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PREFACE

This manual contains information needed by field service engineers, technicians, or other interested
persons who have a need to know how the Rainbow 100™ computer is designed and operates. Included are
explanations of the features, capabilities, system architecture, and technical characteristics as well as
general reference data. The information is presented in twelve chapters and three appendixes.

Chapter 1

Chapter 2

Chapter 3
Chapter 4
Chapter 5
Chapter 6
Chapter 7
Chapter 8
Chapter 9

Chapter 10

Chapter 11

Chapter 12

Appendix A

Appendix B

Appendix C

Contains a general description and specifications of the units comprising the Rainbow
100 computer.

Provides basic operator information, including use of the keyboard and Set-Up modes
for setting or changing the computer operating characteristics.

Describes the functions and interaction of each hardware unit at the system level.
Contains the technical description of the system module.

Contains the technical description of the RX50 controller module.

Contains the technical description of the RX50 diskette drive.

Contains the technical description of the power supply and fan assemblies.
Contains the technical description of the LK201 keyboard.

Contains the technical description of the VR201 video monitor.

Describes how to test and troubleshoot the Rainbow 100 computer using either the
internal ROM-based or diskette-based diagnostic programs.

Describes procedures for adjusting the monitor and provides removal and replacement
procedures for modules and mechanical assemblies.

Describes the multinational character codes supported by the Rainbow 100 computer.

Contains a recommended spare parts list and ordering information for parts and
computer reference manuals.

Contains a list of ROM-based and diskette-based diagnostic error messages.

Contains a glossary of terms, acronyms, and abbreviations used in this manual.
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Many terms used in this manual are written out the first time they appear, followed by an abbreviation or
mnemonic in parentheses. Thereafter, the abbreviation or mnemonic is generally used.

The keys on the Rainbow 100 keyboard that are mentioned in text appear in boldface (for example, press

the Shift key). Note that <Return> represents the Return key, and to press <Shift/A> means to hold
down the Shift key and press the A key at the same time.
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CHAPTER 1
INTRODUCTION

NOTE
The Rainbow 100 computer described in this manual
is model PC100A and should have been installed
according to instructions in the Rainbow™ 100
Installation Guide.

1.1 GENERAL DESCRIPTION

The Rainbow 100 computer is a high performance personal computer that runs a wide selection of
CP/M®-based and MS™-DOS-based software. A dual processor system architecture allows execution of
8-bit or 16-bit application programs using the CP/M®-86,/80 operating system.

The basic Rainbow 100 computer consists of:

A video monitor

A keyboard

A dual processor (Z80A® and 8088™)

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

A standard dual-diskette drive containing 800K bytes of on-line auxiliary memory on two 5-,
inch diskettes, with a second dual-diskette drive provided optionally for an added 800K bytes of

on-line auxiliary memory

A printer/communications controller for adding an optional printer and/or an optional modem

The Rainbow 100 computer is housed in three separate units: the video monitor, the keyboard, and the
system unit. Figure 1-1 shows the Rainbow 100 computer in two views: with the system unit positioned
horizontally, and with the system unit positioned vertically in the optional floor stand.

CP/M® is a registered trademark of Digital Research Inc.
MS™-DOS is a trademark of Microsoft Corporation.
Z80A® is a registered trademark of Zilog, Inc.

8088™ is a trademark of Intel Corporation.

*A byte = | character location; 1K byte = 1024 bytes.
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Figure 1-1 Rainbow 100 Computer

1-2



1.2 PHYSICAL DESCRIPTION

1.2.1 Video Monitor

The Rainbow 100 computer monitor has a video screen with a diagonal dimension of 30.5 cm (12 in). The
screen is coated to reduce glare. (Avoid touching the screen since fingerprints show up very easily. When
necessary, clean the screen with the cleaner provided.)

The monitor displays video information from the video control system on the screen. (The video control
system resides on the system module inside the system unit.) The monitor also provides the internal
connection for the keyboard and has the following features:

24-line X 80- or 132-column display

Jump or smooth scrolling

Double-height characters (by line)

Double-width characters (by line)

Normal and reverse video (by character)

Boldface, blinking, and underlined characters (by character)
Dark or light screen background

Auto-screen blanking

Brightness and contrast controls

Figure 1-2 shows the brightness and contrast adjustments located on the back of the monitor.

BRIGHTNESS CONTRAST
CONTROL CONTROL

MR-10072

Figure 1-2 Brightness and Contrast Controls
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1.2.2 The Keyboard

The Rainbow 100 computer has a low-profile keyboard with 105 keys, as shown in Figure 1-3. The
standard keys at the left and center provide the uppercase and lowercase letters, numbers, and punctua-
tion. To the right of these keys are the editor keys (Find, Insert Here, Remove, Select, Prev Screen, and
Next Screen) and the cursor control keys (], |, <, —). On the far right is the numeric keypad.

LEDS

Hold Screen Lock Compose Wait

N\

(o, Brnt, setup Fa Interrupt Resume Cancel Main  Exit il B3 3 8in " @ ‘e ‘e '@ F17_ F18_ F19 F20 |

DDDDD] e {3 J—II_TFT[]D

R BEEEREE BB IEE™ L [l [
Gl G e P o =2 0
FEFEFPFFFEFEELID | T [0
-CWIEBEEIE@LJ_I{HM (] e]®] -

SPECIAL FUNCTION KEYS

MR-10073

Figure 1-3 Keyboard Controls and Indicators

Across the top of the keyboard are the special function keys. Included in these keys are the Set-Up key,
the Help key, and the Do key. The Help key calls a help message to the screen in Set-Up mode and during
applications that use this key. The Do key separates the “execute” function from the ‘“carriage return”
function within an application program that can distinguish between these functions.

Also included in the top row are the special function keys for different types of applications—word
processing, electronic mail, accounting spreadsheets, etc. These keys can be custom labeled with a
removable strip for each application.

1.2.2.1 Keyboard Features — The keyboard has the following features:

® A low profile that allows access to the dual-diskette drive in the system unit, should you want to
place the two components on the same table or desk.

e  Keyclick sounds as the keys are pressed. You can adjust the keyclick volume or turn it off.
e A keyboard tone generator that produces a margin bell. The tone volume is also adjustable.
®  Auto-repeat of all keys on the main keypad array, the numeric keypad, and the function keys

(including Space, , and Tab). Exceptions are the Return key and any key used in conjunction
with the Control key.
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The keys are arranged in an electrical matrix, which is scanned for keys that are pressed. A single-chip, 8-
bit processor detects whenever a key is pressed and transmits the event to the system module.

1.2.2.2 Keyboard LEDs - The keyboard has four lights (LEDs) that indicate when a specific function is
in operation. The functions indicated are: Hold Screen, Lock, Compose, and Wait. During normal
operation, the lights have the following meanings when they are on.

Indicator Meaning

Hold Screen The Hold Screen key has been pressed. New data will not be added to the monitor’s
screen until you press Hold Screen again.

Lock The Lock key has been pressed, enabling caps lock mode.

Compose The Compose Character key has been pressed (for special applications only). (CP/M-
86,/80 does not support this key.)

Wait Keyboard transmission has been temporarily stopped by the system. If this light is on,
any additional characters typed are lost. The keyboard beeps once for each key
pressed.

The lights can also signal error conditions. All four lights flash when the power-up selftest fails.

1.2.3 The System Unit
The system unit, shown in Figure 1-4, contains the power supply, the system module, a dual-diskette drive,

a fan, and the system power switch. This unit can be placed horizontally on a desk or vertically in the
optional floor stand.

DUAL-DISKETTE DRIVE

POWER SWITCH

LATCH (ONE ON EACH SIDE)

MR-10074

Figure 1-4 System Unit Controls and Indicators (Front)
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Placing the system unit in the floor stand decreases the amount of desk space needed by the personal
computer. The floor stand also keeps the unit fixed and allows it enough airflow.

The components of the system unit are designed to make installation of options and maintenance of
components easy. The system unit’s cover is secured by sliding latches under its left and right sides. The
diskette drives can be removed by releasing their latches, the power supply can be removed by discon-
necting the cables. The system module slides out the back of the system unit.

The connectors for power and peripheral devices are at the back of the system unit, as shown in Figure 1-5.
They are unique in design to prevent misconnections and are labeled: COMM (for an optional communica-
tions line), PRINTER, and VIDEO (for the monitor cable).

COMMUNICATIONS CONNECTOR
PRINTER CONNECTOR

VIDEO CONNECTOR

POWER
CONNECTOR

123 4 5 6 7
[Ce@OOCO @]

ERROR MESSAGE LEDS

MR-10075

Figure 1-5 System Unit Controls and Indicators (Rear)

Seven LEDs at the back of the system unit indicate the source of any problem with the computer. The
LEDs provide a backup to error messages and are especially useful should the monitor fail.

1.2.3.1 The System Module — The system module, located inside the system unit, is made up of
electrical components and circuits. Its major components are the two processors (Z80A and 8088),
memory chips, and communications hardware. Mounted on the system module is the RX50 controller
module. It controls reading and writing on the diskette drives. The system module has other connectors for
mounting a memory extension option and other options as they become available.

You can expand the system module’s memory by adding a 64K byte or a 192K byte memory extension
option. The system module also has a 24K byte ROM, which contains diagnostic tests, a bootstrap
program, and the terminal emulation program.
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The Z80A processor has sole access to the RX50 controller module. Available to the processor are 64K
bytes of RAM, which are divided into 62K bytes of shared memory and 2K bytes of unshared memory.
The 62K bytes are shared with the 8088 processor.

The 8088 processor controls the monitor, the keyboard, the printer, and the communications line. It also

controls any additional options that may be added to the system module. A screen memory and an
attribute memory allow it to control the information on the monitor.

1.2.3.2 The RXS0 Dual-Diskette Drive — The Rainbow 100 computer uses a compact diskette subsys-
tem that consists of a diskette controller module and a dual-diskette drive, which controls two 5-Y/ inch
diskettes. The diskettes provide mass storage, data exchange, and file backup capabilities. Each diskette
stores 400K bytes of information.

The dual-diskette drive has two spindles that are turned by the same drive motor. The drive accesses its
two diskettes by a single-head carriage assembly, which is moved by one stepper motor/lead screw
combination.

Each diskette drive has two sensors that detect when a diskette is installed. These sensors also look for the

notch on the side of the diskette’s protective cover to see if the diskette is write protected. If this notch is
covered, the diskette drive cannot write on the diskette.

1.3 FEATURES AND CAPABILITIES
The following features are standard on all Rainbow 100 computers:

e  Seclftest diagnostics with LED readouts
e  80- or 132-column video display
e 64K byte main memory
® 800K byte auxiliary storage
e  Built-in controllers for additional diskette drive, printer, and modem
®  Programmable bit rates
e  Hardware/software error messages
The Rainbow 100 computer:
e  Operates CP/M or MS-DOS

®  Recognizes programs written for 8- or 16-bit processors (Z80A or 8088) when running CP/M-
86/80

e  Can be expanded to 128K bytes or 256K bytes main memory
e Is RS-232 and RS-423 compatible
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e  Supports an additional diskette drive

e  Supports an optional printer and/or modem

®  Provides optional color/graphics

®  Provides optional extended communications

1.4 RAINBOW 100 COMPUTER SPECIFICATIONS

l.4.l> System Specifications
Standard System:
System Unit:
Processors
Memory
Printer connector
Communications connector
Storage
Video Output:
Operating System:
Environment:

Temperature
Operating*

Not operating
Relative humidity
Operating

Not operating

Altitude (maximum)
Operating

Not operating

Magnetic field

*

System unit, keyboard, monitcr, and operating system

Z80A and 8088 processors

64K bytes

Serial, RS-423

Speeds up to 19,200 baud with modem control, RS-423
Dual-diskette drive (2 X 400K bytes)

Monochromatic, RS-170 compatible

CP/M-86/80 or MS-DOS

Class A: air-conditioned office or light assembly area

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 95% (noncondensing)

2440 m (8,000 ft)
9144 m (30,000 ft)

The RXS50 diskette may lose data when exposed to a
magnetic field strength of 50 oersteds or more.

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

(8000 ft), the maximum temperature is 27.5° C (82° F).
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System Expansion: Three dedicated spaces for option modules that are user-
installable

Hardware Options:
Additional memory 64K or 192K bytes
Second dual-diskette drive (2 X 400K bytes)

Any serial printer with the same FCC classification as the Rainbow 100 computer (Class B), such as
the LAS50 Personal Printer, LA100 Letterprinter 100, or LQP02 Letter-Quality Printer

Optional floor stand for vertical mounting of the system unit
1.4.2 Video Monitor Specifications
Characters: 7 X 9 dot matrix; includes 2-dot descenders
Format: 24 lines X 80 or 132 characters

Physical Description:

Height 29.2 cm (11.5 in)
Width 34.9 cm (13.75 in)
Depth 31.1 cm (12.25 in)
Weight 6.4 kg (14 1b)
Cord 1.9 m (6 ft)
Adjustable Tilt: +5° to —25°
Video Format: Monochromatic, composite

1.4.3 Keyboard Specifications

Audio and Visual Indicators: 4 lights and bell tone generator
Cord: 1.9 m (6 ft) coiled cord;
4-pin, telephone-type modular connectors; plugs into back
of monitor
Physical Description: Low-profile, detachable
Height 5 c¢cm (2.0 in) at highest point
Length 53.3 ¢cm (21 in)
Width 17.1 cm (6.75 in)
Weight 4 kg (4.5 1b)
Keypad: Sculptured key array
Home Row Key Height: 3 cm (1.2 in) above desktop
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Keys:
Size (each)
Spacing
Wobble

Force to activate

Travel to activate
Numeric Keypad:

Function Keys:

Power:

105 keys; matte, textured, 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)

53 gto 79 g (1.8 oz to 2.7 oz); space bar is double this
amount

Less than 0.3 ¢cm (0.12 in)
18 keys

36 keys; firmware- and software-driven; 20 function keys
horizontally positioned below label strip

+12V £+ 5% @ 400 mA, 4.8 W maximum

1.4.4 System Unit and Power Supply Specifications

Physical Description:
Height
Length
Width
Weight (maximum)
Power Supply Type:
AC Input:

115 V (nominal)

230 V (nominal)

Line Current:

AC Power Consumption:

Regulated Voltages:

Circuit Protection:

16.5 cm (6.5 in)
48.3 cm (19 in)
36.3 cm (14.3 in)
13.6 kg (30 Ib)

Transistor, switching-type ac-to-dc converter
Switch-selectable

Single-phase, 3-wire, 90 V to 128 V rms; 47 Hz to 63 Hz
line frequency

Single-phase, 3-wire, 174 V to 256 V rms; 47 Hz to 63 Hz
line frequency

3A@115 Vac
1.5 A @ 230 Vac

218 W

+5.1 V £6% over the current range of 2.5 A to 11.5 A
+12.1 V £6% over the current range of 0.6 A to 6.7 A
—12 V +7% over the current range of 0.0 A to 0.15 A

Circuit breaker, externally accessible
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Performance:

Diskettes per dual-
diskette drive

Number of recording
surfaces per diskette

Storage capacity
per diskette
(80 tracks)

per track
(10 sectors)

per sector

Transfer rate

Average access time

Functional Specifications:

Rotational speed

Density

Physical Specifications:

Height
Width
Depth
Weight

1.4.5 RXS50 Dual-Diskette Drive Specifications

400K bytes

SK bytes

512 bytes
250 bits/s

290 ms

300 r/min

96 tracks per inch

8.4 cm (3.3 in)
14.7 cm (5.8 in)
21.6 cm (8.5 in)
1.7 kg (3.8 1b)






CHAPTER 2
OPERATING INFORMATION

2.1 INTRODUCTION

This chapter describes the procedures for operating the Rainbow 100 computer without going into details
on the use of software or application programs. Refer to the Rainbow™ 100 User’s Guide for that
information.

2.2 USING DISKETTES

1.

2.

Use only RX50K diskettes formatted for the Rainbow 100 computer.
Always handle diskettes by the label end.
Keep diskettes away from magnets or magnetic tools.

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.

Never insert or remove diskettes when the power is off.
Never remove a diskette when the LED on the front of that drive is on.

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 100 COMPUTER
Use the following procedure.

1.

2.

Place the power switch on the front of the system unit to 1 (On). At this point, the Rainbow 100
computer tests its main memory and looks for any hardware malfunctions. If the power-up test
is successful, the Main System Menu (refer to Figure 2-1a) is displayed on the screen. If the test
is not successful, an error message is displayed at the top of the screen. These messages are of
two types:

a. A nonfatal error message, such as that shown in Figure 2-1b, which allows you to select
another choice from the system menu.

b. A fatal, flashing error message at the top without the Main System Menu, as shown in
Figure 2-1c.

Refer to Appendix B for an interpretation of these messages.

After the Main System Menu is displayed, set up the computer according to Paragraph 2.4.
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c. Fatal Error Message

Figure 2-1 Main System Menu and Error Messages

2.4 SETTING UP THE COMPUTER
Pressing the Set-Up key, shown in Figure 2-2, causes the system to enter the Set-Up mode and places the
Set-Up display on the screen, as shown in Figure 2-3. When entering Set-Up, the text on the screen will be

replaced temporarily by the Set-Up display. However, if you perform one of the following procedures
while in Set-Up, the text will be erased.

®  Change the screen width
®  Recall default Set-Up values (pressing the Shift and D keys simultaneously)
e  Recall previously saved Set-Up values (pressing the Shift and R keys simultaneously)

The Set-Up mode allows you to change the following Rainbow 100 computer features:

Tab stops

Settings to match those of the printer

Settings to match those of any communications device attached to the computer
Number of characters displayed across the screen (screen width)

Cursor style to block or underline

Screen background to dark or light

Automatic repeating of keyboard keys

Margin bell volume

Keyclick volume

Entry of a 20-character message for identification on a communications line

These features are divided into areas of common usability called major headings. Each major heading has
a specific display associated with it that is displayed on the screen. There are six major headings in the
Rainbow 100 computer. Each has a number of selections that can be changed, known as minor headings.
The major headings and the number of selections in each are as follows:
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Figure 2-2 Set-Up Key Location
See Paragraph
Number of Selections Below for
Major Heading (Minor Headings) Description
Tabs 2 2.4.2
Param(eter) Set(tings) 24 2.4.3
Modem 5 2.4.4
Printer 2 2.4.5
Misc(ellaneous) 3 2.4.6
Memory 1 2.4.7

Once you press the Set-Up key, you can move from one major heading to another by using the Next
Screen or Prev Screen keys. Once you select a major heading, you can step through its minor headings,
parameters, or tab settings by using the — or — keys.

The minor heading selected is displayed in reverse video; a tab setting is displayed by a cursor position.
You can step through the values of each selection by using the | or | keys.

2.4.1 Help

While in Set-Up, pressing the Help key causes a help message to be displayed on the screen. This help
message is a quick reminder on how to change the settings in Set-Up. Pressing the Help key again returns
you to the current major heading.

2.4.2 Tabs Major Heading

When you enter Set-Up, you are automatically in the Tabs major heading, as shown in Figure 2-3. In this
heading you can change the tab stop settings and switch the computer between line and local operations.
You can move to the next major heading by pressing the Next Screen key. To return to the Tabs major
heading, press the Prev Screen key.

NOTE
The number 04.03.11A, shown in Figure 2-3, is the
revision of the computer’s firmware, which in the
computer may be different.
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Figure 2-3 Set-Up Display — Tabs

2.4.2.1 Tab Stops — When entering Set-Up, the numbers across the middle of the screen represent the
columns in which you can place characters. There are either 80 or 132 possible character positions,
depending on the screen-width setting. The Ts indicate the current tab stop settings. For information on
setting tab stops, refer to the Rainbow™ 100 User’s Guide.

2.4.2.2 Local and Line Modes - In the terminal mode, the Rainbow 100 computer must be set to LINE
in order for it to communicate with its diskette drives and any external device (a printer or a telephone
line). When you place the computer in Set-Up, either LINE or LOCAL is displayed on the screen to
indicate the computer’s current mode. It will stay in this mode unless you change it. If you place the
computer in local mode and exit Set-Up, the keys you press on the keyboard will echo their characters on
the screen. (Normally, you would leave this feature on LINE.) While in Set-Up you can change this
feature by typing L.

If you want to return to the Main System Menu while in Set-Up, press the Set-Up key; otherwise press
<Ctrl Set-Up>. To continue in Set-Up, press <Next Screen> to select the Parameter Settings major
heading.

2.4.3 Parameter Settings Major Heading

The Parameter Settings (PARAM SET) major heading is shown in Figure 2-4. The current selections (Os
or 1s) of all the settings in this major heading are printed on a line across the middle of the screen. Each
selection’s name is also printed on the screen when the cursor is positioned on the selection. Below the
name is the meaning of each value you select. Figure 2-5 summarizes the selections possible and shows
their default values. Table 2-1 lists the selections in the order in which they are displayed on the screen.
Certain selections have meaning only when the Rainbow 100 computer is being used as a terminal (in
terminal mode). These selections are identified by an asterisk in Table 2-1.
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Figure 2-5 Summary of Parameter Settings
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Table 2-1 Parameter Settings Major Heading

Selection (Minor Heading) Values*
Scroll 0 = Jump

1 = Smooth
Correspondence/ 0 = DP (data processing)
data processing keyboard 1 = Corr. (correspondence)

Screen width 80 (columns)

132 (columns)

1

Cursor 0 = Underline
1 = Block
Emulation 0=VT52
1 = ANSI
Auto-repeat 0 = Off
1=0n
Screen 0 = Dark
1 = Light
Margin bell 0 = Off
1 =0n
Keyclick 0 = Off
1=0n
Auto-wrap 0 = Off
1 =0On
New line mode 0 = LF (line feed)
1 = NL (new line)
Default character set 0 = U.S. ASCII (#)
1 =UK. (£)
Auto-screen blank 0 = Off
1=0On
Power 0 =60 Hz
1 =50 Hz
Print termination charactert 0 = None

1 = FF (form feed)

Print extent} 0 = Scroll region
1 = Full screen

*Values in boldface are the default settings.
+This selection has meaning only in terminal mode.



Table 2-1 Parameter Settings Major Heading (Cont)

Selection (Minor Heading) Values*
Auto-XON/XOFF#t 0 = Off
1=0n
Local echot 0 = Off
1 =On
Transmit break} 0 = Disable
1 = Enable
Modem stop bits 0 =1 (bit)
1 = 2 (bits)
Received character parityt 0 = Ignore
1 = Check
Auto-answerbackt 0 = Disable
1 = Enable
Disconnect character uset 0 = Disable
1 = Enable
Disconnect delayt 0 = 60 ms
1=2s

*Values in boldface are the default settings.

+This selection has meaning only in terminal mode.

To change the value of the current selection, press the ] or | key. To proceed to the next selection, press the
— key or the space bar. To return to a previous selection, press the — key. To return to the first selection

shown in Figure 2-5, press the Return key.

The CP/M-86/80 operating system needs certain selections set to specific values. Table 2-2 lists these

selections.

Table 2-2 Parameters Set for CP/M-86/80 Compatibility

Parameter Selection Value
Emulation (ANSI/VT52) ANSI 1
Auto-wrap Off 0
New line mode LF (Line feed) 0
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The following paragraphs describe the selections you should check when you add a communications line or
a printer to the Rainbow 100 computer. The selections meant primarily for the operator are described in
the Rainbow™ 100 User’s Guide.

2.4.3.1 Scroll - This selection applies to the upward and downward movement of lines of text on the
screen to make room for new lines. With jump scroll, the characters on the screen advance upward a full
line of characters at a time, and new lines of characters are added at the bottom of the monitor. If auto-
XON/XOFF is off, use jump scroll.

With smooth scroll, the characters on the screen advance one-tenth of a line (one scan line) at a time.
Smooth scrolling increases the ability to read new data as you receive it. You can set a limit on the smooth
scroll rate in the Misc major heading. A scroll rate setting of 1, 2, or 3 represents 3, 6, or 12 lines per
second, respectively. If auto-XON/XOFF is on, you may wish to use smooth scroll.

2.4.3.2 Correspondence/Data Processing Keyboard — For non-American keyboards, this feature allows
you to select character printing. When this bit is set to 1, accents and other language-specific marks appear
with the characters. However, such characters are not acceptable for entrance into a computer program.
With this bit set to 0, it eliminates the accents and language-specific marks and replaces them with data
processing oriented characters.

2.4.3.3 Screen Width — This setting allows you to select the monitor’s screen width, either 80 or 132
columns. The number of characters that can be displayed in each screen width are as follows.

Single-Width Double-Width
Screen Width Characters Characters
80 80 40
132 132 66
CAUTION

Changing the screen width will erase the data you
had displayed on the monitor before you entered
Set-Up.

2.4.3.4 Cursor — This feature allows you to select a cursor that is a blinking underscore or a blinking
block.

2.4.3.5 Emulation - With VT52 selected, the Rainbow 100 computer emulates VT52 character process-
ing. With ANSI selected, the Rainbow 100 computer uses functions according to the format of the
American National Standards Institute (ANSI).

2.4.3.6 Auto-Repeat - This setting allows you to automatically repeat a key if it is held down for more
than one-half second, except for the control characters, Set-Up, Escape, Return, Compose Character,
Break, Print Screen, Enter, F4, and Hold Screen keys.

2.4.3.7 Screen - This feature allows you to set the screen to a dark background with light characters, or
a light background with dark characters.

2.4.3.8 Margin Bell - This selection allows you to enable or disable a bell that rings when the cursor
moves past the eighth character position from the end of the line.

2.4.3.9 Keyclick - This selection allows you to enable or disable a clicking sound when a key is pressed.



2.4.3.10 Auto-Wrap - With auto-wrap enabled, any displayable character received when the cursor is at
the right margin is automatically placed at the beginning of the next line, scrolling up if needed. With
auto-wrap disabled, any character entered past the right margin prints over the last character position on
that line. The auto-wrap feature should be off for the CP/M-86/80 operating system. In terminal mode,
this feature should be set to match the remote computer.

2.4.3.11 New Line Mode - In line feed (LF) mode, a received line feed will perform a cursor index to the
same character position on the next line. Pressing the Return key sends the carriage return code only.

NOTE
At the bottom margin, pressing the Return key may
cause a scroll to occur.

In new line (NL) mode, a received line feed will cause the cursor to move to the beginning of the next line.
Pressing the Return key causes the transmission of both a carriage return and a line feed code. New line
mode should be off for the CP/M-86/80 operating system.

2.4.3.12 Default Character Set — When you set this parameter to 0, the computer transmits codes that
agree with the American Standard Code for Information Exchange (ASCII). These codes are standard for
printers and communications devices so they can transfer information using a common data pattern. When
you set this parameter to 1, the code for the # symbol on reception only causes display of the British pound
sterling character (£).

2.4.3.13 Auto-Screen Blank - With this feature on (the default condition), the output to the screen will
be turned off after about 30 minutes of not receiving characters. A blinking phantom cursor will appear on
the screen, as shown in Figure 2-6, to indicate that the system is still on. To bring back the data you had on
the screen, press the Shift key and the display on the screen will be restored. The Shift key has no meaning
to a program (important here since the program may have been waiting for a response from you before the
screen went blank).

\_ Y,

MR-10065

Figure 2-6 Auto-Screen Blank Phantom Cursor
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2.4.3.14 Power - This feature sets the monitor’s scan rate to match the power line frequency in order to
maintain correct screen height and prevent display jitter. You should set this parameter to 0 for 60 Hz
(common in the U.S.) or to 1 for 50 Hz (common in other countries).

2.4.3.15 Print Termination Character — In the terminal mode, this setting determines if a form feed
(FF) character is to be sent automatically to the printer at the end of every print screen function.

2.4.3.16 Print Extent — This selection applies only to the terminal mode. It determines the characters
that will be printed during a print screen operation. When you set the feature to full screen, all characters
on the screen print. When you set the feature to scroll region, only the characters in the scroll region print.
The scroll region is the screen area between the top and bottom margins. Normally, the remote computer
selects the margins; if it does not, all characters on the screen print.

2.4.3.17 Auto-XON/XOFF - This selection applies only to the terminal mode. When auto-XON/XOFF
is on, the Rainbow 100 computer will automatically be synchronized to a host computer that uses XON
and XOFF control signals. When the Rainbow 100 computer receives more characters than it can handle,
it automatically sends an XOFF control character to the host computer, which tells it to stop sending data.
When the Rainbow 100 computer can accept more data, it sends an XON control character to tell the host
computer to resume data transmission.

2.4.3.18 Local Echo - This feature applies only to the terminal mode. When on (except in Set-Up), all
keys typed are echoed (displayed) on the screen and are transmitted to the host computer. Enable this
feature if the host computer is not echoing the characters you type. When this feature is off, all keys typed
are transmitted to the host computer without their being echoed on the monitor.

When not in the terminal mode, the operating system of the Rainbow 100 computer echoes the characters
you type on the screen.

2.4.3.19 Transmit Break — When this selection is enabled in the terminal mode, pressing the Break key
places a space signal on the transmit data line. If the terminal is not transmitting, no signal will be sent.
Also, no space signal will be sent if this selection is disabled.

NOTE
Disabling the transmit break function does not
affect a <Shift/Break>, which causes the modem
line to disconnect, or a <Ctrl/Break>, which sends
the answerback message on the transmit data line.

2.4.3.20 Modem Stop Bits — The selection places 1 or 2 stop bits at the end of each character’s data
pattern. Normally, 1 stop bit is used with baud rates higher than 110, and 2 stop bits are used with baud
rates of 110 and lower.

2.4.3.21 Received Character Parity — This selection applies only to the terminal mode. When set to
“check,” this selection allows the computer to check for errors in the data patterns of received characters.
For example, suppose the remote computer has sent an even number of data pulses for even parity. If the
Rainbow 100 computer does not receive an even number of pulses, it does not display the character;
instead, it displays the substitution character %% .

When this selection is set to *
received characters.

‘ignore,” the Rainbow 100 computer does not check for parity errors in

2.4.3.22 Auto-Answerback — With this feature enabled in the terminal mode, the Rainbow 100 comput-
er automatically transmits its answerback message when a telephone connection is made. (See Answerback
Message in Paragraph 2.4.3.25.) When this feature is disabled, no message is sent.
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2.4.3.23 Disconnect Character Use — When this selection is enabled in the terminal mode, and the
Rainbow 100 computer receives a disconnect character, it will disconnect the telephone line. (See Para-

graph 2.6 for additional information.) Pressing <Shift/Break> sends a disconnect character on the
transmit data line.

2.4.3.24 Disconnect Delay - In the terminal mode, this selection allows either a 60 ms delay (typical in

the United Kingdom) or a 2 second delay (typical in the United States and other countries) before
disconnecting the telephone line.

NOTE
Disconnect delay is active only for FDXB and
FDXC modem protocols. This selection is ignored by
FDXA modem protocol.

2.4.3.25 How to Store an Answerback Message — You can store an answerback message in the
computer while in any of the major headings. (The computer remembers the current major heading.) Start
by typing <Shift/A>. The terminal responds by displaying AUTO-ANSBK and A = on the screen, as
shown in Figure 2-7. Next, type a delimiter, which may be any character, followed by a message of up to
20 characters. (The delimiter is not sent as part of the message.)

SET-UP

J0 EXIT PRESS "“SET-uP"™
PRESS “HELP*"
TO RESET TYPE ¢CTRL/SET-UP>

04.03.11A
AUTO-ANSBK

A -

\ )

MR-10058

Figure 2-7 Set-Up Display - Auto-Answerback

NOTE
You may use control characters, such as <Return>,
in the message. A control character is echoed on the
screen as a reverse-video-associated ASCII charac-
ter. For example, a bell is a reverse-video G for
<Ctrl/G>; a <Return> is a reverse-video M.
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The message automatically terminates after you enter the 20th character. You may also end the message
early by typing the same delimiter you started with. This will also return you to the current major heading.

Example:

A = \HELLO §g¢ PLEASE LOGIN:\
delimiter delimiter

control code

You can correct an error in the message only by exiting answerback, reentering, and retyping the message.
Beginning a message with two identical characters causes the message to be erased. To save the
answerback message along with the other parameters, type <Shift/S>.

The saved answerback message cannot be displayed once it is stored in memory. The answerback message
is transmitted to the host computer when the Rainbow 100 computer receives an ENQ (enquire) control

code from the host computer or an application. You can also transmit the message by typing
<Ctrl/Break>.

2.4.4 Modem Major Heading

This major heading allows you to set the features of the communications (COMM) connector, which is on
the back of the system unit. This connector allows you to attach a communications cable to a telephone
modem or to another computer. Select the Modem major heading by pressing <Next Screen>.

A typical Modem major heading is shown in Figure 2-8. You can change the selection by pressing the —
or — key, and change the value of that selection by pressing the T or | key.

SET-UP

10 EX]T PRESS “SET-UP"
PRESS "“HELP"
10 RESET TYPE ¢CTRL/SET-UP>

04.03.11A
MODEM

KX - oata B/P
9600 = XMT BAUD

9600 = RCV BAUD
FDXA = PROTOCOL

- _J

MR-10067

Figure 2-8 Set-Up Display - Modem
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2.4.4.1 Changing Modem Data Bits and Parity — This selection determines two separate but related
communications features—data bits and parity. Information travels on the communications line according
to a data pattern. The pattern begins with a start bit, uses 7 data bits (common in the United States) or 8
data bits (common in other countries), adds a parity bit, and terminates with 1 or 2 stop bits. This selection
determines if the computer is to use 7 or 8 data bits for each character and the type of parity to be used, as
listed in Table 2-3. Press the ] or | key to change the value to the selection needed.

Table 2-3 Modem Data Bits and Parity Selection

Characters Data Bits Type of Parity Action on Parity
Displayed per Character Upon Transmission Upon Reception
70 7 Odd Checked

7E 7 Even Checked

TN 7 No parity Ignored

™ 7 Mark Ignored

7S 7 Space Ignored

80 8 Odd Checked

8E 8 Even Checked

8N 8 No parity Ignored

2.4.4.2 Setting the Transmit Baud Rate — Press the — key to select the transmit baud rate, shown in
Figure 2-8. This selection determines the speed (baud rate) at which characters are transmitted by the
Rainbow 100 computer. (The current speed is shown in reverse video on the screen.) This setting must
match the receive speed of the host computer. Press the | or | key to cycle through the following transmit
baud rates. Stop when the baud rate needed is displayed.

50, 75, 110, 134.5, 150, 200, 300, 600, 1200,
1800, 2000, 2400, 3600, 4800, 9600, 19200

2.4.4.3 Setting the Receive Baud Rate — Press the — key to select the receive baud rate, shown in Figure
2-8. The receive baud rate feature selects the speed of the characters coming from the communications
line as expected by the Rainbow 100 computer. This speed must be set to match the transmit speed of the
host computer. Press the T or | key to cycle through the available receive baud rates, which are the same as
the choices listed above for the transmit baud rate. You can set a receive baud rate different from the
transmit baud rate as long as the host computer is set to match these different rates.

2.4.4.4 Setting Modem Protocol - This selection applies only to the terminal mode. The rules for
communications, the signals used, and how the signals are interpreted all form the communications
protocol. Press the — key to select the modem selection parameter shown in Figure 2-8. The protocol
selected determines the method used to disconnect a telephone line. Press the | or | key to cycle through
the available modem protocols, listed in Table 2-4. The modem protocols are explained in more detail in
Paragraph 2.6.3.
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Table 2-4 Modem Protocols

Characters

Displayed Modem Protocol Selected

FDXA Full-duplex, no modem (data leads only) with or without auto-XON/XOFF
control

FDXB Full-duplex, full modem control with or without auto-XON/XOFF control

FDXC Asymmetrical full-duplex with modem control (requires a special cable)

2.4.5 Printer Major Heading

The Printer major heading, shown in Figure 2-9, allows you to set the communications settings for the
PRINTER connector, which is on the back of the system unit. This connector allows you to connect a
printer, such as Digital Equipment Corporation’s LAS0 Personal Printer, LA100 Letterprinter 100, or
LQPO02 Letter-Quality Printer, to the Rainbow 100 computer. The communications settings of the printer
connector must be set to match the settings on the printer. The Printer major heading has two minor
headings:

e  Data bits/parity
e  Transmit/receive baud rate

The minor heading selected is shown in reverse video (or underlined) on the screen. You can change the
minor heading by pressing the — or «— key, and change the values of each minor heading by pressing the |
or | key.

SET-UP

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

04.03.11A
PRINTER
BED - pata B/P

4800 - XMT/RCV BAUD

. /

MR-10054

Figure 2-9 Set-Up Display — Printer
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2.4.5.1 Setting Printer Data Bits and Parity — This minor heading selects the data bits per character for
the printer, and also selects the parity of the data pattern. When selected, the current setting of this minor
heading is shown in reverse video. Press the | or | key to cycle through the available selections, listed in
Table 2-3. Stop when the selection needed is displayed. The selection must be set to match the settings of
the printer.

2.4.5.2 Setting Printer Transmit/Receive Baud Rate - Press the — key to select the transmit/receive
baud rate minor heading, shown in Figure 2-9. When selected, the current setting of the baud rate (speed)
is shown in reverse video. Press the | or |key to cycle through the baud rates available for the printer listed
below. Stop when the displayed baud rate matches the baud rate set on the printer.

Baud Rate Stop Bits

75
150
300
600

1200
2400
4800
9600

el T T N Y

Table 2-5 lists the range of baud rates for the printers referred to above.

Table 2-5 Baud Rates for Digital Equipment Corporation’s Personal Printers

Factory Set Available
Printer Baud Rate Range
LAS50 Personal Printer 4800 110 to 4800
LA100 Letterprinter 100 4800 50 to 9600
LQPO2 Letter-Quality Printer 4800 110 to 9600

2.4.6 Misc Major Heading .
Press <Next Screen> to select the Misc(ellaneous) major heading, shown in Figure 2-10. Use this heading
to select the scroll rate for smooth scrolling, the keyboard bell volume, and the keyclick volume.

2.4.6.1 Scroll Rate — This feature allows you to set the smooth scroll speeds to 3, 6, or 12 lines per
second by setting this parameter to 1, 2, or 3, respectively.

2.4.6.2 Bell Volume - This feature allows you to set the bell tone volume from 1 through 8 (8 is the
loudest).

2.4.6.3 Click Volume — This feature allows you to set the keyclick volume from 1 through 8 (8 is the
loudest).
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Figure 2-10 Set-Up Display — Misc(ellaneous)

2.47 Memory Major Heading
Press <Next Screen> to select the Memory major heading, shown in Figure 2-11. Use this heading when
you install the Rainbow 100 memory extension option to let the computer know you have changed the size

of its memory.

- )

SET-UP

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

04.03.11A

MEMORY

13 - RramM

- _J

MR-10060

Figure 2-11 Set-Up Display - Memory
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The Rainbow 100 computer has a standard memory size of 64K bytes. (The K stands for 1024; a byte
represents one character position.) Adding the 64K memory extension option makes the total memory
equal to 128K bytes. Adding the 192K memory extension option makes the total memory equal to 256K
bytes.

Use the up and down arrows (], |) to set the parameter according to the computer’s memory size.

NOTE
Using the default Set-Up parameters resets this
value to 64K. If this value differs from the actual
memory size, an error will be detected during
selftests.

2.4.8 Save Set-Up Values

To save the values you have selected in Set-Up, hold down the Shift key and type S. This action places the
values you have selected in a nonvolatile memory that preserves them for the computer when the power is
turned off and on.

2.49 Recall Set-Up Values

When you change one or more Set-Up features, the computer uses the new values even if you have not
saved them by pressing <Shift/S>. However, the values previously saved will be recalled when you turn
off the power, or when you recall the Set-Up values by pressing <Shift/R>.

CAUTION
The recall action erases any text you may have had
on the screen before you entered Set-Up.

2.4.10 Default Set-Up Values

When the computer was delivered from the factory, its Set-Up features were set to specific values called
default values. The Parameter Settings default values are shown in Figure 2-5. To recall these default
values, press <Shift/D>. The default values are not saved; they are just loaded into the operating
memory.

NOTE
Recalling the default Set-Up values also recalls the
default communications baud rates, data bits, and
parity for both the COMM connector and the
PRINTER connector. In addition, the memory
parameter default of 64K is also recalled.

CAUTION
Recalling the default Set-Up values erases any text
you may have had on the screen before you entered
Set-Up.

2.4.11 Execute System Reset

While in Set-Up, press <Ctrl> and <Set-Up> at the same time to execute a system reset. The computer
performs a brief selftest of its main memory, recalls its Set-Up features, and displays its Main System
Menu.

If an error is found and you can still operate the system in one of its operating modes, either as a terminal
or as a personal computer (but not both), an error message is displayed on the screen above the Main
System Menu.



If an error message is displayed without a menu, you must find and correct the error before continuing.
See Appendix B for a list of the error messages and their corrective actions.

2.5 USING THE COMPUTER’S OPERATING SYSTEM
Perform the following procedure when the Main System Menu is displayed on the screen.

1. Insert the operating system diskette in one of the diskette drives.
2. Close the diskette drive door.
3. Press the A, B, C, or D key, depending upon which drive contains the operating system.

4.  The Rainbow 100 computer is now under the control of the operating system you just inserted
in the drive. If you are using the CP/M-86/80 operating system, refer to the Rainbow™ 100
Getting Started manual. For all other operating systems, refer to the appropriate user’s manual.

2.6 USING A HOST COMPUTER OPERATING SYSTEM

This paragraph describes how the Rainbow 100 computer communicates with a host computer by a
telephone line (and modem) or by direct connection, as shown in Figure 2-12. In either case, the
communications connector (labeled COMM) on the back of the system unit is used. This paragraph
defines the signals transmitted through this connector and how in the case of a telephone connection each
modem protocol (as selected in Set-Up) uses these signals.

HOST COMPUTER

SYSTEM UNIT

DIRECT CONNECTION

MR-10067

Figure 2-12 Connecting the Rainbow 100 Computer to a Host Computer



2.6.1 Connecting the Rainbow 100 Computer to a Host Computer

When using a telephone line, a modem (data set) is needed. The modem changes the signals produced by
the Rainbow 100 computer into signals that can be transmitted over the telephone line. Many types of
modems are available, but the modems on both ends of the telephone line must be compatible with each
other.

2.6.1.1 Cables — Cables used to connect the communications connector with most asynchronous, Bell
System-type modems must be asynchronous modem cables with an RS-232 female connector on one end
and a corresponding male connector on the other. Digital Equipment Corporation’s BCC04 (or BCC14)
modem cable meets these requirements.

Cables used to connect the communications connector with most synchronous, Bell System-type modems
must be synchronous modem cables with an RS-232 female connector on one end and a corresponding
male connector on the other. Digital Equipment Corporation’s BC22C modem cable meets these require-
ments. (Synchronous communications requires a special application program.)

Different cables may be required by other serial devices. Check with the devices’ vendors for more
information.

2.6.1.2 Connection — Use the following procedure to connect the Rainbow 100 computer to a modem:
1. Set the power switch (marked 1/0) on the front of the system unit to 0 (off).

2. If the system unit is installed in the optional floor stand, open the door on the back of the floor
stand to access the back of the system unit.

3.  Connect the female connector of the modem cable to the communications connector (COMM)
on the back of the system unit. Refer to Figure 2-13 if you are not using the optional floor
stand, and Figure 2-14 if you are. Tighten the cable’s hold-down screws.

4.  Connect the other end of the modem cable to the modem and tighten the cable’s hold-down
SCrews.

5. Close the door on the floor stand (if applicable).

6.  Connect the modem’s ac power cord to a wall receptacle. If the modem has a power on/off
switch, turn on the modem.

7. Turn on the Rainbow 100 computer.
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Figure 2-13 Connecting a Communications Cable to the System Unit
(Without Floor Stand)
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Figure 2-14 Connecting a Communications Cable to the System Unit in the Floor Stand
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2.6.2 Communications Set-Up Parameters

You can change the following communications parameters on the Rainbow 100 computer:

Data bits per character
Parity

Transmit speed (baud rate)
Receive speed (baud rate)
Protocol
Auto-XON/XOFF
Transmit break

Modem stop bits
Received character parity
Disconnect delay
Disconnect character use

Refer to Paragraph 2.4 for directions on setting these parameters.

2.6.3 Modem Protocol

The Rainbow 100 computer uses a full-duplex modem. A full-duplex modem transmits and receives

characters at the same time.

The rules for communications, the signals used, and how the signals are interpreted all form the communi-
cations protocol. In the Rainbow 100 computer you can select one of three communications protocols,

listed in Table 2-6.

Table 2-6 Communications Protocols

Usual Application

Selection Description

FDXA Full-duplex with no modem control
(data leads only)

FDXB Full-duplex with modem control

FDXC Asymmetrical full-duplex with

modem control

Full-duplex communications with direct
connection to a remote computer or with a
modem that does not use modem control
signals.

Full-duplex communications with a
modem that uses modem control signals.

Full-duplex communications with a half-
duplex modem using the secondary chan-
nel. FDXC requires a special cable.
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2.6.3.1 Full-Duplex With No Modem Control (FDXA) — The FDXA selection allows the Rainbow 100
computer to communicate without using modem control signals. The computer is ready to transmit or
receive when its power is turned on and it is on-line.

FDXA Connect Conditions — When the Rainbow 100 computer is turned on, it enables Data Terminal
Ready and Request to Send. Communication is then allowed.

FDXA Disconnect Conditions — The Rainbow 100 computer disconnects the telephone line by turning off
Data Terminal Ready. This signal is turned off when any one of the following occurs:

e A disconnect character is received.
® A recall or system reset is executed.
e A Shift/Break is typed.

2.6.3.2 Full-Duplex With Modem Control (FDXB) - The FDXB selection allows the Rainbow 100
computer to communicate with a modem that uses modem control signals (such as Clear to Send and Data
Set Ready). These control signals make sure that a connection occurs and is maintained before and during
the communication process. Communication stops if the connection is not maintained.

FDXB Connect Conditions — The signals shown in Table 2-7 must be enabled before communication is
allowed.

Table 2-7 Modem Connect Conditions

Name Signal Source
CTS Clear to Send Modem
DSR Data Set Ready Modem
RLSD Receive Line Signal Detector Modem

(Carrier Detect)

DTR Data Terminal Ready Rainbow 100 computer

FDXB Disconnect Conditions — The Rainbow 100 computer disconnects the telephone line by turning off
Data Terminal Ready. This signal is turned off when any one of the following occurs:

®  The Rainbow 100 computer is placed off-line.

® A recall or system reset is executed.

® A disconnect <Shift/Break> is enabled.

e A disconnect character is received, and the disconnect character enable Set-Up selection is on.
e  Data Set Ready (DSR) is turned off.

e  Receive Line Signal Detector (RLSD) is lost longer than the time allowed by the disconnect
delay Set-Up selection.

e RLSD is not turned on within 30 seconds after DSR is turned on.
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2.6.3.3 Asymmetrical Full-Duplex (FDXC) - With the FDXC selection, the Rainbow 100 computer can
use full-duplex communications on a half-duplex modem. The Rainbow 100 computer receives characters
on the primary channel and transmits characters on the secondary channel at 75 baud.

To use this protocol, the modem must support a secondary channel. This is accomplished through a special
cable that redirects the secondary transmitting signals, leaving the modem to the Rainbow 100 computer’s
primary transmitting signals.

The secondary signals from the modem are: SRTS; SCTS; and STXD. These are mapped to the primary
side of the Rainbow 100 computer: RTS; CTS; TXD.

FDXC Connect Conditions — The signals shown in Table 2-7 must be enabled before communication is
allowed.

FDXC Disconnect Conditions — The Rainbow 100 computer disconnects the telephone line by turning off
Data Terminal Ready. This signal is turned off under the same conditions specified for FDXB.

2.6.4 Break

You can enable or disable a Break signal by using the transmit break Set-Up selection. The Break signal is
a transmitted space (0) condition that lasts 0.275 seconds (+10%) on the transmit data line. The host
computer’s response to the Break signal depends on the type of computer and its software.

A disconnect <Shift/Break> can always be performed when the Rainbow 100 computer is in terminal
mode and on-line. It turns off the Data Terminal Ready (DTR) and Request to Send (RTS) signals.

When the disconnect character enable Set-Up selection is on, the Rainbow 100 computer transmits the
disconnect character before it turns off the DTR and RTS signals.

Typing <Shift/Break> is the usual way to disconnect the Rainbow 100 computer from its communica-
tions line.

2.6.5 Auto-XON/XOFF

It is recommended that you have the auto-XON/XOFF Set-Up feature on. With this feature, the
Rainbow 100 computer automatically sends an XOFF control character when it receives more characters
than it can handle. The XOFF control character tells the host computer to stop sending data. When the
Rainbow 100 computer can accept more data, it sends an XON control character to the host computer to
tell it to continue transmitting data.

2.6.6 Communications Connector Signals
The communications connector signals meet the following standards:

®  Electronic Industry Association (EIA) RS-423 and RS-232-C

e International Telegraph and Telephone Consultative Committee (CCITT) recommendations
V.21, V.22, V.23, V.24, and V.28

The communications connector’s pin numbers are shown in Figure 2-15. The signals on each pin are listed
in Table 2-8. This table also lists the signals used by each modem protocol. Signals and pins not listed are
not used by the Rainbow 100 computer.
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Table 2-8 Communications Connector Signals

Pin

Signal

Name

CCITT/EIA FDXA FDXB FDXC Description

13

Protective Ground

Transmitted Data

Received Data

Request to Send

Clear to Send

Data Set Ready

Signal Ground

Receive Line
Signal Detector
(Carrier Detect)

Speed Indicator

Secondary Clear
to Send*

PROT GND 101/AA

TXD

RXD

RTS

CTS

DSR

SGND

RLSD

SI

SCTS

103/BA

104/BB

105/CA

106/CB

107/CC

102/AB

109/CF

112/CI

121/SCB

X

X

X

X

X

X

Chassis ground; ac power
cord ground.

Data transmitted from the
Rainbow 100 computer;
asserted high (Mark state)
when not transmitting.

Characters received from
the remote computer.

On when the Rainbow 100
computer is on-line, and off
when off-line.

Indicates the modem is
ready for transmission.

Indicates the modem is in
data mode.

Common ground for inter-
nal circuits (except pro-
tective ground).

The modem turns this sig-
nal on when the carrier sig-
nal is of sufficient quality
and magnitude.

When on, the transmit and
receive speeds are 1200
baud; when off, these
speeds are as established in
Set-Up.

When on, the modem is
ready for the Rainbow 100
computer to transmit data;
when off, the modem is not
ready.

X = Used with this protocol selection.

*These signals are supported by using a special cable for FDXC modem protocol.
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Table 2-8 Communications Connector Signals (Cont)

Pin  Signal Name CCITT/EIA FDXA FDXB FDXC Description
14 Secondary STXD 118/SBA - - X Transmits secondary chan-
Transmit Data* nel information, such as
Break signals; Mark state
when no characters are
transmitted.
15  Transmitter Clock TSET 114/DB External clock from the
modem.
17  Receiver Clock RSET 115/DD External clock from the
modem.
19 Secondary Request SRTS 120/SCA - - X When on, the Rainbow 100
to Send computer is ready to
receive characters; when
off, the computer is ready
to transmit characters.
20  Data Terminal DTR 108.2/CD X X X When on, the Rainbow 100
Ready computer is ready to
receive data; when off, this
signal causes the modem to
disconnect and not answer
calls.
22 Ring Indicator RI 125/CE - - - Ignored; used by the
modem.
23 Speed Select SPDS 111/CH - X - When on, the Rainbow 100

computer’s receive speed is
greater than 600 baud;
when off, the computer’s
receive speed is equal to or
less than 600 baud.

X = Used with this protocol selection.
*These signals are supported by using a special cable for FDXC modem protocol.
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MR10063

Figure 2-15 Communications Connector Pin Numbers

2.7 USING RAINBOW 100 COMPUTER DIAGNOSTICS

When you first power up the Rainbow 100 computer, it performs some abbreviated diagnostic selftest
procedures. However, an added selftest and a diskette diagnostic procedure may also be used to test the
Rainbow 100 computer. These procedures are described in Chapter 10, Testing and Troubleshooting.
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CHAPTER 3
SYSTEM TECHNICAL DESCRIPTION

3.1 INTRODUCTION

This chapter describes the function and interaction of each hardware component comprising the Rainbow
100 personal computer, which is a system consisting of several functional or replaceable units. The
purposes and major functions of the units are described in this chapter at the system level. The detailed
unit level descriptions are provided in subsequent chapters devoted to each unit.

3.2 BASIC SYSTEM COMPONENTS
The Rainbow 100 computer consists of three components: the system unit, the monitor, and the keyboard.
These three components are shown in Figure 3-1.

MONITOR
VR201-A SYSTEM UNIT

PC100A

KEYBOARD
LK201-AA

MR-10285

Figure 3-1 Rainbow 100 Computer Basic System Components

The system unit is the main component of the system and contains assemblies and modules that are
functionally independent of the computer system. This design makes it easy to replace parts and add
hardware options.

3.2.1 System Unit

The system unit is the part of the Rainbow 100 computer that controls the rest of the system, does the
computing tasks, and stores information. It contains the system module, the RX50 controller, the RX50
diskette drive(s), the power supply, and the power switch and fan assembly. Figure 3-2 is a block diagram
that shows where each component fits in the system unit. The figure also shows where the RX50 controller
module and option modules fit on the system module.
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The system module contains the 8088 and Z80A processors and support circuits. It provides the basic
intelligence of the system as well as a way to interconnect all options. The system module lies horizontally
along the bottom of the system unit and is secured by thumbscrews to the rear panel. When released, the
system module slides out of the rear of the system unit. Standoffs on the system module support any
installed options.

The H7248A power supply is a 138 W switching regulator power supply with a switch selectable 115/230
Vac primary circuit. The power supply provides dc power for the system module and any installed options,
the keyboard, RX50 diskette drives, and the video monitor. The power supply fits into a slot in the
mounting plate of the system unit and is secured by a slide tab.

The RX50 diskette drive unit is a dual platter system that drives two diskettes and is the main storage
device for the Rainbow 100 system. The RX50 diskette drive permits the Rainbow 100 computer to read,
write, and store data on 133.4 mm (5-1/4 in.) diskettes. Each diskette stores 400K bytes of data, or 800K
bytes for each dual-diskette drive unit. Two of these dual-diskette drive units can be installed in the system
unit.

The RXS50 diskette drive(s) slide into the front of the system unit on plastic tracks located on the mounting
plate. The drive unit is secured by a locking/release tab on the front of the system unit.

3.2.2 Video Monitor (VR201)

The video monitor supplies video information to the user by a 30.5 cm (12 in.) diagonal nonglare screen.
The monitor housing contains the CRT, yoke assembly, and video monitor board. Two external controls on
the rear of the monitor housing adjust the screen brightness and contrast. Also mounted on the rear of the
monitor housing are a 15-pin video connector and a 4-pin keyboard connector.

A two meter (six foot) BCCO2 cable is used to connect the video monitor to the system unit. This cable
carries power, video signals, and keyboard transmit and receive data to the video monitor. The power and
keyboard transmit and receive data are routed through the 4-pin connector on the video monitor to the
keyboard.

3.2.3 Keyboard (LK201)
The keyboard allows the operator to enter information to the system unit for processing or storage. The
keyboard also has a bell-tone generator and four lights (LEDs).

The keyboard case contains the keyboard switch matrix and a printed circuit board. The printed circuit
board contains the electronic circuitry to process, control, and transfer information entered from the
keyboard or received from the system unit. The keyboard has 105 keys arranged in four groups.

The keyboard is connected to the monitor by a two meter (six foot) BCCO1 coiled cable. This cable carries
the keyboard power and received data from the system unit and the keyboard transmitted data to the
system unit.

3.3 SYSTEM FUNCTIONAL DESCRIPTION
The system block diagram (Figure 3-3) shows the relationship between the basic logic elements of the
Rainbow 100 system module and the other system components.

A functional description of the system module and the other system components is presented in the
following paragraphs.
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3.3.1 System Module

The PC100 system module includes a two-processor architecture based on the simultaneous operation of
an 8088 processor and a Z80A processor. These processors operate from and transfer data through a
shared block of 62K bytes of RAM. In addition to this block of shared memory, each processor has its own
2K bytes of unshared RAM and peripheral circuitry.

Each processor supports a needed function of the system module in addition to running application/user
software. The Z80A performs the functions required to read from and write to the RX50 diskette drive.
The 8088 handles the video output to the monitor, keyboard I1/0, printer port, and communications with a
host computer as well as any other options installed on the system module.

The system module includes the following features:

8088 processor

Z80A processor

64K byte dynamic RAM (62K byte shared and 2K byte unshared)
2K byte static RAM

24K byte ROM (bootstrap, diagnostics, terminal mode)
256 X 4 bits nonvolatile memory

4K byte screen RAM

4K byte attribute RAM

Asynchronous/bisynchronous communications port
Printer port

LK201 keyboard interface

RX50 diskette drive controller (on separate module)
Option expansion capability

e  Extended memory (64K or 192K bytes)
e  Color graphics
e  Extended communications

3.3.1.1 8088 Processor — The 8088 processor controls most of the system module functions. It features a
20-bit address bus, an 8-bit data bus, and 16-bit internal architecture. The 8088 operates at a frequency of
4.815 MHz and controls the following elements in the system:

Video Monitor

Keyboard

Printer

Communications line

Optional color/graphics module

Optional extended communications module
Optional extended memory module

The 8088 also controls the RESET input of the Z80A processor and thus can start or stop the Z80A at
any time.

If the 8088 tries to access the shared memory while it is being used by the Z80A or refresh logic, the

shared memory arbitration logic causes the 8088 to enter wait states until the Z80A or refresh logic
complete their cycles and release the shared memory.
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3.3.1.2 8088 Memory - The memory available to the 8088 processor consists of ROM, RAM, and
nonvolatile RAM. The memory types and memory sizes are the following:

64K byte dynamic RAM (62K byte shared with Z80A)
24K byte ROM

4K byte video screen RAM (static)

4K byte video attribute RAM (static)

256 X 4 bits nonvolatile memory (NVM)

64K or 192K byte optional unshared dynamic RAM

3.3.1.3 Shared Memory — The 64K byte shared memory consists of eight 64K X 1 bit dynamic RAM
chips. The 8088 processor has access to all 64K bytes of memory and uses the first 2K bytes to store
interrupt vectors and other information that must not be changed by the Z80A processor. For this reason,
the Z80A cannot access the first 2K bytes and can only use the last 62K bytes of this memory. Parity
generation/detection is not implemented with the 64K byte shared RAM. The shared memory can be
accessed by the 8088, the direct memory access (DMA) channels of the extended communications option,
the Z80A, and the refresh logic. A shared memory arbitration circuit monitors memory access requests to
establish the priority and decides which device is allowed to access the memory. Refresh has the highest
priority for memory cycles. The 8088 has approximately equal priority with the Z80A except in those
instances where both processors simultaneously request access to the shared memory. If the 8088 and the
Z80A simultaneously contend for access to memory, the shared memory arbitration logic will give
memory priority to the Z80A.

3.3.1.4 24K Byte ROM - There are 24K bytes of ROM on the system module that is addressable by the
8088. The ROM consists of three 8K X 8 chips that contain Z80A code and 8088 code for diagnostic
testing, bootstrap, and VT102 emulation programs. The programs for the Z80A must be moved into
shared memory by the 8088 before they can be executed by the Z80A.

When the 8088 accesses this memory, wait states are not required. However, wait states are required when
the refresh logic executes refresh cycles because the refresh logic assumes that all memory is dynamic
RAM.

The system module supports ROMs of the 2732/2764 pinout variety with access times equal to or less
than 450 ns.

3.3.1.5 NVM - The system module contains 1024 bits of nonvolatile memory (NVM) arranged in a 256
X 4 bit matrix. The NVM is used to store programmable system configuration information that would
otherwise have to be reentered every time the system was powered up.

The device contains a 256 X 4 bit static RAM that overlays a 256 X 4 bit NVM. The static RAM stores
the Set-Up information on a temporary basis while the NVM stores the Set-Up information on a
permanent basis. When the system is initialized, the 8088 processor does a RECALL of the NVM to
transfer the data stored in the NVM to the static RAM. After the system has been initialized, any read or
write to the device will read data from or write data to the static RAM. Data in the static RAM can be
stored in the NVM on a permanent basis by performing a SAVE operation during the Set-Up procedure.
The Set-Up information stored in the NVM will determine the system configuration when the system is
turned off and on.

3.3.1.6 4K Byte Screen RAM and 4K Byte Attribute RAM - The screen RAM and attribute RAM are
static memories that are used by the 8088 processor and the video processor logic. The 8088 uses these
memories to temporarily store the character and attribute data to be displayed on the screen of the
monitor. The video processor directly accesses the memories and converts the data into electrical signals
that the screen displays as letters, numbers, and symbols.
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The contents of the screen RAM directly control the display of the lines and characters on the monitor.
The contents of the attribute RAM determine the character, line, and screen attributes. The 8088
modifies and updates the information in the screen and attribute RAMs during the time the RAMs are not
being accessed by the video processor.

The memories are available to the 8088 approximately 90 percent of the time during the operation of a
typical program. In the remaining 10 percent of the time, the video processor accesses these memories and
the 8088 is held in a wait state. The longest time that the 8088 can be held in a wait state due to memory
contention with the video processor is approximately 65 microseconds.

3.3.1.7 Video Processor - The video processor is controlled by the 8088 processor. It converts character
and attribute data supplied by the 8088 into a video signal that the monitor circuits use to generate an
alphanumeric/graphics display. The video signal sent to the monitor is a composite of two types of signals,
video and sync. The video portion of the composite video signal varies the intensity of the electron beam in
the monitor’s cathode ray tube (CRT) to produce the visible display. The sync portion of the composite
video signal determines the horizontal and vertical position of the display on the CRT.

The video processor provides the following features for the monitor display:

24-line X 80- or 132-column display

Jump or smooth scrolling

Double-height characters (by line)

Double-width characters (by line)

Normal and reverse video (by character)

Boldface, blinking, and underlined characters (by character)
Dark or light screen background

Auto-screen blanking

256 character set

Composite video output

The video processor includes two central devices (DC011 timing and DCO012 control chips) and supporting
logic including 4K bytes of screen RAM, and 4K bytes of attribute RAM, a 4K X 8 bit character
generator ROM. The DCO11 is a custom designed, bipolar, integrated circuit that provides most of the
timing signals needed by the video processor. The DCO012 control chip is also a custom designed, bipolar,
integrated circuit. The DCO12 accepts attribute specifications and timing signals and delivers addresses to
the character generator ROM and attributes for video output to the monitor. The character generator
ROM is a 4K X 8 bit ROM that is addressed by the coded representation of the desired character stored in
the screen RAM. Each code is used as the high 8 bits of a 12-bit address to the character generator ROM.
The low 4 address bits for the character generator ROM are provided by a scan counter in the DC012.

3.3.1.8 Keyboard Interface — The keyboard communicates with the 8088 processor through an RS-423
full-duplex connection to an 8251 A programmable universal synchronous/asynchronous receiver-transmit-
ter (PUSART). The PUSART takes parallel data from the 8088 data bus, converts the parallel data to a
serial format, and transmits the data to the keyboard via connectors on the monitor. Input serial data from
the keyboard is received by the PUSART, converted to parallel data, and placed on the 8088 data bus.

The PUSART communicates asynchronously with the keyboard at a fixed 4800 baud rate. The serial data
is transmitted and received in an 8-bit, no parity character format. The 8088 processor programs the
PUSART to operate with several standards and parameters. Character length, number of stop bits, parity
enabling and format, baud rate multiplication factor, and asynchronous operation are all programmed in
at power-up through the mode instructions from the 8088.
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3.3.1.9 Communications and Printer Interface - The communications and printer interface functions
are performed by a dual-channel multiprotocol serial controller (MPSC). The MPSC is a microcomputer
peripheral device that can be programmed to support the following three basic communications protocols:

1.  Asynchronous (start/stop)
2. Byte synchronous (monosync/bisync)
3. Bit synchronous (high level data link control [HDLC], synchronous data link control [SDLC])

The flexible architecture of this controller allows the basic protocol unit or frame to be built into
increasingly complex protocols by defining special control characters and fields, and by grouping frames
together into larger units. Virtually all communications protocols currently in use are based on one of the
three basic protocols.

Communications Connector — The MPSC provides two independent serial receiver/transmitter channels.
The communications connector uses one channel and the printer connector uses the other channel. The
MPSC is a single, 40-pin integrated circuit (IC) that implements the following functions:

Parallel-to-serial and serial-to-parallel data conversion

Buffering of outgoing and incoming data, allowing the processor time to respond
Insertion and deletion of framing bits and characters

Calculation and checking of parity and cyclic redundancy check (CRC) error checking
Informing the processor when and what action needs to be taken

Interfacing with the outside world over discrete modem control lines

The MPSC can be programmed by the 8088 processor to operate in a nonvectored (polled) or vectored
interrupt mode.

The communications connector of the MPSC is used to communicate with a host computer either directly
or by telephone lines (and modem). The Rainbow 100 computer can be connected to a host computer and
operated in its terminal mode, similar to a VT102 terminal. Detailed information for the VT102 can be
obtained from the VT102 Video Terminal User’s Guide (EK-VT102-UG-003). The terminal emulation
program is part of the firmware located in the 24K byte ROM.

The serial data and modem control signals are transmitted and received through a 25-pin D-type commu-
nications connector located on the system module. This communications connector has full modem
control. This connector has asynchronous as well as bisynchronous modes (with specific applications only)
with Electronic Industry Association (EIA) RS-423 and RS-232-C interface standard conforming to
International Telegraph and Telephone Consultative Committee (CCITT) recommendations V.21, V.22,
V.23, V.24, and V.28. Break detection is also supported by this connector.

The baud rates for the communications connector are selected to match the baud rates of the host
computer by a Set-Up procedure and are stored in the NVM. This procedure sets the communications
baud rate generator on the system module. The transmit and receive baud rates can be independently
programmed (split baud operation). The following baud rates are available:

50, 75, 110, 134.5, 150, 200, 300, 600, 1200,
1800, 2000, 2400, 3600, 4800, 9600, 19200
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The communications connector supports the following modem control signals:

Receive data

Transmit data

Secondary transmit data
Request to send
Secondary request to send
Clear to send

Secondary clear to send
Receive line signal detect
Secondary receive line signal detect/speed indicator (Bell 212A)
Ring indicator

Data set ready

Speed select

Printer Connector — The printer connector of the MPSC is a general purpose printer port that provides
signals that meet the EIA recommendations RS-423 and RS-232-C, and the CCITT recommendation
V.28. The printer connector is a 25-pin D-type connector located on the system module.

NOTE
This connector is wired as data communications
equipment (DCE) and therefore appears to a printer
as though it were a modem.

The following signals are available at the printer connector:

Printer transmit data

Printer receive data

Data terminal ready

Data set ready (asserted high)
Clear to send (asserted high)

The baud rates for the printer connector are selected by a Set-Up procedure. This procedure programs the
printer baud rate generator on the system module. These baud rates must be set to match the trans-
mit/receive speed of the printer being used. Transmit and receive baud rates cannot be set independently.
The following printer transmit/receive baud rates are available:

75, 150, 300, 600, 1200, 2400, 4800, 9600

The printer port can be programmed to provide the different character formats required by different types
of printers. The following character format selections are available:

®  Number of data bits per character (7 or 8)
®  Parity (odd, even, mark, space, or none)
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3.3.1.10 Z80A Processor — The Z80A is the processor that has access to the RX50 controller and thus is
responsible for controlling the diskette drive unit(s) via programmed I/O instructions for all applications.
The Z80A transfers data and internal state information through an 8-bit bidirectional data bus. Memory
and peripheral device addresses are transmitted over a separate 16-bit unidirectional address bus.

The Z80A internal registers contain 208 bits of read/write memory that are accessible to the programmer.
All Z80A output signals are fully decoded and timed to control the 62K bytes of shared memory, 2K
bytes of dedicated memory, and the RX50 controller.

The Z80A runs at a frequency of 4.0 MHz (250 ns clock period). Accesses to the 2K bytes of dedicated
memory do not require wait states by the Z80A. Shared memory accesses cause Z80A wait states on
machine one (M1) cycles and for cycles in which there is contention for the memory by the 8088 processor
or refresh logic.

The only interrupts to the Z80A are nonmaskable interrupts from the 8088. When the Z80A is interrupt-
ed, it places a vector address on the Z80A bus that causes the processor to execute a mode 0 restart (RST)
30 instruction.

3.3.1.11 Z80A Shared Memory — The 64K bytes of memory available to the Z80A processor consist of
62K bytes of memory that is shared with the 8088 processor and 2K bytes of memory dedicated to the
Z80A. Accesses to the shared portion of the memory select the corresponding address in the standard
bank of 64K byte RAMs. Accesses to the unshared portion of the memory will cause the Z80A memory
address decoding logic to select the 2K bytes of dedicated static RAM.

3.3.1.12 Z80A 2K Byte RAM - The Z80A dedicated memory is a 2K X 8 bit static RAM contained in a
24-pin IC package. The dedicated RAM can be accessed by the Z80A processor at any time without any
wait states. If the shared RAM is “busy” at the time of Z80A access, the Z80A 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 states due to memory contention, all M1 cycles from the shared RAM
have one extra wait cycle due to the timing for this type of machine cycle. In any case, the Z80A 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 cannot reliably access the diskette drive unit(s), resulting in errors caused by
lost data.

3.3.1.13 Interrupt Logic - Interrupts in the 8088 processor can be hardware or software initiated.
Software interrupts originate from program execution (for example, execution of a breakpoint instruction)
or indirectly through program logic (for example, attempting to divide by zero). Hardware interrupts
originate from external logic and are classified as maskable interrupts. All interrupts, whether software or
hardware initiated, result in the transfer of control to a new program location.

The 8088 can be interrupted by any one of seven devices. Each device is assigned an interrupt priority
level and an 8-bit interrupt type number. The interrupt logic supplies the interrupt type number and places
it on the 8088 address/data bus during the interrupt acknowledge sequence. The type number is used by
the 8088 to vector through a 256-element table to the new vector address of the interrupt service program.

Table 3-1 lists the interrupt sources, the priority levels, interrupt type numbers, and vector addresses.

The 8088 is the only source of interrupts for the Z80A. Interrupts to the Z80A processor are nonmaskable
interrupts and must be enabled in software in order to operate. The Z80A must be programmed to service
interrupts in the mode O interrupt response mode.

When the Z80A accepts an interrupt from the 8088, it acknowledges the interrupt by placing a hardwired

8-bit interrupt vector address on its data bus. The interrupt vector address (F7H) causes the Z80A to
execute a restart (RST) instruction at restart location 30H in page 0 of memory.
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Table 3-1 8088 Interrupt Addresses

Priority Interrupt Vector
Level* Interrupt Interrupt Source Typet Address¥
7 Vertical Frequency Video Processor 20 80
6 Not Used
5 Graphics Graphics Modulef 22 88
4 DMA Controller Extended Communications
Module 23 8C
3 Communications/ MPSC 7201 Serial
Printer Controller 24 90
2 Extended Extended Communications
Communications Module} 25 94
1 Keyboard Keyboard PUSART
8251A 26 98
0 Interrupt 88 Z80A 1/0 Decoder 27 9C

*7 = highest, 0 = lowest priority
+ Hexadecimal
1 Option Modules

3.3.1.14 Communications Baud Rate Generator - The communications baud rate generator supplies the
transmitter and receiver clocks for the communications channel of the dual-channel MPSC. The baud rate
generator is contained in an 18-pin IC package and is driven by a 6 MHz clock that is derived from the 24
MHz master clock oscillator.

The receiver and transmitter clock outputs of the baud rate generator can be independently programmed
to allow the communication port to operate at a split baud rate. One of sixteen possible frequencies can be
selected for the transmitter or receiver clock. The baud rate generator must be programmed to provide a
transmitter and receiver clock that has a frequency that is 16 times the desired baud rate. The 8088 selects
the frequencies with an 8-bit data byte (four bits for receiver clock selection and four bits for transmitter
clock selection) routed to the baud rate generator via the buffered output data bus.

3.3.1.15 Printer Baud Rate Generator — The printer baud rate generator supplies the transmitter and
receiver clock for the printer channel of the dual-channel MPSC. The baud rate generator logic consists of
a divide-by-13 counter driven from a 4 MHz signal obtained from the PC100 clock circuit. Then the signal
is driven into an 8-bit binary counter. The outputs of the 8-bit binary counter are applied to an eight-to-one
decoder. The 8088 selects one of the eight possible frequencies, with the three least significant bits of an 8-
bit data byte routed to the eight-to-one decoder via the buffered output data bus.

The transmitter and receiver clocks cannot be independently programmed for the printer channel. The
selected output of the eight-to-one decoder will have a frequency 16 times the desired printer baud rate.

The printer baud rate generator also supplies a fixed receiver/transmitter clock for the keyboard
PUSART. This clock is obtained from the 76.8 kHz output of the 8-bit binary counter and allows the
keyboard to operate at a fixed 4.8K baud rate.



3.3.1.16 PC100 Clock Circuit — The PC100 clock circuit supplies the basic clock pulses for the 8088
and Z80A processors and their supporting logic as well as the clock pulses needed by peripheral devices.

A 24.0734 MHz crystal oscillator provides the master clock for the system module. The master clock is
used by various frequency dividers to produce three groups of clock pulses with the correct frequency and
phase relationship to synchronize the processors, peripheral devices, and supporting logic.

The first group of clock pulses is used by the 8088 and its supporting logic. The basic clock for the 8088 is
obtained from a frequency divider that divides the master clock frequency by five to produce asymmetri-
cal clock pulses at 4.815 MHz (208 ns period). Other 4.815 MHz outputs from the 5:1 divider are delayed
in phase and are used to synchronize the 8088 supporting logic.

The second group of clock pulses is used by the Z80A and its supporting logic. The basic clock for the
ZB80A is obtained from a frequency divider that divides the master clock frequency by six to produce
symmetrical clock pulses at 4.012 MHz (250 ns period). Other outputs from the 6:1 divider are delayed in
phase and used to synchronize the Z80A supporting logic.

The third group of clock pulses (8, 4, 2, and 1 MHz; 500 and 250 kHz) generated by the clock circuits is
used by the RX50 controller logic and by the system module during diagnostic loopback testing.

The 8, 4, and 2 MHz clock pulses are used by the RX50 controller’s write precompensation circuit. The 1
MHz clock pulses are used by the write precompensation circuits and the 1793 formatter/controller. The
500 kHz clock pulses are used by the RX50 controller’s data separator circuit to separate the data and
clock signals in the raw data stream received from the diskette drive during a read operation. The 250 kHz
clock pulses are used by the system module during diagnostic loopback testing.

3.3.1.17 RX50 Controller — The RX50 controller is a 9.906 cm (3.9 in) by 24.130 cm (9.5 in) printed
circuit module that contains three connectors and the controller logic circuits. Two of the connectors (J2
and J3) on the module are 34-pin connectors that are used to make the connection via cables to the
diskette drive unit(s). The other connector (J1) is a 40-pin connector that plugs into a 40-pin connector
(J9) on the system module.

The controller controls up to four diskette drives. It can perform implied seeks, read from, and write to
specified sectors and tracks on single-sided diskettes. The controller supports soft-sectored, single-sided,
double-density diskettes using a phase-locked loop (PLL) circuit. The controller drive capability and signal
definitions conform to the ANSI standard for minidiskette drives.

The Z80A transfers binary command, status, and 8-bit data between the controller and disk drives by
accessing registers in the controller module. When writing to the diskette, the controller converts the
binary data from the Z80A into modified frequency modulation (MFM) data. MFM is a magnetic
recording method for disk drives in which a clock signal is encoded in the flux transitions recorded on the
magnetic surface of the diskette.

When the Z80A reads the serial MFM data from the diskette, the RX50 controller synchronizes on the
data transitions and, with the PLL circuit and MFM decoder, separates the clock from the data informa-
tion. The data is then converted to 8-bit parallel binary data for transfer to the Z80A data bus.

3.3.2 RXS50 Diskette Drive Unit

The RX50 is a dual-diskette drive that mounts in the system unit. (A second optional dual-diskette drive
can also be installed in the system unit). The diskette drive is connected to the RX50 controller and power
supply with a signal cable and a power cable. The signal cable transfers command, status, and data
between the diskette drive and the RX50 controller module. The power cable carries the +5 and 412 Vdc
power required by the diskette drive.
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Each RX50 dual-diskette drive is capable of read/writing on a single surface of two diskettes. The
diskettes are inserted into two access slots located on the front of the diskette drive unit. Each diskette
provides 409,600 8-bit bytes (formatted) for a total of 819,200 bytes of storage.

The RX50 diskette drive performs read, write, and seek operations to store (write) and retrieve (read)
programs/data on the diskette. To perform these operations, the diskette drive has the following electronic
and electromechanical components:

Printed Circuit Boards

e  Seek and interface modules
e  Motor control module
e  Read/write module

Electromechanical Components

Spindle motor

Stepper motor

Two head load solenoids
Two read/write heads
Diskette sensors

The electronic components contain the diskette drive logic circuits. The electromechanical components all
plug into the printed circuit boards.

3.3.3 Power Supply

The H7842-A power supply is a 138 W, switching type, ac/dc regulated voltage converter circuit. It
converts the ac input (either 115 or 240 Vac) to +5, +12, and —12 Vdc and supplies this dc power to the
system module, the diskette drive unit(s), the monitor, the keyboard, and any installed options.

The power supply is mounted at the rear of the system unit and secured to the system unit mounting plate
by a locking device.

The power supply contains six connectors. Three of the connectors are used for the ac input/output
connections and the remaining three connectors are used for dc power connections to the system module
and diskette drive unit(s). A 13-pin flat cable is used to carry the dc power from the power supply to the
power connector (J8) on the system module. Two 4-pin connectors and cables permanently attached to the
power supply provide the dc power for each diskette drive.

The single phase, 3-wire, ac input power connection is made to a 3-pin connector located on the rear panel
of the power supply. The ac power is then routed internally to two additional 3-pin connectors located on
one end of the power supply. One of these connectors is used to route the ac power to the fan assembly and
the other connector routes the ac power to and from the on/off power switch located on the front of the
system unit.

The power supply includes two types of control circuits: regulation and protection. The regulation circuits
maintain the output voltages at the proper level. The protection circuits prevent internal damage to the
power supply and to the system components due to incorrect voltage and/or current conditions. There are
three protection circuits: overvoltage, start-up undervoltage, and overcurrent.
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3.4 OPTION MODULES

Optional modules can be added to the Rainbow 100 computer to increase memory size, expand the
communications functions, and provide a color/graphics capability. These optional modules are mounted
on the system module and plug directly into connectors provided for them. A brief description of the
available options is given in the following paragraphs. Additional information for these options can be
obtained from the following installation guides:

Title Document Number
Rainbow™ Memory Extension Option Installation Guide EK-PCMXE-IN
Rainbow™ 100 Extended Communication Option Installation Guide EK-PCEXC-IN
Rainbow™ Color/Graphics Option Installation Guide EK-PCCOL-IN

3.4.1 Memory Extension Option

The memory extension option for the Rainbow 100 computer allows the user to upgrade the system
memory with an additional 64K bytes or 192K bytes of dynamic random-access memory (DRAM) that
can be written into as well as read. Two versions of the memory extension option are available: a 64K byte
option (part number PC1XX-AA) and a 192K byte option (part number PC1XX-AB). The memory
option is installed in the J6 connector on the system module. These options added to the existing 64K bytes
of DRAM on the system module provide the Rainbow 100 computer with a total system memory of 128K
bytes or 256K bytes.

Both versions of the memory extension option use the same printed circuit board etch and the same type of
64K X 1 bit memory chips. The 64K byte version of the option contains nine 64K X 1 bit chips and the
192K byte version contains twenty-seven 64K X 1 bit chips arranged as three 64K byte memory stacks.
Eight of the 64K X 1 chips in each stack contain the 8 bits of the data byte and the ninth contains the
parity bit. The 64K byte version of the option is not user upgradable.

When installed, this added memory is always available to the 8088 processor and will require wait states
only when the memory cycle and refresh cycle contend for use of the memory.

The memory option is equipped with a parity generation and parity error detection circuit to notify the
8088 processor when a parity error occurs. If a parity error occurs, the memory option transmits a parity
error signal to the nonmaskable interrupt input of the 8088. The 8088 then vectors to a ROM parity error
program in the 24K byte ROM that will display an error message on the screen.

3.4.2 Extended Communications Option

The extended communications option is a major component of the Rainbow 100 computer and is plugged
directly into two 40-pin connectors (J4 and J5) on the system module. The module contains a dual-channel
multiprotocol serial controller (MPSC) and supporting logic. The purpose of the option is to add a second
communications connector with bit and byte synchronous capability to the Rainbow 100. This option also
provides a separate high-speed communications connector.

The extended communications option performs the following functions:
1. By means of the 8237 DMA controller, transfers data bidirectionally between memory and the
high-speed communications link (MPSC) with minimum processor intervention. The transfer
to/from memory uses the shared 64K byte RAM only and not any installed optional memory.

2. Provides two complete serial communications controllers in a single MPSC package to:

a.  Convert parallel data (from the processor) to serial data, as required by various communi-
cations protocols.



f.

g

Convert serial data streams of the protocols back to parallel data for the processor.
Buffer incoming and outgoing data, allowing the processor time to respond.

Insert and delete framing bits and characters.

Calculate/check parity and check CRC error.

Inform the CPU about what actions need to be taken and when.

Interface with other computers over discrete modem control lines.

3. Provides an optional bit/byte synchronous/asynchronous RS-232 connector that is similar to
the Rainbow 100 communications connector.

4.  Supports bit protocols at a clock rate of 880 kHz by means of the MPSC.

5. Uses an MPSC bus interface controller to provide:

a.

Bus control logic (BCL), which determines the internal source or destination of data and
control transfers between the MPSC and the processor bus.

Interrupt control logic (ICL), which sets priorities for internal input requests and places
information on the data bus during an interrupt acknowledge cycle (provided the MPSC
vectored interrupt feature has been enabled).

DMA control logic (DMACL), which enables the MPSC to transfer data without inter-
rupting the processor. DMACL accepts service requests (if they are prioritized) and, like
ICL (above), places information on the data bus at appropriate times. DMACL also
accepts information from the data bus. When enabling the MPSC, DMACL activates an
internal controller to move data directly from the MPSC to memory or vice versa.

Clocks and reset logic (C&RL), which controls timing states in the MPSC and is usually
connected to the processor clock.

The extended communications option consists of the following main components mounted on a printed

circuit board:

1. A 5 MHz 8237 direct memory access controller (DMAC).

2. A multiprotocol serial controller (MPSC) with the following features:

a.

A high-speed, synchronous serial communications connector, EXT COMM A, with exter-
nal clocks and RS-422 differential drive capability.

A general-purpose synchronous/asynchronous serial communications connector, EXT
COMM B, with RS-423 drive capability, capable of supporting bisync modes.

The extended communications option is reset by a write to the 8088 1/O port 27H. The write to port 27H
is performed by the firmware in the 24K byte ROM when the Rainbow 100 is powered up, and any time
the extended communications option issues a DMAC interrupt request.
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3.4.3 Graphics Option
The graphics option generates bit-mapped video drive signals for a monochrome or optional color monitor.
The graphics module is plugged into a 40-pin connector (J7) on the system module.

The graphics option will emulate the functionality of the VT100, VT102, and VT125 video terminals. The
Rainbow 100 computer with the color/graphics option installed can operate in one of two modes: text only
or graphics/text. In text only (VT100 text mode), the graphics option video will be deselected. During this
time, the video processor (DC11 and DC12) on the system module will be responsible for supplying the
video signals to the monitor. During graphics/text mode, the graphics option is selected and will supply the
bit-mapped video signals to the monitor.

The graphics option for the Rainbow 100 supports the following features:

Low resolution mode — 384 X 240 pixels X 4 planes

High resolution mode — 800 X 240 pixels X 2 planes

16 simultaneous colors from a palette of 4096 (in low resolution mode)
4 simultaneous colors from a palette of 1024 (in high resolution mode)
9600 baud character throughput (hardware only)

Smooth and jump split-screen scrolling

3.5 SYSTEM INTERFACE CONNECTORS

There are nine connectors on the system module. These connectors provide the interconnection between
the system module and the other components and options in the Rainbow 100 system. Some of the
components and options are connected to the system module via cable while others are plugged directly
into headers on the printed circuit board. Figure 3-4 shows the connectors on the system module and how
they connect to the other system components and options.

The system module connectors are listed in Table 3-2 and described in the following paragraphs:

Table 3-2 System Module Connectors

Connector

Number Function Type

J1 Communications 25-pin male D-subminiature
J2 Printer 25-pin female D-subminiature
J3 Video/keyboard 15-pin male D-subminiature
J4 Extended communications 40-pin (2 X 20) header

J5 Extended communications 40-pin 2 X 20) header

J6 Memory extension option 52-pin (2 X 26) header

J7 Graphics option 40-pin (2 X 20) header

J8 Power 13-pin in-line header

Jo Diskette drive controller 40-pin (2 X 20) header
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Figure 3-4 System Interface Connectors

3.5.1 Communications Connector (J1) Signals
The communications connector (J1) allows the Rainbow 100 computer to communicate with a host
computer over a cable connected directly to the host computer or to a modem or telephone line. The

Rainbow 100 computer communicates with the host computer using any one of the following three
communications protocols:

e FDXA Full-duplex with no modem control (data leads only)
e FDXB Full-duplex with modem control
e FDXC Asymmetrical full-duplex with modem control

The signals transmitted through the connector are listed in Table 3-3.
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Table 3-3 Communications Connector (J1) Signals

Pin
Number Signal Mnemonic Direction*
1 Protective Ground PROT GND
2 Transmit Data XMIT DATA Out
3 Receive Data REC DATA In
4 Request to Send RTS Out
5 Clear to Send CTS In
6 Data Set Ready DSR In
7 Signal Ground GND
8 Receive Line Signal Detect RLSD In
9 Not Used
10 Not Used
11 Not Used
12 Speed Indicator/Secondary
Receive Line Signal Detect SI/SRLSD In
13 Not Used
14 Not Used
15 Send Clock SEND CLK In
16 Not Used
17 Receive Clock REC CLK In
18 Not Used
19 Secondary Request to Send SRTS Out
20 Data Terminal Ready DTR Out
21 Not Used
22 Ring Indicator RI In
23 Speed Select SPDSEL Out
24 Not Used
25 Not Used

*Direction of signals with respect to the system module

Communications Signal Functions — The functions of the signals on the communications connector pins

are described in Table 3-4.



Table 3-4 Communications Signal Functions

Signal

Function*

Protective Ground

Transmitted Data

Receive Data

Request to Send

Clear to Send

Data Set Ready

Signal Ground

Receive Line Signal Detector

Speed Indicator

Secondary Receive Line
Signal Detectt

This signal is connected to chassis ground via jumper
W17.

Signals on this line represent the serially encoded charac-
ters that are transmitted from the communications con-
nector. This signal is held in the marking state during
intervals between characters and at all times when no data
is being transmitted.

Signals on this line represent the serially encoded charac-
ters to be received.

Assertion of this signal indicates that the channel is ready
for transmission.

When this signal is asserted, it indicates that the modem is
ready for transmission.

The ON condition of DSR indicates that the modem is in
data mode, and that the control signals asserted by the
modem are valid.

This circuit establishes the common ground reference
potential for all interface circuits except protective
ground.

Also called Carrier Detect. The modem asserts this signal
ON when the received signal is of sufficient quality and
magnitude.

This signal allows some modems to control channel bit
rates.

This circuit is used in half-duplex coded control with
reverse channel.

*

Positive Voltage = 0 = Space = ON

The following terminology is used interchangeably to describe the communications signals:
Negative Voltage = | = Mark = OFF

t Secondary Receive Line Signal Detect and Speed Indicator are two different functions performed by the same physical line.
1 These signals are supported by using a special cable for FDXC modem protocol.
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Table 3-4 Communications Signal Functions (Cont)

Signal

Function*

Secondary Clear to Send}

Secondary Transmitted Data}

Send Clock

Receive Clock

Secondary Request to Send}

Data Terminal Ready

Ring Indicator

Speed Select

In FDX, this signal is the same as clear to send. In Asym-
metric FDX, it provides the functionality for a secondary
channel.

In FDX, this signal is the same as Transmitted Data, but
when operating in Asymmetric FDX, it provides function-
ality for the secondary channel.

This is an external transmit clock that is supplied by the
modem. It substitutes for the communications transmit
clock when the synchronous select bit is set.

This is an external receive clock that is supplied by the
modem. It substitutes for the communication receive
clock when the synchronous select bit is set.

This signal is used for HDX restraint mode and Asym-
metric FDX Secondary Request to Send.

This signal is turned ON whenever the channel is ready
for transmission.

The ON condition indicates that a ringing signal is being
received from the communications line.

This signal allows the 8088 processor to control the modu-
lation method of the modem to coincide with its selected
bit rate.

*  The following terminology is used interchangeably to describe the communications signals:

Negative Voltage = 1 = Mark = OFF
Positive Voltage = 0 = Space = ON

+ Secondary Receive Line Signal Detect and Speed Indicator are two different functions performed by the same physical line.
+ These signals are supported by using a special cable for FDXC modem protocol.
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3.5.2 Printer Connector (J2) Signals
The printer connector signals meet the following standards:

e  Electronic Industry Association (EIA) standard RS-423 and RS-232-C

e International Telegraph and Telephone Consultative Committee (CCITT) recommendation
V.28

The printer connector signals and their pin assignments are listed in Table 3-5.

Table 3-5 Printer Connector (J2) Signals

Pin*
Number  Signal Mnemonic CCITT/EIA Description
1 Protective Ground PROT GND 101/AA Chassis ground; ac power cord
ground. This signal is connected to
chassis ground via jumper W16.
2 Transmitted Data TXD 103/BA XON/XOFF control signals and
(input) other characters from the printer.
3 Received Data RXD 104/BB Data received by the printer from
(output) the Rainbow 100 computer. This
signal is asserted high (mark state)
when not in use.
5 Clear to Send CTS 106/CB Always asserted high (mark state).
(output)
6 Data Set Ready DSR 107/CC Always asserted high.
(output)
7 Signal Ground SGND 102/AB Common ground for all signals.
20 Data Terminal Ready DTR 108.2/CD  This signal from the printer indicates
(input) its status.

*Pins not listed are not used by the printer connector.
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3.5.3 Keyboard/Monitor Connector (J3) Signals

This connector carries the video signals, data signals, and power used by the keyboard and monitor. The
connector signals meet the following standards:

Video signals - Similar to EIA RS-170

NOTE

The composite video (Mono Video) signal on pin 12
is dc coupled and therefore not in strict agreement
with RS-170. To agree with RS-170, the composite
video signal would require a 10 microfarad capacitor

in series with the output.

Keyboard data signals — EIA RS-423

The keyboard/monitor signals and their pin assignments are listed in Table 3-6.

Table 3-6 Keyboard/Monitor Connector (J3) Signals

Pin Signal Mnemonic Description

1 Red shield ground Shield ground for color monitor cable

2 Green shield ground Shield ground for color monitor cable

3 Blue shield ground Shield ground for color monitor cable

4 Mono shield ground Shield ground for composite video
coaxial cable

5,6 Ground Video, data, and power ground

7,8 +12V +12 V power to monitor and keyboard

9 Blue video Color video signal from graphics
option

10 Green video Color video signal from graphics
option

11 Red video Color video signal from graphics
option

12 Mono video Composite B/W video from the video
processor on the system module

13 Not used

14 Keyboard received data KBD RXD Serial data transmitted to keyboard

(output)
15 Keyboard transmitted data KBD TXD Serial data received from keyboard

(input)
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3.5.4 Extended Communications Connectors (J4 and J5)

The extended communications option plugs into two 40-pin headers on the system module. The extended
communications signals and their pin assignments are listed in Tables 3-7 and 3-8.

Table 3-7 Extended Communications Connector (J4) Signals

Pin* Signal Mnemonic Description

1 Initialize INITL Initializes extended commu-
nications option on power-up.

2 —-12V -12 V output

3,6,18,20, Ground GND

22,24,26,28

4,8 +12 +12 V output

5 Direct Memory Access DMAC INTL This signal allows the option

Control Interrupt

7 Communications Select 1 COM SEL 1L

8 +12V

9 Communications Request COM REQ L

12,14,16 +5V

23 Communications Interrupt COM INTR L

25 Communications COM ACK L
Acknowledge

27 2.5 MHz

29 Clock Pulses 05A

31 Clock Pulses 05CL

to make a data transfer
without interrupting the
processor.

This output signal selects one
of the two receiv-
er/transmitter channels in
the MPSC.

+12 V output

This input signal informs the
shared memory arbitrator
that the option requests use
of the shared memory.

+5 V output

This input signal is the inter-
rupt request to the 8088
processor.

This signal informs the

option that its interrupt
request is acknowledged.

Clock signal for the MPSC

*Pins not listed are not used by the extended communications option.
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Table 3-7 Extended Communications Connector (J4) Signals (Cont)

Pin* Signal Mnemonic Description

33 Communications Write BWRE8 H This output signal indicates
that the 8088 is performing a
write cycle.

35 Communications Read BRD88 H This output signal indicates
that the 8088 is performing a
read cycle.

37 Clock Pulses 05 C

40 This is a signal from the

shared memory arbitration
logic to indicate that an
unshared memory cycle is in
progress.

*Pins not listed are not used by the extended communications option.

Table 3-8 Extended Communications Connector (J5) Signals

Pin* Signal Mnemonic Description

1 Address/Data Bit BAD 0 Buffered address/data bits to/from extended

3 BAD 1 communications option

5 BAD 2

7 BAD 3

9 BAD 4

11 BAD 5

13 BAD 6

15 BAD 7

17 Address 88 A0 Latched address bits to extended

19 88 Al communications option

21 88 A2

23 88 A3

25 Communications Select 2 COM SEL 2 L This signal selects one of two receiver/
transmitter channels in the MPSC

27,2931 45V +5V +5 V output

33,35,37 Ground GND

*Pins 39 and 40 are not used.
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Table 3-8 Extended Communications Connector (J5) Signals (Cont)

Pin* Signal Mnemonic Description

2 Shared Memory Data Bit SHRAM DO Shared memory data bits to/from extended

4 SHRAM Dl communications option

6 SHRAM D2

8 SHRAM D3

10 SHRAM D4

12 SHRAM D5

14 SHRAM D6

16 SHRAM D7

18 Shared Memory Address SHMA 0 Shared memory address bits from extended
Bit communications option

20 SHMA 1

22 SHMA 2

24 SHMA 3

26 SHMA 4

28 SHMA 5

30 SHMA 6

32 SHMA 7

34 Shared Memory Row SCHRAM RAS L Row address strobe from extended
Address Strobe communications option

36 Shared Memory Column  SCHRAM CAS L Column address strobe from extended

communications option

38 " COM SH WR L Read/write signal from extended
communications option

*Pins 39 and 40 are not used.

3.5.5 Memory Extension Connector (J6) Signals

The memory extension option plugs into a 52-pin header on the system module. This connector carries all
the address, data, and control signals required to operate the memory extension option. The signals and
their pin assignments are listed in Table 3-9.
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Table 3-9 Memory Extension Connector (J6) Signals

Pin* Signal Mnemonic Description

1,2,3,51,52 Ground GND

4 Row Address Strobe RAS88 H This output signal strobes the row address
into the extended memory.

6 Address Bit 6 A6 Memory extension address bits

8 Address Bit 1 Al

9 Address Bit 13 Al3

10 Address Bit 8 A8

11 Address Bit 3 A3

12 Address Bit 10 Al0

13 Address Bit 0 A0

14 Address Bit 14 Al4

15 Address Bit 7 A7

16 Address Bit 2 A2

17 Address Bit 5 AS

18 Address Bit 9 A9

19 Address Bit 12 Al2

20 8088 Multiplexer Select MUX 88 H This signal allows Address bits <15:10>
from the 8088 processor to be applied to
the extended memory.

21 Address Bit 11 All Memory extension address bit

22 Address Bit 4 A4

23 Refresh Row Address RFSH RAS H This output signal refreshes the extended

Strobe memory.

24 Parity Test PARITY TEST H  This output signal enables testing of the
parity circuits on the extended memory.

25,27,28,35 +5V +5 V output

26 Parity Error PARITY ERROR L This input signal informs the 8088 that a
memory parity error has occurred.

29 Memory Present MEM PRES L This input signal informs the 8088 that
the memory extension is installed.

30 elL The output signal is asserted by the

-shared memory arbitration logic when an

unshared memory cycle is in progress.

*Pins not listed are not used by the memory extension option.
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Table 3-9 Memory Extension Connector (J6) Signals (Cont)

Pin* Signal Mnemonic Description

31 Do Refresh DO RFSH L This output signal indicates that the
extended memory must be refreshed.

32 Select Memory Bank 2 S64K 2 L This output signal selects the second 64K
byte memory bank.

33 Refresh Done RFSH DONE H This output signal indicates that memory
refresh operation is completed.

34 Initialize INIT L This output signal initializes the memory
extension logic on power-up.

36 Buffered Address Data  BAD 7 Memory extension data bit 7

37 Column Address Strobe CAS88 H This output signal strobes the column
address into the extended memory.

38 Buffered Address Data BAD 6 Memory extension data bit 6

39 Data Transmit/Receive  DT/R This output signal controls the direction
of data to/from the memory extension.

40 Buffered Address Data  BAD 5 Memory extension data bit 5

41 Memory Read BRD88 H This output signal indicates that the 8088
is performing a read cycle.

42 Buffered Address Data  BAD 4 Memory extension data bit 4

43 Select Memory Bank 3 S64K 3 L This output signal selects the third 64K
byte memory bank.

44 Buffered Address Data  BAD 3 Memory extension data bit 3

45 Memory Write BWRSS8 L This output indicates that the 8088 is
performing a write cycle.

46 Buffered Address Data  BAD 2 Memory extension data bit 2

47 Select Memory Bank 1 S64K 1 L This output signal selects the first 64K
memory bank.

48 Buffered Address Data  BAD 1 Memory extension data bit 1

49 Ground GND

50 Buffered Address Data  BAD 0 Memory extension data bit O

*Pins not listed are not used by the memory extension option.
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3.5.6 Graphics Connector (J7) Signals

The graphics option plugs into a 40-pin header on the system module. This connector carries all the
address, data, monographics video, direct-drive color monitor signals, and power required for operation of
this option. The signals and their pin assignments are listed in Table 3-10.

Table 3-10 Graphics Connector (J7) Signals

Pin* Signal Mnemonic Description
1 Address Bit 3 A3 This output signal is used for graphics dis-
play control.
2 Initialize INIT L This output signal initializes the graphics
option on power-up.
3 Buffered Address BAD 0 Graphics option data bit 0.
Data
4 Graphics Select GRAPHIC This output signal selects the graphics
SEL L option.
S Buffered Address BAD 1 Graphics option data bit 1.
Data
6 Graphics Read BRD88 H This output signal indicates that the 8088
is performing a read cycle.
7 Buffered Address BAD 2 Graphics option data bit 2.
Data
8 Graphics Write BWRS88 H This output signal indicates that the 8088
is performing a write cycle.
9 Buffered Address BAD 3 Graphics option data bit 3.
Data
10,14,16 +5V +5 V output.
11 Buffered Address BAD 4 Graphics option data bit 4.
Data
13 Buffered Address BAD 5 Graphics option data bit 5.
Data
15 Buffered Address BAD 6 Graphics option data bit 6.
Data
17 Buffered Address BAD 7 Graphics option data bit 7.
Data
18 Ground GND

*Pins not listed are not used by the graphics option.
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Table 3-10

Graphics Connector (J7) Signals (Cont)

Pin* Signal Mnemonic Description

19 Address Bit 0 A0 This output signal is used for graphics dis-
play control.

20,22,24, Ground GND

26,28

21 Address Bit 1 Al This output signal is used for graphics dis-
play control.

23 Address Bit 2 A2 This output signal is used for graphics dis-
play control.

25 Red Drive RED This input signal is routed to the Key-
board/Monitor connector (J3) to directly
drive the red gun of a color monitor.

27 Green Drive GREEN This input signal is routed to the Key-
board/Monitor connector (J3) to directly
drive the green gun of a color monitor.

29 Blue Drive BLUE This input signal is routed to the Key-
board/Monitor connector (J3) to directly
drive the blue gun of a color monitor.

30,32 +12V ++12 V output

31 Graphics Video 1 GRF VID 1 H This signal is the first bit-mapped graphics
video input.

33 Graphics Video 2 GRF VID 2 H This signal is the second bit-mapped
graphics video input.

35 Graphics Blanking GRF BLANK L This input signal is used to blank out the
graphics display during the CRT beam
retrace interval.

37 Graphics Sync GRF SYNC L This input signal is used as the synchro-
nizing signal for the graphics video.

38 Graphics Interrupt  GRF INTR L This input signal is asserted by the graph-
ics option when it wishes to display video.

39 Graphics Option GRAPHICS This input signal informs the 8088 that

Present PRES L the graphics option is installed.
40 Vertical Blanking VERT BLANK L This input is the vertical blanking signal

for the graphics video.

*Pins not listed are not used by the graphics option.
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3.5.7 Power Supply Connector (J8) Signals
The power supply connector on the system module is a 13-pin in-line connector. A 13-pin flat cable,
detachable at both ends, is used to connect the system module to the power supply. The power supply dc
voltages and control signals that are applied to this connector are listed in Table 3-11.

Table 3-11 Power Supply Connector (J8) Signals

Pin Signal Mnemonic Description

1 AC Voltage Okay ACOK H This signal indicates the presence or absence of valid
ac power entering the power supply. When valid ac
power is present, this signal will be high. When the
ac power is lower than the required minimum input
voltage, this signal will be low.

2 Voltage Bias VBIAS This signal is connected to the communications con-
trol register via a jumper on the system module. The
jumper is installed only for manufacturing testing.

3 None This pin is missing to provide a key for the cable
connector.

4 -12V —12 V input

5,6 +12V +12 V input

7,8,9 45V +5 V input

10, 11,

12, 13 Ground GND DC power return and signal ground

3.5.8 RXS50 Controller Connector (J9) Signals

The RX50 controller connector is a 40-pin header that provides the interface between the Z80A processor
and the RX50 controller module. This connector carries all the address, read/write data, control signals,
and dc power needed for operation of the module. The signals and their pin assignments are listed in Table

3-12.
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Table 3-12 RXS50 Controller Connector (J9) Signals

Pin* Signal

Mnemonic

Description

1 Diskette Drive Read

2 Printer Transmitted Data
3 Diskette Drive Write

4 Diagnostic Loopback

5 Z80A Reset

7 AC Voltage Okay

9 Diskette Drive

Register Read

10,30 +5V

11 Z80A Data Bit 7

ZFPRD L

PRT TXD

ZFPWR L

DIAG LOOPBACK H

ZRESET L

BACOK H

ZFPREG RD L

ZD 7

This output signal asserted by the
Z80A 1/0 select logic allows the
RXS50 controller to place read data
from the diskette drive onto the Z80A
data bus (ZD<7:0>).

This output signal is a serial stream of
data from the printer PUSART. This
data is sent to the data separator cir-
cuit when DIAG LOOPBACK H is
asserted and allows the 8088 and
Z80A processors to test the data
separator circuits without the use of a
diskette drive.

This output signal asserted by the
Z80A 1/0 select logic gates data from
the Z80A data bus (ZD<7:0>) into
the RX50 controller.

This output signal, together with PRT
TXD, allows the data separator circuit
to be tested through the printer port.

This output signal will reset the RX50
controller at power-up.

This output signal allows the RX50
controller to transfer write data to the
disk drive only when the ac input to
the power supply is at the correct volt-
age level.

This output signal asserted by the
Z80A 1I/0 select logic allows the
ZB80A to read the status of the dis-
kette drive.

+5 V output

This bidirectional data bus bit is used
to transfer data, control, and status
information between the Z80A and
the RXS50 controller.

*Pins not listed are not used by the RX50 Controller Module.
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Table 3-12 RXS50 Controller Connector (J9) Signals (Cont)

Pin*

Signal

Mnemonic

Description

12

13

21
23
25

26

27

29

31

32,34

33

Z80A Address Bit 0

Z80A Data bit 6

Ground
Z80A Data Bit 5
Z80A Data Bit 4

Z80A Data Bit 3

Z80A Data Bit 2
Z80A Data Bit 1
Z80A Data Bit 0

Z80A Address Bit 1

8 MHz Clock Pulse

4 MHz Clock Pulse

2 MHz Clock Pulse

+12V

1 MHz Clock Pulse

ZAO0

ZD6

GND
ZDs5
ZD4

ZD3

ZD2
ZD1
ZD0

ZAl

08 A

4 MHZ

2 MHZ

1 MHZ

Address bit 0 together with address
bit 1 selects 1 of S registers in the
RX50 controller to transmit/receive
data on the ZD<7:0> bus.

This bidirectional data bus bit is used
to transfer data, control, and status

information between the Z80A and
the RX50 controller.

Signal and power ground

These bidirectional data bus bits are
used to transfer data, control, and sta-
tus information between the Z80A
and the RXS50 controller.

Address bit 1 together with address
bit 0 selects 1 of 5 registers in the
RX50 controller to transmit/receive
data on the ZD<7:0> bus.

This clock pulse signal is used by the
write precompensation circuit in the
RX50 controller.

This clock pulse signal is used by the
write precompensation circuit in the
RX50 controller.

+12 V Output
This clock pulse signal is used by the

write precompensation circuit in the
RX50 controller.

*Pins not listed are not used by the RX50 Controller Module.
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Table 3-12

RXS50 Controller Connector (J9) Signals (Cont)

Pin*

Signal

Mnemonic

Description

35

36

37

38

39

500 kHz Clock Pulse

-12V

Diskette Drive Present

Diagnostic Read

500 KHZ

ZFPREG WR L

FLPY PRES L

ZDIAG RD L

This clock pulse signal is used by the
data separator circuit in the RXS50
controller.

—12 V Output

This output signal asserted by the
Z80A 1/0 select logic enables a write
only control register in the RX50 con-
troller. The contents of the register
are used to select the drive, turn on
the drive motor, write the precompen-
sation values, and select the surface of
the diskette to be accessed.

This input signal informs the 8088
that the RX50 controller is installed.

This output signal asserted by the
Z80A 1/0 select logic enables the
general/status register on the RXS50
controller to place diskette drive sta-
tus information on the ZD<7:0> data
bus.

*Pins not listed are not used by the RX50 Controller Module.

3.6

FIRMWARE INTRODUCTION

The firmware for the Rainbow 100 computer is contained in a 24K byte ROM consisting of three 8K X 8
bit chips. The firmware provides the following services:

®  Power-up initialization of hardware

e  Selftest diagnostics
e  Terminal and console modes

e Image of Z8BOA RAM space to

be loaded

®  Boot loader to read track 0, sector 1 of diskette

®  Opening menu selection process

®  Automatic shut-off of monitor display after 30 minutes of nonuse, and restoration of display on

first activity (any keyboard or received character).
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3.6.1 Terminal Mode

When in the terminal mode, the Rainbow 100 computer runs a firmware program using the 8088
processor and looks similar to a VT102 terminal. It provides subfunctions in modules usable to other
programs. These other programs need to be able to execute similar functions. The Rainbow 100 computer
processes incoming character strings in the same manner as a VT102 terminal. The Rainbow 100
computer also returns characters to the host computer in a manner similar to that of the VT102 terminal
given the same Set-Up conditions.

The firmware is organized such that the VT102 emulation primitives form the console functionality for
use by applications through the interface layer. When in terminal mode, a background loop is entered that
calls on the console primitives and adds the necessary functionality to provide full terminal mode.

An interface layer is placed over the console primitives to provide an application with means of accessing
those primitives.

NOTE
In console mode there is no support provided for the
printer or the communications connectors. This
hardware (communications/printer MPSC) must be
controlled directly by the operating system.

For those applications that need more immediate control of the hardware, the firmware provides services
to obtain raw key information, enable/disable the cursor, and transfer data directly to the screen RAM.

The interface between the application and the firmware is implemented using a software interrupt, with
arguments passed and returned in the 8088 registers.

This leads to a layered firmware structure as shown in Figure 3-5. From the firmware viewpoint, the
operating system in this example is an application. It can be anything, including another firmware routine.

All entries to firmware routines from external processes are via a software interrupt vector 40H. This
makes the interface release-independent because ROM code loads the proper vectors during initialization.

8088 SIDE
. NORMAL .
su USER su
OPERATING SYSTEM
VT102 TERMINAL INTERFACE LAYER "
-L_—- A
VT102 CONSOLE PRIMITIVES ‘]
VIDEO KEYBOARD PRINTER | COMMUNICA- | OPTIONAL
HARDWARE | PORT PORT TIONS PORT | HARDWARE

*SU INDICATES SOPHISTICATED USER.
DOUBLE LINES INDICATE FIRMWARE LOCATED IN ROM.

MR-10289

Figure 3-5 Firmware Organization
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3.6.2 ROM Selftest Diagnostics

The Rainbow 100 ROM diagnostics tests the basic operational system hardware to determine if the
Rainbow 100 computer can load a diskette and run as a terminal. The Rainbow 100 ROM diagnostic is
started by four different means:

Power-Up

Reset

Typing S on the keyboard in response to the Main System Menu
Detection of a massive hardware failure (MHFU)

If an error is detected while a Rainbow 100 diagnostic is running, two types of error messages can be
displayed: a message on the screen; and a 7-bit numeric value, displayed by seven lights on the back of the
system unit.

If an error is fatal, a message will be displayed on the screen, the keyboard lights will blink, the keyboard
bell will sound three times, and the lights on the back of the system unit will light in a specific pattern. If
the error is nonfatal, the message will be displayed in blinking reverse video, the keyboard bell sounds
twice, and no lights are lit on the back of the system unit. If no errors are detected, the keyboard bell will
sound once and the Main System Menu will be displayed on the screen.
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CHAPTER 4
SYSTEM MODULE TECHNICAL DESCRIPTION

4.1 INTRODUCTION

This chapter provides a technical description of the Rainbow 100 system module for repair or maintenance
personnel. The system module is described both to the block diagram level and the functional block
diagram level. The logic circuits are generally not described to the detailed circuit level except in those
cases where such description is considered necessary for a clear understanding of the subject matter.

4.1.1 Chapter Organization
The information in this chapter is divided into four sections:

A general description of the functions performed by the system module (Paragraph 4.2)
A physical description of the system module (Paragraph 4.3)

A functional description of the system module (Paragraph 4.4)

A description of the system module connectors (Paragraph 4.5)

4.1.2 Related Documentation

In some of the block diagrams within this chapter, the logic blocks contain the word SHEET followed by a
number. This refers to a sheet number of the system module circuit schematics. These numbers may be
used while reading this chapter to locate the detailed circuit logic represented by the function logic blocks.
The PC100 system module circuit schematics (D-CS-5415486-0-1) consist of 13 sheets and are a part of
the PC100 Field Maintenance Print Set (MP-01491-00).

4.2 GENERAL DESCRIPTION

The system module has a dual-processor architecture that uses an 8088 16-bit processor coupled with a
Z80A 8-bit processor. Figure 4-1 is a block diagram that shows the relationship between the processors
and their supporting logic. The processors operate from and transfer data through a shared block of 62K
bytes of RAM to direct, control, and monitor the system’s functions. Each processor has, in addition to the
shared block of memory, 2K bytes of private RAM and peripheral circuitry.

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

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 communicates with its
supporting logic and the RX50 controller via a 16-bit unidirectional address bus and an 8-bit bidirectional
data bus.
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Figure 4-1 System Module Block Diagram

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 transmitter and
receiver clock baud rate for this channel may be independently programmed.

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
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. One group of clock pulses is used by the 8088 and its supporting logic. A
second group of clock pulses is used by the Z80A and its supporting logic. The third group of clock pulses
is used by the RX50 controller logic.



The system module includes the following features:

8088 processor

Z80A processor

64K byte shared dynamic RAM
2K byte Z80A dedicated RAM
24K byte ROM

256 X 4 bit nonvolatile memory (NVM)
DCO011, DCO12 video processor
4K byte screen RAM

4K byte attribute RAM
Async/bisync communications port
Printer port

Keyboard interface

RXS50 controller interface

Option expansion capability

e  Extended communications
e  Color/graphics
e  Extended memory (64K or 192K bytes)

4.3 PHYSICAL DESCRIPTION

The system module is a modified quad module that is 35.56 cm (14 in) long, 26.42 cm (10.4 in) wide, and
2.25 cm (0.9 in) high. The height of the module 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 are used to secure
the system module to the system unit.

The system module contains nine connectors of three different types. Type 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. Type 2: The input dc power connector is a 13-pin in-line connector
with one of the pins removed to provide a locating key. Type 3: The remaining five connectors are dual-
row headers and are used to directly connect the system module to the RXS50 controller module, the
memory extension option, the extended communications option, 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 4-2 shows the locations of the connectors, the main logic elements, the diagnostic
lights, and the manufacturing test/configuration jumpers.

4.4 SYSTEM MODULE FUNCTIONAL DESCRIPTION

This section provides a description of the functions performed by the 8088 and Z80A processors and their
support circuits. It describes the system logic used for making decisions. If you need detailed information
on the 8088 or Z80A processors that is not provided in this manual, you can find it in the following
manuals:

iAPX 88 Book

Intel Corporation

3065 Bowers Avenue

Santa Clara, California 95051

Z80™-CPU/Z8OA™-CPU Technical Manual
Zilog, Inc.

1315 Dell Avenue

Campbell, California 95008
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Figure 4-2 System Module Physical Layout

All illustrations in this section are functional block diagrams. Logic symbols appearing on the block
diagrams indicate function and may not represent actual circuitry.

4.4.1 System Module Address and Data Buses

The system module has two primary address and data buses, one for each of the 8088 and Z80A
processors over which they operate and transfer data to/from their supporting logic, I/O devices, and the
shared memory. The system module also contains a number of 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 4-3 shows the primary and secondary address and data buses and their
relation to the main logic elements on the system module.

4.4.1.1 8088 Address and Data Buses — The 8088 address A<19:0> and data BAD<7:0> buses support
the monitor, keyboard, communications connector, options, the video processor, the shared memory logic,
and the 8088 control logic. The address bus is a 20-bit unidirectional bus obtained by latching and
combining the AD<7:0> and A<19:8> bits from the 8088. The address and data bus AD<7:0> connect-
ing the 8088 with the address latch, output data buffer, 24K byte ROM, and the data bus transceiver is
bidirectional for data transfers and unidirectional for address cycles.
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Figure 4-3 System Module Address and Data Buses
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4.4.1.2 Z80A Address and Data Buses — The Z80A processor address ZA<15:0> and data ZD<7:0>
buses support the RX50 controller and the Z80A control logic. The address bus is a 16-bit unidirectional
bus which accesses the 64K byte memory 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.

4.4.1.3 Buffered Output Data Bus — The buffered output data bus BOD<7:0> is a unidirectional bus
obtained by buffering the address and data AD<7:0> bits from the 8088 processor. The BOD bus supplies
the bits to the communications control register, the diagnostic write register, the communications baud
rate generator, and the printer baud rate generator.

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

4.4.1.4 Video Processor Shared Address Bus — The shared address bus SA<10:0> is a unidirectional
bus used to access the 4K byte screen RAM and the 4K byte attribute RAM in the video processor
subsystem. The SA<10:0> bits are obtained by multiplexing the 8088 processor address A<10:0> and the
buffered address BA<10:0> bits from the video processor.

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

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

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

4.4.1.6 Video Processor Attribute Bus — The attribute bus AT<7:0> is a bidirectional data bus that
carries character, line, and screen information. Only the four least significant bits are used by the video
processor.

The AT bus is used by the 8088 processor to store attribute information in the attribute RAM. The
default attribute information is obtained 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.

4.4.1.7 Video Processor Buffered Data Bus — The buffered data bus BD<7:0> is a bidirectional data
bus used by the 8088 processor and the video processor. The 8088 uses this bus to store an ASCII coded
representation of the character to be displayed in the screen RAM. The character to be stored is obtained
from the 8088 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 can
display as letters, numbers, and symbols.
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4.4.1.8 Shared Memory Address Bus — The shared memory address bus SHMA<7:0> is an 8-bit
unidirectional bus that is used by the 8088 and Z80A processors, the extended communications option,
and the refresh logic to access the 64K byte 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 multiplex-
ers 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.

4.4.1.9 Shared Data Bus — The shared data bus SHD<7:0> is a bidirectional bus used by the 8088 and
Z80A processors and the extended communications option to transfer data to and from the 64K byte
shared memory. The 8088 data BAD<7:0> and Z80A data ZD<7:0> bits are connected to their
respective shared memory data transceivers. The direction and gating of the data bits through the 8088
and Z80A transceivers is determined by control signals from the 8088 and the Z80A. The shared memory
arbitration logic continuously monitors the devices and establishes priority using the SHD<7:0> bus.

4.4.2 Clock Circuit
The clock circuit logic generates three groups of clock pulses that determine the basic timing for the
Rainbow 100 computer. The clock circuit block diagram is shown in Figure 4-4.
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Figure 4-4 Clock Circuit Block Diagram



4.4.2.1 Master Clock — The master clock is a crystal controlled oscillator that runs at 24.0734 MHz.
The output of the oscillator is buffered and then used by three frequency dividers to produce clock pulses
for the 8088 processor and its support logic, the Z80A processor and its support logic, and the RX50
controller logic.

4.4.2.2 8088 Clock Logic — The 8088 clock logic consists of a 5:1 frequency divider and a TTL to MOS
level converter. The 5:1 frequency divider provides three asymmetrical clock pulses (05A, 05B, and 05C)
and their complements (0SAL, 05SBL, and 05CL) at a frequency of 4.815 MHz. The phase difference
between the clock pulses is 40 ms. These clock pulses and their complements provide the basic timing for
the 8088 and its support logic. The 05A clock pulses are converted to MOS voltage levels, then applied to
the 8088 microprocessor. The 05C clock pulses are sent to a 2:1 frequency divider to provide 2.5 MHz
clock pulses for the communications/printer MPSC and the keyboard PUSART. The 8088 clock pulse
timing is shown in Figure 4-5.

Id-————— 208 NS ——>|

fe—83 NS+

05A |/ \ ’ \ ’ \
05AL |\ ’ \ / \ ’

|
|

05CL | \ , \ ’ \ ,
|
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Figure 4-5 8088 Clock Pulses

4.4.2.3 Z80A Clock Logic — The Z80A clock logic consists of a 6:1 frequency divider and a TTL to
MOS level converter. The 6:1 frequency divider provides three symmetrical clock pulses (04A, 04B, and
05C) and their complements (04AL, 04BL, and 04CL) at a frequency of 4.012 MHz. The phase
difference between the clock pulses is 40 ns. The 04A clock pulses are converted to MOS voltage levels,
then applied to the Z80A processor. The Z80A clock pulse timing is shown in Figure 4-6.
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Figure 4-6 Z80A Clock Pulses

4.4.2.4 RXS50 Controller Clock Logic — The RX50 controller logic consists of a 3:1 frequency divider
and a 4-bit synchronous binary counter (Figure 4-3). The input to the 3:1 frequency divider is the 24 MHz
master clock. The 8 MHz output of the 3:1 frequency divider is divided into 4, 2, and 1 MHz, and 500
kHz clock pulses by the synchronous binary counter. The 8, 4, 2, and 1 MHz and 500 kHz clock pulses are
used to synchronize various logic functions of the RX50 controller.

The 500 kHz output of the synchronous counter is divided by 2 to produce 250 kHz clock pulses. The 500
and 250 kHz clock pulses are applied to the diagnostic disk/video loopback multiplexer and are used only
during diagnostic testing.

4.4.3 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 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. In the Rainbow 100 computer, the 8088 operates in the minimum mode.
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4.4.3.1 8088 Architecture

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

(BIU). These two processing units are shown in Figure 4-7.

The EU executes all instructions, provides data and addresses to the BIU, 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 segment 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.
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Figure 4-7 8088 Processor Block Diagram
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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.

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 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.

4.4.3.2 Bus Operation — A bus cycle is an asynchronous event in which the 8088 processor transfers to
the bus the address of a memory location or an 1/O peripheral followed by either a read control signal (to
read the data from the addressed device) or a write control signal and associated data (to write the data to
the addressed device). The selected device (memory or 1/O peripheral) accepts the data on the bus during
a write cycle or places the data on the bus during a read cycle. On termination of the cycle, the device
latches the data written or removes the data read.

All 8088 bus cycles consist of a minimum of four clock (CLK88H) cycles identified as states T1, T2, T3,
and T4. A typical BIU bus cycle is shown in Figure 4-8. Detailed information for all the 8088 bus cycles
can be obtained from Intel’s iAPX 88 Book.

BUS CYCLE

R

TI (IDLE)

I
'4—T1 ™w i T2—-1<——r3—o|-—r4 ?? _..1

CLK88 H \ ’ \ J \ ’ \ J \
WRITE
BUS ADgS$SS WRITE DATA
CYCLE
READ
ADDRESS
BUS ouT READ DATA e
CYCLE

MR-10770

Y

/____.

Figure 4-8 Typical BIU Bus Cycles

The 8088 places the address of the memory or I/O device on the address bus during state T1. During a
write bus cycle, the 8088 places the data on the AD<7:0> bus from state T2 until T4. During a read bus
cycle, the 8088 places the address on the multiplexed address/data bus in state T1 and then floats the bus
in state T2 to allow the 8088 to change from the write mode to the read mode (input data). The 8088
accepts the data present on the address/data bus during states T3 and T4.
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It is important to note that the BIU executes a bus cycle only when a bus cycle is requested by the EU as
part of instruction execution or when it must fill the instruction queue. Consequently, clock periods in
which there is no BIU activity can occur between bus cycles. These inactive clock periods are referred to as
idle states (TI) and occur between state T4 of one bus cycle and state T1 of the succeeding bus cycle.

In addition to the idle state previously described, the 8088 includes a mechanism for inserting additional T-
states in the bus cycle to compensate for devices (memory or 1/O) that cannot transfer data at the rate
determined by the clock period. These extra T-states are called wait states (TW) and, when required, are
inserted between states T1 and T2. During a wait state, the data on the bus remains unchanged. When the
device can complete the transfer (present or accept the data), it signals the 8088 to exit the wait state and
to enter state T2.

4.4.3.3. 8088 Pin Description — The 40 pins of the 8088 processor are divided into six functional groups:

Address bus
Address/status bus
Address/data bus

Bus control outputs
Processor control inputs
Power inputs

DA W —

The function of a number of the 8088 control pins is defined by the voltage level (Vcc or ground) applied
to the minimum/maximum mode input (pin 33). Three of the 40 available pins of the 8088 are not used in
the Rainbow 100 computer. The pin functions are described in Tables 4-1 and 4-2.

Table 4-1 8088 Processor Pin Descriptions

Pin Signal Pin

No. Mnemonic Symbol Direction* Signal Name and Function

9-16 AD7-ADO  AD7-ADO 1/0 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
interrupt acknowledge.

2-8,39 Al15-A8 Al5-A8 O ADDRESS BUS: These lines provide address
bits 8 through 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.

38 Al6 A16/S3 (0] ADDRESS/STATUS: During T1, these are the

37 Al7 Al17/84 (0] four most significant address lines for memory

36 Al8 A18/SS 0) operations. During 1/O operations, these lines

35 Al9 A19/56 (0] 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

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

4-12



Table 4-1 8088 Processor Pin Descriptions (Cont)

Pin

No.

Signal
Mnemonic

Pin
Symbol

Direction*

Signal Name and Function

32

22

23

17

RD88 L

READY H

INTR H

RD

READY

INTR

COMM/PRT TEST

INTR L

PARITY
ERROR L

NMI

I

updated at the beginning of each clock cycle. S4
and S3 are encoded as shown in Table 4-2.
This information indicates which segment regis-
ter is presently being used for data accessing.

READ 88: Read strobe indicates that the
processor is performing a memory or 1/O read
cycle, depending on the state of the 10/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: is the acknowledgement from the
addressed memory or I/O 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: is a level triggered
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: is a nonmaskable interrupt
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 sub-
routine is vectored to via an interrupt vector
lookup table located in system memory. Parity

* Indicates direction of signal with respect to the 8088 processor. (O = output, I = input)
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Table 4-1 8088 Processor Pin Descriptions (Cont)

Pin
No.

Signal
Mnemonic

Pin
Symbol

Direction*

Signal Name and Function

21

19

40
1,20

33

28

29

24

25

RESET H

CLK88 H

+5V
GND

MN/MX

10/M

WRS88 L

INTAL

ALE H

RESET

CLK

Vce
GND

MN/MX

I0/M

WR

INTA

ALE

error is not maskable internally by software.
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: causes the processor to immediately
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: 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: is the +5 V power input.

GND: are the ground pins.

MINIMUM/MAXIMUM: 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 100 computer.

INPUT OUTPUT/MEMORY: This status line
is used to distinguish a memory access from an
I/0 access. I0/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 1/0
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: is used as a
read strobe for interrupt acknowledge cycles. It
is active low for T2, T3, and TW of each inter-
rupt acknowledge cycle.

ADDRESS LATCH ENABLE: is provided 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.

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

4-14



Table 4-1 8088 Processor Pin Descriptions (Cont)

Pin

No.

Signal
Mnemonic

Pin
Symbol

Direction*

Signal Name and Function

27

26

31

30

34

DT/R

DEN L

DT/R

DEN

HOLD

HLDA

SSO

0

DATA TRANSMIT/RECEIVE: 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).

DATA ENABLE: is an output enable for the
AD<7:0> data bus transceiver and the video
processor data transceivers. The sigral 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.

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 100
computer and is tied to ground (low).

HOLD ACKNOWLEDGE: is active high to
acknowledge a HOLD request to the processor.
This signal is not used by the Rainbow 100
computer.

STATUS LINE: The combination of SSO,
I0/M, and DT/R allow the system to complete-
ly decode the current bus cycle. This signal is
not used in the Rainbow 100 computer.

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

Table 4-2 Segment Register Status Encoding

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

1 (High) 0 Code or None

1

Data

*S6 is 0 (low)
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4.4.4 Z80A Processor :

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
memory, 2K bytes of dedicated memory, the RX50 controller, and supporting logic. All output signals are
fully decoded and timed to control the memory and RX50 controller.

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

The Z80A 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 also has two 8-bit registers: the interrupt register and the 8-bit refresh register.

The Z80A requires only a single +5 V power supply source. The internal block diagram (Figure 4-9) shows
the primary functions of the Z80A processor.
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16-BIT
ZWR L <*—] LoGIC. | ADDRESS
ZIOREQ L <*— AND BUS
ZMREQ L <*— Py BUFFERS ZA<15:0>
ZMIL L <— TIMING CPU
ZRFSH L <— CONTROL TIMING REGISTER
ZRESET L — ARRAY
ZWAIT L —
INTZ80 L —
ZPHI L — ALU
i E 8-BIT
INSTRUCTION INSTRUCTION gGgA DATA
DECODER REGISTER INTERFACE BUS
INTERNAL DATA ZD<7:0>
BUS

MR-10771

Figure 4-9 Z80A Processor Block Diagram

4.4.4.1 Z80A Basic Timing - The Z80A processor executes instructions in the following sequence:

Opcode fetch

Memory read or write
1/0 device read or write
Interrupt acknowledge
Reset

whw =

Each instruction cycle consists of one or more machine cycles (M1, M2, M3, etc.). The number of
machine cycles required depends on the specific instruction being executed. Each machine cycle consists
of three or more T cycles (T1, T2, T3, T4).



Machine cycles can be extended either by the Z80A automatically inserting one or more wait cycles (TW)
or externally by the Z80A support logic. The support logic supplies the wait control signal (ZWAIT L) to
the Z80A whenever the memory or the RX50 controller needs more time to complete the data transfer.

Figure 4-10 shows the basic timing for a typical read or write cycle. The figure shows the typical timing of
the Z80 clock, address, read, and write data. It does not show the control signals received or output during
the cycle. Detailed information on the timing for the various machine cycles can be obtained from Zilog’s
Z80™-CPU/Z80A™-CPU Technical Manual.

Ir MACHINE CYCLE *I

fo— 1o T2 — e TW e TW** b T3 —f— T1 —»]

{ &
7 7
> < VALID
READ CYCLE
ZD<7:0> << XDATAX
IN
L
U
WRITE CYCLE <
ZD<7:0> WRITE DATA OUT }————
L

* ONE TW CYCLE AUTOMATICALLY INSERTED BY CPU.
**ONE OR MORE TW CYCLES ADDED WHEN NECESSARY
BY MEMORY OR I/O DEVICES.

MR-10772

Figure 4-10 Basic Timing for Typical Z80A Read or Write Cycle

The Z80A places the address of the memory location or I/O device on the address bus ZA<15:0> during
the T1 cycle where it remains throughout T2, T3, and any wait cycles that were added to the machine
cycle. During a read cycle, the Z80A accepts data that was placed on the ZD<7:0> bus by the memory or
1/0 device in the T3 cycle.

During a write cycle, the Z80A places the write data to the memory or 1/O device on the ZD<7:0> bus
from the T2 cycle through the T3 cycle.
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4.4.4.2 7Z80A Pin Description - The 40 pins of the Z80A processor are divided into seven functional

groups.
1. Address bus (16 pins)
2. Data bus (8 pins)
3. System control (6 pins)
4, Processor control (5 pins)
5.
6.  Processor timing (1 pin)
7.  Power (2 pins)

Processor bus control (2 pins)

The Z80A processor as implemented in the Rainbow 100 computer does not require the functions
provided by all of the 40 pins. The Rainbow 100 computer uses only 36 of the 40 pins. The pin functions
are described in Table 4-3.

Table 4-3 Z80A Processor Pin Descriptions

Pin Signal
No. Mnemonic

Pin
Symbol

Direction*

Signal Name and Function

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

23

25 BUSREQ

6 ZPHI L

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

29 GND

A0-A15

BUSACK

BUSREQ

CK

D0-D7

GND

O

o

I/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/0O device exchanges.

BUS ACKNOWLEDGEMENT: 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 the
Rainbow 100 computer.

BUS REQUEST: This signal, when active
(low), forces the Z80A 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 in active in the Rain-
bow 100 computer. It is tied to +5 V through a
4.7K resistor.

CLOCK: provides the basic timing for the
Z80A. It is a symmetrical clock signal with a
frequency of 4.012 MHz.

DATA BUS: is the 8-bit bidirectional bus used
for data exchanges with memory and 1/0
devices.

GROUND: is the Z80A ground pin.

* Indicates direction of signal with respect to the Z80A (O = output, I = input)
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Table 4-3 Z80A Processor Pin Descriptions (Cont)

Pin Signal Pin
No. Mnemonic Symbol Direction* Signal Name and Function

18 HALT (0] HALT STATE: When active (low), this signal
indicates that the Z80A has executed a Halt
instruction and is awaiting either a nonmaskable
or a maskable interrupt before operation can
resume. This signal is not used in the Rainbow
100 computer.

16 INTZ80 L INT I INTERRUPT REQUEST: This is the interrupt
request from the 8088. The Z80A honors this
request at the end of the current instruction if
the internal software-controlled interrupt enable
flip-flop is enabled.

20 ZIORQ L IORQ (0] 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 gener-
ated concurrently with ZMI L during an inter-
rupt acknowledge cycle to indicate that an
interrupt response vector can be placed on the
data bus.

27 ZMI L Ml (0] MACHINE CYCLE ONE: ZMI L, together
with ZMREQ L, indicates that the current
machine cycle is the opcode fetch cycle of an
instruction execution. ZMI L, together with
ZIORQ L, indicates an interrupt acknowledge
cycle.

19 ZMREQL MREQ 0] MEMORY REQUEST: When LOW, ZMREQ
L indicates that the address bus holds a valid
address for a memory read or memory write
operation.

17 NMI NMI I NONMASKABLE INTERRUPT: This signal
is not used in the Rainbow 100 computer. It is
tied to +5 V through a 4.7K ohm resistor to
hold it inactive (high).

21 ZRD L RD (0] MEMORY READ: When low, this signal indi-
cates that the Z80A wants to read data from
memory or an I/O device. The addressed mem-

ory or I/O device uses this signal to gate data on
the ZD<7:0> bus.

* Indicates direction of signal with respect to the Z80A (O = output, I = input)
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Table 4-3 Z80A Processor Pin Descriptions (Cont)

Pin Signal Pin
No. Mnemonic Symbol Direction* Signal Name and Function

26 ZRESET L RESET I RESET: When low, Z RESET L initializes the
Z80A as follows: it resets the interrupt enable
flip-flop, clears the PC and the I and R regis-
ters, and sets the interrupt status to mode O.
During reset time, the address and data bus go
to a high impedance state, and all control output
signals go to the inactive state.

28 ZRFSH L RFSH 0) REFRESH: This signal is active low. ZRFSH L
together with ZMREQ L indicate that the lower
seven bits of the system’s address bus can be
used as a refresh address to the system’s dynam-
ic memories.

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

22 ZWR L WR (0] MEMORY WRITE: When low, indicates that
the Z80A data bus holds valid data to be stored
at the addressed location.

11 +5V Vee VCC: is the +5 V power input.

* Indicates direction of signal with respect to the Z80A (O = output, I = input)
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4.4.5 System Module Memory

The system module memory available to the 8088 and the Z80A processors consists of ROM, RAM, and

nonvolatile RAM. The memory types and memory sizes are as follows:

256 X 4 bit NVM

Additional memory is available to the 8088 and the Z80A when an optional memory extension module is
installed on the system module. The memory extension module is available in two versions: 62K bytes
(Part Number PC1XX-AA) or 192K bytes (Part Number PCI1XX-AB). Both of these versions are
dynamic random access memories (DRAM) that plug into connector J6 on the system module. The

64K byte shared RAM (dynamic)

memory option is described in Chapter 3.

2K byte Z80A dedicated RAM (static)
4K byte screen RAM (static)
4K byte attribute RAM (static)

The 8088 memory map is shown in Figure 4-11.

FFFFF

ROM 2 (BOOT)
8K B
YTES FEOOO
ROM 1
8K BYTES
FCO00
ROMO 8K BYTES
FAOOO
F A
~ ~
FOO00
ATTRIBUTE RAM
4K BYTES
EFO00
SCREEN RAM
4K BYTES EE000
NVM SHADOW
UM EDO40
X
256 X 4 BITS EDO0O
NVM SHADOW
|, ECO00
40000

OPTIONAL RAM
64K BYTES OR 192K BYTES

10000

SHARED RAM

OFFFF

64K BYTES

Figure 4-11 8088 Memory
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The Z80A memory map is shown in Figure 4-12. The Z80A memory addresses are remapped in the 62K
byte shared RAM and the 2K byte Z80A dedicated RAM when the address bit ZA<15> is inverted.
ZA<I15> is inverted by writing the diagnostic write register at address 21 H.

Figure 4-13 shows the memories and their relation to the 8088 and Z80A address and data buses. The
system module memories are described in the following paragraphs.

ADDRESS BIT ZA<15> INVERTED ADDRESS BIT ZA<15> NOT INVERTED
FFFF TFFF FFFF FFEF
0800 SHARED RAM (F’—(F’S—FO 8000 SHARED RAM
0800 62K BYTES 8800 0800 62K BYTES 0800
O7FF PRIVATE PRIVATE 87FF O7FF PRIVATE PRIVATE O7FF
2K BYTES 2K BYTES 2K BYTES 2K BYTES
0000 8000 0000 0000
8088 780 8088 780

MR-10765

Figure 4-12 Z80A Memory Map

4.4.5.1 64K Byte Shared Memory - The 64K byte shared memory can be accessed by the 8088
processor, the Z80A processor, or the refresh logic via the shared memory address bus (SHMA<7:0>).
The 8088 can access all 64K bytes of memory and uses the first 2K bytes to store interrupt vectors and
other information that must not be changed by the Z80A. Therefore, the Z80A is prevented from
accessing the first 2K bytes of the shared memory. Z80A addresses in the first 2K byte range will access
the Z80A 2K byte dedicated RAM.

Accesses to the shared memory are controlled by the shared RAM row address strobe (SHRAM RAS L),
the shared RAM column address strobe (SHRAM CAS L), and the shared RAM write (SHRAM WR L)
signals from the RAS, CAS timing, and read/write (R/W) select logic. The shared memory arbitration
logic supplies the input signals for the RAS, CAS timing, and R/W select logic and determines the
priority for accesses to the shared memory. Refresh has the highest priority for memory accesses. The
8088 has approximately equal priority with the Z80A except in those instances where both processors
simultaneously request access to the memory. If the 8088 and Z80A simultaneously request access to
memory, the arbitration logic gives memory priority to the Z80A.

Data is written into or read from the shared memory by the 8088 or Z80A via the shared data bus
(SHD<7:0>) and the shared memory data transceivers. The read or write operation of the shared memory
is controlled by the SHRAM WR L signal from the RAS, CAS timing and R/W select logic. The
SHRAM L signal level is determined by the 8088 data transmit/receive (DT/R) or the Z80A data
transmit/receive (ZT/R) output signal, depending on which processor is accessing memory. These two
signals, DT/R or ZT /R, are also used to control the direction of data transfer through the shared memory
data transceivers.
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1 4

1 A<19:8> A<19:0>
8088 : ADDRESS [ EXTENDED COMM MEMORY EXTENSION
P
PROCESSOR : LATCH A<12:0 A<7:0> OPTION CONN A<15:0>, OPTION CONN
: J5 J6
SHMA<7:0>
24K BYTE NVM .._____: >
ROM 256 X 4 .
BITS SHD<7:0>
SHEET 6 SHEET 11 | :
BAD<7:0> BAD<7:0>
AD<7:0> BAD<3:0> SHEET SHEET
12 13
AD<7:0> BAD BUS BAD<7:0> — A<10:0>
SHEET 1 XCVR SHARED ‘
A<15> A<6:0> SHEET 1 ADDRESS
8088 MUX BA<10:0>
8088 DRAM SHMA<7:0> SHARED BAD<7:0> SHEET 4
ADDRESS MEM
A<14:7> MUX - DATA XCVR |
SHEET 5 SHEET 1 VIDEO CONTROLLER/
TIMING
) DC11/DC12 SHEET 3
ZA<15>,ZA<6:0> SRARED
Z80A DRAM DRAM SA<10:0> Z\
ADDRESS — 62K BYTE | ]
MUX = |
UNSHARED M
SHEET 5 2K BYTE RAM
SHEET 5
SCREEN ATTRIBUTE
SHARED DRAM
SHARED REFRESH RAS, CAS Z80A 7D<7:0> RAM RAM
MEMORY | . SHARED 4K BYTE 4K BYTE
ROW TIMING AND RAS, CAS TIMING
ARBITRATION MEM SHEET 4 SHEET 4
COUNTER | R/W SELECT AND R/W SELECT
LOGIC SHEET & DATA XCVR
SHEET 2 SHEET 1,5, 11 SHEET 11 8D AT
ZA<15:0> <7.0> <7:0>
Z80A >
PROCESSOR SCREEN ATTRIBUTE
ZA<10:0> RAM RAM
XCVR XCVR
SHEET 4 SHEET 4
2K BYTE
DEDICATED
RAM
(STATIC) BAD<7:0>
SHEET 11 :

ZD<7:0>
ZD<7:0> N v
SHEET 11 >
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Figure 4-13 System Module Memory



4.4.5.2 24K Byte ROM - The 24K byte ROM consists of three 8K X 8 bit ROMs and are labeled ROM
0, ROM 1, and ROM 2. These ROMs contain the firmware for the Rainbow 100 system. The firmware
consists of 8088 and Z80A code for diagnostic, terminal emulation, language translation, Set-Up, and
bootstrap programs.

The 8088 accesses the 24K byte ROM via address bits A<12:0>. The data is read out of the ROM via the
8088 address/data bus AD<7:0>. The read operation is controlled by ROM select signals from the ROM
select decoder and the read signal (RD88L) from the 8088. Figure 4-14 is a block diagram that shows the
relationship of the 24K byte ROM to the ROM select decoder and the 8088.

Address bits A<15:13> are decoded by the ROM select decoder to select one of the three ROMs. Address
bits A<19:16>, R/DT, and M/IO signals are active during a memory cycle and are used to gate out ROM
0 SEL L, ROM | SEL L, or ROM 2 SEL L, depending on the combination of address bits A<15:13>
applied to the ROM select decoder. The RD88 L signal is applied to the enable input of the 24K byte
ROM and gates the data onto the AD<7:0> bus.

A<19:0> >

24K BYTE ROM
A<12:0> ; l
ROMO | ROM 1 : ROM 2
(Boon | | AD<7:0>
[A<15:13> KX 8 : ekxa | skxs
8088 > BITS | BITS | BITS
PROCESSOR | ceer ol
SELECT | |
DECODER OE CEIOQE CE|OE CE
4
A<19:16> ROM O SEL L
: >—\ ROM 1 SEL L
R/DT ROM 2 SEL L

> | sHeeTs
M/10 RD8S L \}
AD<7:0>
SHEET 1 <

MR-10774

Figure 4-14 24K Byte ROM Block Diagram

4.4.5.3 256 X 4 Bit NVM - The NVM is a 256 X 4 bit nonvolatile memory that is overlaid by a 256 X 4
bit static RAM. The NVM is used to store the system Set-Up information desired when the Rainbow 100
computer is powered up. The Set-Up parameters stored in the NVM can be changed by writing new
parameters into the static RAM and then storing this information in the NVM by performing a SAVE
operation.

The 8088 processor accesses the NVM via address bits during a memory cycle through a combination of
address bits A<19:13> and A<7:0>. Data is written into or read from the NVM via buffered
address/data bits BAD<4:0>. Figure 4-15 is a block diagram that shows the relationship of the NVM to
the 8088 and the NVM control logic.
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8088
PROCESSOR

SHEET 1

-

A<19:8>
: ADDRESS

A<19:0>
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AD<7:0>

DT/R

10/M
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10/M

A<15:13>
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BUS
XCVR

A<7:0>{;_->

NVM
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NVM AND
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SELECT

DECODER
SHEET 6
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BAD<7:0>
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y
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A<6:3>

AD<7:0> OUTPUT |<7:0> 8088
DATA '—"—‘:> DIAGNOSTIC
BUFFER WRITE

/0
SELECT
DECODER

=

SHEET 1

RECALL NVM L

SHEET 6

IOWR4 L

IOWR6 L

REGISTER

(READ)

SHEET 6

INIT L

POWER

CONN.

J8 SHEET 13

ACOK H INIT L
BACOK H

L | PRO-
GRAM
NVM H

1 (WRITE)

Figure 4-15 NVM Block Diagram

The following signals control the operation of the NVM:

NVM SEL L
RECALL NVM L

PROGRAM NVM H
WRS88 L

MR-10775

The NVM SEL L signal is the chip select input of the NVM. This signal is asserted low by the NVM and
video select decoder when the 8088 transfers a 1110110 binary bit pattern in address bits A<19:13>
during a memory cycle. Address bits A<7:0> of the 20-bit address are applied to the address inputs of the
NVM. Address bits A<12:8> are not decoded when accessing the NVM. This decoding scheme places the
NVM contents in the 8088 memory map in locations EDOOOH through ED040H as well as a shadow of
the NVM in two other blocks of address locations (See Figure 4-11).

The RECALL NVM L signal is bit 7 of the diagnostic write register. RECALL NVM is activated during
Set-Up by performing a RECALL operation which recalls the original Set-Up features stored in the
NVM. Bit 7 is set to 0 by the INIT L signal when the system is powered up. This bit is set to a 1 by the
firmware before data from the NVM RAM is available. To perform a RECALL of the contents of the
NVM after initialization, bit 7 of the register must be set to 0 and then back to 1.
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The PROGRAM NVM L signal is bit 6 of the diagnostic write register. This bit is activated during Set-Up
by performing a SAVE operation. The SAVE operation transfers the Set-Up features from static memory
and stores them on a permanent basis in the NVM. This bit is used to transfer data from the static
memory and store it on a permanent basis in the NVM. This bit is also set to 0 when the system is powered
up. To perform a PROGRAM NVM operation, this bit is set to 0 and then back to 1. Once the
PROGRAM NVM bit is set, the NVM cannot be accessed by the 8088 for 10 ms. During this time, the
device is storing the data into the NVM. If another device operation is attempted within the 10 ms, it is
ignored. Once the PROGRAM NVM operation is started, it cannot be changed unless the power is turned
off. In this case, data in the device is not valid.

The WR88 L signal from the 8088 is applied to the I/O select decoder and the write enable input of the
NVM. This signal is active low when the 8088 is performing a write operation to the shadow RAM.

4.4.5.4 2K Byte Z80A Dedicated RAM (Static) — The Z80A processor’s dedicated memory is a 2K X 8
bit static RAM that is accessed by the Z80A via address bits ZA<10:0>. Data is written into or read from
the memory via data bits ZD<7:0>. Figure 4-16 is a block diagram that shows the relationship of the 2K
byte dedicated RAM to the Z80A address bus, data bus, and memory control logic.

ZA<15:0> >
ZA<10:0> l\ —
Z80A DEDICATED
PROCESSOR 1/ RAM ZD<7:0>
f—
] SHEET 11
CS OE WE
ZA<13:11> 25PR
MEMORY |SEL L
ZA<15:14> ADDRESS
DECODER >SPR
CEL
ZIORQ L SHEET 11
ZMREQ L
ZRD L
ZWR L
ZD<7:0> v
SHEET 11 < >

MR-10776

Figure 4-16 2K Byte Dedicated RAM Block Diagram

The following signals control the operation of the 2K byte dedicated RAM:
e ZSPRCEL

e ZRDL
e ZWRL

The Z80A scratch pad RAM chip enable (ZSPR CE L) signal is applied to the chip select input of the 2K
byte RAM. This signal is asserted low by the Z80 scratch pad RAM select (ZSPR SEL L) signal and the

4-26



memory request (ZMREQ L) signal from the Z80A during a memory cycle. ZSPR SEL L is asserted by

the memory address decoder when the Z80A outputs an address in the 0000H to 07FFH (0 to 2K) range
and an I/O cycle is not in progress.

The Z80A read (ZRD L) signal is applied to the output enable input of the 2K byte RAM. ZRD L is
asserted by the Z80A during a memory read cycle to gate the data onto the ZD<7:0> bus.

The Z80A write signal is applied to the write enable input of the 2K byte RAM. This signal is asserted
during a memory write cycle to take data from the ZD<7:0> bus and store it in the memory location
specified by address bits ZA<10:0>.

4.4.5.5 4K Byte Screen RAM and 4K Byte Attribute RAM (Static) — The screen RAM and attribute
RAM can be accessed by the 8088 processor or the video processor. The 8088 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. Figure 4-17 is a block diagram that shows the memories and their relation to the 8088,
the video processor, and the control logic.

A<10:0> SA<10:0>
— SHARED
RDSS L ADDRESS  [SRD |
MUX
BA<10:0>
’_—3 SHEET 4 4K BYTE SCREEN 4K BYTE ATTRIBUTE
T RAM SHEET 4 RAM SHEET 4
DMA ENA L ! BD<7:0> | AT<7:0>
2kx8 | 2kx8 <:> 2KX8 | 2KX 8 <:>
| ]
OE WE CS|OE WE CS OE WE CS|OE WE CS
8088
WR8S L :
PROCESSOR }— O SWR L
| SCR1_SEL L
VIDEO
PROCESSOR SCRO SEL L
LOGIC HLDAH | DMA ENA L
DC11/DC12 |HOLD REQ H —]
AND 4 BAT1 H
SCREEN RAM/
A<12:11> :ATJX RAM
|, ATTO SEL L
CHIP SELECT
[A<15:13> DECODER SHEET 1 ATT1 SEL L
> NMV AND t
VIDEO DMA ENA L
A<19:16> SELECT SHEET 1

DECODER f
SELVID L
10/M {>°M/|o SHEET 6

SHEET 1

MR-10777

Figure 4-17 Screen RAM and Attribute RAM Control
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The screen RAM and attribute RAM each consist of two 2K X 8 bit static RAMs. The RAMs are
accessed via the shared address bus SA<10:0> from the shared address multiplexer. The address inputs to
the shared address multiplexer are address bits A<10:0> from the 8088 and the buffered address bits
BA<10:0> from the video proccessor. The direct memory access enable (DMA ENA L) signal applied to
the select input of the shared address multiplexer determines whether the 8088 or the video processor
accesses the memories. DMA ENA L is asserted low when the video processor is accessing the memories.

Character data is written into or read out of the screen RAM via the buffered data bus BD<7:0>. The
data on this bus is transferred from the BAD<7:0> bus through the screen RAM transceiver.

Attribute data is written into or read out of the attribute RAM via the attribute bus AT<7:0>. The data
on this bus is transferred from the BAD<7:0> bus through the attribute RAM transceiver.

The following signals control the operation of the screen RAM and attribute RAM:

SCRO SEL L
SCR1 SEL L
ATTO SEL L
ATTI SEL L
SRD L
SWR L

The inputs to the screen RAM/attribute RAM multiplexer are obtained from the video processor logic
during a DMA or the 8088 when character and attribute data is to be written into the screen RAM. The
buffered address bit BA11 from the video processor logic is used by the screen RAM/attribute RAM
multiplexer to select either attribute RAM 0 or 1 during a DMA.

During a non-DMA, the 8088 supplies the chip select inputs to the screen RAM/attribute RAM multi-
plexer through a 2-line to 4-line chip select decoder. Address bits A<12:11> are decoded and sent to the
screen RAM/attribute RAM multiplexer to produce the screen RAM select or attribute RAM select
signals (SCRO SEL L, SCR1 SEL L, ATTO SEL L and ATT1 SEL L).

The 8088 outputs address bits A<19:13> and the IO/M signals during a screen RAM and attribute RAM
access to the NVM and video select decoder. When these address bits are in the correct screen and
attribute RAM address range (EEOOOH to FOOOOH), the NVM and video select decoder asserts SEL
VID L to enable the chip select decoder.

Data is written into the screen and attribute RAM by the 8088 during a write memory cycle. The WR88
L signal from the 8088 is ANDed with the HLDA H signal from the video processor logic to produce
SWR L. HLDA will be negated (low) if the video processor is not performing a DMA. SWR L is applied
to the write enable inputs of the screen RAM and attribute RAM to gate the data on the BA<7:0> and
AT<T7:0> bus into the screen and attribute RAM address location specified by address bits A<10:0>.

Data is read out of the screen and attribute RAM by the video processor during a DMA read memory
cycle. The RD88 L signal from the 8088 is gated through the shared address multiplexer by DMA ENA
L. The 8088 is held in a wait state during a video processor DMA. The SRD L signal from the shared
address multiplexer is applied to the output enable input of the screen and attribute RAM to gate the data
out of the screen and attribute address location specified by address bits BA<10:0> and onto the
BD<7:0> and AT<7:0> buses. The BD<7:0> and the lowest four attribute bits AT<3:0> are then sent to
the video processor where they are used to generate the video signal for the monitor.
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4.4.6 1/0 Decoders .

The system module contains two sets of I/O decoders that are used by the 8088 processor and the Z80A
processor to select and control the transfer of data through the I/O ports. The 8088 and Z80A 1/0
decoders are described in the following paragraphs.

4.4.6.1 8088 I/0 Decoders — Three 1/0 decoders are used by the 8088 processor to supply read/write
control signals to the various registers and select signals to the communications/printer serial controller,
the keyboard PUSART, the color/graphics option, and the extended communications option. The three
decoders are the 1/0O read decoder, the I/O write decoder, and the I/O port select decoder. The I/O
decoders supply control and select signals to the following registers and devices:

Communications status register
Communications control register
Diagnostic read register

Diagnostic write register

DCl11 write register

DC12 write register

Massive hardware failure (MHFU) detection logic
Communications baud rate generator
Printer baud rate generator
Communications/printer serial controller
Keyboard PUSART

Graphics option

Extended communications option

Figure 4-18 is a block diagram that shows the relationship between the I/O decoders, the 8088, the
registers, and the 1/0 devices. The 1/O decoders use address bits A<7:1>, the read/write signals, and the
input/output memory signal from the 8088 to control their operation. All three I/O decoders are 3-line to
8-line decoders.

The 8088 1/0 port select decoder decodes address bits A<6:4> when it is enabled by address bit A<7>
and the input/output memory signal. IO/M will be active high when the 8088 is performing an
input/output read or write cycle. When address bits A<6:4> are all active low, the I/O decoder enable
signal will go low to provide one of the enable inputs to the 1/O read and 1/O write decoders. The active
selected output of the 1/O port select decoder is determined by various combinations of address bits
A<6:4>.

The 8088 1/0 write decoder decodes address bits A<3:1> when it is enabled by the write (WR88 L) signal
and the 1/0 decoder enable signal from the 1/O port select decoder. The outputs of the I/O write decoder
are used to enable a particular register or baud rate generator to accept the write data from the 8088.
When address bits A<3:1> are all active low, the 88INTZ signal will go low and reset the INT Z80A flip-
flop to interrupt the Z80A processor.

The 8088 1/0 read decoder decodes address bits A<3:1> when it is enabled by the read (RD88 L) signal
and the 1/O decoder enable signal from the 1/O port select decoder. Two of the outputs from the 1/0 read
decoder are applied to the communications status register and the diagnostic read register to read the
contents of these registers onto the 8088 BAD<7:0> bus. The third output, CLR88 L, is active low when
all address bits A<3:1> are low. The CLR88 L signal clears the interrupt 8088 flip-flop to prevent the
Z80A from interrupting the 8088.

Data, control, and status information is read from or written into the various registers under software

control. These registers are read or written by the program using instructions referring to a particular
register address. Table 4-4 lists the I/O addresses and the registers they access.
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Figure 4-18 8088 I/O Decoders
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Table 4-4 8088 1/0 Addresses

Address

(Hexadecimal) Function Type*
00H Interrupts Z80A flop wO
0OH Clears 8088 interrupt flop RO
02H Communications and LED register wO
02H General communications status RO
04H DCO011 write register WO
06H Communications baud rate register WO
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
40H Communications data register (MPSC) R/W
41H Printer data register (MPSC) R/W
42H Communications 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

*WO = Write only, RO = Read only, R/W = Read/write

4.4.6.2 Z80A 1/0 Decoders — The Z80A processor uses two I/O decoders to supply read/write control
signals to nine status and control registers for the diskette 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 RXS50 controller module are routed through the RX50 controller connector (J9).
The decoders also supply interrupt control signals for the Z80A and the 8088 processors.

The two 1/O decoders supply the read/write control signals to the following registers:

Diskette control register (RX50 controller module)

Diskette status register (RX50 controller module)

General/diagnostic status register (RX50 controller and system module)
General/diagnostic control register (system module)

FDC command register (RX50 controller)

FDC status register (RX50 controller)

FDC track register (RX50 controller)

FDC sector register (RX50 controller)

FDC data register (RX50 controller)

Figure 4-19 is a block diagram that shows the relationship between the 1/O decoder, the Z80A processor,
and the registers. Address bits ZA<6:5>, input/output read (ZIORD L), and input/output write (ZIOWR
L) are used to control the operation of the I/O decoders. Both of the decoders are 2-line to 4-line decoders.
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Figure 4-19 Z80A 1/0 Decoders

The 1/0 read decoder decodes address bits ZA<6:5> when it is enabled by ZIORD L during a Z80A I/O
read cycle. The 1/0 read decoder outputs are applied to the general diagnostic status register, the diskette
status register, and to internal registers of the FDC controller chip to transfer the contents of these
registers onto the ZD<7:0> bus. Note that bits ZD<2:0> of the general/diagnostic register are obtained
from the system module, and the remaining bits ZD<7:3> are obtained from the RX50 controller module.
When address bits ZA<6:5> are low, ZCLR L is asserted and clears the INT Z80A flip-flop.

The 1/0 write decoder decodes address bits ZA<6:5> when it is enabled by the ZIOWR L during a Z80A
1/0 write cycle. The 1/O write decoder outputs are applied to the general/diagnostic control register, the
diskette control register, and the internal registers of the FDC controller chip to enable the registers to
accept the write data from the Z80A. When address bits ZA<6:5> are low, the I/O write decoder asserts
ZINTS88 L to clear the INT 8088 flip-flop and interrupt the 8088.

The 1/0 addresses and the registers they access are listed in Table 4-5.
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Table 4-5 Z80A 1/0 Addresses

(Address*

(Hexadecimal) Function Typet
00H Clear interrupt to Z80A RO
00H Interrupts 8088 wO
21H General/diagnostic status register RO
21H General/diagnostic control register WO
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 1/0 addresses are remapped within their own pages and are also remapped starting at address 80H. Writing

the general/diagnostic control register at address 21H will reset the ZFLIP bit (A<0>). Writing the general/diagnostic control
register at address 20H will set the ZFLIP bit.

t WO = Write only, RO = Read only, R/W = Read/write

4.4.7 Interrupt Logic

The 8088 processor accepts maskable interrupts from seven sources according to priority levels assigned to
each interrupting source and one nonmaskable interrupt. The only interrupt source for the Z80A processor
is the interprocessor interrupt from the 8088. When the 8088 or the Z80A 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. Figure 4-20 is a block diagram that shows the interrupt logic for
the 8088, the Z80A, and the interprocessor interrupts.

4.4.7.1 8088 Interrupts — Interrupts to the 8088 processor can be initiated by software or hardware.
Software interrupts originate directly from program execution or indirectly through program logic. Hard-
ware 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 seven maskable hardware interrupts to the 8088 come from the following sources:

Interprocessor interrupt from the Z80A

Keyboard

Communications or printer MPSC

Video controller (DC12)

Optional color/graphics module

Optional extended communications module (two interrupts)

The nonmaskable hardware interrupt (NMI) to the 8088 is asserted by the memory extension option when
it detects a parity error. The NMI will cause the 8088 to display an error message on the screen and then
halt. Once the 8088 receives an NMI, it can be restarted only by entering Set-Up and resetting the system.
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The seven hardware interrupts are sent through seven transparent latches to an 8-line to 3-line interrupt
priority encoder. The interrupt priority encoder sends a 3-bit priority level code to the interrupt type
encoder for temporary storage and, at the same time, asserts the INTR H signal to interrupt the 8088. The
interrupt type encoder uses the 3-bit priority level code to encode the BAD<2:0> bits of the interrupt type
number. The BAD<7:3> bits of the interrupt type number are hardwired into the interrupt type encoder.

When the 8088 accepts the interrupt request, it asserts interrupt acknowledge (INTA L) to disable the
interrupt latches and gate the interrupt type bits onto the BAD<7:0> bus. The interrupt type bits are used
by the 8088 as pointers to the interrupt vector addresses. The 8088 interrupt vector addresses are
described in Table 4-6.

MEMORY
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o i N INT z80 L | z80A
SHEET 1
ZIORD L
z LI
wres L [ e [L88INT | READ
8088 ZIOWR L
RDSS L CLRSS L
READ WRITE
_—
PORT
/0 DECODERS
10/M SELECT INT 8088 | \rsg | /
SHEET 1 FF =" > ZIORQ L 780 INT
1/O DECODERS | SHEET 11 VECTOR
Y ZMI L ENCODER
SHEET 10_]
wrn | INTR SHEET ZD<7:0>
——— | SHEET 1 INTA L n
ZINT8S L
BAD
‘ <7:0>
INT8S L
KEYBOARD PUSART KBD INT L
SHEET 10 INTERRUPT]
LATCHES
COMMUNICATIONS/PRINTER _JCOMM/PTR INTR L PRIORITY
MPSC SHEET 8 g INTERRUPT ] LEVELS [INT
EXTENDED COMMUNICATIONS — M INT L PRIORITY | (0-7) TYPE
DMAC INT L ENCODER ENCODER
OPTION  SHEET 12 - SHEET 1 SHEET 1
GRAPHICS OPTION GRF INT L
SHEET 12 INTR H
VIDEO CONTROLLER VERT INT L SHEET 1
DC12 SHEET 3
MR-11313

Figure 4-20 Interrupt Logic Block Diagram
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Table 4-6 8088 Interrupt Vector Addresses

Priority Interrupt Vector
Level* Mnemonic Interrupt Source Typet Addresst
7 VERT INTR L DC12 video controller 20 80

6 NOT USED

5 GRF INTR L Color/graphics module (optional) 22 88

4 DMAC INTR L DMA controller (hard disk drive 23 8C

or input to extended
communications option)

3 COMM/PTR Communications/printer MPSC 24 90
INTR L
2 COMM INTR L Optional extended communications
interrupt 25 94
1 KBD INT L Keyboard PUSART 26 98
0 INT88 L Interrupt from Z80A 27 9C

*7 = Highest, 0 = Lowest
1 Hexadecimal

4.4.7.2 Z80A Interrupts - The Z80A processor can be interrupted only by the 8088 processor through a
D-type flip-flop. When the Z80A accepts the interrupt request (INTZ80 L) from the 8088, it will
complete execution of the current instruction and then initiate an interrupt request/acknowledge cycle.
During this cycle, ZIORQ L and ZMI L are asserted low to enable the Z80A interrupt vector encoder and
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 to perform an RST 30 instruction in interrupt mode 0.

4.4.7.3 Z80A/8088 Interprocessor Interrupts — Each processor has a D-type flip-flop that it uses to
interrupt the other processor. The Z80A processor uses the INT 8088 FF and the 8088 processor uses the
INT Z80A FF.

1. INT Z80A FF - The INT Z80A FF is set and cleared by control signals from the 8088 1/0
write decoder and the Z80A 1/0 read decoder. The flip-flop is set when the 8088 performs an
1/0 write cycle to 1/O port OOH and causes the I/O write decoder to assert 88INTZ L. The
flip-flop is cleared by the ZCLR L signal from the I/O read decoder when the Z80A performs
an 1/0 read cycle to port OOH. The read/write data is irrelevent. The firmware clears the flip-
flop when the system is turned on.
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2. INT 8088 FF - The INT 8088 FF is set and cleared by control signals from the Z80A 1/0
write decoder and the 8088 1/0 read decoder. The flip-flop is set when the Z80A performs an
1/0 write cycle to I/O port OOH and causes the I/O write decoder to assert ZINT88 L. When
set, the flip-flop asserts INT88 L and interrupts the 8088 at priority level 0. The flip-flop is
cleared by the CLR88 L signal from the I/O read decoder when the 8088 performs an I/0 read
cycle to port OOH. The read/write data is irrelevent. The firmware clears the flip-flop when the
system is turned on.

4.4.8 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 consists of two central devices (the DC11 video timing and DC12 video control chips), the
screen RAM, attribute RAM, character generator ROM, and supporting logic. Figure 4-21 is a block
diagram that shows the address and data flow through the video processor.

The 8088 processor puts 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 and attribute data a 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 monitor 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 supports the following features:

24-line X 80-column display

24-line 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

Block or underline blinking cursor
ROM-resident character generator patterns
Composite video output

The video processor can also modify various attributes of the monitor display. These functions are
performed by the DC11 and DC12 chips. Three groups of attributes apply to the Rainbow 100 computer
display: screen, line, and character.

The screen attributes affect the characteristics of the entire screen area. The attributes are stored in the
NVM. During Set-Up, power-up, or reset, the 8088 processor reads the Set-Up specifications and writes
them into the DC11 and DC12 via the BAD<7:0> bus to establish the screen attributes. The screen
attributes are 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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Figure 4-21 Video Processor Block Diagram



Line attributes affect the characteristics of all characters on a single line of the screen. These attributes are
selected by software on a line-by-line basis and 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

Character attributes are selected by software on a character-by-character basis to affect the appearance of
characters displayed on the screen. The attributes can be selected singly or in any combination. The
character attributes include the following:

Underlined character

Reversed video character

Bold character (increased intensity)
Blinking character

4.4.8.1 8088 Processor-Video Processor Interface — The 8088 processor communicates with the video
processor in the following ways:

1.  During Set-Up, the 8088 reads the Set-Up specifications and writes them into the DC11 and
DC12 to establish the screen attributes.

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

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

4.4.8.2 Screen RAM and Attribute RAM - The screen RAM and attribute RAM store the character
and attribute data for display on the monitor 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 can access 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 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 can handle.

The 8088 and the video processor access the 4K byte screen RAM and the 4K byte attribute RAM
through a shared address multiplexer. The 8088 stores each character in a line in one of a group of
adjoining locations in the screen RAM. The character and line attributes are stored in adjoining locations
in the attribute RAM. Only the four least significant bits of the character attribute bytes are actually
looked at by the video processor.

The screen and attribute addresses access corresponding locations in adjacent 4K byte banks of the 8088
memory (Figure 4-11).

The screen RAM addresses access locations in the lower 4K byte bank and start at address EEO00 H. The
attribute RAM addresses access locations in the upper 4 K byte bank and start at address EFO00 H.
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Three bytes of control data are located at the end of each line of characters stored in memory. Figure 4-22
shows the line organization of the stored data for the different combinations of screen and line attribute
parameters.

> DATA TIA|A

80 CHARACTER SINGLE WIDTH

STARTING LOCATION

> DATA T|AlA

132 CHARACTER SINGLE WIDTH

DATA TIAlA BLANK TIA[A

40 CHARACTER
DOUBLE WIDTH

COPIED FROM END OF LINE

1 &7 135

DATA TIAIA BLANK TIA|A

66 CHARACTER DOUBLE WIDTH

MR-11315

Figure 4-22 Line Organization

The first control byte FFH (Figure 4-23) is called the terminator and is a unique character that the video
processor recognizes as the end of the line. The five least significant bits of the second byte and all 8 bits of
the third byte are an address pointing to the first character of the next line to be displayed. The three most
significant bits of the second byte define the line attributes of the line pointed to by the address.

During power-up or reset, the 8088 writes control bytes (terminator and addresses) into the screen RAM
according to the specified line width (80 or 132 columns) and screen refresh rate (50 or 60 Hz). The 50/60
Hz refresh choice causes the micro-processor to arrange fill lines to place the beginning of the display in
the right time slot relative to the vertical reset and blanking signals from the DC11. The line length
parameter determines the location of the control bytes. For 80-column lines, the memory space is arranged
in 83 byte intervals; for 132-column lines the interval is 135.

At program start, the 8088 reads the Set-Up parameters from the NVM and places them in the Set-Up
area of the screen RAM. Then the processor reads the Set-Up parameters, erases the screen RAM area,
and writes in the terminator and attribute/address bytes at the selected line width intervals. The address at
the end of each line points to the first address location of the next line. At start-up, this is the next screen
location. The end of the last line points to a fill line that points to itself. The fill line repeats until the DC11
asserts vertical reset.

4-39



HIGH ADDRESS |LOW ADDRESS

TERMINATOR BYTE BYTE

7 6 5 4 3 2 1 07 6 5 4 3 2 1 0|l7 6 5 4 3 2 1 0
L T L \J 1) ] AJ 1 L] L] T T | 1 T T T L] 1 ] L]
11 1 1 1 1 1 1|/p7D6E D5 A A A A A|lA A A A A A A A
1 L 1 1 1 1 1 1 H 1 1 X1 1 A1 A L A1 s 4 L 1

L _— )
~ FFH ~ ADDRESS (INPUT TO ADDRESS
COUNTER AT END OF DMA)
A12 A1
0o o0 SCREEN RAM (LOWER 2KB) EEO0O H
o 1 SCREEN RAM (UPPER 2KB) EEFOO H
1 0  ATTRIBUTE RAM (LOWER 2KB) EFO00 H
11 ATTRIBUTE RAM (UPPER 2KB) EFFO0 H

-DOUBLE WIDTH 6 D5
NORMAL LINE 80/132
DOUBLE WIDTH 40/66
TOP HALF, DOUBLE HEIGHT

BOTTOM HALF, DOUBLE HEIGHT

——DOUBLE HEIGHT

O-=0-=p

D
1
1
0
0

——SCROLLING REGION D7 PART OF SCROLLING REGION
1 NOT PART OF REGION
0

ALL LINE ATTRIBUTES APPLY TO THE LINE
STARTING AT THE GIVEN ADDRESS.

MR-11316

Figure 4-23 Terminator and Address Bytes

4.4.8.3 DC11 Timing Chip — The DCI11 is a custom designed bipolar integrated circuit that provides
most of the timing signals required by the video processor. Internal counters divide the output of the
24.0734 MHz master clock oscillator into the lower frequencies that define dot, character, scan, and frame
timing. The counters are programmable through the BAD<5:4> lines to control the number of characters
per line (screen width), the frequency at which the screen is refreshed (50 or 60 Hz), and whether the
display is interlaced or noninterlaced (240 or 480 scans). These parameters can be controlled through Set-
Up or by a host computer.

The outputs of the DC11 are various timing signals for the DC12 and other supporting logic in the video
processor. The DC11 also provides the 8-bit address that is used to access the line buffer RAM during a
DMA to retrieve the stored attribute and character data. These addresses sequence in a pattern that
repeats exactly for each 10 scans that are required to recall each line of characters in the line buffer RAM.

4.4.8.4 DC12 Control Chip - The DC12 control chip, like the timing chip, is a custom bipolar device. It
accepts control chip commands from the NVM via the BAD<3:0> bits, attributes from the line buffer
RAM, and timing signals from the DC11. The DC12 delivers the low four bits ROW<3:0> of a 12-bit
address for the character generator ROM and modifies the video output according to the specified
character attributes (reverse video, underline, bold, and blink). It also generates a vertical interrupt (VERT
INT L) signal that interrupts the 8088 processor and a hold request (HOLD REQ H) signal to initiate
DMAs to get lines of data out of the screen and attribute RAMs. The vertical interrupt signal causes the
8088 to enter wait states until the video processor completes the DMA.
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The DC12 performs three main functions:

1. Scan Count Generation. This logic involves two counters, a multiplexer to switch between the
counters, double-height logic, scroll and line attribute latches, and various logic controlling
switching between the two counters. This logic performs the major functions of the chip, which
includes all scrolling, double-height logic, underline, and hold request circuits.

2. Generation of HOLD REQUEST and VERT INT. This logic uses information from the scan
counters and the scrolling logic to decide when to generate HOLD REQUEST and VERT INT.

3. Video Modification. This logic provides dot stretching, blanking, additions of attributes to video
outputs, and multiple intensity levels.

4.4.8.5 Video Processor Memory Addressing — The video processor accesses the screen and attribute
RAMs during a DMA by generating a 12-bit address to select a particular byte in the lower 4K byte bank
(character RAM) and a corresponding byte in the upper 4K byte bank (attribute RAM). The addresses are
generated by the DMA address counter and applied to the screen and attribute RAMs through the shared
address multiplexer. Only the low eleven bits BA<10:0> are applied to the memories. The 12th address bit
BA<11> is applied to a screen/attribute selector to select either the upper or lower 2K byte bank in the
attribute RAM. The low four bits LBD<11:8> of the attribute byte and all eight bits BD<7:0> of the
character byte are passed to the line buffer RAM in parallel.

The video processor uses the ASCII character code as the high eight bits LINADR<7:0> of a 12-bit
address to the character generator ROM. The attribute bits LBD<11:8> are used by the DC12 to modify
the video data.

The video processor begins reading the screen RAM at starting address EEOOOH and the attribute RAM
at starting address EFOOOH following each vertical reset by the DC11. The vertical reset signal initiates
the DMA process to read one line of character and attribute data from the screen and attribute RAM:s.
The characters and attributes are stored in the line address buffer RAM during the first scan of a DMA
and then recalled by the DC11 on each of the remaining nine scans until the next DMA.

The line organization and bit assignments of the character and attribute data stored in the screen and
attribute RAMs are shown in Figures 4-24 and 4-25.
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1 1 NORMAL WIDTH 80/132
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Figure 4-24 Character RAM Line Organization
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1=oON 1 0 TOP HALF/DOUBLE HEIGHT
0= OFF 0 1 DOUBLE WIDTH 40/66
UNDERLINE 1 1 NORMAL WIDTH 80/32
1=ON
0= OFF
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Figure 4-25 Attribute RAM Line Organization

4.4.8.6 DC11 Programming Information — The DC11 video timing chip can be accessed by the 8088
processor (write only) via the BAD<5:4> bits at I/O address 04H. The DC11 must be programmed with
the desired refresh rate and column mode on power-up and after any mode changes. To program the
DCI11, write two of the following four command codes listed in Table 4-7.
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Table 4-7 DC11 Command Codes

(Cl-(l)gzadecimal) BAD<5> BAD<4> Configuration Operation 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 that is in use depends on whether the column mode or refresh mode was selected last.

Every time the DC11 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:

MOV AX,2000H
OuUT DCO11,AX

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

4.4.8.7 DC12 Programming Information — The DC12 video control chip can be accessed by the 8088
processor (write only) via the BAD<3:0> bits at I/O address OCH. The four-bit command codes listed in
Table 4-8 are defined for the DC12.

On power-up, the DC12 can be programmed to bring it to a known state. Typically, codes 00H, 04H, 09H,
O0BH, and ODH will be programmed at power-up time.

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

For example, when the latch is set to zero (the degenerate case), the first line of the scroll region starts at

scan row zero (so the line is completely visible). The last line of the scrolling region terminates at scan row
9 (so this line is also completely visible).
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Table 4-8 DC12 Command Codes

Code BAD

(Hexadecimal) 3 2 1 0 Result

00 0 0 0 0 Set scroll latch LSBs to 00

0 1 0 0 0 1 Set scroll latch LSBs to 01

0 2 0 0 1 0 Set scroll latch LSBs to 10

0 3 0 0 1 1 Set scroll latch LSBs to 11

0 4 0 1 0 0 Set scroll latch MSBs to 00

0 5 0 1 0 1 Set scroll latch MSBs to 01

0 6 0 1 1 0 Set scroll latch MSBs to 10

0 7 0 1 1 1 Set scroll latch MSBs to 11

0 8 1 0 0 0 Toggle blink flip-flop

0 9 1 0 0 1 Clear vertical frequency interrupt

0 A 1 0 | 0 Set reverse field on

0 B 1 0 1 1 Set reverse field off

0 C 1 1 0 0 Not supported

0 D 1 1 0 1 Set basic attribute to reverse video with
24 lines and set blink flip-flop off

0 E 1 1 1 0 Not supported

0 F 1 1 1 1 Set basic attribute to reverse video with

48 lines and set blink flip-flop off

When the scroll latch is nonzero, for example 5, the first line of the scrolling region starts with scan row 5
(so only the bottom half of the line is visible). The last line of the scrolling region terminates at scan row 4
(so only the top half of the line is visible).

If the scroll latch is incremented from O through 9 and back to O 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
appears to smooth scroll from top to bottom (again assuming that 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
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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, and the line that it
points to.

The first line (at location 0) is guaranteed to have been read by the time that the interrupt service routine
is entered. Any changes to this line will not affect the screen until the next frame time. The second line will
not be read for over 500 microseconds after asserting the interrupt.

If the line is to be changed, it must be done very soon after entering the interrupt service routine in order
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 microseconds after the assertion of the interrupt.

The timing for setting the scroll latch is much less critical. Because the scroll latch is loaded by the DC12
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.

4.4.8.8 Line Buffer RAM - The line buffer RAM is a 1024 X12-bit static RAM that stores one line of
characters (including the three control bytes) during a scan on which a DMA occurs. The line buffer RAM
then recalls these characters on each successive scan until the next DMA.

The DCI11 provides a sequence of addresses LBA<7:0> that change at each character clock. These
addresses are used to store data from the screen and attribute RAMs in a unique location in the line buffer
RAM. The data is written into the line buffer RAM during the first scan of a DMA when the DC11
asserts the WR LB L signal.

The data outputs of the line buffer RAM are the four attribute bits LBD<11:8> and the line buffer data
bits LBD<7:0>. The LBD<11:8> bits are applied through a latch clocked by the character clock into the
attribute inputs of the DC12. The LBD<7:0> bits are applied to the line address counter, the termination
detector, and the eight most significant address inputs of the character generator ROM. The LBD<3:0>
bits are sent directly to the last four stages of the 12-bit line address counter. All eight LBD<7:0> bits are
sent through a line address buffer clocked by the character clock into the first eight stages of the line
address counter.

4.4.8.9 Line Address Counter - The line address counter is a 12-bit up counter that provides 11-bit
addresses BA<10:0> to access the screen and attribute RAMs. The 12th bit BA<11> of this counter is
sent to a data selector to select either the lower or upper 2K byte bank of the attribute RAM. The vertical
reset signal from the DC11 clears the line address counter to zero so that the video processor begins to
process from the starting locations of the screen and attribute RAMs after each vertical reset. The counter
is loaded with a new address LBD<3:0> and LINADR<7:0> from the line buffer RAM at the end of
each DMA when the DC11 asserts the address load ADR LD L signal. The address counter counts
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forward from this address at the character clock rate, using the address count (ADR CNT H) signal from
the DC11. ADR CNT H only occurs when the DC12 asserts hold request (HOLD REQ H); thus, the
address counter only counts during the DMA portion of each line. The address is loaded into the address
counter at the end of the DMA scan and held until the next DMA begins.

In double-width mode, the address count pulses occur half as often as in normal width. The line buffer
RAM receives the normal number of WR LB L pulses, however, so each character gets copied into two
adjacent locations in the line buffer RAM.

4.4.8.10 Termination Detector — The eight bits of each character address LIN ADR<7:0> go to an
eight-input termination detector. The last three bytes in each line of characters stored in the screen RAM
are a terminator character (FFH) and two address bytes. Only the terminator byte activates the termina-
tion detector. During the character time when the terminator byte reaches the termination detector, the
first address byte is at the input of the character generator latch, and the second address byte is at the
input of a screen RAM latch. On the next character clock, the termination detector output (TERM L)
causes the DC12 to blank the display and end the hold request.

The address load (ADDR LD L) pulse from the DC11, timed to arrive before the next character after the
terminator byte, loads the address counter and the DC12 inputs with the final two address bytes. The
outputs BA<10:0> of the address counter designate the address of the first character of the next line to be
displayed. The three most significant bits of the high address byte go to the DC12 and designate the line
attributes of the next line to be displayed.

4.4.8.11 Character Generator ROM - The character generator is a 4 K 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. The four least significant bits of the ROM address are
provided by a scan counter in the DC12. The eight character (LINADR<7:0> bits combine with the 4-bit
scan count (ROW<3:0>) to provide the 12-bit address for the ROM. The data stored at each address
(character + scan) are 8 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 through FEH.
Character code FFH is reserved for use as the terminator byte for the termination detector. The character
codes OOH through FEH correspond to address OOOH through 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 4-9 lists the relation of the scan address digit to the scan number.

Table 4-9 Character Generator Scan Addresses

Scan Address Character Scan Number

F 1 Normally blank

0 2 Top of normal upper case character
1 3

2 4

3 5

4 6

S 7

6 8 Bottom of normal upper case character
7 9 Normal descenders (underline scan)
8 10 Normal descenders

9-E Not used (never displayed)
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Each byte of information in the character generator ROM at a valid scan address represents 8 bits of
horizontal scan information. Figure 4-26 shows the bit patterns stored in the ROM for an uppercase and
lowercase letter A. The characters are displayed on the screen in a 10 X 10 matrix of dots. Each 10 dot X
10 scan group is a character cell, where each character can be displayed.

The low order bit (DO) is a fill bit; it is used not only as the rightmost bit in the character, but also fills in
the right-hand space between characters. This intercharacter space is two dot intervals in 80-column mode,
and one dot interval in 132-column mode.

INTERCHARACTER
SPACE

CHARACTER BITS ! ' CHARACTER BITS
r ) (4
DO D7 D6 D5 D4 D3 D2 D1 DO DO DO D7 D6 D5 D4 D3 D2 D1 DODO?O

J

SCAN 1

—_— F
SCAN 2 —— e @ ¢ o e e o e e e e o e o o 0
SCAN3 —— ° ° e - e —
SCAN 4 — ° ° o000 0 - 2
CHARACTER
SCANGE ——— ¢« @ + + ¢ ¢« o @ o + o o s o 4 o+ + @ 3 GENERATOR
SCAN6 —— + © 0 © 00 00 * - - - 0000 O0O0 . 4 SCAN
SCAN 7 —— @ « e e @ e . @ ° — ADDRESS
SCANEG —— « @ « + + ¢+ « @ « + + - 0O 00O OO —_—f
SCAN9 —— . —_— 7
SCAN 10 —— e e e e e 4 e e e . o . . — 8
UERRRRREEE ’
Y
[ DOT INTERVALS
Y
CHARACTER INTERVALS
MR-11319

Figure 4-26 Character Generator ROM Patterns

4.4.8.12 Video Shift Register — The video shift register converts the parallel character data bits from the
character generator into serial video data that is applied to the DC12 video control chip. The seven most
significant bits (D<7:1>) are latched into the video shift register and the least significant bit (D<0>) is
latched into a flip-flop when the DC11 asserts the video shift register load (VSR LD L) signal. At the same
time, the last bit shifted out during the previous character time is latched into the input of the video shift
register. The video shift register is continuously clocked by the dot clock (DOT CLK H) signal from the
DC11. The first bit shifted out in the new character time is the same value as the last bit of the previous
character, providing horizontal continuity from one character cell to the next. The seven new data bits are
then shifted into the serial video input of the DC12.

Meanwhile, the flip-flop that stored the D<0> bit has delivered that bit to the serial input of the video shift
register. This bit was shifted into each successive register position as the first eight bits were shifted out.
Now the shifting continues, for one more bit for 132-column mode and two more bits for 80-column
mode, causing the last bits shifted out to be the value that was stored in the flip-flop.

VSR LD H then latches the next character into the video shift register and flip-flop with that last multiply-

shifted bit in the first position. In this way, the least significant bit (D<0>) defines the two or three dots
between characters, and the seven most significant bits define the character.
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At the end of the scan, the horizontal blanking (HOR BLANK H) signal from the DC11 forces the flip-
flop output low. Since horizontal blanking lasts more than one character time, the low level will be shifted
to the first position in the video shift register before the start of the next line. This ensures that the first dot
on the next scan will be at the screen background level.

4.4.8.13 Video Generator — The video generator uses four signals from the DC12 to produce a composite
video signal consisting of vertical blanking pulses, horizontal and vertical synchronizing pulses, and video.
There are different levels of illumination within the video signal ranging from totally black through
maximum brightness.

The four signals from the DC12 are the composite sync (COMP SYNC L), vertical blanking (VERT
BLANK L), video out 1 (VID OUT 1 H), and video out 2 (VID OUT 2 H). These signals are applied to
three open collector NAND gates wire-ANDed and applied to the base of a transistor. The output of the
transistor is the 75 ohm composite video signal consisting of four intensity levels, and the composite
synchronizing pulses. This signal is connected to connector J3 and can directly drive a standard video
monitor. The output is dc coupled. Although the use of dc coupling is not in strict agreement with the EIA
RS-170 standard, this presents no problems with most monitors because their input is usually ac coupled.
The composite video output is illustrated in Figure 9-5, Chapter 9.

4.4.8.14 Composite Video Signal Characteristics - The composite video output provides a compatible
EIA RS-170 output generated by combining the video signal with a composite sync signal.

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 would require a
10 microfarad capacitor in series with the output.
Without the capacitor, the RS-170 2 milliamp dc
short circuit requirement is violated.

The composite video output has the following 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 sync waveform conforms to EIA RS-170 standards. The vertical interval is
composed of six equalizing pulses, six vertical sync 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 + or — 50 ns

27.28 us + or — 200 ns

471 us + or — 50 ns

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

oW

Front porch
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4.4.9 8088 Diagnostic and Control/Status Registers

There are two diagnostic registers, one control register, and one status register accessed by the 8088
processor. The two 8-bit diagnostic registers are used during diagnostic testing to control and read the
status of various system functions. The control register is used to control the modem control lines of the
communications port and to write diagnostic error codes into the four 8088 LEDs. The status register is
used to read 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 4-27 and described in the
following paragraphs.

4.4.9.1 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. This
register is accessed by performing a write to address 0AH. The register bit format is shown in Figure 4-28
and the bits are described in Tables 4-10, 4-11, 4-12, 4-13, and 4-14.

4.4.9.2 Diagnostic Read Register: 8088 Processor — The diagnostic read register is an 8-bit read-only
register that is used during diagnostic testing to read the status of a number of diagnostic control signals.
The register is accessed by performing a read to address OAH. The register bit format is shown in Figure
4-29 and the bits are described in Table 4-15.

4.4.9.3 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. This register is accessed by performing a
read to address 02H. The register bit format is shown in Figure 4-30 and the bits are described in Table 4-
16.

4.4.9.4 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 diagnostic
error codes into the four 8088 LEDs. This register is accessed by performing a write to address 02H. The
- register bit format is shown in Figure 4-31 and the bits are described in Table 4-17.
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Figure 4-27 System Module Control, Status, and Diagnostic Registers
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Figure 4-28 Diagnostic Write Register (8088) Format

Table 4-10 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 display will be blanked.

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 through the use of
the printer port. Tables 4-11 and 4-12 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 4-13 and 4-14 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 4-11 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

| 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 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 1/0 loop, the diagnostic firmware is able to keep up with the 500K baud data rate of the MPSC.

Table 4-12 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 4-12 Printer Port Diagnostic Signal Description (Cont)

Signal

Direction Source Description

To VIDEO CLK Video clock input to the DC11 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 4-13 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 4-14

Port Loopback Signal Description

Signal

Direction Source Description

From COMM RCV DATA Communications received data from the communications
connector J1 applied to the communications loopback
multiplexer.

From COMM TXD Communications transmitted data from the MPSC
applied to the communications loopback multiplexer.

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

From PRT RCV DATA Printer received data from printer connector J2 applied to
printer loopback multiplexer.

From KBD TXD Keyboard transmitted data from the keyboard PUSART
to the printer loopback multiplexer via the video loopback
multiplexer.

To PRT RXD Printer received data input to the MPSC from the printer,
or the keyboard transmitted data during port loopback
testing.

From KBD RCV DATA Keyboard received data from the keyboard connector J3
to the keyboard loopback multiplexer.

From PRT TXD Printer transmitted data from the MPSC to the keyboard
loopback multiplexer.

To KBD RXD Keyboard received data input to the keyboard PUSART

from the keyboard connector or the printer transmitted
data during port loopback testing.
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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

| 1 | 1 | L L
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Figure 4-29 Diagnostic Read Register (8088) Format

Table 4-15 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).
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ADDRESS 02H (RO)

I— COMM RI

COMM SI/SCF
COMM DSR
COMM CTS
COMM RLSD

MHFU ENBL

INT 88 L
INT 280 L
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Figure 4-30 Communications Status Register (8088) Format

Table 4-16 Communications Status Register (8088) Bit Description

Bit Name Description

0 COMM RI This bit reflects the status of the ring indicator line of the commu-
nications 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
communications port.

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

4 COMM RLSD This bit reflects the status of the receive line signal detect of the
communications port.

5 MHFU ENB L This bit reflects the status of MHFU enable L.

6 INT8S8 L This bit reflects the status of the INT88 L bit that is asserted by
the Z80A to interrupt the 8088.

7 INTZ80 L This bit reflects the status of the INTZ80A L bit that is asserted

by the 8088 to interrupt the Z80A.
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07 06 05 04 03 02 01 00
B I | I 1 I I

ADDRESS 02H (WO0)

‘_ COMM SPD SEL H

—————— COMM SRTS H
L COMMDTRL
COMM RTS
LED D6 (LSB)
LED D3

LED D4

LED D5 (MSB)

| | | | | 1 |

MR-11324

Figure 4-31 Communications Control Register (8088) Format

Table 4-17 Communications Control Register (8088) Bit Description

Bit Name Description

0 COMM SPD SEL H This bit controls the speed select line of the communications port.

1 COMM SRTS H This bit controls the secondary request to send line of the commu-
nications port.

2 COMM DTR L This bit controls the data terminal ready line of the communica-
tions port.

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

4 LED (D6) This bit displays the least significant bit of the diagnostic error

message code. When written with a 0, the LED lights.

5 LED (03) This bit displays the second bit of the diagnostic error message
code. When written with a 0, the LED lights.

6 LED (D4) This bit displays the third bit of the diagnostic error message code.
When written with a 0, the LED lights.

7 LED (D5) This bit displays the most significant bit of the diagnostic error
message code. When written with a 0, the LED lights.
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4.4.10 Z80A Registers

The Z80A processor can access registers on the system module and the RX50 controller module to control
and monitor the status of the diskette drives and a number of other functions for diagnostic and general
purposes. These registers are shown in Figure 4-27 and described in the following paragraphs.

The registers that the Z80A can access are as follows:

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

The Z80A 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.

FDC status register
FDC control register
FDC track register
FDC sector register
FDC data register

4.4.10.1 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. This register is accessed by
performing a read to address 21H. The register bit format is shown in Figure 4-32 and the bits are
described in Table 4-18.

ADDRESS 21H (RO)

L— ZFLIP L

INTZ80 L
INT88 L
READY L

DIR L

TROO

WRITE GATE L
STEP L

MR-11325

Figure 4-32 General/Diagnostic Status Register (Z80A) Format
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Table 4-18 General/Diagnostic Status Register (Z80A) Bit Description

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 to interrupt
the Z80A.

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

3 READY L

4 DIR L

5 TROO

6 WRITE GATE L

7 STEP L

the 8088.

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
FDC chip going to the diskette drive. This bit is used to control
the step direction (in or out) of the read/write heads in the dis-
kette drive.

This bit reflects the status of the TRACK 0 signal coming from
the diskette drive. When high (1), the heads are on the track 0
position.

This bit reflects the status of the WRITE GATE signal from the
FDC chip. Used to gate write data to the diskette drive.

This bit reflects the status of the STEP signal from the FDC chip
that is used to step the diskette drive read/write heads in or out.

4.4.10.2 General/Diagnostic Control Register: Z80A Processor — The general/diagnostic control regis-
ter is an 8-bit write-only register that holds the bit (ZFLIP) that determines whether the Z80A address bit
Z<15> is inverted and three bits of Z80A diagnostic LED information. Only the four most significant bits
of this register are used. This register can be accessed by performing a write to address 20H or 21H. The
register bit format is shown in Figure 4-33 and the bits are described in Table 4-19.

ADDRESS 21H AND 20H (WO)

L

} RESERVED

LED D11 LSB

LED D10

LED D9 MSB

ZFLIP L

MR-11326

Figure 4-33 General/Diagnostic Control Register (Z80A) Format
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Table 4-19 General/Diagnostic Control Register (Z80A) Bit Description

Bit Name Description

0-3 These bits are reserved for future use.

4 LED D11 This bit displays the least significant bit of the diagnostic error
message code. When written with a 0, the LED lights.

5 LED D10 This bit displays the second bit of the diagnostic error message
code. When written with a 0, the LED lights.

6 LED D9 This bit displays the most significant bit of the diagnostic error
message code. When written with a 0, the LED lights.

7 ZFLIP L Z80A address bit A<0> is the input for bit 7 of this register.

When A<0>, address line A<15> of the Z80A is inverted. In this
case, ZFLIP is low and the 2K byte unshared RAM appears at
address 8000H instead of 0000H. ZFLIP is low whenever the
Z80A is reset. It can be set high by writing to the register at
address 21H. It is reset by writing to address 20H.

4.4.10.3 Diskette Drive Status Register: Z80A Processor — The diskette drive status register is an 8-bit
read-only register that holds the status of diskette drive lines coming from the RX50 controller module
and going to the diskette drives. Three of the diskette drive status signals come from the FDC chip, and
the remaining five come from the diskette drive control register. The diskette drive status register is
located on the RX50 controller module and can be accessed by a read to address 40H. The register bit
format is shown in Figure 4-34 and the bits are described in Table 4-20.

ADDRESS 40H (RO)

I_DSOH

DS1 H
TG43 L
MOTORO ON L
MOTOR 1 ON L

SIDEO H

IRQ

DRQ

MR-11327

Figure 4-34 Diskette Drive Status Register (Z80A) Format
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Table 4-20 Diskette Drive Status Register (Z80A) Bit Description

Description

Bit Name

0-1 DS0-DS1

2 TG43 L

3 MOTOR 0 ON L
4 MOTOR 1 ON L
5 SIDE 0 H

6 IRQ

7 DRQ

These bits reflect the status of bits 0 and 1 from the diskette drive
control register. They indicate which drives have been selected.

This bit reflects the status of the TRACK GREATER THAN 43
signal sent from the FDC chip to the diskette drive.

This bit reflects the status of the MOTOR 0 ON line at connector
J2 of the RX50 controller module. When low (0), this bit indi-
cates that the MOTOR 0 ON bit is set in the diskette drive
control register.

This bit reflects the status of the MOTOR 1 ON line at connector
J3 of the RX50 controller module. When low (0), this bit indi-
cates that the MOTOR 1 ON bit is set in the diskette drive
control register.

This bit reflects the status of the SIDE select signal at connectors
J2 and J3 of the RX50 controller module. For single-sided drives,
this bit will always read low (0).

This bit reflects the status of the INTERRUPT REQUEST sig-
nal coming from the FDC chip. It indicates that a status bit has
changed.

This bit reflects the status of the DATA REQUEST signal from
the FDC chip. It indicates that the FDC chip has read data to be
transferred or requires new write data.

4.4.10.4 Diskette Drive Control Register: Z80A Processor — The diskette drive control register is an 8-
bit write-only register that holds the write data precompensation select signals (PCO,PC1), drive select
signals (MOTOR ON 0 L and MOTOR ON 1 L), a diagnostic override bit (SET READY H), and a

diskette side select signal (SIDE 0 L).

The drive motor on signals, drive select signals, and the diskette side select signal are sent to the diskette
drives and the diskette drive status register. The write data precompensation select signals provide two of
the address inputs for a write data precompensation ROM. The diagnostic override bit enables the FDC
chip to perform a read or write operation.

The diskette drive control register can be accessed by a write to address 40H. The register bit format is
shown in Figure 4-35 and the bits are described in Tables 4-21 and 4-22.

4-61



ADDRESS 40H (WO)

l“——DSOH

DS1 H

SET READY H
MOTOR O ON H
MOTOR 1 ON H

SIDEO L
PCO H

PC1 H

MR-11328

Figure 4-35 Diskette Drive Control Register (Z80A) Format

Table 4-21 Diskette Drive Control Register (Z80A) Bit Description

Bit Name Description

0-1 DS0-DS1 These bits control the selection of the diskette drives. The binary
values (0-3) written in these bits select drives 0 through 3. Only
one drive can be selected at any given time.

2 SET READY H This bit is the diagnostic READY override bit. When set (1), this
bit asserts DRIVE READY to the FDC chip.

3 MOTOR 0 ON H When high (1), this bit turns on the motor in the first drive unit.
(drives A and B)

4 MOTOR 1 ON H When high (1), this bit turns on the motor in the second drive
unit. (drives C and D)

5 SIDE 0 L This bit selects the side of the diskette to be accessed. For single-
sided drives, this bit is always set to 0 for side 0.

6-7 PCO-PCl1 These binary bits are used to specify the write data precompensa-
tion values. Table 4-22 lists the precompensation values for all 80
tracks on the diskette.

Table 4-22 Write Data Precompensation Codes

Precompensation Track
TG43* PC1 PCO Number
0 0 0 0-9
0 0 0 10-19
0 0 0 20-29
0 0 0 30-39
1 0 0 40-49
1 0 0 50-60
1 0 1 61-69
1 0 1 70-79

* 0 = write operation to outer tracks (0-43); 1 = write operation to inner tracks (44-79)
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4.4.11 MPSC General Description

The 7201 multiprotocol serial controller (MPSC) is a 40-pin dual-in-line microcomputer peripheral device
that supports asynchronous (start/stop), byte synchronous (monosync, IBM bisync), and bit synchronous
(ISOs, HDLC, SDLC) protocols. The serial controller’s flexible architecture allows easy implementation of
many variations of these three protocols with low software and hardware overhead.

The MPSC has the following features:

Asynchronous, byte synchronous, and bit synchronous operation
Two independent full-duplex transmitters and receivers

Baud rate: 50 to 19200 baud

Asynchronous

5-8 bits per character

Odd, even, or no parity

1 or 2 stop bits

Error detection: framing, overrun, and parity

e  Byte synchronous

Character synchronization: internal or external
One- or two-sync characters

Automatic CRC generation and checking (CRC-16)
IBM bisync compatible

e  Bit synchronous

HDLC/SDLC flag generation and recognition

8 bit address recognition

Automatic zero bit insertion and deletion

Automatic CRC generation and checking (CCITT-16)
CCITT X.25 compatible

®  Polled and interrupt driven modes

The MPSC contains two independent serial receiver/transmitter channels. One receiver/transmitter chan-
nel is used by the Rainbow 100 computer for communications with a host computer (either directly or
through a modem), and the other channel is used to interface to a printer through the printer connector.
Each channel consists of a transmitter, receiver, and a set of read/write registers that are used to initialize
and control the device.

The MPSC as implemented on the system module supports two processor data transfer modes: polled and
interrupt driven. In the polled mode of operation, the 8088 processor periodically reads (polls) an MPSC
status register to determine when a character has been received, when a character is needed for transmis-
sion, and when transmission errors are detected. In the interrupt-driven mode, the MPSC interrupts the
8088 when a character has been received, when a character is needed for transmission, and when
transmission errors are detected.

The block diagram of the MPSC is shown in Figure 4-36 and the MPSC pin functions are described in
Table 4-23.
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(? [CHANNEL A(COMMUNICATIONS]]

CHANNEL A
TXDA COMM TXD

TRANS- XCA
MITTER | COMM TXC

‘ | CHANNEL A l
M WRITE
6AD <700 DB 7-0 ES;A @ l REGISTERS DCDA COMM RLSD
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< > CONTROL ATSA
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l LOGIC ISYNCA
CHANNEL A HAO/DTRA
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— z ' CHANNEL B (PRINTER)
PRO/DRQTXB SYSTEM o5 CHANNEL S
— INTERFACE' = TXDB
. PR1/DRORXE CONTROL 2 > TRANS- I TXCB PRT TXD
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INTA CHANNEL B
+5 f——————Q WRITE |
A<o> |¥A I REGISTERS 5558 .
a<i> 8 N | cHANNEL B =
&S < CONTROL -
COMM/PRT SEL L2 50y ' LOGIC SVNC/RSTB
RD 88 L >0 CHANNEL B FiA1/GTRE
wres LR .0 K READ
SYSTEM INTERFACE | L |
¢ < CHANNEL B RXDB PRT RXD
RECEIVER RXCB PRINTER CLK

l_

COMMUNICATIONS AND PRINTER INTERFACE

MR-11329

Figure 4-36 Multiprotocol Serial Controller Block Diagram
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Table 4-23 MPSC Pin Descriptions

Signal Name and Function

Pin Signal Pin

No. Mnemonic Symbol Direction*
1 2.5 MHZ CLK I
2 INITL RESET I
3 COMM RLSD DCDA I
4 PRINTER CLK RXCB I
5 DCDB I
6 PTR DTR L CTSB I
7 PRINTER CLK TXCB I
8 PRT TXD TXDB 0]
9 PRT RXD RXDB I

CLOCK INPUT: 2.5 MHz clock pulse
input to the MPSC.

INITIALIZE: During power-up, this
signal is low (0). The low signal forces
the MPSC to an idle state. The COMM
TXD and PRT TXD outputs are forced
high. The modem interface signals are
also forced high. The MPSC will
remain idle until the control registers
are initialized. INIT L must be low for
one complete clock cycle.

CARRIER DETECT (channel A):
This signal indicates that line transmis-
sion has started. The MPSC will begin
to sample data on the COMM RXD
line if modem enables are selected.

PRINTER RECEIVER CLOCK: This
signal clocks data (PRT RXD) from the
printer into the channel B receiver at
the baud rate programmed into the
printer baud rate generator.

CARRIER DETECT (channel B): This
pin is not used in the Rainbow 100
computer.

CLEAR TO SEND (channel B): This
signal indicates that the printer is ready
to accept data from the channel B
transmitter.

PRINTER TRANSMITTER CLOCK
(channel B): This signal clocks data
(PRT TXD) from the channel B trans-
mitter to the printer at the baud rate
programmed into the baud rate
generator.

PRINTER TRANSMIT DATA (chan-
nel B): This signal is the serial data
transmitted to the printer.

PRINTER RECEIVE DATA (channel
B): This signal is the input from the
printer.

*O = Output, I = Input, 1/O = Input/Output
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Table 4-23 MPSC Pin Descriptions (Cont)

Pin
No.

Signal
Mnemonic

Pin
Symbol

Direction*

Signal Name and Function

10

11

12-19

20

21

22

23

24

25

BAD<7:0>

GND

WR88 L

RD88 L

COMM/PRT SEL L

A<l>

A<0>

SYNC/RSTB

WAIT
B/DRQTXA

D7-DO0

GND
WR

RD

CS

C/D

B/A

1/0

I/0

I/0

SYNCHRONOUS DETECTION
(channel B): This pin is not used in the
Rainbow 100 computer.

WAIT/DMA REQUEST (channel B):
This pin is not used in the Rainbow 100
computer.

DATA BUS: This bus transfers data,
control, command, and status informa-
tion between the 8088 and the MPSC.
BAD<O0> is the least significant bit.

GROUND.

WRITE 8088: This signal is negated
low (0) to transfer data or commands
from the 8088 to the MPSC.

READ 8088: This signal, when low (0),
indicates an I/O read operation is in
progress. It is used with A<l>, A<0>
and COMM/PRT SEL L to transfer
data from the MPSC to the 8088.

COMMUNICATIONS/PRINTER
SELECT: This signal, when low (0),
enables the MPSC to accept command
or data inputs from the 8088 during a
write cycle, or to transmit data to the
8088 during a read cycle.

CONTROL OR DATA SELECT: This
address bit defines the type of informa-
tion transfer performed between the
8088 and the MPSC. A high (1) during
a processor write to or read from the
MPSC indicates that the data on the
BAD<7:0> bus is a command for the
channel selected by address bit A<0>.
A low (0) indicates a data transfer.

CHANNEL A or B SELECT: This
address bit selects channel A or B dur-
ing a data transfer between the 8088
and the MPSC. When this address bit is
high (1), channel B is selected.

*Q = Qutput, | = Input, 1/O = Input/Output
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Table 4-23 MPSC Pin Descriptions (Cont)

Pin Signal Pin
No. Mnemonic Symbol Direction* Signal Name and Function

26 HAI/DTRB I DMA ACKNOWLEDGE: This pin is
not used by the Rainbow 100 computer.

27 +5V INTA I INTERRUPT ACKNOWLEDGE
INPUT: When low (0), this signal
allows the highest priority interrupting
device to generate an interrupt vector.
This signal is tied to +5 V in the Rain-
bow 100 computer.

28 COMM/PRT (0] COMMUNICATIONS/PRINTER
INTR L INTERRUPT REQUEST: When low
(0), this signal informs the interrupt log-
ic that the MPSC requires service from
the 8088.

29 PRI/DRQRXB 1 INTERRUPT PRIORITY IN: This
pin is not used in the Rainbow 100
computer.

30 PRO/DRQTXB O INTERRUPT PRIORITY OUT: This
pin is not used in the Rainbow 100
computer.

31 HAO/DTRA (0] DMA ACKNOWLEDGE: This pin is
not used in the Rainbow 100 computer.

32 WAIT I/0 WAIT/DMA REQUEST (channel A):
A/DRQRXA This pin is not used in the Rainbow 100
computer.

33 SYNCA I/0 SYNCHRONOUS DETECTION
(channel A): This pin is not used in the
Rainbow 100 computer.

34 COMM RXD RXDA I COMMUNICATIONS RECEIVE
DATA (channel A): This signal is the
serial data input from the communica-
tions device.

35 COMM RXC RXCA I COMMUNICATIONS RECEIVER
CLOCK (channel A): This signal clocks
data (COMM RXD) from the commu-
nications device into the channel A
receiver at the baud rate programmed
into the communications baud rate
generator.

*O = Output, I = Input, /O = Input/Output
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Table 4-23 MPSC Pin Descriptions (Cont)

Pin
No.

Signal
Mnemonic

Pin
Symbol Direction*

Signal Name and Function

36

37

38

39

40

COMM TXC

COMM TXD

COMM CTS

+5V

TXCA I

TXDA O

RTSA o

CTSA I

VCC

COMMUNICATIONS TRANSMIT-
TER CLOCK (channel A): This signal
clocks data (COMM TXD) from the
channel A transmitter to the communi-
cations device at the baud rate
programmed into the communications
baud rate generator.

COMMUNICATIONS TRANSMIT
DATA (channel A): This signal is the
serial data transmitted to the communi-
cations device.

REQUEST TO SEND (channel A):
This signal is not used in the Rainbow
100 computer.

COMMUNICATIONS CLEAR TO
SEND (channel A): When low (0), this
signal indicates that the modem is ready
to accept data from the channel A
transmitter.

POWER: +5 V Supply

*QO = Output, I = Input, I/O = Input/Output

The MPSC interfaces to the 8088 processor over the BAD<7:0> bus. The system interface control logic in
the MPSC uses the A<1:0>, COMM/PTR SEL L, RD88 L, and WRS88 L input signals from the 8088 to
communicate with the internal registers of the MPSC. Each serial I/O channel responds to two 1/O
addresses. Table 4-24 lists the operations performed by the MPSC for the various combinations of address
bits A<1:0> and control signals.

Table 4-24 MPSC Register Addressing

COMM/PTR READ OPERATION WRITE OPERATION

SEL L A<1> A<0> RDS8 L WRSS L

0 0 0 Ch. A Data Read Ch. A Data Write

0 1 0 Ch. A Status Read Ch. A Command/Parameter
1 0 1 Ch. B Data Read Ch. B Data Write

1 1 1 Ch. B Status Read Ch. B Command/Parameter
1 X X High Impedance High Impedance
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Command, parameter, and status information is stored in 22 registers within the MPSC (8 write-only
registers and 3 read-only registers for each channel). These registers are all accessed by means of the
command/status ports for each channel. An internal pointer register selects which of the command or
status registers will be written or read during a command/status access of an MPSC channel. The block
diagram in Figure 4-37 shows the command/status register architecture for each serial channel. In the
following discussion, the writable registers are referred to as WRO through WR7 and the readable registers
as RRO through RR2.

COMMAND/ COMMAND/
STATUS STATUS
POINTER POINTER
—r—
D2 D1 DO
T T T T 1 1 1 T T T T T T T
WRO O O O-.ID7|D6.DS.D4.DS|DZ.D1 IDOI RRO [D7IDBJDSJD4|D3‘DZ|D1 IDO|
L4 T IR S B T T T T T T T T T
WR1 0 O ‘I-% 1 1 1 1 1 1 1 I RR1 FL 1 | 1 I I\ A J
4 L | 1 A

T T T T T T T T T T T 1 L T
WR2 0 1 0-—[ J RR2 ]v7 V6 V5 V4 V3 V2 V1 vo|
I R 1 1 A L 1 1 1
MSB LsB
T T T T T T T
wis o vl o |

READ REGISTERS
WRe 1 0 0.-{ T T L — | ma— |

T T T T T T T
WR5 10 1 Il 1 L 1 ! i L I

T T T T T T
WR6 1 1 0-.1 R L J
L T T T
WR7 11 1-.{ SR R S S| L ,
MSB LSB

WRITE REGISTERS

MR-11330

Figure 4-37 MPSC Command/Status Registers (Each Channel)

The three least significant bits of WRO are automatically loaded into the pointer register every time WRO
is written. After reset, WRO is set to zero so that the first write to a command register causes the data to
be loaded into WRO (which sets the pointer register). After WRO is written, the following read or write
accesses the register selected by the pointer. The pointer is reset after the read or write operation is
completed.

In this manner, reading or writing an arbitrary MPSC channel register requires two I/O accesses. The first
access is always a write command. This write command is used to set the pointer register. The second
access is either a read or write command; the pointer register (previously set) will ensure that the correct
internal register is read or written. After this second access, the pointer register is automatically reset.
Note that writing WRO and reading RRO does not require presetting of the pointer register.

During initialization and normal MPSC operation, various registers are read and/or written by the 8088.

These actions are discussed in detail in the following paragraphs. Note that WR6 and WR7 are not used in
the asynchronous communications mode.
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4.4.12 MPSC Communications Channel

The communications channel of the MPSC is used to communicate with another computer through the
communications port connector J2. It has full modem support and supports the same signals as the VT102.
Detailed information on the VT 102 can be obtained from the VT102 Video Terminal User’s Guide, (EK-
VT102-UG-003). United States and European full- and half-duplex modems can be supported by this
port. The port has asynchronous as well as bisynchronous modes with an RS-423 (V.24, V.28) interface
conforming to CCITT standards V.21, V.22, and V.23. Break detection by this port is supported. Baud
rates supported are:

50, 75, 110, 134.5, 150, 200, 300, 600, 1200, 1800, 2000, 2400, 3600, 4800, 9600, 19200

The bit rates are set by writing a byte to the communications baud rate register at 1/O address 06H. The
four least significant bits 0<3:0> of the byte D<7:0> select the communications receiver clock (COMM
RXC) bit rate and the four most significant bits D<7:4> select the communications transmit clock
(COMM TXC) bit rate. The format for the communications baud rate register is shown in Figure 4-38.

I T T T T T [
D7 D6 D5 D4 D3 D2 D1 DO | ADDRESS 06H (WO)
| | 1 | | 1 1
. 7\ ——
Y Y-
TX BAUD RATE RX BAUD RATE

MR-11331

Figure 4-38 Communications Baud Rate Register Format

The communications transmitter and receiver bit rates are software selectable according to the bit values
in Table 4-25.

Table 4-25 Communications Baud Rate Selection

D<7:4>-D<3:0> D<7:4>-D<3:0>

Value Value

(Hexadecimal) Baud Rate (Hexadecimal) Baud Rate
0 50 8 1200
] 75 9 1800
2 110 A 2000
3 134.5 B 2400
4 150 C 3600
S 200 D 4800
6 300 E 9600
7 600 F 19200

When the Rainbow 100 computer is connected to a host computer through a modem, the transmit and
receive clocks are supplied to the MPSC by the modem. These external clocks are selected by bit 3 of the
printer baud rate register at address OEH. When bit 3 is high (1), the external clock source supplies the
transmit and receive clocks for the communications channel in the MPSC. When bit 3 is low (0), the
transmit and receive clocks are supplied by the communications baud rate generator. Note that bits <2:0>
of the printer baud rate register select the printer transmit and receive baud rate.
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4.4.12.1 Asynchronous Operation — Asynchronous operation (start/stop) is a method of data transmis-
sion in which the transmitting and receiving systems need not be synchronized.

Instead of transmitting data clocking information with the data, locally generated clocks at the same rate
or 16, 32, or 64 times as fast as the data transmission rate are used by the transmitting and receiving
systems. When a character of information is sent by the transmitting system, the character data is framed
(preceded and followed) by special start and stop bits. This framing information permits the receiving
system to temporarily synchronize with the data transmission.

For operation in the asynchronous mode, the following registers must be initialized with the specified
parameters:

Received character length: WR3, bits D7 and D6
Transmitted character length: WRS, bits D6 and D5
Clock rate: WR4, bits D7 and D6
Number of stop bits: WR4, bits D3 and D2
0dd, even, or no parity: WR4, bits D1 and DO
Interrupt mode: WR1, WR2
Receiver enable: WR3, bit DO

or
e  Transmitter enable: WRS, bit D3

The asynchronous mode register setup is shown in Figure 4-39.

REGISTER p7 | D6 D5 D4 D3 D2 D1 DO
00 RX 5 B/CHAR
01 RX 7 B/CHAR | AUTO RX
WR3 10 RX 6 B/CHAR | ENABLES |  © 0 ° ° ENABLE
11 RX 8 B/CHAR
00 X1 CLOCK 00 ENABLE SYNC
MODES EVEN/
WR4 01 X16 CLOCK 0 0 o1 1sToPBIT | oDD :Sig&
10 X32 CLOCK 10 1% STOP BITS | PARITY
11 X64 CLOCK 11 2 STOP BITS
00 TX § B/CHAR
01 TX 7 B/CHAR | SEND | TX
WRS RT
OTR | 10 7x6 B/CHAR | BREAK | EnaBLE| © S °
11 TX 8 B/CHAR

MR-11332

Figure 4-39 Asynchronous Mode Register Setup

When loading these parameters into the MPSC, WR4 information must be written before the WR1,
WR3, and WRS parameters/commands.

For transmission via a modem or RS-423 interface, the Request To Send bit (RTS) (WRS5; D1) and Data
Terminal Ready bit (DTR) (WRS5; D7) must be set along with the Transmit Enable bit (WRS5; D3).
Setting the Auto Enables bit (WR3; D5) allows the programmer to send the first character of the message
without waiting for a clear to send (CTS).

Both the Framing Error and Receive Overrun Error flags are latched and cause an interrupt.
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If the External/Status Interrupt bit (WR1; DO0) is enabled, Break Detect (RR0O; D7) and Carrier Detect
(RRO; D3) will cause an interrupt. Reset External/Status Interrupts (WRO; D5, D4, D3) will clear Break
Detect and Carrier Detect bits if they are set.

A status read after a data read will include error status for the next word in the buffer. If the Interrupt on
First Character (WR1; D4, D3) is selected, then data and error status are held until an Error Reset
command (WRO; D5, D4, D3) is given.

If the Interrupt on Every Character Mode bit (WR1; D4, D3) is selected, the interrupt vector is different
if there is an error status in RR1. When the character is read, the error status bit is set and the Special
Receive Condition vector is returned if Status Affects vector (WR1B; D2) is selected.

In a polled environment, the Receive Character Available bit (RR0; D0O) must be monitored so that the
CPU can determine when data is available. The bit is reset automatically when the data is read. If the X1
clock mode is selected, the bit synchronization must be accomplished externally.

4.4.12.2 Synchronous Operation (Monosync, Bisync) — Synchronous operation is a method of data
transmission in which the transmitting station is synchronized to the receiving station through the recogni-
tion of a special sync character(s) (byte synchronous) or bit patterns (bit synchronous). Two examples of
byte synchronous communications protocol are monosync and bisync. Monosync has one starting sync
character per message, while bisync has two starting sync characters per message. Bit synchronous
(HDLC/SDLC) operation is described in Paragraph 4.4.12.3.

When using the MPSC for monosync or bisync communications, the following registers must be initialized
with the specified parameters:

Odd or even parity: WR4, bits D1 and DO

X1 clock mode: WR4, bits D7 and D6

8- or 16-bit sync character: WR4, bits D5 and D4
CRC polynomial: WR5, bit D2

Transmitter enable: WRS, bit D3

Interrupt modes: WR1, WR2

Transmit character length: WRS, bits D6 and D5
Receive character length: WR3, bits D7 and D6

The synchronous mode register setup for monosync or bisync communications is shown in Figure 4-40.

REGISTER p7 | D6 D5 D4 D3 D2 D1 DO
00 RX 5 B/CHAR ENTER SYNC
WR3 01 RX 7 B/CHAR | AUTO HUnT | RX CRC o CHAR | RX
10 RX 6 B/CHAR | ENABLES | ' o | ENABLE LOAD | ENABLE
11 RX 8 B/CHAR INHIBIT
00 8-BIT SYNC EVEN/
WR4 0 0 01 16-BIT SYNC 0 0 obD 2:2:.::5
11 EXT SYNC PARITY
00 TX 5 B/CHAR )
01 TX7 B<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>