This is a level trig-
gered input which is sampled during the last
clock cycle of each instruction to determine if
the processor should enter into an interrupt
acknowledge operation. A subroutine is
vectored to via an interrupt vector lookup table
located in system memory. It can be internally
masked by software resetting the interrupt
enable bit. INTR is internally synchronized.
This signal is active high.

COMMUNICATION/PRINTER INTER-
RUPT REQUEST: Input is examined by the
“wait for test” instruction. If the COMM/PRT
INTR input is low, execution continues; other-
wise, the processor waits in an idle state. This
input is synchronized internally during each
clock cycle on the leading edge of CLK88 H.

PARITY ERROR: This is a nonmaskable inter-
rupt input from the memory extension option. It
is active low when a parity error occurs. The
edge triggered input causes a type 2 interrupt. A
subroutine is vectored to via an interrupt vector
lookup table located in system memory. Parity
error is not maskable internally by software.

*Indicates direction of signal with respect to the 8088 processor. (O = Output, | = Input)
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Table 3-1 8088 Processor Pin Descriptions (Cont)

Pin Signal
Number Mnemonic

Pin
Symbol

Direction*

Signal Name and Function

21 RESET H

19 CLKS88 H

40 +5V
1,20 GND

33 MN/MX

28 10/M

29 WR388 L

24 INTAL

RESET

CLK

Vce
GND

MN/MX

10/M

WR

INTA

O

0)

The transition of the parity error signal from
HIGH to LOW initiates the interrupt at the end
of the current instruction. This input is internal-
ly synchronized.

RESET: This causes the processor to immedi-
ately terminate its present activity. The signal
must be active high for at least four clock
cycles. It restarts execution when RESET
returns low. RESET is internally synchronized.

CLOCK 8088: This provides the basic timing
for the processor. It is asymmetric with a 33%
duty cycle to provide optimized internal timing.
The frequency of the clock signal is 4.815 MHz.

VCC: This is the +5 V power input.
GND: These are the ground pins.

MINIMUM/MAXIMUM: This determines the
operating mode of the processor. A low on
MN/MX selects maximum mode. A high on
MN/MX selects minimum mode. This signal is
tied to +5 V through a 330 ohm resistor in the
Rainbow computer.

INPUT OUTPUT/MEMORY: This status line
is used to distinguish a memory access from an
I/0 access. IO/M becomes valid in the T4 pre-

ceding a bus cycle and remains valid until the
final T4 of the cycle (I/O = high, M = low).

WRITE 88: Strobe indicates that the processor
is performing a write memory or write 1/O
cycle depending on the state of the IO/M signal.
WRS88 L is active for T2, T3, and TW of any
write cycle. It is active low.

INTERRUPT ACKNOWLEDGE: This is
used as a read strobe for interrupt acknowledge
cycles. It is active low for T2, T3, and TW of
each interrupt acknowledge cycle.

*Indicates direction of signal with respect to the 8088 processor. (O = Output, I = Input)



Table 3-1 8088 Processor Pin Descriptions (Cont)

Pin Signal Pin
Number Mnemonic Symbol Direction* Signal Name and Function

25 ALE H ALE o ADDRESS LATCH ENABLE: This is provid-
ed by the processor to latch the address into the
address latches. It is a high pulse active during
T1 of any bus cycle. ALE is never floated.

27 DT/R DT/R (0] DATA TRANSMIT/RECEIVE: This is used
to control the direction of data flow through the
8088 data transceivers. The timing of this signal
is the same as IO/M (T = high, R = low).

26 DEN L DEN 0] DATA ENABLE: This is an output enable for
the AD<7:0> data bus transceiver and the vid-
eo processor data transceivers. The signal is
active low during each memory and I/O access,
and for interrupt acknowledge (INTA) cycles.
For a read or INTA cycle, it is active from the
middle of T2 until the middle of T4. For a write
cycle, it is active from the beginning of T2 until
the middle of T4.

31 HOLD I HOLD: When active high, this signal indicates
that another bus master is requesting a local bus
hold. This signal is not used in the Rainbow
computer and is tied to ground (low).

30 HLDA 0] HOLD ACKNOWLEDGE: This signal is
active high to acknowledge a HOLD request to
the processor. This signal is not used by the
Rainbow computer.

34 SSO (0] STATUS LINE: The combination of SSO,
I0/M, and DT/R allows the system to com-
pletely decode the current bus cycle. This signal
is not used in the Rainbow computer.

*Indicates direction of signal with respect to the 8088 processor. (O = Output, 1 = Input)



Table 3-2 Segment Register Status Encoding

S4* S3 Characteristics
0 (Low) 0 Alternate data
0 1 Stack

1 (High) 0 Code or none

1 1 Data

*S6 is 0 (low).

3.4.4 Z80A Microprocessor

The Z80A is an 8-bit parallel processor mounted in a 40-pin dual in-line package. It has a 16-bit
unidirectional address bus and an 8-bit bidirectional data bus for interfacing to 62K bytes of shared RAM,
2K bytes of dedicated RAM, the RX50 controller, and supporting logic. All output signals are fully
decoded and timed to control the memory and RX50 controller.

The Z80A processor has internal registers that contain 208 bits of read/write memory that are accessible
to the programmer. These registers include two sets (main or alternate) of six general purpose registers,
which can be used individually as either 8-bit registers or 16-bit pairs. In addition, there are two sets (main
or alternate) of accumulator and flag registers. A group of exchange instructions make both sets of main
or alternate registers accessible to the programmer.

The Z80A processor also contains an additional set of six registers with assigned functions. Four of these
are 16-bit registers: one for the stack pointer, one for the program counter, and two for indexed addressing.
The Z80A processor also has two 8-bit registers: the interrupt register and the 8-bit refresh register.

The 4.012 MHz clock pulses from the system module clock circuit provide the basic timing for the Z80A.
The Z80A processor requires only a single +5 V power supply source.
Z80A Pin Description — The 40 pins of the Z80A processor are divided into seven functional groups.

Address bus (16 pins)

Data bus (8 pins)

System control (6 pins)
Processor control (5 pins)
Processor bus control (2 pins)
Processor timing (1 pin)
Power (2 pins)

Nk wh=

The Z80A processor as implemented in Rainbow 100 computers does not require the functions provided

by all of the 40 pins. The Rainbow computers use only 36 of the 40 pins. The pin functions are described
in Table 3-3.



Table 3-3 Z80A Microprocessor Pin Description

Pin Signal Pin
Number Mnemonic Symbol

Direction*

Signal Name and Function

1-5,
30-40 ZA<15:0> A0-A1S5

23 BUSACK

25 BUSREQ BUSREQ

6 ZPHIL CK

7-10
12-15 ZD<7:0> DO0-D7

29 GND GND

18 HALT

o

1/0

ADDRESS BUS: ZA<15:0> form a
16-bit address bus. The address bus
provides the address for memory data
bus exchanges and I/O device
exchanges.

BUS ACKNOWLEDGEMENT:
This indicates to the requesting
device that the address bus, data bus,
and control signals have entered their
high-impedance states. This signal is
not used by Rainbow computers.

BUS REQUEST: This signal, when
active (low), forces the Z80A proces-
sor address bus, data bus, and control
signals to go to a high-impedance
state so that other devices can control
these lines. This signal is always inac-
tive in the Rainbow computer. It is
tied to +5 V through a 4.7K resistor.

CLOCK: This provides the basic tim-
ing for the Z80A processor. It is a
symmetrical clock signal with a fre-
quency of 4.012 MHz.

DATA BUS: This is the 8-bit bidirec-
tional bus used .for data exchanges
with memory and 1/O devices.

GROUND: This is the Z80A ground
pin.

HALT STATE: When active (low),
this signal indicates that the Z80A
processor has executed a Halt instruc-
tion and is awaiting either a nonmas-
kable or a maskable interrupt before
operation can resume. This signal is
not used in the Rainbow computer.

* Indicates direction of signal with respect to the Z80A processor (O = Output, | = Input)
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Table 3-3 Z80A Microprocessor Pin Description (Cont)

Pin

Signal Pin

Number Mnemonic Symbol

Direction*

Signal Name and Function

16

20

27

19

17

21

INTZ80 L INT

ZIORQ L IORQ

ZMI L MI

ZMREQ L MREQ

NMI NMI

ZRD L RD

INTERRUPT REQUEST: This is
the interrupt request from the 8088
processor. The Z80A processor hon-
ors this request at the end of the cur-
rent instruction if the internal
software-controlled interrupt enable
flip-flop is enabled.

INPUT/OUTPUT REQUEST:
When low, this signal indicates that
the lower half of the address bus
holds a valid I/O address for an I/O
read or write operation. ZIORQ L is
also generated concurrently with
ZMI L during an interrupt acknowl-
edge cycle to indicate that an inter-
rupt response vector can be placed on
the data bus.

MACHINE CYCLE ONE: ZMI L,
together with ZMREQ L, indicates
that the current machine cycle is the
operation code fetch cycle of an
instruction execution. ZMI L, togeth-
er with ZIORQ L, indicates an inter-
rupt acknowledge cycle.

MEMORY REQUEST: When
LOW, ZMREQ L indicates that the
address bus holds a valid address for
a memory read or memory write
operation.

NONMASKABLE INTERRUPT:
This signal is not used in Rainbow
computers. It is tied to +5 V through
a 4.7K ohm resistor to hold it inactive

(high).

MEMORY READ: When low, this
signal indicates that the Z80A
processor wants to read data from
memory or an I/O device. The
addressed memory or I/O device uses

this signal to gate data on the
ZD<T7:0> bus.

* Indicates direction of signal with respect to the Z80A processor (O = Output, | = Input)
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Table 3-3 Z80A Microprocessor Pin Description (Cont)

Pin

Signal Pin

Number Mnemonic Symbol

Direction*

Signal Name and Function

26

28

24

22

11

ZRESET LRESET

ZRFSH L RFSH

ZWAIT L WAIT

ZWR L WR

+5V Vce

|

O

RESET: When low, ZRESET L ini-
tializes the Z80A processor as fol-
lows: it resets the interrupt enable
flip-flop, clears the PC and the I and
R registers, and sets the interrupt sta-
tus to mode 0. During reset time, the
address and data bus go to a high
impedance state, and all control out-
put signals go to the inactive state.

REFRESH: This signal is active low.
ZRFSH L together with ZMREQ L
indicates that the lower 7 bits of the
system’s address bus can be used as a
refresh address to the system’s
dynamic memories.

WAIT: ZWAIT L indicates to the
Z80A processor that the addressed
memory or 1/O device is not ready
for a data transfer. The Z80A proces-
sor continues to enter a wait state as
long as this signal is active low.

MEMORY WRITE: When low, this
indicates that the Z80A processor
data bus holds valid data to be stored
at the addressed location.

VCC: This is the +5 V power input.

* [Indicates direction of signal with respect to the Z80A processor (O = Output, I = Input)
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3.4.5 8088 Memory
The 8088 processor can use six types of memory.

128K bytes dynamic memory (62K bytes shared)

32 to 64K bytes ROM

4K bytes video screen memory (static)

4K bytes video attribute memory (static)

256 X 4 NVM with shadow RAM

64K bytes to 768K bytes optional unshared dynamic memory

SABIE el R

3.4.5.1 Standard Memory - The 128K bytes of standard memory is partitioned into a low order 64K

ytes bank and a high order 64K bytes bank. 62K bytes of the low order 64K bytes bank is addressable
by, and therefore accessible to, the Z80A processor. The Z80A processor is unable to address and
therefore cannot modify the first 2K bytes portion of this bank. Therefore, the 8088 processor keeps its
interrupt vectors and some other information safe from a Z80A application.

The high order 64K byte bank of standard memory is accessible to the 8088 processor via the same
memory bus as the lower 64K bytes of standard memory. It is not addressable by the Z80A processor, and
thus is not shared, but the Z80A processor accesses to the low order 64K byte bank and uses the standard
memory bus. When the 8088 processor accesses the high order 64K byte bank of standard memory at the
same time the Z80A processor accesses the low order 64K byte bank, this causes the 8088 processors to
incur wait states.

If there is no contention for the standard memory bus at the time of an 8088 access, no wait states are
required for the cycle. If the bus is busy due to a refresh cycle, DMA cycle, or a Z80A memory cycle,
which was initiated prior to the 8088 processor’s request, wait states will occur until the request can be
filled.

Refresh has the highest priority for memory cycles. DMA has the second highest priority for memory
cycles. The processors have the lowest priority. The 8088 processor has approximately equal priority with
the Z80A processor.

No parity generation/checking is implemented for the standard 128K byte memory.

3.4.5.2 ROM - The 8088 processor can address 32K bytes to 64K bytes of ROM (ROM 0 and ROM 1)
on the module. ROM 0 contains code for diagnostics, bootstrap, and part of the VT102 emulation code.
ROM 1 contains the remainder of the VT102 emulation code, and the language translation codes needed
to support the various international language keyboards. The 8088 processor must move the code for the
Z80A processor into shared memory in order to be executed by the Z80A processor. No wait states are
required when the 8088 processor accesses this memory; however, because the circuitry assumes that all
memory is dynamic RAM, wait states will be executed whenever refresh cycles are in progress. Supported
ROMs have the same pin assignments as the 27128/27256 ROMs, with access times less than or equal to
450 nanoseconds (ns). Each ROM socket has a jumper associated with it to select the 27128 (128K bit)
pin assignments or the 27256 (256K bit) pin assignments. The default condition is with jumpers W5 and
W6 removed, and the 27128 (128K bit) type pin assignments selected.

3.4.5.3 4K Byte Screen RAM and 4K Byte Attribute RAM - The video or 8088 processor can access
the screen RAM and the attribute RAM. The 8088 processor uses these memories to temporarily store the
character and attribute (character, line, and screen) data to be displayed on the screen. The video
processor directly accesses the memories (DMA) via its address bus to retrieve the stored character and
attribute data and then converts the data into a video signal that the monitor uses to produce the screen
display. The parts of this memory not used for the video display are used for firmware variables.
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3.4.5.4 256 X 4 Bit NVM - The PC100-B system module contains 1024 bits of nonvolatile storage that
is organized 256 X 4 bits. The NVM is located on the 8088 bus at address OEDOOOH-OEDOFFH and
the data path to the NVM is through data bits 0, 1, 2, and 3. Phantom images of the NVM exist from
address OECOOOH-OECFFFH, and OED1OOH-OEDFFFH.

The device contains a 256 X 4 bit static RAM that performs as any other static memory. The NVM also
contains a 256 X 4 bit nonvolatile memory that is overlaid with the 256 X 4 bit static memory. On
initialization, the 8088 processor does a RECALL of the NVM which places that data into the static
memory. At this time, any read or write to the memory occurs to the static memory. The RECALL is
done via a bit in the diagnostic write register. On power-up, firmware sets the bit to a 0, and then to a 1
before data from the NVM RAM is available.

To perform a RECALL, set the bit to 0 and then set back to 1. The minimum width for this pulse is 450
ns. The data is available immediately after the RECALL bit is reset. The data in the static memory
portion can be stored in the NVM by the 8088 processor via the PROGRAM NVM bit also located in the
diagnostic write register. This bit is also set to 0 on power-up. To perform a PROGRAM NVM operation,
the bit is set to 1 and then back to 0. This pulse has a minimum width of 100 ns. Once the PROGRAM
NVM bit has met the minimum pulse width it can be removed, however, the 8088 processor cannot access
the NVM for 10 milliseconds (ms). At this time, the device is storing the data into the NVM. Nothing
indicates to the 8088 processor that the device is done other than 10 ms has passed. If another operation is
done on the NVM during those 10 ms, it will be ignored. Once the operation is started, it cannot be
terminated unless the power is turned off. In this case, data in the NVM is not valid.

3.4.5.5 Optional (Unshared) Dynamic Memory — The module can optionally be expanded with 64K
bytes to 768K bytes of memory for the 8088 processor’s use. If installed, this memory is always available
and never requires wait states, except when the memory cycle contends with a refresh cycle.

3.4.5.6 8088 Memory Map - Figure 3-4 shows the 8088 memory map. The lower 64K bytes are shared
with the Z80A processor as shown in Figure 3-5.
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FFFF

8000

0800
O7FF

0000

FFFFF

Figure 3-4 8088 Memory Map (PC100-B)

Z FLIPPED
ADDRESS BIT ZA<15> INVERTED

SHARED RAM

62K BYTES

PRIVATE PRIVATE
2K BYTES 2K BYTES

8088 Z80

Figure 3-5 Z80A Memory Map and 8088 Low Memory Map

7FFF

0000

FFFF

8800
87FF

8000

FFFF

8000

0800
O7FF

0000

ROM 1 (BOOT)
ROM 1 (BOOT) (128K BIT)
(256K BIT) FCO00
(OPTIONAL) ROM 1 (BOOT)
(ALIASED)
F8000
ROM 0
ROM 0 (128K BIT)
(256K BIT) F4000
(OPTIONAL) ROM 0
(ALIASED)
FOO00
ATTRIBUTE RAM
4K BYTES
EFO00
SCREEN RAM
4K BYTES
EE000
NVM (ALIASED)
EDOFF
NVM 256 X 4 BITS
EDO0O
NVM (ALIASED)
EC000
DFFFF
OPTION RAM
20000
STANDARD RAM (UNSHARED)
64K BYTES
10000
STANDARD RAM (SHARED)
64K BYTES
0
MR-12617

Z NOT FLIPPED
ADDRESS BIT ZA<15> NOT INVERTED

FFFF
SHARED RAM

62K BYTES 0800
PRIVATE PRIVATE O7FF

2K BYTES 2K BYTES
0000

8088 780

MR-12618



3.4.6 Z80A Shared Memory

The Z80A processor has available to it a 64K byte RAM that is divided into 62K bytes shared and 2K
bytes unshared memory. Accesses to the shared portion of memory select the corresponding address in the
standard bank of 64K byte RAMs. Accesses to the unshared memory select a private 2K X 8 byte-wide
static RAM.

If the shared RAM is busy at the time of a Z80A access, the Z80A processor will execute wait states until
the RAM is free. The RAM is considered busy when an 8088 cycle or a refresh cycle is in progress or is
pending. In addition to wait cycles due to contention, all machine cycle #1 (M1) cycles from the shared
RAM have one extra wait cycle due to the timing for this sort of machine cycle.

In any case, the Z80A processor is held in a wait state for no longer than approximately two microseconds.
If both processors are executing out of the shared memory, the Z80A processor cannot reliably access the
floppy disk. For example, lost data errors will often result.

3.4.6.1 Z80A Private RAM - The Z80A processor may access the 2K byte of unshared RAM (static) at
any time without any wait states.

3.4.6.2 Z80A Memory Map-Figure 3-5 shows the Z80A memory map. The Z80A memory addresses
are remapped in the 62K byte shared RAM and the 2K byte Z80A dedicated RAM when address bit
ZA<15> is inverted. Write to the diagnostic write register at address 21H to invert the ZA<15>.

3.4.7 1/0 Decoders

The system module contains two sets of I/O decoders that the 8088 and the Z80A processors use to select
and control the transfer of data through the I/O ports. The 8088 and Z80A I/0 decoders are described in
the following paragraphs.

3.4.7.1 8088 I/O Decoders — The 8088 processor uses three 1/O decoders to supply read/write control
signals to various registers and select signals to the communications/printer serial controller, the keyboard
PUSART, the color/graphics option, the extended communications option, and the hard disk drive
controller. The three decoders are the I/O read decoder, the 1/O write decoder, and the I/O port select
decoder. Table 3-4 lists the addresses decoded by the 8088 1/O decoders.
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Table 3-4 8088 I/0 Addresses

Address

(Hexadecimal) Function Type*
00OH Interrupts Z80A flop (Write) wO
00H Clears 8088 interrupt flop (Read) RO
02H Communications and LED register wO
02H General communications status RO
04H DCO11 write register WO
06H Communications baud rate register WO
08H Option present status register RO
OAH Maintenance port wO
0AH Maintenance port ' RO
0CH DCO012 write register WO
OEH Printer baud rate register WO
10H Keyboard data register (8251A) R/W
11H Keyboard control/status register (8251A) R/W
20H-2FH Extended communications option/option select 1 R/W
30H-3FH Extended communications option/option select 3 R/W
40H Comm data register (MPSC) R/W
41H Printer data register (MPSC) R/W
42H Comm control/status register (MPSC) R/W
43H Printer control/status register (MPSC) R/W
SHO-5FH Graphics option select R/W
60H-6FH Extended communications option/option select 2 R/W
70H-7FH Extended communications option/option select 4 R/W

*WO = Write Only, RO = Read Only, R/W = Read/Write

3.4.7.2 Z80A I/0 Decoders — The Z80A processor uses two I/O decoders to supply read/write control
signals to nine status and control registers for the RX50 disk drive. These registers are located both on the
system module and the RX50 controller module. The read/write control signals for the status and control
registers located on the RX50 controller module are routed through the RX50 controller connector (J9).
The decoders also supply interrupt control signals for the Z80A and the 8088 processors.

Table 3-5 lists the addresses decoded by the Z80A 1/0O decoders.
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Table 3-5 Z80A 1/0 Addresses

Address*

(Hexadecimal) Function Typet
00H Clear interrupt to Z80A (Read) RO
00H Interrupts 8088 (Write) WO
20H Set ZFLIP WOi
21H General/diagnostic status register RO
21H General/diagnostic control register WOi
40H Diskette status register RO
40H Disk control register WO
60H FDC status register RO
60H FDC control register WO
61H FDC track register R/W
62H FDC sector register R/W
63H FDC data register R/W

*

The above Z80A 1/O ports have many alias addresses throughout the Z80A’s 256 1/O port address space. Prudent
programming practice precludes using any Z80A 1/O port address that is not defined above.

WO = Write Only, RO = Ready Only, R/W = Read/Write

Writing Diagnostic Write Register at address 21H will reset ZFLIP. Writing the Diagnostic Write Register at address 20H
will set ZFLIP. Inadvertent use of these registers will likely cause program problems.

3.4.8 Interrupts

The 8088 processor accepts maskable interrupts from eight sources according to priority levels assigned to
each interrupting source and one nonmaskable interrupt from the optional memory extension modules.
The only interrupt source for the Z80A processor is the interprocessor interrupt from the 8088 processor.
When the 8088 or the Z80A processor receives an interrupt request, the interrupted processor will

complete execution of the current instruction and then jump to the interrupt service routine for the
interrupting source.

3.4.8.1 8088 Interrupts — Software or hardware can initiate 8088 interrupts. Software interrupts origi-
nate directly from program execution or indirectly through program logic. Hardware interrupts originate
from external logic and are classified as either maskable or nonmaskable. All interrupts, whether initiated
by software or hardware, result in transfer of control to an interrupt service program.

The maskable hardware interrupts to the 8088 processor come from the following sources.

Interprocessor interrupt from the Z80A processor

Keyboard

Communications or printer MPSC

Video controller (DC12)

Optional color/graphics module

Optional extended communications module or the RD51 hard disk drive controller
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The memory extension option asserts the nonmaskable hardware interrupt (NMI) to the 8088 processor
when it detects a parity error. The NMI causes the 8088 processor to display an error message on the
screen and then halt. To restart the 8088 processor after receiving an NMI, you enter Set-Up and reset the
system.

When the 8088 processor accepts an interrupt request, it acknowledges the interrupt and gates interrupt
type bits onto the BAD<7:0> bus. The 8088 processor uses the interrupt type bits as pointers to the
interrupt vector addresses. The PC100-B system module supports hardware controlled relocation of the
8088 hardware interrupt vectors to accommodate the requirements of different operating systems. The
VECTOR SEL control line is used for this purpose. Table 3-6 describes the 8088 interrupt vector
addresses. Values given are in hexadecimal. The values are listed for VECTOR SEL = 1 (default
condition), and VECTOR SEL = 0 (relocated vectors).

Table 3-6 8088 Processor Interrupt Vector Addresses

Interrupt  Interrupt

Type Address

Priority Vector SEL Vector SEL
Level* Mnemonic Interrupt Source 1y (@ 0)
NMI PARITY ERROR L  Memory extension option 02 02 08 08
7 VERT INTR L DCO012 video controller 20 A0 80 280
6 BDL INTRIL Extended communications option 21 Al 84 284
5 GRF INTR L Color/Graphics option 22 A2 88 288
4 DMAC INTR L Extended communications option 23 A3 8C 28C

(DMA controller)
3 COMM/PTR Comm/Printer MPSC 24 A4 90 290

INTR L

2 BDL INTR L Extended communications option

or RDS51 hard disk controller 25 A5 94 294
1 KBD INT L Keyboard (PUSART) 26 A6 98 298
0 INT88 L Interrupt from Z80A 27 AT 9C 29C

*7 = Highest, 0 = Lowest
The VECTOR SEL control bit relocates the hardware interrupt vector space to accommodate the requirements of different

operating systems. The VECTOR SEL bit is implemented as VECTOR SEL L, using the DTR L output of the keyboard
PUSART. (See Paragraph 3.4.16)
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3.4.8.2 Z80A Interrupts — Only the 8088 processor can interrupt the Z80A. When the Z80A processor
accepts the interrupt it will complete execution of the current instruction and then initiate an interrupt
request/acknowledge cycle. During this cycle, the Z80A processor asserts control signals that enable the
Z80A interrupt vector encoder to gate the Z80A interrupt vector address onto the ZD<7:0> bus.

The interrupt vector address (F7H) placed on the bus is hardwired into the Z80A interrupt vector encoder.
The F7H interrupt vector address causes the Z80A processor to perform an RST 30 instruction in
interrupt mode 0.

3.49 Video Processor

The video processor is a subsystem of the system module that converts data from the 8088 processor into a
composite video signal that the monitor uses to display letters, numbers, and symbols. The video processor
subsystem comprises two central devices (the DC11 video timing and DC12 video control chips), the
screen RAM, attribute RAM, a 4K X 8 bit character generator ROM, and supporting logic.

The 8088 processor stores ASCII encoded character data to be displayed in the screen RAM and attribute
data in the attribute RAM. The video processor then retrieves the character data and attribute data one
line at a time, by direct memory accesses (DMAs), to the screen and attribute RAMs. The character data
is converted into streams of pulses, modified according to the attributes selected. The pulses are sent to the
monitor where they are converted into light to form characters on the screen. The DC11 and DC12
custom ICs provide the complex timing and control signals necessary to convert the ASCII data into the
composite video signal required by the monitor.

The video processor subsystem supports the following features.

24 X 80 or 24 X 132 column display
Smooth scrolling (full screen and split screen)
Jump scrolling (full screen and split screen)
Double-height lines

Double-width lines

Reverse video

Bold characters

Underlined characters

Blinking characters

Block or underline blinking cursor

A 255 ROM-resident character set
Composite video output

The video processor can also modify various attributes of the monitor display. The DC11 and DC12 chips
perform these functions. Three groups of attributes apply to the Rainbow computer display: screen, line,
and character.

The screen attributes affect the characteristics of the entire screen area. The NVM stores the attributes.
During Set-Up, power-up, or reset, the 8088 processor reads the Set-Up specifications and writes them into
the DC11 and DC12 chips via the BAD<7:0> bus to establish the screen attributes. The screen attributes
include the following.

Jump or smooth scrolling

80- or 132-column screen width
Dark or light screen background
50 Hz or 60 Hz screen refresh rate
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Line attributes affect the characteristics of all characters on a single line of the screen. Software selects
these attributes line-by-line. These attributes include the following.

Single-width characters

Double-width characters

Double-height and double-width characters

Scroll to indicate that the line is in a scrolling or nonscrolling area of the display

Software selects character attributes character-by-character to affect the appearance of characters dis-
played on the screen. The attributes can be selected separately or in any combination. The character
attributes include the following.

Underlined character

Reversed video character

Bold character (increased intensity)
Blinking character

3.4.9.1 8088 Processor Video-Processor Interface — The 8088 processor communicates with the video
processor in the following three ways.

1. During Set-Up, the 8088 processor reads the Set-Up specifications and writes them into the
DC11 and DCI12 chips to establish the screen attributes.

2. The contents of the screen RAM and the attribute RAM directly control the line and character
display. These RAMs contain the displayable characters, character attributes, line attributes,
and addresses that link one line of characters to the next.

3. During smooth scrolling, the 8088 processor updates the scroll latch in the DC12 control chip.

3.4.9.2 Screen RAM and Attribute RAM - The screen RAM and attribute RAM store the character
and attribute data for display on the screen. The RAMs are organized according to the Set-Up screen
width specifications. The RAMs can hold 24 lines of 80 or 132 characters and their line/character
attributes.

The 8088 processor accesses these RAMs to read and write data 90 percent of the time. For the remaining
time, the video processor takes full control of these memories to retrieve and process the data for display.
When the video processor controls the memories, it holds the 8088 processor in a wait state and provides
its own addresses BA<10:0> to directly access the memories (DMA) to retrieve the stored data. The video
processor needs the fast access the DMA provides because the data rate required to display a line of
characters is greater than the 8088 processor can handle.

Both the 8088 and the video processors access the 4K byte screen RAM and the 4K byte attribute RAM
through a shared address multiplexer. The 8088 processor stores each character in a line in one of a group
of adjoining locations in the screen RAM. The attribute RAM stores the character and line attributes in
adjoining locations. The video processor only looks at the four least significant bits of the character
attribute bytes.

The screen and attribute addresses access corresponding locations in adjacent 4K byte banks of the 8088
memory (Figure 3-4).
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The screen RAM addresses access locations in the lower 4K byte bank and start at address EE000 H. The
attribute RAM addresses access locations in the upper 4K byte bank and start at address EFO00 H. Not
all of the 8K bytes of the total memory are needed to store the characters and attributes for the video
display. The firmware uses the remaining parts of the 8K byte memory for its variable storage.

3.4.9.3 DC11 Programming Information — The 8088 processor (write only) accesses the DC11 video
timing chip via the BAD<5:4> bits at /O address 04H. Program the DC11 chip with the desired refresh
rate and column mode on power-up and after any mode changes. To program the DC11 chip, write two of
the four command codes listed in Table 3-7.

Table 3-7 DC11 Command Codes

Code Operation
(Hexadecimal) BAD<5> BAD<4> Configuration Performed

0 0 0 0 80-column mode Sets interlaced mode

1 0 0 1 132-column mode

2 0 1 0 60 Hz mode Resets interlaced mode
30 1 1 50 Hz mode

Interlaced/noninterlaced mode is determined by the order in which the 80/132 column and the 50/60 Hz
refresh rate are set. When BAD<5> is low, the number of columns is programmed according to the state
of BAD<4>. When BAD<5> is high, the refresh rate is programmed. Interlace mode is always selected
when the column mode is set, and noninterlaced mode is selected when the refresh rate is set. The interlace
mode used depends on whether the column mode or refresh mode was selected last.

Every time the DC11 chip is programmed, its internal timing chain is reset. Since this causes the screen
display to jump, the DC11 should be programmed only if absolutely necessary. For example, the following
two instructions set the DC11 to 80 column, 60 Hz, and no interlace.

1. MOV AX,2000H
2. OUT DCo011,AX

NOTE
When 80-column mode is selected, the video proces-
sor can display 83 columns in single-width mode or
41 columns in double-width/double-height mode.
When 132-column mode is selected, the processor
can display 137 columns in single-width mode or 68
columns in double-width/double-height mode.

3.4.9.4 DC12 Programming Information — The 8088 processor (write only) can access the DC12 video

control chip via the BAD<3:0> bits at I/O address 0OCH. The four-bit command codes are defined for the
DC12 chip in Table 3-8.
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Table 3-8 DC12 Control Chip Command Codes

(Hexadecimal)

BAD

Result

Code
0 0
0 1
0 2
0 3
0 4
0 5
0 6
0 7
0 8
0 9
0 A
0 B
0 C
0 D
0 E
0 F

Set scroll latch LSBs to 00
Set scroll latch LSBs to 01
Set scroll latch LSBs to 10
Set scroll latch LSBs to 11
Set scroll latch MSBs to 00
Set scroll latch MSBs to 01
Set scroll latch MSBs to 10
Set scroll latch MSBs to 11
Toggle blink flip-flop

Clear vertical frequency interrupt
Set reverse field on

Set reverse field off

Not supported

Set basic attribute to reverse video with 24 lines and set
blink flip-flop off

Not supported

Set basic attribute to reverse video with 48 lines and set
blink flip-flop off

On power-up, the DC12 control chip can be programmed to bring it to a known state. Typically, codes
00H, 04H, 09H, 0BH, and ODH are programmed at power-up time.

The value to which the scroll latch is set determines on which scan row the first line of a scrolling region
starts. Likewise, it determines the last scan row displayed for the last line in a scrolling region.

For example, when the latch is set to O (the degenerate case), the first line of the scroll region starts at scan
row 0; the line is completely visible. The last line of the scrolling region terminates at scan row 9; this line
is also completely visible.
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When the scroll latch is nonzero, for example, 5, the first line of the scrolling region starts with scan row 5;
only the bottom-half of the line is visible. The last line of the scrolling region terminates at scan row 4; only
the top-half of the line is visible.

If the scroll latch is incremented from 0-9 and back to 0 again once each frame, the screen appears to
smooth scroll from bottom to top (assuming that line linkages and line attributes are properly handled). On
the other hand, if the scroll latch is decremented from 0 to 9 then down through 0, the screen seems to
smooth scroll from top to bottom. (Assumption: all line linkages and line attributes are properly handled.)

A scrolling region is defined as a group of lines with their scrolling attributes set, surrounded by lines
whose scrolling attributes are not set. Note that the scrolling attribute for a line resides in the line pointer
information at the end of the previous line. Also, the first line on the screen (the one at RAM location 0),
has its scrolling attribute reset by definition. Also note that the definition of a scrolling region does not
preclude the definition of more than one scrolling region per screen, although that is of dubious value.

Whenever the scroll latch is nonzero, each scrolling region on the screen requires an extra (scrolling) line to
be linked in. For example, if the scrolling region is 10 lines long when the scroll latch is set to nonzero,
there must be an eleventh line linked in. If scrolling up (incrementing the scroll latch), the line must be
linked in at the bottom. When the scroll latch is incremented back to 0 again, the top line of the scrolling
region must be unlinked. When scrolling down (decrementing the scroll latch), new lines must be linked in
at the top of the scroll region and unlinked down at the bottom. All line linking/unlinking should be done
during the vertical blanking interval (after the vertical frequency interrupt is asserted). In 60 Hz mode,
there are two blanked lines at the beginning of the screen: the line at RAM location 0, which points to the
screen RAM address of the second blank line. The second blank line address bytes point to the starting
location of the first line of data to be displayed.

The video processor guarantees to read the first line (at location 0) by the time that the interrupt service
routine is entered. Changes to this line will not affect the screen until the next frame time. The second line
will not be read for more than 500 microseconds (us) after asserting the interrupt.

If the second line is to be changed, it must be changed very soon after entering the interrupt service routine
to guarantee that the change will be visible in the current frame.

Therefore, if the first visible line on the screen is involved in the scroll region and is being either linked in
or unlinked, then the vertical interrupt routine must guarantee that its pointer (which resides in the second
invisible line) is changed within approximately 500 us after the interrupt asserts.

Setting the scroll latch is much less time-critical than this. Because the scroll latch is loaded by the DC12
control chip by the vertical reset at the beginning of each frame, the only requirement is that the scroll
latch be modified before the next frame begins. Note that the scroll latch value is the value that will be
used during the next frame rather than the current frame.

3.4.9.5 Character Generator ROM - The character generator is a 4K X 8 bit ROM that is addressed by
the coded representations of the desired characters stored in the screen RAM. Each code is used as the
eight most significant bits of the ROM address. A scan counter in the DC12 control chip provides the four
least significant bits of the ROM address. The eight character bits combine with the 4-bit scan count to
provide the 12-bit address for the ROM. The data stored at each address (character + scan) are eight bits
representing the presence or absence of dots of light at sequential horizontal positions within that scan.

The character generator ROM holds 255 characters corresponding to character codes OOH-FEH. Appen-

dix C lists the codes and the corresponding characters they display. Character code FFH acts as the
terminator byte for the termination detector. The character codes OOH-FEH correspond to address
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OOOH-FEFH in the character generator ROM. The final hexadecimal digit of an address indicates the
scan (ROW<3:0>) of the character being addressed. Table 3-9 lists the relation of the scan address digit to
the scan number.

Each byte of information in the character generator ROM at a valid scan address represents eight bits of
horizontal scan information. Figure 3-6 shows the bit patterns stored in the ROM for an uppercase and
lowercase letter A. The computer displays characters on the screen in a 10 X 10 matrix of dots. Each 10
dot X 10 scan group is a character cell.

Table 3-9 Character Generator Scan Addresses

Scan Address Character Scan Number
F 1 Normally blank
0 2 Top of normal uppercase character
1 3
2 4
3 5
4 6
5 7
6 8 Bottom of normal uppercase character
7 9 Normal descenders (underline scan)
8 10 Normal descenders
9-E Not used (never displayed)
INTER-CHARACTER
SPACE
CHARACTER BITS ~ CHARACTER BITS
scan 1 — 0 ©7 D6 05 D4 03 02 01 o0 £0 50’07 06 08 D4 53 02 01 DO 10 09 . s
SCAN2 —— ° . 0
SCAN3 —— o - 0 . _
SCAN4 —— [ ] c @ - . o 06 0 0 O 2 CHARACTER
SCAN5 —— « @ ° . . . ) 3 GENERATOR
SCAN6 —— ® & 0 00 0 O . e 6 06 0 0 O —_— 4 >SCAN
SCAN7 —— - @ ® - - -0 . ° —_—— 5 ADDRESS
SCANg —— -« ® ° - - o000 o0 —— 6
SCAN9 —— . . . _ 7
=g —
| J
[ DOT INTERVALS
.
CHARACTER INTERVALS
MR-11319

Figure 3-6 Character Generator ROM Patterns
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The low order bit (DO) is a fill bit. It is used not only as the right-most bit in the character, but also fills in
the right-hand space between characters. This inter-character space is two-dot intervals in 80-column
mode, and one-dot interval in 132-column mode.

3.4.9.6 Composite Video Signal Characteristics - The composite video output of the video processor
subsystem provides a compatible EIA RS-170 output generated by combining the video signal with a
composite synchronous signal. The composite video signal is applied to connector J3 on the system module
and can directly drive a standard video monitor.

NOTE
The use of dc coupling is not in strict agreement
with the EIA RS-170 standard. To agree with RS-
170, the video generator output load requires a 10
microfarad capacitor in series with the output.
Without the capacitor, the RS-170 2 milliamp (mA)
dc short circuit requirement is violated.

Figure 3-7 illustrates the composite video output.
The composite video output has five nominal characteristics.
1.  Output impedance = 75 ohms, dc coupled to 0.0 V.
2. Sync level = 0.0 V.
3. Reference black level = approximately 0.3 V with a 75 ohm load.
4.  Reference white level = approximately 1.0 V with a 75 ohm load.
5. The composite synchronous waveform conforms to EIA RS-170 standards. The vertical interval
comprises six equalizing pulses, six vertical synchronous pulses, and six more equalizing pulses.
The timing is as follows.
Equalizing pulse width
Vertical pulse width

Horizontal pulse width
Horizontal blank width

2.33 us 50 ns

27.28 us 200 ns

4.71 us £50 ns

11.84 us =50 ns/80-column mode
12.34 us +50 ns/132-column mode
1.54 us 50 ns

| I T I

Front porch
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EVEN FIELD: 60 HZ NONINT = 22 SCANS
VERTICAL BLANKING INTERVAL { RS N INT =~ 22 SCANS}
50 HZ NONINT = 75 SCANS
LAST DISPLAYED SCAN OF 50 HZ INT = 74 SCANS FIRST OF 240 DISPLAYED
PREVIOUS FIELD SCANS IN EVEN FIELD
60 HZ NONINT = 2 SCANS
60 HZ INT = 2SCANS
1oV 50 HZ NONINT = 25 SCANS o
: 50 HZ INT = 24 SCANS
ov IR R
\Va\ !
TIME ——» START OF } H PERIOD = 63.56 uS + 0.01%
EVEN FIELD |
ODD FIELD: :
LAST DISPLAYED SCAN OF | VERTICAL BLANKING INTERVAL (60 HZ INT = 23 SCANS FIRST OF 240 DISPLAYED
EVEN FIELD L50 HZ INT = 75 SCANS SCANS IN ODD FIELD

60 HZ INT = 2.5 SCANS [\/
1.0V 50 HZ INT = 24.5 SCANS
le———————— VERTICAL INTERVAL

ov U UL U -
N

TIME ——— START OF

ODD FIELD

H PERIOD = 63.56 uS + 0.01%

NOTES:

1. IN NONINTERLACED OPERATION THE
EVEN FIELD IS REPEATED CONTINU-
OUSLY, AND THE ODD FIELD IS NOT

USED.
2. IN THE INTERLACED OPERATION THE
11.84 uS + 50 NS / 80 COLUMN EVEN FIELD ALTERNATES WITH THE
H BLANK {12.34,;3:50 BS / 132 COLUMN ODD FIELD.
* 3. ALL FIELDS CONTAIN 240 DISPLAYED
SCANS.
BLACK = 0.20 V—» +f ] r] I '|
FRONT PORCH = 1.54 S 50 NS +l EQ =233 ns«:sows-—l |- -—l |-—v SYNC = 27.28 uS
+ 200 NS

H SYNC

4.71 uS £ 50 NS
H PERIOD = 63.56 uS + 0.01%

MR-10014

Figure 3-7 Composite Video Synchronous Timing Diagram
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3.4.10 Language ROMs

The 16K X 8 bit language ROM is ROM 1 of the two-ROM set that make up the 32K byte ROM. See
Figure 3-2. The language ROM contains language character translation codes necessary to support the
various international keyboards.

The character storage space needed to include all language variations exceeds the capacity of a single
16K X 8 bit ROM. Because of this, the language codes are clustered in five sets of three languages. Five
different language ROMs are needed to support the 15 available international language keyboards. English
is a part of all five language ROMs. Table 3-10 lists the language ROMs and the languages they support.

Table 3-10 ROM Language Clusters

ROM 1 Digital Part
Cluster Languages Number

1 German, French, English 23-020E5-00
2 Dutch, French, English 23-015E5-00
3 Finnish, Swedish, English 23-016E5-00
4 Danish, Norwegian, English 23-017E5-00
5 Spanish, Italian, English 23-018E5-00

3.4.11 8088 Diagnostic and Control/Status Registers

The 8088 processor accesses two diagnostic registers: one control register and one status register. The two
8-bit diagnostic registers control and read the status of various system functions during diagnostic testing.
The control register controls the modem control lines of the communications port and writes diagnostic
error codes into the four 8088 diagnostic LEDs. The status register reads the status of the modem control
lines of the communications port, the interrupt line of each processor, and the MHFU logic enable signal.
The registers are shown in Figure 3-8 and described in the following paragraphs.

3.4.11.1 Diagnostic Write Register: 8088 Processor — The diagnostic write register is an 8-bit write-only
register that is used for diagnostic control purposes. This register also contains a bit to loopback the
transmitted data of the ports through a loopback multiplexer into the received data input of the ports. To
access this register, perform a write to the maintenance port (address 0AH). The register bit format is
shown in Figure 3-9 and the bits are described in Tables 3-11, 3-12, 3-13, 3-14, and 3-15.
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Figure 3-8 System Module Control/Status and Diagnostic Registers
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06

05

04 03 02 01 00

|

I

1 I I I
ADDRESS OAH (WOQ)

| 1 | |

L ZRESET

DISPLAY BLANK
GRF VID SEL
PARITY TEST
DIAG LOOPBACK

PORT LOOPBACK

PROGRAM NVM

RECALL NVM

MR-11321

Figure 3-9 Diagnostic Write Register (8088) Format

Table 3-11 Diagnostic Write Register (8088) Bit Description

Bit

Name

Description

ZRESET

DISPLAY BLANK

GRF VID SEL

PARITY TEST

DIAG LOOPBACK

PORT LOOPBACK

PROGRAM NVM

RECALL NVM

When this bit is high (1), it resets the Z80A processor from the
8088 processor side. This bit is active at power-up.

When this bit is low (0), the computer will blank the display.

When this bit is low (0), the system module video is selected. When
high (1), the graphics module video is selected.

When high (1), this bit enables testing of the parity circuit on the
optional memory module.

This bit is a maintenance bit that is cleared (0) on power-up. When
high (1), this bit allows the RX50 controller data separator and the
serial video output from the DC12 to be tested by using the printer
port. Tables 3-12 and 3-13 describe how the signals are routed
through the printer port.

This bit is a communications port loopback maintenance bit. This
bit is cleared (0) on power-up. When high (1), this bit sets up the
loopback multiplexers for the communications, printer, and key-
board ports to allow testing. The port loopbacks are done in such a
way that bit rate errors of one port can be detected by another.
Tables 3-14 and 3-15 describe how the signals are routed through
the ports.

When high (1), this bit allows data to be written into the NVM.

When high (1), this bit allows data to be recalled (read) from the
NVM.
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Table 3-12 Printer Port Diagnostic Signal Routing*

Diagnostic

Loopback

Bit 4 = Signal Source From Signal Input To

0 PRT RCV DATA PRT RXD

1 VIDEO OUT 2 PRT RXD

0 PRT RXTXC PRT RXTXC

1 500 KHZ PRT RXTXC

0 MASTER CLK VIDEO CLK

1 250 KHZ VIDEO CLK

0 RAW DATA DATA SEPARATOR
1 PRT TXD DATA SEPARATOR

During diagnostic loopback, the TEST input of the 8088 processor is connected to the COMM/PRINTER
INTR L output of the multiprotocol serial controller (MPSC). Thus, using the 8088 processor’s wait

instruction in a polled 1/0O loop, the diagnostic firmware is able to keep up with the 500K baud data rate of
the MPSC.

Table 3-13 Printer Port Diagnostic Signal Description

Signal

Direction Source Description

From PRT RCV DATA Data received from the printer through connector J2

From VIDEO OUT 2 DC12 serial video output data to the printer port during
diagnostic loopback testing

To PRT RXD Printer received data input to the MPSC from the printer
or DC12 serial video

From PRT RXTXC Printer receiver/transmitter clock input to the MPSC
from the printer baud rate generator

From 500 KHZ Printer receiver/transmitter clock input to the MPSC
during diagnostic loopback testing

To PRT RXTXC Printer receiver/transmitter clock input to MPSC from
printer baud rate generator or 500 kHz pulses from the
clock circuit

From MASTER CLK Master clock pulse input to the video loopback
multiplexer

From 250 KHZ 250 kHz clock pulse input to the video loopback
multiplexer
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Table 3-13 Printer Port Diagnostic Signal Description (Cont)

Signal

Direction Source Description

To VIDEO CLK Video clock input to the DC11 control chip from the
master clock or 250 kHz outputs of the clock circuit

From RAW DATA Raw data (clocks and data) from the disk drives

From PRT TXD Data transmitted from the MPSC to the printer, the key-
board loopback multiplexer, and the diskette drive data
separator

To DATA SEPARATOR Data input to data separator from the diskette drives, or

printer transmitted data from the MPSC

Table 3-14 Port Loopback Signal Routing

Port

Loopback

Bit 5 = Signal Source From Signal Input To
0 COMM RCV DATA COMM RXD

1 COMM TXD COMM RXD
0 PRT RCV DATA PRT RXD

1 KBD TXD PRT RXD

0 KBD RCV DATA KBD RXD

1 PRT TXD KBD RXD
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Table 3-15 Port Loopback Signal Description

Direction

Signal
Source

Description

From

From

To

From

From

To

From

From

To

COMM RCV DATA

COMM TXD

COMM RXD

PRT RCV DATA

KBD TXD

PRT RXD

KBD RCV DATA

PRT TXD

KBD RXD

Communications received data from the communications
connector J1 applied to the communications loopback
multiplexer

Communications transmitted data from the MPSC
applied to the communications loopback multiplexer

Communications received data input to the MPSC from
the communications device or communications transmit-
ted data from the MPSC during port loopback testing

Printer received data from printer connector J2 applied to
printer loopback multiplexer

Keyboard transmitted data from the keyboard PUSART
to the printer loopback multiplexer via the video loopback
multiplexer

Printer received data input to the MPSC from the printer
or the keyboard transmitted data during port loopback
testing

Keyboard received data from the keyboard connector J3
to the keyboard loopback multiplexer

Printer transmitted data from the MPSC to the keyboard
loopback multiplexer

Keyboard received data input to the keyboard PUSART
from the keyboard connector or the printer transmitted
data during port loopback testing

3.4.11.2 Diagnostic Read Register: 8088 Processor - The diagnostic read register is an 8-bit read-only
register that reads the status of a number of diagnostic control signals during diagnostic testing. To access
the register, perform a read to the maintenance port (address 0AH). The register bit format is shown in
Figure 3-10, and the bits are described in Table 3-16.

3.4.11.3 Communications Status Register: 8088 Processor - The communications status register is an
8-bit read-only register that stores the status of the modem control lines for the communications port, the
interrupt line for each processor, and the MHFU enable signal. To access this register, perform a read to
address 02H. The register bit format is shown in Figure 3-11, and the bits are described in Table 3-17.
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ADDRESS OAH (RO)

—l— ZRESET L

MFG TEST JUMPER W13
MFG TEST JUMPER W14
MFG TEST JUMPER W15
DIAG LOOPBACK H
PORT LOOPBACK H
PROGRAM NVM

RECALL NVM

MR-11322

Figure 3-10 Diagnostic Read Register (8088) Format

Table 3-16 Diagnostic Read Register (8088) Bit Description

Bit Name Description

0 ZRESET L This bit represents the state of bit 0 of the 8088 diagnostic write
register.

1-3 MFG TEST JUMPER These bits represent the state of the W13, W14, and W15 manu-

facturing test jumpers. These bits are normally high (1).

4 DIAG LOOPBACK H This bit represents the state of bit 4 of the 8088 diagnostic write
register (diagnostic loopback H).

5 PORT LOOPBACK H This bit represents the state of bit 5 of the 8088 diagnostic write
register (port loopback H).

6 PROGRAM NVM This bit represents the state of bit 6 of the 8088 diagnostic write
register (program NVM).

7 RECALL NVM This bit represents the state of bit 7 of the 8088 diagnostic write
register (recall NVM).

ADDRESS 02H (RO)

l— COMM RI

COMM SI/SCF
COMM DSR
COMM CTS
COMM RLSD
MHFU ENBL
INT 88 L

INT 280 L
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Figure 3-11 Communications Status Register (8088) Format
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Table 3-17 Communications Status Register (8088) Bit Description

Bit Name Description

0 COMM RI This bit reflects the status of the ring indicator line of the communica-
tions port.

1 COMM SI/SCF This bit reflects the status of the speed indicator line or the secondary
receive line signal detect of the communications port.

2 COMM DSR This bit reflects the status of the data set ready line of the communica-
tions port.

3 COMM CTS This bit reflects the status of the clear to send line of the communica-
tions port.

4 COMM RLSD This bit reflects the status of the receive line signal detect of the commu-
nications port.

5 MHFU ENB L This bit reflects the status of massive hardware failure (MHFU) detect
enable L.

6 INT88 L This bit reflects the status of the INT88 L bit that is asserted by the
Z80A processor to interrupt the 8088 processor for interprocessor
communications.

7 INTZS0A L This bit reflects the status of the INTZ80A L bit that is asserted by the

8088 processor to interrupt the Z80A processor for interprocessor
communications.

3.4.11.4 Communications Control Register: 8088 Processor — The communications control register is
an 8-bit write-only register that controls the modem lines on the communications port and writes diagnos-
tic error codes into the four 8088 LEDs. To access this register, perform a write to address 02H. The
register bit format is shown in Figure 3-12, and the bits are described in Table 3-18.

ADDRESS 02H (WO0)

L—— COMM SPD SEL H

COMM SRTS H
COMM DTR L
COMM RTS
LED D6 (LSB)
LED D3

LED D4

LED D5 (MSB)
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Figure 3-12 Communications Control Register (8088) Format
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Table 3-18 Communications Control Register (8088) Bit Description

Bit Name

Description

0 COMM SPD SEL H

1 COMM SRTS H

2 COMM DTR L

3 COMM RTS

4 LED (D6)

5 LED (D3)

6 LED (D4)

7 LED (D5)

This bit controls the speed select line of the communications port.

This bit controls the secondary request to send line of the communi-
cations port.

This bit controls the data terminal ready line of the communica-
tions port.

This bit controls the request to send line of the communications
port.

This bit displays the least significant bit of the diagnostic error
message code. When written with a 0, the LED lights.

This bit displays the second bit of the diagnostic error message
code. When written with a 0, the LED lights.

This bit displays the third bit of the diagnostic error message code.
When written with a 0, the LED lights.

This bit displays the most significant bit of the diagnostic error
message code. When written with a 0, the LED lights.

3.4.12 Z80A Registers

The Z80A processor can access registers on the system module and the RX50 controller module to
control, and it can monitor the status of the diskette drives and a number of other functions for diagnostic
and general purposes. These registers are shown in Figure 3-8 and described in the following paragraphs.

The registers that the Z80A processor can access are as follows.

General/diagnostic status register
General/diagnostic control register
Diskette drive status register
Diskette drive control register

The Z80A processor can access five other diskette drive registers that are located in the floppy disk
controller (FDC) chip on the RX50 controller module. These registers are listed here for reference only
and are described in detail in Chapter 5 of the Rainbow™ 100 Technical Manual (EK-PC100-TM).

FDC status register

FDC track register
FDC sector register
FDC data register

Nl ol ol B

FDC control register
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3.4.12.1 General/Diagnostic Status Register: Z80A Processor — The general/diagnostic status register
is an 8-bit read-only register that holds the status of interprocessor interrupts, ZFLIP, and diskette drive
control signals. The three least significant bits of this register are located on the system module, and the
five most significant bits are located on the RX50 controller module. To access this register perform a read
to address 21H. The register bit format is shown in Figure 3-13 and the bits are described in Table 3-19.

Figure 3-13

06

05 04 03 02 01 00

T 1 T 1 Ll

ADDRESS 21H (RO)
1 | A | |

]— ZFLIP L

Lt——————— INTZ80 L

INT88 L
READY L

DIR L

TROO

WRITE GATE L

STEP L

MR-11325

General/Diagnostic Status Register (Z80A) Format

Table 3-19 General/Diagnostic Status Register (Z80A) Bit Description (Cont)

Bit Name Description

0 ZFLIP L This bit is the read back for the ZFLIP L bit in the gener-
al/diagnostic control register (Z80A).

1 INTZ80 L This bit reads the INTZ80 bit that is sent by the 8088 processor
to interrupt the Z80A processor.

2 INT88 L This bit reads the INT88 bit that is sent by the Z80A processor to

3 READY L

4 DIR L

5 TROO

6 WRITE GATE L

7 STEP L

interrupt the 8088 processor.

This bit reflects the status of the READY L signal coming from
the diskette drive.

This bit reflects the status of the DIRECTION signal from the
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