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PREFACE

This microfiche document is the Standard
Maintenance (STD) Manual for the Wang 4210 and
4220 Workstations. It is organized in accordance
with the approved STD outline established at the
Field/Home Office Publications meetings conducted
on September 1l4th and 15th, 1982. The scope of
this manual reflects

the type of maintenance philosophy selected for
this product (swap unit, printed circuit assembly
chip level or any combination thereof).

This manual provides the Wang-trained Customer
Engineer (CE) with instructions to operate,
troubleshoot and repair the Wang 4210 and 4220

Workstations. It will be updated on a regular
schedule.

Third Edition (August 1984)
This edition of the 4210/4220 Workstation STD
manual obsoletes document number 729-1302-A. The

material in this document may only be used for
the purpose stated in the Preface. Updates
and/or changes to this document will be published
as Product ﬁpdate Bulletins (PUBs) or subsequent
editions. '

This document is the property of Wang Laboratories
Inc. All information contained herein is
considered company proprietary, and its use is
restricted solely for the purpose of assisting
the Wang-trained CE 1in servicing this Wang
product. Reproduction of all or any part of this
document is prohibited without the prior written
consent of Wang Laboratories, Inc.

© Copyright WANG Labs., Inc. 1984
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WARNING

Do not open the switching Power Supply under any
circumstance. Ext%emely dangerous voltage and
current levels (in excess of 300 volts and
unlimited current) are present within the Power
Supply. Do not attempt to repair the switching
Power Supply; it 1i; field replaceable only.
After powering the unit down and disconnecting
the ac power plug from the wall outlet, allow one
minute before removing the Power Supply to
provide adequate time for any residual voltage to
drain through the bleeder resistors.
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CHAPTER 1
INTRODUCTION

1.1 SCOPE AND PURPOSE OF MANUAL

This manual contains installation, operation and
maintenance information for the 4210 Local VS
Workstation and the 4220 Remote VS Workstation
(Figure 1-1). These workstations are supported
in the field on a board-swap basis. This manual
meets the support requiréﬁents by detailing
maintenance tasks, functional theory and parts

replacement to the same level.

Y

B-01556-FY84-10

Figure 1-1. 4210/4220 Workstation
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1.2 APPLICABLE DOCUMENTATION
1.2.1 PUBLICATIONS

Publications relating to the 4210 and 4220 Work-
stations and their 1installation, operation and
use on VS systems are listed in Table 1-1.

Table 1-1. Related Publications

PUBLICATION ORDER NUMBER
VS-100 Maintenance Manual 729-0871-A, -Al
VS 95 Maintenance Manual - 729-1224-A, -Al

VS-50/60/80 Central Processor
Preliminary Hardware Manual 729-0822

VS 25/45 Maintenance Manual 729-1032-B

VS Input/Output Processor
Manual 729-0824

22V17 WS/Printer/AWS
I/0 Processor PSN 729-0932

Site Planning Guide 700-5978

VS System Administrative
Reference for 0/S 60 800-1144-01

VS 0/S Release 60 Software
Bulletin 800-3111

CE Documentation Control &
Processing Catalog/Index 729-0000-C

Corporate Literature Catalog 700-7647
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1.2 APPLICABLE DOCUMENTATION, continued
1.2.1 PUBLICATIONS, continued

Ordering addresses for publications appear below:

Address For User Manuals Address For CE Manuals
(Prefix 700-, 800-): (Prefix 729-):

WANG LABS, INC. WANG LABS, INC.

Supplies Division Order Entry Dept.

M/S 1711 M/S 8220

c/o Order Entry Dept. c/o (Your Area Rep.)
800 Chelmsford St. 437 So. Union Street
Lowell, MA 01851 Lawrence, MA 01843
1.2.2 DIAGNOSTICS

The 4210 and 4220 Workstations use Built-In Test
(BIT) diagnostic PROMs to isolate malfunctions in
a defective assembly or board. On-line diagnos-
tics are also available in the VS diagnostic test
operating system (DTOS). Table 1-2 1lists the
part numbers and current revisions for the BIT
PROMs along with the documentation part numbers
for those packages.

Table 1-2. Diagnostics

4210 BIT PROM 4220 BIT PROM
DIAGNOSTICS DIAGNOSTICS
Package P/N 195-2536-3 195-2700-3
Document P/N 760-1114-A 760-1193
Document Rev. 93B8 9380
Software P/N 702-0247 702-0271
Software Rev. 53B8 5380
PROM P/N 378-8043 378-8047
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1.3 DESCRIPTION

The 4210 and 4220 Workstations are the first in a
series of modular, easy-to-service workstations
offered by Wang for VS customers. The 4210 and
4220 models find their application in the VS
product line, as replacements for the 2246S/C and
2246R workstations, respectively. In addition to
the functions normally associated with these
earlier workstations, the 4210 provides the added
capability of bit-mapped graphics. The 4220
offers a special graphics mode called character
set graphics.

The workstations are Z-80 based and modular in
design, comprising three basic components which
operate together to provide the workstation
functions. The modular approach allows greatly
simplified methods of service to be employed in
the field, as well as supporting the ergonomic
design principles typical of Wang equipment.
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1.3 DESCRIPTION, continued
1.3.1 VIDEO MONITOR

Figure 1-2 shows the Monitor used with the
4210/4220 Workstation. Note that this 1is the
same Monitor used with the Wang Professional
Computer. The unit provides an 80 column by 25
row, 12-inch diagonal, green-on-black viewing
screen, with the cathode ray tube (CRT) and
associated electronics housed in a two-piece
enclosure. Altogether, the self-contained
Monitor sits atop a pedestal attached by means of
a ball-joint fitting. This allows the Monitor,
and hence the viewing screen, to be tilted to
suit the operator. The pedestal fits into a

depression in the cover of the Electronics Base.

B-01556-FY84-11

s

Figure 1-2. Monitor
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1.3 DESCRIPTION, continued
1.3.1 VIDEO MONITOR continued

Brightness and contrast controls are placed in
the upper left corner of the unit, with the
brightness control on top and the contrast
control below. The contrast control is func-
tional in the 4220, but has no effect on the
display in the 4210 Workstation.

Internally, the Monitor uses one of two printed
circuit assemblies (PCAs) to process and display
incoming video and synchronization signals. In
early production units the 8244 PCA was used.
Current production units, however, use the 8344
PCA. The Monitor has no internal power supply of
its own, but relies on a +12 Vdc input from the
Electronics Base.

A dual cable connects the Monitor to the
Electronics Base, with one of the cables
connecting power between the units and the other
carrying the video and synchronization signals.
The dual cable is terminated on both ends with a
molded 3-pin DIN connector for the power cable
and a molded 8-pin DIN connector for the video
cable. The cables connect to the Monitor on its
underside, through two access holes in the
cover. The DIN sockets are mounted directly to
the internal Monitor PCA.
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1.3 DESCRIPTION, continued
1.3.2  KEYBOARD

The 4210/4220 Workstation uses the low-profile,
universal serial Keyboard in use 1in other current
Wang products, including the Wang Professional
Computer (Figure 1-3).

LS
1]

L

(1O004

Figure 1-3. Low-Profile Serial Keyboard

R R .S

B-01556-FY84-13
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1.3 DESCRIPTION, continued
1.3.2 KEYBOARD continued

The low-profile serial Keyboard is a separate,
detachable wunit containing 101 keys and a
programmable speaker. The Keyboard offers 16
programmable function keys, a HELP key, four
cursor control keys (north, south, east and west
arrows), as well as a calculator-style key pad.
Standard word processing edit keys are also
supported (e.g., INSERT, DELETE, MOVE, COPY).

The Keyboard is attached to the Electronics Base
through a coil-cord emanating from the right rear
corner of the Keyboard, and terminated in a 4-pin
DIN connector. The Keyboard can thus be freely
moved to suit the operator's preference.

An additional feature of this Keyboard is a
series of six light-emitting diode  (LED)
indicators. Five of these are placed above the
section of typewriter keys, and one is built into
the LOCK key. These LEDs are used to display
information relative to the Built-In Test (BIT)
diagnostics. The BIT is described in detail in
Chapter 4 of this manual. The LED in the LOCK
key 1is also used to indicate, during normal
operation, that the caps-lock feature is active.

Communication between the Keyboard and the
Electronics Base is in serial format at 62.5k
baud. The Keyboard itself is microprocessor
based, wusing .an 8031 CPU with PROM-based
microcode.
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1.3 DESCRIPTION, continued
1.3.3 ELECTRONICS BASE

The Electronics Base houses the main logic PCAs
associated with either the 4210 or 4220 Work-
station, along with an 80-Watt Harris Switching
Power Supply (Figure 1-4).

B-01556-FY84-21

Figure 1-4. Electronics Base
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1.3 DESCRIPTION, continued
1.3.3 ELECTRONICS BASE, continued

The power supply is field replaceable only, and
is not intended to be serviced in the field. The
unit supplies +5 Vdc and +12 Vdc potentials to
the operating circuitry of the workstation, and
incorporates a built-in ventilating fan, ac line
fuse, ac power cord connector, 115V/230V switch
and ac power on/off (1/0) switch in one easy-to-
replace package. The unit 1is mechanically
fastened to the base with only two screws.

The exterior of the electronics base and the
enclosed power supply are identical in both work-
station models. The PCA loading of the base
differentiates the 4210 from the 4220 Workstation.

1.3.3.1 4210 Electronics Base

The 4210 Electronics Base houses two PCAs which
carry out workstation logic functions. The two
PCAs are the 210-8264 CPU PCA (on top), and the
210-8263 Bit Map PCA (on bottom).

The front edge of the PCAs are secured in capture
slots in the front of the base, and the connector
headers at the rear of the PCAs interlock with
each other and the edge of the base bottom and
cover. The PCAs are spaced in the center by a
support/spacer rod which fits between the PCAs,
seated against the upper and lower parts of the
base. The rod also provides support for the
physical weight of the Monitor which is placed
atop the Electronics Base.
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3 ELECTRONICS BASE, continued
3.1 4210 Electronics Base, continued

1.3.
1.3

The 8264 CPU PCA contains the Z-80 CPU, 64k bytes
of main memory with parity, a standard Wang Y28
serial data 1link and a 4k PROM containing the
Built-In Test (BIT) power-up diagnostic. Work-

station  operating software (microcode) is
downline loaded from the system host CPU and
stored in main memory. The unit features

software-loadable fonts which are also downline
loaded from the system host. The connector
header mounted on the rear of the PCA contains
the DATA LINK BNC/TNC connectors for cable
connection to the host.

The 8263 Bit Map PCA contains the Z-80 dual
serial input/output device (DSIO), configured as
a dual-port asynchronous receiver/transmitter
(DART). One of the ports is used to interface
CPU communications in parallel with the serial
format required for the Keyboard. The second
port is reserved for the RS-232C connector pro-
vided on the connector header at the rear edge of
this PCA. The RS-232C port 1is not currently
supported.

Also included on the 8263 Bit Map PCA are two
planes or pages of screen memory, each arranged
in a 16k x 16-bit format for a total of 32k bytes
per page. The screen memory addressing logic,
the CRT controller logic and other support logic
are also on this PCA. At the rear of the PCA, a
metal connector header carries an RS-232C con-
nector and DIN connectors for the Keyboard and
Monitor cables. The two PCAs are connected with
a 50-conductor ribbon cable.




1.3.3.2 4220 Electronics Base

All circuitry for the 4220 Workstation logic
functions 1is contained on the 210-8277 Remote
Workstation Electronics PCA in the 4220 Elec-
tronics Base. The front edge of the PCA is
secured in capture slots in the front of the
base, and the connector header at the rear of the
PCA interlocks with the edge of the base bottom
and cover. A support rod fits in the center of
the PCA and seats against the upper and lower
parts of the base to provide support for the
physical weight of the Monitor which is placed
atop the Electironics Base.

The 8277 PCA contains the Z-80 CPU, 64k bytes of
main memory with parity, two 4k PROMs for a total
of 8k of PROM space containing the Built-In Test
(BIT) power-up diagnostic and bootstrap micro-
code, 4k of display RAM and 4k of font RAM. A
Motorola 6845 CRT controller (CRTC) device is
used to develop synchronization signals for the
Monitor. Workstation software (microcode) as
well as the microcode required to service an
attached parallel printer is downline loaded from
the host CPU and stored in main memory. The unit
features software-loadable fonts which are also
downline loaded from the system host.

The unit also uses a Z-80 dual serial input/
output (DSIO) dz=vice dedicated to the tele-
communications task, while another DSIO device
services the Keyboard interface and an auxiliary
RS-232C port. A Centronics-compatible parallel
printer interface is also provided. The header
mounted on the .rear of the PCA contains




1.3.3.2 4220 Electronics Base, continued

connectors required for the Keyboard, Monitor,
RS-232C and the 36-pin parallel printer
connections.

1.4 SYSTEM APPLICATIONS

1.4.1 4210 WORKSTATION .SYSTEM APPLICATIONS

The 4210 Local VS Workstation is designed as a
replacement for the familiar 2246S/C workstation
in the VS product 1line. The 4210 Workstation
supports the full range of data processing
functions available on VS systems, as well as
supporting word processing on VS systems with
appropriate software. In the word processing
mode, the 4210 appears as a 32k workstation to
the host CPU. Communication with the host CPU is
over a dual coaxial cable using a standard 928
data link arrangement. ‘




l.4.1 4210 SYSTEM APPLICATIONS, continued

Figure 1-5 is a representative VS system showing
the host CPU with the appropriate input/output
processor (IOP) for the 4210 local workstation.
In the VS 50/60/80, 4210 workstations communicate
with the host CPU via a 22V17 extended serial IOP
designed for wuse with serial devices such as
workstations and printers. In the VS 90/100, the
appropriate serial IOP is the 22V27.
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Figure 1-5. 4210 System Applications
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1.4.2 4220 SYSTEM APPLICATIONS

The 4220 Remote VS Workstation is designed as a
replacement for the familiar 2246R workstation in
the VS product 1line. The 4220 Workstation
supports a wide range of data processing
functions but does not support word processing.

Communication with the host CPU is carried out
via telecommunications, using the workstation in
conjunction with an appropriate modem to effect
the communications link. Thus, 4220 workstations
geographically remote from a host CPU appear as
locally connected units. Mechanical/electrical
interface between the workstation and the modem
is RS-232C format.

Functioning as a stand-alone remote workstation,
the 4220 includes a built-in communications
controller with a full duplex, asynchronous or
synchronous serial interface. The workstation
can be programmed to support a variety of line
protocols including HDLC and IBM 2780/3780
emulation. Currently, however, system microcode
supports only bisynchronous protocol at 9600 baud.




1.4.2 4220 SYSTEM APPLICATIONS continued

Figure 1-5 is a representative VS system showing
the host CPU with the appropriate input/output
processor (IOP) for the 4220 Remote Workstation.
In the VS 50/60/80, 4220 workstations communicate
with the host CPU via 'a 22V06 batch TC IOP
designed for use with remote telecommunicating
devices. In the VS 90/100, the appropriate batch
TC IOP 1is the 22V26. The figure also shows a
4220 Workstation connected locally via a null
modem. Parallel printers which can be used with
4220 Workstation include the 2281 Daisy, the 2235

Matrix or the 2273 Band Printers.
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Figure 1-5. 4220 System Applications




Specifications for the 4210 and 4220 Workstations

are given in Table 1-3.

Table 1-3. Workstation Specifications
PARAMETER DESCRIPTION
CRT: 12-inch diagonal, reen on black, 80

column x 25 row, 24 rows supported by
software

4210 Data Link:

4.275 Mbps, serial asynchronous

4220 TC DatavRates
Supported (baud):

300, 600, 1200, 2400, 4800, 9600, 19.2k
(Set at 9600 by current system microcode)

4220 Protocols
Supported: -

BSC (Bisynchronous) currently supported
by system microcode

Keyboard Interface:

62.5k baud, asynchronous

Microprocessor:

Z-80

Line Tolerance:

Volts Hertz
Min. Nomn. Max. Frequenc
90 115 132
180 230 264 47 - 63

Power Requirements:

100 Watts maximum, 80 Watts typical

Ambient Operating
Temperature:

60°F to 90°F (16“C to 32°C)

Relative Humidity:

20% to 80% (non-condensing)

Monitor Dimensions
& Weight:

Height Width Depth Weight
1b iE )

in.fcm) in.fcm) in.fcm) X B

(29.2) (33.0) (27.4) (6.8)

Keyboard Dimensions
eight:

Height width Depth Weight

in. (cm) inlécg) in (cm) 1b. (kg

| (4.3) (46.5) (19 8) (2.0)

Electronics Base

Dimensions & Weight:

Height Width Depth Weight

in. (cm) in. (cm) in. (cm} 1b. (k§

(10 5) (48 8) 35. 3) (2.9)




The 4210/4220 Workstations are supported on the
following operating system releases:

4210 4220
5.1.73 5.1.73
5.3.90 5.3.90
6.11.xx 6.20
6.20

1.7 OPTIONS

Currently, there 1is no optional equipment
available for the 4210 or 4220 Workstation.
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CHAPTER 2
THEORY OF OPERATION

This chapter contains block level theory of oper-
ation discussions for major subassemblies of the
4210 and 4220 workstations. The equipment is
covered in the subsections of this chapter as
listed below.

Section 2.1 Monitor
Section 2.2 Keyboard
Section 2.3 4210 Electronics Base
Section 2.4 4220 Electronics Base

2.1 MONITOR
Refer to Figure 2-1 for the following discussion.

The Monitor unit contains a 12-inch green-on-
black CRT with a Monitor PCA to process video and
synchronization signals. The CRT screen has a
capacity of 25 lines with 80 characters per line
for a total of 2000 characters displayed.

The Monitor PCA receives +12 Vdc from the
switching power supply in the Electronics Base
via one lead of the Monitor power cable
assembly. The +12 Vdc directly supplies the
higher current horizontal deflection circuitry
and the CRT filament. A series regulator is used
to derive a +5 Vdc supply from the +12 Vdc input
for the logic devices on the Monitor PCA.
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2.1 MONITOR, continued
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Figure 2-1. Monitor PCA Block Diagram
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2.1 MONITOR, continued

Input signals to the Monitor PCA include VIDEO,
HSYNC, VSYNC and INTEN which are generated on the
Bit Map PCA in the 4210, or the Remote Work-
station Electronics PCA 1in the 4220. These
signals are applied to the Monitor PCA via the
eight-pin monitor video cable, buffered and then

prescated to the appropriate circuits on the PCA.

The VIDEO input is applied to a common-emitter
stage in the video amplifier and inverter which
provides amplification and inversion of the
incoming video signal. The amplified and
inverted video drives the cathode of the 12-inch
(diagonal) CRT.

A special portion of the video amplifier and
inverter receives the INTEN signal, which is used
to intensify or highlight selected characters on
the CRT screen. The INTEN signal causes the CRT
cathode voltage to decrease, causing an increase
in intensity for the instant that the INTEN sig-
nal is present. The front-panel contrast control
adjusts the extent to which the circuit reacts to
the INTEN signal. Intensification in the 4210 is
achieved through software, so the contrast
control has no effect on the 4210 display.

The horizontal sync (HSYNC) input is applied to
the horizontal sync and deflection circuitry,
comprising a horizontal processor device followed
by a driver and, finally, the horizontal output
amplifier. The horizontal phase and horizontal
hold adjustments are inputs to the horizontal
sync and deflection device and provide for a
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2.1 MONITOR, continued

phase- and frequency-stable horizontal deflection
ramp to be fed to the output stage.

The ho~izontal output transistor feeds the
horizontal deflection coils of the yoke with a
sawtooth-type deflection waveform. The current
in the yoke windings develops an electro-magnetic
field for deflecting the CRT electron beam in the
horizontal direction. Adjustments for horizontal
width and horizontal linearity form part of the

total horizontal deflection coil load.

At horizontal retrace (flyback), the current
field in the horizontal deflection coils of the
yoke collapses and the resultant energy is
stepped up by the flyback transformer. On the
secondary side of the flyback transformer are
separate windings which feed diode rectifiers and
associated voltage divider circuits. Anode
operating potential, focus (G4), Gl and G2
voltages are all derived from these rectifier and

voltage divider circuits.

The vertical sync (VSYNC) input is applied to the
vertical sync and deflection circuitry. Vertical
processing 1is performed wholly by a wvertical
processor device which develops the final
vertical sawtooth waveform that drives the
vertical deflection coils of the yoke. Vertical
hold, wvertical size and vertical 1linearity
adjustments are all inputs to the vertical sync
and deflection device.
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2.2 KEYBOARD

This section provides an overview of Keyboard
operations as well as a functional block diagram
level of theory discussion. For the following
discussion refer to Figures 2-2 and 2-3.

2.2.1 KEYBOARD OVERVIEW

The detached Keyboard contains a dedicated 8031
microprocessor that accepts commands from the
Z-80 in the Electronics Base while sending both
Keyboard status data and keystroke data back to
the Z-80. This communication occurs between the
serial I/0 port of the 8031 in the Keyboard and a
Z2-80 serial I/0 located in the Electronics Base.
The Z-80 SIO is a dual channel device. The Key-
board uses one channel and communicates in full-
duplex mode.

Pressing a key causes the Keyboard to send a
7-bit keystroke code to the Z-80 in the Elect-
ronics Base. Every key has 1its own unique
keystroke code, which is arbitrary and bears no
relationship to any of the various character
codes. In addition to the keystroke codes
produced when they are pressed, the left and
right‘ SHIFT keys also generate different codes,

called release codes, when they are released.

The release code for any key is identical to its
keystroke code, but with high-order bit 7 set
(i.e., keystroke code plus '80'). Special
Keyboard commands establish release codes for up
to five other designated keys or, alternately,

for all of the keys on the Keyboard.
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2.2 KEYBOARD, continued
2.2.1 KEYBOARD OVERVIEW, continued
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2.2
2.2.1

KEYBOARD, continued
KEYBOARD OVERVIEW, continued
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2.2 KEYBOARD, continued
2.2.1 KEYBOARD OVERVIEW, continued

The LOCK and SHIFT keys have transmittable codes
that allow maximum flexibilty at the host
system. The LOCK key has an LED (bit 0) for a
visual indication that the key is engaged. The
host system decodes the LOCK key transmittal code
and returns a code back to the Keyboard through
the 8031 to light the LOCK LED.

The left and right SHIFT keys have make and break
codes in the Keyboard default schenme. When
either SHIFT key is depressed, it will transmit
its own X/Y code (make code). When the SHIFT key
is released, a break code will be transmitted.
When a shift condition is sensed, the host system
will append an '80' bit to all keys until it sees
the break code for the shift key.

Any key on the Keybcard is a potential repeat
key. If the Keyboard is programmed to generate a
release code for a particular key, the Z-80 in
the Electronics Base can assume that the key
remains down (or pressed) between the time it
receives the keystroke code and the time it re-
ceives the corresponding release code. When a
program monitoring the Keyboard recognizes a
pressed key in this way, it can decide whether
the key will repeat, and at what rate.

Figure 2-2 shows keystroke code assignments for
the standard Keyboard. There are some possible
keystroke codes and their corresponding release

codes that are not produced by any key. One of
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2.2 KEYBOARD, continued
2.2.1 KEYBOARD OVERVIEW, continued

these, code 'Ol', is used as a query response
byte, which 1is always followed by one or more
status bytes. When the Z-80 makes an inquiry by
sending one of the query control byte sequences,
it continues to accept Keyboard input until it
receives the 'Ol' query response byte and then
accepts the appropriate number of status bytes
before resuming normal Keyboard input.

A 4-conductor cable fitted with a 4-pin DIN
connector carries power and 1interface signals
between the Keyboard interface and the detached
Keyboard. The Keyboard connector and 4-pin DIN

connector signals are shown in Table 2-1.

Table 2-1
CONNECTOR | DIN PLUG
PIN NO. PIN NO. SIGNAL
1 N/C Negative lead to 8-ohm speaker
2 Positive lead to 8-ohm speaker
3 1 Ground
4 2 Serial data output to Keyboard
5 4 5 Vdc power
6 3 Serial data input from Keyboard

LED control commands are used to turn on individ-
ual LEDs as well as to turn all LEDs on and off.
The Keyboard LEDs are used to indicate diagnostic
errors. The LED status command allows the host
system to read the LED status at any time. The
Keyboard is initialized with all LEDs off.
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2.2 KEYBOARD, continued
2.2.1 KEYBOARD OVERVIEW, continued

N-key rollover exists between all encoded keys on
the Keyboard. When a key 1is depressed while
other keys are held down, the Keyboard will be
able to output the latest keycode. Two 8-bit
switchbanks on the Keyboard identify the parti-

cular Keyboard configuration.

The Keyboard interface in the Electronics Base is
designed around a Z-80 dual serial input/output
(DSIO) device operating at 62.5K baud. On power-
up or system reset, hardware initializes the DSIO
to transmit and receive serial protocol that
consists of one start bit (cleared to zero), an
8-bit data word (least significant bit first),
and two stop bits (set to oue), without parity.

2.2.2 KEYBOARD THEORY OF OPERATION

Refer to Figure 2-3 for the following discussion.

The 8031 device 1is a single-component 8-bit
microprocessor that contains 128 x 8-bit internal
RAM memory, an internal oscillator and timing
circuit for data synchronization, and a full
duplex serial port UART. The 8031 device
requires one supply voltage (+5 volts) for
operation. Keyboard data is either sent or
received across the full-duplex Keyboard

interface.
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2.2 KEYBOARD, continued
2.2.2 KEYBOARD THEORY OF OPERATION, continued

A 4 MHz crystal-generated clock is to synchronize
the 8031 with various other components located on
the board. This clock 1is necessary since only

power and data are transmitted from the Elect-
ronics Base.

The 8031 uses its port zero lines as both the
data and the address bus in a multiplexed bus
scheme. Lines DO - D7 in Figure 2-3 identify the
shared bus. Signal ALE (address latch enable)
enables the address latch when the bus is in the
address mode, thus storing an address iIn the
latch. The address latch addresses the EPROM
while signal PSEN (program store enable) enables
the EPROM to read the instruction at that address
onto the bus, which 1is now in data mode. The
EPROM stores 8031 operational routines.

At power-up, the reset circuit sets the 8031
program counter to zero and the 8031 starts exe-
cuting its initialization code from the EPROM.

The initialization routine performs the following
tasks: )

o configure internal UART to 62.5K baud

o configure line protocol (1 start bit, 8 data
bits, 2 stop bits)

o load zeros to sound generator

o clear LEDs

o set up * ¢ internal timers

After initialization, the 8031 starts its X axis
scan routine, continuously polling port 1 for an

input from the X/Y matrix. The Keyboard keys are
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2.2 - KEYBOARD, continued
2.2.2 KEYBOARD THEORY OF OPERATION, continued

laid out in a 16 x 8 X/Y matrix for a total of
128 possible configurations. Not all config-
urations are used. The 8031 supplies three scan
lines (A8, A9, Al0) to the two 3-to-8 decoders.
The three scan lines count in binary from zero to
7 for each of the two decoders, thus causing a
strobe to occur sequentially from XO to X15'

The Y lines in the matrix are the return lines to
the 908 device. When 'a key is depressed, the
capacitive reactance is sensed by the 908 device
and the 908 device translates the sense to a TTL
level for the 8031. Upon receipt of the input
from the 908, the 8031 reads the 908 input again
to confirm the original read. The 8031 now looks
in an internal table for the keycode that matches
the Y location from the 908 device and the X
location from the 3-to-8 decoders. These are the

codes shown in Figure 2-2.

The keycode 1is then sent to the 8031's intornal
UART where it is serialized. A start bit and two
stop bits are added and the serial stream is
transmitted to the Electronics Base. After
transmission of the last bit in the stream, the
8031 UART generates an internal interrupt which
causes the 8031 to resume its X axis scanning
routine.

The X portion of the X/Y matrix also serves to
read the settings of the two on-board
switchbanks. Each one of the switches 1is
connected on one side to one of the X lines.
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2.2 KEYBOARD, continued
2.2.2 KEYBOARD THEORY OF OPERATION, continued

Each X 1line is normally pulled up to 5V. The
other side of each switch is connected to one
common transistor. When an X 1line 1is strobed
(brought 1low) and its switch is closed, the
strobe is coupled through the switch to the

transistor and the transistor changes state.

This pulse is applied to the 8031 as an interrupt
at P32, and the 8031 registers the switch
closure in an internal vregister dedicated to
holding the switch settings. When an X line is
strobed (brought low) and its switch is open, the
transistor is unaffected and no interrupt
occurs. The switch setting scan routine occurs
after each X/Y matrix read routine. The switch
settings can be read from the 8031l's internal
register anytime the Z-80 in the Electronics Base

issues a query command.

Communication from the Z-80 in the Electronics
Base to the 8031 in the Keyboard occurs as
follows. The command to the Keyboard is received
by the 8031's internal UART, the start and stop
bits are stripped and the command is located in a
table in the 8031. The starting address of the
routine associated with that command is put on
the address bus, and the 8031 executes code from

the EPROM to satisfy the particular routine.

The six LEDs located on the Keyboard PCB are
under the control of the 2Z-80 CPU in the
Electronics Base. The Z-80 CPU sends LED data
serially to the 8031 in the Keyboard. The 8031
strips the start and stop bits and converts the
serial data to parallel data. The LED data is
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2.2 KEYBOARD, continued _
2.2.2 KEYBOARD THEORY OF OPERATION, continued

then placed on port zero lines POO - P07 and
latched in the tri-state LED latch. The 8031
enables the LED latch, thus driving the LEDs with
the data from the Z-80 in the Electronics Base.
Any low output from the LED latch will illuminate

the associated LED.

A programmable sound generator device provides
the Keyboard with its beep and click sounds.
Upon receipt of a beep or click command from the
Z-80 in the Electronics Base, the associated
routine is called from the EPROM. The 8031
receives the appropriate data for the sound
generator from the EPROM. This includes the data
required tc load the sound generator's attenu-
ation and frequency registers to produce the
desired sound. The data is latched from the data
bus and then applied to the sound generator. A
common operational amplifier is used to drive the

speaker.

2.3 4210 ELECTRONICS BASE

The 4210 Electronics Base houses two PCAs which
carry out the main logic functions of the work-
station. The two PCAs are the 210-8264 CPU PCA
and the 210-8263 Bit Map PCA. Refer to Figure
2-4. Details of each of the functional blocks of
the PCAs are given in the sections that follow.
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4210 ELECTRONICS BASE, continued
.1 210-8264 CPU PCA, continued
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Figure 2-4.

4210 Functional Block Diagram
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2.3 4210 ELECTRONICS BASE, continued
2.3.1 210-8264 CPU PCA

The 8264 CPU PCA contains the Z-80 CPU, 64k bytes
of main memory with parity, a standard Wang 928
serial data 1link and a 4k PROM containing the
Built-In Test (BIT) power-up diagnostics.
Theconnector header mounted on the rear of the
PCA contains the DATA LINK BNC/TNC connectors for
cable connections to the host CPU.

2.3.1.1 Z-80 Central Processor Unit (CPU)

Bus operations are controlled by the Z-80A CPU.
The CPU receives sequential instructions from
Main Memory over the data bus. It assigns device
access and tasks based on these instructions and
communicates with workstation 1logic through the
data, address, and control buses.

CPU signals are sequenced according to both its
internal instruction set and instructions
received from main memory over the data bus. The
CPU requires a single, +5 Vdc supply and employs
a 4 MHz clock as its time base.

Bi-directional data flow is accomplished by an
8-bit, tri-state data bus. The CPU transmits
address information through a 16-bit, tri-state
address bus. A reset line initializes the CPU
and the six control-output 1lines. The six

control-output lines are:

Ml, CPU Fetch Cycle: Active during the first
(fetch) cycle of each instruction-request cycle,

and during special interrupt cycles.
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2.3.1 210-8264 CPU PCA, continued
2.3.1.1 Z-80 (CPU), continued

MREQ, Memory Request: Active when the CPU
accesses memory to fetch either an instruction or
data.

IORQ, Input/Output Request: Becomes active to
indicate either an input or an output to a peri-

pheral device during the interrupt-acknowledge

cycles.

RD, Read: When active, indicates that the CPU

will input data while performing a memory-access

or I/0 instruction.
WR, Write: When active, indicates that the CPU
will output data while performing a memory-access

or I/0 instruction.

RFSH, Refresh: During an Ml (memory period 1)

cycle, the CPU outputs an address for memory

refresh. RFSH confirms the active pres .ce of
that address.

In addition to the control-output lines, there

are three CPU input control lines. These lines
are:

BUSRQ, Bus Request: Becomes active when an
outside device requests bus access. BUSRQ input

causes the CPU to switch its address, data, and
status 1lines into a high-impedance state to
accommodate the outside device.

P
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2.3.1 210-8264 CPU PCA, continued
2.3.1.1 Z-80 (CPU), continued

BUSAK, Bus Acknowledge: Becomes active to
indicate that the CPU has complied with a BUSRQ.

WAIT: Becomes active to request the CPU to

extend the current memory access or I/0 cycle as

long as the WAIT is present.

2.3.1.2 CPU Interrupts

The workstation employs Z-80 interrupt mode 2. A
mode 2 interrupt is the most powerful mode in the
Z-80 CPU control set in that it allows for an in-
direct call to any location in memory. In this
mode, the CPU forms a 16-bit memory address where
the upper eight bits are the content of the
interrupt page register (I register) in the CPU.
The 1low order eight bits are supplied by the
interrupting peripheral.

The address thus formed points to the first two
bytes in a table where the address of the
appropriate service routine is located. The CPU
automatically obtains the starting address and
performs a CALL to this address, thus servicing
the peripheral. After the routine is complete,
the contents of the program counter are retrieved
from the stack and the program continues from
where it left off before the interrupt.
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2.3.1 210-8264 CPU PCA, continued
2.3.1.2 CPU Interrupts, continued

A non-maskable interrupt (unconditional entrance

to the o»rogram) is generated for the following

conditions:
o Parity error in main memory
o OUT instruction in the range of '00' to '07'%*
o IN instruction in the range of '00' to '0O7'%
o Vertical sync (VS), at periodic rate of 16.69

milliseconds*

o Write to CRT memory called by. WP workstation
microcode*

*¥ Only if in WP Mode, as defined by an OUT 09
with DO = 1. WP Mode operation allows software
such as Word Processing, which 1is based on
character memory 'C000'-'FFFF,' to be executed in

the bit-mapped graphics workstation. See section
2.3.2.2 for details.

2.3.1.3 Main Memory

Main memory consists of 64k bytes of dynamic RAM
with one bit of parity for each byte of memory.
Physically, memory is implemented with nine 64k x
1 bit devices.

Main RAM can be accessed by both the CPU and the
Data Link. (The Data Link is a DMA path.) Row
Address Select (RAS) and Column Address Select
(CAS) logic is employed to address main memory.
RAS and CAS lines enable 16-bit addresses to be
processed in 8-bit, half-address form, permitting
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2.3.1 210-8264 CPU PCA, continued
2.3.1.3 Main Memory, continued

16-bit main memory addresses to be written and
read by the 8-bit 2Z-80 CPU. RAS/CAS logic
transfers high and low-order address bits through

the same device pins at different times.

RAS/CAS cycles are required whenever main memory
is addressed. Main memory is addressed during

these operations:

CPU instruction fetch/refresh cycle
CPU data read

CPU data write

DMA transfer

o O O O

2.3.1.4 Main Memory Parity Checking

Memory parity logic is one of two parity
generation/detection circuits. The other circuit
is part of the Data Link. Memory parity logic
generates and tests for even parity on all data
transfers leaving or entering the CPU through the
data bus. During a CPU write, each parity bit is

calculated and stored in main memory.

The parity line is checked on each CPU read. If
a Memory Parity Error is detected, the error is
noted in the the CPU status register. Such an
error is also indicated in this register during a
CRT control memory write. The Data Link also
tests memory parity before generating its own
line parity during a host CPU Read command.
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210-8264 CPU PCA, continued

2.3.1
2.3.1.4 Main Memory Parity Checking, continued

A detected memory ©parity error immediately
freezes the CRT display and selects the diag-
nostic PROM. The LOCK LED on the Keyboard blinks
to indicate memory parity error to the user.
This condition can be cleared only through a
Z-80A RESET. In the 4210, a RESET can only be
accomplished by cycling ac power to the work-
station.

Following workstation restart, the diagnostic
built-in test (BIT) runs and the usual power-up
checks ensue. If the memory parity error was a
soft error, the workstation will pass the BIT and
be ready for operation again. Parity detection
circuitry is also tested, by forcing bad parity
to be written and then reading back the same data
location.

2.3.1.5 Programmable Read-Only Memory (PROM)

At power-up, the bottom 4k bytes of main memory
are masked by the diagnostic PROM through the
action of the data link enable and PROM select
logic. Sequential testing of different groups of
logic is performed to verify the integrity of the

terminal. During this phase, the data 1link is
disabled. Upon successful completion of the
tests, PROM is deselected and the data 1link is
enabled. At this point, conventional data 1link

downloading commences as though the terminal had

just been powered-up.
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2.3.1 210-8264 CPU PCA, continued
2.3.1.6 Data Link

The Data Link permits workstation memi»cy to be
loaded or read by the master. The host CPU can
write new memory instructions into workstation
memory; it can also record (archive) information
entered by the workstation onto a common disk.
The workstation CPU is disabled when the host CPU
uses the Data Link. During this time, Direct
Memory Access (DMA) logic, rather than the CPU,
synchronizes memory read/write operations. DMA

logic does not support CRT memory transfers.

The data link (Figure 2-5) permits the host CPU
to transfer data at high speed between its main
memory (or disk) and main memory in its
peripheral subsystems. In particular, the host
CPU uses this 1link to 1load programs into
workstations, store documents produced at

workstations, and to feed high-speed printers.

Each workstation is connected to the host CPU
separately, through a radial bus structure. All

transmissions are controlled by the host CPU.

Data 1is transferred directly between memories
using DMA logic. Data transfer is carried out in
a serial, asynchronous, byte-oriented . format
using a half-duplex line. The transmission line
itself 1is a balanced pair of coaxial cables
operating at 4M baud. The actual data transfer

rate is approximately 260k bytes per second.
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2.3.1 210-8264 CPU PCA, continued
2.3.1.6 Data Link, continued
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Figure 2-5. Data Link Block Diagram
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2.3.1.6 Data Link, continued
2.3.1.6.1 Data Link Commands

Six Data Link commands permit the host CPU to:

Check Slave STATUS and ID

Initiate Slave Operation (RESTART)
Load Slave Memory (WRITE - 2 commands)
Store Slave Data (READ - 2 commands)

o O O O

STATUS and ID commands send Slave status and ID
to the host CPU on command. The STATUS read is

the method a host CPU uses to interrogate a

slave. Eight bits of information are transmitted

from the slave as shown below:

MSB ’ LSB

Device Type

Memory Parity Error
Line Error
Not Ready

These are further defined below:

Not Ready: a high level indicates to the host CPU
that the slave is not running.

Line Error: a high level indicates to the host
CPU that the slave has detected a parity error
during a transmission from the host CPU to the

slave.
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2.3.1.6 Data Link, continued
2.3.1.6.1 Data Link Commands, continued

Main Parity Error: a high 1level indicates the

slave has detected a parity error in its own
memory. In on-line applications, this bit would
not be seen because the data 1link would be
disabled and the boot (diagnostic) PROM would be
enabled through NMI.

Device Type: defines the type of slave on the
data link by reading device type DIP switches.

Further Data Link commands include:

RESTART commands reset the Slave CPU on command
from the host CPU.

WRITE and READ commands may each transfer either
1 byte or 256 bytes. A one-byte command

transfers a single DMA cycle. A 256-byte command
transfers a single page of data.

WRITE DATA (1 byte) commands the Slave to receive
data (one DMA cycle) from the host CPU on command.

WRITE BYTE (256 bytes) commands the Slave to
receive data (one page) from the host CPU on

command.

READ DATA (1 byte) commands the Slave to send
data (one DMA cycle) to the host CPU on command.

READ BYTE (256 bytes) commands the Slave to send
data (one page) to the host CPU on command.
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2.3.1.6 Data Link, continued
2.3.1.6.2 Data Path Logic Function, continued

The data path defines the path by which
information bytes are transferred between the
serial data link and the data bus, address bus,

command register, or status register.

The workstation portion of the data link normally
monitors the serial, half-duplex transmission
line. The first '"1" detected by the differential
line receiver causes a timing circuit to count
out the eleven-bit intervals needed for a byte
transfer. When the last bit of the serial/
parallel shift register has been 1loaded, 1line
parity is tested, the first byte of information
is loaded into a command register, and, in some
cases, a DMA bus request is initiated. Since
stray line noise may start the timing circuits,
three bits in the first byte are checked for a
special header character. The remaining bits can
be decoded to indicate a command if and only if

the header is correct.

After the first byte has been transmitted, data
link operation depends on the decoded command. A
Data Transfer command (Read or Write) loads the
next two bytes into the high and low address
registers, respectively. The low address
register is a counter that increments the DMA
byte address following each transfer. A 256-byte
transfer command ends when the address counter
overflows. For Write operations, a data byte(s)
immediately follows the low half of the address.
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2.3.1.6 Data Link, continued
2.3.1.6.2 Data Path Logic Function, continued

For Read operations, 1line-control 1logic must
reverse the half-duplex line before data can be
sent to the host CPU. An 8 microsecond delay

provides time for the line to quiet before data
is transmitted.

Non-data commands (Status and Restart) do not
transfer an address. Restart generates a 1.8
microsecond reset pulse to the workstation CPU.
Status causes a Data Link Status Word to be
transmitted to the host CPU after a line
reversal. The host CPU monitors each command
during its execution and clears the Data Link

when the command has been completed.

2.3.1.6.3 Timing Logic Function

Timing is normally enabled to receive data.
Timing logic recognizes the start bit preceding
each byte and determines when the entire byte has
been received. It also provides bit timing when
information 1is transmitted to the host CPU.
During Read and Status commands, timing logic
clears timing during line reversal and maintains

continuous timing while transmitting.

2.3.1.6.4 Line Control

Line control ensures that the Data Link is ready
to receive command inputs from the host CPU when
the Data Link is not in use, determines that the

line is quiet before reversing the half-duplex
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.6 Data Link, continued
6

.4 Line Control, coantinued

line, generates and checks line parity on each
byte and clears the Data Link both after each
command and in the event of a line failure. Line
Control 1logic interlocks the Data Line Drivers
and Receivers to ensure that the Workstation does
not transmit into itself. Line Drivers are dis-
abled until they are required to transmit data or

status to the host CPU during a specific command.

2.3.1.6.5 Command Decode Logic Function

This function decodes and validates commands from
the host CPU after a valid command (three-bit
header) has been recognized.

2.3.1.6.6 Bus Requests and DMA Operation

Bus Requests are generated by the Data Link when
a non-processor device requires direct memory
access (DMA) for a data transfer. DMA transfers
typically move blocks of data between main memory
and mass storage devices. DMA operations have a
higher priority than CPU operations due to

real -time requirements.

Before a DMA device can use the bus it must gain
control of the bus from the CPU. The CPU permits
it to do so by recognizing the presence of a Bus
Request and disabling its own bus inputs and
outputs as soon as its current machine cycle has
been completed. The CPU indicates when the cycle
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2.3.1.6 Data Link, continued
2.3.1.6.6 Bus Requests/DMA Operation, continued
is complete by asserting Bus Acknowledge. The

DMA device now has control of the bus for as long
as Bus Request remains asserted.

Since CPU bus-control logic is not available ﬁo
supply data transfer timing or to initiate
refresh cycles during a DMA operation, separate
DMA bus timing must be provided by the DMA
device. This occurs automatically by applying
low order address bits during RAS cycles. During
a 256-byte transfer, all memory locations get
refreshed by the byte counter.

DMA Enables permit selected devices to place DMA
addresses and data onto the system bus. DMA
Enables al-o ensure that only the selected device
is allowed to control the main memory write

control lines.

2.3.1.7 I/0 Decoders

The Z-80 uses IN and OUT instructions to transfer
data to and from input/ output devices. These
instructions, combined with the assertion of
IOREQ, distinguish memory addresses from the
addresses of 1/0 ports. The Z-80 design allows
for 256 discrete I/0 ports to be assigned using
the eight least significant bits of the address
bus (A0 - A7). The I/0 decoders decode these
address lines to provide single chip enable lines
for each I/0 address. The I/O port assignments
for the 4210 workstation are shown in Table 2-2.
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2.3.2 210-8263 BIT MAP PCA

The 8263 Bit Map PCA contains the Z-80 dual
serial input/output (DSIO) device, which, in the
4210 is configured as a dual asynchronous
receiver/ transmitter (DART). One of the DSIO
ports is used to interface CPU communications in
parallel format with the serial format required
for the Keyboard. The second port of the DSIO is
reserved for future support of the RS-232C
connector provided on the connector header at the
rear edge of this PCA.

Also included on the 8263 Bit Map PCA are two
planes or pages of screen memory, each arranged
in a 16k x 16-bit format for a total of 32k bytes
per page. The screen memory addressing logic,
the CRT controller logic and other support logic
are also on this PCA. At the rear of the PCA, a
metal connector header <carries an RS-232C
connector and DIN connectors for the Keyboard and
Monitor cables. This PCA interconnects with the
CPU PCA via a 50-conductor ribbon cable.

2.3.2.1 CRT Screen Memory

The CRT screen (video refresh) memory comprises
two 32K-byte pages of I/0 mapped memory, where
each bit of each byte is a pixel displayed on the
screen. In the 4210, LSB is displayed first.
The bytes are addressed on the screen as a matrix
or an array of 100 bytes in the horizontal
direction and 300 1lines in the vertical

direction. A format of 800 pixels horizontal and
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2.3. 210-8263 BIT MAP PCA, continued
2.3

2
.2.1 CRT Screen Memory, continued

300 pixels vertical 1is thus implemented in the
4210, placing this system in the medium
resolution range of graphics workstations.

The X and Y address registers specify the byte
address that is written to with data from the
data latches. These address registers have the
added feature of enabling/disabling auto-

incrementing/decrementing X and/or Y addresses.

The CRT bit map memory data is latched off the
data bus by the data latches. This data
determines whether the particular pixels in a
byte, addressed by the address logic, will be on
or off. The refresh counters and scan logic
provide refresh timing for the two 32k-byte pages
of DRAM CRT bit map memory. A 19 Mhz clock
provides the timing base for this circuit. The
address multiplexer and 1logic decode circuitry
differentiates the addresses for the graphics

page of memory and the character page of memory.

A 16 line bus transfers data from each of the two
pages of CRT bit map memory, providing both pages
of data to the page select logic. The page
select logic allovs any combination of data to be
forwarded to the serial shift register for
serialization. This could be either one of the
pages separately, both or neither. The serial
shift register serializes the data for use by the

video monitor.
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2.3.2 210-8263 BIT MAP PCA, continued
2.3.2.1 CRT Screen Memory, continued

An interrupt at the beginning of vertical retrace
allows implementation of a blinking cursor by
software. Note that only one level of video 1is
displayed and that the attribute memory used in
many Wang workstations is not found in the 4210.
Split cycle memory access allows for flicker-free
display when updating screen.

2.3.2.2 WP Mode Operation

To run word processing, a character-based code,
on the bit-mapped workstation, a scheme called WP
Mode 1is used. When enabled, WP Mode causes
operations such as writing to screen memory, or
reads and writes to the parallel keyboard to be
captured and an NMI generated. The VS code
decides which operation the WP code was trying to
perform and emulates it on the bit-mapped screen

or serial keyboard.

For example, the WP code encounters an OUT 00
(Sound Keyboard Clicker) and executes it. With
WP Mode interrupts enabled (OUT 09 data = 01), an
NMI is generated causing the Z-80 to jump to
location '0066'. At the same time, the contents
of the address and data bus, and a bit indicating
that an OUT in the range of 00-07 was executed,
are latched. At location '0066' a routine exists

in the VS code to perform the following tasks:

o Read WP Mode Status Latch: IN-09 data = 02
indicates that ‘an OUT in the range of 00-07
was executed.
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2.3.2 210-8263 BIT MAP PCA, continued
2.3.2.2 WP Mode Operation, continued

o Read Low Address Byte: IN OA data = 00

indicates the operation was an OUT 00.

o Emulate <clicker OUT 00 by sending the
appropriate command to the serial keyboard to

generate a click with its sound generator.
o Return to WP Code.

A similar procedure is used when WP code writes
to screen memory. By sampling the status,
address and data latches, the NMI routine can
write the appropriate character to the screen in
bit map memory and again return to WP code at the
end of the operation.

When in WP Mode, writes to main memory above
'CO00' are inhibited. This gives the NMI routine
the ability to read the location and decide if
the character already exists there. If it does
(which is often the case), time is saved by not
having to duplicate the character in bit mapped
memory. Thus, the serial keyboard and bit mapped

memory remain transparent to the WP code.

An OUT OD will reset the WP Mode Interrupt Latch,

and it is issued just prior to Enable WP Mode OUT
09 (DO = 1).
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2.3.2 210-8263 BIT MAP PCA, continued
2.3.2.3 Dual Serial Input/Output (DSIO) Device

The Z-80 DSIO serves the function of serial-to-
parallel, parallel-to-serial conversion and 1is
optimized through software to carry out communi-
cation with the serial detached Keyboard. This
function is carried out by channel A of the two
channel device, and channel A is assigned prior-
ity over channel B. Channel B supports the
RS-232C connector found on the rear of this PCA.

The Z-80 DSIO shares the Z-80 8-bit data bus from
which it receives both data and commands. Data
from the DSIO is also transferred on the data
bus. The C/D line state determines whether the
data on the bus at any instant is data (C/D low)
or a command (C/D high). The data or command is
routed to the appropriate channel by the B/A
select line (low = channel A, high = channel B).

The following signals are exercised by the Z-80
to control the DSIO functions:

o CE, Chip Enable: A low at this input enables
the DSIO to accept command or data inputs

from the CPU during a write cycle, or to
transmit data to the CPU during a read cycle.

o Ml, Machine Cycle 1l: When M1l is active (low)
and RD 1is also active {(low), the Z-80 is
fetching an instruction from memory. When Ml
is active while IORQ is active, the DSIO
recognizes this as an interrupt acknowledge.
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2.3.2 210-8263 BIT MAP PCA, continued
2.3.2.3 DSIO, continued

o IORQ, Input/Output Request: This signal is
used with B/A, C/D, CE and RD to transfer
commands and data between the Z-80 CPU and
the DSIO. When CE, RD and IORQ are all
active, the channel selected by B/A transfers
data to the CPU (a read operation). When CE
and IORQ are active but RD is not active, the
channel selected by B/A is written to by the
CPU with either data or ccntrol information

as specified by C/D.

o RD, Read Cycle Status: An active state on

this 1line indicates a memory or I/0 read
operation is in progress. RD 1is wused with
B/A, CE and IORQ to transfer data from the
DSIO to the CPU.

o INT, Interrupt Request: This line is pulled
low when the DSIO is requesting an interrupt.

A clock and programmable divider provide the time
base for the DSIO, and is used to derive the
selected baud rate as described in the following
section. Loopback logic is provided to allow for
diagnostic testing of the DSIO without an

external loopback being required.
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2.3.2 210-8263 BIT MAP PCA, continued
2.3.2.4 Telecommunications

Channel B of the Z-80 DSIO supports the RS-232C
I/0 port on the rear of this PCA. Inputs and
outputs to/from the port are listed below:

INPUTS

Receive Data (RXDB)

Clear to Send (CTSB)

Carrier Detect (DCDB)

Receive/Transmit Clock (RXTXCB)

(Ring Indicator [RIB] input not active)

OUTPUTS

Transmit Data (TXDB)

Data Terminal Ready (DTRB)
Request to Send (RTSB)

The interrupt line to the Z-80 is shared with the
Keyboard (channel A) which has the higher
priority. Baud rates for the transmit/receive
clock are selected by OUT 3C with DO-D2 and the
DSIO X16 or X64 clock modes. Table 2-2 is the
baud rate table for the DSIO.

Table 2-2. 4210 Baud Rate Table

BAUD OUT 3C D= | DSIO CLOCK MODE
75 7 X64
150 6 X64
300 5 X64
600 4 X64
1200 3 X64
2400 2 X64
4800 1 X64
9600 0 X64
19200 2 X1l6
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2.3 4210 ELECTRONICS BASE, continued

2.3.3 SUMMARY OF IN/OUT COMMANDS

The IN/OUT commands of the 4210 Workstation are
summarized in Table 2-3.

Table 2-3. Summary of 4210 IN/OUT Commands
COMMAND DESCRIPTION
INO7 Primary switchbank defining slave device type
INO8 Secondary switchbank defining slave device type
INO9 Read WP Mode Interrupt Status Regis:er
BDO=1, Mem Write occurred to CRT MEM (CO00-FFFF)
BDl=1, an OUT in the range of 00-07 occurred
BD2=1, an IN in the range of 00-07 occurred
BD3=1, VS is latched (16 ms)
INOA Read Low Address Byte (WP Mode)*
INOB Read High Address Byte (WP Mode)*
INOC Read Data Bus Register (WP Mode)*
. IN28 Read a byte from bit mapped memory at location pointed
to by the X and Y and page select registers
IN38 Read DSIO channel A data
IN39 Read DSIO channel B data
IN3A Read DSIO channel A control registers
IN3B Read DSIO channel B control registers
OUT 09 | BDO=0, Disable WP Mode Interrupts
BDO=1, Enable WP Mode Interrupts
ouT 0D Clear WP Mode Interrupts
OUT OE*# BD0=0, Set memory write to correct parity
BDO=1, Set all memory writes to the wrong parity
BD1=0, Ensures that the data link will remain enabled
and that the diagnostic PROM will remain disabled when
a parity -error in main memory occurrs.
BD1=1, A Main Memory parity error will cause the Data
Link to be disabled and the diagnostic PROM will be
enabled.
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4210 ELECTRONICS BASE, continued
SUMMARY OF IN/OUT COMMANDS, continued

Table 2-3. 4210 IN/OUT Commands, con't.

COMMAND

DESCRIPTION

OUT OE*¥

OUT 28
ouT 29
ouT 2A

OUT 2B
ouT 2C

oUT 2D

ouT 2F

(continued)
BD2=0, Disable Horizontal Sync Interrupt
BD2=1, Enable Horizontal Sync Interrupt
BD3=0, Disable X-Register Carry Interrupt
BD3=1, Enable X-Register Carry Interrupt
BD4=0, Disable Y-Register Carry Interrupt
BD4=1, Enable Y-Register Carry Interrupt
BD5, Unused
BD6=0, Set PROM Select F/F
BD6=1, Reset PROM Select F/F
BD7=0, Reset Data Link Enable F/F
BD7=1, Set Data Link Enable F/F
Write to bit map memory at location pointed to by X
and Y registers.
Load X Register
Load Y Register (High Byte)
Load Y Register (Low Byte)
X/Y Register Control: Each IN28 and OUT28
instruction provide <clocking to the X and Y
registers.
BDO = 0 Decrement X, DO=1 Increment X
BD1 =
BD2 =
BD2 =
BD3 =

Decrement Y, Dl=1 Increment Y
Allow X register to count u%/down
Inhibit count of X register

Allow Y register to count up/down
BD3 = Inhibit count of Y register

BDO = 0 Select Bank B for Reads and Writes
BDO = 1 Select Bank A for Reads and Writes
BD1l, BDO = 00 Blank Display

01 Display Bank A

10 Display Bank B

11 Display A & B

o +H O +H O O
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.3 SUMMARY OF IN/OUT COMMANDS, continued

NN
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Table 2-3. 4210 IN/OUT Commands, con't.

OuUT 38 Write DSIO Channel A Data
OuT 39 Write DSI0 Channel B Data
OUT 3A Write DSIO Channel A Control Word
OUT 3P Write DSIO Channel B Control Word

OUT 3C BDO-BD2 = 0-7 Selects Baud Rate for RS-232C Port

(See Table 2-1)

ouTr 3F BRDO=0, Reset loopback F/F
BDO=1, Set loopback F/F
Looptack F/F provides an internal

port. This is used by diagnostics.

* Latched at each WP Mode Interrupt

loopback
connection for the serial keyboard and the RS-232C

** Note: OUT OE also resets MPE (main memory parity error

flip-flop).

2.4 4220 ELECTRONICS BASE

All circuitry for the 4220 Workstation logic
functions 1is contained on a single PCA in the

4220 Electronics Base, the 210-8277 PCA. Figure
2-6 illustrates the architecture employed in the
4220 Workstation.

The 8277 PCA contains the Z-80 CPU, 64k bytes of
main memory with parity, an 8k PROM containing
the BIT power-up diagnostic and bootstrap micro-
code, 4k of display RAM and 4k of font RAM. The

display and font RAM is directly addressed by the
CPU. A Motorola 6845 CRT controller (CRTC)
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device is used to develop synchronization signals
for the Monitor, as well as addressing the 4k of
display RAM and 4k of font RAM.

The unit also uses a dual serial input/output
(DSI0) device dedicated to telecommunications,
while another DSIO services the Keyboard inter-
face and the additional RS-2.2C port. Additional
logic supports the Centronics-compatible printer
interface port. The connector header mounted on
the rear of the PCA contains connectors required
for Keyboard, Monitor, printer and RS-232C

connections.

2.4.1 Z-80 CENTRAL PROCESSOR UNIT (CPU)

Bus operations are controlled by the Z-80A CPU.
The CPU receives sequential instructions from
Main Memory over the data bus. It assigns device
access and tasks based on these instructions and
communicates with workstation logic through the

data, address, and control buses.

CPU signals are sequenced according to both the
CPU's internal instruction set and instructions
received from main memory over the data bus. The
CPU requires a single, +5 Vdc supply and employs

a 4 MHz clock as its time base.

Bi-directional data flow is accomplished by an

8-bit, tri-state data bus. The CPU transmits
address information through a 16-bit, tri-state
address bus. A reset line initializes the CPU
and the six control-output lines. The six

control-output lines are:
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4220 ELECTRONICS RASE,continued

.1 Z-80 CPU, continued

Ml, CPU Fetch Cycle: This 1line is active
during the first cycle (fetch cycle) of each

instruction-request cycle, and during the

special interrupt cycles.

MREQ, Memory Request: Active when the CPU

accesses memory to fetch either an instruc-

tion or data.

IORQ, Input/Output Request: Becomes active

to indicate either an input or an output to a
peripheral device during the interrupt-

acknowledge cycles.

RD, Read: When active, indicates that the
CPU will 1input data while performing a
memory-access or I/0 instruction.

WR, Write: When active, indicates that the
CPU will output data while performing a
memory-access or I/0 instruction.

RFSH, Refresh: During an Ml (memory period
1) cycle, the CPU outputs an address for

memory refresh. RFSH confirms the active
presence of that address.

addition to the control-output lines, there

three CPU input control lines:
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4.1 Z-80 CPU, continued

16 MHz XTAL
CcLoCK + 4

4 MHz

> BUFFERED ADDRESS BUS BAO-BA15 >

e L0 A

CHP
cru  [EONTROL) ] MAIN MEMORY CONTROLLER
TOREG SELECTS WMRET 64K X 9 DRAM

CCONYROL] ™ =~ pe— |7 - -
DIP SWITCHES PROM

SW1, sw2

\V

BUFFERED DATA BUS BD0-BD7

BAUD RATE 1 MHz
SWITCH cock | OREQ ll
PARERR [ pARITY ] / —— .
GEN/CHK uT] IN 6845 MAIN AUXILIARY PARALLEL
. e
EEG reg|] Jcrrc] | M2 zgo'psio CHNLB CHNLA 7 golpsio CHNLE CENTRONICS-
x Y ' COMPATIBLE
PRINTER
VIDEO BUS L INTERFACE
| TERT DIAGNOS:'(I’((:; :E:oopsAcx . DIAGNOS:’(I)% ILé)OPBACK |
DISPLAY RAM
(CHAR/ATTRIB) * *
< <
21/ MAIN | o c/asyYne TO SERIAL | AUXILIARY
ms-232c| ol o coL  KEYBOARD | Rs-232¢
HSYNC PORT PORT
VSYNC
; 800 % 300
4k x 8 | Jatraisute] vioeo || moNiToR
FONT RAM LOGIC

B-01556-FYB84-29

Figure 2-6. 4220 Functional Block Diagram
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2.4.1 2-80 CPU, continued

o BUSRQ, Bus Request: Becomes active when an
outside device requests bus access. BUSRQ
input causes the CPU to switch its address,
data, and status lines into a high-impedance
state to accommodate the outside device. In
the 4220, no outside devices have access to
the CPU data bus and this line is not used.

o BUSRQ, Bus Request: Becomes active when an
outside device requests bus access. BUSRQ
input causes the CPU to switch its address,
data, and status lines into a high-impedance
state to accommodate the outside device. 1In
the 4220, no outside devices have access to

| the CPU data bus and this line is not used.
| .
o BUSAK, Bus Acknowledge: Becomes active to

indicate that the CPU has complied- with a
BUSRQ. = As with BUSRQ, this line is not used
in the 4220.

o WAIT: Becomes active to request the CPU to
extend the current memory access or I/0 cycle

as long as the WAIT is present.

2.4.2 CPU INTERRUPTS

The workstation employs Z-80 interrupt mode 2 for
all interrupts except parity error. A mode 2
interrupt is the most powerful mode in the Z-80
CPU control set in that it allows for an indirect
call to any location in memory. In this mode,

the CPU forms a 16-bit memory address where the
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.2 CPU INTERRUPTS, continued

~ B

upper eight bits are the content of the interrupt
page register (I register) in the CPU. The low
order eight bits are supplied by the interrupting
peripheral.

The address thus formed points to the first two
bytes in a table where the address of the
appropriate service routine is located. The CPU
automatically obtains the starting address and
performs a CALL to this address, thus servicing
the peripheral. After the routine is complete,
the contents of the program counter are retrieved
from the stack and the program continues from

where it left off before the interrupt.

The interrupt priority is shown in Table 2-4,
with highest priority first. A non-maskable
interrupt (unconditional entrance to the program)
is generated only for a parity error in main
memory .

Table 2-4 Interrupt Priority

Keyboard (auxiliary SIO channel A)
Auxiliary serial port (aux. SIO channel B)
Receive (SIO channel A)

Transmit (SIO channel B)

CTC Timer (channel 0)

CTC Timer (channel 1)

Printer acknowledge (CTC channel 2)

Video Logic (CTC channel 3)

o NN O BN




741-1302 2-45

2.4 4220 ELECTRONICS BASE, continued
2.4.3 MAIN MEMORY

Main memory consists of 64k bytes of dynamic RAM
with one bit of parity for each byte of memory.
Physically, memory is implemented with nine 64k x
1 bit devices.

Main RAM is accessed by the CPU by Row Address
Select (RAS) and. Column Address Select (CAS)
logic. RAS and CAS lines enable 16-bit addresses
to be processed in 8-bit, half-address form,
permitting 16-bit main memory addresses to be
written and read by the 8-bit Z-80 CPU. RAS/CAS
logic transfers high and low-order address bits
through the same device pins at different times.
The RAS/CAS scheme is implemented by the DRAM
controller logic.

RAS/CAS cycles are required any time main memory
is addressed. Main memory is addressed during
these operations:

o CPU instruction fetch/refresh cycle
o CPU data read
o CPU data write

2.4.4 MAIN MEMORY PARITY CHECKING

Memory parity logic gencrates and then tests for
even parity on all data transfers 1leaving or
entering the CPU through the data bus. During a
CPU write, each parity bit is calculated and

stored in main memory.
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2.4.4 MAIN MEMORY PARITY CHECKING, continued

The parity line is checked on each CPU read. 1If
a Memory Parity Error is detected, a non-maskable
interrupt is sent to the CPU and the error is
noted in the CPU status register. A detected
memory parity error immediately freezes the CRT
display and generates all zeroes on the data
bus. This condition is interpreted by the CPU as
a string of continuous NOP instructions which
disable the CPU while maintaining the necessary

Memory Refresh cycles.

The CPU can escape from the disabling NOPs
through a Z-80A RESET. Reset can be accomplished
either by accessing diagnostic PROM or cycling ac
power.

2.4.5 PROGRAMMABLE READ-ONLY MEMORY (PROM)

At power-up, the bottom 8k bytes of main memory
(0000 to 1FFF) are masked by the PROM.
Sequential testing of different groups of logic
is performed to verify the integrity of the
terminal. During this phase, the RS-232C tele-
communications port is disabled and no communi-
cation with the host CPU can occur. Upon
successful completion of the tests, bootstrap
microcode is loaded from the PROM into work-
station main memory, PROM is deselected and
conventional downloading of workstation microcode
from the host CPU can commence. PROM 1is auto-
matically selected upon power-up, reset or main
memory parity error. PROM can be deselected via
bit 3 of I/0 address '70' (see section 2.4.13).
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2.4.6 CHIP SELECTS

Each of the major devices on the Remote Work-
station Electronics PCA has a unique chip select
line used to enable the device, under control of
the Z-80 CPU. The select lines are decoded from
low order address lines A0 through A7.

2.4.7 VIDEO DISPLAY

The video display logic provides the following
features:

o 80 character by 25 row, green on black display
18.8 kHz horizontal scan rate
resolution 800 horizontal x 300 vertical
(medium resolution)

o TTL video input

o recommended character 8x10- dots in a 10x12
character cell

The character font provides an 8-bit by 16-row
memory for each character. The last two rows for
each character are unused in the 10x12 character
cell. The 8 bits of each row are centered in the
10 dots across the character cell, with the outer
dots normally blanked. 1In character set graphics
mode, these normally blanked outer dots are

smeared outward to fill the entire character cell.

The display RAM indicates to the font RAM which
characters are to be displayed on the screen and
how they are to be displayed. Each character is
defined by two bytes as follows: '
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2.4.7 VIDEO DISPLAY, continued

Byte 1 (character):

The first byte indicates which character is to be
displayed. During display; this 1is the most
significant bit of the font memory address. The
format of this byte is illustrated below.

|D7|D6|D5|D4|D3|D2|D1|DO|

e J

Underline

Character

Byte 2 (attributes):
The second byte defines the attributes of the

character to be displayed. The format of this
byte is shown below.

|D7ID6|D5|D4|D3|D2|D1ID9J
- ‘ﬁ»—r

ITTTT
Char. Set Graphics

Reverse Video
Blink
High Intensity
Alternate Font

Left Horizontal Bar
Vertical Bar

Right Horizontal Bar
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2.4.7 VIDEO DISPLAY, continued
Bit 7 enables character set graphics. This

causes the 8-bit wide character to expand hori-
zontally to fill the 10-bit wide character cell.
Figure 2-7 illustrates the normal 8 x 12 area
defined by the font and shows how columns 2 and 7
are expanded to the edges of the character cell
with character set graphics.

Continuing with byte 2, the attributes inform-
ation, bit 6 enables reverse video for that
character cell. Bit 5 when set causes that
character to blink at a fixed rate of 32 times
the field period. Bit 4 enables high intensity.

Bit 3, when set, enables the alternate font
memory. The wunderline is programmed in this
application to row 11.

Bits 0, 1 and 2 are used to enable the box
graphics elements. Bit 2 enables the left
horizontal bar, bit 1 the vertical bar, and bit 0
the right horizontal bar. These are implemented
as illustrated in Figure 2-8.
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4220 ELECTRONICS BASE, continued
VIDEO DISPLAY, continued

COLUMN

9 8 7 6 5 4 3 2 10
I T T oy o

Yt » |

] ' '
] ]
pu— (] ] —
] ]
] ]
-1 .
- ¢—gx12 —» |
! AREA DEFINED : ARROWS SHOW
o BY FONT 1 [T EXPANSION OF
- + |- CHARACTER IN
. : CHARACTER SET
B . [~ GRAPHICS MODE
i -
[] ]
— ' | -
[] 1
[] ]
_— ] ! —
] ]
] ]
I T I I I l ' l I B-01556-FYB4-30

Figure 2-7. 10 x 12 Character Cell
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2.4 4220 ELECTRONICS BASE, continued
2.4.7 VIDEO DISPLAY, continued

The cursor is not shown in Figure 2-8. It is is
programmed to be a blinking solid 1line, filling
rows 10 and 11. Two blink modes are available at
16 times or 32 times the field period. The
cursor behaves as a high intensity field.

COLUMN

0
1 RIGHT HORIZONTAL BAR
2
3 LEFT HORIZONTAL BAR
4
5
6 VERTICAL BAR
7
8
9

10 — UNDERLINE

11

B-01556-FY84-31

Figure 2-8. Box Graphics
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2.4.8 CRTC OPERATION

The 6845 CRT Controller (CRTC) device provides
HSYNC and VSYNC (horizontal and vertical) sync
timing for the monitor using constants in special
internal registers called initialization regis-
ters. The CRTC maintains 14-bit addresses for
reading display and font RAM via the video bus.
It also maintains cursor movements and blink rate
information.

Table 2-5 summarizes the I/0 addresses used by
the Z-80 to access the video logic, including
those which are internal to the CRTC. A more
detailed functional description of each follows.

Table 2-5. Video Interface Registers

I/0
. ADDRESS

(HEX) DATA FUNCTION

'30' | Points to a control Address Register

register
'31' | See Table 2-4 Initialization
Register
'70' See Section 2.4.13 Status Register

Selecting I/0 address ('00') sets the video
display mode. When this mode is set the
processor has access to CRT memory, thus locking
out the CRT. This function 1is cleared by
selecting I/0 address ('00') again.
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2.4.8 CRTC OPERATION, continued

Display RAM is set by selecting I/0 address
('10'). When this mode is set, display and font
RAM are enabled. Selecting I/0 address ('10')
again clears this function and main memory is
enabled.

Upon power-up, video display and display RAM
default to clear (reset).

2.4.8.1 Initialization Registers

There are 18 initialization registers in the CRTC
containing video parameters, all of which are
accessed by writing to the same I/0 address
('31'). The CRTC has an internal pointer which
contains the address of one of the other 18
registers. This register is accessed by writing
to I/O address ('30') where the data 1is the
register desired. Table 2-6 is a list of ini-
tialization commands.

2.4.8.2 Display Control Registers

There are 14 address bits used to access display
and font memory. The display memory is accessed
using binary addresses, not row/column as in many
Wang workstations. The Z-80 software is respon-
sible for keeping track of where one row ands and
the next begins when updating the display. The
14-bit display address space is assigned as shown
in Table 2-7.
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2.4.8.2 Display Control Registers, continued

Bits D3 and D2 of status output register '70' are
used in conjunction with display and font mem-
ory. (Refer to section 2.4.13 for more details
on status register '70'.) An active display
memory enable bit (D3) causes the top 8k of main
memory to be masked by CRT memory. D3 is active
any time CRT memory 1is read or written. An
active hog mode bit (D2) blanks the CRT display
and allows the CPU unlimited access to CRT memory.

Table 2-6. CRTC Initialization Registers

INITIALIZATION VALUE

REGISTER (HEX) FUNCTION
IR0 '65" Horizontal Total
IR1 '50" Horizontal Displayed
IR2 '57' Horizontal Sync Position
1IR3 "4F" Sync Width
IR4 ‘19! Vertical Total
IRS5 '04" Vertical Total Adjust
IR6 '19' Vertical Displayed
IR7 '19' Vertical Sync Position
IR8 '10' Interlace Mode & Skew Register
IR9 '0B' Maximum Sca.: Line Address
IR10 '6A' Cursor Start
IR11 'OB' Cursor End
IR12 k! High Order St rt Address
IR13 Thk! Low Ordw. Start Address
IR14 'dk! High (rd:r Cursor Address
IR15 Thk! Low Order Cursor Address
IR16 NA High Ord:r Light Pen Address
IR17 NA Low Order Light Pen Address

**Programmable
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2.4.8.2 Display Control Registers, continued

Table 2-7. Display Memory Address Assignments

FROM TO

(HEX) (HEX) FUNCTION BYTES
EO00 E7FF Character RAM 2K
E800 EFFF Attribute RAM 2K
FO00 F7FF Font (1lst) 2K
F800 FFFF Font (2nd) 2K

When addressing the font memory, address bits are
assigned as follows:

IA13|A12|A11|A10|A9|A8|A7IA6|A5|A4|A3|A2|A1IAOI |
Not Used ~— |
Char. Code
Row Address

2.4.9 TELECOMMUNICATIONS

The main telecommunications (TC) interface for
the workstation 1is handled by a dual serial
input/output (DSIO) device. The addresses
assigned to the DSIO are listed in Table 2-6.

The Z-80 DSIO shares the Z-80 8-bit data bus from

which it receives both data and commands. Data
from the DSIO 1is also transferred on the data
bus. The state of the C/D 1line determines

whether the data on the bus at any instant is
data (C/D low) or a command (C/D high). The data
or command is routed to the appropriate channel
by the B/A select line (low = channel A, high =
channel B).
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.9 TELECOMMUNICATIONS, continued

>~

The following signals are exercised by the Z-80
to control the DSIO functions:

o CE, Chip Enable: A low at this input enables

the DSIO to accept command or data inputs
from the CPU during a write cycle, or to
transmit data to the CPU during a read cycle.

o Ml, Machine Cycle 1: When Ml is active (low)

and RD is also active (low), the Z-80 is
fetching an instruction from memory. When Ml
is active while IORQ 1is active, the DSIO
recognizes this as an interrupt acknowledge.

o IORQ, Input/Output Request: This signal is
used with B/A, C/D, CE and RD to transfer
commands and data between the Z-80 CPU and
the DSIO. When CE, RD and IORQ are all
active, the channel selected by B/A transfers
data to the CPU (a read operation). When CE
and IORQ are active but RD is not active, the

‘channel selected by B/A is written to by the

CPU with either data or control information

‘as specified by C/D.

o RD, Read Cycle Status: An active state on

this 1line indicates a memory or I/0 read
operation is in progress. RD is used with
B/A, CE and IORQ to transfer data from the
DSIO to the CPU.

o INT, Interrupt Request: This line is pulled
low when the DSIO is requesting an interrupt.
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2.4.9 TELECOMMUNICATIONS, continued

The DSIO used for the main TC interface uses
channel A for receive and channel B for transmit
to allow full duplex operation. Channel A
transmit and channel B receive pins are unused in
this application but are tied together for
diagnostic purposes. Diagnostic 1loopback logic
is also provided to allow for thorough diagnostic
testing without an external loopback being
provided. Pin assignments for the DSIO are shown
in Table 2-8.

Synchronous or asynchronous mode for the main TC
interface is selected via jumper Jll1. Asynch-
ronous mode is selected by shorting position 1
with 2. Synchronous mode is selected by shorting
positions 2 with 3. While operating synchron-
ously the clock is generated externally by an
attached modem. When asynchronous mode is used
the baud rate is selected via baud rate switch
SW2. Refer to Table 2-8 for switch settings.
Other capabilities include optional NRZI encoding/
decoding of serial data. Control of this function
is described more fully in section 2.4.13.

Table 2-7. Main DSIO Interface Addresses

I/0 ADDRESS READ/WRITE FUNCTION

40" Read/Write Channel A Data
41" Read/Write Channel B Data
42" Read/Write Channel A Control
43" Read/Write Channel B Control
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2.4.9 TELECOMMUNICATIONS, continued

Table 2-8. Main DSIO Pin Assignments

SIGNAL | INPUT/ FUNCTION
OUTPUT
TxCA Input 9600 Baud Clock
RxCA Input Internal /External Receiver Clock
TxDA Output Looped Back to RxDB
RxDA Input Received Data from Modem

RTSA Output Not Used
DTRA Output Not Used

CTSA Input Ring Indicator from Modem
DCDA Input Carrier Detect from Modem
W/RDYA | Output Not used

TxCB Input Internal/External Transmit Clock
RxCB Input 9600 Baud Clock

TxDB Output Dats Transmitted to Modem
RxDB Input Looped Back from TxDA

RTSB Output Request To Send to Modem
DTRB Output Data Terminal Ready to Modem
CTSB Input Clear To Send from Modem
DCDB Input Data Set Ready from Modem

W/RDYB | Output Not Used
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2.4.9 TELECOMMUNICATIONS, continued

Table 2-9. SW2 Baud Rate Selection

SWITCH SECTION

2 3 4 BAUD RATE

0 0 0 External Clock
0 0 1 19,200

0 1 0 9,600

0 1 1 4,800

1 0 0 2,400

1 0 1 1,200

1 1 0 600

1 1 1 300

ON

2
O
[ng
o

: 0 = OFF, 1

2.4.10 COUNTER/TIMER CIRCUIT (CTC)

The CTC device provides general purpose timing
capability for the workstation software, as well

as an input mechanism for interrupts from other

functions. Using I/0 addresses '50' through
'53,' the clock/trigger inputs are tied to the
following hardware interrupt functions: print

acknowledge (channel 2), and vertical retrace
(channel 3) (see Table 2-10). The =zero count
outputs are unconnected.

Table 2-10. CTC I/0 Addresses

1/0 READ FUNCTION
ADDRESS WRITE

52" Write CTC Chnl 2 (Print Acknowledge
'53' Write CTC Chnl 3 (Vsync, Timer)
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2.4.11 AUXILIARY DSIO

Table 2-11 gives the I/0 addresses for the
auxiliary DSIO while Table 2-12 1indicates the
connections to the second DSIO in the
workstation. Channel A 1is dedicated to the
serial keyboard interface. This asynchronous
link operates at 62.5k baud and requires only
receive and transmit data signals. The re- ceive
and transmit clocks are tied together and a 1 MHz
clock is provided. To interface at the proper

baud rate, channel A is operated in the X16 clock
mode .

Channel B of the auxiliary DSIO provides for an
additional TC interface. This RS-232C channel
can be configured for either synchronous or
asynchronous operation, with clock generated
externally or internally, as selected by DIP
switch SW1. Refer to Table 2-13 for switch
settings.

Diagnostic 1loopback logic is provided to allow
for thorough diagnostic testing without an

external loopback being provided.

Table 2-11. Auxiliary DSIO I/0 Addresses

I1/0 ADDRESS | READ/WRITE FUNCTION
'60"' Read/Write Channel A Data
'61"' Read/Write Channel B Data
'62' Read/Write Channel A Control
'63"' Read/Write Channel B Control
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2.4.11 AUXILIARY DSIO, continued

Table 2-12. Auxiliary DSIO Pin Assignments
SIGNAL INPUT/OUTPUT | FUNCTION
Channel A| (Keyboard):
TxCA Input 1 MHz Clock (16 times

62.5 KBaud)

RxCA Input 1 MHz Clock
TxDA Output Keyboard Data Out
RxDA Input Keyboard Data In
RTSA Output Not used
DTRA Output Not used
CTSA Input Not used
DCDA Input Not used
W/RDYA Output Not used
Channel B|(Auxiliary RS-232C Port):
TxCB Input External/Internal Clock
RxCB Input Tied to TxCB
TxDB Output Data Transmitted
RxDB Input Received Data
RTSB Output Request To Send
DTRB Output Data Terminal Ready
CTSB Input Clear To Send
DCDB Input Data Set Ready
W/RDYB Output Not Used
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2.4.11 AUXILIARY DSIO, continued

Table 2-13. SW1 Baud Rate Selection
(Auxiliary RS-232C Port)

SWITCH SECTION

3 2 1 BAUD RATE

0 0 0 External Clock
0 0 1 19,200

0 1 0 9600

0 1 1 4800

1 0 0 2400

1 0 1 1200

1 1 0 600

1 1 1 300

Note: 0 = OFF, 1 = ON

2.4.12 PARALLEL PRINTER INTERFACE

I/0 addresses '71' and '72' are used for a
parallel, Centronics-type interface. Data to be
sent to the printer 1s written to address '72',
whereupon the necessary printer strobe signal is
generated and sent to the printer. The printer
acknowledge signal returned by the printer is
sent to CTC channel 2, and can be used to trigger
an interrupt.

I/0 address '71' is read to obtain various
printer status flags: printer busy, paper out,
and printer selected. Additional bits in this
register read in the values from DIP switch SW2,
sections 9-5 (D7-D3), which are used to define
the type of printer connected to the port. The
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2.4.12 PARALLEL PRINTER INTERFACE, continued

printer status register ('71') flags are arranged
as shown below.

|D7|D6|D5|D4|D3|D2|D1|DO|

Printer Type

Printer Select
Paper Out

Printer Busy

2.4.13 OTHER HARDWARE FUNCTIONS

I/0 addresses '70' and '73' are status registers
dedicated to providing hardware functions not
covered in the various LSI functions. These
include the PROM enable/disable and TC functions
such as NRZI encoding enable/ disable. These
output flags are set using the status output
register (I/O0 address '70') which is organized as
shown below. This register 1is cleared at
power-up to enable the PROM.

|D7 |D6|D5|D4|D3|D2|D1|DO|
Fault 1 )

Keyboard Loopback

Force Bad Parity
Not Used
Display Memory Enable
Hog Mode
Enable NRZI Encoding
at Main TC Port
Disable Bootstrap PROM
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2.4.13 OTHER HARDWARE FUNCTIONS, continued

The fault bit (D7) drives an on-board LED which
acts as an indicator for the diagnostic code.
When D7 is active the LED is off, indicating that
the diagnostic was passed. A blinking LED
indicates the diagnostic is running. When D7 is
inactive the LED is on, indicating an error was
found by the diagnostic.

The Keyboard loopbeck bit (D6) is inactive when a
loopback is in effect and active when normal
communication between the Keyboard and the CPU is
in effect. An active force bad parity bit (D5)
forces bad parity to be written to test the

parity generation and checking circuits.

Bits D3 and D2 are used in conjunction with
display and font memory. Refer to section
2.4.8.2 for broader coverage of this subject. An
active display memory enable bit (D3) causes the
top 8k of main memory to be masked by CRT mem-
ory. D3 is active any time CRT memory is read or
written. An active hog mode bit (D2) blanks the
CRT display and allows the CPU unlimited access
to CRT memory.

An active bit D1 enables NRZI coding at the main
TC port of the work station. Bit DO masks the
lower 8k of main memory with the PROM.

The status input register (I/O address '73') is a
read-only port, which brings in the settings of
certain sections of on-board DIP switches SW1l and
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2.4 4220 ELECTRONICS BASE, continued
2.4.13 OTHER HARDWARE FUNCTIONS, continued

SW2 to determine the port address of the work-
station. These settings are hardware dedicated
as shown below. D6-D0 corresponds to switch SWl

sections 10 to 4 respectively. D7 corresponds to
switch S2 position 1.

|D7|D6|D5|P4|D3|D2|DlIDOl

Not Used
Port Address

2.4.14 SUMMARY OF 4220 1I/0 ADDRESSES
Table 2-14 summarizes I/0 addresses.

Table 2-14. 4220 I/0 Addresses

I1/0 ADDRESS FUNCTION

'00' Video Display Mode
'10' Display RAM

'20' Not Used

'30' CRT Select

'40' DSIO Select

'50' CTC Select

'60' Keyboard Select

'70' Status Select
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CHAPTER 3
OPERATION

This chapter provides information pertaining to
the 4210/4220 Workstation operator controls and
indicators, initial control settings, initial
turn-on procedures, and normal and emergency
shut-down procedures.

3.1 CONTROLS AND INDICATORS

The controls and indicators of the 4210/4220
Workstation are shown in Figure 3-1 and discussed
below. The Keyboard is discussed in section 3.2.

o 1/0 (On/O0ff) Switch - Turns ac input power to
the workstation on (1) or off (0).

o Brightness Control - The Brightness control

sets the brightness of all displayed
characters, aftecting normal and highlighted
characters equally.

o Contrast Control - The Contrast control does
not affect the 4210 Workstation display. In
the 4220 Workstation, Contrast controls the

change in brightness between normal and

highlighted characters.
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3.1 CONTROLS AND INDICATORS, continued

BRIGHTNESS

CONTRAST
1/0

r-fr/’ ﬁl
I 4 r_\‘zx::’::’

B-01556-FY84-12

Figure 3-1. Workstation Controls and Indicators
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3.2 KEYBOARD

The workstation is equipped with the low profile,
serial keyboard currently used in many other Wang
products (Figure 3-2).

O
L] L]
L]
L

L
DIO000000C0I0
[ |

The Keyboard features the conventional typewriter
format, cursor control and editing keys, and
special function keys. The special function keys
are those normally associated with Wang WP systems
(INDENT, FORMAT, SRCH, COMMAND, etc.) and those
normally associated with data processing systems
(Program Function keys). The Keyboard 1is also
equipped with a numeric keypad at the extreme

right.

The following paragraphs describe the actions
associated with each group of keys. For con-
venience, the keyboard has been divided into four

zones as described below.

B-01558-FY84-13
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3.2 KEYBOARD, continued

Zone 1 - Typewriter Keyboard: Similar to a
standard typewriter, this zone contains the

alphanumeric characters, the special purpose
characters such as @ # $§ ¢ and the arithmetic
operators (+ - * / = ). Also included are the
TAB, GL, RETURN and SHIFT keys which perform the
following WP functions:

o TAB sets the format line zone and advances
the cursor through successive 2zones on the
screen to facilitate table creation.

o GL (glossary) 1is a useful function in Word
Processing whereby repeatedly used text may
be created once, stored on disk and retrieved

again with two keystrokes, GL followed by the
glossary number.

o RETURN terminates the present text line and
repositions the cursor at the beginning of
the next line.

00 O 000
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(.

L]
]

O

000
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741-1302 3-5

3.2 KEYBOARD, continued

Zone 2 - Cursor Control and Editing Keys: This
zone contains editing keys (INSERT and DELETE),
location keys (NEXT SCRN and PREV SCRN), and

cursor control keys which control movement of the

cursor in the indicated direction, up, down,
right, left and home (top left corner of screen).
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ZONE 2

B-01556-FY84-16




741-1302 3-6

3.2 KEYBOARD, continued

Zone 3 - Numeric Keypad: The keys in the numeric

zone allow rapid entry of numeric characters,
grouped here for convenience. Digits can be
entered by using the numeric keys in either the
numeric or the alphanumeric zone. 1In addition to
the standard ten numeric keys are arithmetic
operator keys (+, -, x, divide-by) and PRINT,
ERASE, RETURN and decimal point (.) keys used in
data processing.

N ——

ZONE 3

B-01556-FY84-17
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3.2 KEYBOAKD, continued

Zone 4 - Special Function Keys: Across the top
of the Keyboard are 16 Special Function keys.

These keys provide the special Word Processing
functions which simplify document creation and
revision. For example, the CENTER key auto-
matically centers a line of text, the MOVE key
allows any amount of consecutive text to be moved
within a document, and the REPLC key allows a
character-defined sequence to be replaced with
another within a document. For .data processing,
these keys can call any of 16 special Program
Functions (PFl through PF16).

ZONE 4
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DO00000000C ] 000
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3.2 KEYBOARD, continued

The shift LOCK key acts as a caps-lock feature,
allowing letters to be capitalized but not
causing the numeric/symbolic characters to be
upshifted. When the shift LOCK key 1is pressed,
an LED built 1into the key 1is 1illuminated.
Pressing either SHIFT key unshifts the keyboard
and extinguishes tue LED. The Keyboard allows
characters to be underlined and all displayable
characters can be made to repeat. A '2ND" key is
present which allows special operating features
of the workstation to be exercised. Refer to
section 3.6 for a description of these features.
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3.2 KEYBOARD, continued

Located across the function strip on the Keyboard
are five LEDs. These LEDs are software program-
mable and are used to denote diagnostic error
codes during system power-on, when the Built-In
Test (BIT) is running.

BIT LEDS
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3.3 INITIAL CONTROL SETTINGS

The only initial setting that requires attention
is the external 115V/230V Power Supply switch
detailed in Chapter 4 (Installation) of this
manual.

3.4 4210 WORKSTATION INITIAL TURN-ON PROCEDURE

Prior to turning on the workstation, ensure that
all packing materials (tape, plastic wrap, etc.)
are removed from the unit. Inspect the unit to
ensure that all cables are properly attached and
verify the ac input voltage switch setting as
described in Chapter 4.

The following procedure 1is recommended for
initial system turn-on:

Set the 1/0 switch on the front of the Electron-
ics Base to the 1 (on) position. When power is
first applied the following actions will ensue:

o The workstation's internal fan starts

o A short beep sounds

o The BIT begins to run

o the Keyboard LEDs flash on and off in
accordance with the BIT

o The monitor begins to display various test
patterns, although this may not be visible if
the CRT has not warmed up sufficiently. See
Chapter 4 for details on the BIT.




741-1302 3-11

3.4 4210 TURN-ON PROCEDURE, continued

after successful completion of the BIT, the host
CPU will execute the IPL (Initial Program Load)
sequence. When the IPL is completed, the Monitor
will display the LOGON screen. If the unit is
not on line, the ID field message of the BIT will
appear on the first line of the CRT.

3.5 4220 WORKSTATION INITIAL TURN-ON PROCEDURE
3.5.1 INITIAL TURN-ON

To turn on the 4220 Workstation, simply press 1
(on) on the 1/0 (on/off) switch on the front
panel of the Electronics Base.

When power is first applied the following actions
will ensue:

o The workstation's internal fan starts
o A short beep sounds

o The BIT (Built-In Test) begins to run.
(Refer to Chapter 4 for details on the 4220
BIT.)

o the Keyboard LEDs will flash on and off
o The monitor will display the power-up screen

(Figure 3-2), although this won't be visible
until the CRT has warmed up sufficiently.
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3.5 4220 TURN-ON PROCEDURE, continued
3.5.1 INITIAL TURN-ON, continued

WS # 00 BISYNC RDLP 6.12.00
(ROUTING ADDRESS) (BOOTLOADING REVISION #)

4220R POWER UP

REV 5380 WANG VS
(DIAGNOSTICS REVISION #)

During microcode down-loading:

WS # 00 LOADING MC 06.10.00 - 2200 BISYNC RDLP 6.12.00

(MICROCODE REVISION #)
(CURRENT LOADING ADDRESS)

Note: Entries enclosed in parentheses () are not dis-
played on the 4220 power up screen. They are shown to
identify screen entries only.

Figure 3-2. 4220 Power Up Screen
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4220 TURN-ON PROCEDURE, continued
.1 INITTAL TURN-ON, continued

vt

If the power-up screen does not appear, adjust
the Brightness and Contrast controls at the upper
left edge of the Monitor front panel.

BRIGHTNESS
CONTRAST

B-01556-FY84-2
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3.5 4220 TURN-ON PROCEDURE, continued
3.5.1 INITIAL TURN-ON, continued

After successful completion of the BIT, the host
CPU can execute the IPL (Initial Program Load)
sequence once the coanection from the host to the
remote site has been activated. See section

3.5.2 for information on that procedure.

Once the host-to-remote-site connection has been
activated, the microcode 1is transferred to the
workstation in 2k blocks, and a message on the
first line of the CRT screen will display the

microcode version that is being loaded.

WS # 00 LOADING MC 06.10.00 - 2200 BISYNC RDLP 6.12.00

(MICROCODE REVISION #)
(CURRENT LOADING ADDRESS)

Note: Entries enclosed in parentheses () are not dis-
played on the 4220 power up screen. They are shown to

identify screen entries only.
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3.5 4220 TURN-ON PROCEDURE, continued
3.5.1 INITIAL TURN-ON, continued

The address of the current block being loaded is
also shown. Additionally, the five Keyboard LEDs
across the Keyboard function strip will count, in
binary, the number of 2k block transfers that
have been completed. The left-most LED is
considered the MSB and the right-most LED, the

LSB for the binary counting scheme.

If for any reason the host CPU fails to down-load
the workstation microcode, the HELP key may be
pressed to send an unsolicited interrupt to the
host. The interrupt should start the downloading

process.

When the IPL 1is completed, the Monitor will
display the LOGON screen.

3.5.2 CONNECTING AND ACTIVATING THE REMOTE SITE

In its normal operating mode, the 4220 Remote
Workstation does not appear to the operator to be
a telecommunicating device and, therefore, no
special operator instructons apply other than to
establish a connection between the remote site
and the host CPU. If the remote station 1is
connected to the host CPU by a leased line,
simply call the host CPU operating personnel to
request activation of the remote workstation.
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3.5 4220 TURN-ON PROCEDURE, continued

3.5.2 CONNECTING AND ACTIVATING THE REMOTE
SITE, continued

If the remote station is set up for dial-up
connection to the host CPU, perform the following
procedure to establish communication between the

workstation and the host CPU.

o Dial the telephone number associated with the
VS host CPU to which you will communicate.
Establish contact with  the appropriate
operating personnel and explain that you are

initiating a 4220 Remote Workstation.

o At the instruction of the host CPU operator,
press the DATA button on the remote modem.
At this point, you will lose voice contact.

o Upon hearing a clear dial tone, the operator
at the host CPU site will press the 1local
modem's DATA button, thus establishing tele-
communications service.

3.6 SPECIAL OPERATING FEATURES

The 4210 and 4220 Workstations employ the ''2ND"
key to call up special operating features unique
to each unit. The features are secondary
functions of other keys on the Keyboard. The
4220 Workstation displays messages regarding
operation of the attached printer and a
communication link failure message. The
following sections detail these features.
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3.6 SPECIAL OPERATING FEATURES, continued
3.6.1 4210 "2ND'" KEY SPECIAL FEATURES

o 2ND, PF2 (PAGE) - Turns display of the
graphics page of CRT memory on or off with
successive presses of 2ND, PF2 (PAGE).

o 2ND, PF3 (CENTER) - Turns display of the text
page of CRT memory on or off with successive
presses of 2ND, PF~ (CENTER).

o 2ND, ERASE - Erases the contents of the
graphics page of CRT memory.

o 2ND, PF5 (FORMAT) - Places the workstation in
the setup mode for setting the audio prompt
and clicker volume. Pressing PFl6 clears the
setup mode. Operation of the 4210 setup mode
is described below.

The setup mode is entered by pressing in
sequence, 2ND, PF5 (FORMAT). The CRT screen will
be cleared of the previous display, which is
replaced by a graphics display of a bell, and a
finger pushing a key. The bell represents the
volume of the audio prompt, while the finger
pushing the key represents the volume of the
clicker. A setup mode cursor at the bottom of
the CRT screen can be moved (with the east/west

cursor keys) under either the bell or the finger

pushing the key, indicating which  volume
adjustment is active. The volume adjustment is
made with the cursor north/south keys. The

previous display screen, although preempted by
the setup mode screen, continues to be updated

while in the setup mode.
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3.6 SPECIAL OPERATING FEATURES, continued
3.6.1 4210 '"2ND'" KEY SPECIAL FEATURES, continued

To adjust the volume of either the audio prompt
or the clicker proceed as follows:

o Enter the setup mode by pressing in sequence
2ND, PF5 (FORMAT). (This can be done anytime
after the workstation microcode has been
down-loaded from the host CPU.)

o Using the cursor east/west keys, move the
setup mode cursor under the bell to adjust
the audio prompt volume or under the finger

pushing the key to adjust the clicker volume.

o Use the cursor north key to step the selected

graphics display toward the top of the screen
(higher in volume) or use the cursor south
key to step the selected graphics display
toward the bottom of the screen (lower in

volume).

o Press PFl6 to return to the previous display.

3.6.2 4220 "2ND" KEY SrECIAL FEATURES

o 2ND, PF13 (CANCEL) - Restarts the workstation
as 1if just powered on, except that the

diagnostics are not performed.
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3.6 SPECIAL OPERATING FEATURES, continued
3.6.2 4220 "2ND" KEY SPECIAL FEATURES, continued

o 2ND, PF5 (FORMAT) - Places the workstation in
setup mode for setting the audio prompt and
clicker volume, and selecting/deselecting the
type-ahead and receive/transmit features.
Pressing PFl6 clears setup mode. Operation
of the 4220 setup mode is described below.

The setup mode 1is entered by pressing in
sequence, 2ND, PF5 (FORMAT). The CRT screen will
be cleared of the previous display, which 1is
replaced by a reverse video field showing the

setup options and connected printer type as shown

below.
| BELL | CLICKER | TYPE- | RECEIVE/ | |
| VOLUME | VOLUME | AHEAD | TRANSMIT | PRINTER = |

In addition, symbols representing each option
appear above the option names. A special setup
mode cursor also appears over one of the option
names and can be moved over any one of the options
by using the cursor east/west keys. Placing the
cursor over an option selects that option to be
modified, either in volume for the audio prompt
and clicker, or on/off as with the type- ahead
and receive/transmit features. The option is

modified with the cursor north/south keys.
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3.6 SPECIAL OPERATING FEATURES, continued
3.6.2 4220 '"'2ND" KEY SPECIAL FEATURES, continued

To adjust/select any of the setup optiorn.,
proceed as follows:

o Enter the setup mode by pressihg in sequence
2ND, PF5 (FORMAT). (This can be done anytime
after the workstation microcode has been
downloaded from the host CPU.)

o Using the cursor east/west keys, move the
setup cursor over the option to be adjusted/

selected.

o Use the cursor north/south keys to adjust/
select the option. For audio prompt and
clicker volume, pressing the north key steps
the volume to the next higher level. Press-
ing the south key lowers the volume to the
next lower level. For the type-ahead and
receive/ transmit features, pressing the
north key enables the option, pressing the

south key disables the option.
o Press PFl6 to return to the previous display.

Descriptions of the type-ahead and receive/
transmit options follow.

Type-ahead - The type-ahead feature allows the
user to enter data from the keyboard while, at
the same time, executing data I/0 to and from the
host CPU. For the user knowledgeable of the next
screens, this eliminates waiting for the screens

to change.
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3.6 SPECIAL OPERATING FEATURES, continued
3.6.2 4220 "2ND" KEY SPECIAL FEATURES, continued

Receive/Transmit - This teature wuses the two
left-most Keyboard LEDs to signal the user of
data received from and transmitted to the host
CPU. The farthest left LED indicates a received
data stream from the host to the workstation; the
next LED (2nd from the left) indicates a trans-
mitted data stream from workstation to host.

The 'PRINTER =' field displays the printer type
that the rear panel DIP switches are set for

using one of the following designations: LC
MATRIX, MATRIX, DAISY, BAND.

3.6.3 4220 PRINTER TO WORKSTATION MESSAGES

Attention required-type messages associated with
an attached printer are displayed on the line 25
of the workstation connected to the printer. The
message initially blinks on and off. Pressing
the RESET key cancels the blinking and servicing
the printer clears the message.

Table 3-1 identifies the four possible messages
that can be issued by the printers used with the
4220 Workstation, and the conditions under which
they are issued. Note that these messages are
displayed at the remote workstation only, and that
at the host CPU, only the general assistance-
required message will appear.
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3.6 SPECIAL OPERATING FEATURES, continued
3.6.3 4220 PRINTER/WORKSTATION MESSAGES, con't

CONDITION
PRINTER OFFLINE | PAPER LOW | MALFUNCTION | POWER OFF
Band ID# 00 01 02 03
Daisy 00 00 02 00
Matrix/
Low Cost Matrix 00 00 02 00
ID# MESSAGE

00 Assistance Required for Attached Printer (Offline)

01 Assistance Required for Attached Printer (Paper Low)
02 Assistance Required for Attached Printer (Malfunction)
03 Assistance Required for Attached Printer (Power Off)

3.6.4 4220 COMMUNICATION LINK FAILURE MESSAGE

If the communication link to the host CPU is
lost, the 4220 Workstation will display one of
two messages on the 25th line of the CRT screen.
The message displayed depends upon the type of
communication link failure sensed by the

workstation as follows:

COMMUNICATION LINK FAILURE TO HOST SYSTEM
or
4220R REMOTE WORKSTATION DEACTIVATED
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3.7 NORMAL SHUT-DOWN PROCEDURE

Before turning off the workstation, be sure to
LOGOFF (PF16). Turn off the workstation by
setting the 1/0 power switch to the 0 (off)
position.

3.8 EMERGENCY SHUT-DOWN PROCEDURE

In case of an emergency situation when the normal
shut-down procedure cannot be used, proceed as
follows:

o Set the 1/0 (on/off) switch to the 0 (off)
position.

o Remove th- ac power plug from the outlet.
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