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PREFACE

P "

This manua

I contains sn;ormanc needed by field service engineers, technicians, or other interested
DETSONs who have ¢
of

a need to know how the Rainbow 100™ computer is dﬂﬁﬁg{’tt and operates. Included are
the features. capa "simca svstem architecture, and technical characteristics as weli as

7

explanations

general reference datx. The information is presented in twelve chapters and three appendixes.

(:h&{)ﬂ?? 1 5 Comprisy ng the Rainbow

Chapter 2 Provides Lavw«. isf’wmhz; i «;zf*maiéo*’z. including use of the kevboard and Set-Up modes
‘ 1 computer operating characteristic

Chapter 3 Describes the functions and interaction of each hardware unit at the system level

Chapter 4 Contains the technical description of the system module.

LAy

Chapter ¢ Caontains the technical description of the RX 50 controlier module.

Chapter 6 Coriains the technical description of the RX S0 diskette drive.

Chapter 7 Contains the technical description of the power supply and fan assembhes,

Chapter % Contains the technical dcgariptim of the LK 201 %e}fb@arai

Chapter Contains the technical description of the VR201 video monitor.

Chapter 10 Describes how to test and troubleshoot the Rainbow 100 computer usmg either the
internal ROM-based or diskette- baxhd dmgm}s{;a Programs.

Chapter 11 Describes procedures for adjusting the monitor and provides removal and replacenient
pracedures for modules and mechanical assemblies.

Chapter 12 Describes the multinational character codes supported by the Rainbow 100 computer.

Appendix A Contains 2 recommended spare parts list and ordering information for parts and
computer reference manuals.

Appendix B {Contains @ fist of ROM-based and diskette-based diagnostic error messages.

Appendix C Contains a glossary of terms. acronyms, and abbreviations used in this manus!

xxi




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.

®xii
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CHAPTER 1
INTRODUCTION

NOTE »
The Rainbow 100 computer described in this manual
is model PC100A and should have been instalied
according to instructions in the Rarnbow™ J0U
Installation Guide.

.1 GENERAL DESCRIPTION

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

The basic Rainbow 108 computer consists of:
e A video monitor
e A keyboard

e A dual processor (Z80A® and RORR™)

o 64K bytes® of main memory {expandable to either 128K bytes or 256K byies)

® A standard dual-diskette drive containing 800K bytes of on-line auxiliary memory on twe 3+
inch disketies, with 2 second dual-diskette drive provided optionally for an added 800K bvtes of
on-line auxiliary memory

e 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 i-1 shows the Rainbow 100 computer in twe views: with the system unit positioned
horizontaliv, and with the systen unit positioned vertically in the optional floor stand.

CP/M® s x

registered irn

SMETY e gt

BN ddemdrs
*A byie = | ¢h

aracler
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SYSTEM UNIT

SYSTEM UMY
\'; nOPTIONA
FLOOR STAND

Figure 1-1 Rainbow 100 Computer
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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 1S coated to reduce glare. (Avoid touching the screen since fmgerpnms shmx up very ¢asily. 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
e{smami«;m for the keyboard a rxd hax the m%mxmg features:

" 24-line X-80- or 132 ‘“xs lumn éwpi
ﬂm;‘ or smoot] y ,
Duouble-height tnﬁrﬂdﬁh iby line}

* Double-widik 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 br”‘zmcxs a nd contrast adjustments located en the back of the monitor.

BRIGHTNESS CONTRAST i

CONTROL CONTROL N




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 jowercase 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 {7, [, «—, —). On the far right is the numeric kevpad.

LEDS

Hold Screen Lock Compose Wait

SPECIAL FUNCTION KEYS

EDITOR KEYS
STANDARD KEYS NUMERIC KEYPAD

MES007 2

Figure 1-3  Kevboard Controls and Indicators

Across the top of the keyboard are the special function keys. Included in these keys are the S
the Help key. and the Do key. The Help key calls a help message to the screen in Set-Up mod

applications that use this key. The Do kev separates the “execute” function from the ‘carriage
function within an application program that can distinguish between these {unctions.

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 &
removable strip for each application.

1.2.2.1 Keyboard Features — The keyboard has the following features:

e 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 kevclick volume or turn it off
e A keyboard tone generator that produces a margin bell. The tone volume is also adjustable.
e Auto-repeat of all keys on the main keypad array, the numeric keypad, and the function keys

{(including Spac&« and Tab). Exceptions are the Return key and any kev used in conjunction
with the Control key.




The keys are arranged in an electrical matrix, which is scanned for keys that are pressed. A single-chip, -
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 whei 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
Haold Screen The Hold Screen key has been pressed. New data will net 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 suppart this key.)

1ssion has been temporarily stopped by the svstemy. 11 this light is on,
haracters typed are lost. The kevboard beeps once for each kev

Wi Kevboard transy

W1
O

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

1.2.3 The System Unit

The system unit, shown in Figure -4, contains the power supply, the svstem module, a duai-disketie drive,
a fan. and the system power switch. This unit can be piaced horizontally on a desk or vertically in the
optional floor stand.

BT RS

Figure 1-4  System Unit Controls and Indicators (Front)




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 shiding latches under its Jeft 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 VIDEQ (for the monitor cable).

COMMUNICATIONS CONNECTGR
\

PRINTER CONNECTOR

ECTOR

h VIDEQ CONN
\

I Oee 20 ”}

ERROR MESSAGE LEDS

MR-I0075

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 moduie, located inside the system unit, is made up of
electrical components and circuits. Its major components are the two processors {ZB0A and RO&S),
semory chips, and communications hardware. Mounted on the system module is the RX30 controller
module. 1t 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 cxpand 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.

-6




The ZB0A processor has sole access to the RXS50 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 byies 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 1t o control the information on the monitor.

1.2.3.2 The RXS0 Dual-Diskette Drive - The Rainbow 100 computer uses a compact diskette subsvs-
tem that consists of a diskette controller module and a dual-diskette drive, which controls two 5- 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 singie-head carriage assembly, which is moved by one stepper motor/lead screw
combination.

bach diskette drive has two sensors that detect when a diskette is instalied. These sensors also look for the
notch on the side of the diskette’s protective cover to see if the disketie 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:

*  Sclftest diagnostics with LED readouts
*  80- or 132-column video display
. 64K byte main memory
e KOOK byte auxihary storage
& Built-in controllers for additional diskette drive, printer, and modem
®  Programmabie bit rates
*  Hardware/soltware error messages
The Rainbow 100 computer:
*  Opcrates CP/M or MS-DOS

®  Reccognizes programs writlen for 8- or 16-bit processors (Z80A or 8088) when running CP/M-
B6/80

®  Can be expanded to 128K bytes or 256K bytes main memory

® s RS-232 and RS-423 compatible




e  Supports an additional diskette drive
e Supports an optional printer and/or modem
e  Provides optional color/graphics
e  Provides optional extended communications
1.4 RAINBOW 100 COMPUTER SPECIFICATIONS
1.4.1 System Specifications
Standard System: System unit, keyboard, monitor, and operating system

System Unit:

Processors ' Z80A and BOBY processors
Memory 64K byies
Printer conrnector Serial, RS-423
Communications connector Speeds up to 19.200 baud with modem control, RS5-423
Storage Dual-diskette drive (2 X 400K bytes)
Video Output: Monochromatic, RS-170 compatible

Operating Systen: CP/M-86/80 or MS-DOS
Environment: Class A~ air-conditioned office or light assembly area

Temperature

Operating” 159 C to 32° C (5397 F 10 907 F)
Not operating ~34° C 1o 60° C {29 F 10 1407 F)

Relative humidity
Operating 20% to 80% with maximum wet bulb 259 C (777 F) and
minimum dew point 2° C (36° )

Not oporatn 5% 1o 95% (noncondensing)
&

Altitude (maximum)
Operating 2440 m (8,000 ft)

Not operating 9144 m (30,000 {1
Magnetic field The RX50 diskette may lose data when exposed 10 a

magnetic field strength of 50 oersteds or more.

*  Maximum allowable temperature is reduced by 1.8 C per 1000 m (17 F per 1000 fu above sea level Example: A 24 km

(8OO0 113, the maximum lemperature s 27.57 C(82° F)




System Expansion:

Hardware Options:
Additional memory

Second dual-diskette drive

Three dedicated spaces for option modules that are user-
installable

64K or 192K bytes

{2 X 400K byvtes)

Any serial printer with the same FCC classification as the Rainbow 100 computer {Class B), such as
the LASO Personai Printer, LA100 Letterprinter 100, or LQPO2 Letter-Quality Printer

Optional floor stand for vertical mounting of the system unit

1.4.2 Video Monitor Specifications

Characters:

Format:

Physical Description:
Height
Widih
Depth

Weight
Cord

Adjustable Tilt:

Video Format:

1.4.3  Kevboard Specifications
Audio and Visual Indicators:

Cord:

Physical Description:
Heigh
Length
Width
Weight

Kevpad:

Home Row Key Height

oy od g P P TUT IO T g $ g BT
7 x 9 dot matrix: includes 2-dot descenders

24 lines x &0 or 132 characters

292 cm {115 in)
349 em (13.75 10}
3Pl em {12.25 in;
6.4 kg (14 1b)

K R
g',
=
e

Monochromatic, composite

4 lights and bell tone generator

9 m (6 ft) coiled cord:
-pin, telephone-tvpe modular connectors: 1
of monitor

%
3
4 g5 into back

Low-profile, detachable

5 c¢m (2.0 in) at highest point
m (6.75 in)

4.51b)

Sculptured keyv array

3 em (1.2 in) above deskwop



Keys:

Size (each)
Spacing
Waobble

Force to activate

Travel 1o activate
Numeric Keypad:

Function Keys:

Power:

105 kevys; matte, textured, concave surface

1,27 em (0. 50 in} muan

1.9 cm {0.75 in) center-to-center (single-width kevs)
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 om (012 in)
18 keys

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

H12 WV + 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:

118V (nominal)
’ 230 V (nominal)

Line Current:
AC Power Consumption:

Regulated Voltages:

Circuit Protection:

16.5 cm (6.5 in}
48.3 ¢m (19 in}
36.3 ¢m (14.3 )
13.6 kg (30 Iby

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 10 256 V rms: 47 Hz to 63 Hz
line frequency

3AG IS Vac
1.5 A @ 230 Vac

+5.1V 26% over the current range of 25 Ao 1S A
+12.1 V #6% over the current range of 0.6 A 10 6.7 A
~12 ¥V +7% over the current range of 0.0 A toc 015 A

Circuit breaker, externally accessible




1.4.5 RX50 Dual-Diskette Drive Specifications

Performance:

ok

Diskettes per dual-
diskette drive

Number of recording i
surfaces per disketie

Storage capacity 400K bytes
ner diskette
(B0 tracks)

per track 5K bytes
{10 sectorsy

per sector 512 bytes
Transfer rate 250 bits/s

AVZrage goooss ume 290 ms
Functional Specifications:

Rotational speed 300 r/min

Density §6 tracks per inch

Physical Specifications:
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CHAPTER 2
OPERATING INFORMATION

21 INTRODUCTION

This chapter dwcrib{"\; the procedures for operating the Rainbow 100 computer without going into details
on the use of software or application programs. Refer 1o the Rainbow™ 100 User's Guide for that
mnformation.

2.2 USING DISKETTES

. Use only RX30K diskettes formatted for the Rainbow 100 computer

t

Always handle diskettes by the label end.

3. Keep diskettes away from magnets or magnetic tools.

4, Insert disketies so that the orange arrow on the diskette poinis to the orange sirip on the {rant

bezel, which becomes visible when the drive door 1s open.

5. Never insert or remove diskettes when the power is off.
6. Never remove a diskette when the LED on the front of that drive is on.
7. Use write-protect tabs for the operating system diskettes and for other disketies vou want to

wrie wrm‘_u {Write-p rmn,cz tabs are available at most computer stores.)

2.3 POWERING UP THE RAINBOW 106 COMPUTER
Use the following procedure.

. 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) s displayed on the screen. If the test

is not successful. an error message 1s displayed at the top of the screen. These messages are of
1wo types:

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

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

Refer 1o Appendix B for an interpretation of these messages

2. After the Main System Menu is displayed, set up the computer according to Paragraph 2.4,
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b. Nonfatal Error Message




e
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TOUSER'S GUIDE FOR ASSISTARCE - K YRDARD
WROEY Y

¢. 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 Sei-Up, the text will be erased.

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

® & & & & ¢ & 6 o &

These features are divided into areas of commeon 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:




Crnaracter

{ H i H
| RO | O | I |

MFE- OGRS

Figure 2-2  Set-Up Key Location

See Paragraph

, Number of Selections Below for
Major Heading (Minor Headings) Description
Tabs 2 242
Param(eter) Set(tings) 24 243
Modem S 244
Printer 2 245
Misciellancous) 3 2.4.6
Memory 1 2.47

Once you press the Set-Up kev. vou can move from one major heading 10 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, vou are automatically in the Tabs major heading, as shown in Figure 2-3. In this
heading vou 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

2.42.1 Tab Stops - When entering Set-Up, the numbers across the middie 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 1ab stop settings. For information on
setting tab stops, refer to the Rainbonw™ 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 1o communicate with its diskette drives and any exiernal device (a prinier or a telephone
line). When vou place the computer in Set-Up, either LINE or LOCAL 1s displaved 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 mede and exit Set-Up, the keys you press on the kevboard 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 vou want to return to the Main System Menu while in Set-Up. press the Set-Up key: otherwisc press
«Ctrl Set-Up>. To continue in Set-Up, press <Next Screen> 10 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 {0s
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 alse 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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Table 2-1  Parameter Settings Major Heading

Selection (Minor Heading)

Values*

Scroll

Correspandence/

data processing keyboard
Screen width

Cursor

Eﬂ“iuic,%fa;ﬁ

Auto-repeat

Screen

Margin bell

Keyclick

Aulo-wrap

New hne mode

Default character set
Auto-screen blank

Power

Print termination character?

Print extents

0 = Jump
1 = Smooth

0 = DP (data processing}
1 = Corr. (correspondence}

0 = 80 {columns}
1 = 132 (columns)

0 = Underline
1 = Block

0= VTS2
1 = ANSI

0 = LF (ling feed)
I = NL (new line}

= LS. ASCH 1#)
= UK. (&)

-
L

- Off
= {On

ot
H

0 = 60 Hz
= 50 Hz

4

) == Wone
1 = FF {form feed)

0 = Scroll region
1 = Full screen

*Values s he default seitings,

+This selection has meaning only in termnal mode.

[
v
e




Table 2-1 Parameter Settings Major Heading (Cont)

Selection {Minor Heading) Values*
Auto-XON/XOFFt 0 = Off
= {n
f.ocal echot 0 = Off
1 = On

Transmit breakt 0 = Disable

1 = Enable

Modem stop bits 0 =

[
o
-
NN
-

e

Received character parity™ 0=

Auto-answerbackt 0 = Iisable
I = Enable

Disconnect character uset {0 = Disable
1 == Enable

Disconnect delay® 0 = 60 ms
1=12s5s

*Values in boldface are the default settings

T embartiag Fae mage anlv in terminal TR
s seleciion has me oniy an werminal moGe.

To change the value of the current selection, press the T or | key. To proceed to the next selection, press the
— key or the space bar. To return 1o a previous selection, press the — key. To return to the first selection
shown in Figure 2-5, press the Return kev.

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/VTS52) ANS] i
Auto-wrap Off 0
New line mode LF (Line feed) 0




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™ J00 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 sereen advance upward & full
fine of characters at & time. and new lines of characters are added at the bottom of the monitor. If auto-
XON/XOFF i3 off. use jump scroll.

With smooth scroll. the characters on the screen advance one-tenth of a line {one scar line) at a ume.
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. 1 auto-XON/XOFF is on, you may wish to use smooth scroil.

2.4.3.2 Correspondence/Data Processing Kevboard — For non-American keyboards, this feature affows
you 1o select character printing. When this bit is set to 1, accents and other language-spe ciftc marks appear
with the characters. Humevcr such characters are not af‘wmab?c for entrance into a computer program.
With this bit set to 0. it eliminates the accents and | arwuagc -specific marks and replaces them with data
processing oriented a,%mmcwrs‘

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

Single-Width Double-Width

Screen Width Characters Characters
10 50 40
132 132 66
CAUTION

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

2.4.3.4 Cursor - This feature aflows you 1o select a cursor that is a blinking underscore or a biinking
block.

2.4.3.5 Emulation - With VT52 selected, the Rainbow 100 computer emulates VT32 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 vou to automatically repeat a key if it is heid down for morc
than one-half second. except for the conirol characters, Set-U p. Escape, Return, Compose Character,
Break. Print Screen, Enter. F4, and Hold Screen keys.

3.4.37 Screen - This feature allows vou to set the screen to a dark background with light characiers, or
a light background with dark characters.

2.4.3.8 Margin Bell - This selecuon allows you to

enab
moves past the eighth character position from the end of

le o d sable a bell that rings when the cursor
the line

2.4.3.9 Kevclick - This selection allows you 10 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 characier 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 fine feed will perform a cursor index 1o the
ame character position on the next line. Pressing the Return kev sends the carriage return code only,

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

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

2.4.3.12  Default Character Set - When vou 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
vou 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 1o the screen wi}I
be turned off after about 30 minutes of not receiving characters. A b‘smking nhant will appear o
the screen, as shown in Figure 2-6, to indicate that the system is still on. To bring back the data you had o
the screen, press the Shift key and the display on the screen will be restored. The Shift kev has no meanis
toa program {imporiant here since the program may have been waiting for a response from vou before 1
screen went blank).
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Figure 2-6  Auto-Screen Blank Phantom Cursor




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 yum You should set this parameter to 0 for 6U Hz
{common in the U8} er 1o 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 1o the printer at the end of every print screen function.

2.4.3.16 Print Extent - This selection applies only to the terminal mode. 1t determines the characters

that will be printed during a print screen operation. When vou set the feature to full screen. all characters
an the screen print. When you set the fraamrt to scroll region, only the characiers 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
amﬁ XOFF control signals. When the Rainbow 100 computer receives more characters than it can handle.

tautomatically sends an XOFF control character 1o the host computer, which telis it 1o stop sending data.
"\% hen the Rainbow 100 computer can accept more data. it sends an XON control ahanmfer to tell the host
computer 16 resume data ransmission.

2.4.3.18 Local Ec im ~ This feature applies only to the terminal mode. When on (except in Set-Upi, all
k echoed {Lsisf)léﬂuﬁi on the screen and are transmitted 1o the host computer. Enable this
Osl computer 1s not cc‘%amv the characters you type. When this feature is off, all keys Ej.';'sf:rﬁ

3

ed 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 echaes the characters
you type on the screen.

¢ transmit data h i the terminal s not transmitting. no signal will be sent
wiil be sent if this selection is disabled.

2.4.3.19  Transmit ﬁreak When this selection s enabled in the terminal mode, pressing {*zc Break ke

ﬁwu.'v a4 sPace Ugrﬁ'
Also, no space signal

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 linc.

3.20 Modem Stap Bits — The selection places 1 or 2 stop bits at the end of each character’s data
pattern. Wormally, 1 stop bit is used with baud rates hxghu 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 st 1o

“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 zcven number of pulses, it does not display the character:
instead, it displays the substitution character %5

%hc 18 mmm is set to “ignore.” the Rainbow 100 computer does not check for parity errors in
2.4.3.22  Auto-Answerback - With this § are enabled tn the terminal mode. the Rainbow 100 co

b ‘.
er automatcally transmits its answerback message wh en a telephone connection is made. {See Answerback
Message in Paragraph 2.4.3.25) When this i‘ ure is d sabled. no message is sent,




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
yransmit data line.

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

34.3.25 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 tvping <Shift/A>. The terminal responds by displaying AUTO-ANSBK und A = on the screen, as
- shown in Figure 2-7. Next, type a delimiter. which may be any character, followed by & message of up to
30 characters. (The delimiter is not sent as part of the message.)

SET-UP 2

TEOEXIY PRESE “SET-UPY
PRESS “HELP"™
T RESEY TYPE «LTRL/SET-URY t

G4 g

Ayt -ARSHEK

Koitd 3

a -

114

]

Wi A

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.




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 [ PLEASE LOGIN:\
delimiier [ 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 aliows 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 1o 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 1 or | key.

SET-UP

L0 EX1T PRESS “SL1-ye
PRESS “HILP"
TO RESEY TYPE <CTRL/SEY-UP>

04,03, %18

1~ ]
MOES

. pATA BIF
3600 = XMT BAUD
| @But o ROV BAUD
| FDXa « PROTOCOL i

Lt N

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 &
data bits {common in other countries), adds a parity bit, and terminates with ! or 2 stop bits. This selection
determines if the computer is to use 7 or 8 data bits for cach 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
Displaved per Character Upon Transmission Upon Reception
70 7 Odd Checked

Tk 7 Even Checked

TN 7 NO parity fenored

™ 7 Mark

s 7 Space fgnored

g0 8 Odd Checked

8k 8 Even Checked

B 8 No parity fgnored

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

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 | 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 sclect 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.

]
%
ErS




%’“"’“ Table 2-4 - Modem Protocols

Characters

Displaved Modem Protocol Selected

FDXA Full-duplex, no modem (data leads only} with or without aute-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 yvou to set the communications settings for the
3 & o &

PRINTER connector, which 1s on the back of the system unit. This connector allows vou to connect &

printer, such as Digital Equipment Corporation’s LAS0 Personal Printer, LAT0O0O Letterprinter 100, or

P 4 F

LOPO2 Letter-Quality Printer, 1o 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:

. ta bits/parity

Dat
®  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.
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Figure 2-9  Set-Up Display - Printer




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 1s 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)
i« shown in reverse video. Press the T 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
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Table 2-3 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
1L.AS0 Personal Primer 4800 110 10 4800
LA100 Letterprinter 160 4800 50 to 9600
LQPO2 Letter-Quality Printer 4800 110 to 9600

2.4.6 Misc Major Heading _
Press <Next Screens> 10 select the Misc{ellaneous) major heading. shown in Figure 2-10. Use this heading
1o select the scroll rate for smooth scrolling, the kevboard bell volume, and the kevelick volume.

2.4.6.1 Scroll Rate — This feature allows you to set the smooth scroli speeds to 3, 6, or 12 hnes 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 & (& is the
joudest}.

2.4.6.3 Click Volume — This feature allows you o set the keyelick volume from 1 through 8 (¥ 1s the
toudest .
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2.47 Memory Major Heading

Press «Next Sereen> 10 select the Memory major heading, shown in Figure 2-17. Use this heading when
vou install the Rainbow 100 memory extension option to let the computer know yvou have changed the
of 1ts memory.
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The Rainbow 100 computer has a standard memory size of 64K bvtes. (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
hytes,

Use the up and down arrows (I, [} 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 vou have selected in a nonvolatile memory that preserves them for the computer when the power is
turned off and on.

2.4.9 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 vou can still operate the system in one of its operating modes,
or as a personal computer (but not both), an error message is displayed on the scre
System Menu. :

gither as a terminal
en above the Main




If an error message is displayved without a menu, you must find and correct the error before continuing.
See Appendix B for a st 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. lInsert the operating system diskette in one of the diskette drives.
2. Ciose the diskette drive door.
3. Press the A, B. C. or D key, depending upon which drive contains the operating systen,
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™ 00

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

communications conmector (labgled COMM) on the buck of the svstern unit is used. This paragrs
defines the signals transmitted through this connector and how in the case of a telephone connection each
muodem protocol (as selected in Set-Up) uses these signals.

Figure 2-12  Connecting the Rambow 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 ihe other. Digital Equipment Corporation’s BCCO4 (or BCC14)
modem cable meets these requirements,

Cables used 10 connect the communications connector with most synchroneus, Bell Svstem-type madems

must be synchronous modem cabies 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 reguires 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 modeny
1. Set the power switch {marked 1/0) on the front of the system umt to O ¢
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 umit.
3. Conneet the female connector of the modem cable to the communications connector (COMNM)

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,

P

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

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.

~4

Turn on the Rainbow 100 computer.
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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
Parivy

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

Maodem stop bits
Received character parity
Disconnect delay
Disconnect character use

& % & ® ¢ ¢ & & & & @

Refer to Paragraph 2.4 for directions on setting these parameters.

2.6.2 Modem Protocol
The Rainbow 100 computer uses a full-duplex modem. A full-duplex modem transmits and rec
characters at the same time,

The rules for communications, the s
cations protocol. In the Rainbow 1
listed in Table 2-6.

nals used, and how the signals arg m;erpr&zc@ all form th
) computer you can select one of three communicat

1gn
00

Table 2-6 Communications Protoculs

Selection Description Usual Application
FDXA Full-duplex with no modem control Full-duplex communications with direct
{data leads only) connection Lo a remote computer or with a
modem that does not use madem control
signals.
FDXB Full-duplex with modem control Fuli- du slex communications with a

moder ihat uses modem control signals.

FDXC Asymmetrical full-duplex with Full-duplex communications with a hali-
modem control duplex modem using the secondary chan-

nel. FDXC requires a special cable.

z
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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-linc.

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 resct is executed.
e A Shift/Break is typed.

2.6.3.2 Full-Duplex With Modem Control (FDXB) ~ The FDXB sclection 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 com nunication is
allowed.

Table 2-7 Modem Connect Conditions

Name Signal Source

TS 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 cemputer disconnects the telephone line by turning off{
Data Terminal Ready. This signal is turned off when any one of the following occurs:

e  The Rainbow 100 computer is placed off-line.

e A recall ar system reset is executed.

e A disconnect <Shift/Break> is enabled.

e A disconnect character is received, and the disconnect character enable Set-Up selection is on
® 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.

® RLSD is not turned on within 30 seconds after [YSR is turned on.

.4




2.6.3.3  Asymmetrical Full-Duplex (FDXC) -~ With the FDXC selection, the Rainbow 100 computer can
use full-dupiex 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.

Tao 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 transpiitting 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: CT5; TXD.

FDXC Connect Conditions -~ The signals shown in Table 2-7 must be enabled before communication s
atlowed.

FDXC Disconnect Conditions — The Rainbow 100 compmcr disconnects the telephone line by turning off
Data Terminal Readyv. This signal 1s turned off under the same conditions apeuhsd for FDXB.

.64 Break

You can enable or disable a Break signal by u<im t‘he transmit break Set-Up selection. The Break signalis
a transmitted space (U3 condition that lasts §.275 seconds (+£10% 1 on the transmit data line. The host
computer’s response te the Break szgnal ci:.pc‘:nds on the tvpe of computer and its software.

A disconnect <Shift/Break> can always be performed when the Rainbow 100 computer is in terminal
maode and on-line. 1t 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 betore 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

ft 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
thar it can handle. The XOFF control characier 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 bost computer 1o
tell 1t to continue transmitting data.

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

e Fiectronic Industry Association {(EIAY RS-423 and RS-232-C

®  Internationa! Telegraph and Teiepimne Consultative Committee (CCITT) recommendations
V.21, V.22, V.23, V.24, and V2R

The communications connector’s pin numbers are shown in Figure 2-15. The signals on each pin are hisied
in Table 2-5. This table also lists thL 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

i Protective Ground

&

2 Transmitted Data

3 Received Data

4 Request to Send

S Clear to Send
6  Data Set Ready

7 Signal Ground

5 Receive Ling
Signal Detector
{Carrier Detect)

12 Speed Indicator

13 Sccondary Clear
to Send*

PROT GND 161/AA

TXD

RXD

RTS

DSR

SGND

RLSD

Si

SCTS

103/BA

{04,/BB

105/CA

106,/CB

107/CC

102/AB

109/CF

121/SCB

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 18 In
data meode.

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

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

When an, the transimit 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 transm:t data:
when off. the modem is not
ready.

X = Used with this protocol selection.

*These signals are supported by using a special cabls for FDXC modem protocet,
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Table 2-8 Communications Connector Signals (Cont)

Signal

Name

CCITT/EIA FDXA FDXB FDXC Description

Secondary
Transrmit Data*

Transmitter Clock

Receiver Clock

STXD

TSET

RSET

Secondary Reguest SRTS

Data Terminal

Ring Indicator

e

Speed Select

DTR

R1

SPDS

118/SBA

125/CE

111/CH

X

Transmits secondary chan-
nel information, such as
Break signals: sz%\ state
when no characters are
transmitted.

the

Externai ¢l
modem.

External ciock from the
modem.
thn on, the Rainbow 100
i Tt:w“ 1¢
eceive characters: when
@z%‘, the computer is ready
W fransont characiers.

()

When on, the Rainbow 100
computer s ready 1o
receive data: when off, this
signal causes the modem o
disconnect and not answer

calls
lgnored: used by the
mmodem

'»%‘i*ﬁn on, the Rainbow | U{“?
computer's receive speed 1
kufzems than 600 %x;us.”
when off. %us, cm}pmus
receive speg ¢ s cqs.u 14 0Or

less than 600 baud.

X = Used with this proto
*These signals are supportad by using a special cable for FDXC modem protoco

oot

ool selection
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15 Communications Connector Pin Numbers

2.7 USING RAINBOW 100 COMPUTER DIAGNOSTICS

When vou first power up the Rainbow 100 computer, 1t performs some abbreviated diagnostic selftest
procedures. However. an added selftest and 2 diskette diagnostic procedure may also be used to test the
Rainbow 100 computer. These procedures are described in Chapter 10, Testing and Troubleshooting

(3%
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CHAPTER 3
SYSTEM TECHNICAL DESCRIPTION

31 INTRODUCTION

This chapter describes the function and interaction of each hardware component comprising the Ra
a0 personal computer which is a system ¢ co nsisting of several functional or ;Lpiawhb units.
purposes and szusgmr £ the units are described in this chapter at the system level The d
unit level descriptions are provided in subseq xmt chapters devoted to each unit.

ons

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.

M-85

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 arc
functionally independent of the computer system. This design makes it easy to replace parts and add
hardware options.

321 S stem Unit

’“fhg system unit is M part of the Rainbow 100 computer t that controls the rest of the system, does the
computing ‘*xh and s formation. It contains the system module, the RX 50 contreller, the RX:
diskette drive(s). the power supply, and the power switch and fan assembly. Figure 3-2 is a block dia
that shows where each component fits in the svstem unit. The figure also shows where the RX 50 comt
module and option medules fit on the system module.
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The system module contains the 8088 and Z8GA processors and support circuits. Tt p;m%des the basic
intelligence of the system as well as a way to interconnect all options. The system module lies horizontaily
along the botiom of the svstem unit and is secured by thumbscrews to therear pancl. When released. the
system module slides out of the rear of the system unit. Standoffs on the system modulc support any
installed options.

The H7248A power suppiy is a 138 W switching regulator power supply with a switch selectable 115/230
Vag primary circuit. The ‘&a‘awcr supply provides de power for the system module and anv installed options,
the keyboard, RXS0 diskette drives, and the video monitor. The power supply fits ine 2 slot in the
mounting plate of the system unit and is secured by a shide 1ab.

The RX50 diskette c'% xr, unit ia 2 du 1] pl?tie? sy s!em that dn\ es %wa dxsk ttes azﬂd 18 {%w ma 1N SOTa éﬁ

write, and store data on Ef? 4 mm {< 1 ‘4 in. §uxkuwx Ea th dmkez ¢ stores dﬁﬂi\ b’s tes q‘f df'
bytes for each dual-diskette drive un CTwo of these dual-diskette drive units can be installed in the sy

TEATEN

The RX S0 diskette drivedsi slide into the front of the svstem unit on plastic tracks located on the mounting
plate. The drive unit is secured by a locking/release tab on the front of the SYSIEM Unit.

3.2.2 Video Monitor (VR201)

The video monitor supplies video informaton to the user by a 30.5 ¢m (12 1n)) diagonal nonglare screen.

The monitor housing cﬁmams the CRT, yoke assembly, and video monitor board. Two external controls on

the rear of the mom(u: jousing adjust the screen brightness and contrast. Also mounted on the rear of the
nitor housing are a 13-pin video connector and a 4-pin keyboard connector,

% two meter {six oot} BCCO2 cabie 1s used to connect the video monitor 1o the systens wmt. This cuble
arries power, video si .and kevboard transmit and receive data to the video monitor. The power and
;buard transmit and receive data are routed through the 4-pin connector o the video monitor to the
kevboard,

:7"" ”‘

3.2.3 Keyvboard (LK201)
The keyboard allows the operator to enter information to the systenm unit for processing or storage. The
kevboard also has a befl-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 circutry 10 process, control, and transfer information entered from the
kevboard or received from the system unit. The keyboard has 105 keys arranged in four groups.

The keyboard is connected 10 the monitor by & two meter {six foot) BCLO] colied cable. This cable carres
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 svstem block diagram (Figure 3-3) shows the relanonship between the
Rainbow 100 system module and the other system components.

w glements of the

A functional description of the sysiem module and the other system components is presented in the
foHlowing paragraphs.

g
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3.3.1 System Module

The PC100 svstem module includes a two-processor architecture based on the simultanecus operation of
an 8088 processor and a Z8OA processor. These processors operate from and transfer data through a
%h%"i: blom of 62K bytes of RAM. In addition to this biock of shared memory, each processor has its own
2K bvtes of unshared RAM and peripheral circuitry.

Each processor supperts # needed function of the system module in addition to running apphoation /user
software. The ZROA ﬁcrmfmx the functions required to read from and write to the R}w%’% diskette drive.
The 80¥8 handies mc, video output to the monitor, keyboard 1/0, printer port, and communications with a
host computer as well as any other options installed on the system module.

The systemy module includes the following features:

§ processor

BOA processor

64 !\ byvte dxmmu. RAM (62K bvie shared and 2K byte unshared)

2K byte static KAM

24K b* te ROM (bootstrap, diagnostics, terminal mode)

256 X 4 bits nonvolatile memory

4K byie screen RAM

4K byte attribute RAM

Asy n»hrorf us/hisvnchronous communications port
rinter port

LKE%} kevboard interfac

RX 50 diskeute drive con m,; er {on scpa:*ate maodule)

Option expansion capability

..) l‘

e % % @ % & © & 9 & & ¥ @

e Extended memory {64K or 192K bytes)
e  Color graphics
¢  FExtended commumications

1.3.1.1 8088 Processor — The 8088 processor controls most of the system module functions 1t features a
:,,.% hit address bus. an %-bit data bus. and 16-bit internal architecture. The 8088 aperates at 2 frequen
4.815 MHz and controls the following elements in the sysiem:

Video Monitor

Kevboard

Printer

Communications line

Optional calor/graphics maodule

Optional extended communications module
Optional extended memory module

* o % & % & &

The ROKR also controls the RESET input of the Z8OA processor and thus can start or stop the Z80A at
any ume.

I the 808K tries to access the shared memory while it is being used by the ZBOA or refresh iog%e» the
shared memory arbitration Sogic causes the BOSK to enter wait states until the ZBOA or refresh logic
complete their cycles and release the shared memory.




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 byvte dvnamic RAM (62K byte shared with ZBOA)
24K byte ROM '

4K byvte video screen RAM (static)

4K byie video attribute RAM {static)

256 x 4 bits nonvelatile 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 ! bit dynamic RAM
Chlpx The %08R processor has access to all 64K bytes of memory and uses the first 2K bytes to store
rupt vectors and other information that must not be changed by the Z80A processor. For this reason.

‘ »"\ cannot access the first 2K bytes and can only use the last 62K bytes of this memory. Parity
gencration/detection is not implemented with the 64K byte shared RAM. The shared memory
accessed by .hc $0#%. the direct memory access (DMA) channels of the extended communications of
the Z8OA. and the refresh logic. A shared memory arbitration circuit monitors memo
establish the prioritny and decides which device is allowed to access the memory. Refr
priority for memary The 808K has
instances where bo GrS 81
ZR80A simultancou |
memory priority o the Z80A.

¥

h has the highess
approximately equal priority with the Z8OA except in those
wusly request access to the shared memory. 1 the 8082 and the
s to memory, the shared memory arbitration logic will give

\CIL‘\

3.3.1.4 24K Bate ROM - There are 24K bytes of ROM on the system module that is addressabie by the
8088, The ROM consists of three 8K > ¥ chips t %mz a,om in Z8OA code and 8088 code for diagno<
testing. bootstrap. and VT102 emulation programs. The programs for the Z80OA must be moved 7
shared memory by the 8088 before they can be executed by the ZB0A.

When } © 8O8S ecesses this memory. wait sta te are not requ%fé‘ﬁ However, wait states are required whes
the refresh logic executes refresh cvcles because the refresh logic assumes that e all memory s dynamic
RAMQ

The system modute supports ROMs of the 273272764 pinout variety with access 1imes equal 1o or less

than 430 s

33,15 NVM - Tre svstem module containg 1024 bits of nonvelatile memory (NVMarrangs «dina 256
¢ 4 bit matrin. The NVM s used to stere programmable system wntagumtmn information that would
mhemm §a ¢ 10 be reentered every time the system was powered up.

The device contains a 256 X 4 bit static RAM that overlays 4 256 X 4 bit NVM. The static RAM stores
the Set-Up informution on & temporary basis while the NVM stores the Sei-Up information on 2
permanent basis. When the system is initialized, the 8088 processor does a RECALL of the NVM 1o
transfer the data stored in the NVM to the static RAM. After the system has been imitialized, any read or
write 1o the device will read data from or write data 1o the static RAM. Data in the static RAM can be
stored in the NVM on a perm inent basis by performing a SAVE operation during the Set-Up pr oudun
The Set-Up information stored in the NV M will determine the system configuration when the svsien i
turned off and on.

3.3.1.6 4K Byte Screen RAM and 4K Byte Attribute RAM - The screen RAM and attribute RAM arc
static memories that are used by the 808% processor and the video processor logic. The 8088 uses these
memories to termporarily store the character and autribute data to be displayed on the screen of the
monitor. The video processor directly accesses the memories and converts Th\. data into electrical signals
that the screen dispiavs as letiers, numbers, and symbols.

S ACCess requests Lo



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 X088 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 K088 can be held in a wait state due 10 memory
contention with the video processor is approximately 65 microseconds.

3.3.1.7 Video Processor — The videc processor is controiled by the RO88 processor. It converts character
and attribute data supplied by the 8088 into a video signal that the monitor circulls use to gencrate an
alphanumeric/graphics display. The video signal sent to the monitor is @ 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 % 80- or 132-column display

Jump or smooth scrolling

Double-height characters (by line)

Double-widih characters {(by line)

Normal and reverse video (by character)

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

Auto-screen bianking

256 character s¢t

Composite video output

& & &« & & & &5 & & ¥
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The video processor includes two central devices (DCO1] timing and DCO12 control chipsi and supporting
logic including 4K bytes of screen RAM. and 4K bytes of attribute RAM. a 4K > & bit character
generator ROM. The DCOTT s & custom designed, bipolar, integrated circuit that provides most of the
timing signals needed by the video processor. The DCO12 control chip is also a custom designed. bipolar,
integrated circuit. The DXC012 accepts atiribuie specifications and timing signals and delivers addresses o
the character generator ROM and attributes {for video output to the monitor. The character generator
ROM is a 4K x & 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 DCOIZ

3.3.1.8 Kevboard Interface - The keyboard communicates with the 8088 processor through an RS-423
full-duplex connection to an 8251A programmable universal synchronous/asynchronous receiver-transmit-
ter (PUSART). The PUSART takes parallel data from the 808% data bus, converts the parallel data 10 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 asvnchronously with the keyboard at a fixed 4800 baud rate. The seriai 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, pari
enabling and format. baud rate multiplication factor, and asynchronous operation are ali programmed
at power-up through the mode instructions from the BOSK.




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 microconiputer
peripheral device that can be programmed to support the following three basic communications protocols:

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

fad B e

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

Communications Connector ~ The MPSC provides two independent serial receiver/transmitter che
The communications connector uses one channei and the printer connector uses the other channel ”
MPSC is a single. 40-pin integrated circuit {1C) that implements the following functions:

Paraliel-to-serial and serial-to-paralle] data conversion

Buffering of outgoing and incoming data. aliowing the processor time to respond
Insertion and deletion: of framing bits and characters

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

Interfacing with the outside world over discrete modem contral Jines

® & & & & @

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

The communications connector of the MPSC is used to commuunicate with a host computer either directlv
or by te‘aphone lines {(and modem). The Rainbow 100 computer can be c.onneued toa h st computer and
operated in its terminal mode, similar to & VT102 terminal. Detailed informanon {or the V"I’"E%;}E can be
obtained from the V7702 Video Terming! 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 conirol signals are transmitted and received through a 23-pin D-ty ;x commus-
nications connector located on the system module. This comimunications connector has full modem
control, This connector has asynchronous as well as bisvnchronous modes (with specific applications onlv)
with Electronic Industry Association (EIA) RS-423 and RS-232-C interface standard conforming to
international Telegraph and Telephone Consultative Committes {CCITT) recommendations V.21, V.22,
V.23, V.24, and V.28 Break detection 1s 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 independentiv
programmed (sphit baud operation). The foliowing baud rates are available:

50. 75, 110, 134.5, 150, 200, 300, 660, 1200,
800, 2000, 2400, 3600, 4800, 9600. 19200

3-8




P The communications connector supports the following modem control signals:

Receive data

Transmit data : -
Secondary transmit data

Request to send

Secondary request to send

Clear 10 send

Secondary clear 1o send

Receive line signal detect

Secondary receive line signal detect/speed indicator (Bell 212A)
Ring indicator

Data set ready

Speed select

¢ % & O » & & B 6 & ¢

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
Vv 2% The printer connector is a 25-pin D-type connector located on the system module.

F 9

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)
Cicar 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:

e Number of data bits per character {7 or 8)
e  Parity (odd, even, mark, space, or none)



3.3.1.10  Z80A Processor ~ The Z80A is the processor that has access to the RX50 controller and thus is
responsibie for controiling the diskette drive unit(s) via programumed I/O instructions for all applications.
The Z80A transfers data and internal state mformation through an 8-bit bidirectional data bus. Memory
and peripheral device addresses are transmitted over a separate 16-bit unidirectional address bus.

The Z8OA internal registers contain 20% bits of read/write memory that are accessible to the programmer.
All Z8OA output signals are fully decoded and tir ned to contro! the 62K bytes of shared memory. 2K
bytes of dedicated memory, and the RX30 controlier.

The Z80OA runs at & 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. Shand memaory accesses cause ZSDA wait states on
machine one (M1} ¢ycies and for cycles in which there 1s contention for the memory by the 8088 processor
or refresh logic.

The only interrupts to the Z8OA are nonmaskable imterrupts from the 8088 When the Z80A is interrupt-
ed, it places a vector address on the Z8OA bus that causes the processor to execute a made 0 restart (RST)
SU msir m!;a O

st of
62K byvies of memory that is shared with the 808 processor and 2K bytes of memory dedicated o the
Z80A . Accesses 1o the shared i‘»ﬁr*;on 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 ZS(’)A memory
address decoding logic 1o select the 2K byies of dedicated static RAM

3.3.1.11  ZBOA Shared Memory - The 64K bytes of memory available to the Z80A processor cmu;

3.1.12 Z80A 2K Byvte RAM - The Z80A dedicated me mory 183 2K X & bit static RAM contained in a
24- pm 1C package. The dedicated RAM can be accessed by the Z80A p acessor at any ume without any
wait states. f the shared RAM is “busv™ at the time of 28(;; A access, the Z80A will execute wait states

until the RAM is free. The RAM is considered “busy™ when an 8088 cvele or a refresh ovele s in progress
or 1s pending. In addition to wait states due to memory conten ntien. all M1 cveles from the shared R‘X\T
have one extra wait ovele due 1o the timing Tor this type of machine cycle. Inany case. the Z80A 15 held in
a wait state for no inw ~than approximately two microseconds. If both processors are executing out of aht
shared memory, the Z80A cannot reliably access the diskette drive unit{s). resulting 15 errors caused by
tost 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 mdnrca tiv through program logic (for example. attempting 1o divide by zero). E-wwar; mﬁ»*rupt«;
originate {rom exwernal iogu and are classified as maskable interrupts. Al interrupts, whether sofiware or
hardware initiated. result in the irens ‘er of control to a4 new program location.

The 808K can be interrupted by any one of seven devices, Each device is assigned an interrupt priority
level and an §-bit smerrupt 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 tyvpe number is used by
the 8088 to vector {hr' ugh a 256-clement table 1o 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 808% is the only source of mnterrupts for the Z80A. Interrupts to the Z80A processo
interrupts and must be enabled 1 software in order to operate. The Z8OA must be pag?zimmeb 10 service
interrupts in the mode O interrupt response mode.

When the Z80A accepts an interrupt from the 8088, it agknamadwes the interrupt by placing a hardwired
E-bit Interrupt vector address on its data bus. The interrupt vector address (FTH) causes The Z80A (o
execute a restart (RST) instruction at restart location 30H in pa g 0 of memory.
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Table 3-1 8088 Interrupt Addresses

Priority Interrupt Yector

Level* fnterrupt Interrupt Source Typet Address?
7 Vertical Frequency Video Processor S20 , 8U
6 Not Used
3 Graphics : Graphics Modules 22 ; 88
4 DMA Coniraoller Extended Communications
Maoduled 23 RC
3 Communications/ MPSC 7201 Serial
Printer Controller 24 90
2 Extended Extended Communications
Communicauons Modulet 23 94
Keyboard f hevboard PUSART
§I51A , 26 Y8
0 Interrupt &3 Z30A 170 Decoder 27 ' aC

- Jowest priofity

33.1.14 Communications Baud Rate Generator - The communications baud rate generator supplies the
\ransmitter 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 € MHz clock that is derived from the 24
MHz master clock osciliator.

The receiver and transmitter clock outputs of the baud rate generator can be independently programmed
1o allow the communication port to operate at a split baud rate. One of sixteen possible frequencies can be
selected for the transmitier or receiver clock. The baud rate generator must be programmed to provide a
rransmitter and receiver clock that has a frequency thatis 16 times the desired baud rate. The 8088 selects
the frequencies with an &-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 & 4 MHz signal obtained from the PC100 clock circuit. Then the signal
is driven inte an 8-bit hinary counter. The outputs of the 8-bit binary counter are applied 1o an eight-to-one
decoder. The 8088 selects one of the eight possible frequencies, with the three least significant bits of an &-
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 channej. 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 kevboard

PUSART. This clock is obtained from the 76.8 kHz output of the &-bit binary counter and aliows the
kevboard 1o operate at a fixed 48K baud rate.



3.3.1.16  PC100 Clock Circuit = The PCI00 clock circuit supplies the basic clock pulses for the 8088
and ZBOA processors and their supporting jogic as well as the clock pulses needed by peripheral devices.

A 24.0734 MHz crystal oscilfator provides the master clock for the system module. The master ckaa;i\" 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 §
obtained from a frequency divider that divides the master clock frequency by five to produce asymame
cal clock pulses at 4. 815 MHz {208 ns period). Other 4. 815 MHz outputs fram the 5:1 divider are delav
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
Z80A is obtained from a frequency divider that divides the master clock frequency by six to pﬁ'}ducc
symmetrical clock pulses at 4.012 MHz (250 ns period). Other outputs from the 6:1 divider are dejaved in
phase and used to synchronize the Z80A supporting logic.

The third group of C?Od\ pulses (X, 4, 2, and | MHz; 500 and 250 kHz) generated by the clock circuits is
used by the RX30 controller iugz‘, and by the system module during diagnostic loopback testin 5‘

The &, 4, and 2 MHz clock pulses are used by the RX30 controlier's write p ecompensation circuit. The 1
MHz clock pulses are used by the write precompensation circuits and the 1793 formatier /contro The
500 kHz clock pulses are used by the RXS0 controller’s data separator circuil to s > the 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  RXS0 Controller -~ The RX50 controller is a 9.906 ¢m (3.9 in) by 24.130 ¢n ‘“‘i printed
ircuit module that contains three connectors and the controller logic circuits. T\m of ectors (12
and J3) on the module are 34-pin connectors that are used to make the connection via Ldbﬁ to the

diskette drive unit(s). The other connector (J1) is a 40-pin connector that plugs inte a 40-pin connector
{19) on the system module

The controller contrals up to four diskette drives. It can perform implicd secks, read from. and write to
specified sectors and tracks on single-sided diskettes. The controiler %uppum:; soft-sectored. single-si d .d.
double-density diskettes using a phase-locked loop (PLL) circuit. The controlier drive capability and signal
definitions conform to the ANSI standard for minidiskette drives.

The ZROA 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 ZBOA 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 ZBOA reads the serial MFM data from the diskette, the RX50 controller svnchronizes 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 1o the Z8OA data bus.

3.3.2 RX50 Diskette Drive Unit
”Ih; RX350 is a dual-diskette drive that mounts in the system unit. (A second optional éum»dnskwg drive
can also be installed in the system unit). The diskette drive is connected 1o the RX 50 controller and power
supply with a signal cable and a power cable. The signal cabie transfers command. status. and data
between the diskette drive and the RX50 controller module. The power cable carries the +5 and +12 Vdc
power required by the diskette drive.



Each RX50 dual-diskette drive is capable of read/writing on & single surface of two diskettes. The
diskettes are inserted inta 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
. Motor contral module
o  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/de regulated voltage converter circuit. It
converts the ac input {either 115 or 240 Vac) o +5, +12, and —12 Vdc and supplies this de power 1o 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 maodule
and diskctte drive unit(s). A 13-pin flat cable is used to carry the d¢ power from the power supply ta the
power connector (J8) on the system module. Two 4-pin connectors and cables permanentiy attached to the
power supply provide the dc power for each diskette drive.

The single phase, 3-wire, ac input power connection is made 1o @ 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 1o the fan assembly and
the other connector rouvtes 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.



34 OPTION MODULES

Optional modules can be added to the Rainbow 100 computer 1o increase memory size, expand the
communications functions. and provide a color/graphics capability. These optional modules are mounted
un 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 Opiion Installation Guide EK-PCMXE-IN
Rainbow™ 100 Exrended Communication Option Instaliation Guide EK-PCEXC-IN
Rainbow™™ Color /Graphics Option Instaliation Guide EK-PCCOL-IN

34.1 Memory Extension Option
Tm memory extension option for the Rainbow 100 computer allows the user to upgrade the system
memory w:h an additional 64K bytes or 192K bytes of dynamic random—acee»a memaory {DRAM) that
can be writien into Pas read. Two versions of the memory extension option are avaiilable: a 64K byte
option (puri r*umb ¢ PCIXX-AA) and a 192K byie option (part number PCIXX-AB). The memon

aption is installed in the J6 connector on the system module. These eptions added 1o the existing 64K bytes
of DRAM on the system module provide the Rainbow 100 computer with a total system memory of 128K
bytes or 236K bytes. :

Both versions of the memory extension option use the same printed circuit board etch and the same tvpe of
64K % 1 bit memory chups. The 6 i\ vie version of the option contains nine 64K X1 bit chips and the
192K b}i version contains twenty-seven 64K X 1 bit chips arranged as three 64K byte memory stacks,

Eight of the 64K > 1 chips in each stack contain the 8 bits of the data byvte and the ninth contains the
parity bt The 64K bste version of the option is not user upgradable.

When instalied, this added memory is always available to the 8088 proceaxor and will require wait states
only when the memaory eovele and refresh cvele contend for use of the memory.

The memory option i equipped with a parity generation and parity error detection circuit to notify the
8088 processor wher a parity error occurs. 1 a parity error occurs. the memory option transmits in
error signal to the nonmaskable interrupt input of the BOKE. The 808¥ then vectors to a ROM pariiy error
program in the 24K byvte ROM that will displav an error message on the screen,

34.2 Extended Convmunications (')pti(m
Thu extended communications opton is a major component of the Rainbow 100 computer and is plugged
directly o two 40-pin connectors (J4 and 333 on the sgymzm moduie. The module contains a duai-channel
multiprotocol serial controller (MPSC) and supporting logic. The purpose of the option is 1o add a second
communications connector with bit and byvte synchronous capability to the Rainbow 100. This option also
provides @ 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
wo/from memory uses the shared 64K byte RAM only and not any installed optional memory.

!J

rovides two complete serial communications controllers in a single MPSC package ¢

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

o
i
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b.  Convert serial data streams of the protocols back to parallel data for the processor.

1

Buffer incoming and outgoing data, allowing the processor time to respond.

d.Insert and delete framing bits and characters.

(2]

Calculate /check parity and check C RC error.

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

Sy

g Interface with other compuiers over discrete modem control lines.

Lok

Provides an optional bit/byte svnchronous/asynchronous RS-232 connector that is simuar to
the Rainbow 100 communications connector.

—J;m

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

v

Uses an MPSC bus interface controfler to provide:

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

b, Interrupt control Jogic (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 (DMACLY. which enables the MPSC to transfer data without inter-
rupting the processor. DMACL accepts service requests (if they are prioritized) and. like
ICL tabove), 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 1o move data directly from the MPSC to memory or vige versa,

4 Clocks and reset logic (C&RL). which controls {iming states in the MPSC and is usually
conneeted to the processor clock. ,

The extended communications option consists of the following main componenis mounied on a printe
circuit board:

1 A 5 MH7 ¥237 direct memory aceess controller (DMACH
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.

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

The extended communications option is reset by a write 1o the 8088 1/0 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 ume

the extended communications option issues 4 DMAC interrupt request.




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 svstem module will be responsible for supplying the
video signals to the manitor. 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 < 240 pixels X 4 planes

High resolution mode - 800 x 240 pixels x 2 planes

16 simulaneous colors from a palette of 4096 (in low resolution mode)
4 simultaneous colors from a paiette 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 connectars provide the interconnection between
the system moduie 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

K 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

35 Extended communications 40-pin 2 X 20) header

J6 Memm}; extension gption 52-pin {2 X 26) header

37 Graphics option | 40~pin (2 >< 20) header

Jg Power 13-pin in-line header

19 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 hine. The
Rainbow 100 computer communicates with the host computer using any one of the following three
communications protocols: ' :

o FDXA Full-duplex with no modem control {data leads only}
e FDXB Full-duplex with modem control
»  FDXC Asvmmetrical 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 Ciear 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 Sccondary Request to Send SRTS Out
20 Data Terminal Ready DTR Out
21 Not Used
22 Ring Indicator R In
23 Speed Select SPDSEL Out
24 Not Used
25 ™ot Used
*Direction of signals with respect 1o 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

Transmitied Data

Receive Data
Request to Send
Clear to Send

Data S;t Ready

Signal Ground

Receive Line Signat Detector
Speed Indicator

Secondary Receive Line
Signal Detect?

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 c¢hiannel 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 vahd.

This circuit establishes the common ground referenc
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 contrel wit
reverse channel.

wo different functions performed by the same physical line.

*  The following terminclogy is used interchangeably 1o describe the COmMMUMCELIONS signals:
Negative Voltage = | = Mark = OFF
Positive Voltage = 0 = Space = ON

+  Secondary Receive Line Signal Detect and Speed Indicator are

+  These signals are supporied by using & special cable for FDXO modem g




Table 3-4 Communications Signal Functions (Cont)

Signal Function*

Secondary Clear to Send? In FDX, this signal is the same as clear 1o send. In Asym-
metric FDX, it provides the functionality for a secondary
channel

Secondary Transmitted Datat In FDX. this sig;z;z; is the same as Transmitted Data, but

when operating in Asymmetric FDX, it provides function-
ality for the secondary channel.

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

Receive Clock This is an externa! receive clock that is supplied by the
modem. It substitutes for the communication receive
clock when the syvnchronous select bit is set

Secondary Request to Sendi This signal is used for HDX restraint mode and A%\ m-
2 + el
metric FDX bﬁbuﬁuazy RL/C}L’{;"M 1w :}i.mj,

Data Terminal Ready : This signal is turned ON whenever the channel 18 ready
for transmission.

Ring Indicator The ON condition indicates that a ringing signal 1s being

&

recetved {rom the communications line.

Speed Select This signal allows the 8088 processor o control the medu-
' lation method of the modem to coincide with its selected
bit rate.

;§n

wing lerminolog

* The m

¥ Sccumar Receive Line Signa? Detect and Speed Indicator are two differe:
% These ;zgmﬂs- are supparted by using a special cable for FDXC modem pn,mu,-i,
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3.5.2 Printer Connector (J2) Signals
The printer connector signals meet the following standards:

e  Electronic Industry Association {E1A) 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 3-8  Printer C qm;ecm (J2) Signals

Pin* ~
Number  Signal Mnemonic CCITT/EIA  Description
. i Protective Ground PROT GND 101/AA Chassis ground: ac power cord
: ground. This sxgna; is connected 1o
chassis ground via jumper Wit
2 Transmitted Data XD 103/BA XON/XOFF control signals and
(input) other cha racters 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 statc)
when not in use.
2 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 p inter conmector,




3.5.3 Kevboard/Monitor Connector (J3) Signals
This connector carries the video signals, data signals, and power used by the kuboard and monitor, The
connector signals meet the following standards:

*  Video signals ~ Similar 1o EIA RS-170
NOTE

The composite video (Mone 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.

e  Keyboard data signals - EIA RS-423

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

Table 3-6 Kevboard/Moniter Connector (J3) Signals

Pin Signal Mnemonic Description

] Red shield ground Shield ground for color monitor cable
2 Green shietd ground Shield ground for color moniter cabl
3 Blue shield ground Shield ground for color monitor cable
4 Mono shield ground Shield ground for composite video

coaxial cable

5.6 CGrround Video, data, and power ground

7.8 +12V <12V power to moenitor and keyboard

g Blue video Color video signal from graphics
aption

10 Green video : Color video signal feom graphics
aption

i Red videc Color video signal from graphics
option

12 Mono video Composite B/W vides {rom the video

processor on the system module

13 Not used

4 Kevboard received data KBD RXD Serial data transmitted 10 kevboard
{output)

15 Keyboard transmitted data KBD TXD Serial data received from keyvboard
{input)

tad
)
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154 Extended Communications Connectors (J4 and J5)

The extended communi
communications signals

cations option plugs into two 40-pin headers on the
and their pin assignments are listed in Tables 3-7 and 3-%.

system module. The extended

Table 3-7 Extended Communications Connector (J4) Signals

Pin*

Signui Mnemonic Description

i imtialize INITL Initializes exiended commu-
nications option On power-up.

2 Y <12V output

3.6,18.20, Ground GND

22242628

4% +12 412V output

-5 Direct Memory Access DMAC INTL This signal allows the ophon

Control Interrupt to make a data transfer
without interrupting the
Processor.

7 Communications Select 1 COM SEL 1L This output signal selects one
of  the two  receiv-
er/transmitter channcls in
the MPSC.

8 w12 +12 V output

9 Communications Request COM REQ L This input signal informs the
shared memory arbitrator
that the option requests usc
of the shared memory.

12.14.16 S5V +5 V output

23 Communications Interrupt COM INTR L This input signal is the inter-
rupt request to the 8038
Processor.

35 Communications COM ACK L This Signa% informs the

Acknowledge aption that its interrupt
request is acknowledged.

27 2.3 MHz Clock signal for the MPSC

29 Clock Pulses 03A

3 Clock Pulses 03C L

*Piny not Hsied are not

wsed by the extended communications opuion.
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Table 3-7 Extended (Z‘ammunicaﬁons Canneetm {M) Signals (Cont)

Pin* Signal Mnemonic Description

33 Communications Write BWRSS H This output signal indicates
that the 808Y is performing a
write cvcle.

35 Communications Read BRDS8 H This output signal indicates
that the 8088 is performing a
read cvcle.

37 Clock Pulses 05 C

4 el This is a signal from the

shared memory arbitration
lopic to indicate that an
unshared memory cvele is in
progress.

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

Table 3-8 Extended Communications Connector (J5) Signals

Pin* Signal Mpnemonic Description

Address/Data Bit BAD Q Buffered address/data bits 1o/from extended

3 BAD | communications aption

5 BAD 2

7 BAD 3

9 BAD 4

11 BAD 5

13 BAD 6

15 BAD 7

17 Address 88 AU Latched address bits to extended

16 B8 Al conumaenications option

21 8 A2

23 B A3

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

27.29.31 +35V +5 ¥ +5 ¥V output

333537 Ground GND

*Pins 39 and 40 are not used.




Table 3-8 Extended Communications Connector (J5) Signals (Cont)

Pin* Signal Muemonic Description

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

4 SHRAM DI compunications option .

& - SHRAM D2 '

8 SHRAM D3

10 SHRAM D4

12 SHRAM D5

14 SHRAM D6

16 'SHRAM D7

is Shared Memory Address . SHMA O Shared memory address bis from extended
Bit _ communications option

SHMA 1§ ‘

22 SHMA 2

24 SHMA 3

26 SHMA 4

2% SHMA 5

30 SHMA &

32 SHMA 7

a4 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
3¥ COM SH WR L. Read/write signal from extended

communications option

*Pins 39 and 440 are not used.

3.5.5 Memory Extension Connector (J6) Signals

The memory extension option plugs into a 32-pin header on the system module, This connector carrnies 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.

f,;}
L

(3%

L




Table 3-9 Memory Extension Connector (J6) Signals

Pin*

Signal

Munemonic

Description

[
Ead
"
i
—
Fi
b

PR N

[ —

.
-

WLl

—
o o

25
22

27,2833

Ground

Row Address Strobe

Address Bit 6
Address Bit i
Address Biu 13
Address Bit 8
Address Bit 3

Address B 10
Address Bii 0
Address Bit 14
Address Bit 7

Address
Address
Addrew
\d@ [Eehs

— D 1D

b

%088 Muitiplexer Seiect

Address Bit 11
Address Bit 4

Refresh Row A
Strobe

ddress

Parity Test

+5V

Parity Error

Memory Present

GND

RASS8 H

AG
:“\ E

RFSH RAS H

PARITY TEST H

This output signal strobes the row address
it the extended memary.

Memory extension address bits

This signai allows Address bits = 15:10>
from the 808& processor 1o be apphied 10
the extended memory.

Memory extension address bit

This output signal refreshes the extended
MEmory.

This output signal enables testing of the
parity circuits on the extended memory.

+5 ¥V output

PARITY ERROR L Th:s input signal informs the 808X that o

MEM PRES L

¢ b

memory parity error has occurred.
This input signal informs the BOE that
the memory extension is installed

The output signal is asserted by the
shared memory arbitration logic when an
unshared memory cvele 15 in progress

s not dsied are not used by the memony

xlensian Oplon.




Table 3-9 Memmy Extension Connector (J6) Signals (Cont)

Pin* - Signal Mpnemonic Description

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

3z Select Memory Bank 2 S64K 2 L This autput signal selects the secoad 64K
byte memory bank.

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

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

16 Buffered Address Data  BAD 7 Memory extension data bit 7

37 Column Address Strobe CASER H This output signal strabes the column
address into the extended memors.

38 Buffered Address Duata BAD ¢ Memory extension data bit 6

39 ata Transmit/Receive  DIT/R * This output signal controls the direction
of data to/from the memory extension.

40 “Buffered Address Data  BAD S Memory extension data bit 3

41 Memory Read BRDES H This output signal indicates that the 8088
1s 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 Date BAD 3 Memory extension data bit 3

43 Memory Write BWRSS L This output indicates that the 8058 is
performing @ write cycle.

46 Buffered Address Data BAD 2 Memory extension data bit 2

47 Select Memory Bank | Se4k 1 L This output signal selects the first 64K

‘ memory bank.

4% Buffered Address Data BAD | Memory extension data bit |

44 Ground GND

30 Buffered Address Data BAD O

Memory extension data bit O

*Pins not listed are not used by the memory extensian option.



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 menitor 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 : Munemonic I)escription
! Address Bit 3 Al R This output signal is used for graphics dis-

play control.

2 initialize INIT L » This output signal initializes the graphics
' option Oon power-up.
3 Buffered Address  BADO ‘Graphics option data bit &
Data
4 Graphics Select GRAPHIC This output signal selects the graphics
SEL L option.
5 Butfered Address BAD | Graphics option data bit 1
Data ‘
6 Crraphics Read BRDES H This output signal indicates that the R08%
is performing & read cvcle
7 Buffered Address BAD 2 Graphics option data bit 2
Data
8 Graphics Write BWREE H This output signal indicates that the 8088
15 aeriurmmv a write ¢vele
9 Buffered Address BAD 3 Graphics option data bit 3.
Data
10,1416 «5Y +3 ¥V output.
11 Buffered Address BAD 4 Graphics option data bit 4.
Data
13 Buffered Address BAD 5 Graphics option data bt 5
’ Data :
15 Buffered Address BAD 6 Graphics option data bit &
Data ‘
17 Buffered Address BAD 7 ' Graphics option data bit 7.
Daw
18 Ground GND

*Pins not lisied are not used by the graphics apton,
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Table 3-10 Graphics Connector (J7) Signals (Cont)

Pin* Signal - Mnemonic - Description
i9 Address Bit 0 ACQ This output signal is used for graphics dis-
, : play control.
20,2224, Ground ~ GND
- 2628 :

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 1o the Ke-
board /Monitor connector (I3} 1o directiy
drive the red gun of a color monitor.

27 Green Drive GREEN This input signal is routed to the Key-
board /Monitor connector (13} to directly
drive the green gun-of a coior monttor.

29 Biue Drive BLUE This input signal is routed to the Key-
board/Monitor connector (3} 1o directly
drive the blue gun of a color monitor.

30,32 +12W +12 ¥V output

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

i3 Graphics Video 2 GRFVID 2 H This signal is the second bit-mapped

- graphics video input.
33 raphics 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 15 used as the synchro-
nizing signal for the graphics video.

3% Graphics Interrupt - GRF INTR L This inpus 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 i3 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.



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 1o the power supply. The power supply dc
voltages and contro! signals that are applied to this connector are listed in Table 3-11.

Table 3-11  Power Supply Connector (J8) Signals

Pin Signal Munemonic Description

i AC ¥oltage Okay ACOK H This signal indicates the presence or absence ot 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 Voliage Bias VBIAS This signal is connected to the communications con-
trol register via a jumper on the svstem 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 4SSV +3 V input

10, 11,

12,13 Ground GND DC power return and signal ground

3.5.8 RX50 Controller Connector (J9) Signals

The RX 30 controlier connector is a 40-pin header that provides the interface between the ZBOA 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 RX% Controller Ccmnecmr {J9) Signals

Pin*  Signal Mpnemonic Description

piton

{)Mcm Drive Read ZFPRD L This output signal asserted by the
' ZROA 1/0 select logic allows the
RX50 controller to place read data
from the diskette drive onto the Z80A
data bus (ZD<7:0>).

(A

Printer Transmitted Data PRT TXD 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
ZB80A processors to test the data
separator circuits without the use of a
diskette drive.

3 Diskette Drive Write ZFPWR L This output signal asserted by the

: : Z80A 1/0 select logic gates data from
the Z80A data bus (ZD<7:0>} inwo
the RX30 controller.

4 Diagnostic Loopback DIAG LOOPBACK H This output signal, together with PRT
. TXD. allows the data separator circuit
£ 1o be tested zhreugn the printer port.

5 Z80A Reset ZRESET L This output signal wili reset the RX50
controller at power-up:

7 AC Voltage Okay BACOK H This output signal aliows the RX350
controller to transfer write data to the
disk drive only when the ac input t
the power supply is a1 the correct volt-
age level,

9 Disketie Drive ZFPREG RD L This output mgnw asserted by the
Register Read ' Z80A 1/0 select logic allows the
: Z8UA 1o read the status of the dis-

kette drive.

10,30 48V 1 +5 V output

11 Z80A Data B 7 D7 This bidirectional date bus bit s used
1o transfer data, control, and stalus
information between the Z8UA and
the RX30 controller,

*Pins not listed are not wsed oy the RN30 Controlier Maodule.
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Table 3-12  RXS0 Controller Connector (J9) Signals (Cont)

Pin* Signal Maemonic Description
12 Z80A Address Bit 0 ZA0 Address bit 0 together with address
: bit 1 selects 1 of 3 registers in the
RX50 controller to transmit/receive
data on the ZD<7:0> bus.
i3 ZBOA Datz bit 6 ZD6 This bidirectional data bus bit is used
to transfer data, control, and status
information between the Z80A and
the RX350 controller.
14,24 Ground GND Signal and power ground
N Z80A Dawa Bit 5 ZD5
i7 Z80A Dawz Bit 4 204
19 - Z80A Datz Bit 3 ZD3 These bidirectional data bus bits are
' used to transfer date, control. and sta-
tus information between the Z80A
and the RXS50 controlier.
21 ZB80A Data Bit 2 D2
23 Z80A Daws Bit ] 2D
25 Z80A Data Bit 0 ZD0
26 ZROA Address Bit | ZAL Address bit 1 together with address
: bit 0 selects 1 of 3 registers in the
RX50 controller to transmit/receive
data on the ZD<7.0> bus.
27 8 MHz Clock Pulse 08 A This clock pulse signal is used by the
write precompensation circuit in the
RXS50 controller.
29 4 MHz Clock Pulse 4 MHZ
3} 2 MHz Clock Pulse 2 MHZ This clock pulse signal is used by the
write precompensation circuit in the
RXS50 controller.
3234 412V +12 V Qutput
33 I MHz Ciock Pulse I MHZ This clock pulse signal is used by the

write precompensation circuit in the
RX50 controller.

*Pins not Bisted are not wsed by the RXS0 Controller Module
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#F Table 3-12 RX50 Controller Connector (J9) Signals (Cont)

Pin* Signal Muaemonic Description

33 300 kHz Clock Pulse 500 KHZ This clock pulse signal is used by the
data separator circuit in the RX350
controller.

36 -12V ~12 V Output

3z ZFPREG WR L This output signal asserted by the

Z80A 1/0 select logic enables a write
only control register in the RX30 con-
troller. The contents of the register
are used 1o select the drive, turn on
thg drive motor. write the precompen-

ation values, and select fm surface of
iiza, diskette 1o be acc 1

3% Diskette Drive Present FLPY PRES L This input signal informs the B088
that the RX30 controller is instalied.

39 Diagnostic Read ZDIAG RD L This output signal asserted by the
ZBOA 1/0 select logic enables the
general /status register on the RXSO
controller to place diskette drive sta-
tus information on the ZD<7:0> data
Bus.

*Pins not bisted are not used by the RX50 Controfier Module.

2.6 FIRMWARE INTRODUCTION
The firmware for the Rainbow 100 computer is contained 1n a 24K byte ROM consisting of three 8K x§
bit chips. The firmware provides the following services:

e  Power-up initialization of hardware

e Selftest diagnostics

s Terminal and console modes

e tmage of Z80A RAM space 10 be loaded

e  Boot loader 1o read track 0, sector 1 of diskette
e Opening menu selection process

e Automatic shut-off of monitor display after 30 minutes of nonuse, and restoration of display on
first activity {any keyboard or received character).




3.6.1 Terminal ’Vfﬂde

When in the terminz!l mode, the Rainbow 100 wmputer runs a firmware program using the 8088
processor and looks mmﬂar toa 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 Seir-Up conditions. :

The firmware is organized such that the VT102 emulation primitives form the conscle functionality for
use by applications zi’lraugh the interface layer. When in terminal mode, a background loop is ente ered that
calls on the console przz’mm es and adds the necessary functionality to provide full terminal mode.

An interface layer is placed over the conscle 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 he
controlled directly by the operating svstem

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 directlv 1o the screen RAM.
The interface between the application and the firmware is impiemented using a software interrunt, with
arguments passed and returned in the ?mzs; registers,

This leads to a lavered firmware stru cture as shown in Figure 3-5. From the firmware viewpoint, the

1

operating system i1 this examp!; is an apphication. 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.

SUr

QPERATING 8YSTEM

PEUINDICATES SOPH:
DOUBLE LINES INDIC

ED USER
TE FIRMWARE LOCATED IN ROML

MR 10288
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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 disketie and run as a terminal. The Rainbow 100 ROM diagnostic 1s
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
displaved: a message on the screen; and a 7-bit numeric value, displaved by seven lights on the back of the
system unil.

1 an error is fatal. a messuge will be displaved on the screen, the keyboard lights will blink. the kevboard
bell will sound three times, and the lights on the back of the system unit will light in a specific ;

the error is nonfatal, the message will be displaved in bhinking reverse video. the keyboard bell sounds
wwice, and no lights are lit on the back of the system unit. I no errors are detected. the keyboard beli will
sound once and the Main System Menu will be displaved on the screen,
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CHAPTER 4
SYSTEM MODULE TECHNICAL DESCRIPTION
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Retamd Documentation

me of the ““f‘ack diagrams within this chapter. the Jogic biocks contain the word SHEET followed by 4
: T§ « refers 1o 2 sheet number of the svstem module circuit schematies. These numbers may be
used &th: m.a‘z zé ti‘iw ;mr 1o locate the detailed circuit togic represented by the function jogic bloc RS
The PC m’? le circuit schemaucs (D-CS-541 15486-0-1) consist of i3 sheets and are a part of
the PCI00 Fie d ce Print Set (MP-01491-00}

4.2 GENERAL DESCRIPTION

The system module has & ua§ *pwu:w\r architecture that uses an 8088 16-bit processor coupled wi
Z50A B-bi pu;q,s‘:w § i is 2 block diagram that shows the relationship between the process
and their supporting logi }hf., processors operate from and transfer data through a shared block of (}"}\
bytes of RAM 1o direct. control, and monitor the system’s functions. Each processor has, i addition o the
shared block of memary, 2K bytes of private RAM and peripheral circuitry.

-.«I

W
oy

Each processor supports & portion of the system’s function in addition to running R-bit or 16-bit apph
tion/user software. The 8088 processor controls the monitor, kevboard. communications connector, and
alt options added to the system. The 8088 communicates with its supporting logic and instalied options»

a 20-bit un: dz*cc,liem address bus and an 8-bit bidirectional data bus.

The Z80A processor transfers ad@r ss/data and control signals 1o the RX 50 controller. which uses these
signals 1o read data from and write data to 1§'§€ dual-diskette drives. The Z8OA communicates Wi
supporting logic and the RS0 controller v 16-bit unidirectional address bus and an §-bit bidirectio
dati bus.
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Figure 4-1  System Module Block Diagram

The system module also contains two programmable baud raie generators. one for communications and
one for the printer. The communications baud rate generator provides the transmitzer and receiver clocks
for the communications channel of the multiprotocol seriai controller (MPSC). The transmitter and

receiver clock baud rate for this channei may be independently programmed.

The printer baud rate generator provides the transmitter and receiver clocks for the printer channel of the
multiprotocol seriai 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 froem 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 controlier Jogic.




The system module includes the following features:

ROHE processor
Z80A processor -
64K byte shared dynamic RAM

2K byte Z80A dedicated RAM

24K byte ROM

256 > 4 bit nonvolatile memory (NVM)

DCO11, DCO12 video processor

4K byte screen RAM

4K byte atiribute RAM

Async/bisyne communications por

Primier port

Kevboard interface

R X350 controller interface
Option expansion capability

&ﬁu«ooiuqrc«'wtt

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

4.3 PHYSICAL DESCRIPTION
} £

e svstern module is a modified g

\ 4 module that is 35.56 cm (14 in) long. 26.4.7 ¢m (10,4 inywide. and
325 ¢m (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 10 the rear of the printed circun
board contains three rectangular holes for the module connection to external devices and eight round haoics
for viewing the diagnostic lights. The back panel also contains four thumbscrews that are used 10 sedu
the system module to the system unit.

The system module contains nine connectors of three different ypes. Tyvpe |+ Three D-type conne
mounted on the rear edge of the sysiem board provide the external connections 10 the CoOmMMUNICs
device. printer. and kevboard/monitor. Type X The input dc power connector s 2 } 3-pin in-ling connecior
with one of the pins removed 0 provide a locating key. Type 3. The remaining five connectors are dual-
row headers and are used 10 directly connect the system module to the RX30 controlier moduic. ihe
memory extension option. the extended communications option. and the color/graphics option. The RX50
controlier module and option modules are secured by plastic standoffs Jocated at appropriate places on the
system module. Figure 4.7 shows the Jocations of the connectors. the main logic elements. the diagna
fights. and the manufaciuring test/configuration jumpers :

44 SYSTEM MODULE FUNCTIONAL DESCRIPTION

This section provides a description of the functions performed by the RO88 and ZBOA processors and their
support circuits. It describes the svstem logic used for making decisions. 1f you need detaled informat
on the BOSK or ZE(UA processors that is not provided in this manual. you can find it in the following
manuals: o

iAPX 88 Buuk
intel Corporation
3065 Bowers Avenug

Santa Clara. Califorraa 95031

(e

FRONCPL/Z80A™-CPL Technical Manual
Zilog. Inc.

1315 Dell Avenue

Campbell, Califorma 935008
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Figure 4-2  System Module Physical Layout

All illustrations ir this section are functional block diagrams. Logic symbols appesring on the block
diagrams indicate function and ma) not represent actual circuitsy. ‘

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 !‘50%
processors over which they operate and transfer data to/from their supporting logic. 1/0 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 1o the main logic elements on the system module

4.4.1.1 8088 Address and Data Buses - The 8088 address A<15:0> 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 808% with the address latch, output data buffer, 24K byte ROM. and the data bus transceiver is
bidirectional for deia transfers and umdirectional for address cyveles
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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 ZBOA 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<T7:0>
is an &-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 808% 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 $A«<10:0> 3 a umdirectional
hus used to access the 4K byvie 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 S08& uses the hous to access the screen and atiribute RAMs 1o store the characizr and attribute
information 1o be displaved on the monitor

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

4.4.1.5 Video Processor Buffered Address Bus - The buffered address bus BA<10:05 1 used by the
video processor 10 access the screen and attribute R AMs 10 retrieve character and attribute information to
be displaved on the monitor.

4.4.1.6 Video Processor Attribute Bus = The atiribute 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 abtained 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 808& uses this bus to store an ASCIH coded
representation of the character 1o 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 ASCIL encoded character by direct memor)
accesses 1o the screen RAM, and then converts the data inte an electrical signal that the monitor can
display as letters, numbers, and symbols. ‘




L 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 ZEOA processars. the extended communications option,
and the refresh logic to access the 64K byvte RAM. The 8088 address A<15:0> and Z8&0A address
7A<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.

o

4.4.1.9 Shared Data Bus ~ The shared data bus SHD<«7:0> is a bidirectional bus used by the 8088 and
Z&0A processars and the extended communications option to transfer data to and from the 64K byte
shared memory. The %088 data BAD<T7.0> and Z80A data ZD<7:.0> bits are connected 1o their
respective shared memory data iransceivers. The direction and gating of the data bits through the 80828
and Z80A transceivers is determined by control signals from the 808 and the ZROA . The shared memarn
arbitration logic continuously monitors the devices and establishes prierity using the SHD=7 > bus.

4.4.2 Clock Circuit ,
The clock circuit logic generates three groups of clock pulses that determi
Rambow 100 ¢ ;

et
iputer. The clock circuit block diagram is shown in Figure 4-4
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4.4.2.1 Master Clock - The master clock is a crystal controlled oscillator that runs at 24.0734 MHz.
The output of the osciliator is buffered and then used by three frequency dividers to produce clock pulses
for the 8088 processor and its support logic, the ZBOA processor and its support logic, and the RX50
controller logic.

4.4.2.2 8088 Clock Logic - The 8088 clock logic consists of a 8:1 frequency divider and a TTL to MOS
level converter. The 5°1 frequency divider provides three asymmetrical clock pulses (05A. 03B, and 05C)
and their complements (0SAL, OSBL, 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 1o
the 8088 microprocessor. The 05C clock pulses are sent to a 2:1 {requency divider to provide 2.5 MHz
clock pulses for the communications/printer MPSC and the keyboard PUSART. The %088 clock pulse
timing s shown in Figure 4-5. '

ey e A0 NS

Hgipigipupigipipipupupspupuns

e 208 NG wmemti|

CBECL

- S

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 10
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 & frequency of 4.012 MHz. The phase
difference between the clock pulses is 40 ns. The 04A clock pulses are converted to MOS voliage levels,
then applied to the Z8OA processor. The Z8OA clock pulse timing is shown n Figure 4-6.
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Figure 4-6 Z80A Clock Pulses

4.4.2.4 RX50 Controller Clock Logic ~ The RX50 controller logic consists of a 3:1 freguency 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 50C
kHz clock pulses by the synchronous binary counter. The 8, 4, 2. and | MHz and 500 kHz clock pulses are

used to synchronize various logic functions of the RXS50 controlier.

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 muitiplexer and are used only
during diagnostic testing.

4.4.3 8088 Processor

The 808§ is a high performance processor implemented in N-channel, depletion load, silicon gate technolo-
gy (HMOS). Itis mounted in a 40-pin dual in-line (DIP) package. The processor has attributes of both &
and 16-bit processors.

The 8088 features a time-multipiexed address and data bus that permits some pins 10 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 Vdec. In the Rainbow 100 computer, the %088 operates in the minimum mode.




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 EL on
the arithmetic logic unit (ALU) data bus, and loads instructions into the instruction queue.

ADDRESS BUS

(& BITS:
CS {LODE SEGMENT)

DS (DATA SEGMENT)

SS {STAZK SEGMENT)

ES (EXTRA SEGMENT

P
»
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CONTROL
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ELAG REGISTER -~ o QUEUE
T L CONTROL Fil2lzle '
SYSTEN ‘ ]
EXECUTION UNIT (EL) i BUS INTERFACE UNIT {BIU
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B

Figure 4-7 808K Processor Block Diagram
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When the EU is ready to execute an insiruction, it fetches the instruction object code byte from the BIL's
instruction queue and then executes the instruction. If the queue is empty. the EU waits for the instruction
bvte to be fetched. In the course of instruction execution, if a memory location or 1/0 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-bvte queue 1§
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 FU’s request.

4.4.3.2 Bus Operation - A bus cycle is an asynchronous event in which the 80&8 processor transfers to
the bus the address of 2 memory location or an 1/0 peripheral followed by either & read control signal (te
read the data from the addressed device) or a write control signal and associated data (1o write the datw 12
the addressed device). The selected device (memory or 1/0 peripheral) accepts the data on the bus during
a4 write cvele or places the data on the bus during a read cycle. On termination of the cycie. the device
iatches the data writlen or removes the data read.

Al ROXS bus cvcles consist of a mimmum of four clock (CLK88H cveles identif
and T4, A tvpical BIL bus cycle is chown in Figure 4-8. Detailed information for all
car be obtained from Intel’s iAPX &8 Book.

~ - BUS CYCLE ‘j

i i

i !

SO Ty ek T2 et T3 } 4 : DR ]

{ i H i i i ) i

\ / V) / " “

CLKBE + f \ \— \
1

WRITE

BUS ,ﬁ.}»;\ﬁi’g“?%ﬁ WHRITE DATA PP T—
A uT

CYCLE

READ

BUS

CYCLE

' Figure 4-8 Typical BIU Bus Cycles

The 8088 places the address of the memory or 1/0 device on the address bus during state T1. Durning ¢
write bus cvele, the 8088 places the data on the AD<7:0> bus from state T3 wnu! T4 During a read bus
gvcle. the 8O8E places the address on the multiplexed address/data bus in state T1 and then floats the bus
in state T2 10 allow the 8088 to change from the write mode to the read mode (input data). The S08R
accepts the data present on the address/data bus during states T3 and T4
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¢ is important to nete that the BIU executes a bus cyele 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 1o as
idle states (T1) and occur between state T4 of one bus cvcle and state T1 of the succeeding bus cvele.

In addition to the idie state previously described, the 8088 includes 2 mecharsm for inserting additional T-
states in the bus cyele to compensate for devices (memory or 1/0) 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 1o exit the wait state and
1o enter state T2

4.4.3.3. 8088 Pin Description - The 40 pins of the 808K processor are divided into six functional groups:

1. Address bus
2. Addrem,‘ watus bus
3. i 14
4
5 rcn npa;u.
6. Power m;:fms
The func ol pins is defined by the voltage level (Vee or ground) applied

1o the minimum/m 13y T'*"ffg; 1‘* zhe 4{? of the 80%% are not used in

the Ramnbow 100

gmab“, pins

Table 4-1 8088 Processor Pin Descriptions

Pin Signal Pin

No. Mnemonic Symbhol Direction® Signal Name and Function

916 AD7-ADO AD7-ADO  1/0 ADDRESS DATA BUS: These lines are the
time multiplexed memory /10 address (T1) and
data {T2. T3, TW, and T4) bus These lines are
active high and float to 3-siate OFF during
interrupt acknowledge.

2-8.36 AlS5-A% Al5-A% O ADDRESS BUS: These lines provide address
bits & through 13 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 A !{%,"S? O ADDRESS/STATUS: During T1, these are the

37 AlT ! uizyﬁ O four most significant address lines for memory

16 AlS ; G operations. During 1/0 operations. these lines

33 Al9 O are low. During memory and 1/0 operations.

status information is available on these lines
during T2. T3, TW, and T4 S6 is alwavs low.
The status of the interrupt enable flag bit {(85) is

* Indicates direction of signal with respect to the BORK processor. (O = output. | = input}




Table 4-1 8088 Processor Pin Descriptions {Cont)

Pin Signal Pin
No. Mnemonic Svmbol Direction® Signal Name and Function

updated at the beginning of each clock cycie. 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.

Lk
1
e
o
o
e
i3

RD (6] READ & Read strobe indicates that the
processor is performing a meniory or 1/0 read

7 ke

1

cvele. depending on the state of the 10/M
or S2. This signal is used to read devices thal
reside on the 8088 local bus. RD is active fow
during T2. T3.and TW of any read cvele, and is
guaranteed 10 rem
local bus has floated.

fieh in T2 unul the BORS
&

22 READY H  READY 1 READY . is the acknowledgement from the
addressed memory or 1/0O device that u
Th:

will
complete the data transfer. Th signal 18 ¢
high. The 8088 READY inpu! i~ not synchro-
nized When READY i a aw. wait s1at
(TW) are added 1o the 8O8Y bus ¢ cle.

INTR H INTR

e

INTERRUPT REQUEST: is 2 level tnggered
input which is sampled during the last clock
eycle of each instrucion to determine 1f the
processor should enter into an interrupt
acknowledge operation. A subrouting is
vectored 1o via an interrupt vector lookup table
located in system memory. It can be internalhy
masked by software resetting the imterrupt
enable bit. INTR is internally synchronized.
This signal is active high.

[
Lad

COMM/PRT TEST 1 COMMUNICATION/PRINTER INTER-

INTR L RUPT REQUEST: input is cxamined 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 eac
clock ¢vele on the leading edge of CLKSS H.

17 PARITY NMi i PARITY ERROR: is a nonmaskable interrupt
ERROR L input from the memory extension option. It s

active low when a parity error occurs. The edge

triggered input causes a lype 2 interrupt. A sub-

routine is vectored 1o via an interrupt vector

lookup tabie located in system memory. Parity

* Jndicates direction of signul with respect 10 e B8 processer. (O = ouiput. I = nput}
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Table 4-1

BO88 Processor Pin Descriptions (Cont)

Pin
o,

Signal
Mpemonic

Pin
Symbol

Direction*

Signal Name and Function

[ 2%

¥
LA

RESET H

CLKE8 H

+3V
GND

MN/MX

10/M

WRES L

INTAL

ALE H

RESET

CLK

Vee
GND

MN/MX

10/M

WR

INTA

ALE

-

Q

O

error is not maskable internaily by software.
The transition of the parity error signal from
HIGH to LOW initiates the interrupt at the end
of the current instruction. This mput is internai-
ly synchronized.

RESET: causes the processor to immediately
terminate its present activity. The signal must
be active high for at least four clock cyveles It
restarts execution when RESET returns low.
RESET is internally synchromzed.

CLOCK 8088 provides the basic
processer. I is asymmetric with a 33
cvele to provide optimized internal timing. The
{requency of the clock signal 15 4815 MHz

VCC: is the +5 ¥ 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 hgh ©
MN/MX selects minimum mode. This signal 15
tied to +5 V through a 330 chm resistor in the
Rainbow 100 computer.

INPUT OUTPUT/MEMORY: This statwus iine
is used to distinguish a memaory access from an
1/0 access. 10/M becomes vahid n the T4 pre-
ceding 2 bus cycle and remamns valid untii the
final T4 of the cyvele (1/0 = high. M = low}.

i

WRITE 88: Strobe indicates that the processor
is performing a write memory or write 1/O
cvcle depending on the state of the 10/M signal.
WRE&S L is active for T2, T3, and TW of any
write ¢veie It 1s active low,

INTERRUPT ACKNOWLEDGE: is used as a
read strobe for interrupt acknowledge cycles. It
is active fow 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 tatches. 1t is a high pulse active during
T1 of any bus cvele. ALE 1s never floated.

* Indicates direction of signal with respect 10 the 5088 processor. (O = output. t=inpul:
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e Table 4-1 8088 Processor Pin Descriptions {Cont)

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

DT/R DT/R O 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 10/M (T = high. R = low}.

(]
-3

26 DENL DEN O DATA ENABLE: is an output enable for the
AD<7:0> data bus transceiver and the video
processor data transceivers. The signal i1s acine
Jow during each memory and 1/0 access. and
for interrupt acknowledge (INTA) eycles. Fare
read or INTA cvcle. it is active from the mid
of T2 until the middie of T4 For a write ¢ycle.
it is active from the beginning of T2 unul the
middle of T4

im-’n\‘

{hat another bus master is requesiing a lo :
hold. This signal 1s not used in the Rainbow 100
computer and 1s tied to ground {low).

HOLD I HOLD: When active high. this signal ind

J T

A HLDA O HOLD ACKNOWLEDGE: 12 active bi
acknowledge a HOLD request 10 the processor.

This signal is not used by the Rainbow 100
computer.

10

5

L

34 SSO O STATUS LINE: The combination of 550,
10/M. and DT/R allow the system | feie-
Iy decode the current bus cvele This signal s

not used in the Rainbow 100 computer

¥ Indicates direction of signal with respect 19 the RO%% processor. 10 = output. } = mput)

Table 4-2 Segment Register Status Encoding

S4* S3 Characteristics

0 (Low) 0 Alternate Data

0

Stack

e

I (High) 0 Code or ™ong

1 1 Dtz

*S6 i O {low)




4.4.4 Z80A Processor ,

The Z8OA is an &-bit parallel processor mounted in a 40-pin dual in-line package. It has a 16-bit
unidirectional address bus and an ¥-bit bidirectional data bus for interfacing to 62K bytes of shared
semory. 2K bytes of dedicated memory, the RX50 controller, and supporting logic. All output signals are
fully decoded and timed to control the memory and RX30 controller.

The Z80A has internal registers that contain 208 bits of read/write memory that are accessible to the
programmer. These registers include two seis 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 ZS0A 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

ZROA also has two £-bit registers: the interrupt register and the 8-bit refresh register,

The Z80A requires ondy a single +35 V power supply source. The internal block diagram (Figure 4-955
the primary functions of the Z80A processor.

t

ADDRELS

LOGIC
Pr— AND

£

BUFFERS
REGISTER
ZRESET ARRAY
IweaT
INTZBG ©
2ok ALl
®
DATA
PR ¥ BUS
STER INTERFACE
INTERNAL DATA

BUS

Figure 4-9  ZROA Processor Block Diagram

4.4.4.1 Z80A Basic Timing - The Z8OA processor executes instructions in the following sequence:

Opcode feich

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

B

Each instruction cvele consists of one or more machmne cveles (M1, M2, M3, ete.) The number of
machine evcles required depends on the specific instruction being executed. Each machine cvcle consists
of three or more T cyeles (T1, T2, T3, T4
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Machine cycles can be extended either by the 780A automatically inserting one or more wait cycles (TW)
or externally by the ZROA support logic. The support logic supplies the wait control signal (ZWAIT L) w0
the Z80OA 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 ciock. 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
ZRO™M-CPU/Z80A™-CPU Technical Manual.

X

e e REACHINE CYCLE
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e
Figure 4-10¢  Basic Timing for Typical Z&0OA Read or Write Cycle

The Z80A places the address of the memory jocation or 1/0 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 ZBOA accepts data that was placed on the ZD<7:0> bus by the memory or
1/0 device in the T3 cycle. )
During 2 write cycie. the ZR0A places the write data to the memory or 1/0 device on the ZD<7:0> bus
from the T2 cycle through the T3 cycle.

\K’t"ﬂm\




4.4.4.2 Z80A Pin Description - The 40 pins of the ZBOA processor are divided into seven functional

groups.

Al S S

The Z80A processor as implemented in the Rainbow 100 computer does not require the fu nehions
provided by all of the 40 pins. The Rainbow 100 computer uses only 36 of the 40 pins The pin funcy

Address bus {16 pins)

Data bus (8 pins)

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

a1

are described in Table 423,

Table 4-3 Z80A Processor Pin Descriptions

Pin Signal Pin

M. Mnemonic Symbol Direction® Signal Name and Function

1% ZA<] 50 AD-ALS G ADDRESS BUS: ZA<150> form a lo-bit

30-40 address bus. The address bus provides the
address for memory data bus exchanges and
1/0 device exchanges

23 BUSACK © BUS ACKNOWLEDGEMENT: mdicaies 10
the requesting device that the address bus. data
bus, and control signals have entered their hi ;:n«
impedance states. This signal i not used by
Rainbow 100 computer.

25 BUSREQ BUSREQ 1 BUS REQUEST: This signal. when active
(low). forces the ZX0A address bus. data bus.
and contro! signals to go to a mgh-impedance
state so that other devices can control thesc
lines. This signal is always in active in the Rain-
bow 100 computer. It is tied to +5 V through a
4. 7K resistor.

£ ZPHI L CK I CLOCK: provides the basic timing for me
Z80A It is a symmetrical clock signal with @
frequency of 4.012 MHz.

7-10 ZD<7 0 DO-D7 1O DATA BUS: is the 8-bit bidirectional bus used

12-18 for data exchanges with memory and 1/O
devices.

29 GND GND GROUND: is the ZBOA ground pin

* indicates gection of ot o the 2504 (0 = output. | = mpuil
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Table 4-3

Z80A Processor Pin Descriptions (Cont)

Pin

No.

Signal Pin
Mnemonic Symbol

Direction*®

Signal Name and Function

e

pe

19

~d

HALT

INTZEG L INT

CZIORQ L 10RQ

ZMIL Mi

ZMREQ L MREQ

NMI NMi

ZRD L RD

O

O

#

O

HALT STATE: When active (Jow), this signal
indicates that the ZXOA 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.

INTERRUPT REQUEST: This is the interrupt
request from the 8088. The Z%0A honors i"; s
request at the end of the current ;astfe.mm if
the internal software-controlled interrupt enable
flip-flop is enabled.

INP&ET_;*"()LSTPLT REQUEST: When iow. this
signal indicates that the lower half of the
address bus holds a valid 1/0 address for an 1/0
read or write operation. ZIOR{Q L 1s also p"”scr‘*
ated concurrenthy with ZMi L during an mter-
rupt acknowledge cvcle to indicate {I"ms an
interrupt response vector can be placed on the
data b:.:ﬂ

b

MACHINE CYCLE ONE: ZMI L. together
with ZMREQ L. indicates that the \,uxﬁ:m
machine cvele is the opcode fewch cyeie of an
instruction execution. ZMI1 L. together with
ZIORO L. indicates an interrupt acknowiedge
cvele

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

NONMASKABLE INTERRUPT: This signal
is not used in the Rainbow 10¢ computer. It is
tied to +3 V through a 47K ohm resistor 10
hold it inactive (high).

MEMORY READ: When low, this signal indi-
cates that the Z&OA wants to read data from
memory or an 1/0 device. The addressed mem-
ory or 1/0 device uses this signal 10 gate data on
the ZD=7:0> bus.

* indicates dircction of signal

N

e

with respect 10 the £80A 10 = outpul. 1 = mputs
| 4 L ¥




Table 4-3 Z80A Processor Pin Descriptions (Cont)

Pin
Ngo,

Signal
Mnemonic

Pin

Symbeol

Direction®

Signal Name and Function

26

P
(v 8]

i
Lo

io 2o |

o

t

ZRESET L

ZRFSH L

ZWAIT L

ZWR L

48V

RESET

RFSH

WAIT

WR

Vee

RESET: When low, Z RESET L initializes the
7Z80A as follows: it resets the interrupt enable
flip-flop, clears the PC and the 1 and R regis-
ters. and sets the interrupt status to made O
During reset time, the address and data bus go
to a high impedance state, and ail control output
signals go to the inactive state.

REFRESH: This signal is active fow. 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 dvram-
ic memaornes.

WAIT ZWAIT L indicates to the Z8GA that
the addressed memery or 1/0 device is not
ready for z data transfer. The Z80A continues
1o enter a wait state as long as this signal is
active low,

MEMORY WRITE: When fow, i a
the ZROA data bus holds valid data 10 be stored
at the addressed location.

VCC: s the +5 V power input.

* {ndicates direction of signal with respect to the Z80A (O = output. | = inpui}




4.45 System Module Memory ;
The system module memory available to the 808% and the ZBOA processors consists of ROM, RAM, and
nonvolatile RAM. The memory types and memory sizes are as follows’

. e 64K byte shared RAM {dynamic})
e 256 x 4 bit NWM
e 2K byte ZBOA dedicated RAM ({static)
s 4K byte screen RAM {static)
®

4K bvte atiribute RAM istatic)

Additional memory is available to the 8088 and the Z80OA when an optional memory extension module is
installed on the system module. The memory extension module is available in two versions: 62K byvies
{Part Number PCINX-AA) or 192K byies (Part Number PCIXX-AB). Both of these versions are
dypamic random access memories (DRAM) that plug into connector J6 on the system module. The
memory option is described in Chapter 3.

The 8088 memory map is shown in Figure -1

78007
8x BYTES

8¥ BYTES

B BYTES

3 A
g "
IGO0
ATTRIBUTE RAM
, 4K BYTES| |
EFOO0
SOREEN RAM
AK BYTESE o
TR
RNVIE SHADDW
EOas
ROLSRE
aRE X & BTS
E0000
BV SHADOW
[Td s
P S
T aso00
OPTIONAL RAM
4% BYTES OR 102K BYTES
SHARED RAM
B4K BYTES

Qood0

PR T

Figure 4-11 8088 Memory Map




The Z8OA memory map is shown in Figure 4-12. The ZB0OA memory addresses are remapped in the 62K
bvte shared RAM and the 2K byte Z80A dedicated RAM when the address bit ZA<15> is inverted.
ZA<1%= s 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.

AODRESS BIT ZACIE> INVERTED ADDRESS BIT ZA<15> NOT INVERTED
FrEs . TFEF FFEF : EEEF
o8 SHARED RAM %%:-; 8000 SHARED RAM
£7K BYTES BBOO 0BOO 62K BYTES
PRIVATE 87FF OTFF P E | PRVAT
JK BNYTELD : B el TE ] 2
o0 8000 0000 * veoc
808 28 BDBS 280

Figure 4-12  Z&0A Memaory Map

4.4.5.1 64K Byte Shared Memory - The 64K byte shared memory can be accessed by the XOB¥
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 veciors 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 byie range will access
the ZX0A 2K bvie 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
simultancously request access to the memory. If the 8088 and Z80A simultaneously request access 10
memory, the arbitration logic gives memory priority 1o the Z8OA.

Data is written inic or read from the shared memory by the 8088 or Z80OA 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 Z80OA date
transmit /receive (2T /R) outpur signal, depending on which processor is accessing memory. These two
signals. DT/R or ZT/R, are also used 1o control the direction of data transfer through the shared memory
data transceivers.
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4.4.5.2 24K Byte ROM - The 24K byte ROM consists of three ¥K 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 808% and Z8OA code for diagnostic, terminal emulation, language translation. Set-Up, and
bootstrap programs.

The 8058 accesses the 24K byte ROM via address bits A<12:0>. The data is read out of the ROM via the
%088 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 B08X.

Address bits A<15:123> are decoded by the ROM select decoder to select one of the three ROMs. Address
hits A<19:16>. R/DT, and M/1Q signals are active during a memory cycle and are used to gate out ROM
0SEL 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 RDS88 L signal is applied to the enable input of the 24K byte
ROM and gates the dala onto the AD<7:0> bus.

A0 >
24K BYTE ROM
A0 i i
J\ ROMO | rom 1 | omom:
i . V| soom i ADC 70
A<t 1> Bkx g | sixe
H08E BTS | BTS
PROCESSOR | smeet s
BOM i H
SELECT I R
DECODER LT CEIOE CEIDE CF
A<1G1 6> Romo st 18 4 !
ROM 1 SE. |
A SHEET & i
il ROBE L i J b
A ADCT D N r>
SHEET '
N y

Figure 4-14 24K Byte ROM Biock Diagram

4.4.5.3 256 x4 Bit NVM —~ The NVM is a 256 x 4 bit nonvolatile memory that is overlaid by a 256 > 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 & SAVE
operation.

The 808% 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 i1s 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 808% and the NVM control logic.
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Figure 4-15 NVM Biock Diagram

The following signals

nirol the operation of the NVM:

NVM SEL L
RECALL NVM L
PROGRAM NVM H
WREE L

¢ @& & &

The NVM SEL L signal is the chip select input of the NVM. This signal is asseried 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 EDQ40H 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 15 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 O 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 a2 RECALL of the contents of the
NVM after initialization, bit 7 of the register must be set 10 0 and then back to 1.




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 10 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. 1f 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 WRSK L signal from the 8088 is applied to the 1/0 select decoder and the write enable input of the
NVM. This signal is active low when the 8088 is performing a write operation 10 the shadow RAM.

4.4.5.4 2K Byte Z80OA Dedicated RAM (Static) - The Z80A processor’s dedicated memory is a 2K X &
bit static RAM that is accessed by the Z8OA 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 refationship of the 2k

byte dedicated RAM 10 the Z80A address bus, data bus, and memory control logic.
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ZIORO L
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Figure 4-16 2K Byte Dedicated RAM Biock Diagram

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

s ZSPRCEL
e Z7RDL
= 7WR L

The Z80A scratch pad RAM chip enable (ZSPR CE L) signa! 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
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memory request (ZMREQ L) signal from the ZROA during a memory cycle. ZSPR SEL L is asserted by
the memorv address decoder when the 780A outputs an address in the O000H 10 07FFH (6 10 2K) range
and an 1/0 cycle is not 1 Progress. '

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

The Z80A write signal 1 applied to the write enable input of the 2K byte RAM. This signal is asserted
during a memory write cycle 10 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 Byvte Screen RAM and 4K Byte Attribute RAM (Static) — The screen RAM and aurnbute
RAM can be accessed by the BOSE processor or the video processor. The 808 uses these memories 1o
temporarily store the character and attribute (character, line. and screen) data to be displaved on the
screen. The video processor directly acCesses the memories (DMA) via its address bus to retrieve the stored
haracter and attribute data and then converts the data into a video signal that the monitor uses 10 produc
the screen displas. Figure 4-17 is @ bl m that shows the memories and their relé 1o the BOBE,
the video processor, anc ‘

ra

SHEETH

SELVID L

SHEET 1

Figure 4-17  Screen RAM and Attribute RAM Control
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The screern 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 proceessor. 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
SCR1 SE
ATTO SE
ATTI SE
SRD L
SWR L

L
L L
LL
LD

® & * & & @

The inputs to the screen RAM/attribute RAM muluplexer are obtained from the video processor fogic
during @ 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 1o select either atiribute RAM 0 or | during 2 DMA.

During 2 non-DMA. the 8088 supplies the chip select inputs 1o the screen RAM/attribute RAM mult-
plexer through a 2-ine to 4-line chip select decoder. Address bits A<12:11> are decoded and sent 10 the
«creen 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 ATT] SEL L)

The 8088 outputs address bits A<19:13> and the 10/M signals during a screen RAM and attribute RAM
access 1o the NVM and video select decoder. When these address bits are in the correct screen and
attribute RAM address range { EEOOOH 10 FOOOOH), the N¥YM 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 WREE
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 (Jow) if the video processor is not performing a DMA. SWR L is applied
1o the write enable inputs of the screen RAM and attribute RAM to gate the data on the BA<«7:0> and
AT<7:0> bus inte the screen and atiribute 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 808K 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 atiribute 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 BIy<7:0> and the lowest four attribute bits AT<2:0> are then sent to
the video processor where they are used to generate the video signal for the monitor.

AT
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4.4.6 1/0 Decoders

The svstem madule contains two sets of 1 /O decoders that are used by the 8088 processor and the Z8OA
processor 1o seiect anc cantrol the transfer of data through the 1/0 ports. The 8088 and Z80A 1/0
decoders are described in the following paragraphs.

4.4.6.1 8088 1/0 Decoders - Three 1/O 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 kevboard PUSART. the color fgraphics option, and the extended communications option. The three
decoders are the 1/0 read decoder, the 1/0 write decoder. and the 1/0 port select decoder. The VO
decoders supply control and select signals to the following registers and devices:

»
*
®
L]
»
L
L
L
L
*
*
*
®

Communicatipns status register
Cemmunications control register
nostic read register
Dingnostic write register
DO write registe
DCI2 write ¢
Muassive hut
Communicat
inter baud
Communicaion
Ke

iy

A re (MHFU ) detection
ns baud rate generator
generator

‘printer serial controller

E’}‘
3
&

¢

hY
sraniics o

S 3

Extended communications oplion

ock di
O de
pul/oulpul memory s
%-line decaders

oram that shows the relationship between the 1/0 decoders. the 80BS, the
s, The 17O decoders use address bits A<7:1>, the read/write signals. and the
. from the $08% 1o control their operation. All three 1/0 decoders are 3-line 10

ters. and the 1/

The 808 170 port select decoder decodes address bits A<6:4> when it is enabled by address bit A<7-
and the input/outpui memory sighal 3\ will be active high when the 8088 1s porforming an
input/output read or write cvele. When addre ali active low. the 1/0 decoder enable
‘de one of the enable inputs to the 1/0 read and 1/0 write decoders. The active

Ger is determined by various combinations of address Bits

The 8088 1/0 write decoder decode !

and the 1/0 decoder enabie signal from the 170 port sclect decoder. The outputs of the 1/0 write deca
a 1o enable a parucular register or baud rate generator 1o accept the write datz from the 8085
When address bits A<3 1> are all active low, the 88INTZ signal will go low and reset the INT Z8OA fhp-

The 8088 1/0 read decoder decodes address bits A<3:1> when it 15 enabled by the read {RDS8R L} signal
and the 170 decoder enuble signal from the 10 port select decoder. Two of the outputs from the 1/0 rea
decoder arc applied to the communications status register and the diagnostic read register 1o read the
contents of these registers onto the 8088 BAD<7:0> bus. The third output, CLR88 L. is active low when
11 address bits A<3-i= are low. The CLRES L signal clears the interrupt BORS flip-flop to prevent the
ZK0A from interrupting the 8035

Dyata. 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 10 a parucuiar

register address. Table 4-4 hists 1ne 1/0 addresses and the registers they access.

4-29
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Table 4-4 8088 1/0 Addresses

Address
{Hexadecimal) Function , Type*

00H Interrupts Z80A flop WO
00H Ciears 8088 interrupt flop RO

02H Communications and LED register WO
02H General communications status RO
04H DCOLY write register WO
06H Communications baud rate register WO
OAH Maintenance port WO
OAH Maintenance port RO
0CH DCO12 write register WO
OEH Printer baud rate regisier WO
1OH Cevboard data register {(8231A) R/W

i1H Kevboard <o ol /status register {E251A) R/
20H-2FH Exiended communications option/option select i R/W
40H Communications data register (MPSC) R /W
414 Printer date register (MPSC) R/W
4724 Cammunications contral/status register (MPSC R/W
43H Printer control/status register (MP5C) R /W
SHO-SFH Graphics option select ' R /W

60H-6FH Extended communications option/option select 2

WO = Write onlv, RO = Read only, R/W = Read/wriie

4.4.6.2 280A 1/0 Decoders - The Z8OA processor Uses two 1/0 decoders to supply read /write control
signals 10 nine status and contro! registers for the diskette drive. These regisiers are locarzd both on the
system module and the RX S0 controlier madule. The read/write comtrol signals for the status and control
registers located on the RX50 controller module are routed through the RX30 controller connector (391,
The decoders also suppiy nterrupt control signals for the Z80A and the BOKB processors,

The two /0 decoders supply the read/write control signals 1o the following registers:
; | 1 - o

Diskette control register (RX50 controller module)

Diskette status register (RX50 controiler module)

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

FDC command register (RXS0 controller)

FDC status register (RX50 controlier)

FDC track register (RX30 controller)

FDC sector register (RX50 controdier)
FDC data register (RX30 controlier)

& & ¢ & & & & & 5

Figure 4-19 is a block diagram (hat shows the relationship between the 1/0 decoder, the ZBOA processor.
and the registers. Address bits ZA<6:5>, input/output read (ZIORD L). and input/outpul write {ZIOWER
1) are used o control the operation of the 1,0 decoders. Both of the decoders are 2-line to 4-line decoders.
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Figure 4-19  Z8OA 1/0 Decoders

The 170 read decoder decodes address bits ZA<6:55> when it is enabled by ZIORD L during a Z80A 1/0
read cycie. The 1/0 read decoder outputs are apphed to the general dmgnosnc status register. the diskette
status register. and to internal registers of the FDC controller chip to transfer the contents of thes
registers onto the ZD<7:0> bus. \ozc that bits ZD<2:0> of the gmeml:magnosnc register arc obtamed
from the svstem moduic. and the reman 2 > are obtained from the RX 50 controller module

When address b;iz ZA<6:5>= are low, ?tiﬁ L rted and clears the INT Z8GA fiip-flop.

P

The 1,0 write decoder decodes address bits ZA<6:5> when it is enabled by the ZIOWR L during 2 x’f\j"{).%
1/0 write cvcle. The 1/0 write decoder outputs are apphed to th* genera /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<6:3> are low, the 1/0 write decoder asserts
ZINTER L to clear the INT 8088 flip-flop and interrupt the 8088,

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

{Address*

(Hexadecimal) Function Type?
00H ' Clear interrupt to Z8OA RO
O0H Interrupts BOBE WO
2iH General/diagnostic status register RO
2iH General/diagnostic control register WO
40H Diskeite status register RO
40H Disk control register WO
60H FDC siatus register RO
604 FDC control register WO
61H FDC track register R/W
62H FDC sector register R/W

63H FDC data register R/W

4.4.7 lInterrupt Logic

The 8088 processor accepts maskable interrupts from seven sources according 1o priority feveis assig
each interrupling source and one nonmaskable interrupt. The only interrupt source for the ZR0A processoe
is the interprocessor interrupt from the %088, When the 8088 or the ZBOA receives an interrupl request.
the interrupted processor will complete execution of the current instruction and then jump 1o the in
cervice routine for the interrupting source. Figure 4-20 is a block diagram that shows the interrupt
the 808%. the Z80A, and the interprocessor Interrupts.

<]

4.4.7.1 8088 Interrupts - Interrupis 10 the {088 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 nonmaskabie. Al
interrupts, whether imtiated by software or hardware. result in transfer of controi to an INETrUpt SeTVice

program.

e

The seven maskable hardware interrupts 1o the %088 come from the following sources:

Interprocessor interrupt from the ZBOA
Keyboard

Communications or printer MPSC
Video controller (DC12)

Optional coior/graphics module

Optional extended communications module (two interrupts)

« & & & & &

The nonmaskable hardware interrupt (NM1) 1o the 808S 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 WML, it can be restarted only by entering Set-Up and resetting the sysiem.
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The seven hardware interrupts are sent through seven transparent latches to an 8-line 1o 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 808&. The
jnterrupt type encoder uses the 3-bit priority level code 10 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 1o the interrupt vector addresses. The 8088 irterrupt vector addresses are
described in Table 4-6.

FARTY ERALER ¢

e e -

{ ZCLR L

|

i ‘ !
| TALE SR i
i L BT PR -,

! INT 28 T IBO O CBLA !

NTE
J—— T A

! i BAD
<70

S —_—

OPTION

GRAPHIZS GPTION

SHEET ' 2 . i it
VIDEC COMTROLLER VERT R L SHEET 1

DC12

Ficure 4-20 Interrupt Logic Biock Diagram
g £ g

4.34




Table 4-6 8088 Interrupt Vector Addresses

Priority Interrupt YVector

Level* Anemonic Interrupt Source Typet Addresst

VERT INTR L DC12 video controller 20 86
6 NOT USED

b GRFINTR L Color/graphics module (optional) 22 BE

t

4 DMAC INTR L DMA controlier (hard disk drive 23 14
or input to extended
communications option)
3 COMM/PTR Communications/printer MPSC 24 G
iINTR L
2 COMM INTR L Optiona! extended communications
nterrupt 25 wi

! KBD INT L Kevboard PUSART 26 an

i INTES L Interrupt from ZROA 27 o

3 = Highest, & = Lowest
* Hesadeomal

4.47.2 Z80A Interrupts - The ZR0A processor can be interrupted only by the BOXE processor through a
D-type flip-flop. When the Z8/OA accepts the interrupl request (INTZS&0 Ly from the ®0x3. 2 will
complete execution of the current instruction and then injtiate an interrupt request/acknowledge oyeie
During this cyele. ZIORQ L and ZMI L are asserted low to enable the Z&%0A interrupt vector encoder and
gate the Z8OA interrupt vector address onto the ZD<7:0> bus.

The interrupt vector address (F7H) placed on the busis hardwired inte the Z8OA mterrupt vector encoder.
The F7H interrupt vecior address causes the ZR0OA 1o perform an RST 30 instruction in interrupt mode €.
¥ l

4.4.7.3 Z80A/8088 Interprocessor Interrupts — Each processor has a D-ivpe flip-flop that 1t uses w0

interrupt the other processor. The Z80A processor uses the INT 8088 FF and the 8083 processor uses (v
INT Z80A FF.

. INT Z80A FF - The INT 7Z80A FF is set and cleared by control signals fre
write decoder and the Z80A | /O read decoder. The flip-Tlop is set when the &
1/0 write cvele o 1/0 port OOH and causes the 1/0 write decoder to assert 8RINTZ L. The
flip-flop i cleared by the ZCLR L signal from the 1/0 read decoder when the Z&0A performs
an 1/0 read oycle to port OOH. The read/write data is irrelevent. The firmware clears the fip-
flop when the system is turned on.

. eS8
3
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INT 808% FF - The INT 808% FF is set and cleared by control signals {rom the Z8GA 1/0
write decoder and the 8088 1/0 read decoder. The flip-flop is sel when the ZKOA performs an
170 write evcle to 1/0 port OOH and causes the 1/0 write decoder to assert ZINT88 L. When
set, the fli p»ﬂap asserts INT88 L and interrupts the 8088 at priority level O. The flip-fiop is
cleared by the CLREX L signal from the 170 read decoder when the 8088 performs an 1/0 read
cycle to port OOH. The read/write data is irrelevent. The firmware clears the flip-flop when the
svstem is turned or

4.4.8 Video Processor

The video processor is a subsystem of the svstem module that converts data from the {88 p*ocaswr into a
composite video signal that the monitor uses to display letters, numbers, and symbols. video processor
subsystem consists of two central devices {the DC11 video timing and DCI2 video control chipsi. (ha
screen RAM. attribute RAM, character generator ROM, and supporting logic. Frgure 4-21 15
diagram that shows the address and data flow through the video processor.

The 808% processor puts ASCH encoded character data to be dis ‘;as f:d m tl‘*e
I F >
{ ~ Mo a ihute R’\\f ”I d {h noretrieves th 3y
ata in ;1;2 attrioute ¢ VIACO procossor inen teves
time by direct memory accesses (DMAs) to the screen and Af*rvbu{' RA 3
converted into streams of puises, mod fied according to the attributes selected. The pm»tx are sent 1o xh*
monitor where they are converted into light 1o form characters on the momtor screen The DCH
DC 12 custom ICs provide the complex timing and control signals necessary to convert the ASCI data into
the composite video signal required by the monitor.

en R’X“d and am:‘“mc

The video processor supports the following features:

24-line « R0-column display

24-line x 132-column display

Smooth serolling (full screen and split screen)
Jump scroliing (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

$ B & ® & © o & & B & @

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 Rambow 100 computer
display: screen, linc, and character.

The screen attributes affect the characteristics of the entire screen area. The attributes are stored n the
NVM, During Set-Up. power-up. or reset, the 8088 processor reads the Set-Up specifications and writes
them into the DC11 and DCI2 via the BAD<7:0:> bus to establish the screen attributes. The screen

attributes are the nﬁ%\:}mng’

Jump or smooth scrolling

80- or 132-column screen width
Dark or light screen backg;mmi‘x
S0 Hz or 60 Hz screen refresh rate

8 & & %
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Line atirnibutes affect the characienstics of ali characiers on a single line of the screen. These attributes are
selected by software on 2 line-by-hine basis and include the following;

Single-width characters

Double-width characters

Double-height and double-width characters

Scroll 1o indicate that the line is in a scrolling or nonscrolling area of the display

® & @& @

the appearance of

Character attributes are selected by software on a character-byv-character basis to affect
any combination. The

characters displayved on the screen. The attributes can be selected singly or in
character attnibutes include the {ollowing:

Underbined character

Reversed video character

Bold characier (increased intensiivi
Blinking character

& & & @

4.4.8.1 808 Pmﬁeﬂm&rv\ ideo Processor Interface ~ The 80RE processor communicates with the video

ProcCessor i 1ne Tomy ,”g Wl

| the 808N reads the Set-Up specifications and writes them into the DO and

iblish the screen atiributes,

2 The coments of the screen RAM and the 'af“i‘u:te R AM directiy control the display of the hines
and characters. These RAMSs contain the displavabie characters. the character attributes. the
fine atiributes, and the addresses that Ea*i one line of characters 1o the next.

3. During smooth scroliing. the 8085 updates the scrofl fatch i the DCI2 control chip.

4.4.8.2 Screen RAM and Attribute RAN ~ The screen RAM and attribute RAM store the character

and attribute data for display on the momtor screen. The RAMs are organized according to the Sei-Up

screen width specifications. The RAMs can hold 24 lines of 80 or 132 characters and their line/character
attributes.

The 8088 can access mesc RAMSs to read and write data 90 perf:en* of the time. For the remaining time.
the video process s full control of these memories o retrieve and process the data for display. When
the video processor controls the memories. 1t holds the 808§ in & wait state and provides its own addresses
- BA<10:0> 10 directiy access ti*c memories iDMA) 1o retrieve the stored data. The video processor needs
the fast access the DMA provides because the data rate required 1o display a line of characiers s greater
than the 8088 can handle

The 8088 and the video processor access the 4K byte screen RAM and the 4K byvie attribute RAM
through a shared address multiplexer. The BO8R stores each character in a line in one of a group of
adjoining locations in the screen RAM. The character and line atiributes are stored in adjoining locations
in the attribute RAM. Only the four least significant bits of the character attribute bvies are actually
looked at by the video processor.

The screen and attribute addresses access corresponding locations in adjacent 4K byvte banks of the 8088
memory {Figure 4-113

The screen RAM ‘:d
attribute RAM addre

access locations in the lower 4K byie bunk and start at address EEOGO #1 The
es access locations i the upper 4 K byvie bank and start at address EF0O00 H

»‘"‘ ’fr
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&
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Three bytes of control data
shows the line organizatien of
parameters.

are located at the end of each line of characiers stored in memory Figure 4-22
the stored data for the different combinations of screen and line attribute

B3
I DRTA TiaiA
i
{
| B0 CHARACTER SINGLE WIDTH
i
I

b STARTING LOCATION

o

"N
e caied DATA ’T%Ai,&i

137 CHARACTER

]
DaTA
Figure 4-22  Line Organization
The first cortrol byvie FEH (Figure 4-23) is calied the terminator and is 2 unique character that the video

4z

o
Processor recognizes as the end of the line. The five least significant bits of the second bvie and all 8 bits of
the third byie are an address pointing 10 the first character of the next line 1o be displaved. The three most
significant bits of the second byte define the line attribuies of the tine pointed 1o by the address.

During power-up or resel, the %088 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
H7 refresh choice causes the MICTO-Processor 1o arrange fill lines 1o place the beginning of the display In
the right time slot refative 10 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 %0%% reads the Set-Lp 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 sereen RAM area,
and writes in the terminator and attribute /address bytes at the selected line width intervals. The address at
ihe end of each line points to the first address location of the next line. At start-up, this is the next sgreen
iocation. The end of the last line ponts o a fill line that points 1o iwsetf. The fill fine repeats gnti] the DCH!
asserts veridal reset
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3 Terminator and Address Bytes

4.4.8.3 DCIl Timing Chip - The DCI1 is a custom designed bipolar | r;zegv ted circuit that provides

most of the tming signals required by the video processor. Internal co rs divide the output ¢f the
24.0734 MHz master clock oscillator into the lower ‘mqu; ncies that z.efm; du charac , scan. and frame
timing. The counters are progra ammable through the BAD<5:4> lines 10 control the number of characiers
per line {screen widthy, the trcquenu at which the screen is refreshed (30 or 60 Hz). and whether the
display 1s interlaced or noninterlaced (240 or 480 scans). These parameters can be CO!‘!J’“’{U through Set-

Lp or by a host computer

The outputs of the D{;ii are various timing signals for the DC12 and other supporting logic in the rédcu
processor. The DC11 also provides the &-bit address that is used 1o access the line buffer RAM during

DMA to retrieve liw stored attribute and character data. These addresses sequence in a pattern t}xn
repeats exactly for each 10 scans that are required to recall each line of characters in the Hine buffer RAM.

4.4.8.4 DC12 Control Chip ~ The DC12 control chip, tike the timing chip, is a custom bipolar device. 1t
accepts control chip commands from the NVM via the BAD<3:0> bits. attributes from the line bufier
RAM, and ummg 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 o 1he specitied
character attributes (reverse video, underline. bold, and blink). It also generates a vertica! interrupt {VERT
INT L) signal that interrupts the 8088 processor and a hold request (HOLD REQ Hj :ﬂma! 1o in “.‘m
DMAs to get lines of data out of the screen and attribute RAMs. The vertical interrupt signal causes t
8O 10 enter wait states until the video processor completes the DMA.




The DC12 performs three main functions:

Scan Count Generation. This logic involves two counters, a multipiexer 10 switch between the
counters, double-height logic, scroll and line attribute latches, and various logic controling
switching between the two counters. This logic performs the major functions of the chip. which
includes all scrolling, double-height fogic, underline, and hold request circuits.

5 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 REQOUEST and VERT INT.
3 Video Modification. This logic provides dot stretching, bianking. additions of attributes 1o 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 (attributc RAM). The addresses
generated by the DMA address counter and applied to the screen and attribute RAMs thy
address multiplexer. Only the low eleven bits BA<10:0> are applied ¢ the memories. 17
BA<!1> is applied 10 & screen/attribute selector 10 select either the upper of et 2K
auribute RAM. The iow four bits {BD<!1:8> of the attribute byte and all eight bits BD<7:0>
character byte are passed to the line buffer RAM in parallel.

the ASCH character code as the high eight bits LINADR«<T 2 o
BD=<11:8> are used by the &

The video processor uses
address to the character generator ROM. The atiribute bits L
the video data. ,

The video processor begins reading the screen RAM at starting address EEOQOOH and the at
at starting address EFOOOH following each vertical reset by the DC11. The vertical reset
the DMA process to read one line of character and attribute data from the screen and aitnb
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 atiribute data stored in the screen a2nd

attribute RAMs are shown in Figures 4-24 and 4-25.
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Figure 4-24  Character RAM Line Organization
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4.4.8.,6 DC11 Programming Information — The DC11 video uming chip can be accessed by the 8088
processar {write oniy} via the BAD<=S5:4> bits at 1/0 address 04H. The DC11 must be programmed with
the desired refresh rate and column mode on power-up and afier any mode changes. To program the
DC11. write two of the following four command codes listed in Table 4-7.

i3

£
e




i,
# :

Table 4-7 DC11 Command Codes

Code

{Hexadecimal) BAD<5> BAD<4> Configuration ) Operation Performed
o 0 0 0 g0-column mode Sets interiaced mode
Y 0 1 132-column mode

20 | 0 60 Hz mode Resets interlaced modc
30 ! 1 50 Hz mode

Interlaced /noninterlaced mode 1s determined by the order in which the 80/132 column and the 20/
cefresh rate are set. When BAD<3> s low. the number of columns is programmed according 10 th
of BAD<4>> When BAD<5> is high, the refresh rate is programmed Interiace mode 15 5
when the column mode is set. and noninterlaced mode is selected when the refresh rate 1s

monde that is in use depends on whether the column mode or refresn mode was selected last,

Every time the DCLL s programmed, its internal timing chain is reset. Since this cause
to jump. the DCII should be programmed only if absolutely necessary. For example
instructions set the DCH1 to 80 column, 60 Hz. and no interlace:

MOV AX.2000H
OUT DCOITLAX

NOTE
When 80-column mode is selected, the video proces-
sor is capable of displaying 831 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 ngrammihg Information — The DC12 video control chip can be accessed by the :
processor {write oniy} via the BAD<3:0> bits at 1/0 address OCH. The four-bit command codes listed in
Table 4-8 are defined for the DCI2

On power-up. the DC 12 can be programmed 10 bring it to a known state, Typically. codes 00H. 04H. O9H.
OBH. and 0DH will be programmed at power-up time.

The value 10 which the seroll latch < set determines which scan row the first line of a scroiling region starts
an. Likewisc, it determines the last scan row displayed for the last hine in a scrolling region.

For example. when the latch is set 10 zero {the degenerate case). the first line of the scroli region starts &t
scan row zero (so the fine s completely visible). The last line of the scrolling region terminates al scan row
@ {so this line 18 also completely visible)




Table 4-8 DC12 Command Codes

Code BAD ,

{Hexadecimal) 3 2 1 0 Result

0 0 0 0 0 0 Set scroll latch LSBs to 00

0 1 0 0 0 1 Set scroli Jatch LSBs to 01

o 2 0 0 ! 0 Set scroll latch LSBs to 10

o 3 0 0 ] 1 Set scrofl latch LSBs 1o 11

g 4 6 ] O 0 Set scroll {atch MSBs to 00

0 s 0 I 0 1 Set scroli latch MSBs to 01

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

G 7 ¢ i ! ] Set scroll latch MSBs to 11

0 8 ] 0 0 G Toggle blink flip-flop

6 9 i 0 0 i Clear vertical frequency interrupt

0 A 1 0 ! 0 Set reverse field on

0 B i G ] ] Set reverse field of{

¢ C ! i { 0 Not supported

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

6 E 1 1 ! 0 Not supported

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

4% lines and set blink flip-flop of

When the scroll latch is nonzero, for example S, the first line of the scrolling region starts with scan row )
(so only the bottom haif 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 © through 9 and back to O again once each frame, the screen
appears to smooth scroll from bottom 1o top (assuming that line linkages and line attributes are properly
handled). On the other hand. if the scroll latch is decremented from 0 10 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 Uy,
has its scrolling attribute reset by definition. Also note that the definition of a scrolling region does not
preciude the definition of more than one scrolling region per screen, aithough that is of dubious value.

Whenever the scroll latch is nonzero, each scrolling region on the screen requires an extra (scroliing) line to
be linked in. For exampic. if the scrolling region is 10 lines long when the scroll latch is set 1o 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 1s incremented back to O again, the top line of the scrolling
region must be unlinked. When scrolling down {decrementing the scroll jatch). 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 bianking interval {after the vertical frequency interrupt is asserted). In 60 Hz mede.
there are two blanked lines at the beginning of the screen: the line a1t RAM location 0. and the line that it
paints to.

The first line {at locatior 01 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
et be read for over SO microse is after asserting the interrupt.

If the line 1s to be changed. . be done very soon after entering the interrupt SeTVICE Tt order
o guaraniee that the chan ye visible in the current frame.

Therefore, if the first visible line on the screen is involved in the scroli region and is being <
or unlinked. then the vertical interrupt routine must guarantee that its pointer {which resid
invisible line} is changed within approximately 500 microseconds after the assertion of the

y the second
interrupt

f"

The timing for setting the scroll latch is much iess critical. Because the scroll latch is loaded by the DCY2
by the vertical reset at the beginning of each frame. the only reguirement 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.

4488 Line Buffer RAM - The linc buffer RAM isa 1024 % 12-bit static RAM that swres one hine
characters (including the three control bytes) during a scan on which 2 DMA occurs. The line buffer RAM
then recalls these characters on each successive scan until the next DMA.

7
> Oh

The DC11 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 RAMSs in a unique focation in the line bulfer
RAM. The data 15 writ into the line buffer RAM during the first scan of a DMA when the DCHI
asserts the WR LB L signal.

The data outputs of the fine 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 apphed through a latch clocked by the character clock into the
attribute inputs of the DCI2. The { BD<7:0> bits are applied to the line address counter, the lerminztion
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 1 2-bit line address counter. All eight LBD<7:0> bits arc
sent through a line address bufter clocked by the character clock into the first eight stages of the line
address counter.

4.489 Line Address Counter ~ The line address counter is a 12-bit up counter that provides 1}-bit
addresses BA<10:0> to access the screen and attribute RAMs. The 12th bit BA<11> of this counter is
sent 10 a daiz selector 1o select either the lower or upper 2K byte bank of the atiribute RAM. The vertical
reset signal from the DCIT clears the line address counter 1o zers so that the video processor begins 10
process from the starting locauons of the screen and attribute RAMs after each vertical reset. The counte
i« loaded with a new address LBD<3:0> and LINADR <7:0> from the line buffer RAM at the end
each DMA when the DC11 asserts the address load ADR LD L signal. The address counicr 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. :

1n double-width mode. the address count pulses occur half as often as in normal width. The ling bufier
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.

4.48.10 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 1s at the input of the character generator laich. 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 DC1 1. timed to arrive before the next character after the
terminator byte. loads the address counter and the DC 12 inputs with the final two address byies. The
outputs BA<10:0= of the address counter designate the address of the first character of the next line to be
displaved. 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 displaved

4.4.8.11 Character Generator ROM - The character generator isa 4 K X & bit ROM that i1s 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 & bits representing the presence or absence of dots of Jight 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 1o 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 digat 1o the scan number.

Table 4-9 Character Generator Scan Addresses

Scan Address Character Scan Number
F H Normally blank
0 2 Top of normal upper case character
| 3
2 4
4 b
5 7
& g Bottom of normal upper case character
7 S Normal descenders (underline scan’
10 Normal descenders

»f:&fx‘»
m

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

SEACE
TN CHARACTER BITS
o9 009057 o6 03 0% 02 02 D7 00 20 20 e
P L P R i ¥
™ & - . « e e . FRESE S,
M ® - - e & & B 9 “ [CERSVIR
» Y P T T @ N e 3
e @ % &8 € - « > 8 s 80 & & - = et s
. ¢ - e N R i
- e .8 e B 8 8 & - < o e €
o e e . g

i

SRR

iy
CHARACTEE INTERVALS

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 i applied to the DC12 video control chip. The seven
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
\ime. 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 Jast 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.

HE TSRS

eanwhile, 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.
sow 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 jeast significant bit {D«<0>) defines the two or three dots
between characters, and the severn most significant bits define the character
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Al the end of the scan. the horizontal blanking (HOR BLANK Hi signal from the DC11 forces the flip-
flop output low, Since horizontal bianking 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 wiil be at the screen background level. -

4.48.13 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 ievels of iliumination within the video signal ranging from totallv black through
maximum brightness. -

The four signals from the DC12 are the composite sync (COMP SYNC L), vertical blanking (VERT
BLANK L), video cut 1 (VID OUT 1 H). and video out 2 (VID OUT 2 H). These signals are applied 10
three open collector NAND gates wire-ANDed and applied to the base of a transistor. The output of i
transistor is the 75 ohm composite viden signal consisting of four intensity levels, and the compos
svnchronizing pulses. This signal is connected to connector J3 and can directly drive a standard video
monitor. The output is de 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 cutput is itlustrated in Figure G-3, 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 2 compasite syne signal.
NOTE

The wse 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 2

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:
. Output impedance = 75 ohms. d¢ coupled 10 0.0V

2. Swnc level = 0.0V

%

3. Reference black level = approximately 0.3 V with a 73 ohm load

-
3
H

4 Reference white level = approaimately 1.0V with a 73 ohm load

5. The compaosite 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 : = 2.33 ys + or — 50 ns

Vertical pulse width = 27.28 ps + or — 200 ns

Horizontal pulse width = 471 us +~or — 30 ns

Horizontal blank width = 11.84 us + or — 50 ns/80-column mode
, = 12.34 ps + or — 50 ns/132-column mode
Front porch = 1.54 us + or — 50 ns
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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 808X
processor. The two &-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 s
used 10 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 OAH. The register bit format is shown in Figure 4.28
and the bits are described in Tables 4-10, 4-11, 412, 4-13, and 4-14.

4.4.9.2 Diagnostic Read Register: 8088 Processor - The diagnostic read register is an ¥
register that is used during diagnostic testing 1o read the status of a number of diagnostic
The register is accessed by performing a read 1o address 0AH. The register bit format 15 show
4-29 and the bits are described in Table 4-15

4.4.9.3 Communications Status Register: 8088 Processor - The communications status regis
bit read-only register that stores the status of the modem control hnes for the communica
interrupt line for each processor. and the MHFU enable signal. This register is accessed by perfo
read to address 02H. The register bit format is shown in Figure 4-30 and the bits are described in Te
16,

4.49.4 Communications Control Register: 8088 Processor - The communications control register % an
§-bit write-only register that controls the modem lines on the communications port and writes diagnos
error codes into the four 8088 LEDs. This register is accessed by performing a write to address 02H. Th
register bit format is shown in Figure 4-31 and the bits are described in Table 4-17.

4-49




1015130y onjsoudri(] puL SNIEIS oAU DIIPO WIDISAS LY 2undy

R
<O >0Z
iy i 20E UM a47 <5 7 02 =R :
- A—— e e e ”,_B. rei g
TRV Ot 133HS Ly A3INE
BTN :
not RN Y,
H 3 wiis TR D 7 ITNEETT i
W ,,zs; % -
ALY i
ERSEEL el EIRE L I !
“ £ 1330S FHIGOW ¥ 1H0HINGD Ouxd
—— A e s, e SOSRSS Rl esore mamna. v . s i wu.:f,rfw Mok
Wnd
| S

IS EEL b

HADX A\J

s

W.; P oA

Tp g

ERE I

{l‘ilfli

LoLddnn

OEEELE Y

w0 ¢ QUH

|

ERER I
LESIERETRAI VY SR

A < ¢ \sb {
\ ; " e S5 HGY <BhixrV




ADDRESE DAH (WO

L ZRESET

st DG AY BLANK
- GRF viD SEL

PARLTY TEST

Dial LOOPBACLK

PORT LODPBACK

PROGRAM NVM

RECALL NVM

MEITERY

Figure 4-28 Diagnostic Write Register (8088) Format

Table 4-10 Diagnostic Write Register (8088} Bit Description

Name

Description

b

Lad

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
808% 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 2 maintenance bit that is cleared (0) on power-up. When
high(!). this bit allows the RX50 controller data separator and the
serial video output from the DCI2 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 porl.

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,




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 - VIDEC OUT 2 PRT RXD

0 PRT RXTXC PRT RXTXC

i 500 KHZ PRT RXTXC

0 MASTER CLK VIDEO CLK

i 250 KHZ VIDEO CLK

G RAW DATA DATA SEPARATOR
! PRT TXD DATA SEPARATOR

*  During dizgnostic loopback, the TEST inpwt of the 8088 is connected 10 the COMM/PRINTER INTR 1
output of the multiprotocol serial controlier (MPSC 1. Thus, using the BOBE processor’s wait instruction in 2
polled 1/ loop, the diagnosuc firmware s able 1o keep up with the 300K 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 5

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.

Frbm ' S00 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 ioopback
multiplexer. ,
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Table 4-12  Printer Port Diagnostic Signal Description (Cont)

Signal : :

Direction Source Description

To VIDEG CLK Video clock input to the DC1i from the master clock of
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 1o the printer, the key-
board loopback multiplexer, and the diskette drive data
separator.

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

printer transmitted data from the MPSC

Table 4-13

Port Loopback Signal Routing

Port Loopback

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

! 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




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 10 the communications loopback multiplexer.

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

From PRT RCV DATA Printer received data from printer connector J2 applied t0
printer loopback multiplexer.

From KBD TXD Keyboard transmitted data from the kevboard PUSART
10 the printer loopback multiplexer via the videc loopback
multiplexer.

To PRT RXD , Printer received data input to the MPSC from the printer,
or the keyboard transmitied data during port loopback
testing.

From KBD RCV DATA Kevboard received data from the keyboard conpector 13
to the keyboard loopback multiplexer

From PRT TXD Printer transmitted data from the MPSC o the kevboard
loopback multiplexer.

To KBD RXD Keyboard received data input to the kevboard PUSART

from the kevboard connector or the printer transmitted
data during port loopback testing.
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Figure 4-29 Diagnosuc Read Register (%0%%) Format

Table 4-15  Diagnostic Read Register (8088) Bit Description

Bit Name Descripﬁ{m
0 ZRESET L ~ This bit represents the state of bit 0 of the 8088 diagnostic write
regisier.
i-3  MFG TEST JUMPER These bits represent the state of the W13, Wi4, 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 joopback H). -
5 PORT LOOPBACK H ‘This bit represents the state of bit 5 of the 808K diagnostic write
register {port loopback H).
6 PROGRAM NVM This bit represents the state of bit 6 of the 8083 diagnostic write
-, register {program NVMIL
7 RECALL NVM _ This bit represents the state of bit 7 of the 80388 diagnostic write

register (recall NYM).
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Figure 4-30  Communications Status Register (80883 Format

Table 4-16 Communications Status Register (8088) Bit Description

Bit Name Description

0 COMM RIi This bit reflects the status of the ring indicator iine of the commu-
nications port.

1 COMM SI/8CF This bit reflects the status of the speed indicator line or the
secondary receive line signal detect of the communications port.

2 COMM ISR 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 INT88 L This bit reflects the status of the INT88 L bit that is asserted by
the Z8OA to interrupt the 8088,

7 INTZ80 L This bit reflects the status of the INTZS80A L bit that is asserted

by the 808K to interrupt the ZROA.
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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 hghs.

3 LED (G3) 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. Whmwritws with a 0, the LED lights.




4.4.10 Z80A Registers

The ZX0A processor can access registers on the system module and the RX S0 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 ZB0A can access are as follows:

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

® & & @&

The Z&0A 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 3

FDC starus register
FDC control register
FDC track register
FDC sector register
FDC data register

& % % & o

4.4.10.1 General/Diagnostic Status Register: Z8OA Processor — The general/diagnostic status register
is an &-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 RX350 controller module. This register i1s accessed by
performing a read to address 21H. The register bit format is shown in Figure 4-32 and the bits arc
described in Table 4-18,
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WRITE GATE L
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Figure 4-32  General/Diagnostic Status Register (Z80A) Format
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Table 4-18 General/Diagnostic Status 'ﬁegister (Z80A) Bit Description

Bit Name Description a
O ZFLiP L This bit is the read back for the ZFLIP L bit m the gener-
' : al/diagnostic control register { ZBOA).

] INTZE0O L This bit reads the INTZ80 bit that is sent by the 8088 to interrupt
the Z8DA. ,

2 INTES L This bit reads the INT88 bit that is sent by the Z80A to interrupt
the BO8S. :

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

4 DIR L  This bit reflects the status of the DIRECTION signal from the
FDC chip going to the diskette drive. This bit is wsed 10 control
the step direction (in or outj of the read/write heads in the dis-
kette drive.

5 TROO This bit reflects the status of the TRACK 0 signal coming from
the diskette drive. When high (1). the heads are on the track O
position.

6 'WRITE GATE L ~ This bit reflects the status of the WRITE GATE signal from the

' ~ FDC chip. Used 10 gate write data to the diskette drive.
7 STEP L This bit reflects the status of the STEP signal from the FDC chip

that is used to siep 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 ZXUA address bit
715> 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 Tabie 4-19.
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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 D1l This bit displays the least significant bit of the diagnostic error
message code. When written with a 0, the LED lights.

s LED D10 This bit displays the second bit of the diagnostic error message
code. When written with a 0, the LED lights.

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

7 ZFLIP L 780A address bit A<O> 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 D000H. ZFLIP is low whenever the
ZROA 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 moduiz
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 18
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 40U (RO}

L“-{}SG L]

e I R T I

TG4A3 L
MOTOR O ON L
MOTOR Y ON L
SIDEO H

1RO

DRC

EREEE

Figure 4-34 Diskette Drive Status Register (Z80OA) Format
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Table 4-20 Diskette Drive Status Register (Z80A) Bit Description

Bit Name Description
01 DS0-DS1 " These bits reflect the status of bits 0 and | from the diskette drive
- control register. They indicate which drives have been selected.

P TG43 L This bit reflects the status of the TRACK GREATER THAN 43
signal sent from the FDC chip to the diskette drive.

MOTOR 0 ON L This bit reflects the status of the MOTOR 0 ON line at connector
J2 of the RX50 controller module. When low (G}, this bit indi-
cates that the MOTOR 0 ON bit is set in the diskette drive
cqmmi register.

4 MOTOR 1 ONL This bit reflects the status of the MOTOR 1 ON ling at connector
J3 of the RXS0 controller module. When low (03, this bit indi-
cates that the MOTOR 1 ON bit is set in the diskette drive

 control register. . »

5 SIDE O H This bit reflects the status of the SIDE select signal at connectors
J2 and 13 of the RX30 controller module. For singie-sided drives.
this bit will always read low (0).

6 IRQ This bit reflects the status of the INTERRUPT REQUEST sig-
nal coming from the FDC chip. It indicates that a status bit has
changed.

7 DRQ " This bit reflects the status of the DATA REQUEST signa! from

the FDC chip. It indicates that the FDC chip has read data 10 be
transferred or requires new write data.

F

4.4.10.4 Diskette Drive Control Register: Z80A Processor - The diskette drive control register is an X-
bit write-only register that holds the write data precompensation select signals (PCOPCH). drive select
signals (MOTOR ON ¢ L and MOTOR ON 1 L). a diagnostic override bit (SET READY H). and a
diskette side select signal (SIDE O L).

The drive motor on signals. drive select signals, and the diskette side select signal are sent to the disketic
drives and the diskette drive status register. The write data precompensation select signals provide twe 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.
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e SET READY H
MOTOROC ON H
MOTOR 1 ON

SIDEO L

PCO H

Figure 4-33

PC1 H

MA-YIOEE

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 disketie drives. The binary
valees (0-3) written in these bits selecs drives O 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 Dj

5 SIDE O L This bit selects the side of the diskette to be accessed. For wwﬁe
sided drives, this bit is always set to 0 for side €.

6-7 PCO-PC1 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

Pret:émpensaticn © Track
TG43 PC1 PCO Number
0 0 0 -9
0 0 0 10-18
0 0 0 20-29
0 0 0 30-3%
1 0 0 40-49
1 0 0 50-60
1 0 1 61-69
1 0 ] 70-79

* == wrile operation 10 outer iracks (0-43) 1 = write aperation to inper tracks {44-7%)
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4.4.11 MPSC General Description

The 7201 multiprotocot serial controller (MPSC) is a 40-pin dual-in-line microcomputer peripheral device
that supports asynchronous (start/stop). byte synchronous {monosyn¢, IBM bisync), and bit synchronous
{(1SOs. 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

~ Asvnchronous

. 0 & @

3-8 bits per character

Qdd, even, or no parity

1 or 2 stop bits ,
Error detection: {raming. overrun, and parity

. e % e

*  Byvie synchronous

* Character synchronization: internal or external
One- or two-sync characters
Automatic CRC generation and checking (CRC-16}
{BM bisyn¢ compatibie

PR

s Bit synchronous

HDLC/SDLC flag generation and recognition

§ bit address recognition

Automatic zero bit insertion and deletion

Automatic CRC generation and checking (CCITT-16}
CCITT X 25 compatible

&« e = 0o »

e  Polled and interrupt driven modes

The MPSC contains two independent serial receiver/transmitter channels. One receiver /iransmitter chan-
net is used by the Rainbow 100 computer for commumecations with a host computer (either directly or
through a modem), and the other channel is used 10 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 1o 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 1o determine when a character has been received, when a characier 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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7, Table 4-23 MPSC Pin Descriptions

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

1 2.5 MHZ V CLK I CLOCK INPUT: 2.5 MHz clock pulse
input to the MPSC.

o

INIT L RESET I 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 wili
remain idle until the control registers
are initialized. INIT L must be low for
one complete clock cycle.

3 COMM RLSD DCDA 1 CARRIER DETECT f{channel Ay
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 CLK RXCB 1 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.

§ oS

Lh

DCDB 1 CARRIER DETECT (channel B): This
pin is not used in the Rainbow 100
computer.

& PTR DTR L CTSB 1 CLEAR TO SEND (channel B): This
signal indicates that the printer is ready
to accept data from the channel B
transmitter.

7 PRINTER CLK TXCB I PRINTER TRANSMITTER CLOCK
: {channel B): This signzi clocks data
(PRT TXD) from the channel B trans-
mitter to the printer at the baud rate
programmed into the baud rate
generator.

B PRT TXD TXDB O PRINTER TRANSMIT DATA (chan-
nel B): This signal is the serial data
transmitted to the printer.

9 PRT RXD RXDB I PRINTER RECEIVE DATA (channe!
: By This signal is the input from the
printer.

*¥ = Qutput 1 = Input, 170 = Input/Output
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Table 4-23 MPSC Pin Descriptions (Cont)

Diirection®*

Signal Name and Function

B/DROQTXA

Pin Signal Pin
No. Mnemonic Svmbol
10 ~ SYNC/RSTB
11 WAIT
12-19  BAD<7:0> D7-DO
20 ~GND GND
21 WRSS L ' WR

22 RDSR L RD

23 COMM/PRT SEL L CS

2‘4 &x‘:l; C;j{:}

25 A<l , B/A

170

1/0

I/0

SYNCHRONOUS DETECTION
{channe! B): This pin is not used in the
Rainbow 100 computer.

WAIT/DMA REQUEST (channe! 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 80X and the MPSC.
BAD<0> 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 1/0 read operation Is in
progress. It is used with A<=, A<0>
and COMM/PRT SEL L to transfer
data from the MPSC to the 8085

COMMUNICATIONS/PRINTER
SELECT: This signal. when low (O,
enables the MPSC to accept command
or data inputs from the 8083 during a
write cyele. or to transmit datz 10 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 transier.

CHANNEL A or B SELECT: This
address bit selects channel A or B dur-
ing 2 data transfer between the ROKH
and the MPSC. When this address bit is
high (1), channel B is selecied.

*() = Output. | = Input 1/O = tnput/Output
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Table 4-23 MPSC Pin Descriptions (Cont)

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

B
s

HAI/DTRB 1 DMA ACKNOWLEDGE: This pin is
not used by the Rainbow 100 computer.

151
3
n&,‘
A%
-

5V : INTA 1 INTERRUPT ACKNOWLEDGE
, INPUT: When fow (D), this signal
allows the highest priority interrupting
device to generate an interrupt vector.
This signal is tied to +3 V in the Rain-
bow 100 computer.

2¥ COMM/PRT : O COMMUNICATIONS/PRINTER
INTR L INTERRUPT REQUEST: When low
o {03, this signal informs the interrupi log-
ic that the MPSC requires service from

the BO8E.

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 O DMA ACKNOWLEDGE: This pin is
not used in the Rainbow 100 computer.

33 WAIT 1/0 WAIT/DMA REQUEST (channel A):
A/DRQRXA This pin is not used in the Rainbow 100
computer.

33 | | SYNCA 1/0 SYNCHRONOUS DETECTION
{channel A} This pin 15 not used in the
Rainbow 100 computer.

34 COMM RX1} RXDA | COMMUNICATIONS RECEIVE
, , : DATA (channel A) This signal is the
serial data input from the communica-

tions device.

33 COMM RXC RXCA | I COMMUNICATIONS RECEIVER
' CLOCK (channel A} This signal clocks
datz (COMM RXDj from the commu-
nications device into the channel A
receiver at the baud rate programmed
into the communications baud rate
_generator.

*O = Quipui, | = Input. 1/0 = Input/Output
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Table 4-23 MPSC Pin Descriptions (Cont)

Pin Signal ~ Pin
No., Mnemenic

Symbol

Direction™®

Signal Name and Function |

36 COMM TXC TXCA

37 COMM TXD TXDA

38 ' RTSA

39 COMM CTS CTSA

40 +5V VCC

O

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 (channe! A} This signal is the
serial data transmitted to the communi-
cations device,

REQUEST TO SEND (channel A)
This signa! is not used in the Rainbow
100 computer,

COMMUNICATIONS CLEAR TO
SEND (channel Ay When low (0. this
signal indicates that the modem is ready
to accept data from the channel A
transmitter.

POWER: +5 V Suppiv

*0 = Outout, | = Inpet, 170 = Input/Output

The MPSC interfaces 1o the 808 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 WRE&R L input signals from the 80%% 10
communicate with the internal registers of the MPSC. Each serial 1/O channel responds 1o two 1/0
addresses. Table 4-24 lists the operations performed by the MPSC for the various combinations of address

bits A<]:0> and control signals.

Table 4-24 MPSC Register Addressing

WRITE OPERATION

COMM/PTR READ OPERATION

SEL L A<l> A<0> RDSSL WRS88 L

0 0 0 Ch. A Data Read Ch. A Data Write

0 ! 0 Ch. A Status Read Ch. A Command/Parameter
15 0 1 Ch. B Data Read Ch. B Data Write

| 1 ] Ch. B Status Read Ch. B Command/Parameter
1 X X High Impedance High Impedance
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SRR,
& %,

Command, parameter, and status information is stored in 22 registers within the MPSC (& write-oniy
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 2 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! COMMARND!
STATUS '

6, 04 “,‘3 02 M iﬁ":; RRO {;” :?EVDE} g D3 Do 3‘?5
H ./
E 0 0 T REY 1
270 | i RRZ VT WE VE V4
1.
aReE

¥
B
£

VR DT e
#
ma 1 O e
wpg O D
——
WRE T e

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 1o zero so that the first write to a command register causes the daia 10
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 1/0 accesses. The first
access is always a write command. This write command is used 1o 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 resel.
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 B0KE

These actions are discussed in detail in the following paragraphs. Note that WR6 and WR?7 are not used in
the asynchronous commumnications mode.
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4.4.12 MPSC Communications Channet

The communications channel of the MPSC is used to communicate with another computer through the
communications port connector J2. 1t has full modem support and supports the same signals as the VT 102
Detailed information o the VT 102 can be obtained from the V7102 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 R8-423 (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 1/0 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.

s ome pe Se DR Do DU Do | ADDRESS OBM WO

TX BAUD R&ATE g BAUD RATE

MEH TYIE

Figurc 4-38 Communications Baud Rate Register Format

The communications transmitter and receiver bit rates are software electable according to the bit values
in Table 4-25. .

@y

Table 4-25  (ommunications Baud Rate Selection

D<T: 4o -De 30> D<7:4»~D<3:0>

Value Value

{Hexadecimal) Baud Rate {Hexadecimal) Baud Rate
0 50 8 1200
! 7R 9 1800
2 110 A 2000
3 1345 B 2400
4 150 C 3600
s 200 D 4800
& 300 £ 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 supphes the
transmit and receive clocks for the communications channel in the MPSC. When bit 3 is low (01 the
transmit and receive clocks are supplied by the communications baud rate generator. ~ote 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 Tollowing registers must be initialized with the specified
paramelers: '

Received character length: WR3. bits D7 and D6
Transmitted character fength: WRE, bits D6 and D3
Clock rate: WR4, bits D7 and D6 '
Number of stop bits: WR4, bits D3 and D2
Odd. even. or no paritv: WR4L bits D1 and DO
Interrupt mode: WR1, WR2
Receiver enabies WR3, bit DU

or '
e Transmitter enable: WRS. bit D3

¢« 8 & & & €& @

The asyvnchronous mode register s¢tup is shown in Figure 4-39.

REGISTER [ =3 S B + o1 oo
H
WR2 i G X
| ENABLE
was ov 1stoeeT | 00D | Pl
10 T STOP BITS | BARITY AELE
Vo2 eToP RIS
T
WS i : O BTS £
w | ENABLE | t
i
i i
MR.TIRED

Figure 4-39  Asvnchronous Mode Register Setup

When loading these parameters into the MPSC. WR4 information must be written before the WRI.
WR3, and WRS parameters/commands.

For transmission via @ modem or RS-423 interface. the Request To Send bit (RTS) (WRS, D1) and Data
Terminal Ready bit (DTR) (WRS: D7) must be set along with the Transmit Enable bit {(WR3E, D3).
Setting the Auto Enables bit (WR 2 D3y allows the programmer (o send the first characier of the message
without waiting for 2 ¢lear to send (CTS)

Both the Framing Error and Receive Overrun Error flags are latched and cause an interrupt.

-




If the E;«:temai;’Stawa Interrupt bit (WR1; DO) is enabled, Break Detect {RRO: D7) and Carrier Detect
(RRO: D3) will cause an interrupt. Reset External/Status Interrupts (WRO; DS, 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; D3, 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 (WRI1B: D2) is selected.

In a polled environment, the Recetve Character Available bit (RR0O: D0) must be monitored so that the
CPU can determine when data is available The bit is reset automatically when the data is read. 1f the X1
clock mode is selected. the bit synchronization must be accomplished externally.

f
i

4.4.12.2 Synchronous Operation (Monosync, Bisync) - Synchronous operation is & method o data
ransmission in which the transmitting station is synchronized to the receiving station through the recogni
tion of a special sync characteris) {byte syne sronous) or bit patterns (bit synchronous). Two exampl

fes of
byvte synchronous communications protocal are monesync and bisync. Monosync has one starting sync
character per message. while bisync has two starting sync characters per message. Bit synchrenous
(HDLC/SDILC) operation is described in Paragraph 4.4.12.3.

When using the MPSC for monosync or bisvne 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

& or 16-bit sync character: WRA. bits DS and D4
CRC polvnomial: WRS, bit D2

Transmitier enable: WRS, bit [33

Interrupt modes: WR1. WR2

Transmit character length: WRS, bits Dé and D5
Receive character length: WR3, bits D7 and D6

e o & & & & © %

The synchronous mode register setup for monosync or bisync communications is shown in Figure 4-40,

REGISTER | D7 D6 o5 D4 03 D2 o1 Do
G0 RX & B/CHAR SYNC
WRS X7 B CHAR | AUTO RX CRC o CHAR "%
6 6 B OmWan (ENABLES ENAELE LOAD ERABLE
T RX B B CHAR o IHIBIT
00 8-BIT SYNC EVEN' | oiniry
WHa o o 01 16-BIT SYNC G 0 onD g e
11 EXT SYNT pamiry | ENARLE
Q0 T B B/ CHAR 5
) 01 TX T BOHAR | BEND | TX T CRE
WRE pre , sELECTsl BT LR
v 10 T E BICHAR | BREAK | ENABLE ‘{:‘“;éf”‘&;*’ BTS | enamit
19 TX § B CHAR |CRC-16)
i i
L7238 33

=

Figure 4-40  Svnchronous Mode Register Setup - Monosyne/Bisyne




WR4 parameters must be written before WR1. WR3, WRS, WR&, and WR7Y,

The data is transmitted on the falling edge of the transmit clock (TXC) and is received on the rising edge
of the receive clock (RXC). The X1 clock is used for both transmit and receive operations for all three
sync modes: monosync. bisync, and external.

4.4.12.3  Synchronous Operation (HDLC/SDLC) - HDLC/SDLC synchronous communications is a bit-
oriented, code independent protocol for data transmission between a transmitting and receiving station.
The high level data link control (HDLC) is & standard communication link protocol established by the
International Standards Organization (1SO). HDLC is the protocol used to implement 1SO X.25 packet
switching systems. The synchronous data link control (SDLC) is a communications link protocol used 10
implement the system network architecture (SNA). Both HDLC and SDLC are ideal for full-duplex
communications.

When using the MPSC for HDLC or SDLC communications, the following registers must be initialized
with the specified parameters:

SPLC moder WR4, bits DS and D4

SPLC poivoomial: WRE, bt D2

Reguest to send. data terminal ready. and transmit character length: WRS, bits D6 and D=
Interrupt modes: WR 1. WR2

Transmit enable; WRE, bit D3

Receive enable: WR3, bit DO

Auto enable: WR3, bit D§

External/status interrupt: WRIL bit DO

s & ® ® @ & ¢ &

WR4 parameters must be written before WR 1. WR2, WRS, WRé&, and WR7.

The synchronous mode register setup for HDLC or SDLC communications is shown in Figure 4-41,

REGISTER | D7 | DE 05 D4 b3 D2 o1 | DO
| ENTER | RX ADDRESS .
Wh3 Cp oMLNT | CRC SEARCH O pnans
| MOBE | ENABLE |MODE L
| . i :
WRE io o G © C ¢
!
i
gf‘ iy 5 BICHAR, ~ (SELECTS >
4 oTR PR B ] o SDLES 18 caL
WHhS BYR 110 Tx & B/CHAR ENABLE |07 RIS IR e
11 TX R BIOHAR G CRO) e

Figure 4-41 Synchronous Mode Register Setup - HDLC/SDLC




4.4.13 MPSC Printer Channel

The printer channel (channel B) of the MPSC is used as a general purpose printer port that provides an
EfA RS-423 interface wmgatibk with a number of Digital Equipment Corporation printers. The printer
transmit/receive data and printer control signals are zumﬁd from the MPSC 1o the printer through
connector J2 on the svstem module. The following EIA signals are supported:

Transmit Data (PRT TXD)

Receive Data (PRT RXD)

Data Terminal Ready (PTR DTRL}

Datz Set Ready (PTR DSR). always asserted hi gh
Clear 10 Send {PTR CTS). always asserted higl

&« @& & & O

Data transmission between the MPSC and the printer is an asynchronous operation. The MPSC WRI
WHR4, and WRS registers must be imu ain?'d with the ahanww; format required for asynchronous
operation as described in Paragraph 4.4.12.1.

Software programmable character formats j:rwﬂw are 5 10 8 bits per character with 1 or 2 stop bits per
software should support XO™/ \Lﬁ'F Y'Lv‘.u i

character. Pari 1 can be selected as odd. even. or none. Sof

p otocol for the printer port. The data set ready (DSR) and clear 1@ send (CTS) outputs of iM pr”"
are tied 1o +5 V and tnereforu sre alwavs asserted h a* {1). A null modem cable 1s not required. and 1

printer is directhy connected 10 the printer connecto n the system module.

The printer port supplies the following software programmable baud rates:

[ |
A

. 300, 600, 1200, 2400, 4800, 9600

The baud rates are set by writing a byvie to the printer baud rate register at address OEH. The three jeast
significant bits of the byte D<2:0> select a printer transmitter and receiver xuck (PRINTER CLK)
frequency. that is 16 times the baud rate. The transmitter and receiver clocks for the pripter port cannot
be independently programmed. Note that bit D=3 of { the printer baud rate register is used 10 select either
an internal or external transmitter and receiver clock for the communications s channel.

The format for the printer baud rate register is shown in Figure 4-42.

=

T T T T i
fors jald 0f D4 O o o] M ADDRESS DEH (WL
I i L i b
|
S i L mA T
NOT USED ‘ | BALDRAT
~ ¥
o G 7L
0 o] i y CPRINTER TX RX
1 o 1 o CLOTK FREQUENCY
o 1 1 18 18K THE
i o ¢ BAUD RATE
1 i &
o 4
i
1w BT
0= (INT

SR TS

Figure 4-42  Printer Baud Rate Register Format
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4.4.14 Kevboard Interface

The kevboard interface is a serial port (J3) on the system module that performs asynchronous serial
communications between the keyboard and the 8088 processor using an 8251 A programmable synchro-
nous/asynchronous receiver-transmitier (PUSART), a line driver, and a linc receiver. The imerface
prowdes standard EIA RS-423 signal levels and communicates with the keyboard using full-dupiex
communications protocct The interface transfers the character information in groups of %-bit standard
patterns described by the American Standard Code for Information Interchange (ASCIH. The character
information is transferred at a fixed 4800 baud rate. with an &-bit, no parity character format.

4.4.14.1 8251A PUSART General Description - The 8251A PUSART is a 28-pin. dual-in-line.
microcomputer peripheral device. It contains a transmitter. receiver. 170 buffer. read/write control logic.
and shift registers for controlling synchronous or asvnchronous data transfers between the RORK processor
and the keyboard The PUSART. as implemented in the Rainbow 100 computer. is programmed 1o
eperate only in the asynchronous mode. The PUSART converts parallel data from the BAD<7:0= bus
in1 serial data for transmission to the keyboard. Simultaneously. it converts serial data from the kevbourd
into parallel data that is placed on the BAD«<7:0> bus for processing b

the PUSART 15 showr |

5
S

-

n Figure 4-43 and the pin functions are described in Table 4-26.
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Figure 4-43  8251A PUSART Block Diagram
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Table 4-26 8251A PUSART Pin Descriptions

Direction*

Signal Name and Function

Pin Signal Pin
Mo. Mnemonic Symbol
1,2,5 BAD<7:0> D7-DO
6,7.8,

27.2

3 KBD RXD RXD

4 GND GND
9 KBD RXTXC TXC
10 WREE L WR

11 KBD SEL L CS

12 A<0> C/D
13 RD88 L RD

1/0

ot

DATA BUS: This bus transfers data,
control, command, and status informa-
tion between the 8088 and the key-
board PUSART. Data is transmitted or
received by the PUSART upon execu-
tion of 1/0 instructions from the BOBS.
BAD <0 is the least significant bit.

KEYBOARD RECEIVE DATA: This
signal is serial input from the keyboard.

GROUND.

KEYBOARD
RECEIVE/TRANSMIT CLOCK:
This signal controls the rate at which
the character is transmitted to the key-
board. In asynchronous mode, the fre-
guency of KBD RXTXC is 16 times
the 4800 keyboard baud rate.

WRITE 808%: This signal, when low
(0), indicates that the 8088 15 writing
data or control information to,the
PUSART.

KEYBOARD SELECT: This signal.
when low (0), enables the PUSART to
accept datz, control, and command
inputs from the 8088 during a write
cycle, or to transmit data or status
inputs to the 8088 during a read cycle.

CONTROL/DATA SELECT: This
address bit, in conjunction with the
WRS88 and RDS8& inputs, informs the
PUSART that the word on the data
bus BAD<7:0> is either a data charac-
ter. control word, or status inforrnation.
1 = Control, 0 = Data.

READ 8088: This signal, when low (0).
indicates that the 805% is reading data
or status information from the
PUSART.

*0 = Qutput, | = Input. /O = Input/Output
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Table 4-26 8251A PUSART Pin Descriptions (Cont)

Pin

No.

Signal
Mpnemonic

Pin
Symbol

Direction®

Signal Name and Function

14

20

21

KBD INT L

KBD INT L

KBD TXD

[
i
2
uo)
N

INITL

RXRDY

TXRDY

SYNDET

CTS

TXEMPTY

TXD

CLK

RESET

(@]

1/0

RECEIVER READY: When low (0).
this signal interrupts the 8088 to indi-
cate that the PUSART is ready to
accept a character. RXRDY s auto-
matically reset when the character is
read by the BO8S.

TRANSMITTER READY: When low
{0), this signal interrupts the 808% 1o
indicate that the PUSART is ready to
accept a character. TXRDY is auto-
matically reset when a character 15
loaded from the BO8S.

SYNC DETECT: This pin is not used
by the Rainbow 100 computer,

CLEAR TO SEND: This signal. when
jow (0). enables the PUSART 1o trans-
mit serial data if the transmitter enable
bit TXEN in the command byte is high
(1). This signal is tied to ground in the
Rainbow 100 computer.

TRANSMITTER EMPTY: This sig-
nal is not used in the Rainbow 100
computer.

KEYBOARD TRANSMITTED
DATA: This signal is the serial trans-
mitted data from PUSART to the
kevboard.

CLOCK: This clock input is used 0
generate internal PUSART timing and
is connected to the 2.5 MHz clock
source.

INITIALIZE: During power-up, this
signal is low (0). The low signal forces
the PUSART to an idle state. The
PUSART will remain in the idle state
until a new set of contro} words is writ-
ten into the PUSART.

*() = Quiput | = Input. PO = Input uiput
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Table 4-26 82514 PUSART Pin Descriptions (Cont)

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

22 DSR I DATA SET READY: During normal
operation, this signal is inactive high
{(1). During manufacturing testing, this
signal is jumpered to ground.

23 RTS O REQUEST TO SEND: This signal 1s
not used in the Rainbow 100 computer.

24 DTR O DATA TERMINAL READY: This
signal is not used in the Rainbow 100
computer.

[
LA

KBD RXTXC RXC I KEYBOARD
RECEIVE/TRANSMIT CLOCK:
This signa! controls the rate at which
the PUSART receives characters. In
asvnchronous mode. the frequency of
KBD RXTC is 16 times the 4800 key-
board baud rate.

26 +5V VCC POWER: +5 V Supply

*() = Quiput, 1 = Input. /O = Input/Output

The functions of the PUSART are controlied by internal control. status, and data buffer registers that are
programmed by the system’s software. These registers are described in the following paragraphs.

4.4.14.2 Control Register: 8281A - The control register is an 8-bit write-only register that must be
loaded with a set of control words by the 8088 processor before the PUSART can transnut or receive data
These control words define the compiete functional definition of the PUSART and must immediately
follow a reset operation (internal or external). The control words are split into two formats:

1 Mode instruction
2 Command instruction

The mode instruction defines the general characteristics of the PUSART. It must follow 2 reset operation

Once the mode instruction has been writien Into the PUSART. command instructions ¢an be written.




The command instruction defines a status word that is used to control the operation of the PUSART. Both
the mode instruction and command instruction must conform to a specified sequence for proper operation.
The mode instruction must be written immediately following a reset operation. prior to using ihe
PUSART for data communications. All control words written into the PUSART after the mode instruc-
tion will load the command instruction. Command instructions can be written into the PUSART at any
time in the data block during operation of the PUSART. To return to the mode instruction format, 2 bit
{D6) in the command instruction word can be set to initiate an internal reset operation that automaticaliy
places the PUSART back into the mode instruction format.

The control register is accessed by performing a write operation to address 1 1H. The mode instruction and
command instruction formats are shown in Figures 4-44 and 4-45.

[ D, 8 o B D
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4.4.14.3 Status Register: 8251A - The status register is an 8-bit read-only register that holds the status
of the active device to determine if data transfer errors or other conditions have occurred that require
%088 processor intervention. The status of the active device can be read at any time by issuing a normal
read command at address 11H

Some of the bits in the status register have identical meanings to the pin descriptions listed in Table 4-26 5o
that the PUSART can be used in a completely polled environment or in an interrupt driven environment.
The status register format is shown in Figure 4-46.
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4.4.14.4 Transmit and Receive Data Registers: 8251A - The transmit data (WO) and receive data (RO}
registers hold the 8-bit characters and the start/stop bits transmitted 10 or received from the keyboard. In
the Rainbow 100 computer, the transmit and receive character length will always be 8 bits with no parity.
The character length and the number of stop bits are specified by the mode instruction written inte the
control register following a reset operation.

When transmitting data, the 8251TA will add start and stop bits to the 8-bit character outpul of the 8082
processor and then shift out the assembled serial data to the keyboard. When receiving data. the 8231A
<hifts the serial data (character, start, and stop bits) from the kevboard into the receive data register. The
2751 A then checks the received data for the correct format. discards the start and stop bits, and places the
8-bit character in paralle! on the BAD <7:0> bus. The keyboard data registers are accessed by performing
a write or read operation to address 10H.

The transmit and receive data formats are shown in Figure 4-47.
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Figure 4-47 Transmit and Receive Drata Format

4.4.15 MHFU Detection Logic

A massive hardware failure (MHFU) detection circuit on the svstem module is provided 1o detect
situations in which the 8088 processor has lost most of its functions. 1f the 8088 does not acknowiedge a
video processor vertical interrupt within approximately 108 milliseconds, the MHFU detection circuit wil
apphy a reset signal to the Q088 for 10% milliseconds This reset causes the 8088 to begin executing the
power-up or reset boot ROM code at address FFFF:0.
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MHFLU detection is disabied by writing 10 the DC12 write register at address 1OCH. 1t is enabled by
writing 1o the DC12 at address 0CH. The status of the MHFU enable/disable signal may be read from bit
D<%> of the communications status register at address 02H. When the firmware begins executing the
program at ocation FFFF:0. it assumes a power-up reset if MHFU detection is disabled or an MHFU reset
if MHFU detection is enabled.

The MHFU detection iogic consists of an MHFU timer and an MHFU enable flip-flop. The MHFU
detection logic is shown in Figure 4-48.

g MHE L) TIME R sy
i i

ASFL TIMEQUT M
Qo aug pEERE IMEQUT Y
i
i TR
EWEET B SHEET €
LB CLFE
SHEET
BALOH + D i
v i

Figure 4-48 MHFU Detection Block Diagram

The MHFU timer is an 8-bit binary counter clocked by .85 millisecond period clock pulses from the
refresh row address counter. The MHFU timer 1s reset by signals from two sources: the VERT INT L
signal from the DC12 video controller, or the MHFU ENB L signa! from the MHFU enable flip-flop. The
output of the MHFU timer wili go active high (1) if the 8088 has not acknowledged 2 video processor
interrupt within approximately 10X milliseconds.

4.5 SYSTEM MODULE CONNECTORS

The system module conains nine connectors that provide the interconnection to the other system compo-
nents and option modules. Three of these connectors {J1, J2, and J3) are D-type subminiature connectors
that are used 1o connect the system unit via cables to the video maonitor, printer. and a remote computer.
The other six connectors (J4 through J9) are printed circuit board headers that are used to provide the
signal and power connection for option modules. the RX 30 controtier module, and the power supply. The
connector locations on the system module are shown in Figure 4-2. The connector signals are described in
Tables 3-2 through 3-12 of Chapter 3.




4.6 SYSTEM MODULE SPECIFICATIONS
The following paragraphs describe the physical, power, and environmental specifications for the system
module.

4.6.1 Physical Dimensions

Length 33,56 cm {14 in)

Width 2642 cm (104 1n)

Height 2.25cm (0.9 in) The height of the module is the combined thickness of the
printed circuit board and printed circuit beard connectors.

4.6.2 DC Power
The dc power required by the system module is as follows:

+5& Ve - ar — 5% at 5.5 A maximum
+12 Vdc ] 0.3 A maximum
—12 Vdc i 0.3 A maximum

4.6.3 Environmental

The system module meets the environmenial requirements of Digital Equipment Corporation Standard
102. class B, and the conducted and radiation emission limits esiablished by FCC rules for class B
computing devices.

4.6.3.1 Temperature

Storage —40° C to 80° C (—40° F 1o 176 F)
Operating 55 C 1o 60° C (417 F 1w 1407 1)

When the temperature is beyond the operating range. the unit must first be brought t¢ an enviranment

within the operating range and allow ed 1o stabilize for at least five minutes before operating the system
1odule.

When the svstem is operating at the maximum temperature. airflow must maintain the inlet-to-outlet air

temperature rise across the system module at not more than 5° C (8° F). Derate the maximum operating
temperature by 0.56° C (17 Fj for each 303 m (1,000 feet) of altitude above 2,440 m {8,000 feet).

4.6.3.2 Relative Humidity

Storage 3¢ 1o 95%, noncondensing
Operating 5% 1o 95%, noncondensing

4.6.3.3 Altitude
Storage 15.24 km (50.000 feet), 90 mm mercury maximum

The module is not mechanically or electrically damaged at altitudes up to 50,000 feet.
Operating 2.440 m (8.000 feet}

The maximum operating temperature must be derated at high altitudes (Paragraph 4.6.3.1).




CHAPTER 5
RX50 CONTROLLER MODULE

5.1 INTRODUCTION

This chapter provides @ technical description of the RX50 controtier module for repair or maintenance
personnel. The RXS0 controller module 1s described to the functional block diagram level. The logic
circunits are generally hed 1o the detailed circuit level except in those cases where such description
s considered necessary for a clear understanding of the subject matier.

£
a

£.1.1 Chapter Organization
The information in this chapter is divided into five sections.

e  Section 5.2 provides a general description of the functions performed by the RX 350 conireiler
module. '

e Section 5.3 provides 2 physical description of the RX50 controller module.

e  Section 5.4 provides a functional description of the RX30 controller module

e Section 5.8 describes the RX30 controller connectors.

e Section 3.6 provides the RX50 controller module specifications.

£.1.2 Related Documentation

The logic blocks in seme of the block diagrams used 1 this chapter contain the word SHEET followed by
a number. This refers (¢ a sheet number of the RX50 controller module schematics. These numbers may
be used 1o locate the detailed circuit logic represented by the function logic blocks. The RX50 controiler
module circuit schematics (D-CS$-5415482-0-1) consists of two sheets and are a part of the PCL00 bield
Maintenance Print Set {MP-01451-00).

52 GENERAL DESCRIPTION

The RX50 controller module provides an interface to the system module for up to two RXS0 diskette
drives. Each disketie drive contans two counter-rotating spindles that rotate two diskettes. The RX50
controller module plugs into connector J9 on the system module and supports double density, 96 tracks per
inch (TPI). single-sided diskettes. Sector locations on the diskette are controlled by the software {(soft-
segtored ).

The RXS0 controller converts binary data from the ZROA processor inte modified frequency modulation
{MFM) data. The MFM data 1s then transmitted to the diskette drive, where it is recorded on the diskette.
MFM is a magnetic recording method for diskette drives in which a clock signal is encoded in the flux
transitions recorded on the disketie. When reading data from the diskette, the R X 50 controller svnchro-
nizes on the read daia transitions: and with a phase-locked loop (PLL) and MFM decoder, the controller
recovers the clocks and data.

Commands. status. and data transfers to and from the diskette drives are controlled by the Z80A, which
accesses eight registers on the RXS0 conwrol module. Three of these registers are discrete component
registers. mounted on the module. and the remaining five registers are inside the 1793 formaut-
ter /controlier chip.




53 PHYSICAL DESCRIPTION

The RX50 controller module is a high density. four-layer. printed circuit board that is 930 cm (3.9 in)
wide and 24.13 cm (9.5 in) long. The module contains one 40-pin connector, for the interface to the sysiem
module. and two 34-pin connectors, for the interface to the diskette drives. The 40-pin connector is located
on the soider side (side 2) of the module, and the two 34-pin connectors are on the component side (side 1).
Each diskette drive is connected to the RX30 controller module by a shielded 34-conductor ribbon cable.

The module also contains three jumpers (W1, W2, and W3), a potentiometer, and a test point. Jumpers

/2 and W3 are always installed, and W1 is never installed. The potentiometer and the test point are used
to adjust the free running frequency of a voliage controlled oscillator to ensure proper operation of the
data separalor circuit.

NOTE
The data separator adjust potentiometer is set dur-
ing manufacturing testing and should not be
recalibrated in the field.

The locations of the connectors. jumpers, data separator adjust potentiometer, precompensation data

pattern ROM. and the 1793 formatier/cantroller chip are shown in Figure 5-1.

FOBRNATTER DONTF o o
£25 §
It Wo1763 g
i FeY
= , ] ; .ﬁ(s%m:w
- » i A ;o
& % | B s
1 . ® 2 ]R3 g
% (L] . [OOSR ——,r——"1
Fe ol A C B & DRIVES e
* L
IRES A & B DRIVES mmemmt S2 32
DDA
*
v @ H 17
1 P % * % Y
& ® i " = e ®
i « @ . * %
LI * ® * &
; L * ® . ®
* # ' * # . »
L » 8 * B
‘ . @ ! . % * 0w
o8 @ * # . &
1 % 1 " ¥ ¥  »
. 0w w2 P . s
& 3ot & @ ® %
i.:—‘f:..j g — . * s %
3 * *
o & @ * %
w3 - ® ¢ ®
L 2 .+
F3340 3358

1 SR

(e
Tn

Figur

-1 RXSs0 Controlier Module Physical Layout

&

.2




5.4 FUNCTIONAL DESCRIPTION

The RX50 controlier module contains the foliowing major Circuits:

WD1793 formatter/controlier

Data separator

Write precompensation

Diskette drive/diagnostic data selector
Diskette drive select logic

Diskette status register

Diskette control register
General/diagnostic status register

@ % & ¥ ® ¢ & @

The major RX 350 controller circuits. shown in Figure 5-2, are described in the following paragraphs.
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Figure 52 RX50 Controller Module Block Diagram

£.4.1 Diskette Drive Formatter/C entroller

The disketie drive formatter /controller is a 40-pin, dual-in-line MOS, LSI circuit that provides the

interface from the RX30 controlier module to the Z80A processor and the diskette drives. The ZB0A

controls the operation of the formatier/controller to read from, and write data to, the diskette drives by
. writing commands to. and reading status from, the five internal regsters.

A
v
Lsd




Figure 5-3 shows the internal registers and other logic contained in the formatter/controfler. The pnimary
sections include the parallel process interface and the diskette drive interface.
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Figure 5-3  Diskette Drive Formatter /Controller Block Diagram

54.1.1 Processor Interface - The interface of the formatter /controller to the Z8BOA processor consists
of an 8-bit bidirectional data bus ZD<7.0> read/write contrals, and interrupt lines After the device is
selected by the chip select (CS) signal. the five internal registers can be accessed by @ combination of the
780A address bits ZA<1:0= and the read/write control signals. Table S-1 describes the registers and their
addresses. ' ' '




Table 5-1 Formatter /Controller Register Selection

Chip Select Address Bits Read Write

(Ccsy* ZA<l>  ZA<(> {ZFPRD L) (ZFPWR L}

¢ 0 0 FDC Status Register FDC Command Régiszgr
0 0 1 FDC Track Register FDC Track Register

0 | 0 FDC Sector Register FDC Sector Register

0 1 1 FDC Data Register FDC Data Register
FThi signal is tied 1o ground in the RXSU condrolier |

Each time a command is tssued 1o the formatter/controller, the busy bit is set in the FDC s
and the interrupt request (IRQ) ling 1s reset. The busy bit is reset whenever the formatter/control
and awaiting a new cemmand. Once sel, the IRQ line can onlv be reset by a read of the FDC
register or by issuing a new command. The Z80A reset signal does not affect IRQ.

Other Z80OA interface lines are a | MHz clock signal, double density enable {DDEN), and ZRESET L.
DDEN is tied to ground in the RX30 controlier to select the double density mode of operation. The
ZRESET L signal from the 808% processor diagnostic write register clears and nitializes zll internal
regisiers and causes the RXS0 controller to issue a restore command to the diskette drive.

$.4.1.2 Diskette Drive Interface - The diskette drive interface can he divided into three sections: moto
control. write signals. and read signals. All of the output lines are applied to the RX50 controlier diskette
drive connectors (J2 and J3) through open collector line drivers.

The step and direction {DIR) lines provide motor control. The step line issues stepping pulses with a period
defined by the rate field in all type 1 commands. The DIR line defines the stepping direction of the
read/write heads. (DIR = 1. heads step in: DIR = 0. heads step out).

Other contro! lines inciude the index puise (IPj and the track zero (TROOQ) input signal. The IP goes 10 the
diskette drive’s index sensor and makes an active transition for each revolution of the diskette. TROU
connects to the track zero sensor in the disketle drive 1o inform the formatter/controller thai the
read/write head is on track zero of the diskette.

The READY input signal informs the formatter/controller that a diskette is in the selected diskette drive
side. The formatter/controller checks the status of this signal before executing any read/write commands.

Writing of data is accomplished by the use of write data (WD), write gate (WG), any track greater than 43
(TG 43). EARLY. and LATE output signals. WG is used to enabie write current at the diskette drive’s
read/write head. It is made active prior 10 writing data on the diskette. Write data (WD) are the serial
MFM pulses 1o be recorded as flux transitions on the diskette. WD contains the unique address marks as
well as data and clocks in MFM formats. ‘

The TG43 output signai is used to inform the diskette drive electronics to reduce the write current because
the data wili be written on & track greater than 43. Bit density is greater on the inner tracks of the disketie.
and therefore less write current is needed to produce the flux transitions.




The EARLY and LATE outputs of the formatter /eontroller are used in conjunction with WD 1o
determine the precompensation values for the MFM write data.

The read signal inputs 1o the formatter/controller are the read data {RD) and the read ciocks (RD CLK).
Both of these signals are obtained from the data separator circuit. When the formatter/controller
encounters the sync field of the read data. it asserts the read gate (RG) and aliows the separator Circuit 10
lock on the incoming data.

5.4.1.3 FDC Control Register (Write Only) Address 60H - This eight-bit register holds the command
presently being executed. The formatter /controller will accept mine commands from the Z8BOA processor.
All commands. except the force interrupt, should be loaded into the control register when the busy status
bit is off. The force interrupt can be loaded at any ume.

Type | commands are for head positioning. The stepping rate of these commands is dictated by the
characteristics of the diskette drive. R1 and RO = 0 {6 ms) is the recommended stepping rate for the

RX350 diskette drive.

The head ioad flag determines if the head s loaded at the beginning of the command Otherwise. the head

is loaded at the end of a command.

The verification flag aliows a verification operation to take place on the destination track. The verification
consists of reading the first encountered 1D field off the disketie.

The track address of the 1D field is compared to the track register. If there is 2 match and a valid 1D cyelic
redundancy check (CRC), the verification i complete. I not valid. the seek error status bit in the siatus

register is set.

The step. step-in. and step-out commands contain an update flag for updating the track regisier when this
Wit is sct after the step has been completed

Tvpe | command bits are described in Table 5-2 and tvpe | command {lags are described in Table 5-3.
P . £

The tvpe 1 commands are to read and write sectors to the diskette. Prior to loading the type Il command
into the command register, the sector register must be loaded with the desired sector number.

Upon receipt of the commang. the busy status bit is set. If the e flag is set (normal case), the head ts Joaded
and the HLT signal is sampled after 30 ms: otherwise, there is no delay after a command.

The HLT does not become active until 300 ms (500 ms is specific to the RX50 drive) after the head is
loaded 1o allow the spindle motor to reach full speed. The formatier/controller then attempts to {ind the
ID ficld with the specified track and sector.

If the desired field is not found within five revolutions of the diskette, the record not found status bit is set
When the desired field is found. the formatter/controller executes the command by generating data
requests (DRQs) for servicing the data register.

Each of the tvpe 1l commands contains an m flag that determines if multiple sectors are 10 be read or
written. depending on the command. When set, multiple sectors are read or written with the sector register
internaliv updated for address verification on the next track.




Table 5-2 Type 1 Command Bit Description

Bi

Name

g

Description

0.1

R

FN

Stepping rate (r1, 1)

Track verify (v}

Head load flag ih)

Update (step commands) {u)

These bits contro! the rate at which the siepping puises
are sent to the disketie drive. See Table 3-4 for stepping
rate breakdown.

This bit determines if there is a verification operation ¢
take place on the destination track. During verification
the head is loaded. and after a 30 ms delay, the HLT
input is sampled. After a 500 ms motor start-up time, the
HLT input becomes active. When HLT is set. the first 1D
field is read off the diskette. The track address of the 1D
field is compared to the track register. If there is a match

and a valid 1D CRC. the verification is complete and an

interrupt s generated. 1f not vahd, the seek error status is
sel.

This bit determines if the head is to be loaded at the
beginning of a command. If the head is loaded. then the
head rernains loaded until either the formatter/controlier
receives a command that specifically disengages the head
or 15 revolutions of the diskette have passed with the
busy bit equal to (.

When set (1). the track register is updated for each step:
otherwise the track register is not affected.

These bits determine the command to be executec.

Table 5-3 Tvpe I Command Flags

Bit  Flag Name

Function

Head load flag

h = 1, Load head at beginmng
h = 0. Unload head at beginning

2 v Verify flag v = }, Verify on destination track
v = {1, No verify
0,1 ri G Stepping motor rate rl {3
0 0 6 ms
0 i 12 ms
] 0 20 ms
] i 30 ms
4 u Update flag Update track register

Lol o

= ],
= {3, No update

T4
¥
—d




The formatter/controller continues to do the data transfers until the sector register exceeds the number of
sectors on the track or until a force interrupt command is loaded into the command register,

NOTE
If the command is not terminated by software, the
formatter /controller continues looking for five
index pulses after the last sector on the diskette has
been read or written.

f the sector register exceeds the number of sectors on the track. the Record Not Found status bit s sel.
When the head is lozded. the Busy status bit is set. and when an 1D field is encountered that has the
correct track. sector. side numbers, and correct CRC, the data field is presented to the Z80A (read; or
presented by the Z80A (write).

At the end of the read operation. the type of data address mark encountered s recorde
register {(bit 5} i
written onto ti
written.

d in the status
. On 2 write operation, the 20 flag (bit 0) determines the type of data address mark to be
he dishetie If bit © is set. a deleted data mark is written. If bit 0is reser. 2 data mark 1s

Type 1l command bits are described in Tabie 5-4 and type 1l command flags are descriped in Table 5-5.

Table 8-4 Type Il Command Bit Description

Bit Name Description
0 Data address mark When set upon a write sector command. this bit defines a

data mark (OFBH) to be written on the diskette. If the
bit is not set. then a deleted data mark (OF8H) is written
onto the diskette. When writing valid data on the dis-
kette, this bit should be set.

i Alwavs 0.

.

30 ms delay When set during a command, there is a 30 ms delay
before reading begins. For maximum controller
throughput, this bit should be 0. It should be set if the last
command was a seek or new drive select. (See Table 5-5).

3 Always 0.

4 Multiple sector When set, this bit allows multiple sectors tc be
transferred.

5.7 These bits determine the command to be executed.




Table 5-5 Type 11 and 111 Command Flags

Bit  Flag Name Function

Multiple record flag m = 1, single record
m = 1, multiple records

o
3

0 a0 Data address mark a0 = 0, 373° (data mark)
a0 = 1, 370° (deleted data mark)

2 30 ms delay e = 1, 30 ms delay
e = 0, No delay

[4]

i

The tvpe 1l command is the read address command. When the formatter/controller receives this
command. the read /write head in the diskette drive is loaded and the busy bit is set in th ‘
The next encountered 1D field is then read in from the diskette drive. the six data bytes of ¢
assembled and transferred to the data register. and a data request (DRQ) is generated for each }
six bytes of the 1D field are the track address, side number. sector address, sector length, and two byies of
CRU characters.

The formatter /controtier checks the CRC characters for validity and sets the CRC error status bivif
i 3 CRC error. The track address of the 1D field is written into the sector register. At the end of the
operation. an interrupt is generated and the busy bit in the status register is reset.

Type 11 command bits are described in Table 5-6 and type 111 command flags are described in Table 35

Table 5-6 Type 11l Command Bit Description

Bits Description

0. Alwavs set to {0

2 Same as bit 2 for type 1T commands. (See Table 5-5.)
3-7 Determine the command to be executed.

The type 1V command is the foree interrupt command. This command can be loaded into the command
regisier at any time. 1 there is a current command under execution {(busy status bit set). the command wil
be terminated and an interrupt will be generated when the condition specified in bits 3:0 of Table 57 is
encountered.

A
3
g g




Table 5-7 Type IV Command Flags

Bit Flag Name Function

0 10 Interrupt condition 10 = 1, Not ready-to-ready transition
i 11 Interrupt condition 11 = 1. Ready-to-not ready transition
2 12 Interrupt condition 12 = 1, Index pulse

3 13 Interrup: condition I3 = 1, Immediate interrupt

(requires reset)*

* Jf [3-10 = !, there is no interrupt generated. but the current command is terminated and busy i reset. This 18 the onby
command that will enable the immediate interrupt to clear on a subsequent load command register or read status register

Table 5-8 summarizes the command types that are written into the FDC control register.

Table -8 Formatter/Controller Command Summary

Command Bits

Type* Command 7 6 5 4 3 2 i 0
1 Restore 0 0 0 0 h v rl 0
1 Seek G 0 0 1 h v rl r0
| Step 0 0 ! U h v rl r0
| Step in 0 1 0 u h v rl rQ .
| Step out 0 ] & u h v ri r0
H Read sector 1 0 0 m O e { 0
H Write sector 1 0 0 m 0 e 4 a0
11 Read address I 1 } 0 0 € & 0
[l Read track } 1 1 0 0 e i 0
1 Write track i ] 1 i g e 0 0
v Force interrupt ] ] O 1 1312 1 10

*Read track and write track are not supported by the RX50 controtier.

5.4.1.4 FDC Status Register (Read Only) Address 60H - The read-only register resides at the samc
address as the contro! register. 1t contains the 8-bit status resuliing from the completion of a command

Upon receipt of any command, except the force interrupt command, the busy status bit is set and the rest
of the status bits are updated or cleared for the new command. 1f the force interrupt command is received
when there is a current command under execution, the busy status bit is reset, and the rest of the status
bits are unchanged. If the force interrupt command is received when a current command is not under
execution, the busy status bit is reset, and the rest of the status bits are updated or cleared. In this case. the

status bits reflect the type | commands

-

The format of the status register for all type 1 and wype 1 {read sector and write sector) commands is

shown in Figures $-4, 5-5, and 5-6. The status register bits are described in Tables 5-9. 5-10. and 3-11.




7 g7 06 05 o4 o3 o2 O 00
H
|
!
) 3 3 3 )
L— gusvy
. INOER
TRACK U

ID FIELD CRC ERROA
SEEK ERROR

HEAD LOADED
WRITE-PROTECT

NOT READY

AT BOAR

Figure S-4  Type I Status Register Format

Table 59 Type I Status Register Bit Description

Bit  Name Description
{ Busy When this bit is set {(1). the formatter/controller 1% cur-

rently executing a command. Only a type IV command
can be issued when this condition exists.

i Index When this bit is set (1), the index hole in the diskette is
under the index sensor.

o

Track 0 When this bit is set (1), the read/write head is positioned
at track O

Lk

ID field CRC error ‘ When set, this means that there was a CRC error in the
1D field.

4 Seek error When sel, a seek error was encountered. meaning that the
destination track address was not found.

L

Head loaded This bit reflects the current status of the head. When set,
the head is loaded and the HLT input is asserted.

6 Write-protect When set, the bit means that the current diskette is write
protected. An attempt to write a sector generaies an
interrupt if the device interrupt enable bit is set.

7 Not ready When set, the bit indicates that the diskette drive i1s not
' ' ready. This could mean that the drive is not selected, the
diskette is in upside down, or the door is open. This bit
must be clear before any commands are issued 1o the
formatter/controller.
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Figure 3-5 Type 11 Read Sector Status Register Format

Table 5-10 Type 1T Read Sector Status Register Bit Description

Bit Name Description
0 Busy Same as type | status.
| Data request When set, this bit means that the data register is full and

is waiting for the CPU to read the register.

ek

Lost data When set, this bit means that the data register had not
been serviced within 27.0 microseconds and the date
the data register is not valid.

('S

iD/data field CRC error When set, this bit indicates that an error was found in one
or more 1D fields or data field. This bit is reset when
updated.

4 Record not found error When set. this bit means that a data address mark was
not found within 43 bytes of the last 1D field CRC byte:
or it can indicate that the desired track, sector, or side
was not found.

5 Record type This bit reflects the type of data mark that was encoun-
tered during the read. When set, a deleted data mark was
found. If clear, a data mark was encountered.

o

Always set to 0.

e |

Not ready Same as type [ not ready status bit.
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Figure 3-6  Type 1l Write Sector Status Register Format

Table §-11  Type iyi Write Sector Status Register Bit Description

Bit Name Description
G Busy Same as type I status busy bit.
} Data request When set, this bit means that the data register is empiy.,

and it is waiting for the CPU 10 write the register.

2 Lost data When set, this bit means that data register had not been
written within 23.0 gs and the data on the disketie is not
valid (zero bytes are substituted for data jost).

3 CRC error When set, this bit indicates an error in ong or more 1D
fields. This bit is reset when updated.

4 Record not found error When set. this bit means that the desired track. sector, or
side was not found. :

5 Write fault Not implemented; should always be zero.

6 Write-protect When this bit is set after a write command, an attempt
was made (o write on & write-protected diskette,

-y

H

Not ready Same as type I not ready status bit.

54.1.5 FDC Track Register (Read/Write) Address 61H - This read/write 8-bit register holds the
updated address of the current read /write head position. It is incremented by one every time the head s
stepped in (towards track 79) and decremented by one every time the head is stepped out (1owards track

00}, The contents of the register are compared with the recorded track number in the 1D field during
diskette read. write, and verify operations.

5.4.1.6 FDC Sector Register (Read/Write) Address 62H -~ This read/write 8-bit register holds the
address of the desired sector position. The contents of the register are compared with the recorded secior
number in the 1D field during diskette read and write operations.

5.4.1.7 FDC Data Register (Read/Write) Address 63H This 8-bit register is used as a holding register
during diskette drive read and write operations. In diskette read operations. the assembied data byte 18




transferred in paraliel 1o the daia register from the data shift register. In diskette write operations, the data
byte is transferred in parallel from the data register to the data shift register.

When executing a seek command, the data register holds the address of the desired track position.
5.4.1.8 Formatter /Controller Register Detays - Because of internal synchronization ¢ycles, certain time

delays must be introduced when operating under programmed 1/0. The delays required for format-
ter/controller register-to-regisier accesses are fisted in Table 5-12.

Table 5-12  Formatter/Controller Register Delays

Delay Required

Operation Next Operation {microseconds)
Write 1o command register Read busy bit (FDC status register bit 0 12

Write to command register Read status bits <7:1> 28

Wrile to any register Read from a different register No delay
Write to track. sector, Read from same register 8

or data register
Write to any register Write to another register 14

Interrupt register Read status register 4

5.4.1.9 Data Shift Register — This &-bit register assembles serial data from the read data (RD} input

during read operations and wransfers seriai data to the write data (WD) output during write operations.

5.4.1.10 CRC Logic - This logic is used 1o check or generate the 16-bit cyclic redundancy check {CRC).
The polvnomial is” Gix) = x'¢ = 12+ L

The CRC includes all information starting with the address mark and up to the CRC characters. The CRC
register is preset to ones prior 1o data being shifted through the circuit.

5.4.1.11 Arithmetic Logic Unit (ALU) - The ALU is a serial comparator, incrementer, and decre-
menter. It is used for register modification and comparisons with the diskette recorded 1D field.

5.4.1.12 AM Detector - The address mark (AM) detector detects ID, data, and index address marks
during read and write operations.

5.4.1.13 Formatter/Controller Pin Descriptions - The 40 pins of the formatter/controlier can be
divided into the foliowing three functional groups:

1. Z80A processor interface
2. Diskette drive interface
3. Power inputs and master reset

The pin functions are described in Table 5-13.
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Table 5-13  Formatter /Controlier Pin Descriptions

Pin  Signal Pin

No.  Mnemonic  Symbol Direction* Signal Name and Function

i NC Pin 1 is internally connected to a back bias gener-
ator and must be opened by the user

19 ZRESET L RESET i 780A RESET: This low input from the Sf"”
diagnostic write register resets the formatter con
troller, loads 03H into the command register,
resets the not ready (status kit T \K Z%iif‘
ZRESET goes high ii"; a restore command 15
executed regardless of the state of the ready sig-
nal from the dz%aue drive and 01H is loaded into
the sector register.

o 26 GND VSS ] DC power ground
2 +5 N VCC ] +5 V power mput
46 +12V VDD 1 +12 V power input

780A Processor Interface

2 ZFPWR L WE I 7%0A DISKETTE DRIVE WRITE ’x logic low
{0y on this input gates data on ZD<7 0> into the
selected register when pin 3 (CSi low,

2 Cs S 1 CHIP SELECT: A logic low (03 on this inpul
sefects the chip and enables Z¥0A comn @
tion with the formatier/controller. This sig ',s.
tied 1o ground in the Rainbow LU compu

4 ZFPRD L RE 1 720A DISKETTE DRIVE READ: A logic fow
(01 on this input controls the piavement of data
from a selected register on the ZD<7:0> bus
when pin 3 (CS) is low.

5.6 ZA<1:0> Al A0 1 780A ADDRESS BITS <1:0>: The address bits

select the register to receive/transfer data on the
7D<7:0> lines under ZFPRD and ZFPWR

control:

ZA<1> ZA<0> ZFPRD ZFPWR

O 0 status reg. command reg
0 H track reg. track reg

i 0 SECLOT reg. 5eC10r 1 c;;;

1 i data reg. data reg

i = Input. 0 = Ouipur. O = Input/Outpul




Table 8-13  Formatter/Controller Pin Descriptions (Cont)

Pin
No.

Signal
Mnemonic

Pin
Symbol

Direction*

Signal Name and Function

3‘4*7

fad
L

ZD<7:0>

I MHZ

DRQ

IRQ

DAL7, DALO

CLK

DRQ

INTRQ

Diskette Drive Interface

ot
L5

STEP H

DIR H

EARLY H

LATE H

HLT H

STEP

DIR

EARLY

LATE

TEST

HLT

170

O

O

ZB0A DATA BUS: The formatter/controller
transmits or receives data. control, and statu
information over this 8-bit bidirectional bus when
enabled by ZFPWR or ZFPRD.

1 MHZ CLOCK: This input is a free-running
ock for internal timing reference.

DATA REQUEST: This open drain output ind:-
cates that the data register contains assembled
data in read operations. or the data regw“' i
empty in write operations. This signal is reses
when serviced by the Z80A reading or writing the
data register.

INTERRUPT REQUEST: ?h is open drain out-
put 1s se1 at the completion of any command and
is reset when the status remz.er is read or the
command register 18 writlen

STEP: This 2 us pulse is an output to the disketic
drive. For every step pulse issued. the diskette
drive moves the read/write one track location
the direction specified by the direction output.

DIRECTION: This signal goes high (1) when the
read/write head is stepping ir and low {U} when
the read/write head is stepping out.

EARLY: When this signal & high (1) the wri
data pulse 1s shifted early for write
precompensation.

LATE: When this signal is high (1), the writc
data pulse 1s shifted late for wriie
precompensation.

TEST: This signal is not used by the Rainbow
100 computer. It is tied to +3 V.

HEAD LOAD TIMING: When this signal goes
high (1). the formatter/controtier assumes that
the read/write head is loaded, and the drive
motor has come up to speed.

*| = Input. § = Quipwl

1/0 = Inpu/Oulput
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Table 5-13 Formatter/Controller Pin Descriptions (Cont}

Pin  Signal Pin :
No.  Mnemonic  Symbol Direction® Signal Name and Function

28 RG H RG O READ GATE: This signal goes high {1} when the
formatter/controlier encounters the sync field in
the read data. It allows the data separator circuit

to synchronize on the incoming daw.

26 RD CLK RC ] READ CLOCK: This signal is derived from the
incoming raw data stream by the data separator
circuit.

[ )
ik

RD RD i READ DATA: This signal 15 derived from the
incoming raw data stream by the data separator

Circuit

2% HLD H HLD -0 HEAD LOAD: This signal controls the joading of
the read/write heads against the disketie sur
and enables drive selection.

b
£y
-
(o]
£

ik
o

TG4 O TRACK GREATER THAN 43 When high (1}
this signal informs the disketle drive that d ,
10 be written 1o or read {rom tracks 44-79. This
output is valid only during read and write
commands.

A WG H W O WRITE GATE: This signal goes high (1) beford
writing data to the disketie,

3 WD WD 0] WRITE DATA: This signal is the 500 ns w it
pulse to the diskette drive. WD contains 1
unique address marks as well as data and cloc

£pd
Foud

READY H RDY i READY: When this signal from the disketic
drive goes high (1), it indicates that read/wnig
commands can be executed. If READY is low.
the read or write operation is not performed und
the formatter/controller generates an interrvpt
. request (IRQ). Type 1 commands are performed
regardless of the state of READY. The READY
input appears in inverted format as bit 7 of the
status register.

[
Lad

VFOE L WF/VFOL O VFO ENABLE: This signal enables the daio
separator. 1t is valid when WG = 0. VFOE will
fow (0) during a read operation after the hea ¢ has
loaded (HLT = 1). and will remain fow unitl the
end of a duta field.

*} = fnput. © = Output. 10 = nput,; Ouipit




Table 5-13  Formatter/Controller Pin Descriptions (Cont)

Pin Signal Pin

No.  Mnemonic  Symbol - Direction* Signal Name and Function

34 TROO TROO 1 TRACK ZERO: This signal informs the format-
ter/controller that the read/write head is posi-
tioned over track 0.

i3 1P tp | INDEX PULSE: This signal informs the format-
ter /controller when the index hole is encountered
on the diskette.

36 WR PRT WP 1 WRITE PROTECT: This signal is sampled
whenever 2 write command is received. When low
(0). this signal terminates the command and sels
the write-protect status bit 6

37 DDEN L DDEN I DOUBLE DENSITY ENABLE: When this sig-

nal is low (0}, the formatter/controller operates in
double density mode. This signa! is tied 1o ground
in the Rainbow 100 computer.

* = Input. © = Outpur 170 = Input/Output

5.4.2 Data Separator

The data separator cireuit receives the raw serial data input from the disketie drive and produces read data
{RD) pulses whose teading edges ideally fall within a read clock (RD CLK) window. The RD CLK window
oecurs at a nominal frequency of 250 kHZ and is used to strobe each RD pulse into the format-
rer/controlier. Figure 5-7 shows the relation between the data separator, incoming data. and the
formatter/controlier
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Figure 5-7 Data Separator Block Diagram
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Diskette drive motor speed variation. bit shifts. and diskette drive read amplifier recovery circuits all cause
the RAW DATA pulses 10 drift away from their nominal positions. As this occurs, the RAW DATA
puises will shift jeft or right with respect 10 RD CLK. Eventually, & data pulse will make fis transition

outside of its RD CLK window. causing either a CRC error or @ record-not-found error at the

formatter /canroller.

The phase lock loop (PLL) circunt {data separator and VCO) prevents this undesirable condition from
occurring The PLL provides sync ronization between the RD CLK and RD signals. As RAW DATA
pulses are fed to the PLL. the data separator provides a varying dc signal to make minor adjusiments 10
the nominal 1 MHZ voluage controlled oscillator (VCO) frequency. 1f the RAW DATA pulses are
nccurring too far apart. the RD CLK frequency is decreased to keep the RD pulses in the center of the RD
CLK window. If the RAW DATA pulses begin occurring 100 close together. RD CLK frequency s
increased until this new higher frequency is reached. In normal read operation, the PLL constantly adjusts
the RD CLK frequency in an attempt 10 match the RAW DATA frequency.

1y
t

The variable frequency oscuialor enable (VFOE) signal i an output from the formatter/controller tha
B L od 1 S -
CH

A4 and valid data pulses are occurring on he

i

signifies that the head has bec the RAW DATA line. ftis
used 1o enab SO rato] to prevent random pulses from producing an erralic RIy CLK sigral
when the diskette drive head i disengaged.

he read gate (RG) signal from the formatter/controller is used to inform the PLL 1o synehronize 1o the
.ad data. RG goes high (1) when vhe formatier/contreter detects the four sync bytes in the

f , aller must then find an address mark within the next 16 bytes: otherwise,
RG is reset and the farmatier/ controlier conlinues searching for sync bytes in the incoming data siregm

After the data field of the target sector has been read or a time-out error occurs. the formatter/controlier
unasserts the VFOE signa nables the phase lock loop to lock on o a 30
and stay within the caplurc range { the VCO for the next read ¢ycic.

The RX 30 controller module also contains a diskette drive/diagnostic data selector that provides a means
1o test the PLL circuit without & diskelte drive being connected 10 ihe Syster. it is used during diagnosuc
testing to determine if read errors are due o a fault in the data separator circuit or the disketle drive.

During normal operation. the RAW DATA pulses from the diskette drives are routed through the data
selector to a 300 ns pulse shaper 4nd then to the data separalor.

During diagnostic testing. the DIAG LOOPBACK signal goes high (1) to allow the printer transm it data
{PRT TXD) from she printer MPSC 10 simulate a track of MFM data and clocks. The format-
ter/controller receives the simuiated MFM data and forwards it 1o the Z80A processor. which verifies that
the RX50 controller received the same data that was sent by the K088 processor.

5.4.3 Write Precompensation

The MFM recording method produces an undesirable shifting of the peaks of adjacent flux transitions on
the diskette that causes them 1o move from the position where they were writien. The write precompensd:
tion circuit shifts the write data in a direction opposite 1o that expected by the peak shift of the read
voltage waveforms as a result of the MFM encoding. Figure 5-8 shows binary data encoded into MFM
format and Figure 3-9 shows how the diskette flux reversals shift the peaks of the composite read
waveform. ,
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precompensation ROM. ¢ 3-bit fatch. & write

The write precompensation circuit consists of a 236 x4 bit
relation of the write precompensation circuit 1o the

data bit latch. and a data shaper. Figure 5-10 shows }
formatter /controller and the diskette drive connectors.
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Figure 3-10  Write Date Precompensation

The formatter/controiler provides three signais to select the write data precompensation value. Write d
(WD), EARLY . and LATE are clocked into 2 3-bit latch by 1 MHz clock pulses from the sysiem me
clock circuit. The formatier/controfler asserts EARLY or LATE at Jeast 125 ns before or afier the wriw
data pulse. An algorithm internal to the formatier /controller decides whether to assert EARLY or LATE
depending on the previous bit patiern sent.

The write precompensation delay values are stored in tabular form in the precompensation ROM in
address locations specified by TG43. PC1. PCO. EARLY, LATE. and the 1. 2. and 4 MHz clocks. The 1.
> and 4 MHz clocks step through the addresses at 125 ns intervals until an address location containing
~¢" in the DO bit is encountered. '

When DO = 0, the write data bit latch will output a positive pulse 10 trigger 2 one-shot data shaper.
data shaper sends the 500 ns precompensated write data pulse to the diskette drive connectors (12
and at the same time clears the 3-bit latch.

5.4.4 Diskette Drive Select Logic

The diskette drive select logic provides a disketie select signal and a drive motor on signal to activate an}
one of four drives (A, B, C.or D) when data is 10 be written to or read from a disketie. Diskette drive unit
0 contains drives A and B, and the optional diskette drive unit 1 contains drives C and D. The diskette
drive select block diagram is shown in Figure 5-11. ,

The Z80A processor controls the selection of the drive and turns on the diskette drive motor by writing 10
the diskette drive control register at address 40H via the ZD<7:0> bus. DSO H {bit 0) and DST H b 1
of the diskette drive control register are sent 1o the diskette drive select and decoder circuit These bits arc
decoded when the disketle drive select and decoder circuit is enabled by either the MOTOR O ON Hibu
3. MOTOR 1 ON H {bit 4), or the head toad (HLD H) signal from the formatier /controtier. Tabie 5-14
lists the drive selected as a result of decoding the DS and DSI bits.
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Figure 5-11  Disketie Drive Select Block Diagram
Table 5-14 Drive Select Decoding

DS1 DS0O SEL Drive A* Drive B Drive C Drive D
0 0 0 i i 1 I
G 0 i { 1 i 1
O i ! } 0 ] 1
| 0 1 ! ! 0 ]
i i I i 1 i

* U= Drive
1= Drive des

The drive motor in diskette drive 0 and 1 can be turned on by the MOTOR O ON H and MOTOR 1 O\
H signals from the diskette drive control register or the HLD H signal from the formatter/controller. The
motor on signals are sent directly to the disketie drives and also through an “OR™ gate to the select input
of the diskette drive select and decoder circuit. This arrangement 1s necessary to ensure that the motor in
the drive sciected by DSO and DSt will be turned on before the read/write head is loaded. The read/write
head is loaded when the DISK 0. 1, 2, or 3 SEL signal goes low.

The select signal for the diskette drive select and decoder circuit can also be asserted high by HLD H from
the formatter/controller. HLD is asserted at the beginning of a type | command if the head load flag is sct
{h=1). at the end of & tvpe | command if the verify flag is set (V=1), or upon receipt of any type H or HI
command. Once HLD is asserted. it remains asserted until either a type | command is received (h = 0. v =
0y or if the formatter/controller 1s in an idie state (not busy) and 15 index pulses have occurred.

LA
s
(o]
ol




The diskette drive select circuit also contains a 300 ms motor start-up timer that generates the head load
umiag (HLT H) signal to inform the formatier/controller that the read/write head has been loaded. The
motor start-up timer is & one shot that is triggered by either MOTOR 0 or | ON bit or HLD H. The Mo
start-up timer delays the start of a sccond selected drive motor for 500 milliseconds after the start of the
first drive motor. While the first drive motor is on. the 500 millisecond timer is unusable for @ second drive
unless the first drive motor is turned off. The second drive motor has o be timed by the program if the
fiest drive motor is on. This delay is necessary 1o ensure that the selected drive motor is rotating at the
correct speed before reading from or writing o the diskette.

The SET READY H (bit 2 signal from the diskette drive control register is used during diagnostic testing
1o override the READY L signal from the diskette drive.

NOTE
1f MOTOR 1 ON is active and drive A or B is
enabled at the same time, ‘both motors turn on
simultaneously.

2.4.4.1 Diskette Drive Ready Status - The ZS0A processor monitors the status of the READY L fine
o determine if the drive is ready tor a read or write of on, READY Lo
nostic swatus register and through an “OR™ gate 10 the formatier /controd

H

e  The diskette érive is selecied, ar d
The disketig grne BB seiegied, and

s A diskettc is present in the diskelie drive and the door is closed. The disketie drive motor does
nat have 1o be up to speed.

The ready condition for the formatter/controller can be made valid by the following conditions:

31

e The diskette drive 1s aciually ina ready state (READY L asserted) or
e  The SET READY H bitin the diskette drive control register has been set by software.

5.4.4.2 Diskette Drive Select Light Operation - The front bezel of gach diskette drive uni 1
head load fights 1o inform the operatlor that the diskette drive is active. The diskette must not be removed
while these hights are on

During power-up. the INIT L signal from the system module initializes the drive select fogic and desciects
il drives. Each light will be rurned on by the select logic in the diskette drive when the followi

conditions exist

ST

e  The spindle motor 1s operating.
e A diskette is inserted and the door is closed. !
e  The diskette drive side 15 selected.

5.4.5 Diskette Status Register (Read Only) Address 40H

This eight-bit read-onh register holds the status of control signals coming from the formatter/controlier
and going to the RX50 diskette drive. The status bits are gated onto the 7D<7:0> bus when the Z8UA
170 select decoder asserts 7EP REG RD L. The format of the status register bits is shown in Figure S A
and the bits are described in Tabic 5-15

5
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5.4.6 Diskette Control Register (Write Only) Address 40H ,
This eight-bit write-only register holds control bits used to select the disketie drives and precompensation
values for the write data. The control bits are gated into the control register from the ZD<7:0> bus when
the Z80A 1/0 select decoder asserts ZFP REG WR L. The format ef the disketie control register is
shown in Figure 5-13 and the bits are described in Table 5-16.

07 06 05 04 D3 02 01 00

[ 1 |
L——"‘ DiSKETTE SELECT O

DISKETTE SELECT 1
e R A £ 1. X

MOTOR O ON
MOTOR 1 ON

WMo D2 02 o1 oo

o
Gt
ggw

07 P8

05T H

SET READY H
MOTOROON L
MOTORTONL
SIDECQL

PCO

o
fad

! ) 1 b )
i , Lw D80 H
i

MA-1IRAD

Figure 5-13 Diskette Control Register Format




Table 5-15  Diskette Status Register Bit Description

Bit Name - Description

0. DISKETTE SELECT , These bits read back the status of bits 0 and 1 from the
diskette drive control register. They indicatz which drives
have been selected. They are encoded as follows:

Bit 1 Bit © Drive Selected

Drive &
Drive 1
Drive 2
Drive 3

— O - D

¥

TRACK GREATER This bit reflects the status of the TG43 signal fron
THAN 41 formatter /controber going tothe & '
- it indicates that the read/write head is positioned on 2

track greater than 43

F,

MOTOR 0 ON This bit reflects the status of the MOTOR ¢ ON dnc at
the disketie drive connector J2 When 0. 1 indicates that
the MOTOR 0 ON bit 1s set.

4 MOTOR | O ' This bit reflects the status of the MOTOR | ON hine at
- the disketie drive connector 13, When €. 1t indicates that
the MOTOR | O bitas set
s SiDE SELECT This bit reflects the status of the side selec

diskette drive connestors J2 and 33 Whe
of the diskette 1s selected.

6 INTERRUPT REQUEST This bit reflects the status of the IRQ signal coming from
the formatter/contrailer. 1t is set (1) at the completion of
any command and reset (0) when the FDC status register
is read or the FDC control register is writien 1o,

? DATA REQUEST This bit reflects the status of the DRQ bit from the
formatier/controlier. When high (1). indicates that ihc
formatter/controller has read data 1o be transferred or
requires new write data.

A
B
v
P A




Table 5-16 Diskette Control Register Bit Description

Bit Name Description

0.1 DISKETTE SELECT These bits control the selection of the diskette drives. The
binary value written to them {0-3) selects drive 0 through
3. Only one drive can be selected at a ume.

2 SET READY This bit is used during diagnostic testing to override the
READY L signal from the diskette drive. When this bitis
set. it informs the formatter/controlier that a read or
write operation can be performed.

3 MOTOR 0 ON This bit controls the MOTOR ¢ ON bit. When set (1), it
turns an the motor in the first drive unit.

4 MOTOR 1 ON This bit controls the MOTOR 1 ON bit. When set (1) 11
turns on the drive motor in the second drive umit.

SIDE O This bit selects the side of the diskette to be accessed. For

' single-sided drives. this bit is always set 1o O for side O of
the diskstie.

&7 pCo, PCH These binary bits are used to control the write defay

precompensation values. The following table lists the val-
ues available.

TG43 PCi PCO Delav {ns}
0 0 0 125
0 0 0 125
0 0 0 125
0 0 0 125
1 O 0 250
1 ) 0 375
1 G | 378
1 ¢ ] 375

5.4.7 General/Diagnostic Status Register {Read Only) Address 21H

This eight-bit read-only register holds the status of control signals from the formatter/controller to the
diskette drive and input signals from the diskette drive. Bits <2:0> of this register are used by the Z&0A
processor to monitor the status of interprocessor interrupts and are described in Chapter 4, Paragraph
4.4.10.1, The status bits are gated onto the ZD<7:0> bus when the Z80A 1/0 select decoder asserts
ZDIAG RD L. The format of the general/diagnostic register bits s shown in Figure 5-14 and the bits are
described in Table 5-17.

5.26
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i ; k DIR L

TROO
! WRITE GATE L
' STEP L

Figure 5-14

LSRRk L

General/Diagnostic Status Register Formas

Table 8-17 General/Diagnostic Status Register Bit Description

Bit Name- Description

0 ZFLIP L Not used by RX30 controller module

I INTZRO L Not used by RX50 controller module

2 INTES L Not used by RXS50 controller module

3 READY L This bit reflects the status of READY signal from the

, diskette drive. The diskette drive asserts this signai when
a diskette is inserted and the door is closed

4 DIR L This bit reflects the status of the DIRECTION signal
from the formatter/controller to the diskette drive. When
high (1). the read/write head will step woward the cenier
of the diskette. When low (0). the read/write head will
step away from the center of the diskette.

5 TROO This bit reflects the status of the TRACK 0 signal coming
from the diskette drive. When high (1) 3t indicates that
the read/write head 1s on track 0.

6 CWRITE GATE L This bit reflects the status of the WRITE GATE signal
from the formatter /controller to the diskette drive. When
jow (0}, data can be written to the disketie.

7 STEP L This bit reflects the status of the STEP signal from the

formatter/controlier to the diskette drive. The read/write
head will step from one track 1o the next for each STEP
pulse. The direction in which the head will step is deter-
mined by the state of the DIRECTION signal.

Ay

'
Tl
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5.5 RNS0 CONTROLLER MODULE CONNECTORS

The RX50 controlier module contains one 40-pin connector (J1) and two 34-pin connectors (J2 and 13)
Conncetor 11 carries address. data. and control information between the RXS0 controlier module and the
system module. Connectors J2 and J3 carry control, status, and read and write data signals between the
RX S0 controller module and the diskette drive(s). If the system contains a single diskette drive unit. it
must be connected to connector J2. When an optional diskette drive unit is installed. 5 connected 10
connector J3 All signals, except three, are wired to J2 and J3 in parallel.

The signals on connector J1 are described in Table 5-18 and those for 12 and 13 are deseribed in Table 5-
19

Table 5-18 RX50 Controller Connector (J1) Signals

Pin*  Signal Mnemonic Description

i DISKETTE DRIVE READ ZFPRD L This input signal asserted by the
ZROA 1/0 select fogic aliows
RX30 controller to place read data
from the diskette drive onito the
Z80A data bus (ZD=7.0>)

2 PRINTER TRANSMITTED PRT TXD . This input signal 18 a serial stream
DATA of data from the printer MPSC.

This data is sent to the daw
separator circuit when DIAG
LOOPBACK H is asserted and
allows the 808% and Z&0A proces-
sors 1o test the date separaior cir-
cuits without the use of a diskette
drive.

3 DISKETTE DRIVE WRITE ZFPWR L This input signa! asserted by the
Z80A 1/0 seiect logic gates data
from the Z80A daia bus ZD=<7:0>
into the selected  foermat
ter/controller register,

B DIAGNOSTIC LOOPBACK DIAG LOOPBACK H  This input signal, together with
PRT TXD. allows the data
separator circuit to be tested
through the printer port.

5 Z8OA RESET ZRESET L This input signal will reset the
RX50 controller at power-up.

7 AC VOLTAGE OKAY BACOK H This input signal allows the RX50

controller to transfer write data 10
the diskette drive only when the ac
input to the power supply s at the
correct voltage level

#Pine not isted are not ased by the RN Contrefior Module




Table 5-18 RX50 Controller Connector (J1) Signals (Cont)

Pin* Signal : Mnemonic Description
9 DISKETTE DRIVE ZFPREG RD L This input signal asserted by the
REGISTER READ Z80A 1/0 select logic allows the

Z80A to read the status of the dis-
kette drive.

10 45V 45V input
1l Z80A DATA BIT 7 207 This bidirectional data bus bit 18

used to transfer data, control, and
status information between the
Z80A and the RX50 controlier

12 Z80A ADDRESS BIT O ZAD Address bit 0, together with
address bit 1, selecis one of five
registers in the RX30 controiler to
transmit/receive data on the
ZD<7:0> bus.

13 Zs0A DATA BIT 6 2136 This bidirectional daia bus bit 18
used 1o transfer data. control, and
status information between the
Z80A and the RX50 controller.

14 GROUND GND Signal and power ground .

13 Z%0A DATA BIT 5 ZD3 A

7 ) R E A . 4 PR . . .

! Z80A DATA BIT 4 b These bidirectional data bus bits

15 780A DATA BIT 3 7D3 | grﬁ Essed m trarz&irf:{ data. c,emrf;x

e , and status information between the
: 21 ;’38{)'&- D%T‘G\ BIT 2 7ZD2 Zgi}éﬁ and the KX A0 controlier.

23 Z80A DATA BIT 1 ZD1 J

24 GROUND GND Power and signal ground.

25 Z%0A DATA BIT 0 ZD0 This bidirectional data bus bit 18
used to transfer data, control, and
status information between the
Z80A and the RX30 controlier.

26 Z30A ADDRESS BIT | ZAl Address bit 1 together with address

bit O selects | of 3 registers in the
RX50 controller to trans-
mit/receive data on the 270
bus.

*Piny not disied are not wsed by the RX50 Controlier Module




Table 5-18  RXS50 Controller Connector {11} Signals (Cont)

Description

Pin* Signal T Mnemonic

27 g8 MHZ CLOCK PULSE 0SA

29 4 MHZ CLOCK PULSE 4 MHZ

30 +5V

31 2 MHZ CLOCK PULSE 2 MHZ

32 +12

33 I MHZ CLOCK PULSE { MHZ

34 +12

35 500 KHZ CLOCK PULSE 500 KHZ

36 ~12V

37 ZFPREG WR L
38 DISKETTE DRIVE PRESENT FLPY PRESL

39 DIAGNOSTIC READ ZDIAG RD L

This clock pulse signal is used by
the write precompensation ¢ircuit
in the RX 50 controlier.

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

+5 V¥V input

This clock pulse signal is used by
the write precompensation crrewit
in the RX50 controlier.

+12 'V input

This clock pulse signal 1s used by
the write precompensation ¢ircuit
in the RX350 controller

412V input

This clock pulse signal is used by
the data separator circuit in the
RX50 controller.

—12 V input

This output signal asserted by the
Z80A 1/0 select logic enables a
write-only control register in the
RX50 controller. The contents of
the register are uwsed to select the
drive, turn on the drive motor,
write the precompensation values.
and select the surface of the dis-
kette to be accessed.

This output signal informs the
&08% that the RX30 controlier 1s
instalied.

This input signal asserted by the
Z8OA 1/0 select logic enables the
general/status register on the
RX50 controller to place disketie
drive status information on the
ZD<7:0> data bus.

*Pins not lisied are not used by the RXS0 Controlier Module.
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Pin*

3293

Table 5-19 RXS0 Controller Connector J2 and J3 Signals

Signal

Mpemonic

Description

2

128 ]

s
oo

16

18 18

200 20

TRACK GREATER

THAN 43

INDEX PULSE

- DISK 0 SELECT

DISK 2 SELECT

DISK | SELECT
DISK 3 SELECT

DRIVE MOTOR 0 ON

DRIVE MOTOR 1 ON

 DIRECTION

STEP PULSE

TG43

1P

DISK 0 SEL L

DISK 2 SEL L

DISK 1 SEL L

DISK 3 SEL L

MOTOR 0 ON L

MOTOR 1 ON L

DIR L

STEP L

This output informs the diskette drive
that the read/write head is positioned
between tracks 44-79. This output is
valid only during read and write
commands.

This input informs the formai-
terfcontrolier when the index hole in the
diskette is encountered. Minimum pulse
width is 20 microseconds. This signal
indicates the start of a diskette track

When this output is asserted low. dis
kette drive A 15 selected for read or write
operations.

When this output is asseried low. dis-
kette drive C is sefected for read or write
operations,

When this output is asserted low. dis-
ketie drive B is selected for read or write
operations.

When this output is asserted low, dis-
kette drive D is selected for read or write
operations.

When this output is asserted low. the
spindle motor 1n diskette drive unit 0
{drives A and B) is turned on.

When this output is asserted low. the
spindle motor in diskette drive unit !
{drives C and D) is turned on.

When this output signal is low, the
read/write head will step towards the
center of the diskette. When high. the
read/write head will step away from the
center of the diskette.

When this 2 microsecond output pulse is
asserted Jow, the read/write head will
move one track position in the direction
determined by DIR L.

T Pins b

KRR

v 3726, 3, and 33 are ted ground. Pin 4 is not usd




Table 5-19 ’ RX50 Controller Connector J2 and J3 Signals (Cont)

Signal

Mnemonic

Description

T
o

[ ]
e

L]
E =9

-2

30

34

 WRITE DATA

WRITE GATE

TRACK ©

WRITE PROTECT

"RAW READ DATA

DISKETTE SIDE 0

READY

WRITE DATA L

WRITE GATE L

RAW DATA

READY H

This 500 ns output pulse is the data to be
written on the diskette. Each transition
from a logical 1 to a logical 0 causes the
read/write head current to be reversed.
thereby writing a data bit. This linc is
enabled when WRITE GATE 1s active

This output is asserted low before data
can be writien on the diskette.

When asserted low. this input signal
informs the formatter/controller that
the read/write head is positioned over
wrack O.

This input is sampled whenever a write
command is received. When asseried
low, the command terminates and sets
the write-protect status bit in the
formatter/controller status register.

This input is the raw data signal from
the diskette drive. This signal should be
a negative pulse from & minimum of 750
ns to a maximum of 1230 ns for each
flux transition.

When this output signal is asserted high.
side 0 of the diskette is selected. This
signal is alwavs high for single surface
drives.

This input indicates drive readiness when
low, and is sampled for a logic high
before a read or write operation. This
signal means that a diskette is inserted.
the drive door is closed. and the drive is
selected. The drive motor does not have
1o be turned on.

S 7.9 TRIS1T019

31, and 33 are tied to ground. Pin 4 18 not used

te
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5.6 SPECIFICATIONS

The following paragraphs describe the @h&mg* dimensions, power requirements, and environmental
specifications for the RX30 controller modu

£.6.1 Physical Dimensions

Length 2413 em (9.5 0n)
Widih 950 ¢cm (3.9 in)

6.2 DC Power
The de power required by the RX 50 controlier module is 2s follows:

+5 Vde at 475 mA tvpical (739 mA maximum)
412 Ve at 25 mA wpical (30 mA maximum)
—12 Vdc at 8.4 mA typical {15 mA maximum)

6.3 Fmimnmema?
The RXN30 controlier « ﬁ% meets the environmental requirements of Digital Equiprent
ctundard 107, class B. and the conducted and radiation emission limits gstablished by FC
computing devices.

(507 F o 1047 By
{(~40° F 1o 1538°F)

§'iumid'1*
1(“ ;” - . "
aximum wet %:smt} 28T C 82T F)
minimum dew paint. 27 C {367 F)

Alutude {maximums
Operating Limit = 2440 m (8000 {0
Storage Limit 9144 m (30.000 1)

*

Musimium aflowabie temperature i reduced by 1.8 C per 1000 m (17 F per 1000 1) sbove sea feved,

LA
B
Tad
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CHAPTER 6
RX50 DISKETTE DRIVE

6.1 INTRODUCTION
The RXS0 dusl-disketie drive
the Rainbow ™ 100 computer. F

Rainbow™ 100 computer

« the siorage component of the RX30 controller and drive subsystem for
igurc 6-1 shows its relationship to the other components that make up ihe

6.1.1 Reia{éfj Documentation

Faor further information. refer 1o the RX30 Field Maintenance Print Set (MP-07482-00).

6.1.2 General Information

The RXAS0 dreive 1s o field replaceable unit (FRU PN RX50-AA} that mounts in the Rainbow™

computer system unit One cable connects the RX30 drive 10 a controlier (sec Paragrapn 5.8
f oon the RXS0 controlier connectors). A power cable (FRU PN 17-00281)

description of the signa
conaccls the power supph to the RX50 drive.

The RXS0 drive is o ficld replaceable part rather than a ficld repairable part. No adjustment or alignment
procedures are provided in this chapter because of the test equipment required. The RX30 drive i

adusted and angned i

ne time of manufacture.

6.1.3  Physical Description
Figurc 6-2 shows the RN30 drive. The front berel has two access slots with swinging doors 10 inseri or
remove disketios. A head foad LED at the fromi of each disketie stot fights when that unit is busy.

NOTE
Do not open either access door if either LED is lit,
This damages data stored on either diskette.

Internally. the drive has (wo counterrotating spindles. The spindles are belt driven by 2 single d¢
motor/tachometer combination ' o

Each diskette has o read /write (R /W) head located back-ta-back between the diskettes on a head carriage
assembly. The heads are positioned over each track by a single stepper motor/lead screw combination,

The clectranic compenents are mounted on three printed circuit modules. All motors and sensors plug into

these modules. The power and interface cables from the controlier piug into one of the vircuit modules
from the top rear of the RX30 drive, '

G-
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Figure 6-2  RX50 Duali-Diskette Drive

6.1.4 Diskette Description

The RXS0 drive uses standard 133.4 mm (5.25 inch) square diskettes Figure 6-31 The recording medium
ta

{
is ¢ magnetic oxide coated flexible Mylar™ diskette, 130.2 mn (3,125 in) in diameter. Jt is con ined
inside u protective cover. In addition. & paper envelope is provided to protect the diskette when it is not i

As the medium rotates mside the cover. it is continuoushy
openings in the cover: on¢ each for the spindie. the R/W
Sensor.

cleaned by a soft fzbric liner. There arc four

head. the write-protect sensor, and the index

square notch along one side of the cover. When this opening is
covered. the diskette is write protected. For further information se¢ Puaragraph 6.1.5.2.

SEALED
PROTECTIVE
JACKET

,
™
B WEITE
b PROTECT
- CNOTOH

OXIDE CORTED
MYLAR DISRETTE

\

INDEX HOLE

MR ORIE

Figure 6-3  The 5-1/4 Inch Diskerte

Y i o trademark of DuPont de Nemaurs & Company, Ing




6.1.8  Operating Procedures
The following paragraphs deseribe the diskette operating procedures.

6.1.5.1 Diskette Handling and Storage ~ Improper handling or storage of diskettes can destrov recorded
data and dumage the R/W head. The following are some suggestions for diskette handling.

e Return the disketie to its protective paper envelope when it is not installed i the RX30 drive.
e Storc diskettes vertically and loosely 1o prevent warping.

e Usca felt tip pen to mark the diskette label. A pencil or balipoint pen may imprint through the
cover and damage the diskette inside.

e  Inscrt the diskette into the drive carefully. Never force the door closed i it scems to b Stuck
This couid crush the disketie. :

i

o Never remove or insert a diskette if either LED at the front of the diskette siots is It

e Never open or close the diskeite door if either LED at the front of the diskette slots is it

e Avoid touching the Mylar recording surface where the jacket s cut away for the R/W
heads, Fingerprints dirty the R/W heads and can cause date errors,

e Do not store diskettes in direct sunlight or near heaters where temperatures 20 above S0 C
(1257 Fi High temperatures warp the covers.

. ~Never bend or fold the diskette cover. .

e Never bring the diskette near any strong magnetic fields (5 gauss or more) or wouch

the dinkene
with any steel objects This could erase or weaken the data on the disketic o

6.1.5.2  Write Protection of Diskettes — The RX50 drive is equipped with a write-protect feature thut
protects the diskette from accidental writing. To write-protect a diskette. cover the write-protect notch on
the side of the cover. You may use adhesive-backed write-protect tabs (usually provided with disxeites) or

|
ordinury adhesive-buacked lubels may be substituted Figure 6-4 shows how to apply write-prc

«

1 L0

fF L

4 :

@ WRITE @ WRITE.

{ } PROTECT i ) PROTECY

Nt & TAE ‘\W;" o TaB
] )

A APPLY T FRONT GF DISKETTE 8 FOLD TAB GVER TO BALK

e

ME T

A

Fioure 6-4 Write-Protect Tab Application
& ¥

S
[
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6.1.5.3  Diskette Lﬁaéing;’lfnloadihg -
NOTE

Do not open either of the RX50 drive doors if either
LED at the f ront of the disketie smxs is lit.

To toud o disketie into the RXS0 drive. pe farm the following procedure:

1. Muke sure that both indicators are not lit.
2 Open the door of the desired drive
3. Align the diskette with the slot.

4 Insert the diskette untit it hits a sobid st op.
5 Close the de

edge of the door (Fy g_vm &) The diskette should be oriented so that
ver is insertzd into th fﬁﬂ\” first. The drive records on the surface of
{ the drive (Figure t}-téj.i,

To open the door, press <
AW houd aocesy sk

H
R dishotio CIOsest 10 R

close the door. g»mu push the si lotted edge of the door toward the center of the drive until it s flush
with the front bezel (Fipur ek oof the head load LEDs on the front bezel hight whan the controller

i ACCeNIN

6.1.6  Configuration Options
An RXS0 dual-diskette drive can be configured to be selected by one of two groups of select signals ir

ihe controfier,

One configuration of the RX30 drive requires no JUMper on connector J17 (see Paragraph &,
chables comrolier signats DRIVE SEL O and DRIVE SEL | 1o select circuits in the drive (see

Tir_‘ other €¢ z:“?gur wonof the RNA0 drive wu“é*c\ a jumper (PN 12-14314-00) instalied on connector
117, This cnables controtier signels DRIVE SEL 2 and DRIVE SEL 3 to ).L’ii\,us circuits in the driv

/o
A f.s...’,.,\
s S =

SR

Figure 6-5  Opening Access Doors




Figure 6-6  Inserting Diskette

*EID027

Figure 6-7 Closing Access Doors
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6.2

the drive

TOFRGN J
CONTROLLER

FUNCTIONAL COMPON ENTS

Figure 6-% is & simple bioch diagram of the RX30 drive

{1 shows the general operation and d
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The RX50 drive contains the foliowing elements to perform read. write, and seek operations:
e  Seck and interface module

Select gircuits

Status circuits

Stepper motor circuit
Read/write interface circuits

® & & @

e Motor control module
s Spindic motor control circuits

Spindle motor

Two head load solencids
Disketic sensors

Stepper motoer
Read/write {R/W) module

e & & & @

® Write circuits
® Read circuits

o  Two read/write heads

6.2.1 Seek and interface Module Functions
The seck and interface module contains the following circuits:

e  Sclect circults
. Status Circuits
&
®

Stepper rocircuits

Read/write interface Circuits

The select circuits act as an interface between the controller and the R X350 drive. These circuits perform
the folicwing functions:

Enable the motor control module.

Select the head load solenoids.

Select the sensors.

Select and enable the circuits in the R/W module.

® % 2 &

The status circuits interface with the sensors to the controller. These circuits pass slatus signals to the
controiler from the selected sensors.

The stepper motor circuits interface with the controlier to the stepper motor. These circuits convert
controller signals to stepper motor control signals.

The R/W interface circuits interface with the controller and the R/W module. For a write operation.
these circuils pass data and commands from the contraoller to the R/W module. For a read operation. these
circuits pass commands from the controller to the R/W module and data from the R/W moduic 10 the
controiier.




6.2.2 Motor Control Module and Spindle Motor Function
The motor coniral module contains spindle motor control circuits that control the rotational speed of the
spindle motor. These circuits are enabled to rotate the spindie motor or disabled to stop the spindie motor

4 o AP
by select Circuits.

When enabled. these circuits provide current to the spindie motor to keep it rotating at a consiant speed.
When disubled. these circuits inhibit current to the spindie motor s¢ it does not rofate.

As the spindle motor rotates. @ belt drives twe counter-rotating spindles. Each spindie rotates the diskeite
within its cover

6.2.3 Head Load Solencid Function

he RX50 drive contains two head load solenoids. one for each R/W head. The selected solenoid releases
the head load arm and pad. This applies pressure o the surface of the medium and brings the R/W head
in contact with the diskette

6.2.4  Sensor Functions

o groups of sensors. one group for each side. A SENSOT Zroup 1 seiected by the
v proup senses the foliowing conditons:

e The presence of o diskette
*  The write pr
e  The indes of
s Truck zera

5t v

rochion shintus of O Gkt

» diskette

10 position

Stepper Motor Function
Tho RXS0 drive contuns a sieppey
trolled by the steppes
finear plane, moves the R/AW he

iats track. The motor

motor that positions R/W heads over 2

Sor eircuits. As this motor rotates. ¢ head carriage assembiy. MovIing 1n &

3

aver the disketie.

6.2.6  Read/Write Module Function L

The R/W module contains both read and write circuits. The read circuits convert the ana
by the R/W heads to digital data The write eircuils generate the write currents for the R/
record datd on the disketie

duta sensed
A~ heads 10

lect signal from the select circuits. The select circaits select ome of the teo
] e R W imterface function then enables the read circurts 1o pass read

The read cirguils TCCCIVE 4
R /W heads. A read comy
dutn 1o the B/ antert

The wrile circuits arc ensbied by the select circuits. The select circuits select one of the twe R/W heads
The write data and commands from the R/W interface circuits then control the currents generated by the
write circuits fof the heads

6.2.7 RX&ZU Drive Set-Up Sequence
Prior 10 read and write operations. the following Set-Lp sequence must be performed:

resiore unit command This turns on the spindic motor and causes it 1o seek track

rr
St
B 3
%
o
.
(2]
£

areot track and seclor registers.

RS Executc a reogd oF Write seolor cormmand This causes the heads to o
scek the target truck

and the stepper moor 1




6.3 THEORY OF OPERATION
The following paragraphs describe the operation of the RX 30 drive.

6.3.1 Drive Mechanism Detailed Operation

The following paragraphs describe the mechanical operations of the RX30 drive. These operations use
mechanisms that orient the disketies. allow the modules to read and write 0 the diskette, and perform
seek operations.

Figure 6-9 is an exploded view showing the mechanical detail of the drive. Figure €-10 shows the

functional detail of the drive.

SENSOR
LED

FRONT
BEZEL

Figure 6-9 Mechanical Detail
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Figure 6-10 Drive Mechanism Functional Detail

6.3.1.1 Diskette Positioning Mechanism ~ With the door open on either side A or B. a diskette siides

gasily in or out of the drive on grooves. These grooves are in the drive’s side panels and have z solid

backstop to position the diskette,

Each door operates a cone lift cover. When the door is closed, the cone lift cover moves over the diskeite.
the spindle through the diskette cover cutout.

over, clamips the diskette 10

A collet, on the cone it €
The diskette is pressed hightly against a reference plane near the R/W head. ensuring proper head-1o-
diskette height. The plane pushes the soft cover liner against the diskette. This wipes he surface of the
diskette clean before 1t comes nie contact with the R/W head.




Positioning the diskette in each drive side brings two switches in contact with the diskette. The switches

pass status information. disk presence, and write protection 1o the seek and interface module. For further
information see Paragraph 6 3.1.5.

6.3.1.2 Spindle Drive Mechanism - The drive contains two counterrotating spindles. one for each drive
side. A single 12 Vdc spindle motor/tachometer combination drives the spindles with a belt. The motor
operates at 1800 r/min while the spindies rotate at 300 r/min.

The motor control module keeps the motor rotating at a constant 1800 r/mun. The module compares the
tachometer pulses coming from the motor to a constant reference. This comparison determines the motor's
current requirements provided by the motor control module. For further informatien on the motor contro!
modules see Paragraph 6.3.3,

6.3.1.3 Head Positioning Mechanism - A stepper motor contrel circuit on the seek and interface module
controls a four-phase motor. The stepper motor positions the R/W heads over the data tracks on the
disketie by rotating 2 grooved step cam lead screw. This positions a head carriage assembly over the 80
data tracks on the diskette. The stepper motor rotates in 15 degree increments. movirg the head carriage
assembly one data track for each increment. ’

The grooved step cam lead screw has a flat spot between each track ramp. A ruby ball. attached to the
head carriage assembly, runs in the groove. The flat spots on the lead screw prevent the transfer of small
angular vibrations from the screw 1o the ruby ball.

The head carriage assembly moves smoothly along 1wo rods. Its position over the data tracks is determined
by the location of the ruby bail in the lead screw. Two heads, located back 1o back on the head carriage
assembly. can be positioned over any one of 80 data tracks on either diskette.

The head carriage assembly also contains a track zero interrupter bar. This bar is sensed when the head
carriage assembiv is near track zero and a signal is sent to the seek and interface module. For further

information see Paragraph 6.3.1.5

6.3.1.4 Head Load Mechanism - A head load mechanism is z solenoid actuated arm with a head load
pad. When energized. the solenoid releases a head load pad arm to press against the diskette opposite the
R/W head. The pad conforms the medium to the contour of the R/W head. This ensures good head-to-
medium contact during read or write cperalions.
When the head load solenoid is deenergized. the head load pad arm is raised away from the diskette. This
reduces wear on the disketie and the R/W head.

£2

The head automatically unloads if anv of the following conditions occur:

Either of the doors 1s open.

The spindle motor s off.

The drive side is not selected.

No diskette is present in the drive side.

s ® & @

The front bezel of the drive contains two head load LEDs. Each LED lights when its corresponding head i
loaded. The LEDs warn the operator not to remove the diskette while the controller is accessing 1

For further information on the control of the head solenoids and LEDs, see Paragraph 6.3.4.




6.3.1.8 Sensors - The drive contains switch sensors and photosensilive sensors for passing status informa-
tion 1o the seek and m‘*‘is: . module Figure 6-10 shows that there are 1w0 seis of sensors for each drive
side and one track zero sensor. Each set of sensors prov ides disk presence. write protection, and index hole
location information.

Track Zero Sensor :

The track zero sensor consists of an LED a and a phototransistor combination. As the carriage assembly
nears track 7ero. a tab passes between the diode and the phototransistor. This turns off the phototransistor
and asserts zhe muk zero signal TKOS H to the seek and interface module. For further information sec
Paragraph 6.3.7

Diskette Present and W rite-Protect Sensors

Each drive side has a w*z%pmtﬂcf switch sensor and a diskette present switch sensor. A switch pair for
ecach side is seiected simuitancously. Signal SEL A L selects the switches for drive side A Signa! SEL B i
selects the switches for drive side B.

is closed. the switches come i 3‘. ntact with an inserted disketic The swiches are

Ct o
normally closed. However, ins serun g 4 write-protected diskette in the drive opens both switches \J’\'ha

switches are open and sei ;s.tf‘d the DP and \\ P *-ia.ﬁal isserl. These signals provide the scek and {intert
module with status signals, For further information see Parx,gmp‘h 636,

index Sensor Detail Description

Each index sensor consists of an LED and a phototransistor combination. As the index hole in the disketic
passes by a sensor. the b g%‘si from 'Ja dxe:;ds: %wea “Isfﬁdgi‘ the hole. striking the phototransistor. This
causes the p"‘zo:mfarxw\mr 1o turn on and assert the appropriate index s'gml INDEX A Lor INDEXBL.

to the seek and interface m@du'e For further ‘n%’armatia.. see Paragraph 6.3.6.

6.3.2 Select Circuit Detailed ()peratmn
Figure 6-11 shows the operational detail of the select circuits. These circuits perforim the I
functions for the RXSC drve:

Figure 6-11  Select Circuit Functional Detail




Pass an enable signal to the motor control module.

Generate a circuit enable signal.

Activate head load solenoids and associated LEDs.

Generate sensor select and R/W head select signals. .

® ® @ @

The select circuit contains the following elements to perform these functions which are described in the
following sections: <

® Dirive select circult
® Motor enable circuit
® Head load circuit

6.3.2.1 Drive Select Circuit Detail - The drive decodes the four drive select lines, DRIVE SEL O L
through DRIVE SEL 3 L., depending on the condition of J17 (configuration jumper). With J17 open
{without a jumper). the drive select circuit decodes DRIVE SEL 0 L and DRIVE SEL 1. With J17 closed
{(with a jumper). the drive select circuit decodes DRIVE SEL 2 L and DRIVE SEL 3

The drive select circuit is enabled by a dc voltage status signal. SET H. from the status circuits. When the
SET H signal is asserted. the drive select circuits decode the input signals and asseri the output select
signals.

Table 6-1 shows how the asseried DRIVE SEL inputs control the SEL outputs when 2 jumper is not
installed at J17. Table 6-2 shows how the asserted DRIVE SEL inputs control the SEL outputs when a
jumper is installed at J17.

Table 6-1 Select Signals, Jumper J17 Removed

DRIVE SEL SEL OUTPUTS

INPUTS A/B 1 AL BL AH B H
SELOL ves ves no yes i
SEL I L ves no ves no ves
SEL 2 L no no i no no
SEL 3 L no no o s no

Table 6-2 Select Signals, Jumper J17 Installed

DRIVE SEL SEL OUTPUTS

INPLUTS A/BL AL BL AH BH
SELOL no e no no no
SEL T L no no no no no
SEL2ZL yes ves 1o ves no
SEL 3L yes no yes no yes




6.3.2.2 Motor Enable Circuit Detail - The metor enable circuit performs the following functions:

e Asserts a spindie motor control circuit enable signal, MPWR H, when the contro sier asserts
MOTOR ON L.

e Asserls a circuit enable signal, MPWR SEL H when the drive s cted (SEL A/B L i
asserted) and the spindle motor control ¢ circuit is enabled {MPWR H is a ssene{f%

When the drive is selected and the motor is enabled. the head Joad circuits, stepper motor circuits, and the
R /W interface circuits are enabled.

6.3.2.3 Head Load Circuit Detail - The head

Yon uits assert one of two select signals. SIDE A L or
SIDE B L. Each of these signals activates a head

d cire
load s i(:tﬂ«)ld and a head load LED.

An asserted SEL A H or SEL B H asserts the corresponding side signal when the following conditions
eitw

o A diskette is present in the selected side and the door is closed (DISK P H is asserted).

s The drive is sciected and the spindie motor is turned on {(MPWR SEL H is asserted)
6.3.3 Momr Control Circuit Detail

Figure 6-12 shows the operational fml of the spindle motor control circuits. These circuits receive de
power and an enable signal. MPW R H. from the seek and interface module.
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Figure 6-12 Matar Control Circuit Functional Detail

W hen enabled. these circuits supply drive current 1o the spindic motor. They alse m onitor the motor speed
and regulate the motor urrent. This maintzins the apind! ¢ motor’s constant angu ar speed,

>
t
LAY




To perform these functions. this circuit consists of the following elements. These elements are described in
the following sections ' o

Frequency 10 voltage converier
Summer
Integrator

Gain amplifier and current limiter

*® & & @

6.3.3.1 Frequency to Voltage Converter Detail - The spindle motor contains a tachometer. When the
motor is operating. the tachometer returns sinusoidal signals, TACK 1 and TACK 2. to the frequency 1o
voltage converter. These signals represent the motor’s angular rotation.

The tachometer signal is converted to a voltage. This voitage, V SPEED. represents the motor’s speed as
follows:

¢ crossing of the tachometer signal converts to alternating puises. These pulses
are observable at test point TP (Figure 613}

.
=
L1

2. The leading edge of cach pulse generates a transition from 0 ¥V 1o S Voor 5V 10 0V, Thesc
transitions. which appear as a rectangular wave, are observable at TP2 (Figure 6-13).

3 The low transitions are averaged with the high transitions. This forms a sawiooth weve that
rides at an average voltage level This signal. the speed voltage. 1s observable at test point TP3

(Figure 6-13)
6.3.3.2  Summer Detail - The summer adds 1 constant reference voltage to the speed voltage (V SPEED)

o

signal. This adjusts the average voltage leved

and gain amplifier. The reference volage. ¢

the ¥ SPEED signal 1o the Line

ange of the int

The output of the summer equals the speed error, V ERROR. for the integrator.

6.3.3.3 Integrator Detail - The integrator inverts the sawtoath wave of the V FRROR signai. This
converts a decreasing average vollage 1o an increasing average voltage, and vice versa. This inversion is
needed because the sensed speed error voitage drops as the speed decreases. However, the motor requires
more power 10 increase its speed. and vice versa

The output of the integrator is observabie at test paint TP4 (Figure 6-13). An asserted spindle motor
control circuit enable signal, MPWR H. allows the integrator output to pass 1o the gain amphfier and
current jimiter. When MPWR H is unasserted, the gain amplifier and current limiter 15 disabled.

6.3.3.4 Gain Amplifier and Current Limiter — The gain amplifier couples power to the spindic motor.
The current limiter limits the amount of power coupled to the motor. This protects the motor during
circuit or hardware faults and when the circuit is first enabled

The gain amplifier operates in its linear range, except when the spindie motor control circuit 15 first

enabled, When initially enabled. the gain amplifier is forced into saturation. This occurs because the
motor’s sensed speed causes the integrator to generate the maximum driving signal,

As the motor approaches its required speed. the integrator generates a sawtooth wave (sec Paragraph
6.3.3 3). This signa! operates the gain ampiifier in jts hinear range

The high peaks of the sawtooth wave turn the gain amplifier on and off. forming current pulses for the
motor. These pulses are observable at test point TP5 as voltage pulses (Figure 6-131
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6.3.4 Head Load Solenoids and LEDs

F cure 6-14 shows the electrical connections (o the head load solenoids and LEDs that are controlied by
the select circuits. The drive contains two solenoids and two LEDs. one set for each drive side. The select
logic activates one set at a time when the following conditions exist:

®  The spindle motor is operating.
e A diskette is properly inserted and the door is closed.
e  The drive side is selected.
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Figure 6-14  Electrical Connections to Head Load Solencids and LEDs

6.3.5 Status Circuit Detail
Figure 6-15 shows the detail operation of the status circuits. Figure 6-16 shows the timing relationships
between the circuit signals. These circuits perform the following functions for the RX30 drive:

e  Pass status signals from the drive to the controller
e  Monitor the dc power for fluctuations

These functions are performed by the following status circuit elements:

Write-protect status circuit
Disketle present status circuit
Output drivers

+5 V monitor

® & & ®
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Figure 6-16  Status Circuit Timing Relationships

6.3.5.1 Write-Protect Status Circuit Detail - This circuit monitors the write-protect siatus signals, WP
A H and WP B H, from the write-protect sensors (see Paragraph 6.3.6.2). If either signal asserts, this
circuit asserts the write-protect signal, WPROT H. for the output drivers and the R/W interface circulis.

6.3.5.2 Diskette Present Status Circuit Detail - This circuit monitors the diskette present status signals.
DP A H and DP B H. from the diskette present sensors (see Paragraph 6.3.6.2). If either signal asseris. thi
circuit asserts the diskette present signal. DISK P H. for the output drivers. select circuits. and the R/
interface circuits.
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6.3.5.3 Output Driver Detail ~ These drivers pass the status signals from the RXS0 drive to the
controller. Thev are enabled when the SEL A/B H signal from the select circuits is asserted. The output
drivers pass the signal state of the index (see Paragraph 6.3.6.1), write-protect, and diskettc present signal
s INDEX L., WRITE PROTECT L. and READY. .

J’
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-
L
o
?**
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b

6.3.5.4 +5 Volt Monitor - This monitor generates enable and reset signals for ti .
continually monitors the state of the +5 V power of the drive. If the power goes bey ;zé the m} rance
range, the monitor deasserts DCOK L and SET H.

The DCOK L signal enables the write circuits to operate when they are selected. The SET H signal enables
the select and stepper motor <ircuits.

6.3.6 Staius Sensor Detail
Figure 6-17 shows the detail operation of zhe status sensors. These se ors are a serigs of LED with
phnmsennme transistors and switches. These sensors perform the follow ng functions for the RX50 drive:

K AND INTERFACE TREAD WRITE MODULE
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Figure 6-17  Sensor Detail
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e Scnse the presence of the diskette for the status gircuits.
e Sernse the location of the index hole in the diskette for the status Circuits.
of

s Sense the write-protect status of the diskette for the status circuits.

6.3.6.1 Index Sensor Detail - The drive contains two index sensors. one sensor for each drive side. Each
index sensor consists of an LED and a photosensitive transistor. A select signal from the select circuts

enables the photosensitive transistor. When the select signa! is unasserted. the sensor is disabled.

When a sensor is enabled. it contrals a status signal. INDEX A L or INDEX B L. for the status circuin
The signal is asserted when the index hole in the diskette passes by the selected sensor. The fight from the
LED then strikes the photosensitive transistor, wurns it on. and asserts the index signal.

6.3.6.2 Diskette Present and Write-Protect Sensor Detail - The drive contains two sets of di
present and write-protect sensors. one set for each drive side, Each sensor provides a status
status circuits, The sensors are switches selected by the select circuits.

e-protect switch and & diskette present switch. Th

Eack drive side has a
i SEL A L selects the switches for drive side A. Signal SE

selected as pairs. Signal
for drive side B

When the door is closed. the switches come in direct contact with a diskette inserted i thx
switches are normally closed, Inserting a write protected diskette in the drive open

<

the switches are open and selected. the diskette present and write-protect signais are asseri

6.3.7  Stepper Motor Circuit Detail
Figure 6-18 shows the detailed operation of the stepper motor circuits. Figure 6-19 sho

~

relationships between the circuits signals. These circuits perform the following functions:
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Figure 6-18  Stepper Motor Circuit Detail
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Figure 6-19  Stepper Motor Timing Relationships

¢ (enerate control signals that actuate the siepper motor
®  Pass a track zero status signzl to the controller

These functions are performed by the {

lowing stepper motor circuit elements:

e Stepper motor driver
e  Track zerg sensor
s  Track zero status cireult

6.3.7.1 Stepper Motor Driver Detail - The stepper motor driver deu:}dc: control signals from the
comm%ifcr and gan@*m es phase control signals for the stepper motor coils. This d;; ¢r also passes phase
control signals to the track zero status circuit. These signals indicate a pdb’»ibiﬁ‘ track zero heau position

The select and status circuits and the coniroller enable the stepper motor driver. The driver requires an
asserted MPWR SEL H. SEL A/B H. and SET H while WRITE GATE L is unasserted. Thesc signal
states indicate that the following conditions exist for the stepper motor driver operation:

®  The spindie motor is operating.

#  The drive is selected.

o  The +5 V power level is in tolerance.
The drive is not enabled for write operations.

The stepper motor controller generates four phase-control signzls for the operation of the stepper motor.
STMTi. STMT2, STMT2. STMT4. These driver outputs are decoded from two controller signals.
DIRECTION and STEP L. Figure 6-19 shows the timing relationships between the controller inputs and
the driver outputs

The DIRECTION signal indicates the direction the stepper motor rotates. The STEP L signal indicates
the number of steps the motor moves.
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6.3.7.2 Track Zero Sensor Detail - The drive contains ong track zero sensor. This sensor consists of an

LED and a photosensitive 1ransistor and is always enabled. When the heads are located at track |
this sensor asserts a track zero sens¢ signal, TKOS, for the stepper motor circuits.

The TKOS signal is asserted when 2 tab on the carriage assembly passes by the sensor. The wab stops light
{rom the LED from striking the photosensitive transistor. This turns off the transistor and asserts TKOS.

6.3.7.3 Track Zero Status Circuit Detail - The track zero status circuit monitors for a ira
head location. When the drive is selected. this circuit is enabled by the select circuits. When

Tk

circuit returns a track zera status signal, TRACK 0 L, to the controller.

ack zero R/W
enabled. this

The track zero status circuit asseris the TRACK 0 L signal when the following conditions exist:

over track 0. 1. or 2, (TKOS H asserted).

[

] When the heads are locate

e  When the stepper motor driver asseris the zero phase signals 10 the motor. {0t Hand 02 H

6.3.8 Read/W rite Interface Circuit Detail

Figure 6-20 shows the R/W interface circuit operational detail. Figures 6-21 and 6-22 sho
relationships between the circuit signals and vahid data. These circuits perform the following !
he RXS0 drive:

Liise s PRAN N

e 1in
the un

T

i

Pass write & from the controller o the R /%W module
ass write control signals from the controller to the R/W module
Generate an erase control signal for the R /W module

Pass read data from the R/W maodule 1o the controller

& & &

These functions are performed by the following R/W interface circuit elements:

Erase gate wmey
e Ouiput driver

- WHITE DATA L “HATE SWRITE N
i
SWRITE WRITE |
WEITE GATE WRITE GATE
WRITE
SEIVER
CIRCUIT st ;
CIRCUIT | . ERASE | ERASE GATE
TIRER
WRITE CURRENT SWITCH
i
.
) FRIN
8 DATAH RDATAH | rEad
o - g
QUTPUT ISR
ARIVER H MODULE
S
E B

Figure 6-20 Read/Write interface Circunt Detail
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6,3.&1 Write Driver Circuit - When enabled, the write driver circuit passes write data and <o :
the erase gate and R /W muodule. This circuit i enabled by the controlier. select circuits, ang status circuits
(Figure 6-20) The write driver circuitl is enabled when the following conditions exist:

e The controlier selects a write function by asserting WRITE GATE L.

»  The spindic motor is enabl m and the drive is selected. This is indi cated by an asserted MPWR
SEL H signal.

o A disketie is present in the selected side and the door is closed. This is indicated by an asseried
DISK P H signal.

e The diskette is not write protected. This is indicated by an unasserted WPROT H signal,
When enabled. the write driver circuit divides write data from the controller by two. It then passes

datz on differential hines 10 the R/W module. This converts the write data pulses to leading edge trigge
differential data. For further information on he write data see Paragraph 6.3.9.4.

The d river also passes two control signa als from the controlier to the R/W module cthe WRITE GATE L
signal s WRITE G4 TE and the TRG43 signal as WRITE CURRENT SWi ""CH The W REH GATE
8 tes 1‘*:. write circuits in the R/W module. The W RITE CURRENT SWITCH signal controls
the n1 the wrilg circuits generate.

182 Erase Gate Timer Detail - The erase gate timer delays the WRITE GATE si
3:32&535 GATE signal T s delay is necessary because of the R/W head design (See F
Figure 6-21 shows the timing rejationships of the ERASE G ATE and WRITE GATE.

6.3.8.3  Output Driver Detail - The output driver passes read data. R DATA H. from the R/W mod
1o the controller. Figure 6-22 shows the uming qahummps between the circuit signals and the read aum

The output driver is enabled by the select logic when SEL A/B H s asserted. This signai state indicaies
that the RX30 drive is selecied.

6.3.9  Write Circuit Detailed Operation
S Figure 6-23 shows the write circut operatio

the RX50 armve:

\ detail. These circuits perform the following funcuans Tor

e Generate write currents for the heads
e {Geonerato an grase cuf r*;«i for the heads
e Generate head u,s ct signals

e Protcct the heads and previoush written date when the de power is out of toferunce

These functions are performed by the following write circuit elements:

Wrile current generator
Volage reference
+12V gate
D*ﬂ'eremiai write switch
Erase cusrent generaior
Muluplexer

® ® ® & ® ©
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6.3.9.1  Write Current Generator Detail — The write current generator prov ides a seleciable current for

the differential write switch. These currents are derived from the +12 V {from the <12V am
g

When the WRITE CURRENT SWITCH signal is asserted, 2 low current for the inner tracks (44 through
793 is provided to the differenual write switch. When the WRITE CURRENT SWITCH signal is
unasserted, a high current for the outer tracks (0 through 43) is provided to the differential write switch.

6.3.9.2 Voltage Reference Detail - The voltage reference provides a stable voltage to the differen
write switch., This reference voltage makes sure that the outputs of the differeniial write switch
balanced.

ial
are

6.3.9.3 +12 V Gate Detail - The +12 V gate receives the R;’W modules supply voltage {12 Vdciand a
DCOK signal, If DCOK remains asserted. the gate passes +12 Vde to the module’s circuits. This makes
sure that the write circuits are disabled if a low power gond:tmn £XISts,

y{

R/W interface circuts 1o write currents for the R/W heads. Figure 6-24 shows the conversion of WRY
DATA from the controller (Paragraph € 3.8 1) to write currents for the heads. For this conversion,
differential write switch requires a write current and a reference voltage.

6.3.9.4 leferennal Write Switch Detail - The differential write switch converts the write data from t
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WRITE DATA
Tﬁﬁ?\{:‘,? 1ONE

RO S o 0 W s T U S S

(o]

: A i’,\\[\/\\f\_}\ AV ANYA
[ VAt VA0 VARV L VAR VALV ARV

Figure 6-24 Write Data 10 Head Current Conversion

The write currents, +WRITE and ~WRITE. generate magnetic fields in in
diskette. For further information on the recording techniques see Par

6.3.9.5 FErase Gate Generator Detall - The erase gate 8o erator converts the ERASE GATE L signal 1o
an ERASE current for the R/ W heads. This curre erates @ magnetic field in the heads wh ich 41.,, !
erases recorded data on the disketwe For inf on cmdve; techniques see Paragraph 6.3

6.3.9.6 Multiplexer Detail - The n‘sugtzpfut' decodes three signals {E RASF GATE. WRITE GATE.
and SELECT) 1o generate head select sign for a vm e function. Table 6-3 shows how the inputs assert
the ouiputs. Hi:AD SEL A and HEAD SEL B signa

Table 6-3 Write Function Head Select

INPUTS OUTPLTS

ERASE WRITE HEAD HEAD
GATE L GATE L SEL AL SEL A SEL B

no ne no write not selected

no ves no ves ne
yes no no ¥es noe
ves ves no ves ne
no NG ves write not selected

no ves yes no yes
ves no yes 1o ves
VES Ves ves no ves
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6.3.10 Read Circuit Detailed Operation

Figure 6-25 shows the detailed operation of the read circuits. These circuits perform the following
functions for the RX50 drive:

e  Select a R/W head and read data
e Convert the analog read data to digital data

These functions are performed by the following read circuit elements:

e  Read amphiier
e Multiplexer

J14
+READ A
5 DA
READ A
- i AR
]
HEADSEL A ]
w3
w MULTIPLE
L 115
+READ E
E Sk A
_E{:A: B 1 ) i
SEL & HEAD SEL B 3 |

Figure 6-25  Read Circunt Detail

6.3.10.1 Read Amplifier Detail - The read amplifier converts analop
heads by the disketie. to digital read data for the R /W interface circuits. Magnetic
medium generate the analog signals. These flux reversals represent previousiy recor

Figure 6-26 shows the possible frequency combinations and the conversion results.

6.3.10.2  Multiplexer Detail - The multiplexer decodes three signals (ERASE GATE. WRITE GATE.
and SELECT) 1o generate head select signals and select read data for the read amplifier. The write circuits
use the same multiplexer: however. the ERASE GATE L and WRITE GATE L signals are unasserted for
a read function.

Table 6-4 shows how the seek and interface module inputs select read data and head select signals.

6.3.11 Write/Read Head Detailed Operation
The RD30 drive has two R/W heads. one for each drive side. The heads are selected by either the write
circuits or read circuits. Figure 6-23 shows the head connections for a write funcuoen and Figure 6-25
shows the head connections for a read function.

&R
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Head Signal 1o Read Date Conversion

Figure 6-26

Table 6-4 Read Function Head Select

ERASE
GATE L

WRITE
GATE L

HEAD
SEL A

HEAD
SEL B

HEAD
DATA

no no ves ves no A
no Vs ves read not selected
yes 10 Vel read not selected
ves ves ves read not selected
no i no no Vs B
no no read not selected
yes no no read not selected
yes ves no read not selected

Each head consists of a R/W ferrite core wound with a differential coil. The head alse contains a forked

erase ferrite core wound with a coil. The erase core is located behind the write core. with the forked corc
a

straddling the wrile core. This accounts for the delayed erase gate signal. For more information. refer back
to Paragraph 6.3.8.2.

During write operatiens, current flows through the coils and generates a ma netic flux in the core. When
2 g _

the diskette passes under the R/W core. the surface of the medium is magnetized in one direction.
Reversing the current magnetizes the surface in the opposite direction.

The forked erase core trims the edges of the magnetized surface. This ensures off-track reading capabiiiny
for diskette interchangeability between drives.

During read operations. only the R /W core is used. The erase core is not used. When the diskette passes
under the R/W core. the recorded flux reversals generate small alternating currents in the B /W cotls This
current passes 1o the read circuits for conversion to digital data.
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6.4 INTERMODULE SIGNAL DEFINITIONS

This section defines all control and data signals that pass between the controller and the RXS50 drive and
between the modules of the RX30 drive. All signal definitions in this section are grouped by common
connector for easy recognition.

6.4.1 Seek and Interface/Controller Module Connector J 1

This section describes the signals passed between the seck and interface module and the RX30 controller
module. Figure 6-27 shows the control and data interface signal direction between the controller and the
drive. The seek and interface module is part of the RX 50 drive. Chapter 5 discusses the controller madule
in detail.

RX50
| CONTROLLER

TKGAT L

|
- _——
MOTOR ON L - "&g
— z‘:g —_—
DIRECTION i@
N
1] fros ceon st
STEP 9:} ]
|
. ,_l; _—
WRITE DATA L i
;At
— '3; —

WRITE GATE L

TRACK £ L

T— 27 TR
WRITEPROTECT L zgi
T—. "Qi

2 —
READ DATA L 302

S 33 —
RESERVED ﬂ..l
»$£¥

o soriser 33! ol
BEADY 34

e i =
memﬁ-——.-ﬂ-mmﬂ o s A G—— — S ——— Y-

)

Figure 6-27 RX30 Controller and Drive Interface Signal Flow
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Figure 6-28 shows the lfocation of J1 and other connectars of the module. Odd numbered pins are
grounded and are not discussed. An L attached to a signal name designates it asserted low (logic 0)

550 ~ ~ -
— - , ,
E J:Z i1
i 43 J17 -
{ — I |
3201 354
ORI ®
1 tend E., beed ’ i M&
COMPONENT SIDE
M 100G
Figure 6-28  Seek and Interface Module Connector Locations
Pin Mnemonic Function
2 TG4 L Controls write current level .
4 Reserved Not used
6 DRIVE SELZ L Selects drive side B if 317 installed
% INDEXN L Indicates index mark of selected side
1 DRIVE SELO L Selects drive side A if 117 not instalied
iz DRIVE SELI L Selects drive side B if 117 not installed
14 DRIVE SELZ L Selects drive side A if J17 instalied
16 MOTOR ON L Turns spindle motor o or off
1% DIRECTION Controls head movement direction
20 STEP L Controls head movement distance
22 WRITE DATA L Data to be stored on diskette
24 WRITE GATE L Activates write circuits
26 TRACK O L Track 0 head location LED
28 WRITE PROTECT L Indicates selected diskette is write protected
30 READ DATA L Data retrieved from diskette
iz Reserved Mot used
34 READY L Indicates selected drive side contains a diskette

6.4.1.1

TKG43 L Input Signal -
data to tracks 44 through 79. In the asserted

The RX50 controller generates this signal. Jt is asserted when writing

¥

state. the seek and interface module reduces the write

current. In the unasserted state. the seek and interface module generates a normal write current.

6.4.1.2

DRIVE SEL 0 through DRIVE SEL
B} on which a function cccurs. When J17 is not insta
signal DRIVE SEL 1 selects drive side B When J17 is installed, signal DRIVE SEL 2 selects

3 Input Signals - These signals select the drive side (A or
lled, signal DRIVE SEL 0 selects drive side A and
drive side A,

znd signal DRIVE SEL 3 selects drive sige B




6.4.1.3 TRACK 0 L Output Signal - This signal indicates the heads are located over track O {the
outermost track). This signal is valid only when a drive side is selected.

6.4.1.4 MOTOR ON L Input Signal - This signal controls the motor control module. which controls th
spindle motor. When this signal is asserted. the spindle motor rotates. The spindle motor reaches the rated
rotationa! speed within one half second after an asserted MOTOR ON signal.

6.4.1.5 DIRECTION Input Signal - This signal defines the moving head direction when STEP input line
is pulsed Step-out (moving away from the center of the disk) is defined as high level of this signal (logic 1)
Step-in (moving towards the center of the disk) is defined as low fevel of this signal {logic 0),

6.4.1.6 STEP L laput Signal -~ When pulsed. this signal moves the heads. Fach pulss moves ong track
space in the direction indicated by the DIRECTION signal. The minimum pulse width is 1 s, Th

minimum width between step pulses is 6 ms. This signal is ignored when WRITE GATE L s asseried.
MOTOR ON L is unasserted. or no drive side is selected.

6.4.1.7 WRITE DATA L Input Signal — This signal represents date 10 be stored on the d
transition 1o the asseried state reverses the current to the R/W heads. Write pulses must 1o mininuy
of 500 ns after WRITE GATE is asserted A minimum of 36 ms is required after STEP puls
occurs. Write pulses are ignored when WRITE GATE or MOTOR O are unasseriec. the disketie s
write protected. no diskette is present. or ne drive side is selected.

6.4.1.8 WRITE GATE L Input Signal - This signal enables writing and tunnel erasing of data 1o the
diskette. This signal is ignored when the diskette is write protected.

6.4.1.9 INDEXN L Output Signal - The leading edge of this pulse signal indjcates the detection of the
index hole in the selected drive side. The INDEX L pulse is vahd 230 ms after MOTOR O™ L s asseried,
This signal is invahid if no drive side is selected.

6.4.1.10 WRITE-PROTECT L Output Signal - When asserted, this signal indicates that the write
enable notch of the sclected diskette is masked. and the writing of new data 15 inhibited. This signal is
invalid if ro drive side o selected.

6.4.1.11 READ DATA L Output Signal - This signal represents data retrieved from the disketie. READ
DATA L s valid 250 ms after MOTOR ON L is asserted. 36 ms aflter receiving the last STEP L pulse.
{21 ms after WRITE GATE signal is unasserted. or 30 ms after the drive side is seiected.

6.4.1.12 READY Output Signal - This signal indicates that a diskette is present in the selecied drive
side. 1t is valid onlv 1f a drive side 1s selected.

6.4.2 Seek and Interface/Motor Control Modules Connector J4

This section describes the signals passed between the seek and interface module and the motor gontrol
module. Figure 6-28 shows the location of J4 and other connectors of the module. Power and ground
signals are not discussed in detail. An L attached 1o a signal name designates it asserted iow (logic G). An H
attached to a signal name desigaztes it asserted high {Jogic 1)

Pin Mnemonic Function

2 +12 V RET Ground
MPWH H Turns on spindle motor
+5 NV DC Side B index LED power source
SIDE A L Drive A LED control '

H SIDE B L Drive B LED comtrel

L3 D SO SN

7.8 +12 N DO ' Spindle motor and cantrol logic power source
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6.4.2.1 MPWR H Input Signal - This signal controls the spindle motor. When the signal is asserted, the
spindle motor control logic 1 enabled and the spindle motor turns on.

6.4.2.2 SIDE A L Input Signal - This signal controls the drive A operational indicator on the front
panel When the signal i asserted. the indicator lights when the drive is in use.

6.42.3 SIDE B L Input Signal - This signal controls the drive B operational indicator on the front panel.

When the signal is asserted, the indicator lights when the drive is in use.

6.4.3 Seek and Interface, Read/Write Modules Connector J9

Thix section describes the signals passed between the seek and interface module and the R/W module
Figure 6-28 shows the location of J9 and other connectors of the module. Power and ground signals are not
discussed in detail. An L ched to a signal name designates it asserted low (logic 03. An Hauached wo &

signal name designates i ass hi

Pin Muemonic Function

i DCOK L Turas on =12 V power to module
2 ~12V RET ,

3 +WRITE L

4 B DATAH Fead data
s W GATE L Enables a write function

) -WRITE L Minus write data

7 SIDE O ot used

¥ WRITE CURRENT Controls the level of the write current
SWITCH

9 ERASE GATE L Controls tunnel erase function

e +5 vV DC Side B index LED power source
} SEL AL Head select control signal

12 +12V DC +12 ¥V power source

6.4.3.1 DCOK L Output Signal - This signai controls the +12 V power on the R/W module. When
asserted. +12 V power s applied 10 the write and erase circuits on the module. When vnasserted. +12 ¥
power is removed the circuits for protection of data on the diskette.

M

d from

6.4.3.2 “WRITE L Output Signals - This differential signal pair switches the direction of the wWrite
current in the R/W heads The signals are alternately asserted, but not simultaneously asserted. During
write protected or nonwrite Operations. both signals are unasserted.

6.4.3.3 R DATA H Input Signal - This signal is the data output of the R/W module 1o the seek and
interface module. The signal contains positive going pulses averaging ! us in duration. Positive going edges
contain timing information 1o reconstruct nonreturn 10 2€r0 (NRZ) data.

6.4.3.4 W GATE L Output Signal - This signal controls the write circuits on the R/W module. When
asserted. this signal enabies the write circuits. This signal is unasserted during both nonwrite and Wwrite
protected operations. 1t is also unasseried if the spindle motor is off. the drive side is not selected, the
diskette is missing. or the diskette is in backwards.

6.4.3.5 WRITE CURRENT SWITCH Output Signal - This signal switches the write current level
above and below track 44, This action minimizes peak shift in the heads and media due 1o close tolerances
of the flux changes. When asserted. this signat enables a high write current when the heads are positio od
over tracks O through 43, When unasserted. this signal enables a low write current when the heads are ey
tracks 44 through 79.




6.4.3.6 ERASE GATE L Outpu{ Signal - This signal controls the current to the erase cotls. When
asserted. a current is produced in the selecied erase coil. When writing 1s inhibited. this signal stays
unasserted to disable the erase current.

6.4.3.7 SEL A L Output Signal - This signal selects one of the heads for read. write, and erase
operations. When asserted. head A of drive side A 1s selected. When unasserted, head B of drive side B is
selected.

6.4.4 Seek and Interface Power Connector J3
This section describes the connector that receives power for the entire drive. Figure 6-28 shows the
location of J3 and other connectors of the module. Refer to Paragraph 6.2 4 for the power requirements.

Pin Mnpemonic , Function
j =12 VDC

2 «12VDC RET

~5NVDC RET

4 -5 VDC

‘-cei\ and Inttrface (onncftora ém J5.J6. 47, 38, J10, anr} J17
- remaining cannectors of the seek and

a‘“m ns 1 adso gz\,u.. Figure 6-2% shows the location of these connectors athe
An L attached to a signal name designates it asserted low (Jogic 0} An H
1M La,sig.ﬁiiii}ﬂ it asserted high tlogic 1

6.4.5.1 Side A Switches and Indicators Connector J2

Pin Mnemonic Function

WP AH Write-protect LED

2 SEL AL Wirite-protect/diskette present LED select
3 DPAH Diskette present indicator

4 SEL AL Index LED select

5 INDEX A L index LED

i‘)‘d.S‘Z Track U Sensor Connector J5

Pin Mnemonic Function

i TROS H Track zero indicator

2 TKOA Transmitter diode +5 V source
k! TKOK - Transmitter/receiver diode sink

6.4.5.3 Side B Head Load Solenoid Connector Jé

Pin Mnemonic Function
I 12 VDC Head load solenoid power source
2 SIDE B L Solenoid control signa!
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6.4.5.4 Stepper Motor Connector 37

Pin  Mnemonic Function

] STM1 Stepper motor phase | control

2 STM2 Stepper motor phase 2 control

3 +12 VDC Stepper motor +12 Vdc power source
4 STM3 Stepper motor phase 3 control

5 STM4 Stepper motor phase 4 control

6 +12 VDC Stepper motor +12 Vdc power source

6.4.5.5 Side B Switches and Indicators Connector J8

Pin Mnemonic Function

! WP BH Write-protect LED

2 SEL B L Write-protect/diskette present LED select
3 DPBH Diskette present LED

4 SEL B L Index LED select

5 INDEX B L Index LED

6.4.56 Side A Head Load Solenoid Connector J10

Pin  Mnemonic Function
i +12 VDC Head load solenoid power source
2 SIDE AL Solenoid control signal

6.4.5.7 Drive Select Jumper J17

Pin  Mnemonic Function
1 GND Ground
2 SEL t H This signal selects the drive configuration. When asseried. and the
jumper is removed. DRIVE SEL 0 L and DRIVE SEL 1 L access
s the drive. When unasserted, and the jumper is instalied. DRIVE

SEL 2 L and DRIVE SEL 2 L access the drive

6.4.6 Motor Control Modules Connectors 34, J11, J16

This section describes the connectars of the motor control module. Figure 6-29 shows the location of these
connectors and other connectors of the module. Connector J4 connects 10 the seek and interface modules
connector J4 and is described in Paragraph 6.4.2.

: " !
[ 770 .
H {
T3 — -
a8 o~ (SO —
1 0.28 4 R Pl 130
1.60 i BE
| . L !
!
i . ..
A " B |
i ‘ COMPONERT BIDE | i
], B e 1,25 !
-

Figure 6-2% Motor Control Module Connector Locations
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6.4.6.1 Spindle Motor Connector J11

Pin Mnemonic Function

i TACH | Half of tachometer differential pair
2 TACH 2 Half of tachometer differential pair
3 MOT RET Spindle motor power return

4 +12 VDC + 12 V motor power source

6.4.6.2 Front Panel Operational LEDs Connector J16

Pin Muemonic Function

! +12 VDC LED power source for side A
2 SIDE A L Side A LED control ‘iigﬁaf

3 12 VDO LED power source for side B
4 SIDE B L ' Side B LED control signal

6.4.7 Read/Write Module Connectors 39, J14, J15

This section describes thg connectors of the R/W module Figure 6-30 shows the location of these
conneciors and ax‘w— connecters of the module. Connector J9 connects to the seek and interface modules
connector J9 and s aamnbm iri Paragraph 6.4.3.

- - 770 .
i F ol g ¥
.88 3 ho
By s T s ‘
L
I i_ |
(U I b 125 e
!
wem n0E

Figure 6-30  Read/Write Module Connector Locations

6.4.7.1 Side A Read. Write, and Erase Head Connector J14

Pin Mnemonic Function

] HEAD SEL A Side A head common

2 SHIELD Head control line shield

3 ERASE COIL Erase coil control line

4 -+ COIL Plus R/W coil control line
5 -~ COIL Minus R/W coil controf line
6 - Not used
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6.4.7.2 Side B Read. Write, and Erase Head Connector J15

Pin Mnemonic Function
3 HEAD SEL B Side B head common

SHIELD Head control line shield
ERASE COIL Erase coil control ling
+ COil Plus R/W coil control line

fa i B2

3 - COIL Minus R/W coil control hine
& - Not used

6.5 SPECIFICATIONS :
The following paragraphs provide the specifications for the RX50 duai-diskette drive.

6.5.1  Performance Specifications

Capacity (Formatted) NMEM

‘@W%

Per d (BODK by
Per sy {400K byies)
Per track
Disketie guanuny 2

Transfer Rate MEM
Per drive 230,000 {bits/s)

Access Time Minimum Typical Maximum

*

Track 1o track & ms - -
Head seutling time - - 30 ms
Head lcad time - 3G oms
Rotational latency -~ 100 ms 200 ms
Random access ; - 164 ms -
Drive motor start - - 500 ms

6.5.2  Reliability Specifications

Mean time between faifures 6000 power-on hours at 30% duty cycle

Spindle motor 2000 power-on hours at 100% duty cycle
Meuan time to repair 15 min

Error rutes

i Typical Random Excrciser) V
Soft read crrors per 107 bits read
Hard recad crrors i per 10'7 bits read
Scck errors per 108 seeks

-

Medium life x 10% passes

Lad

’

NMedium insertion % 104 insertions

P,
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6.5.3 Functional Specifications

Rotational speed
Speed variations

Flux density (track 79)
Track density

Tracks (per diskette}
Outside track radius
Inside track radius
Data sectors (soft)
Data byies per sector
index

6.5.4  Electrical Specifications
Requirement

5V Power
Rippie
Current

12V Power
Rippie
standby current
Operating current (seekingj
Start-up current for 0.25 ¢

6.5.5  Emironmental Specifications

Ambicnt temperaturg
Relative humidin
Maximum wet bulb
Shock and vibration

' g shock

Diskette acket

6.5.6 Mechanical Specifications

Width

Height

Depth

Weight

Operating power dissipation
Standby power dissipation

300 r/min

~1.5% to +1.5% max
5576 flux changes per inch
96 tracks per inch

80

87.15 mm (2.25 in}

36.51 mm (1.427 i)

10

512

1
Minimum Typical Maximum
475\ 50N 523V
- - my
- 0.50 A 0.80 A
114V 120V 126V
- - 100 mV
- 012 A 0.25 A
- 1.25 A 1.8 A
- - 27 A

159 C 10 32°C (59" F 10 90° F)

20% o B0% noncondensing

2 )

1 eleranion

2 ~celeration

4 ) max

14.6.1 mm (5.7% i}
82,55 mm (3.25 in}
2159 mm (8.50 in}
2.18 kg (4.8 |b)

7.5 W ypical

2 W otypical

l
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CHAPTER 7
POWER SUPPLY AND FAN

7.1 INTRODUCTION
This chapter provides a description of the Rainbow 100 computer power supply {part number H7842) and
319ET D) ire 7-1 shows the relationship of the power supply 1o other compo-

7.2 PHYSICAL DESCRIPTION

2
The power supph. showrn in Figure 7-2.1s connected 1o the other system components as foffows:

Wy on

L ] L
wetor

he front panel through a three- and four-pin connector (on jater
for do powerd

e To each diskette drive through a four-pin connector mounted on the top cover

1 [ T I 1 “ P | -y 2 s ont o
. Fo the svsiem module through a 13-pin connector

i

ted at the rear of the svstem unit. A latch Jocking device on the early syst

The power suppl ystem
units locks the power supply in place. On later models. a latch on the power supply secures it to the system
. bt e

assemibiy is mounted on the left of the system unit and 1s held
¢ top cover. The fan bracket assembly connectors are keved sc they

unit. (See Figure 7-3.3 The fan b
pluce with three mounting screws on
can only be mnserted one way.

power supply to the left of the ac input connectior and an ac
v {Sec Figure 7-4.) The ac selector switch shdes 1o the right

(h the ac selector switch in the 230 V position, the computer will be
ough the fan will operate at a much lower speed. If 230 V power is applied with the seiector
5 1}

1115V power is appired wit

3}
moperable. alt

;’“ii
switch in the 115V position. internal components will be damaged.

The fuse is located beneath the electromagneuc interference (EMII filter.

WARNING
The ac select switch must be in the 230 V' position
when applying 230 V or internal components will be
damaged. ~

WARNING
Before removing the power supply cover. turn off the
power and wait five minutes. Before handling any of
the power supply components. make certain that
there are no high voltages present by checking with
a voltmeter.
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DISKETYE DRIVE FAN BRACKET
4-WIRE POWER ASSEMBLY
CONNECTOR CONNECTORS

Ean
BRACKET
ASSEMBLY

SYSTEM MODULE
POWER CABLE

Figure 7-2  Power Supply Connectors




LATCH
{LATER MODELS)

POWER

LATTH
{EARLY MODELS}

Figure 7-3 Power Supply Latch Types

AC INPUT CONNELTOR

MR8

Figure 7-4 AC Input Connector, Circuit Breaker, and AC Selector Switch
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7.3 FUNCTIONAL DESCRIPTION ,
The power supply converts the ac input (either 115 Vac or 230 Vac) o +1 2, —12, and +5 Vdc. Figure 7-3
is a functional diagram of the power supply and fan assemblies.

CiRCUIT BREAKER f;,a“”wgﬁggw“"& 1

AT
INPUT QOFF 1
W £t W*g}“—":{ }v;r 3> -
YACRETY gyiver ——w-»-}{}--oj on :)} »
GND , 5
>_.~':,.,..,".._.._,‘_ w..—.? T
i " p .;
P T ~ 3 - }Yig, RECTIFIER
7 7 0. Vi ORLAE
’ t ‘, 1 D203 peV BiAS

| | 8
L”m—-wnj i { V!‘ ffg ‘-E
S ST =

PRl

ELE I FILTER 325 ¥BC

. TRAN.
o SWITCH N
WV BIAS amv\éa SISTOR

SWiTCH

Frsnmsimge 20K

b CROWBAR FiRE

(LR

Figure 7-5  Power Supply Functional Diagram

Refer 1o circuil schematics CS5415187-0-1 and CS5431543-0-1 while reading the funciional circuit
descriptions.

One side of the ac input line is connected across the EMI filter, a 4A circuit breaker, and 2 power switch
{mounted on the front panel) to the fan, transformer T1, and bridge rectifier D1. The other side of the ac
input line is connected across the EMI filter, the power switch, the ac select switch, o T1 (if 230 is
selected) or to the fuse and voltage doubler (if 115 is selected). The other side of the fuse is connected to
the return side of the fan and the center tap of T1. V

The fuse protects the fan from damage caused by applying incorrect ac voltages.

Transformer T1 is used for providing ac voltage 1o the fan and as ac source voltage for the V bias signal,
which is used as the dc source voltage for the control module board.

Bridge rectifier D1 provides full-wave rectifying of the 230 Vac input, and is configured as a volage
doubler circuit when in the 113 Vac input mode. In both cases, the rectifier circuit output s 325 Vdc and
is applied to the primary winding (pin 1) of T3. Pin 2 of the primary winding is connected to the transistor
switch.

e




The transistor switch controls current flow through the primary winding of T3 and is turned on and off by
the pulse widih modulator {(PW M) output signal from the control module, through the switch driver (Q4).

Transformer T3 inciudes three secondary windings that produce all of the output dc voltages. The
secondary winding for the +5.1 Vde supply is made up of two parallel connected windings, while the +12
and —12 Vdc secondary windings are made up of single windings.

7.4 DETAILED CIRCUIT DESCRIPTION
Refer to circuit schematics CS3415187-0-1 and S5451543-0-1 while reading the detailed circuit
descriptions,

7.4.1 Power Conversion Circuits

The output of the bridge rectifier (when 230V is used) or the voltage doubler {when 1 15V gs used}is 325
Vdc (measured between pins 1 and 4 of Li). L.} and C3 are used to prevent switching spikes from
contaminating the ac wmput line.

Switching transistor Q1 is controlied by the secondary windings of T2 The switching rate is determined by
the output of the pulse width modulator {PWM) from pin 19 of the controi module. The PWM output
controls switch driver Q4. which induces current fiow through the primary of T2, The width of the PWM
output pulse is determined b the powsr supply load. thereby controlling the amount of power that 18
coupled across transformer T3 to the power supply output.

Transformer T3 consists of three secondary windings. The +5.1 Vand +12 YV secondaries are operated in
the forward converter mode providing half-wave rectifying Resistors R9 and R 14 provide overcurrent
sensing information. which is sent 10 the control module. Overvoltage sensing information from the output
lines is also sent to the control module.

A crowhar protection circuit in the +3 1 supply causes the power sup v to go into an overcurrent
¥ - 4 i -

condition whenever the control module senses aut-of-tolerance conditions in the output ines. Whenever the
crowbar fires. the power supply must be reset in order to clear D10

1k

The +5.1 Vdc output is filiered and connected to pins 5 and 6 of 12, and pins 7.8 and 9 of 1
The +12.2 Vdc output is filtered and connected to pins 5 and 6 of 13, and pins 7 and & of JI.
£ ) ¥

The —12 Vdc secondary is operated in the flyback mode and shunt regulated with Q2. Q3. and zener diode
D15, The —12 Vdo output 15 connected to pin 4 of 13

7.4.2 Control and Sensing Circuits
The control modute monitors the output de voltages. and shuts down the power supply if the +3.1 Vde line
exceeds its tolerances. '

7421 AC OK - The ac OK signal is generated{high} as long as a favorable comparison exists betweer
the Bulk Sense signal and the V PR signal. The V PR signal is the V Bias signal zenered down 10 +5.1 Vde

7.4.2.2 Lockout Drive - The lockout drive circuit monitors the V Bias signal. A comparator circuit uses
451 Vdc as a reference. If the V Bias signal has not attained a high enough voltage level at turn On. the
output of the comparator goes high, which turns on transistor Q1 and then transistor Q4. When 4 turns
on. +12 Vdc is applied to the base of transistor Q4 on the main board, forcing it to stay on and thereby
inhibiting any pulses from being transferred to Q1 (the main switching transistor).




7.4.2.3 Crowbar Fire - The crowbar fire circuit monitors the +5 Vand —12 V overvoltage sense signals.
Whenever any one of these signals exceeds its tolerances. the crowbar fire signal is applied t¢ the crowbar
Di0 on the main board. causing it to fire and creating an overcurrent condition on the +5.1 Vdc bus.

; NOTE
Once the crowbar has fired, it can only be cleared by
resetting the power supply.

7.4.2.4 Antisaturation - The antisaturation circuit monitors the voltage across D13. which is a function
of the current through pins 5 and 6 of T3. The comparator circuit samples the flyback voltage on a pulse-
to-pulse basis. :

During a fault condition, when the voltage drop across D13 exceeds the sample input level to the
comparator, pin 13 stays high and forces a high on the shutdown pin {10) of the pulse width modulator.
thereby shutting 1t down.

7.4.2.5 Voltage Time Limit (ETL) - The voltage time hmit {ETL) circuit compares the hall-wave
rectified output from the secondary {(pins 11 and 12) of T3 against the reference voltage apphed to the
comparator. As long as the output of the secondary is below the reference voltage. the cor
rernains Jow: otherwise. it goes high. thereby forcing a high on the shutdown pin {pin 10)of t
maodulator. When pin 10 goes high. it shuts dewn the pulse width modulator.

ator cutnut

7.5 SPECIFICATIONS
%1 Input Specifications

7.51.1 Voltage

Singie Phase, 3 Wire 90 Vrms to 128 Vrms or 180 Vrms to 236 Vs
Freguencs 47 Hz to 63 Hz
LCurrent 3.0 Arms maximum at 113 Vrms

2.0 Arms maximum at 230 Vrms

Input Power 226 VA apparent, 138 W maximum including fan power of 23 W
<%.1.2 Flectrical Magnetic Interference Susceptibility

{Conducted Transients

Single voltage Single voltage transient without causing system degradation: kY
transient, survival peak 2t 2.5 W /s maximun.
Conducted CW noise Uit operates without error at 3 Vrms superimposed on the ac

lines. in the frequency range of 10 kHz to 30 MHz.

BF ficld susceptibility 10 kHz 10 30 MHz: 2 V/M
30 MHz to 1 GHz: 5 V/M with power supply instalied.

Power Line Disturbances




Ride-through capabi%z‘i}’

Overvoltages

Undervoltages. disturbances,

and outages

High voltage
patential test

7.5.2  Output Specifications

7.58.2.1  Qutput Power

The power supply provides a minimum of 20 ms ride-through
during 2 power outage condition during low linc and full joad.
During this time, the power supply outputs must be within their
specified limits.

The power supply withstands for one second. maximum, 150 Vac

for the 115 Vac configuration, and 300 Vac for the 230 Vac
configuration without causing system degradation or damage.

The power supply withstands undervoltage disturbances and pow-
er interruptions without physical damage.
input o frame for 1 minute:

1258 kVrms, 50 Hz

frput 1o output for | minute:
S kVrms. 50 Hz

input 1o output for 1 minute:
2.5 kVrms, 50 Hz

=31 Voal 25 A minimurm 1o 11.8 A maximun:
2122V at 0.6 A minimum 10 6.7 A maximum
17 % at 0.0 A minimum o 0.15 A maximum

7522 +5 Vde, +12 Vde, —12 Vde Specifications

Output Voltage Varmtions:

Total tolerance
Initial tolerance

Line regulation

Load regulation
Load interaction
Temperature stability
Long term stability

Ripple and Noise

Overcurrent Trip Point:

Mintmum
Maximum

Short Circuit Current

+5 Vde +12 Vde ~12 Vde

.
=31 80
+4.0%

3%
=0.05% /°C
£15/1000 h £1% /1000 h

14

[E T
p— ‘;:‘:, (PRI S

SO mV 75 mV 120 mV
peak-to-peak peak-to-peak neak-to-peak
107 A 68 A 04 A

145 A 100 A 1.5 A

%0 A 40 A 30A
{maximum) {rmaximumy} frmaximunt




Overvoltage Protection Range:

Minimum trip point 580V NA 130V
Absolute maximum 7.0V NA - 150V

output voltage







CHAPTER 8
KEYBOARD

8.1 INTRODUCTION :
This chapter describes the LK20! keyboard used with the Rainbow 100 computer. The shaded part of
Figure 8-1 shows its refationship in the svstem block diagram.

The keyboard is the user interface to the system. It detects keystrokes. encodes them. and transmits the
information to the ceniral processor. The keybaoard also receives information from the central processor.

Communication between the kevboard and the central processor in the system unit is fuli-duplex, serial

asynchronous at a speed of 4800 baud. The communication lines conform to EIA Standard RS-423, which
applies 1o unbalanced voltage interfaces.

Refer to the K201 Maintenance Print Set (MP-01395-00) while reading the following description of the
kevboard.

8.2 PHYSICAL DF;SCR’(PTK}N

The keyboard used with the Rainbow 100 computer has 108 keys arranged in the following four groups.
{Refer to Figure 8-2.)

Main keypad {57 keyvs)

Numeric kevpad (18 kevs)
Special funcuon kevpad (20 keys)
Editing keypad (10 keys)

® & ¢ &

The kevcaps can be installed manually. but reguire a special to ! for removal. (Refer to Appendix A for
part number and ordering information.)

The keyboard circuitry is contained in a Jow profile cabinet with & nominal height of 30 mm from table top
10 home row. The keyboard case is made of two plastic shells that can be separated with a screwdriver.
Nonslip plastic strips along the bottom prevent the kevboard from sliding on a table top. Two feet can be
manually inserted in holes to raise the back edge of the keyboard.

A plastic window along the top edge above the special function keys can be lifted to insert a keyboard label
strip. The label, a thin paper strip. fits into the indented space and varies according 1o the application
program

There are four LEDs focated beneath the plastic window. They are labeled HOLD SCREEN. LOCK,
COMPOSE, and WAIT. : ,
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SPECIAL

FUNDTON

KEYPAD
foa

NUMERIC

KEYPAD

EDITING
KEYPAD

Figure 8-2 LK201 Keyboard

A coiled cable (PN BCCO1). with a 4-pin modular connector on each end, connects the keyboard to the
video monitor. The kevboard transmits four tvpes of signals to the monitor that pass unchanged via the
video cable 1o the system unit (Figure 8-3). The four signals are as follows:

e 412V power to keyboard

e  Ground o keyboard

e SERIAL OUT (transmit line from keyboard}

e  SERIAL IN (receive line to keyboard)

jp— The cable can be placed in a channel in the bottom case and the modular type telephone connector fits into

the jack, J4. The cable can be inserted in the channel to either side of the kevboard,

T
Tk
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Figure 8-3  Keyboard Cable Connections

8.3 BLOCK DIAGRAM DESCRIPTION

Figure 8-4 shows a simplified block diagram of the keyboard circuitry. Evervthing except the bloc
marked KEYBOARD MATRIX is on the printed circuit board. This block represents the connectio
between the keyboard switches and the signals from the 8051 MICroprocessor.
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- KEYBOARD
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i
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~RERE RECEIVER f: SERAL N
REGEY i I
i TRAWSM:T ,
L ’&P,;VER bod SERAL OUT
4K RYTES RO G0 Y mem—— ﬂ o ]
128K BYTES Ran +12 ¥ -
e 2,
GND
SN
44
KEYBOARD
fof-X
CONNECTOR
PERTE

Figure 8-4 Simplified Block Diagram of LK201 Keyboard Circuitry
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The firmware in the 8051 8-bit microprocessor controls the following three major keyboard operations at
the same time:

Scans the keyboard to detect changes in the keyboard matrix -
Transmits the results of the keyboard scan to the system gentral processor
Receives information from the system central processor

EIPS I N

8.3.1 Kevboard Scanning

The keyboard switches are connected at the intersections of an 18 X & line matrix. This provides a fixed
position identifier for each key.

The firmware scans the 18-line axis and detects a depressed or newly released key by reading the 8-hne
axis The firmware then verifies the detected keystroke and changes this positional information into an 8-
bit code that is unique to that key.

%.3.2  Control of Audio Transducer and Indicators :
Two circuits control the audio transducer and the indicators. One circuit receives 1ts inputs from the 8031
and controls the transducer (beeper). A long beep represents the bell and & short beep represents the
kevclhick.

A separate circuit. controlled by a signal from the 8031. controls each of the four indicators. The
ceived from the svstem central processor, wurns the §

.
nGIealors On of

firmware, responding 1o commands rec
off.

§.3.3 Keyboard Firmware Functions

This paragraph describes the kevboard firmware functions. The functions are divided into two cate;
those that cannot be changed by instructions from the system central processor. and those that can be
changed by instructions from the system central processor. :

8.3.3.1 Functions Not Changed by System Central Processor Instructions — The following funcuon
cannot be changed by instructions from the system central processor:

o Power-up iest
e  Keycodes
o Special codes

Power-Up Test
Uipon power-up, the firmware performs a selftest in less than 70 ms. The test results are transmitted to the
system central processor in four byvies.

The keyboard indicators are lit during the selftest. The indicators blink once during the selftest routine,
The indicators go of if the test is passed. but remain lit if the test fails. The system module can also
request seiftest at any ume.

Kevcodes
The keycodes represent fixed positions in the key switch matrix. The key associated with a particular
matrix position is always represented by the same kevcode.

Special Codes
There are 13 specizi codes transmitted by the keyboard. Four codes transmit the resuits of the power-up
seiftest. The other nine codes are status indicators or command acknowledgéments.



£.3.3.2 Functions Changed by \wsiem Central Processor Instructions - The system central processor
can issue instructions 1o change some kevboard transmission characteristics and to control the keyboard

indicators and beeper.

L pon completion of a su{IuGSSfﬁg power-up selftest. the firmware sets certain functions to predetermined
conditions. They are referred 1o as default conditions. The conditions can be changed. but they always
come up 1o the defauit condition after a successful power-up selftest

§.3.3.3 Firmware Functions Thar Can be Changed ~ Certain firmware functions can be changed by
commands Gnstructions? from the svstem central processor. These commands are categorized as u FAnSMmIs-
sion commands and p ommands. Transmission commands include a Mode Set command and an
Auto-Repeat Rate St command  Peripheral commanids include @ varicty of commands. For more infor-
mation refer 1o Peripheral Commands. Paragraph 8.5 5.3, :

‘"3"‘”‘?‘&%

7
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%4 DETAILED KEYBOARD CIRCUIT DESCRIPTION
The fo d

wing section describes the kevboard circuitry. Figure 8-4 shows the LK20% kevboard block
rant. :

diag

8.4.1 Kevboard Matrin Scanning
The kev locations are arra in
intersection. This gives a fined

41 103 kevs in the LN 20 ku'\umiw;,

switch is connected aoross g matnx
e matrix. This matrix accommaodaies

Figure 8-% is a simphified & u Eight lines from port

MICroprocessor go o the bina t(BC z;x 7418145 BCD-to-decimal decoders.
Ten outputs from one deco d *“d e:eh a,u:;;uz from ahe ot ; her *\dc, provide the drive hines Tor the
matrix, These 18 lines are called KB DRIVE 0-17

MATRIX
INTERSELD

WE gEEE

Figure 8-3  Simplified Block Diagram of Matrix Scanning Circuit




The other axis of the matrix consists of eight lines tied to 45 V through pull-up resistors. These lines go 1o
port 0 of the 8051 microprocessor and are called KB DATA 0-7.

lines. Key closures are detected by reading the eight data lines. The complete

3 M.

The 8051 scans the 18 drive
matrix is scanned every 830

When o« key closure is detected. 1t is scanned again 10 verify that itis a key closure and not clectrical nowmse.

Once the key closure is verified. the 8051 firmware translates the position information into a key code and
transmits it to the system central processor. Transmission is handled by the Universsl Asynchronous
Recciver Transmitter {LART) in the 8051,

A speak path or ghost key indication can occur when three of the four corners of a matrix rectangie are
closed (Figure 8-6). The key positions in the matrix are arranged to avoid sneak paths. However, if a sneak
path docs oceur. the firmware prevents the kevcode for the key (which caused the sneak path) to be
cransmitted until one of the involved kevs is released. This prevents transmission of ghost kevs entirely.

Tavle 81 shows the xovbao
shown for reference oniy anc

ks on the LK201-AA (U.S A} keyboard. Keycap designations are

g z

Mo B3 o €35

|
DavVE ,
CinER ‘

Do, E2 NS

L a, N

i H “

SECTION 0218 BEING LOOKED AT 1T SBOULD NOY
SHOW A KEY CLOSURE BECAUSE SWITCHCZ 1S OPEN.

3 WOWEVER A SKEAK PATH IS PRESENT FRON LINE 2
THROUGH SWITCHES B2, B3, AND C3 TO LINE €
£ GHOST KEY IS HEAD AT INTERSECTION £2

MEBIEE

Figure -6 Example of Ghost key Generation
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Table 8-1 Keyboard Matrix (LK201-AA)

KB KB Data
Drive 7

¥

6 L 4 : 3 2 1 0

17 Reserved F19 Reserved F20 PF4 N e N, Enter
{Note 1}
G22 G23 E23 D23 C23 AZ3

Fig PF3 Reserved N9 . N6 N3 N
G21 £22 D22 B17 c22 B22 A22
F

F17 PF2 Reserved N8 NS — N2 NO
: {Note 2}
G20 E2 D21 C21 B18 B21 ,

14 P Nt Remove H N7 N4 N1 NO

B0 Dig L8 17 D20 20 B2G A2G

13 Insen

DO Prev { Reserved  Reserved
Here | :

N

Gle D7 Dil Cli

Sbd

12 Find Help Select Return —

Bl

Eié Fiz Gis D6 12 Cl13 Bié Ciz
11 Addnl X i Reserved ) p {Nowe 33 7
Options {deieie) 0 :
Gia Ei13 E10 DIO Cl0 BIG

10 Reserved  Fi2 Reserved F13 { O L
{BS) {LF) 9
G1o G13 E09 D09 co9 BO9

e

*
s

Q Reserved  Fli Reserved | Reserved

D08 Co% BOY

<
oo

b Reserved  Main Reserved  Exit
Screen
GO G09

M

Mo~ e
o
-

07 DO7 co? BO7

NOTES

§ Note that NO=N8, New Noamd Norefer tothe numeric keypad.

3 NG ef the numeric keypad cun be divided into two kevs. Normally only the NO kevewitch is implemented as 2 double-size
oY

1 The Return key occupies two positions which are decoded as the Return {£13) key.




o, Table 81 Kevboard Matrix (LK201-AA) (Cont)

KB KB Data
Dirive 7 &

[ -

4 3 2 i 0

Reserved Cancel Reserved Resume  ° Y H N
GO7 (306 EO6 D06 Co# BO&
& Reserved  Reserved  Reserved nter- ’“ T O B

rupt 5
GO3 EOS DOs Cos Bt

A 31

L

Fdq Break Reserved  § R £ \Y SPACE

Go2 603 ' E04 DO4 04 BO4 AQI-ALY

L

Reserved  Print Reserved  Set-Lp
Screen
GO0 GOl

Hold i“ Reserved  Tab W S X =
Screen i :

G99 E0 D00 D02 co2 BO2 BOG

tad

[ ¥

Reserved  Reserved  Reserved  ~ ! Q A Z

£00 EO! DO Coi BO!

—
-~
-

s

Lock Compose  Reserved
99 oo AGS
¢ Shift

BGO B!

frm—yy -t | “
js2e ) o Bk Rl

T
iyt Ry (R

Figure 87  LK20} Kevbourd Layout
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8.4.2 Audio Transducer Controt Circuit

Figure 8-8 shows the audio transducer or beeper ¢o trol eircuit. The beeper is driven by a transistor whose
basc is connecied to a 2 kHz square wave from a 556 timer IC. This signal is biased by & network ol four
tvpe 74L.S0S open coliector inverters. The 8051 microprocessor controls all four anverters via the
firmware. The ON/OFF inverter connects directly to the transistor base. When the 8031 puts a high on
the ON/OFF inverter input, its output goes fow and removes the 2 kHz square wave from the transistor
hase. This cuts off the transistor and disables the beeper.

741505
INVERTE

T W\*‘»'MW N
-~ I
L i NG
> re
mn‘-}/mw»vﬂb‘—‘\w‘mvnw _j

;,._m;g;:; CONTROL GRivE

THANSISTOR

1

"~

ki

i

MR OO0

Figure 8-8  Audio Transducer (Beeper) Control Circuit

To turn on the beeper. the 8051 puts a low on the ON/OFF inverter input. s outpul goes high and aliows
the 2 kH7 signal to reach the transistor base. This turns on the beeper. The firmware generates @ kevehek
{on for 2 ms) or & beli wone (on for 125 ms)

The 8051 sets up the three level control inverters by putting one of eight binary combinations ¢n the

H

inverter inputs. All highs give the softest sound and ali lows give the Joudest sound.

The firmware controls the kesclick and the bell tone independently. The bell tone is sounded only upon
request from the systen Control processor. The kevclick is sounded (unless disabled) under the felowing
conditions:

®  When a key is pressed
e When 2 metronome code is sent
e When a command to sound the kevclick is received from the system contrul processer

8.4.3 Indicator (LED) Control Circuit

Figure 8-9 shows the LED indicator contral circuit.

The control signal for each LED comes from port 2 of the 8031 to the input of a type T4LSOS open
collector inverter. The inverter output goes 1o the LED cathode: its anode is connected to +3 V. A separate
+5 V source relieves the LED's load on the main 45V supply.

< K10




STSLE08
INVERTERS LEDS
S /a\/’/ #5 W SUPPLY
P Dc w—rt b ‘ £ O #12V
, /
, | o~
051 ) H
boRt2 " Beagen e - !
{
i
) - AN \_%j'/ Y
ESE R ciis

Figure 8-9 Indicator (LED) Controi Circuit

A low signal from the M’*"’é drives the inverter output high. which cuts off the LED. A high signal from

the 8051 drives the inverter output Jow. This provides a pmh to ground from the <5 V z?*r@m the LED.
The LED then turns on

8.4.4 Kevboard Communication

8.4.4.1 Keyboard Transmit Mode - The keyboard codes and a few other special codes are transmitied
vm a serial line output in p(m of the 8{}51‘ The transmitted signal goes from the ¥031 er,

hrough the keyboard cable, . and video cable to the svstem central processor. A UART within the
&;;ig controls the transmission,

&

Transmitted characier
START bit It s alv
the STOP b s s

rers conform to a specific format. Each character is 10 bits long. T%{* first bit 15 the
wayvs a logical 0 zugsacm The next eight bits represent the encoded data. The last bit is
hways a logical 1 (marky Figure 8-10 shows the character format.

¢ i | } i I i i i
SPACE (0 L_.f_.J,._-Lm.L_J.w-L.-J.....{.__l..J
4
| |
START STOF
giT 81
ME TGOOZ
Figure 8-10  Kevboard Transmit and Receive.Character Format



8.4.4.2 Kevboard Receive Mode ~ The firmware contains features that can be enabled by commands
from the system central processor. There are two categories of features: one scis kevboard transmission
characteristics. and the other controls the kevboard peripherals. A peripheral command covers indicator
control. bell and kevehick volume, kevboard 1D code. and reinstate kevboard. The commands come from
the'system central processor. through the videa cable. monitor. and kevboard cable to the recever and nto
the 8051 via port 3. They go to the UART in the 8051.

Received characters conform to the same 10-bit format used for transmitted characters. The eight data
bits are arranged in & specified protocol depending on the command type.

8.4.5 Reset Signal for 8051 Microprocessor
Whenever the system is turned on. the 8051 microprocessor in the kevboard must be reset, This aliows the
%0151 10 start operating

131 When power is turned on, the +3 voltage slarts to rise from zero. The resct
signal circuit output foliows it and drops off when a steady state of =7 V is reached. This circuit holds tf
§051 reset input high (=33 V16 +5 V) jong enough to enable the reset action in the X051 This action

-

The reset signal generator is active only during power-up. The input is +5 V. The outpui is connected 1o
13t g

) i T
e W

ML

%.4.6 Hardware Kevboard ldentification (ID)
At power-up. the kevboard performs a selftest and wends the results 1o the syswem cents
piece of information o be sent 15 the kevbourd hardware 1D which is read from hardwired jumpers.

There are sis jumpers. Each jumper line gacs from an input in port 3 of the 8031 o ground. All jumpern
are installed so the kevboard hardware ID is zero.

$.4.7 Voltage Supplies
The onlv voltage sent to the kevboard s +12 V. However. 45V and —10 V are also required. These
voltages are derived {rom the ~ RIS '

There is a +5 V supph that handies most of the requirements for this voltage. The four kevboard LEDs
have their own =5 Visupph A =10V supply provides voltage for the driver in the SERIAL OUT linc.

85 KEYBOARD PROGRAMMING

This section describes the functions that the kevboard performs under system central processor control. It
also describes kevboard programming machine language. High level user programming is not described
here.

8.5.1 Kevboard Layout and Key Identification

Each kevboard kev has a unigue location. Each location is scanned. and when closure or release is
detected. the location is verified, This is then decoded to an 8-bit kevcode. Figure 8-7 shows the keyvswitch
locations. Table 8-2 shows the 14 functional divisions of the keyboard. Table 8-3 shows the divisions.
keveaps. and keyeodes




Table 8-2  Keyboard Functional Divisions

Division Description Representation

2raphic Kevs, D001

2 ; Numeric kevpad 0010

L

Delete character (E12y 0ol

Oro0

4
- &
AL
& =

s

C{BYY und BI D)
i C99)
7 Harizontal cursars (1711

{Bit and Bis

% YVerteal cursors PO

(Bi7 and C17y

4 Six kevs direciy above U
the cursor kevs (D16-D1y
and Elo~-Ei%)

10 Function kevs 1G99-GO3) 1010

Function kevs (GO3-GO%) 101

iz ‘ Function kevs 1GHT-G 14D F100

i3 Function kevs {G13-Gib) P10

14 Function kevs 1G20-G23) 1110

o
?
3




Table 8-3 Keycode Translation Table

Keycode® Keycode
Division Paosition Keyeap® {decimal} (hexadecimal)

Function Keys

10 G99 Hold Screen (86 56
GO0 Print Screen 087 57
GO Set-Up 088 S8
GO2 Fa 089 39
GO3 Break 090 5A
Reserved (91-09% AB-62

1l Reserved 099 63
GOS fnterrupt 100 64
G048 Resume 101 £5
GO7 Cancel 102 66
GOY Muain Screen 103 &7
G09 Exit 104 6x

Reserved IS~ 110 48-6F

i

SEyE ;
Gl Fit (ESC) i
G2 Fi2(BS) |
Gi3 Fia(Lhk) 1
G4 Addinl Options |
Reserved i

13 Reserved ; 123 TR
Gis Help 124 7C
Gle Do 125 D

14 Reserved 126-127 TE-TF

G20 P17 128 L3t

G2 Fis o 129 B
522 Fiy 130 K2
G23 F20 131 83
Reserved 132-135 84~87
Basic Editing Keys
9 Reserved
6 Find
7 Insert Here
8 Remove
6
7

[l
H
3
~-¥
o LMY
X
|
o
el

Select
. Prev Screen
8 Next Screen
Reserved

L»#‘a#lhh&m::wxu
4l b3 e O ND 00
20
~

£
e A
[t}

*The jegends under Keyeap are aken from the kevcap legends of the LR2OT-AA (LSAL
+Keveodes 000 through 064 arc reserved. Keveodes 065 through 085 are wnused.
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Table 8-3 Kevcode Translation Table {Cont)

SR Kevcodet Kevcode
Division © Position -~ Kevcap* {decimal) (hexadecimal)

Numeric Keypad
2 Reserved 143 91
AZD 0 146 92
Reserved 147 93
148 4
er - 149 3
P50 94
15% 7
3 98

aotn ke B = T
=)
b

152

133 99
154 GA
155 SR
536 9¢

9D
9E

LI S

fr &

I

i

]
159 SF
A 1H0 Al
PF1 161 i
PE2 162 Al
PF2 163 Ad
PF4 164 Al
Reserved 165 AS

Cursor Kevs

i Reserved 166 Ak

Ria Left 167 AT

Bix Right 168 AS

P i Down 64 AY

™y
~d

i
& Up 170 AA
eserved 171-172 AB~AC

Shift, Lock. Ctrl, A99, and A10

b Reserved 173 AD
B9 Bl Shift 174 AF

g Cirt 1R AF

b Con Lock 176 BG
AGS Compose 137 B1

Reserved 178 / Bz

e ] ; o ' N § 5w
i *The lcpends under Keyesp are taken from the keyaap jegends of 1the LR20T-AA {LS AL
+Kcycodes 000 through (64 are reserved. keycodes 065 throuph U832 are unused

o
3

o

A




“Table 8-3 Kevcode Translation Table (Cont)

, Kevcodet Keycode
Division Position Keveap® {decimal) {hexadecimal}

Special Codes

B3
4

B
B{f
B~

Al Unps
Metronome
Qutput error
Input error
KBD LOCKED
acknowledge
TEST MODE 184 - B
acknowledge

EFIN 1o kews R BY

U
MODE CHANGE inh BA

S v

o

[ s
Land T e

e o Wb s poh

JRT BB
Delete

3 13 Delete &8 188 BC
Return and Tab

188 BD
190 BE

ba

i—)s{}{&
4% Graphics Kevs and Space Bar

2 Ei 191 RF
o 1 192 Do

iy [} 193 1

e A 194 : [

BU Ve 143 LK)

Keserved 196 4

EQ2 [ 147 A

3 193 L)

o2 S 199 7
B2 x 200 ¥
B0 e 301 Co
Reserved 202 CA
51 203 B
|8 204 CC
D 205 D
{ 206 CE
Reserved 207 CF

*The Jepends under Keveap are taken from the keveap legends of the LR21

g

tReveodes 000 through 864 are resorved. Keveoaes U65 through 083 are uresed




P Table 8-3 Kevcode Translation Table (Cont)

' Kevcodet | Ke,ymdf
Drisision Position Kevcap” {decimaly - {hexadecimal)

E03
D4
Co4
Co4

£

4 208 , DO
209 Di
210 2
21 D3

il,a.-:j“ﬂ;'::

AGT-AD9 Space 212 4

served 213 D3

214 D6
DS 2158 D7
Cis 216 Dg
Bas B 217 D9
Reserved 218 DA
6 216 DB
Y 220 DC
H 2 DI
N 222 DE

',f?m

E03

Oy 08

o

Reserved 223 DF
BT &7 224 EA‘

B0 M 227 E2
Reserved 22 E4
* 228 ES
| 230 Ecz

232 EX
ES
EA
EB
EC
ED
EE
EF
Fo
F¥
P b
F3

Reserved
Eog (9
DOw 0
o4 L

2
[
od

T Upd Ltk Lad Lak fed b
¥ IR e

X

Reserved
Eig 0
Do P

Reserved
C1o ' i

Reserved
E12 4o , Fs
Di2 b 246 Fé
Ci2 AN 247 F7
Reserved 245 F¥
Bt —_— 249 Fg
Dy . 236 FA

‘ o 251 FB

Reserved 252-258 FC-FF

w0

P g

o S
tan A Rk bd e O3

IS TR S TS S O SV W I B S R L
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8.5.2 Modes ;

This section describes the function of the kevcode transmission mades. The Mode Set command allows any
one of the 14 kevboard divisions 1o be set 1o any one of the following three modes. (Division defaulis are
described in subsequent paragraphs.)

Down only mode - The keyboard transmits a keycode when the key is pressed.

Auto-repeat down - The keyboard transmits a kevcode when the key is first pressed 1f the key is held
down past the specified timeout period {usually 300 1o 500 msj & fixed metronome code 1s sent at the
specified rate until the key is released.

Down/up ~ The kevboard transmits 2 kevcode when the key is pressed and an up code when the |
released. If any other down/up keys are pressed, the up code is a repeat of the down code. I no
down/up keys are pressed. the kevboard sends an ALL UPS code

8.5.2.1 Special Considerations Regarding Auto-Repeat - The Auto-Repeat Rate Set command alo
the follewing changes in the auto-repeat mode:

e  The auto-repeal rate buffer assoCialion can be changed for the selected keyt

e  The timeout and interval values can be changed in ans one of the four auto

e Il multiple auto-repeating kevs are held down. metronome codes are stil

metronome codes apply to the keveode rransmitted most recently. 1 the fust ey
i released. and another key 1s sull down. the kevcode of the key still down s re

> down

Faample The A key is held dewn
This produces the folowing {rupsmission:
A meironome metrenome
Now the B key is pressed. This produces the following transinission:

A meirenome mctronome B omictrom

Now the B key is released. The produces the folic

A metronome meirononic B MEelronome melronan A melronome met

~
Lt

MAulo-repe
1al code st
eveode to be auto-

While metronome codes are being generated for an auto-repeuting key, @ m
keveode or apecial code may be transmitted. The kevboard transmits this spe

1o nent metronome code and then returns 10 the auto-repeated code. The R
repeated

i abwave the last byvie transnutied,
Example: The A key s held down.
This produces the following Lransmission:

A metronome meironome

e
)
(e 8
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Now the SHIFT key is pressed. This produces the following transmission:
A metronome metronome shift A metronome
Now the SHIFT ke is released. This produces the following transmission:
A metronor s.:mem:inémé shift & metronome ALL’ UPS A méwamamﬁ: o

s If an auto-repeating key is not to auto-repeat {for example. Ctrl €}, the system module must
issuc a Temporary Inhibit Auto-Repeat command. This halts the transmission of any metro-
nome codes or kevclicks for that key only. Metronome codes continue when another key is
pressed. The command must be issued after the keycode for the auto-repeating key is received.

®  Auto-repeat can be enabled and disabled independently of the division settings by using the
Enable/Disable Auto-Repeat commands. These commands apply to all keys on the keyboard.
When auto-repeat is disabled. internally the kevboard continues 1o auto-repeat characters,
However. it does not transmit metronome codes or keyclicks. When auto-repe
keyboard transmits the metronome codes from the point where they were belor
was disabled. This may be within either the timeout or interval period. depending 1
elapsed since the key was pressed.

e 17 the kevboard receives a request to change a division made 10 auto-repeat wi
pressed. the kevhoard makes the change immediately. After the specified t
kevboard transmits m
the kevboard transmi

t period. the
etronome codes for the pressed kev. In place of the first metronome code
ts the kevcode of the auto-repeating key.

Al auto-repeating division modes can be changed to down only with one command. This and other aute
repeat commands are grouped with the peripheral commands. (See Peripheral Commands, Paragrap
B.553) .

£.5.2.2 Special Considerations Regarding Down/Up Mode - If twe down/up kevs are refeased simu!
neously (within the same scan). and there are ne ather down/up kevs down on the keyboard. only one ALL
UPS code is generated. '

8.5.2.3  Auto-Repeat Rates - There are four buffers in the kevboard 1o store auto-repeat rates. They are
numbered O through 3. Each buffer stores the following two values. These values can be changed by the
system module '

o The uimeout value
e  The interva! value

Timeout is the amount of time that the keyboard waits before starting to auto-repeat a character. The
timeoutl value is the amount of time between the detection of a down key and the transmission of the first
metronome code (defaults range from 300 to 500 ms). The rate of auto-repeating a character is calied the
interval. The interval value is the number of metronome codes per second (defaults to 30)

Each division is associaied with one of the four buffers. Rates are taken from the associated huffer each
time the auto-repeat timers are loaded. This buffer-to-division association can be changed by the sysiem
module or feft to defaul: :




8.5.3 Keyboard Peripherals

This section describes the peripherals available on the keyboard. The kevclick. bell. and LEDs are all
considered kevboard peripherals. See Peripheral Commands. Paragraph 8.5.5.3, for informaiion on system
maodule control of these peripherals.

§5.3.1 Audio - The kevclick is a 2 ms beep and the bell is a 125 ms beep. The bell is sounded onls upon
reguest from the system nodule. The keychiek (if not disabled by the system module) is sounded under the
following three conditions

e  When a kev is pressed
e When a metronome code is sent
e When the system module receives a sound kevelick command

If either the B11 or B99 keys (the ieft and right SHIFT keys on the LK 2013 or the €99 key (the Corl ke
on the LK 201) are pressed. the keyclick is not generated. However. if a command is sent from the sysiem
module to cnable the kevelick on the €99 kev. the kevelick is cenerated { Peripherat Commands. Para-
graph ¥.5.5.3) Figure 87 shows the positions of these keys. '

The kevclick or bell (or both) may be disabled and will not sound. 11 the system module requests sound {xee

Peripheral Commiands, Puragraph 8.5.5 35 the kevclick or the bell does not sound.

Both the kevelick and bell may be set independenty 1o one of the following eight volume levels

000 - highest
00

01y - default
01 '
(0

8532 Indicators {LED~) - The system module normally transmits indicatlor contro; commands. How-
C the following are exceptions

e  Upon power-up. the kevboard turns all LEDs off.

* After receiving the Inhibit Transmission command. the kevboard turns on the LOCK LED. The
LED is turned off afier the kevboard receives a Resume Transmission conumand.

8.8.4 Kevboard-to-System Module Protocol
The following paragraphs describe the kevboard-lo-system module protocol.

8.5.4.1 Kevcode Transmission - The kevboard transmits single byte keycodes that reflect the kevboard
matrix status. The 8-bit codes above 64 (decimal) are used for keycodes. Every key is identified by u
unique keyeode, There are no special codes for shifted or control keys.

Refer 1o Figure 57 and Tables 8-1 and &2 for the complete keycode matrix translation table.

8.5.4.2 Special Code Transmission - There are 13 speciai codes: mine codes with
(decimalt and four codes below

values above 64




The following are the aime special codes above 64 (decimal) keveode value range:

Kevcode
Special Codes {Decimal) {Hexadecimal)

ALL UPS 179 B3
METRONOME CODE 180 Ba
OLTPUT ERROR 181 BS
INPUT ERROR 182 Ba
KBD LOCKED ACK 183 B7
TEST MODE ACK 1R4 B&
PREFIN TO KEYS DOWNXN 18S BS
MODE CHANGE ACK 186 BA
RESERVED 127 s

ALL UPS - indicates 1o the svstem module that a down/up mode hey was just released and no other
dewn/up keys are be

pressed.

METRONOME CODE - indicates 1o the svsiem module that an interval has passed. a keveiick has been
gererated, and the lust key recenved by the system module is still being pressed.

OLTPUT ERROR - indicates an ouiput buffer overflow to the system module. The o wooccurred
sfter receiving o Kevboard Inhibit command from the system module and some kevstrokes may be fost

INPLT ERROR CODE - indicates to the system module that the kevboard received a meaningless
command. oo many. or o few parameters.

KEYBOARD LOCKED ACKNOWLEDGE - indicates to the system module that the keyboard received
4n Inhibit Transmission command (sce Peripheral Commands. Paragraph 8.5.5.3).

TEST MODE ACKNOWLEDGE - indicates that the keyvboard has entered test mode. This is a special
mode used during the production test If the system module receives this acknowledge. it sends 80
hexadecimal This terminates the test mode and jumps 10 power-up.

PREFIN TO KEYS DOWN - indy afrgady down in g
division which hus been changed o down/up iMode Set Communds. Paragraph RA 540

Change commund (sev Mode Set Commands. Paragraph §.5.5.4)
RESERVED - Keveode 7F is reserved for internal use.
The following four special codes are below 64 (decimal) value range:

Kevcode
Special Codes (Decimal) {Hexadecimal)

KEYBOARD 1D - FIRMWARE 01
KEYBOARD D - HARDWARE 00
KEY DOWXN ON POWER-UP ERROR CODE 6]
POWER-UP SELFTEST ERROR CODE 62

[FRE e
m C;; LI e




KEYBOARD ID - Thisis a two bxte identification code. transmitted after the power-up selftest (Power-
Up Transmission. Para araph §.5.4.3) It is also sent on request from the system module (see Peripheral
Commands. Paragraph 8.5.5.3).

KEY DOWN ON POWER-UP ERROR CODE - indicates that @ key was pressed on power-up.

POWER-UP SELFTEST ERROR CODE - indicates to the system module that the ROM or RAM
selftest of the system module Tailed (see Power-Up Transmission, Paragraph & 5.4.3).

8.5.4.3 Power-Up Transmission — Upon power-up, the keyboard performs a selftest in less than 70 ms.
It transmits the selftest results to the svstem module in 4 bytes.

Byvte 1: KBID (firmware) - This is the keyboard identification (1D} that is stored in the firmware.
Byvie 2 KBID (hardware) - This is the keyboard ID that is read from hardware jumpers.
Buyie 2

er fa ture of the RQ\? i’?? Ri\\é 5 E?{eg{ within %ht,

i

KEYCODE - This byvie comains the first keyvcode detected if there was & kev down on
power-up. No error is indicated by 00.

»
ot}
o

g

[ the ROM seffies: the error is fatal, the kevboard is unable to transmit
\On!am errors ﬁ*m’wt 1hc kc} board 0 wﬁ’mu; operation.

If the kevboard finds a key down on the first scan. it continues 10 look for an ALL UP condition The
kevboard sends the wrrecmd 4-byie power-up sequence when the depressed kev is refeased. This avends a
fatal error condinion if a kev is pressed by mustake while powerning up.

The keyboard LEDs are lit during the power-up seiftest. 1f the selftest is passed. the kevboard turns the
LEDs of?. If a beli is selected on power-up. the system module can transmit @ Sound Bell command te the
kevboard. However. this should not be done until the system module receives the last byte of the 4-byte
sequence. The request for selftest tests the serial hin e and svstems module connection. The power-up selftest
takes 70 ms or less

The svstem module ¢an request 3 Jump 1o power-up at any ¢ This causes the LEDs on the kevboard to
blink or and off (for the power-up selftest).

8.5.5 System Module to Keyvboard Protocol

The system module wrﬂmis both the peripherals associated with the keyboard and the ke) vboard transmit
characteristics. Figure 8-11 shows the protocol for the transmission of commands and pemmetefs from the
system module to the keyboard.

E-22




COMMAND
T oo
G TYPEL
PARAMETERS
G DATA
% DATA
? MR IDODR

Figure 811 System Module to Keyboard Protocol

two kinds of commands—those that control kevboard transmission

%551 Commands - i* FC Gre
cteristics and those that contro iu\bv;m, peripherals. The low bit of the command 15 the TYPL

'i:h Td
it is clear if the command is a transmission command. Tuis setif the command is a peripheral command.
Transmission Commands Peripheral Commands
Made Set ' Flow Control
Auto-Repear Rate Set indicator
Audio

kevboard 1D

Reinitiate Keyboard

Some Auto-Repeat Control
Jump to Test Mode
Reinstate Defaults

The high order bit of every command is the PARAMS flag. If there are any parameters to follow. this fiag
is clear. If there are no parameters. this flag s set.

8.5.5.2 Parameters ~ The high order bit of every parameter is the PARAMS flag. It is clear if there are
parameters to follow. It is set on the last parameter. The remaining seven bits of the parameter arv for
data.

8553 Peripheral Commands - Two commands can turn the data flow from the keyboard off and on:

e Inhibit Kevboard Transmission — This comma .nd shuts off or locks the keyboard and turns on
the LOCK LED. After receiving the Inhibit command. the kevboard sends a a special command
1o the system central processor. If the system central processor receives this code without
requesting it. this indicates that noise on the line was interpreted as the Inhibit command. The
central processor then responds immediately with the Resume Keyboard Transmission
command.

e  Resume Kevboard Transmission - This command turns on or unlocks the kevboard and wrns
off the LI ‘i'» LED 11 anv keystrokes are Jost, the kevboard responds with an error code.

3

Each keyboard LED can be turned on and off.




The following are the eight commands that control the keyclick and bell sounds:

Disable Kevelick

Enable Kevclick and Set Volume
Disable Ctrl kevclick

Enable Ctrl Kevchck

Sound Kevehick

Disable Bell

Enable Bell and Set Volume
Sound Bell

s &8 ® & & & & B

The following four commands are related to the control of the auto-repeat mode:

e  Temporars Auto-Repeat Inhibit ~ Auto-repeat is stopped for a specific key enly. It resumes
automatically when another key is pressed.

. ~Repeat Across the Board - Suarts transmission of metronome codes without
repeat timing or kevboard division.
e  Disable Auto-Repeat Across the Board - Stops transmission of metronomes codes without

affecting auto-repeat timing or keyboard division.

e Change Al Auto-Repeat to Down Only - Changes all kevboard auto-repezting divisions o
down oniv mode.

The following are three other miscellancous commands:

e  Request Keyboard ID - The kevboard sends the two-byte 1D (firmware and hardware; The
kevboard does not jump 10 the power-up sequence.

e Reinitiate Kevboard - The kevboard jumps to the power-up sequence. Transmissio
kevboard should be held until the host processor receives the last byte of the power-up seiilost.

e  Reinstate Defaults = Sets the foliowing functions back to the defauit settings after a successiul
completion of the power-up seifiest

Division mode setiings

Auto-repeat interval and timeout rates
Auto-repeat buffer selections

Audio volume

Ctrl kev kevelick

To send a peripheral command. set the TYPE flag (low order bit). Bits 6-3 contain a command
representation from the chart below. Bits 2 and 1 specify on (01} off (003, or sound (11} Bit 7 should be
set if there are no parameters 1o follow.

See Table 8-4 for the peripheral commands (in hexadecimall.




Table 8-4 Peripheral Commands in Hexadecimal

function Hexadecimal Parameters

Flow control

Resume Keyvbouard Transmission BB None
Inhibit Kevboard Transmission 89 Naone
Indicators
Light LEDs 13 Bit patiern
Turn Off LEDs 11 Bit pattern
Audio
Disable Kevelick 99 None
Enable Chek, Set Volume 1B Yolume
Disable Ctrl Kevelick B9 None
Enable Ctrl Keyclick BB None
Scund Keychck 9F - None
Disable Bell Al None
Enable Bell, Set Volume 23 Volume .
Sound Bell A7 None
Auvpto-repeal
Temporary Auto-Repeat Inhibit Cl None
Enable Auto-Repeat Across Kevboard E3 None
P Disable Auto-Repeat Across Keyboard El None
Change Ali Auto-Repeat to Down Only D9 None
Other
Request Keyboard 1D AB None
Jump to Power-Up FD None
Jump to Test Mode CB None
Remnstate Defaults D3 None
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Command Representation
Flow Control 0001
indicator {LEDs) 0010
Kevclick 0011
Bell 0100
Kevboard 1D 0101
Keyclick for Ctrl Key 0111
Temporarily Inhibit Auto-Repeat 10600
Jump to Test Mode 1001
Change All Auto-Repeat Characters ‘ 1010
to Down Only

Enable/Disable Auto-Repeat 1100

The Jump to Power-Up command is FD hexadecimal.

The following are some of the peripheral commands’

Flow Control - The system module can lock the kevboard with the Inhibit Kevhoard Transmis-
cion command. When the keybaard is unlocked. it responds with an error code if any keystrokes
were missed (see Kevboard Locked Condition, Paragraph 8.5.6.2}.

Indicators {LEDs) - Figure 8-12 shows the LED parameter Figure 8-13 shows the LED layout
on the LK 201 keyboard without the label strip instafied.

Audio - Figure 8-14 shows the audio volume parameier.

G 0F 0% 04 43 Q2 ot Q0
; i PR AR
4 o i } o | EEY LE; i L.Ev | L?u
! i | o< b7

MR O004

Figure 812 Indicator (LED) Parameter

o o] ) Q
LED 4 LED 2 LED 2 LED Y
B CBHTE

Figure 8-13 Indicator (LED) Layout

07 (s 0% 04 22 o [ 00
T v T
1 E o ¢ o 38T VOLUME

ML D005

Figure 8-14 Audio Volume Parameter




The volume levels for the audio are as follows:

000 - highest
001
010
01l
100
101
110
111 - lowest

The keyclick or the bell {or both) can be disabled When the keyclick or bell is disabled. it does not sound.
even if the system mod izfﬁ requests it.

The following are additionz! peripheral commands:

®  Temporary Auto-Repeat Inhibi

s auto-repeat for this key only. Auto-repeat automatical-
Iv continues when another key 1 :

° 5 f*/Er\ sble Auto-Repeat Across Kevboard - Stops/starts transmission of metronome cedes
ut affecting auto-repeat timing or division settings.
e Change Al Auto-Repest to Down Only - Changes division settings for all auvio-repeating

divisions 1o down only.

s Reguest Kevboard 1D - Kevboard sends a 2-byte keyboard 1D. Keyboard does not jump 1o
power-up.

. Rsm..;dte Kevboard - Kevboard umps 10 1ts power-up routine. The system madule should not
iy t o transmit anvthing 1o the kevboard until the last byte of the power-up sequence is received.

e Jump to Test Mode - Special test mode for manufacturing testing.

state Defaults ~ Set the following functions back to the default settings after a success
;:vuen of the power-up selftest:

e
" Division mode setungs
Auto-repeatl interval “and timeout rates
Auto-repeat bufier selections
Audio volume
Ctrl key keychick




8554 Mode Set Commands — The following describe the Mode Set commands:

e Division mode settings - See Mades, Paragraph 8.5.2. for an explanation of transmission modes

and rates.

e  Each division on the kevboard has a unique 4-bit representation (see Keyboard Layout and Key
Identification. Paragraph &.5.1). Table 8.2 describes these representations.

o
e  Fach mode has a unigue 2-bit code.
Modes Representation
Down only 00

Auto-repeat down 01
Down/up 1

ticular kevboard division. the system module must send the

b5 AP I oo
To set the key trans

the

. representation with the mode code. and then followed by

Y

Example: Set main array to dow n/up (Figure 8-15%

The PARAMS flag is set to 1 if there are no parameiers. The PARAMS flag is clear if there are

parameters.

the auto-repeat mode is sclected, the sysiem module can transmit a
£ the selected division. Refer to Auto-Repeat Rates, Para-
h & 5.7, for additional informaton.

Auto-repeat rate buffer association - 1f
narameter to change the buffer association ¢
T

graph §.5.2.3. and Detault Conditions. Paragrap

Example: Set main array 0 auto-repeat. change buffer association to buffer 3 (Figure 8-16).

T ' 1
i H
S 0 o i v 0
| i
i bl 3
b - A ) i
PARAN SISO MODE TYPE
ETER . - o

WA IR

DIVISIOS $ANOE TYFE
s
\F‘M ,‘(-*-\
08 04 o7 i3 on
¥ ¥ L
o 0 ¢ 1 o ¢
1
i § i i 5
T T
[ 4] 4] {: 8] ¢ 1 1
i i 2 1

MR HS0E

Figure &-16 Setnng Auto-Repeat Rate Buffer Association




Auto-repeat rate buffer values - Al kevboard power-up time. the four auto-repeat rate buffers conain
dafault values (sce Auto-Repeat Rates, Paragraph .5.2,3, and Default Conditions. Paragraph 8.5.7) The

svstem module may change these values.

o~
e
£
s

In the command byte. bit 7 (PARAMS flag) should be clear. bits 6~3 are 1111 (1o indicate that thisis 3
Ratc Set command). bits I and | should be the buffer number (0 o 3. bit 0 (TYPE fiag is clear,

There should be two parameters carrying the rate set date.
Example: Change rates in buffer 3 (Figure 817}
BUFFER

NUMBER  TYPE

B
3 ol

o 0f G2 o
i i i
L | i i
o b i et»{}
1
o i

CearererE f TIREOUT!
RLEANTT W W ECUT

PABANTTER JONTERVAL

et gnEE

Figure %-17  Setting Auto-Repeat Rate Buffer Vaiues

The first parameter specifies the umeout
specifies the interval. See Special Considerations Regardimg Auto-Repeal. Paragraph 8521,
uens of these parameiers

o set the auto-repeat rate in
P

foliowed by two byles of numernc parameiers.

The auto-repeal timeout is the yranemitied number times 5 ms. To specify a rate of § ms deia)
parameter received 1s € 4000001 The maximum allowable lime is 630 ms (011131100, The
must not send 635 (01T '

, NOTE
The code (01111111 is reserved for internal ke~
board use. 00 is an illegal value.

Auto-repeai timeout 18 implemented as a muitiple of §.33 ms, the kevboard's internal scan rate. Timeout
rates can vary = 415 ms

The auto-repeat interval is the number of metronome codes per second. In order to specify 2 speec of 16
Hz. the second parameter received ‘. 10070000, Note that the high order bit is set because it 1s the last
parameter. The highest value that mad be sent is 124 (111111001

The lowest rate that can be implemented by the kevboard is 12 Hz. Values as low as 1 can be transmitied.
but are translated o 12

NOTE
The svstem module must not send 128 - or
11111101, This code is the Power-Up command.




8.58.6 Special Considerations
The following paragraphs describe the special codes and their considerations.

8.5.6.1 Error Handling - There are four error codes. The first two are sent at pcv-'e%-up if the selftest
fails (see Power-Up Transmission, Paragraph 8.5.4.3). The other two codes are the INPUT ERROR code
and the QUTPUT ERROR code.

The OUTPUT ERROR (BS hexadecimal) is sent after the keyboard receives a Resume Transmission
command, if the output buffer overflowed while the keyboard was locked. '

The INPUT ERROR {B6 hexadecimal) is sent when the keyboard detects noise (unidentified command or
parameter) on the line. Bé is also sent if the kevboard detects a delay of more than 100 ms when expecting
a parameter.

8.5.6.2 Kevboard Locked Condition - When the keyboard receives an Inhibit Transmission com: and. it
lights the LOCK LED and transmits one more byte. This is a special code indicating that the kevboard is
iocked (NEYBOARD LOCKED ACKNOWLEDGE). If the system module receives this code without a
request. it indicates that noise on the line was interpreted as an Inhibit Transmission comman

module should immediately send the Reswme Transmission command to unlock the keyb

The system

The output {irst in first out (FIFO) buffer in RAM is four bytes. When the keyboard is locked. it atiempts
io store characters received from the kevboard. The ceyboard stops scanning its matnx. When the
kevboard is unlocked by the system module. it transmits all four bytes in the output buffer. 1f
kevstrokes have been missed due to buffer overflow. the kevboard transmits an error code as the fifth hvte
(OUTPLUT ERROR ). Any keys that were not transmitied and are being held down when the keyboard |
unlocked are processed as new keys. An error code upon unlocking the kevboard indicates a possibie foss of
kevstrokes to the sysiem module.

The kevboard stops scanning its matrix when iis buffer is full However. it processes all incoming
commands

8.56.3 Reserved Code - The number 7F (hexadecimal) is reserved for the internal kevboard input and
output buffers handiing routines.

8.56.4 Test Mode -~ The kevboard jumps into a test mode by command during production test. It
transmits a special code to the system module 1o confirm the test mode. 1f the system module receives this

code. it should send the byte 80 (hexadecimal) to continue. This causes @ jump to power-up.

8565 Future Expansion -~ Some keycodes are reserved for future use as special codes or keyvcodes
Table -5 lists these reserved codes.

Table 8-5 Kevboard Disisioa Default Modes

Kevboard Division Mode AR Buffer

Main array Auto-repea 0
Kevpad Auto-repeat 0
Delewe Auto-repeal ]
Cursor kevs Auto-repea 1
Return and Tab Down oniy
Lock and Compose Down onls
Shift and Control Down/up
Six basic editing keyvs Down/up
8-30




8.5.7

Table 8-6 Defauit Rates in Auto-Repeat Buffers

Buffer Timeout © Internal
Number {ms) (Hz)

0 500 30

] 300 kit

[
(TR

300 44

3 300 49

Default Conditions

Certain kevhoard divisions have specific default modes. Some divisions defaul
repeat mode: therefore. they have an associated buffer that contains the defaul
vimeoul and interval Table 8-5 shows the default modes and Table &6 shows the default rates
in the four keyhoard division auto-repeat rate buffers.

The volume level for the kevelick and bell has an eight step range. The defauls volume level for
the kevclick and bell is the third foudest. Both kevchick and bell volumes are 2 decima 0
binary) by default. The key in posinon C99 of the keyboard (the Ctrl key in 1he LK201) does
not generate 2 click unless enabled by the system module. The kevs in position B99 and Bil
(SHIFT keys on the LK201) never generate a kevchick.

For the LK201 keyboard. the Ctrl key defaults to the no keyclick state.

8.6 SPECIFICATIONS

8.6.1 Functional
Electronics &-bit microprocessor, 4K byies of ROM. 256 bytes of RAM. 4

Cord

Keypad

LEDs. ransducer

1.9 m (6 f1). coiled, 4-pin telephone-type modular conneciors.
plugs into display monitor (PN BCCO1)

Sculptured key array

Home row key height 3 ¢em (1.2 in) above desk top

Keys

105 matte, textured-finish keys

Main keypad 57 kevs

Numeric keypad 18 keys
Special function keypad 20 kevs: firmware and sofiware driven
Editing kevpad 10 kevs




Spacing 1.9 em {(0.75 in) center-to-center (single-width keys)
Wobble Less than 0.3 cm (0.020 in}
Duagnostics Power-up selftest, generates identification upon passing test

8.6.2 Physical

Height 5 ¢m (2.0 in) at highest point
length §33 cm (21 in)

Width 17.1 em (6.75 in)

Weight 2 kg (4.5 Ib}
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CHAPTER 9
VIDEO MONITOR

9.1 INTRODUCTION

The VR201 monochrome monitor is a rasier scan device for disphaving alphanumeric/graphic video
information. The shaded part of Figure 9-1 shows its relationship in the system block diagram. Refer 1o
the VR201 Monochrome Monitor Field Maintenance Print Set (MP-01410-00) while reading this chapter.

The VR20! monochrome monitor 1s enclosed in a wedge-shaped cabinet (Figure 9-23. The CRT face
provides a viewing area of 127 % 20.3 cm (% % 8 inches) on a screen that measures 305 om (12 inches)

diagonaliv. A plastic button Covers & screw on the cabinet rear. This screw holds the cabinet o the internal
wire frame. The CRT and the monochrome monitor module are mounted inside this frame

The frame has metal finger stock that presses against the screw mounting bracket and a metal shield. To
prevent electromagnetic radiation. this shieid covers the entire inside of the cabinet. There is a folding
handle on the bottom rear of the cabinet.

The glass front of the monitor. the CRT face. 1s coated with a special treatment 10 reduce glare to the
operator.

The monitor viewing angle s adjustable between +5 10 ~25 degrees. To adjust the angle. the operator
pushes a release on the right side. This causes 2 friction lock foot to drop down from the bottom of the
cabinet housing.

The contrast and brightness controis are on the rear panel. There are also two Connectors on the rear of the
monitor: 31 and J3 Il sz | S-pin D-type connector that connects to the system unit with a cabie (PN
BCC02). J2. a modular telephone-type jack. connects 10 the key hoard with another cable (PN BCCO1).

The following arc the physical dimensions of the monochrome monitor:

Height 24.38 cm {9.75 in)
Width 29.33 ¢cm (11.73 in)
Depth 30.57 em (12.23 in)

Weight 6.6 kg (14.5 1b)
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Figure 9-2 VR201 Monochrome Monitor Exterior View
9.2 BLOCK DIAGRAM DESCRIPTION
The VR20! monochrome monitor consists of two main components: a 12-inch diagonal CRT with a voke
assembly mounted on it. and a monitor module (Figure 9-3).
Display activity is the primary function of the monitor. A secondary function is to route information
between the system unit and the keyboard. The keyboard connects with the monitor via 33 (Figure §-31 33
is hardwired on the module to J1, which connects to the system unit. '
. The monitor module controls the CRT and the yoke assembly. A composite video signal is input to the

module from the system unit (Figure 9-4). This signal consists of two types of information: video data
{Paragraph 9.2.1). and sync data (Paragraph 9.2.2).
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re 9-2 VR20} Manochrome Monitor Biock Diagram
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Figure 9-4 VR20! Monochrome Monitor Systemn Communications Diagram

The monitor module provides the following power to the CRT:

Anode voliage

Grid | voltage (brightness)
Grid 2 volage (cutoff)
Grid 4 voliage (focus)
Heater voltage

Cathode valtage

s o ® @ @ &

9.4




The control inputs to the CRT refine the electron beam. The anode voltage attracts the beam to the
faceplate and provides a single connection between the CRT and the module {Figure 9-3). P1 provides all
other CRT inputs. P1 is mounted directly on the CRT and is hardwired to the module.

9.2.1 Video Data

The monitor module uses the video portion of the signal to generate oulputs 10 the CRT cathode The
CRT responds to the video by generating various intensities in the electron beam. The intensity of the
beam is dependent on the amplitude of the video signal provided.

9.2.2 Sync Data

The sync portion of the video synchronizes the generation of horizontal and vertical signals to the yoke
assembly. The horizontal and vertical processor chips use peak detector circuits 10 separate the synchro-
nizing signals. The yoke assembly, which connects 1o the monitor module via J2, consists of electromagnut-
ic coils (Figure 9-3). These coils use the signals output by the module to generate magnetic fields which
position the electron beam generated by the CRT. The horizontal signa! to the yoke controls the sweep of
the electron beam horizontally across the faceplate (each sweep is called a scan line). The vertical signal
controls the positioning of the beam 10 a new scan line for vertical positioning.

9.3 MONOCHROME MONITOR SYSTEM COMMUNICATION

The monochrome moniior connects with both the system unit and the kevboard The system umt connect
to the monitor via J1. a 15-pin D-type subminiature connector. The keyboard connects via J3. a mogdular
telephone-type jack.

11 has three basic functions: the suppiy of video input used only at the monitor, the suppiy of operational
voltages used by both the monitor and the kevboard. and the transfer of keyboard data (Figure 9-41 The
operational voltage and keyboard data lines are hardwired from Ji 1o J3 on the monitor module.

Table 9-1 provides a pin-out for Ji with signal identifications and functional descriptions. Tabie 9-2
provides the same information for J3.

Table 9-1 J1 Pin-out

Pinls) Signal Description

1-3 (Not used) None

3 Ground Video signal ground potential

5.6 Ground Operational voltage ground potential

7.8 +12 Vic Operational voltage input

9-11 {(Not used) None

12 M Video : Composite video (refer to Paragraph 9.4)

i3 Ground Tied to pins 5 and 6

14 Data Receive Serial data line from the kevboard output to the system unit (vid
33

is Data Send %riai data line from the system unit output to the kevboard tvi

3}
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Table 9-2 J3 Pin-out

Pin Signal Description

1 Data Send Serial data line for output from the system unit to the keyboard
(via J1, pin 15} :

2 +12 Vde Output of operational voltage to the keyboard (from J1, pins 7
and 8)

3 Ground Operational voltage ground potential (from J1, pins 3, 6, and 13)

4 Data Receive Serial data line for input from the keyboard to the system unit

(via J1. pin 14)

9.4 COMPOSITE VIDEO SIGNAL ‘
The videc input to the monitor is 2 composite of two tvpes of signals: video and sync. There are different
jevels of illumination within the video signal, ranging from totally black through maximum brightness.

Figure 9-5 represents a typical composite video signal and identifies the major terms associated with it.
This signal. used with the monochrome monitor, is compatible with EIA RS-170 standards. However. it1s
de coupled to ground at the monitor module. Table 9-3 provides typical signal values.

Figure 9-6 shows the composite video signa! and the sync portion of this signal. Table 9-4 describes the
values for the sync components identified.

REFERENDE ‘>un£"..wwmm..mmww_~wmww -
REFERENDE BLACK m o oo s s e JUNS U J, s o -
BLANKIRG LEVE L mm o e s oo s s r— A [ ——
GYRE LEVEL o s oo e — e e e it i s e

RT3

Figure 9-5 Composite Video Signal Representation
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Table 9-3 Composite Video Values

Characteristics Value
Output impedance 7% Ohms. d¢ coupled 10 0.0 V.
Amplitude 1.0 V peak-1o-peak nominal (The monitor accepts signals with peak-io-

peak values of 0.9 V through 1.5 V.)

Reference black " The low limit of display value. It equals 30% of the peak-to-peak value
(0.3 V nominal), and is the lowest voliage value to be ampiified linearly at
the monitor module.

Reference white The high limit of display value. Tt equals 100% of the peak-to-peak value
(10 V nominal). and is the highest voliage value to be amphified linearly
4t the moniter module.

Bianking level Voltage value which reduces CRT electron beam current below cutolf.
Svne level Voltage level at which sync actions can take place: 0.0V nominal (de

coupled video to ground).

Continucys mput ~3.0\ maximum (2.0 V saturates the video amplifier unless the contrast
thumbwheel adjustment is reduced).

9.5 CRT
The CRT provides the final video output—an electron beam fired at a phosphor-coated faceplate.

The electron beam generation is controlled directly by the monitor module inputs. The module comrols the
yoke. which in turn controls positioning the beam at the faceplate.

The CRT contains an electron gun. The gun consists of the heater element. a cathode. three grids (G1. G2.
and G4). an anode. and the faceplate. all encased in a vacuum,

The three grids control the beam: generated by the gun: G for brightness. G2 for beam cutoff. and G4 for
focus.

G1 is directly affected by the brightness control thumbwheel. This enables the operator to adjust the
background intensity of the display. G2 provides sharpening capabilities of the video. To do this, G2 acts
as a gate or valve to the eleciron beam. A voliage. provided to G2, prevents the electron beam from
passing to the faceplate unless the beam is of a specific minimum intensity. G4 focuses the electron beam.

The CRT plugs directly into PL. which is hardwired onto the module. Through P1. the operational
voltages for the heater element, the cathode. and the three grids are provided. The anode voltage is
provided by a separate connection between the module and the CRT. lts ground goes to the CRT case.
This ground reduces shock hazard and consists of three parts: a connection between the moduie and a
terminal biock on the yoke. & connection between the block and the CRT case, and a connection between
the block and P1.
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Table 9-4 Composite Video Sync Component

Component Description

Vertical blanking Period of time screen is blanked for vertical retrace activity. Vertical

interval retrace is completed in less than 1.0 ms, and within an aliowed {requency
range of 49 10 61 times per second.

v Sync Period of time in which vertica! deflection circuitry on the monitor mod-
ule is synchronized to the next frame.

H Svnc Period of time in which horizontal deflection circuitrs on the monitor
module is synchromized for retrace.

H Period Period of time for the horizonial scan plus horizontal blanking (63.3 us)
EQ Equalizer pulse that synchronizes vertical deflection circuitry on the mon-
itor module for vertical retrace acuivity.

Deiav value between start of blanking and start of syne pubse.

Period of time the actual synchronizing of the vertical deflection circuitry
on the monitor module takes place. Consists of siv EQ pulses. six 'V syne
pulses. and six more EQ pulses

5.6 YOKE

The voke is a set of electromagnetic devices mounted on the neck of the CRT. One device 1s for horizontal
deflection of the electron beam. the other is for veruical deflection. Currents to control the horizontal scun
line arc applied 10 the voke's coil (inductance’ through the widith inductor and the lineanity inductor. The
vertical trace control current comes from the vertical processor chip.

The voke connects o the monitor module through J2: pins 2 and 3 for the horizontal deflection magnetic
coils. pins 1 and 4 for the vertical.

9.7 MONITOR MODULE
The monitor module is made of discretle analog components. It can be divided into seven circuits to control
the CRT and yoke.

Figure 9-7 is a block diagram of the module showing the seven circuits. The figure also identifies the fuse
for the power input (F1). and three connectors (a fourth connector. J3. which routes signals between J)
and the keyboard. is not shown) Descriptions of each of the items identified in Figure 9-7 are provided in
the following paragraphs.

§-9
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Figure 9-7  Monitor Module Block Diagram

9.7.1 Dvnamic Focus

This circuit creates different focus voltages for different areas of the screen. Output from this circuil is
tied 1o focus biasing circuitry within the grid bias circuit. This outpul offsets focus biasing based on
norizontal and vertical deflection values. The circuit is primarily a single transistor that acts as a mixer for
parabolic inputs from the horizontal and vertical deflection circuits. This changes focus biasing as a
function of the position of the beam on the 1ube.

9.7.2 Grid Bias

This circuit generates CRT biasing values’ focus (G4). cutoff (G2). and brightness (G113 These voltages
are developed from the fivback transformer and are routed to the ;4 and G2 circuits. There are resistor
aetworks. cach containing polenLiomelers for adjusting the bias in question. R43 Tor G4 (focus). of R120
for G2 (cutoff). The remaning Mas circuit. G1 (brightness). is a resistor network between two vohage
sources. +40 Vdc and —150 Vdc. This adjustment allows the operator 10 adjust the display background
intensity. The voltage on G is adjustable from approximately 0 to ~47 Vdec.

9.7.3 Horizontal Deflection /
This circuit drives the CRT beam across the faceplate horizontally. This circuit contains the following
elements:

e A horizomal processor

e A sync buffer circuit

e A horizontal driver and output

e  RC networks that bias circuits within the harizontal processor

g
¥
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e A horizontal deflection generator output stage {(width and linearity inductors, horizontal output
transistor, damper diode, retrace capacitor, and yoke inductor)

An oscillator within the horizontal processor allows the horizontal deflection circuit to free tun. The sync
pulses then synchronize the operating running rate to the video input. :

The sync buffer circuit amplifies the sync pulse and then applies it 1o the horizontal processor. When the
horizontal output turns off, the electron beam flies back, returning the beam to the left of the screen. At
the end of retrace, the conducting of the damper diode establishes a ramp of current in the yoke inductor.
To make sure the output transistor is turned on at the proper time, the horizontal deflection 1C also
provides the correct timing on its output pulse. This allows the current ramp 10 continue after the damper
diode stops conducting. The width coil portion of the output stage adjusts the width of the display. Two of
the RC networks contain potentiometers for adjusting their biasing values: R211 for hold (horizontal). and
R218 for centering (phase).

3

A secondary output from the generator is provided to the vertical deflection circuitry as a vertical syne
signal.

9.7.4 Linear Regulator ,

This circuit provides power to the flyback transformer during initial power-up and also regulates the inpu!
voltage. During initial power-up. the +12 Vde voltage is applied to the regulator. The voltage input {rising
from 0 V 1o +12 Vdc) is shunted through a series of 4 diodes and then through the flyback transformer.
This generates 40 Vdc at the input of L300 1o the regulator field effect transistor sources (FETS). The
FETS are then turned on and conduct the load current instead of the diodes. A precision zener diode plus
the reguiator transistor's VBg cause the circuit to provide 10.3 Vde regulated output.

9.7.5 Vertical Deflection ;
This circuit positions the CRT beam across the faceplate vertically. This circuit contains the foliowing
elements:

e A vertical processor
e  Various RC networks responsible for biasing of circuits interna! to the verucal processor
®  An output filter network

An oscillator within the vertical processor allows the vertical deflection circuit to free run. The sync pulses
synchronize the vertical deflection 10 prevent vertical roll.

Three of the RC networks contain potentiometers for adjusting biasing values: R48 for hold {vertical).
RS0 for height. and RS3 for hinearity. At the beginning of each refresh cycle, the vertical processor
receives a vertical sync pulse from the horizontal processor circuit. The horizontal processor detects the
vertical sync pulse and sends it to the vertical processor. This sync pulse comes from the composite video
input to the monitor module. The vertical sync pulse causes the beam to fly back vertically and begin a
new {rame.

9.7.6 Video Amplifier

The video amplifier consists of an input and output stage. The video signal is applied to an input push/pull
transistor network that is part of an encapsulated transistor array. The input is provided from R%, the
contrast thumbwhee! potentiometer. The potentiometer is adjustable by the operator for personal contrast
preference. The potentiometer, R119, provides a preamplifier adjustment to preset the range that can be
affected by the contrast thumbwheel. Biasing of the input stage affects the biasing of the output stage.
which is another transistor network. The more positive the input 10 the input stage, the more positive the
output from the transistor network. This output is provided to the video output stage.
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The video output stage provides the operational voltage -for the CRT beam. The video output stage uses
the voltage from the flyback transformer (40 Vdc) to generate its output. The sync pulses (horizontal and
vertical) set the video output to or below the cutoff voltage so the operator does not see the retrace lines.
Applving increased positive video amp signal decreases the output to the CRT. This also increases the
intensity of the CRT display.

9.7.7 Flyback Transformer

The flyback transformer is the high voltage power supply and is svnchronized to the horizontal deflection.
It generates the voltages used by the grid bias circuit (G1.G2. G4). the anode voltage (12.5 kV nominal).
and the 40 Vdc voltage used by the linear regulator and video amplifier.

WARNING
The monochrome monitor contains shock hazard
voltages. Use extreme caution when servicing the
monitor.

There is a high voltage (12 kV nominal} on the anode
lead and the anode cup on the side of the CRT.

To avoid shock. use the following procedure when
discharging the anode:

1. Turn off svstem power and connect the moni-
tor cable.

2. Attach the clip lead of the anode discharge tool
to the metal frame.

3. Hold the tool by its insulated handle. Using one
hand. carefully slide the tip of the tool under
the plastic anode cap until it touches the anode.
Avoid scratching or poking the glass CRT
emvelope.

4. Once the anode is discharged, remove the tool
and clip lead.

There are also 700 Vdc on the monitor module near
the flyback transformer. Use caution when perform-
ing adjustments in this area. This area is covered
with a protective shield.
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CAUTION
Before removing the system module monitor cable.
turn off the system power. Static discharge in the
CRT can damage the monitor module and/or key-
board electronics.

Be sure the system power is off before connecting or
disconnecting the monitor’s cable for service or to
move the monitor. When performing adjustments,
secure the monitor's cable to the monitor with its
thumbscrews so the cable does not loosen.

Failure to follow this procedure can damage monitor
and/or keyboard components.

9.7.8 J1
This connector provides the voltage and video signals 1o the monitor module Refer to Paragraph 9.3 for
the pin-out and signal descriptions for J1.

979 J2
This connector prowém the horizonial and wm». 1 defiection currents between the monitor module and
the voke assembly. 11 is @ 4-pin connector. Pins 1 and 4 are used for vertical deflection. pins 2 and 3 for

horizontal deflection.

9.7.10 Pi
This connector mounts on the monitor module the CRT plugs into. Figure 9-8 shows the pin-out for P1.

9.8 SPECIFICATIONS

Height 2438 em (375 )
Width ‘ 29.33 cmﬂ 73 in)
Depth 30537 em %2:;2_"* inj
Weight 6.6 kg (14.5 1)

RON P1
,Jf-/
1 » TCGRID
2 » TO BEAW
3 o TOHEATER
4 pe FROM MEATER
©

ME OO

Figure 9-8  Monitor Module P1 Pin-out







CHAPTER 10
TESTING AND TROUBLESHOOTING

10.1  INTRODUCTION
This chapter describes the procedures for testing and troubleshooting the Rambow 100 computer. Fault
detection is imited 1o the lowest field replaceable units (FRUs) listed below:

Svstem module (motherboard)
Memory exiension opuon
ROM 0

ROM |

ROM 2

Power suppiy

R XS0 diskette drive
RX50 controlier
Monitor

10.  Monitor module

11.  Kevboard

12 Fan

13, Power Swich

O 00 1 O th B bl 1)

10.1.1  Fault Detection Strateg)
The recommended fault detection strategy 15 10 1est the suspected FRU fast in order 10 build up 2
confidence level in the FRUs that will be used 10 test the suspected FRU.

10.1.2 Fatal vs. Nenfatal Errors

The terms “fatal” and “nonfatal™ with respect to faults or errors refer to the usability of the system
example. if the system has two diskelte drives and they are both out of operation. this is not fatal b

the computer can still be used in the terminal mode of operation. However. if the keyboard is

operation. this is fatal because the entire system depends upon the keyboard.

For
ECAUSE
out of

10.1.3 Categories of Testing

The Rainbow 100 computer contains ROM-based diagnostics and diskette-based diagnostics. The ROM-
based diagnostics consist of selftests that automatically run during power-up and reset. and extended
selftests that run by pressing the S key when the Main System Menu is displayed on the screen. The
disketie-based diagnostics consist of tests that are menu seleciable for use during maintenance and
troubleshooting.

NOTE
There are two versions of the diskette-based diag-
nostics. version 1 and version 2. Although the
screens differ slightly, they are compatible with all
Rainbow computers.




if the computer-based diagnostics cannot be run. the field service engineer must determine the kind of
testing that is required. For example, if the monitor does not display anything. it is up to the field service
engineer 1o determine if power is lost 10 the system or jusl to the monitor, and whether 1o replace the
monitor. a cable. the power supply. etc. Primarily. this category of testing by field service engineers
isolates fatal errors, while the computer-based diagnostics are used 1o isolate additional fatal errors. as well
as nonfatal errors.

' 10.2 ROM-BASED DIAGNOSTICS

10.2.1 Automatic Selftests
The automatic selftests are run during power-up and reset. These tests check the internal logic of the
system. The error messages that can appear on the screen during the automatic selftests are listed in
Appendix B.

Upon successful completion of the automatic selftests, the Main System Menu is displaved on the screen.
17 the tesl is unsuccessful and the error is nonfatal. an error message is displayved above the Main Sysiem
Menu (refer 1o Figure 10-1) 1f the error s fatal. only the error message is displaved (Figure 10-21.
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Figure 10-1  Main System Menu with Nonfatal Error Message
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Figure 10-2  Fatal Error Message

NOTE
The LED display at the rear of the system unit also
provides an indication of faults. See the Rainbow™
100 Owner's Manual for an interpretation of the
LED display.

10.2.2 Extended Selftests

The extended selftests are run when the Main System Menu is displayed and the S key is pressed. The
extended selftests exercise extensively more of the system than the automatic selftests and, therefore.
require more time (approximately 90 seconds for 64K of memory and approximately 2 minutes for 256 K
of memory). In order to complete all of the extended selftests, drive A must contain a diskette. (Drive B
does not have to contain a diskette. but if it does, it will also be tested.)

Perform the extended selftests as follows:
1. Set the power switch to 1 (on).
2. Piace a diskette in drive A and close drive A door.

3. When the Main System Menu is displayed, press the S key.

4. Refer 1o Appendix B for a description of the error messages that can be displayed during the
extended selftests
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10.3 DISKETTE-BASED DIAGNOSTICS
The diskette-based diagnostics are used to detect faults that cannot be found by the ROM-based
diagnostics.

NOTE

The diagnostic diskette referred to in this section is
the one provided with the system, not the diagnostic
diskettes that are provided when purchasing an
option. Paragraph 10.3.5 describes how to copy the
option diagnostics onto the main diagnostic diskette,
This procedure also updates the diagnostics menu to
include the option that is being added.

10.3.1 Running the Diskette Diagnostics

I After the svstem is powered up. insert the diagnostic diskette in any drive and then clese the
drive door :

3 Press the A. B. C.or D key to select the drive that contains the diagnostic disketie.

3 When the Main Diagnostic Menu (Figure 10-3)1s displaved. selections can be made as foliows

2 Tiyping 1 and then pressing the Return kev tests drives A and B. and requires 5t
Rainbow-formatted disketies

b Tvping 2 and then pressing the Return kev tests the entire computer ncluding drives A
and B. and also requires blank or scraich Rainbow-formatted disketies

Reinrpow 100 Disgrowizr Diskeltle VERSTIDR 2.0 mo/dsiyr
Copyragnt (o) 1983 Dig:iml Equipment forporslion

MAain DIAGKOSTIC MENU-

P13 TESY DRIWES A AND B

(71 TEST LOMEUTER

{2) DI&BLAY IADIVIDUAL YEST MENU
(a3 INSTALS NECW DIAGNDSTIC

iR nRm OnE OF  Tei FOUL DwinG SIS

s ryPE MENU WUMBER THEW PRUSS <Relurry 191

+ PRESS «Heips FOR A MORE DESCRIPTIVE MEWY
» PRESS ¢bel-wer ¢Ciris/Sel-upy TO RESTART SYSTEM

Late 4

Figure 10-3  Main Diagnostic Menu




¢, Typing 3 and then pressing the Return key displays the Individual Test Menu (refer 10
Figure 10-4). Each test can be run individually by typing the test number followed by
pressing the Return key '

{45 MEmMORY (BGEE) [§-3 KEYBUARD

121 MEMORY C(80BB/ZBO) (161 MEMORY (SEY-UF)

i35 VIDED CONTRULLER 1113 comm/PRINTES CRTERMAL LUOPBACK
(4 DISK SYBYER 1121 EYETEM INTERARCTION

£57  CoMm/PRINTER/KEYBDARD PORY
tE1 PRINTER CONFIDENCE

£7; WIDED ALIOWMENT PATTLRA
18 mEMORY (Z80)

M oi @3 oR®m DNE OF THE S Ut

FJ'..!';K\',»
bOTYPE MENG WUMBEE TaEwx PRESE dRelurny
¢ PREES ¢melpy FDR & MORE DESLRIFTIVE MENY

» PRESE ¢Sel-Upd tlirifBel-Ups D RESTARY §4STEM

...............................

Figure 10-4 Individual Test Menu

d.  Typing 4 and then pressing the Return key causes the following message 1o be dispiaved:
INSERT OPTION DISK IN DRIVE B - THEN PRESS <Return>:

This message requests the diagnostic diskette for an option. such as extended memory. 10
be inseried in drive B so it can be copied onto the main diagnostic diskette in drive A.

e.  Pressing the HELP key displays 2 wordier Main System Menu.

. Pressing the Set-Up key and then pressing the Ctrl and Set-Up keys simultaneously
restarts the system.

The following paragraphs describe the tesis selected from the Main Diagnostic Menu:
10.3.2 Main Diagnostic Menu Selection 1
NOTE :
These tests require two blank or scratch Rainbow-

formatted diskettes.

Selection | tests drives A and B. If the system includes drives C and D, these may be tested by performing
the individual tests described in Paragraph 10.3.4.
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Table 10-1 Time to Complete Diagnostic Tests

Approximate
Time to

Main Tests - Complete {min)
1. Test drives A and B 2.0

2. Test compuler 24.0

3 Display Individual Test Menu

{See Individual Tests below)

4 Install new diagnostic 2.0
Individual Tests {(Item 3)

1. Memory (ROEE processor) 30

{not including options)

2 Memory (808%/Z80A processors) 1.0

3 Video controtler : 2.0

4. Disketio system 3.0

5. Commy/printer/kevboard port 4.0

6. Printer confidence 0.5

7 Video alignment pattern 0.5

¥, Memory {£80A) 0.5

9. kevboard 2.0
10, Memory (Set-Up) 0.5
11 Comm/printer externai loopback 25.0

12, System interacuion 2.0
13,

14, 0 *

15

16, *
ATent P2 mon wsed, Tess 140 15 and 1o are reserved for options

10.3.3 Main Diagnostic Menu Selection 2

Selection 2 tests the entire computer and takes up a considerable amount of time. The tests that are
performed and the time it takes to run each test are listed in Table 10-1.

10.3.4 Main Diagnostic Menu Selection 3
Sclection 3 displavs the Individual Test Menu as shown in Figure 10-4. Each test is selected and run
individually.

10.3.5 Main Diagnostic Menu Selection 4

Selection 4 is used to copy an option diagnostic diskette onto the main diagnostic diskette so that the
diagnostic tests for the entire system. including the options. are contained on one diskette. Selection 4 also
updates the Individuai Test Menu to include the option diagnostics. '
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To copy an option diagnostic diskette onto the main diagnostic disketie and to update the mam diagnostic
diskette menu. perform the following procedure:

I, Place power switch to the 1 {on) posiiion.
2 Imsert the main diagnosuc diskette in drive A.
3. Press the A kev on the keyboard.

4 Press the 4 kev and the Return key.

S Insert the option diagnostic diskette in drive B.
Press the Return ke)

o

After a few seconds the system will copy the option diagnostic diskette onto the main diagnostic disketie.
and then include the option diagnostic tests in the Individual Test menu.

10.4 TROUBLESHOOTING :
The recommended procedure for troubleshooting the Rainbow 100 computer is listed in Table 10-2.

- NOTE
For each symptom in Table 10-2, there mas be ses-
eral causes. The most likely causes associated with a
symptom are listed first, followed by the causes that
are less likely. Refer to Chapter 11 for FRU remoy-
al and replacement procedures.

Table 10-2  Troubleshooting Guide

Problem Possible Causes
Fan does not operate Neae atowall outlen

with power turned on,
Internal connectors from fan to switch are not properly sgated.

Bad power switch.

Defectinve fan.

Defecuve power supphy.

Fan operates. blunk screen Intensity control is set 100 fow,
Video connector not seated properiy.
Defective system module.

Defective monitor.

Printer prints garbage or Printer baud rase selected in Set-Up not the same as prinies’s
nothing, haud rate. See the Rainbow™ 100 Owner's AManual.

¥




Table 10-2 Troubleshooting Guide {Cont)

Problem

Possible Causes

Screen displays garbage.

Screen flickers or rolls.

Screen displays eversthing
except what s typed on the
kevboard when in th
computer mode.

=
W

Screen displavs garbage or
nothing when in the terminal
mode.

Diskette drive will not
joad any programs.

Modem baud rate selected in Set-Up not correct. See the
Rainbow™ 100 Owner's Manual.

Run Individual Tcstn! i.

Language ROM improperly installed or defective.

Parameter setting for power in Set-Up not set correctly, should
be set to 60 Hz in any country.

Language transiation ROM defective.

Modem baud rate in Set-Up not correct. See the Rainbouw™
100 Owner's Manual.

Rurn individua! Test 11

Dirty or scratched disketie.

Programs on diskettes are not in a format recognized by the
Rambow 100 computer operating system.

Defective or improperly seated cables between the drives and
the power supply.

Defective RX50 controlier.
Defective RXA0 diskete drive.

Defective system module.
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CHAPTER 11
SERVICE INFORMATION

11.1 INTRODUCTION :

This chapter provides service information for the Rainbow 100 computer. When appropriate, checking
and adjustmeni procedures are described. However, the maintenance philosophy for the Rainbow comput-
‘ble unit (FRU). Removal procedures are described for the following
form the removal steps in reverse order unless otherwise noted.

¢t s replacement of thc | C
FRUs. To inswall the same FRU. pe

e

st e
setd replas

—y T

Monitor
Monitor moduic
Sysiem module
- RX50 contralier module
Language ROM
ROMs 0 and |
Diskette drive
Power suppis
Fan bracket assembiy

® © © ® & & ¥ & &

11.2 MONITOR ’
This paragraph provides service iformation for the VR201 black and white monitor, as well as specific
adjustments if it1s used with the color/graphics option. For service information for the VR 241 color video

monitor. refer to the ¥R241 Color Video Monitor Pocket Service Guide (EK-VR241-PS}.

NOTE
If the monitor is to be stored or shipped, pack the
monitor in its original shipping box.

11.2.1 Monitor Remoral
Perform the following steps:

WARNING
For vour safety, make sure the power is switched
OFF at the system unit if you have a black and white
video monitor.

Make sure the power switch on the system unit is set t0 0 (off).
Unplug the power cable. '

Unplug the monitor cable

Unplug the keyboard cable.

The monitor is now free.
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11.2.2 Monitor Module Removal
Perform the following steps:

e

L

3

WARNING
For your <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>