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This Manual is one of a set that documents the
Convergent™ Family of 1Information Processing
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Introductory

Hardware

Communications
Asynchronous Terminal Emulator Manual
3270 Terminal Emulator Manual
2780/3780 RJE Terminal Emulator Manual
SNA Network Gateway Manual
SNA 3270 Emulator Manual
X.25 Network Gateway Manual
Multimode Terminal Emulator User's Guide
Multimode Terminal Emulator Reference Manual

This section outlines the contents of these

manuals.

The Installation Guide describes the procedure
for unpacking, cabling, and powering up a system.

The Operator's Guide addresses the needs of the
average user for operating instructions. It
describes the workstation switches and controls,
keyboard function, and floppy disk handling.

The Executive Manual describes the command
interpreter, the program that first interacts
with the user when the system is turned on. It
specifies commands for managing files and
invoking other programs such as the Editor and
the programming language compilers.

The Workstation Hardware Manual describes the
mainframe, Xkeyboard, and video display for the
IWS family of workstations. It specifies system
architecture, printed circuit Dboards (Mother-
board, Processor, 1/0-Memory, Video Control,
Graphics Control Board, ROM and RAM Expansions),
keyboard, video monitor, Multibus interface,
communications interfaces, power supply, and
environmental characteristics of the workstation.

The Peripherals Hardware Manual describes the
disk subsystems. It specifies the disk
controller Motherboard, controller boards for the
floppy disk and the Winchester disks, power
supplies, disk drives, and environmental
characteristics.
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The AWS-210 Hardware Manual describes the
mainframe, Xeyboard, and video display of the
AWS-210 workstation. It specifies architecture,
theory of operation of the printed circuit boards
(Motherboard, Deflection, and CPU), keyboard,
video monitor, expansion interface, cluster
communications interface, power supply, and
environmental characteristics of the workstation.

The AWS-220, -230, -240 Hardware Manual describes
the mainframe, keyboard, disk controllers, and
video display of the AWS-220, =230, and =240
workstations. It specifies architecture, theory
of operation of the printed circuit boards
(Motherboard, Deflection, 8088 CPU, 8086 CPU,

Floppy Disk Controller, and Hard Disk
Controller), Xkeyboard, video monitor, cluster
communications interface, external interfaces,

power supply, and environmental characteristics
of the workstation.

Operating System

The CTOS™ Operating System Manual describes the
Operating System. It specifies services for
managing processes, messages, memory, exchanges,
tasks, video, disk, keyboard, printer, timer,
communications, and files. In particular, it
specifies the standard file access methods: SAM,
the sequential access method; RSAM, the record
sequential access method; and DAM, the direct
access method.

The System Programmer's Guide addresses the needs
of the system programmer or system manager for

detailed information on Operating System
structure and system operation. It describes (1)
cluster architecture and operation, (2)

procedures for building a customized Operating
System, and (3) diagnostics.

The System Utilities Manual describes utilities
such as Backup Volume, IVolume, Restore, Change
Volume Name, PLog, Maintain File, Dump.

The Batch Manual describes the batch manager,
which executes batch jobs under control of job
control language (JCL) files.
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Programming Languages

The COBOL, FORTRAN, BASIC [Interpreter], BASIC
Compiler, PASCAL, and Assembly Language Manuals

describe the system's programming languages.
Each manual specifies both the language itself
and also operating instructions for that
language.

The Pascal Manual is supplemented by a popular
text, Pascal User Manual and Report.

The Assembly Language Manual is supplemented by a
text, the Central Processing Unit, which
describes the main processor, the 8086. It
specifies the machine architecture, instruction
set, and programming at the symbolic instruction
level.

Program Development Tools

Data Management

The Editor Manual describes the text editor.

The Debugger Manual describes the Debugger, which
is designed for use at the symbolic instruction
level. Together with appropriate interlistings,
it can be used for debugging FORTRAN, Pascal, and
assembly language programs. (COBOL and BASIC, in
contrast, are more conveniently debugged using
special facilities described in their respective
manuals.)

The Linker/Librarian Manual describes the Linker,
which 1links together separately compiled object
files, and the Librarian, which builds and
manages libraries of object modules.

Facilities

The ISAM Manual describes the multikey indexed
sequential access method. It specifies the
procedural interfaces and shows how these
interfaces are called from the various languages.

The Forms Manual describes the Forms facility
that includes (1) the Forms Editor, which is used
to interactively design and edit forms, and (2)
the Forms run time, which 1is called from an
application program to display forms and accept
user input.
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Text Management

The Sort/Merge Manual describes (1) the Sort and
Merge utilities that run as a subsystem invoked
at the Executive command 1level, and (2) the
Sort/Merge object modules that can be called from
an application program.

Facilities

The Word Processing User's Guide introduces the
Word Processor to the first-time user. It
provides step-by-step lessons that describe basic
word processing operations. The lessons show how
to execute operations and apply them to sample
text.

The Word Processing Reference Manual is a
reference tool for users already familiar with

the Word Processor. It describes the Word
Processor keyboard and screen; basic, advanced,
and programmer-specific operations; list

processing; printer aund print wheel config-
urations; and hardware considerations.

The Word Processing Quick Reference provides a
concise summary of all word processing operations
and briefly describes the keyboard and commands.

Applications Facilities

Multiplan is a financial modeling package
designed for business planning, analysis,

budgeting, and forecasting.

The Business Graphics User's Guide introduces

Business Graphics to the first-time user. It
provides step-by-step lessons that describe bhasic
Business Graphics operatiouns. The lessons show

how to execute operations and apply them to
sample charts.

The Business Graphics Reference Manual 1is a
reference tool for users already familiar with
Business Graphics. It describes the Business
Graphics keyboard and screen; box and arrow
cursor movement; obtaining information from
Multiplan; operations; and plotter config-
urations.

The Graphics Programmer's Guide is a reference
for applications and systems programmers. It
describes the graphics 1library procedures that
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Communications

can Dbe called from application systems to
generate graphic representations of data, and it
includes a section on accessing Business Graphics
from an application system.

The Font Designer Manual describes the
interactive utility for designing new fonts
(character sets) for the video display.

The Asynchronous Terminal Emulator Manual

describes the asynchronous terminal emulator.

The 3270 Terminal Emulator Manual describes the
3270 emulator package.

The 2780/3780 RJE Terminal Emulator Manual
describes the 2780/3780 emulator package.

The SNA Network Gateway Manual describes the SNA
Network Gateway, which supports data communica-
tions over an SNA network. The SNA Network
Gateway comprises the Transport Service and
Status Monitor. The Transport Service allows a
Convergent workstation to function as cluster
controller and forwms the foundation for
Convergent SNA products.

The SNA 3270 Emulator Manual describes the SNA
3270 emulator package. The SNA 3270 emulator
provides CRT and printer subsystems in addition
to a Virtual Terminal Interface for wuse in
application programs.

The X.25 Network Gateway Manual describes the
X.25 Network Gateway, which supports CCITT
Recommendation X.25 communications over a public
data network. There are three levels of access
to the network: packet, X.25 sequential access
method, and the Multimode Terminal Emulator ¥X.25
communications option.

The Multimode Terminal Emulator User's Guide
introduces the Multimode Terminal Emulator to the
first-time user. It describes the MTE video
display, keyboard, display memory, and advanced
operations for the X.25 communications option.
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The Multimode Terminal Emulator Reference Manual
is a reference tool for sophisticated users of
the Multimode Terminal Emulator. It describes

the MTE escape sequences and field verification
program.
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PREFACE

INTENDED AUDIENCE

The Workstation Hardware Manual deals with the
mainframe (processing, memory and I/O-control
portions of the system), the Xeyboard and the
video subsystem for a workstation configuration
of the system. The Peripherals Hardware Manual
deals with the mass storage (floppy disk and
Winchester disk) portions of the system.

The manual is intended for OEM engineers who will
test or service the system electronics. It is
not, however, intended as documentation of pro-
duction-level testing nor is it designed to sup-
port modifications of the hardware. Convergent
Technologies does not support modifications to
its boards other than those predetermined by
design, such as jumper options; the only provi-
sion for user additions to the system are through
the Multibus* interface slots on the mainframe
and through the conventional serial and parallel
I/0 connectors on the mainframe.

SOFTWARE CONTENT

The system contains several programmable peri-
pheral ICs and registers. All of these are
either initialized to default conditions by the
standard operating system during power-up/Reset
and/or they are supported with preprogrammed
routines in the system library that can be bound
to user's application programs. In addition, the
operating system's interrupt service processes
often reinitialize or modify the operation of
this circuitry.

The descriptions given under the "Software Inter-
face" sections of certain chapters document the
interface between these software events and the
hardware. With this exception, the manual con-
centrates exclusively on hardware.
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CONVENTIONS

All numbering of bits in a word, bits on a bus
line and I/0-port addresses is done in hexideci-
mal notation, with decimal equivalents included
in parentheses for reference to CT software man-
uals. For example, the 20 bits in an address are
numbered from 0, the least significant bit, to 13
(19 decimal), most significant bit; the signal
lines on 16-bit data buses are numbered from 0 to
F (0O to 15, decimal).

Signal names use plus (+) and minus (-) suffixes
to distinguish active-high from active-low, res-
pectively. For example,

Signal Logical Voltage
Name _ State Level
RD- 0 (active) Low

1 (inactive) High
RD+ 0 (inactive) Low
1 (active) High

* Multibus 1is a trademark of 1Intel Corpora-
tion. Throughout this manual the name is used
as a synonym for the IEEE 796 Microcomputer
System Bus Standard, which is derived from the
Multibus.

The convention used here corresponds to the Mul-
tibus convention as follows:

CT Multibus IEEE 796
Convention Convention Convention
RD- RD/ RD*

RD+ RD RD

In all other respects, our convention is the same
as the Multibus convention.

REFERENCES

There is a reference section at the end of most
chapters in this manual. These sections contain
a variety of 1lists summarizing hardware-related
functions. The appendices at the end of the
manual contain additional reference material.
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SCHEMATICS

Since the system contains several programmable
devices whose hardware functions and software
interfaces are only briefly summarized in this
manual, readers are likely to want occassional
reference to the following manufacturer's litera-
ture:

Intel 8086 Family User's Manual
Intel Component Data Catalog
Zilog Z80A-SIO Technical Manual

Several new terms are introduced in the course of
this manual. Generally, they are explained when
first used but the Glossary at the end of the
manual gives explanations of these terms.

Schematic diagrams are included in each major
section. Also, updated schematics as of January
1983 are included in Appendix G.
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For use with CPU boards 60-00002-00 and 60-00036-00:

Total 16K 64K RAM
System 1/0 Memory I1/0 Memory Expansion
Capacity Board Board Board
128K 128K 0
160K 128K 32K
192K 128K 64K
224K 128K 96K
256K 128K ‘ 128K
384K 128K 256K (64K chips)
512K 128K 384K (" ")
640K 128K 512k (" ")

For use with CPU board 60-00110-00:

Total 16K 64K RAM
System 1/0 Memory 1/0 Memory Expansion
Capacity Board Board Board
384K* 128K 256K
384K 384K
512K 384K 128K
512K 512K
640K 384K 256K
768K 512K 256K
768K 384K 384K
1 Mbt 512K 512K

*This configuration can also be implemented using CPU boards
60-00002-00 and 60-00036-00.

t32 kilobytes of the address space must be reserved for permanent
ROM space. Also, 160 kilobytes of the address space must be

reserved for ROM space if the optional ROM Expansion board is
used.

Note: For CPU board switch settings, see Appendix C.

Figure 2-9. RAM Configurations (kilobytes).




Typically, the operating system will write the
entire contents of memory to disk upon parity-
error detection and bootstrap a new version of
the operating system.

The bottom 32 kilobytes of RAM, where the opera-
ting system typically resides, can be write-pro-
tected by setting a bit in the I/0O Control Reg-
ister (IOCR). 1If a write is attempted into this
area, it 1is prevented and a non-maskable in-
terrupt to the CPU is generated.

Multibus/Local-Bus Memory Mapping

The processor board contains a set of switches
which define memory-space windows for local and
Multibus masters. The windows determine whether
memory resources on the Multibus or on the local
bus will be addressed when an address 1is
generated by a master. These windows are
illustrated in Figure 1-4 of the prior chapter.
Three choices of windows are available for local-
bus masters, and four choices are available for
Multibus masters.

This scheme of windowing is intended to facili-
tate communication across the Multibus interface
with either 8-bit or 16-bit microprocessor boards
on the Multibus. It also tends to minimize the
amount of physical memory chips needed for high-
address communication. A small and large window
are available in both directions.

The small window is generally intended for inter-
processor communication. On the Multibus side,
this window falls within the 64-kilobyte address
space of 8-bit boards without interfering with
the board's ability to access its own low-end or
high-end operating memory. On the 1local-bus
side, there will always be some RAM at the low
end of the memory space where communication mes-
sage buffers are 1located and Multibus masters
will be able to access these locations.

The large window is generally intended for buf-
fering of 1large 1I/0 devices, such as tape
drives. The method used for shifting the window
across the Multibus interface simply involves
forcing the high-order address bits one way or
another.
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Pin Signal

67 IOB1l+
68 IOBO+
69

70 I0OCS-
71 NMI+
72 PICCS~-
73 MEMCLK+
74 TEST
75

76 IOW-
77 EOP-
78 VIDACK-
79 PERINT+
80 MWINH-
81 TO+

82 MBIO-
83 RESET-
84 PAREN+
85

86 ADRF -
87 ADRE-
88 ADRD-
89 ADRC-
90 ADRB-
91 ADRA-
92 ADR9 -
93 ADR8-
924 ADR7 -
95

96 ADRG6-
97 ADR5-
28 ADR4-
29 ADR3-
100 ADR2-
101 ADR1-
102 ADRO-
103 DATF -
104 DATE~-
105

106 DATD-
107 DATC-
108 DATB-
109 DATA-
110 DATO9 -
111 DATS8-
112 DAT7 -
113 DAT6-
114 DAT5-
115

116 DAT4-
117 DAT 3-
118 DAT 2~
119 DAT1-
120 DAT O-

4 - 47



Jumpers

Name Function
A-C Asynchronous READY
B-C Synchronous READY
Switches
Switch Bit Function
1 1 Close for 4 Megahertz DMA.
1 2 Open for slow memory access
(for debugging only).
1 4 Open for synchronous CPU and
memory (for debugging only).
2 1 Close for Multibus slave
region at greater than 512K.
2 4 Open for 32K to 48K multibus
slave region.
3 1 Close for 512K multibus
master boundary.
3 2 Close for 768K multibus
master boundary.
3 3 Close if mainframe generates
Multibus CCLK.
3 4 Close if mainframe generates
Multibus BCLK.
4 1 Close if multibus master
boundary is 768K.
4 2-4 Memory configuration. (see
Figure 2-9.)
5 1 Close for 2364 and 2764 ROM
types.
5 2 Close for 2316 and 2716 ROM
types.
6 1 Close for no ROM expansion.
6 2 Open for no ROM expansion.
6 3 Close for no Multibus master

memory access.
6 4 Close to always assert
Multibus CBRQ.

The Memory Addressing Decode PROM

The CPU board has a 256 x 4 PROM on it that
determines what rows of RAMs to enable when, and
that tells the memory controller how much memory
there is. The PROM determines this information
based on the setting of switches at S4 on the CPU
board. One of two memory addressing decode PROMS
is used, depending upon whether a 16 kilobhit or a
64 kilobit RAM is used. The part numbers for CPU
boards used with the 16K I/O Memory board are 60-
00002-00 and 60-00036-00. The part number for

4 - 48 01/83



LED Indicators

Test Points

the CPU board used with the 64K I/0O Memory board

is 60-00110-00.

is in progress.

I/0-Port Address vs. Functions

address logic write reg.

0 DMA reserved

2 DMA reserved

4 DMA Comm. address

6 DMA Comm. count

8 DMA Disk address
(low 16 bits)

A DMA Disk count

C DMA Video address

E DMA Video count

10 DMA Command

12 DMA Request

14 DMA Set/Reset Mask

16 DMA Mode

18 DMA Clear flip-flop

1A DMA Clear

1C DMA Mask

20 8259A ICWl, OCw2, OCwW3

22 8259A OCW1l, ICW2, ICW3

ICwW4

4 - 49

LED Meaning

CR1 Bus inactive

CR2 DMA active

CR3 Multibus active

CR5 Non-maskable interrupt

CR6 Interrupt

Point Meaning

™ 1 High during bus timeouts.

TP 2 Low when a DMA cycle is in progress.

TP 3 High a refresh 1is progress.
Normally oscillates at 12.8 khz.

TP 4 Ground to prevent refresh.

TP 5 High when a non-refresh memory cycle

read reg.

reserved
reserved
Comm.
address
Comm. count
Disk
address
Disk count
Video
address
Video count
Status

IRR, ISR,
INT Level
Mask



Device Pin Functions

The following several pages describe the pin
functions of the complex ICs on the processor
board.

Device Pin Functions: 8086 HMOS MICROPROCESSOR

The Intel 8086 is a new generation, high perfor-
mance microprocessor implemented in N-channel
depletion load, silicon gate technology (HMOS),
and packaged in a 40-pin CerDIP package. The
processor has attributes of both 8- and 16-bit
microprocessors. It addresses memory as a se-
quence of 8-bit bytes, but has a 16-bit wide
physical path to memory for high performance.
8086 features include the following:

o} Direct addressing capability to 1
MByte of memory

o Assembly language compatible with
8080/8085

o 14 word, by 16 bit register set with

symmetrical operations

24 operand addressing modes

Bit, byte, word, and block operations

o 8- and 16-bit signed and wunsigned
arithmetic in Dbinary or decimal,
including multiply and divide

00

o 5 MHz clock rate (8 MHz for 8086-2
(4MHz for 8086-4)
o Multibus system compatibility

Pin functions tabulated below assume that the
8086 has been configured in its MAXIMUM mode,
that is, the MN pin has been strapped to ground.
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5. I/0-MEMORY BOARD

OVERVIEW

The I/0-Memory board is ~one of two mandatory
boards which plug into the mainframe motherboard
to implement the minimum-configuration
mainframe. It contains main RAM plus control
circuitry for all the I/0 facilities except for
the video logic and the mass storage subsystem.

OPERATION BY LOGIC BLOCK

Figure 5-1, shows how the major 1logic Dblocks
relate to each other and how they participate in
the flow of data on this board. The primary
references, however, are the two schematics at
the end of this chapter. The first schematic
shows the 16K I/O Memory board; the second shows
the 64K I/0 Memory board. As in the previous
chapter, frequent references are made to
schematic page and zone numbers.






The RAM Array

The 7 address 1lines of +the RAM ICs are
multiplexed, so that 14 address Dbits can be
represented with 7 pins. The chip is organized
as a square matrix of 128 rows x 128 columns.
Each row/column combination gives the address of
1 bit, or cell of memory.

The RAS- (row address strobe) signal has two
functions: it latches the row address on the 7
address pins and it accesses the specified row of
128 cells. The CAS- (column address strobe)
signal also has two functions: it 1latches the
column address, and it performs the data
operation, read or write, on the one cell
specified by the column address of the 128 cells
already accessed by RAS-. A write cycle is
caused if the WE- pin is asserted at the leading
edge of CAS-. The write data at the data input
pin of the chip is latched by the leading edge of
CAS-. A read cycle is caused if the WE- pin is
inactive at the leading edge of CAS-. The read
cycle causes the data from the selected cell to
be driven on the chip's output pin.

The memory chips used are dynamic RAMs. Data is
stored in parasitic capacitance that must be re-
charged every 2 milliseconds to prevent leakage
from destroying the contents of the memory.

Each time RAS- 1is asserted the entire 128-cell
row corresponding to the state of the address
pins is accessed. Whenever the cell is accessed
it is re-charged.

In order to insure that all cells of the chip are
refreshed (re-charged) every 2 milliseconds there
is special refresh circuitry on the processor and
I/0 Memory boards. This circuitry works by
issuing a RAS- every 12.8 microseconds and
causing a counter to generate each different row
address. CAS- is not issued during refresh, so
no data is transferred.

64K RAMs work similarly to the 16K RAMs, except
that there are sixteen address bits (one of the
power supply pins of the 16K RAM being used as
the extra address pin required for the 64K part)
and the array is 256 rows of 256 columns.

The RAM array (pl) on the I/O Memory board is
organized as 4 banks of 18 chips each. Each bank



of 18 chips corresponds to a word. Because the
memory can be accessed a byte at a time, each
byte has its own parity bit. So one word is
represented as two 9-bit "bytes".

All 72 chips 1in the array have the same RAS-
signal. Bank selection is done by asserting only
one of the CAS- signals (CASO-, CASl-, CAS2-,
CAS3-,). The data-in and data-out pins of each
chip are tied together, making a bidirectional
data bus (RADO+ - RADF+). Each data bus bit is
connected to 4 chips, consisting of the
corresponding bit of each word in all 4 banks.
The parity bits HIP+ (high-byte parity) and LOP+
(low-byte parity) are connected in the same
fashion. The seven address pins (MADl+ - MAD7+
are connected in parallel to all 72 chips. On
the 16K I/0 Memory board, the signal MADS8+ is
connected to +5 at jumper E-F (p2zB6). On the 64K
I/O0 Memory board, MAD8+ is used as an address
bit. There are two write enable signals, RAHIWE-
(high or odd byte write enable) and RALOWE- (low
or even byte enable) which cause writing in
either the 1low byte, the high byte, or both.
Again, for writing, CAS- selects the particular
bank written. Each write enable signal goes to
36 RAM chips.

The RAS- and CAS- signals for read, write and
refresh are generated in the memory control of
the processor board. When they come on to the
I/0 Memory board they are called RARAS- (RAM
array row address strobe) (p2zD8) and CASO- to
CAS3- (plzC8), corresponding to banks 0 through
3. On the 16K I/O Memory board, RARAS- is gated
at 15H-11 (p2zB5) so that only refreshes and
accesses to the I/O Memory board (as opposed to
the RAM Expansion Dboard) generate the signal
BD1RAS-. BD1RAS- connects to the RAS- pins of
the RAM IC's. On the 64K I/0 Memory board,
RARAS- is gated to the RAMs RAS- inputs at buffer
25C (p2zD7) by BDIEN-. BDIEN- is the ORed result
of BDIRAM- or RFGO- at 13H-11 (plzC5). RARAS- is
also inverted at 14E-11 and used to clock two D-
flip-flops at 15E (plzA7). RFGO- indicates that
a refresh is in progress and BD1RAM- (from the
processor board) indicates the I/0 Memory board
RAM is being addressed.

There are three sources for the address driven on
the RAM chip address pins, the row address (15G
(p2zA7)), the column address (14G (p2zB7)), and
the refresh row (15F (p2zC7)). On the 16K I/0
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Memory Dboard, the selection of which address
driver 1is enabled is made by the high speed
decoder consisting of 14E-6, 8, 11, 13H-11] and
14H-4 and 13 (p2zA7). The RFGO- signal, when
active, enables 15F and disables 14G and 15G.
The COLMPX- (column multiplex) signal causes the
row driver (15G) to disable and the column driver
(14G) to enable. On the 64K I/0 Memory board,
COLMPX- 1is sent directly to the pin 1 selector
inputs of 14G and 15G. RFGO- is buffered at 9E-
12 and inverted at 14H-4 to enable 14G and 15G.
COLMPX- and RFGO- come from the RAM controller on
the processor board. RFDONE- from the processor
board indicates that a refresh <cycle has
completed and causes the refresh address counters
13F and 14F (p2zC7) to increment.

On the 16K I/O Memory board, data to and from the
RAM array is buffered from the MEM bus (MEMO+ -
MEMF+) by the transceivers at 10E (p2zD4) and 11E
(p2zc4). The direction of the transceivers is
established by the signal READ- which 1is a
buffered MR- (memory read) signal. The enable
for the high (odd) byte driver is HIEN- and for
the low (even) byte is LOEN-. HIEN- is asserted
when the 1I/O0 Memory board RAM is addressed
(BD1RAM- asserted at 13E-3 (plzA6)) and either a
read is in progress (MR- active) or the high-
order byte write enable is active (RAHIWE- ).
LOEN- is asserted when the I/0 Memory board RAM
is addressed and either a read is in progress or
the low-order Dbyte write enable 1is active
(RALOWE-) .

On the 64K I/O Memory board, two pairs of buffers
transfer data to and from the RAM array. Buffers
10.5E (p2zD4) and 13E buffer data from the RAM
array and are enabled by READ- from page 1 of the
schematic. Buffers 1l0E and 1llE are enabled by
RDEN-, also from page 1 of the schematic.

Disk Control Interface (DCI)

The disk control interface drives and receives
the signals that interface the mainframe to the
mass storage subsystem.

During I/O write (IOW-) the latching drivers at
9F and 9H (p3zB4) latch output data. This is
done by the BIOW- (buffered IOW-) signal from 6H-
3, inverted at 5F-12 (p3zC4). After a delay by
R11l, C6, and 5F-8, the buffer 6H-16 (p3zB4) makes
WRSTB- (write strobe) which goes to the disk



controls located in the mass storage subsystem.
After another delay by R10, R32, C5, and 5F-6
(p3zC6), the data is driven to the disk controls
by 9F and 9H (p3zB4) (BUSO+ - BUSF+). The delays
ensure enough data hold and setup time on BUSO+ -
BUSF+ for the MOS floppy disk controller.

IOR- is buffered at 6H-12 (p3zB4) to make BIOR-
(buffered I/0 read). The gate at 10G-64d (p3zB5)
enables the BUS to MEM drivers (8F and 8H
(p3zC4)) and sends a RDSTB- (read strobe) to the
disk controls. 10G-6 is asserted when BIOR- is
present and one of the disk controls is addressed
(DCIl- or DCI2- active) or disk DMA is active
(DISKACK- active). The address dJdecodes, DCIl-
and DCI2-, are ORed at 5H-11 (p3zA7) and then
they are ORed with DISKACK+ at 4E-13. DISKACK-
comes from the DMA logic on the processor board.

The BMR- (buffered memory read) signal at 13H-3
(p3zA3) goes to the disk controls to synchronize
their DMA requests. It is a Dbuffered copy
of MR-.

The CNTRL- signal to the disk controls is used to
address the control and status registers of the
disk controls, rather than the data registers.
It is asserted by gate 5H-8 (p3zA6) when DMA is
not in progress (DISKACK- inactive) and 1local
address bit LAl+ is high.

The DREQ- (DMA request) signal from the disk
controls is buffered at 5F-10 (p3zB5) to make
DISKRQ+ which goes to the DMA logic of the CPU
board.

The INRQ- (interrupt request) signal from the
disk controls causes a level-7 interrupt (INT7-)
when gate 3C-4 (p3zB6) is asserted.

The signal ACK- is a bidirectional acknowledge
signal between the DCI and the disk controls.
During DMA cycles, DISKACK- from the processor
board causes gate 5H-3 (p3zA6) to assert ACK-.
The disk controls use this as their DMA
acknowledge. During non-DMA activity, the disk
controls assert ACK- whenever they are addressed
(PCIl- or DCI2- active). 1If a disk control does
not assert ACK- when addressed, gate 5H-6 (p3zA6)
will cause DCIRDY+ to go false. This causes a
bus timeout in the ready logic of the processor
board.
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The signal EOP- (end of process) from the DMA
logic of the processor board indicates that a DMA

block 1is complete. This is buffered at 6H-18
(p3zB4) to generate BEOF- which goes to the disk
controls.

The two disk control I/0 address decodes, DCI1l-
and DCI2- are buffered at 6H-5, -7 (p3zB4) to
generate SELW- (select winchester) and SELF-
(select floppy) for the disk controls.

Inputting from port 74, used for diagnostics,
causes the most recent 16 bits of information
outputted (IOW- active) to be echoed. This is
used to check the BU80+ - BUSF+ drivers and
receivers. WRAPDCI+ is asserted at 13H-8 (p4zC3)
when port 74 is read (IOR- active, DCl2- active,
LA2+ active). At 6H-19 (p3zB4), WRAPDCl+ causes
the SELF- signal to be disabled to prevent the
floppy control from driving BUSO+ - BUSF+ during
the input from 74. 1In addition, 6H-19 causes 6H-
9 to be disabled, which in turn causes the DCI
drivers 9F and 9H (p3zB4) to be enabled, driving
BUSO+ - BUSF+. Through the normal mechanism of
reading the disk control ports, gate 10G-6
(p3zB5) causes the data on BUSO+ - BUSF+ to be
driven onto MEMO+ - MEMF+.

When the power fail detect circuit has detected
an error, the POWEROK- signal will go inactive.
This causes driver IC-9 (p3zC2) to make the ENBL-
signal to the disk controls inactive, disabling
the disk controls.

I/0 Address Decode

The I/0 address decode logic generates the
signals shown in Figure 5-2. 12E-8 (p4zB4) ORs
several of the decodes to generate FASTIO+.
FASTIO+ is wused on the processor board to
indicate that the addressed I/0 device does not
require wait states. For all other I/0 device
addresses, IOBCS+ goes active at 13G-6 (p4zB3).
This does two things on the processor board. It
causes wait states for the I/0 instructions that
refer to those devices, and for input
instructions it causes the data to come from the
I/0 bus (IOBO+ - IOB7+) instead of directly from
the MEM bus.



The I/O Control Register (IOCR)

The IOCR and its associated logic control the
several reasons for generating level-4 interrupts
and non-maskable interrupts. The IOCR is also
used to control parity, memory write protect, and
Multibus I/0 addressing. The IOCR consists of
drivers 11F and 11H, latch 10H, and flip-flops
9G-9, 9G-5, 8G-9, 7G-9 and 6F-9 (p5). The high-
order 8 bits of IOCR, corresponding to MEMS8+ -
MEMF+ are control bits, and the low-order 8 bits
corresponding to MEMO+ - MEM7+ are status bits.
The control bits are loaded into register 10H
from MEM8+ - MEMF+ when there is an output (IOW-)
to the IOCR I/O address as described in the I/O
address decode section. The register can be read
back when ICTLRDC- goes active (IOR- and IOCR
address) causing the driver at 11H to drive the
IOCR contents onto MEM8+ - MEMF+. Simultaneously
ICTLRDC~- causes the IOCR status bits to be driven
onto MEMO+ - MEM7+ through 1l1F.

Signal name Address Strobe Source Device Addressed

PCICS 38-3F none 12G-7 (p4zB5) 8251A USART

COMMIA- 30-37 none 12G-9 (p4zB5) SIO Interrupt
Acknowledge

TIMERCS- 28-2F none 12G-10 (p4zB5) 8253 Programmable
Timer

PICCS- 20-27 none 12G-11 (p4zB5) 8259A Interrupt
Controller

DCI1 78-7F none 12F-7 (p4zA5) Hard disk control

DCI2- 70-77 none 12F-9 (p4zAa5) Floppy disk control

DMACTCS- 68-6F none 12F-10 (p4zA5) DMA Extended Address
Register

COMMF - 60-67 none 12F-11 (p4zA5) Comm Extended Control
Register

GACCS- 58-5F none 12F-12 (p4zA5) Video Global
Attribute Register

COMMS - 48-4F none 12F-14 (p4zA5) SIO0 communication
chip

PPICS- 40-47 none 12F-15 (p4zA5) The LEDs/Speaker/and
switches

LPTRDC 50-51 IOR- 11G-4 (p4zB3) Line printer status

RDLOPEA- 52-53 IOR- 11G-5 (p4zB3) Low order parity
error address

RDHIPEA- 54-55 IOR- 11G-6 (p4zB3) High order parity
error address

ICTLRDC- 56-57 IOR- 11G-7 (p4zB3) IOCR reading

DMACS- 00-1F none 6E-8 (p4zB3) 8237 DMA controller

LPTWDC- 50-51 IOW- 11G-12 (p5zB7) Line printer output

ICTLWDC- 56-57 IOwW- 11G-9 (p5zB7) IOCR writing

WRAPDCI+ 74-77 IOR- 13H-8 (p4zC3) DCI wraparound

(diagnostics)

Figure 5-2. 1I/0 Address Decode Signals
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14. Multiline Communications Processor Board

To be supplied.
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APPENDIX C
WORKSTATION SWITCH AND JUMPER SETTINGS
CPU BOARD SWITCHES

The functions of each of the switches on the CPU
board are listed below.

Sl
Bit On Off
1 4 MHz DMA 5 MHz DMA
2 no wait states one wait state
3 not used not used
4 5 MHz 8086 3.3 MHz 8086
S2
1 Multibus-to-CT no Multibus-to-CT
window at 512K window at 512K
2 not used not used
3 not used not used
4 no Multibus-to-CT Multibus-to-CT
window at 32K window at 32K
S3
1 CT-to-Multibus CT-to-Multibus
window at 512K window at 768K
2 CT-to-Multibus CT-to-Multibus
window at 768K window at 512K
3 CT generates CCLK- external CCLK-
generation
4 CT generates BCLK- external BCLK-
generation

S4 (for use with 16K I/0 Memory board and CPU board numbers 60-
00002-00 or 60-00036-00)

1 640K RAM total 256K RAM total
384K RAM total
512K RAM total

2 640K RAM total 256K RAM total
384K RAM total
512K RAM total

3 256K RAM total 384K RAM total
512K RAM total
640K RAM total

*®



Bit on Off
4 256K RAM total 512K RAM total
384K RAM total 640K RAM total

S4 (for use with 64K I/O Memory board and CPU board number

S5

S6

60-00110-00)

1 640K RAM total 384K RAM total
768K RAM total 512K RAM total
1 Mb RAM total

2 384K RAM total 384K RAM total
512K RAM total 768K RAM total
640K RAM total 1 Mb RAM total

3 384K RAM total 384K RAM total
768K RAM total 512K RAM total

640K RAM total
1 Mb RAM total

4 384K RAM total 640K RAM total
384K RAM total 1 Mb RAM total
512K RAM total
768K RAM total

1 2732 PROMs 2716 PROMs

2 2716 PROMs 2732 PROMs

3 not used not used

4 not used not used

1 no PROM board PROM board

2 PROM board no PROM hoard

3 no CT-to-Multibus CT-to-Multibus
access access enabled

4 CBRQ- always CBRQ- from Multibus
asserted master

CPU BOARD JUMPERS

For workstations without 8087 coprocessors, a
jumper from TP6 to ground must be installed. If
an 8087 1is used, there must Dbe no jumper
installed.
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I/0-MEMORY BOARD SWITCHES

S1

S2

S3

The functions of each of the switches on the I/0O-
Memory board are listed below.

Bit On Off
1 Channel A external Channel A internal
transmit clock transmit clock
2 Channel A external Channel A internal
receive clock receive clock
3 Channel A internal Channel A external
transmit clock transmit clock
4 Channel A internal Channel A external
receive clock receive clock
5 Channel B external Channel B internal
transmit clock transmit clock
6 Channel B external Channel B internal
receive clock receive clock
7 Channel B internal Channel B external
transmit clock transmit clock
8 Channel B internal Channel B external
receive clock receive clock
ID switch: For workstations with serial number

A-8131A-0400 or 1lower, see the "Bootstrap ROM"
section in the second edition (A-09-00014-02-A)
of the System  Programmer's Guide. For
workstations with serial number A-8131B-0400 or
higher, see the Release Notice for Common Boot
ROM Firmware (A-09-00065-01-A7A).

Bit On Off
1 internal carrier external carrier
detect detect
2 external carrier internal carrier
detect detect
3 not used not used
4 not used not used

I/0-MEMORY BOARD JUMPERS

For Channel A RS-232 operation, jumper plugs must
be installed in JP2 and JP4 and not in JPl and
JP3.



For Channel A RS-422 operation, jumper plugs must
be installed in JPl and JP3 and not in JP2 and
JP4.

On the 16K I/O Memory board, jumper E-F must be
installed for proper operation.

RAM EXPANSION BOARD JUMPERS

If a 128K RAM Expansion Board is included, Jjumper
A-C must be installed for 16K RAM operation.

MOTHERBOARD JUMPERS

A Jjumper plug must be installed in motherboard

location U3 for cluster communications
operation. This connects the 9-pin cluster
communications connectors and protection diodes
to Channel A. For workstations with a switch in

U3, all 8 bits must be on.
For noncluster Channel A use, there must be no

jumper plug in location U3, or if there is a
switch, all 8 bits must be off.
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APPENDIX D:

MONITOR FORM OF THE IWS WORKSTATION

To be supplied.






APPENDIX E:

IWS BOOTSTRAP ROMS

To be supplied.
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APPENDIX F:

OVERVIEW

IWS GRAPHICS CONTROL BOARD

This appendix 1is for the engineer who writes
service manuals, tests the IWS Graphics Control
Board electronics, or writes (or modifies) system
software for use with the IWS workstation. This
appendix does not provide documentation to
support modification of the Graphics Control
Board hardware.

The IWS Graphics Board enhances the IWS
workstation or the monitor form of the IWS
workstation by providing medium-resolution
graphics capabilities. Twin graphic display
planes are provided, each with viewports of 656
by 510 pixels. The assignment of each pixel on
the video display is mapped from a linear memory
array consisting of 16 64-kilobyte dynamic RAMs.

The Graphics Control Board plugs into one of the
Multibus slots in an IWS and is controlled by a
Intel 8086-2 microprocessor executing ROM-
resident firmware from 8 kilobytes of EPROM.
Eight kilobytes of static RAM are provided to
store command and status information for the
microprocessor.

The "Architecture" section of this appendix
describes the use of the address space on the
Graphics Control Board, switch selection, the

single Control Register, and the display planes.
The "Theory of Operations" section describes, at

a component level, the operations of the
circuitry on the Graphics Control Board.

IWS Graphics Control Board: Overview G-1






ARCHITECTURE

The following aspects of the IWS Graphics Control
Board architecture are discussed:

o The IWS Graphics Control Board has 1 megabyte
of local address space accessible by the IWS
CPU through a 64-kilobyte window in the
Multibus address space. An Extended Address
Register is used to provide four high-order
address bits for the Graphics Control Board
addresses.

o The Control Register provides several bits of
control over the graphics hardware.

o The Graphics Control Board contains a 1local
Intel 8086-2 microprocessor operating at 8
MHz from a program stored in 8 kilobytes of
EPROM. Additionally, 8 kilobytes of static
RAM is provided for storage of commands and
status information.

o The two independently addressable display
planes resident in dynamic RAMs store the
graphics image (or bit map) displayed on the
IWS video display. Each display plane is
1024 bits horizontally by 512 bit vertically.

Graphics Control Board Mapping and Local Addressing

Multibus Window

As described in the "System Architecture" section
of the Workstation Hardware Manual, the IWS CT
Bus and the Multibus each have 1 megabyte of
address space. Since the IWS has a maximum
address range of 1 megabyte, a common area (a
window) of mutually addressable space must be
created on the CT Bus to allow the Multibus to be
addressed.

Similarly, the l-megabyte address space on the
IWS Graphics Control Board must be addressed
through a 64-kilobyte window set on the Multibus
by the SW2 switches on the IWS Graphics Control
Board. Figure 2-1 below shows the relationship
between the address space of the CT Bus and those
of the Multibus and the Graphics Control Board
Local Bus. With Convergent's current standard
software, the Multibus mapping on the CT Bus

IWS Graphics Control Board: Architecture G-3



L.ocal Addresses

begins at 768 kilobytes, or C000:0h, and extends
to 991 kilobytes or F7FF:Fh. This maps into a
224-kilobyte address space on the Multibus
beginning at 0000:0. The IWS Graphics Control
Board uses 64 kilobytes in this address space as
its interprocessor communications window. The
four switches at SW2 select the 64-kilobyte block
of addresses to which the Graphics Control Board
will respond. Table 2-1 below lists the switch
settings for SW2. Convergent standard software
supports 64-kilobyte windows beginning at CT-Bus
locations C000:0h, DO0OO:0h, and E000:0h.

Table 2-1. Multibus Memory Address Switch Settings.

Sw2

1 2 3 4 Memory Address (h)
OFF OFF OFF OFF 0000:0-0FFF:F *
OFF OFF OFF ON 1000:0-1FFF:F *
OFF OFF ON OFF 2000:0-2FFF:F *
OFF OFF ON ON 3000:0-3FFF:F
OFF ON OFF OFF 4000:0~-4FFF:F
OFF ON OFF ON 5000:0-5FFF:F
OFF ON ON OFF 6000:0-6FFF:F
OFF ON ON ON 7000:0-7FFF:F
ON OFF OFF OFF 8000:0-8FFF:F
ON OFF OFF ON 9000:0-9FFF:F
ON OFF ON OFF AOOO:0-AFFF:F
ON OFF ON ON BOOO:0-BFFF:F
ON ON OFF OFF CO00:0-CFFF:F
ON ON OFF ON DOOO:0-DFFF:F
ON ON ON OFF EOQOQO:0-EFFF:F
ON ON ON ON FOOO:0-FFFF:F

* indicates address range supported by
Convergent standard software

Figure 2-2 below shows the 1l-megabyte address
space for the Graphics Control Board. At the
bottom, 8 kilobytes of the address space is the
static RAM used by both the IWS CPU and the local
CPU to pass command and status information. At
address 4000:0h, 1 byte is allocated for the
Control Register, which provides several hardware
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control signals described below under "Control
Register."” Two display planes, each 64
kilobytes, reside at addresses 8000:0h and
9000:0h, respectively. The 1local 8086-2's 8-
kilobyte program resides in EPROM, starting at
address FEOO:0h. All of the above 1local
resources can be accessed by both the IWS and
local CPU. Access by the IWS CPU is limited to
word addressing and is slower than an access by
the local CPU.

IWS Graphics
CTBus Multibus Control Board
Address Address Address

- FFFF:F
F000:0

f

224 kilobytes

8FFF:F
8000:0

1024 kilobytes
224
kilobytes
OFFF:F
L 0000:0 0000:0 0000:0
(Addresses are Hexadecimal)
Figure 2-1. IWS Graphics Control Board Address Mapping.

Extended Address Register

Since the Multibus window to the Graphics Control
Board is 64 kilobytes and the total address space
on the Board is 1 megabyte, an Extended Address
Register is used. As shown in Figure 2-3, the
full 20-bit address consists of 16 least-
significant bits from the Multibus and the four
high-order bits from the complement of the
Extended Address Register.
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FFFF:F
FE00:0

A000:0

9000:0

8000:0

4000:0

0200:0
0000:0

Figure 2-2. IWS Graphics Control Board Memory Address Space.

EPROM

Display RAM Plane 2

Display RAM Plane 1

Control Register

Static RAM

(Addresses are Hexadecimal)

G-6 Workstation Hardware Manual

8 kilobytes

64 kilobytes

64 kilobytes

1 byte

8 kilobytes
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10F

Extended
Address
(Complement)

Mulitibus Address

Figure 2-3. Muitibus Addressing Scheme.

The Extended Address Register is a Multibus
output port loaded by the IWS CPU. The contents
of the register are loaded from the four least
significant data Dbits. The Extended Address
Register should only be written to and has an
address that is selectable through switches at
SwW1. Current standard software accesses the
Extended Address Register at port address 8030h.
Table 2-2 below lists the address switch settings
for Swl.

Table 2-2. Extended Address Register Port Switch Settings.

SW1

1 2 3 4 Register Address (h)
OFF OFF OFF OFF XX00
OFF OFF OFF ON XX10
OFF OFF ON OFF XX20
OFF OFF ON ON XX30 *
OFF ON OFF OFF XX40
OFF ON OFF ON XX50
OFF ON ON OFF XX60
OFF ON ON ON XX70

ON OFF OFF OFF XX01

ON OFF OFF ON XX11

ON OFF ON OFF XX21

ON OFF ON ON XX31

ON ON OFF OFF XX41

ON ON OFF ON XX51

ON ON ON OFF XX61

ON ON ON ON XX71

* indicates address supported by Convergent
standard software
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For an example of how the Extended Address
Register is used, consider an IWS CPU read
operation of the first address of the static RAM
at address 0000:0. The IWS CPU must first
address the Extended Address Register at port
8030h and then write the complement of the high-
order address into it. Since the static RAM
resides in the first 8 kilobytes of the Graphic
Control Board's address space, the four high-
order bits are all 0. Therefore, OFh is written
into the Extended Address Register as the
complement. To write to the Control Register at
address 4000:0h on the Graphics Control Board,
the complement of the address is OFBh, where Bh
is the contents of the Extended Address Register.

To summarize some common address complements for
the Extended Address Register:

Table 2-3. Extended Address Register Complement Summary.

Byte Output (h) Data Accessed
OFF Static RAM
OFB Control Register
OF7 Display Plane 1
OF6 Display Plane 2
0OFO EPROM

Control Register

The Control Register at address 4000:0h provides
several control bits for the graphics hardware
and can only be written to. Any attempt to read
this register results in changing its contents to
an indeterminant value. When the Graphics
Control Board is reset, all of the bits in the
Control Register are set to O. The function of
the bits in the Control Register are as follows:

Control Bit Write Information

0 LOCBLANK- (Local Blank). When
LOCBLANK- is O, the graphics
output is disabled. When 1, the
video shift registers are enabled
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Control Bit

Write Information

and graphics information is sent
to the video Board.

80COL+ (80-Column Alphanumeric
Mode). When 80COL+ is 0O, the IWS
is operating in the 132-column
alphanumeric mode. When 1, the
IWS is operating in the 80-column
alphanumeric mode. This bit, set
by software when the screen size
is changed, determines the
operation of the on-board phase-
locked loop to provide a constant
26-MHz pixel clock to the Video
Board.

Y9+ (Most Significant Display-
Memory Address Bit). This bit is
used to determine which of the two
display planes is currently being
displayed. When Y9 is 0, Display
Plane 1 (address 8000:0h-8FFF:Fh)
is ©Dbeing shown on the video
display. When 1, Display Plane 2
(address 9000:0h-9FFF:Fh) is being
shown on the video display.

MEMENB+ (Memory Enable). If
MEMENB+ is O, the display memory
is disabled and cannot be
accessed. If MEMENB+ is 1, the

display memory can be accessed.

HBVIDEO+ (Half-Bright Video).
This bit overrides the half bright
video attributes from the Video
Board. If HBVIDEO+ is 0,
alphanumerics are being displayed
on the video display and any half-
bright video attributes are from
the Video Board. When
alphanumerics are disabled,
HBVIDEO+ 1is set to 1 Dby the
software to drive the display to
all full-bright, overriding any
half-bright attributes from the
video Board.

Unused.

IWS Graphics Control Board: Architecture G-9



Static RAM and EPROM

Display Planes

The 8 kilobytes of static RAM, starting at

-address 0000:0, is used for passing command and

status information between the IWS CPU and the
local CPU. The local CPU can address RAM at 8
MHz without incurring any wait states. RAM
access Dby the IWS CPU depends on how long it
takes the IWS CPU to acquire the Multibus. The
RAM is only word-writable by the local CPU and
word-addressable (writing and reading) from the
Multibus.

The 8 Xkilobytes of EPROM starting at address
FEOO:0h contains the graphics firmware. The
local CPU executes code out of EPROM at 8 MHz
without incurring any wait states. The IWS CPU
may read from EPROM but, as with static RAM, the
access time depends on the Multibus acquisition
time. The EPROM 1is byte-readable by the 1local
CPU and word-readable by the IWS CPU; writing to
the EPROM is meaningless.

Display planes 1 and 2 at 8000:0h and 9000:0h,
respectively, each contain 64 kilobytes of video
pixel (bit-map) information making up the
complete graphic image displayed. Since there
are two display planes, software can select
between the two, allowing one plane to be updated
while the other is being displayed. The planes
are selected by means of the Y9+ bit in the
Control Register: when Y9+ is low, Plane 1 is
displayed on the video display and when Y9+ is
high, Plane 2 is displayed. Figure 2-4 Dbelow
shows the address organization of the two display
planes.

Each display plane consists of a 1024 by 512
rectangular linear array of bits that map into
pixels on the video display. The visible area of
the screen is a 656 by 510 bit map of the display
plane. The origin of the visible screen has a
fixed offset into the display plane, as shown in
Figure 2-4.

For example, the first visible horizontal 1line
(or bit map) starts at byte 8008:14h and ends at
byte 8FF0:65h. Also, the first pixel shifted out
to the video display 1is always the least
significant bit of a byte. Therefore 8008:14h
bit O is at the top left corner of the video
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display and 8FF0:65h bit 7 1is at the lower
right. When programming, the nineteenth and
twentieth bytes on each horizontal line should be
set to 0 so that no extraneous dots appear on the
video display. The two Dbytes immediately
following the 82 Dbytes 1in each visible 1line
should also be set to 0.

The display memory can be accessed by both the
local CPU and the IWS CPU. The display memory
controller provides a dual port for CPU and
refresh accesses. This causes display memory
accesses to be slower; the local CPU cycles can
have five te selected by means of the Y9+ bit in
the Control Register: when Y9+ is low, Plane 1
is displayed on the video display and when Y9+ is
high, Plane 2 is displayed. Figure 2-4 below
shows the address organization of the two display
planes.

Each display plane consists of a 1024 by 512
rectangular linear array of bits that map into
pixels on the video display. The visible area of
the screen is a 656 by 510 bit map of the display
plane. The origin of the visible screen has a
fixed offset into the display plane, as shown in
Figure 2-4.

For example, the first visible horizontal 1line
(or bit map) starts at byte 8008:14h and ends at
byte 8FF0:65h. Also, the first pixel shifted out
to the video display is always the 1least
significant bit of a byte. Therefore 8008:14h
bit O is at the top left corner of the video
display and 8FF0:65h bit 7 1is at the lower
right. When programming, the nineteenth and
twentieth bytes on each horizontal line should be
set to 0 so that no extraneous dots appear on the
video display. The two Dbytes immediately
following the 82 bytes 1in each visible 1line
should also be set to O.

The display memory can be accessed by both the
local CPU and the IWS CPU. The display memory
controller provides a dual port for CPU and
refresh accesses. This causes display memory
accesses to be slower; the local CPU cycles can
have five to 15 wait states (the average is 10)
per access. Multibus cycles are even 1longer
depending on the Multibus acqyisition time. The
display memory is byte-—-addressable 1locally but
only word-addressable from the IWS CPU via the
Multibus.
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- 128 bytes
- (1024 Pixels) -
2 bytes 2 bytes
(Setto 0) (Setto 0)
.} 4
bytes ) 82 bytes N 24
l‘ (656 Pixels) - |‘_ bytes " |

|[8010:14
|8018:14

510
Plane 1 Scan
512 Scan Lines Lines
Visible
Y
A
510
Plane 2 Scan
512 Scan Lines Lines
Visible

(Addresses are Hexadecimal)

Figure 2-4. Display Address Map.
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THEORY OF OPERATION

This section addresses the needs of the engineer
who must understand the IWS Graphics Control
Board at a component level. Each of the
functional blocks in Figure 3-1, IWS Graphics
‘Control Board Block Diagram, is discussed in
relation to the logic that performs the function.

The IWS Graphics Control Board is installed in
one of the Multibus slots provided in the IWS
workstation. It contains its own 8-MHz 8086-2
microprocessor, which considerably reduces the
processing time required to generate a graphic
image on the video display. The 8086-2 CPU
operates from a program stored in 8 kilobytes of
EPROM and stores data structures in 8 kilobytes
of high speed RAM. Access by the CPU to both
EPROM and RAM are made without wait states.

The CPU also writes to and reads from the 128-
kilobyte display RAM array, which contains the
video display information. The display RAM array
is controlled by a synchronous display memory
controller. This allows access, in one period of
1.25 microseconds, to the RAM array by either the
8086-2 CPU or IWS CPU and also provides video and
display RAM refresh.

The memory controller is synchonized by a phase-
locked 1loop providing a constant 26-MHz pixel
clock, independent of the input pixel clock
frequency (either 31 or 52 MHz) received from the
IWS vVideo Board.

During a 1.25 microsecond display period, two 16-
bit words of video information from the display
RAM are serially shifted to the Video Board from
the 32-bit video shift register.
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Figure 3-1. IWS Graphics Control Board Block Diagram.




Multibus Interface Logic

The IWS CPU communicates with the Graphics
Control Board through the Multibus interface
logic as shown below on page 6 of the 1IWS
Graphics Control Board Schematic, Figure 3-2.

L.ocal Address Bus

Local Data Bus

Address lines ADRO- through ADRF- are buffered
from the Multibus by tri-state inverting drivers
9E and 8E and become LAO+-LAF+ (Local Address).
The two drivers are enabled by SLAVE- at pins 1
and 19 when the Graphics Control Board is
addressed by the IWS CPU.

Data lines DATO- through DATF- are buffered to
and from the LDO+-LDF+ (Local Data) by two
inverting tranceivers, 11E and 10E. As with the
address buffers, the two data tranceivers are
enabled at pin 19 by SLAVE-. The direction of
the data tranceiver's operation is determined by
the MRDC- (Memory Read) command strobe from the
Multibus.

Extended Address Register

An Extended Address Register at 1latch 12E
supplies a low LBHEN- (Local Bus High Enable) to
the display memory along with four additional
high-order address lines: LA10+-LA13+ from the
DATO- through DAT3- 1lines at 12E's D-inputs.
Latch 12E is also enabled by SLAVE- during a
Multibus input/output cycle and clocked when port
address comparator 7E detects a match between the
four settings of DIP switch SWl and the ADRO-
through ADR7- address lines from the 1IWS CPU.
(The port address values for SWl are given in
Table 2-2 in the "Architecture" section above.)
Comparator 7E is enabled by the IOWC-
(Input/Output Write Command) strobe from the
Multibus. When a match occurs, pin 19 of 7E goes
low to clock 12E and also generates a XACK-
(Transfer Acknowledge) signal Dback to the
Multibus through pin 6 of inverter 5D and pin 6
of gate 4E.
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NOTE%: UNLE%% OTHERWIYE 4PECIFIED:
i. RESISTANCE VALUES ARE IN OHMS, Y4\ 5% .

2. CAPACITANCE VAWUES ARE
3.

IN MICROFARADS,

ALL DEVICES ARE 4STANDARD 7.414, 8¢ 6
10420, 12¢ 24, GROUND ¢ POWER CONNECTIONS.

4, USED WITH ASSY. A-60-00068-00.

SPARE GATE
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744274 |2B
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74533 | ZA
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745021 9A

504 | ZIC

HL2Z | SE

LM3%Ee{ 328
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VR
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Multibus Access

A multibus write or read cycle, to or from the
local memory space, starts when +the IWS CPU
addresses the Graphics Control Board. Comparator
2D compares the incomming address on the four
most significant address 1lines, ADR10- through
ADR13- with the four settings of the SW2 DIP
switch at 1E. The switch settings encode a
single 64-kilobyte address segment out of the 1
megabyte of Multibus address space available.
(The memory address values for SW2 are given in
Table 2-1 in the "Architecture" section above.)
Pin 19 of 2D goes low when the address matchs the
switch settings at 2D's QO0-Q3 inputs and either
the MWTC- (Memory Write) or MRDC- (Memory Read)
command lines from the IWS CPU are low through
pin 8 of gate 4D. The low at pin 19 of 2D is
inverted to a high through pin 6 of inverter 7C.

The Multibus request at pin 6 of inverter 7C is
synchronized to the processor clock PCLK+ at the
D input of flip-flop 3D at pin 2. The output of
pin 5, SLAVEREQ+ (Slave Request) 1is sent, as
shown on page 2 of Figure 3-2, to the HOLD+ (Hold
Request) input pin 31 of 8086-2 at 22D.

The high at pin 6 of 7C also clears the four D
flip-flops at 3E, which are used to generate
several control 1lines for a Multibus memory
cycle. When the 8086-2 at 22D floats the local
bus as requested by SLAVEREQ+, it asserts HLDA+
(Hold Acknowledge), which is sent to the 1D input
of 3E at pin 4. After a positive transition of
PCLK+, SLAVE+ (pin 2 of 3E) and SLAVE- (at pin 3
of 3E) are generated to enable the address and
data drivers for a transfer from the Multibus to
the IWS Dbus. One PCLK+ cycle 1later, the 2Q
output of 3E at pin 6 goes low to gate 2E which
buffers the MRDC- and MWTC- command lines to the
RD- and WR- command lines used on the Graphics
Control Board. The 2Q output of 3E at pin 6 is
sent to the 3D input of 3E at pin 12 as CMDEN+
(Command Enable). After two more clock cycles, a
high appears at the 4Q output of 3E to pin 13 of
gate 4E. If DISPLAYS- (Display Cycle Select) is
high, then nondisplay cycle resources (static
RAM, EPROM, or the Control Register) are
accessed. The timing produced at pin 13 of 4E
generates XACK- (Transfer Acknowledge) at pin 11,
indicating to the IWS CPU that the data on the
data bus is valid.
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If the display RAM is addressed (DISPLSYS- is
low), XACK- originates at pin 8 of gate 4E. Pin
11 of flip-flop 3D is clocked by the high from
pin 6 of inverter 7C. The Q output of 3D at pin
9 is 1low to pin 10 of gate 4E, which then
disallows a XACK- to occur. When the data is
valid on the data bus, pin 10 of 3D goes low from
the NAND of SLAVE+ and RDLATCH+ at pins 12 and 13
of gate 6D, cause pin 9 of 3D to go high to pin
10 of A4E. Since pin 9 of 4E is also SLAVE+,
XACK- appears at pin 8 of 4E. The Q- output of
3D at pin 8 goes 1low to generate MBDSRDY-
(Multibus Display Ready), which is sent to the
display memory controller described Dbelow.
Finally, on the next processor cycle, pin 13 of
3D is cleared by ALE- from the 8086-2, thus
making 3D's Q and Q- outputs false.

8086-2 Microprocessor, Static RAM, and EPROM Logic

As shown on page 2 of Figure 3-2 above, the Intel
8086-2 microprocessor at 22D executes
instructions at 8 MHz and performs many control
fuctions that would otherwise have to be handled
by the IWS CPU. At pin 33, the 22D is strapped
to operate in the minimum mode so the 8086-2's
control lines operate in a manner similar to that
of the Intel 8085 microprocessor. The 8086-2's
HOLD+ input at pin 31 is used by SLAVEREQ+ (Slave
Request) from the Multibus interface 1logic.
SLAVEREQ+ requests that the 8086-2 isolate itself
from the address and data busses so that the IWS
CPU can use them. When the 8086-2 has complied
with the request, it sets its pin 30 HLDA+ line
high to the Multibus interface. Also, since the
8086-2 is not interrupted by any external device,
the INTR+ (Interrupt) and NMI+ (Nonmaskable
Interrupt) inputs are both tied to ground. The
8086-2's RD- (Read) and WR- (Write) command lines
are Dbuffered at pins 14 and 12 of 2E,
respectively, and control the action to other
circuits on the board.

Local Address Bus

The 8086-2's LADO+-LAD13+ (Local Address and
Data) lines are sent through address latches 20E,
20D, and 18D to hold a memory address for the
duration of a memory cycle, since the LAD bus is
multiplexed with data. When ALE+ at pin 25 of
22D goes low during a local read or write cycle,
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Local Data Bus

Clock, Reset,

the address is latched. The outputs of 20E, 20D,
and 18D are LAO+-LAl13+ (Local Address) and are
enabled only when SLAVE+ is low, meaning that the
IWS CPU does not control the local address bus.
Also latched at 18D is LBHEN- (Local Bus High
Enable). When low, LBHEN- enables data onto the
eight most significant data 1lines, LD8+-LDF+;
otherwise, data 1is placed on the LDO+-LD7+ data
lines.

Data transceivers 19E and 19D are used to buffer
the LADO+-LADF+ data and address lines to the
LDO+-LDF+ (Local Data) lines. Two signals from
the 8086-2 control 19E and 19D: DEN- (Data
Enable), which enables the transceivers during a
read or write cycle and DT+/R- (Data Transmit or
Receive), which sets the direction of the
transceivers. When DT+/R- is high, data flows
from the LAD bus to the LD bus.

and Ready Logic

The clock, reset, and ready logic are provided by
an Intel 8284A clock generator at 22C run by a
24.000-MHz crystal, Yl1. The 8284A divides the
crystal frequency by three to make an 8-MHz
processor clock. The 8284A also supplies a RDY+
(Ready) signal to the 8086-2, which is
synchronized to the processor clock. The
asynchronous ready input signal to the 8284A is
CPURDY+ and is used to signal the 8086-2 that it
can access the on-board display memory. The
master reset for the Graphics Control Board comes
from pin 14 cf the Pl Multibus connector as INIT-
(Initialize) and is synchronized to the processor
clock as RES+ (Reset). RES+ is sent to pin 21 of
the 8086-2 and is inverted at pin 8 of 21C as
RESET- to clear the Control Register (see page 5
of the Figure 3-2).
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Input/Output Decoding

Input/Output Decoders 18E and 11A decode various
memory-mapped input/output type selection lines
for the Graphics Control Board. Based on the
condition of the two most significant 1local
address lines, LAl12+ and LAl13+, 18E decodes four
input/output 256-kilobyte address segments. The
four address segements are:

o STATICS- (Static RAM Select) at pin 4 of 18E.
STATICS- gates pin 1 of decoder 11A to select
one of two 4-kilobyte segments of static RAM.
Local address line LAC+ selects one or the
other at pin 2 of 11A. The outputs of
decoder 11A are STATICl1lS- (Static RAM 1
Select) at pin 4 and STATIC2S- (Static RAM 2
Select) at pin 5.

o 10S- (Input/Output Select) at pin 5 of 18E.
IOS- is sent to the B input of 18E at pin 13
to cause 18E's Y1l output at pin 11 to go low
as CTRLREG- (Control Register). The Control
Register at 12B (see page 5 of Figure 3-2)
provides five control bits selected by the
graphics software. (The Control Register is
described in the "Architecture" section
above.) Pin 15 of 18E (see page 2 of Figure
3-2) must be gated by a read or write command
strobe through pin 8 of inverter 1B and pin 8
of gate 6D. Note that, even though the read
command strobe can be used in this case to
gate 18E, the Control Register can only Dbe
written to. A read command alters the
Control Register to an indeterminate state.

o DISPLAYS- (Display Select) at pin 6 of 18E.
DISPLAYS- is sent to the B input of 18E at

pin 14. The Y2 output of 18E at pin 10,
DISPCYC- (Display Cycle), selects the display
RAM for a read or write. Again, pin 15 of
18E must be gated by a read or write command
strobe. DISPLAYS- is also sent to the

CPURDY+ (CPU Ready) flip-flop (see page 4 of
Figure 3-2) and the Multibus Interface Logic
(page 6 Figure 3-2).

o EPROM at pin 7 of 18E. EPROM is enabled at
10D and 13E by pin 7 of 18E when high
addresses are decoded.
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Static RAM

Firmware EPROM

The 200-ns 4116-2 static RAMs at 7D, 13D, 16D,
and 16E provide 8 kilobytes of data storage for
the 8086-2. At the pin 18, CE- (Chip Enable)
inputs to the RAMs, 16D and 13D are enabled by
STATIC1S-; 16E and 7D are enabled by STATIC2S-.
When enabled, each of the RAMs are written to,
using the WR- command strobe at the pin 21 WE-
(Writer Enable) input. During a read operation,
the outputs of each RAM are enabled using the RD-
command strobe at pin 20. RAMs 16D and 16E are
read from, and written to, on the LDO+-LD7+ data
lines; 13D and 7D are read from, and written to,
data on the LD8+-LDF+ data lines. All of the
RAMs are addressed using the LAl+-LAB+ 1local
address lines.

Eight kilobytes of firmware for the 8086-2 is
stored in two 200-ns 2732A-2 EPROMs at 13E and
10D. The EPROMs are addressed through the LAl+-
LAC+ local address 1lines; EPROM 13E places data
on the LDO+-LD7+ during a read cycle and 10D
places data on the LD8+-LDF+ data lines. The
EPROMs are each selected at pin 18; the outputs
are enabled at pin 20.

26-MHz Phase-Locked Loop

The phase-locked loop fundamentally performs two
basic functions on the Graphics Control Board:

o The phase-locked 1loop synthesizes a 26-MHz
pixel clock from the 31- or 52-MHz pixel
clock supplied by the IWS Video Board. A
constant 26-MHz clock ensures that the
graphics 1image on the video display is
independent of the 80 or 132 column
alphanumeric mode being used.

o The phase-locked loop synchronizes the
graphics display to the alphanumeric
display. That 1is, the phase-locked 1loop
ensures that the Graphics Control Board
circuitry is synchronized to the horizontal
and vertical synchronization signals from the
Video Board in the IWS.
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In the 80-column alphanumeric wmode, the Video
Control Board provides a 31.185-MHz pixel clock
to the phase-locked 1loop. To synthesize a
25.988-MHz pixel clock, the phase-locked 1loop
multiplies the input pixel clock by five-
sixths. In the 132-column alphanumeric mode, the
input pixel-clock frequency is 51.975 MHz. To
arrive at 25.988 MHz, the phase-locked 1loop
divides the input pixel clock by two. A block
diagram of the 26-MHz phase-locked loop is shown
in Figure 3-3 below.

As shown above on page 3 of Figure 3-2 (IWS
Graphics Control Board Schematic), ESYMCLK+ and
ESYMCLK- (ECL Symbol Clock) are balanced
differential input signals to line receiver 3A at
pins 9 and 10, respectively. Originating on the
the Video Control Board, ESYMCLK+ and ESYMCLK-
have a 20% duty cycle and run at one-tenth the
frequency of the input pixel clock. The symbol
clock signals the beginning of each symbol or
character on the video display in either the 80-
or 1l32-character alphanumeric mode.

The symbol clock output at pin 6 of 3A clocks
synchronizing flop-flop 1A at pin 9. The D input
of 1A at pin 7 is HORBLK+ (Horizontal Blank).
HORBLK+ is a 31.5-kHz blanking signal from the
Video Board that is inverted at pin 2 of 1B. It
is then converted from standard TTL.levels to ECL
levels by a voltage divider composed of 820-,
270-, and 180-ohm resistors at 2A. The Q and Q-
outputs of flip-flop 1A generate complementary
synchronized horizontal blank signals as
EHORBLKS- (Synchronized ECL Horizontal Blank) and
EHORBLKS+, respectively, which are used to
disable video output during the time when the
video beam is horizontally retracing the screen
to start a new scan line. From the Q- output of
1A, EHORBLKS+ is also sent to the D input at
flip-flop 5A to be synchronized with the incoming
EPXCLK+ (ECL Pixel Clock) and EPXCLK- from pin 3
of differential line receiver 3A. The Q output
of 5A at pin 2 is connected to the D input of 5A
at pin 10 to be synchronized again with the next
pixel clock. The flip-flops at 5A generate one
39-ns, positive-going pulse at pin 14 of NOR gate
6A. This preload pulse is used to set the S2
mode input on decade counter 7A. The preload
pulse indicates that a new horizontal scan 1line
has begun at the first pixel of the first
character on a new horizontal scan line.
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When the synchronized horizontal blank signal is
clocked to the D input of 5A at pin 7, the Q-
output at pin 3 goes low to pin 10 of gate 6A.
During this time, pin 11 of 6A is low, causing a
high at pin 14. This starts the preload pulse.
Since the high at pin 2 of 5A is sent to the D
input of 5A at pin 10 (and keeping in mind that
both flop-flops at 5A are clocked together), the
next pixel clock cycle clocks a high through pin
15 of 5A to pin 11 of gate 6A. The high at pin
11 causes pin 14 of 6A to go low, thus ending the
preload pulse after 39 ns. The preload pulse is
sent through pin 14 of gate 6A to pin 4, inverted
at pin 2 of 6A, and sent to counter 7A's S2 mode
iuput at pin 7.

Counter 7A is a divide-by-n counter that
generates a 5.2-MHz VCO (Voltage-Controlled
Oscillator) reference signal at its Q3 output,
regardless of the alpanumeric mode being used.
When 7A's S2 input goes high, the counter loads a
three from its high pin 11 and 12 D-inputs and
then starts to increment. The clock for 7A is
the pixel clock from pin 3 of receiver 3A. From
the initial counter preload of three, 7A divides
the 51.975-MHz input pixel-clock frequency by 10
in the 132-column alphanumeric mode, using the Q3
output at pin 3. Counter 7A continues to divide
the pixel clocks by 10 (5.2 MHz) until the next
scan line causes 7A to preload a three, 1650
pixel clocks later.

If the 80COL+ (80-Column Mode) line from pin 5 of
the the Control Register (see page 5 of Figure 3-
2) is high, counter 7A divides the pixel clocks
by six wuntil the next horizontal scan 1line
occurs. 80COL+ is converted from a TTL level to
an ECL 1level by the 820-, 470-, and 180-ohm
resistor voltage divider at pin 2 of resistor
pack 2A. The high ECL level is sent to pin 5 of
gate 6B where it is ANDed with 7A's Q3 output at
pin 2. Pin 2 of 6B goes high to pin 5 of 6A
causing a preload of three at 7A. Counter 7A
increments until its Q3 output goes high again,
for a total of six counts. As long as 80COL+ is
high, 7A will only count to eight before it is
preloaded to three again. The Q3 output divides
the 80-column mode 31.185-MHz pixel clock by six
to a 5.2-MHz VCO reference signal, which is sent
to an ECL-to-TTL converter at pins 12 and 13 of
gate 6B and transistors Ql and Q2.

When pins 12 and 13 of 6B are high, pin 9 of 6B
is low to the base of transistor Q2, thus turning
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on Q2 and causing a high of about 2.5 V dc to
appear at REF (Reference) input at pin 1 of the
TTL phase detector circuit 4B. When pin 9 of 6B
is high, the input to 4B is low. Phase detector
4B compares the phase of the 5.2-MHz reference
signal at pin 1 of the VCO (Voltage-Controlled
Oscillator) input at pin 3. A difference in
phase between the VCO and the REF inputs results
in a error voltage applied to the minus (-) input
of charge pump 3B at pin 2. The reference
voltage applied to 3B is determined by R5, and
the resistor at pins 1 and 2 of RP5. R6 and C69
set the charge pump function of 3B. The
reference voltage for 3B is about +1.3 V dc,
which is approximately the center point between a
TTL low level and a TTL high level. The output
of 3B is sent through a 100-ohm series resistor
at R7 to the input of VCO 2B at pin 2. The
output of 3B is also affected by a filter made up
of L1, a resistor at pins 9 and 10 of RP5, and
C68 to reduce high frequency noise. Since 3B is
supplied by +12 V dc to provide an adequate
voltage swing and low noise, diode CR1l clamps the
output of 3B to a maximum of 5.7 V dc to avoid
damage to the VCO. The VCO changes its output
frequency depending upon the voltage level at its
pin 2 Vecx input. The complementary Q and Q-
outputs of 2B at pins 4 and 5, respectively, are
oscillating at 25.988 MHz when the phase-locked
loop is locked to the incoming pixel clock.

The Q output of 2B is sent to the clock input of
counter 1C, which divides the VCO reference
signal by five (to 5.2 MHz) at its Q2 output at
pin 2. The output is sent to gate 6A to provide
both phases of the 5.2-MHz reference signal to an
ECL-to~-TTL converter made up of transistors Q5
and Q6. One phase of the TTL VCO reference
signal from the collector of Q6 is sent to the
pin 3 VCO input of phase detector 4B to be
compared with the signal on the REF input at pin
1. The other phase of the TTL VCO reference
signal, from the collector of Q5, is inverted at
pin 8 of 5D and sent to the memory controller as
VCOREF+ (Voltage-Controlled Oscillator
Reference).

The ECL Q output of 2B is also converted to a TTL
signal at the converter at Q3 and Q4. The
reference signal is sent from the collector of Q3
to the pin 5 input of gate 7B. The other three
inputs of 7B are tied to +5 V dc to minimize the
input current required. Gate 7B provides a large
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amount of current to drive the resulting inverted
GPXCLK+ (Graphics Pixel Clock) to the memory
controller.

Synchronous Display Memory Controller

The synchronous display memory controller allows
access to the 16 64-kilobyte dynamic RAMs making

up the display memory. The entire memory
controller is synchronized on a line-by-line
basis. If the video display loses its

synchronization at any time, only the scan line
currently being displayed is affected.

Display Memory Cycle Generation and Timing

The state machine generates all of the necessary
control signals at the appropriate time to
generate a display memory cycle. Each display
memory cycle is divided into two 624-ns halves;
each half is sixteen 39 ns pixel-clock states.
The first half of the cycle is used by the memory
controller to provide 32 pixels of video refresh
as well as a row of dynamic RAM refresh; the
second portion of the cycle allows read or write
access to the display memory by a CPU.

The phase-locked loop described above provides
most of the input signals used by the memory
controller. As shown in the upper left corner of
page 4 of Figure 3-2, Dboth phases of the
synchronized horizontal blank signal, EHORBLKS+
and EHORBLKS-, are sent to an ECL-to-TTL
converter at transistors Q7 and Q8. The TTL
horizontal-blank signal clocks flip-flop 8C pin 5
high to pin 4 of NAND gate 8B. At pin 5 of 8C,
the 5.2-MHz VCOREF+ signal from the phase-locked
loop gates the horizontal blank signal to pin 6
of 8C. The resulting low at pin 6 of 8C is sent
to the D input of 8C at pin 12. On the next
positive edge of GPXCLK+, 8C at pin 11, a low
appears at pin 9 of 8C as BEGHBLK- (Begin
Horizontal Blank). BEGHBLK~- goes back to reset
pin 1 of flip-flop 8C, causing BEGHBLK- to go low
for a single pixel-clock period of 39 ns.
BEGHBLK~ is also sent to the video blanking flip-
flop (see page 7 of Figure 3-2) as well as to the
pin 9 LD (Load) input of counter 9C to
synchronize the memory controller. BEGHBLK- is
used to disable the display memory for part of an
incomplete cycle.
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BEGHBLK~ occurs once for every horizontal scan
line and causes counter 9C to preload either a
seven or an eight depending on the alphanumeric
mode being used. The 4-bit counter at 9C and
flip-flop 10C pins 7 and 9 form a divide-by-32
(5-bit) counter to time the memory controller
state machine, which creates the control signals
used in the 32-state memory cycle. Counter 9C
requires a preload to compensate for the fact
that the number of pixel states in a horizontal
scan line (825) is not evenly divisible by 32.
During these 825 pixel-clock states, the state
machine generates a total of 25 full 32-state
memory cycles per scan line with a twenty-sixth
incomplete cycle of 25 states.

Counter 9C divides the pin 2 GPXCLK+ input at its
QC and QD outputs. The CO (Carry Out) output at
pin 15 of 9C is sent to the J and K inputs of
flip-flop 10C at pins 11 and 12, respectively.
When clocked by GPXCLK+, flip-flop 10C pins 7 and
9 toggle every 16 GPXCLK+ cycles to divide the
display memory cycle between refresh and
processor read or write cycles. The Q output of
10C at pin 9 is REFRESH- (Refresh Cycle Active)
indicating that the display memory cycle is in
the refresh half.

The Q- output of 10C at pin 7 is used to clock
pin 1 of 10C, which (through AND/OR gate 11C)
disables the display memory during the incomplete
twenty-sixth memory c¢ycle or during a change
between the 80- or 132-column alphanumeric
modes. BEGHBLK~ disables display memory during
the twenty-sixth cycle by resetting flip-flop 10C
at pin 15. A reset causes pin 6 of 10C to go
high at pins 4 and 5 of gate 11C. A low results
at pin 6 of 11C as MEMENB+. MEMENB+ is further
gated with RASTIME+ (Row Address Synchronous
Timing) from the state machine at pins 2 and 1 of
gate 12C. The output at pin 3 of 12C is the RAS-
(Row Address Strobe) to the dynamic RAM array.
MEMENB+ also sets pin 10 of flip-flop 10A to
disable CAS- (Column Address Strobe).

Another case of MEMENB+ operating to disable
memory occurs when the graphics software switches
from one alphanumeric mode to another. When the
mode is switched, the phase-locked loop must have
enough time to reaquire the 26-MHz pixel-clock
frequency. During this time, the phase-locked
loop 1is unstable and can cause the memory
controller to mistime its memory access.

IWS Graphics Control Board: Theory of Operation G-41



Circuitry shown on the right side of page 5 of
Figure 3-2 consisting of counter 1D, flop-flop
10B, gate 12C, and inverters at 1B and 7C
provides a signal to disable the memory
controller for about 1 ms during a mode change.
Bit 4 of Control Register 12B enables counter 1D
just before the alphanumeric mode changes. When
HORBLK- goes low, it clocks the pin 1 output of
1D along with the pin 3 clock input of flip-flop
10B. DISMEMS- (Disable Memory Synchronized) at
pin 5 of 10B is sent to the J input of flop-flop
10C at pin 4 (see page 4 of Figure 3-2) When pin
1 of 10C is clocked, pin 6 of 10C goes low, thus
disabling both RAS- at pin 2 of 12C and CAS- at
pin 10 of flip-flop 10A. After a period of about
1 ms, DISMEMS- goes high again having given the
phase-locked 1loop enough time to reaquire the
pixel clock frequency. DISMEMS- only changes at
the beginning of the horizontal blank period,
insuring that memory strobes are not gated with
incorrect timing.

State Machine and Display Memory

The memory controller state machine is composed
of the latches, flip-flops, gates, and inverters
shown on the bottom half of page 4 of Figure 3-
2. For each of the 32 memory cycle states
clocked by counter 9C and flip-flop 10C, the
state machine sequentially enables and disables
certain memory control 1lines, thus controlling
the display memory cycle. The state machine
works in conjunction with the logic on the top
half of page 5 of Figure 3-2 to read from, write
to, and refresh the 16 display RAMs on the bottom
half of page 5 of Figure 3-2. In addition to
pages 4 and 5 of the schematic (Figure 3-2),
refer to Figure 3-4, Display Memory Refresh
Timing Diagram during the following discussion.

In the display memory refresh cycle (states O-
15), REFRESH- (Refresh Cycle Active) from pin 9
of 10C goes low (page 4, Figure 3-2). REFRESH-,
together with a low ROWEN- (Row Enable) from pin
16 of latch 9B, select the YO output of decoder
11A (see the the middle left area of page 5 cof
Figure 3-2) to gate the address of the refresh
row from counters 13A and 13B through buffer 14A
to the RAO+-RA7+ (Row Address) lines. At state
1, when the row address 1is stable on RAO+-RA7+,
RAS- goes low from pin 3 of gate 12C to pin 4 on
each of the 64-kilobyte dynamic RAMs. ROWEN-

G-42 Workstation Hardware Manual 01/83



then goes high (see page 5 of Figure 3-2), which
selects the Y1l output of 11A. The refresh column
buffer at 14B 1is selected to enable a refresh
column address from counters 13B, 13A, and 12A
onto the RAO+-RA7+ lines.

The refresh row and column addresses originate at
counters 13B, 13A, and 12A. Counter 13B is
cleared at pins 2 and 12 at the start of every
horizontal scan line by the BEGHBLK+ pulse and is
incremented when a refresh cycle occurs, as
indicated by REFRESH+ going high. Counter 13B's
X1+-X5+ (X-Axis Address) outputs are sent to
buffers 14A and 14B to partially form the refresh
row and column address. Counters 13A and 12A are
both cleared at the end of every display screen
by VRTBLK+ (Vertical Blank). Counter 13A is
incremented by HORBLK- (Horizontal Blank) while
12A is incremented by the high-order output of
13A, Y7. The YO0+-Y8 (Y-Axis Address) outputs of
13A and 12A are arranged at the inputs to buffers
14A and 14B along with the X1+-X5+ address bits
to allow the display RAM to be completely
refreshed in as short a time as possible. Note
that the row address buffer 14A, has the lowest-
order X and Y bits of the address as its
inputs. These low-order bits toggle most
frequently while 13A, 12A, and 13B are counting
and thus allow all 128 rows of memory in the
display RAMs to be refreshed every 512
microseconds.

Buffer 14B contains the higher-order X and Y bits
to form the column address. All but two of the
inputs to 14B come from the refresh address
counters: X0+ and Y9+. The low-order X0+ bit,
from the state machine, changes state during
every refresh c¢ycle to generate two column
addresses for two page-mode read cycles described
below. The high-order Y9+ bit, from the Control
Register, specifies one of the two viewports to
be refreshed, as described in the "Architecture"
section.

When a column address is on the RAO+-RA7+ lines,
the CAS- (Column Address Strobe) from pin 9 of
flip-flop 10A occurs at state 3. The X0+ Dbit
from the state machine then goes high, causing
the column address to increment at the RAO+
through RA7+ outputs of buffer 14B. Along with
the second column address, a second CAS- pulse is
issued from the state machine at state 10.
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The two CAS- signals sent to the pin 15 inputs of
the RAMs allow two pages of the display memory, O
and 1, to be refreshed during a single cycle.
For page 0, data first appears on the RDO+~RDF+
(RAM Data) 1lines at state 6. Since the refresh
cycle 1is Dbasically a RAM read cycle, the
corresponding LDP+ (Load Pulse) from pin 9 of
flip-flop 10B and the LOAD1+ (Load Shift Register
1) from pin 15 of 9B appear at states 6 and 10,
respectively, to load and move data on the RDO+-
RDF+ (RAM Data) 1lines to video shift registers
described below under "RAM Data Latches and Video
Shift Registers."” Finally, at state 14, the
state machine causes RAS- to go high and LOAD1+
to go low, thus ending the refresh cycle.

A display memory read cycle (states 16 through
32) has different timing than the refresh
cycle. Since the row and column addresses
originate at either the IWS CPU or Graphics Board
CPU, the row and column counters are not used.
Also, only one RAM~column address is generated.
The timing of the cycle is shown in the Display
Memory Access Timing Diagram, Figure 3-5 below.
At state 16, the display memory starts with a low
REFRESH+ from pin 7 of flip~-flop 10C. REFRESH+,
from the Q- output of 10C is the inverted form of
REFRESH- used in the display memory refresh cycle
described above. Since REFRESH- is high at this
time and ROWEN- is low, CPUROW- (CPU Row Address)
at the Y2 output of decoder 11A, is selected (as
shown on page 5 of Figure 3-2). CPUROW- gates a
row address on the LA2+, 3+, 4+, 7+, 8+, 9+, A+,
and B+ local address lines to the corresponding
RAO+-RA7+ RAM address line through buffer 15A to
the display RAM's AO+-A7+ address inputs. At
state 18, RAS- goes low to strobe the row address
into the RAMs and at state 19, ROWEN- goes high,
thus selecting CPUCOL- (CPU Column Address) at
the Y3 output of decoder 11A. CPUCOL- gates the
RAM column address from the LAl+, 5+, 6+, 10+,
C+, D+, E+, and F+ address lines to the RAO+-RA7+
bus through buffer 15B to the display RAMs.
While the column address is valid on the RAO+-
RA7+ lines from states 20 to 30, a single CAS-
strobe occurs at state 26. Corresponding to the
refresh cycle described above, LDP+ goes high at
state 22 and LOADl+ goes high at state 26 to move
the RAM data to the video shift-registers.

I£f a display memory write cycle 1is Dbeing

performed, WR- and DISPEN- (Display Enable) are
low at pins 13 and 12 of gate 11B, respectively,
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to generate WE- (Write Enable) at states 17
through 30. Write data 1is 16 bits, which is
valid on the local data bus, LDO+-LDF+.

Memory Arbitration Logic

Display memory cycle requests can occur
asynchronously with respect to the display memory
controller state. The memory arbitration logic

synchronizes these requests with the display
memory controller by determining the start of the
display memory cycle.

In case of a request during a nonrefresh (memory
access) cycle, a display memory start signal
occurs at pin 6 of gate 5E under the following
conditions:

o} the local CPU 1is not ready at pin 1 of 5E,

o the Multibus (IWS) CPU is not ready at pin 2
of 5E,

o a display cycle is not occuring at pin 4 of
5E, and

o a refresh cycle is not in progress at pin 5
of S5E.

When REFRESH+ goes high at pin 5 of 5E, pin 6 of
5E goes low. The low at pin 5 of RS flip-flop 6D
causes pin 6 of 6D to go high, which arms the RS
flip-flop. As soon as REFRESH- goes high at pin
1 of 6D, a low appears at pin 3 of 6D. The low
is sent to the display memory RAM array as
DISPEN- and is also inverted at pin 2 of 5D to
start the memory controller state machine as
DISPEN+. The DISPEN signals are active during
the remainder of the display memory cycle and are
cancelled when REFRESH- goes low at pin 1 of 6D,
indicating that the memory controller is in a
refresh cycle.

In a worst-case condition, a display memory cycle
request can occur at the end of a refresh
cycle. In this case, all of the inputs to gate
5E are high for only a short time and generate a
pulse too short in duriation to set the RS flip-
flop at 6D. The two 510-ohm resistors at R21 and
R22, in conjunction with the 270-picofarad
capacitor at C82, stretch the pulse from pin 6 of
5E to insure that 6D sets.
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Figure 3-5. Display Memory Access Timing Diagram.




RAM Data Latches and Video Shift Registers

As shown on page 7 of Figure 3-2, data from the
display memory appears on the RDO+-RDF+ (RAM
Data) lines and can be sent either to the data
bus latches during a read cycle, or the video
shift-registers during a refresh cycle.

During a display memory read cycle, 16 bits of
display memory data can be transferred to the
local data bus via 1latches 17C and 20C when
RDLATCH+ occurs at the end of the display memory
access cycle. The outputs of 17C and 20C are
enabled only during a valid memory read cycle by
DISPCYC+ being NANDed at pin 13 of gate 12C with
its qualifier, an inverted RD- strobe at pin
12. The resulting low at pin 11 of 12C enables
the 16 bits of display memory data onto the local
data bus lines, LDO+-LDF+.

The video shift-registers at 16C, 18C, 15C, and
19C are used to hold and then serialize two 16-
bit words read from the display memory during a
display memory refresh cycle. The shift
registers are initially cleared by LOCBLANK-
(Local Blank) from the bit 1 output of Control
Register 12B (see page 5 of Figure 3-2). The
words are then synchronized by the state machine
described above, converted to ECL 1levels, and
sent to the IWS Video Board.

As shown in the Memory Refresh Timing Diagram,
Figure 3-4 above, LDP+ occurs at state 6 to load
the least significant (first) word read from RAM
on the RDO+-RDF+ (RAM Data Output) lines into SRO
(Sshift Regsiter 0), the shift register pair 15C
and 19C. LDP+ appears at the pin 19 S1 mode
inputs of the SRO shift registers to cause (along
with the high at the pin 1 SO mode inputs) a
parallel loading of the data bits at the shift

register inputs A through H. At state 7, the
positive transition of GPXCLK+ at pin 12 of
15C and 19C, loads the most significant word
into SRO.

Once SRO is loaded, LDP+ goes low, changing SRO's
mode to allow serial shifting of the word bits
from 19C's QH output as VIDEO+. For each
positive transition of GPXCLK+, 15C shifts a bit
of the word from its QH output to the SR input of
19C at pin 11. Simultaneously, bits are shifted
out of 19C's QH output as VIDEO+ to the state
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Blanking Logic

machine for synchronization. (See page 4 of
Figure 3-2.)

By state 14 of the cycle, SRO has shifted out
eight bits of the word. LOAD1+ (Load Shift
Register 1) goes high to the S0 and S1 inputs of
SR1 at shift registers 16C and 18C, which causes
them to load the most significant (second) word
of the display memory refresh cycle at the next
transition of GPXCLK+. SRO continues to shift
out bits from the first word until state 22 (see
Figure 3-5 above) when it is ready to shift out
the last of the 16 bits. The combination of a
low LDP- (the complement of LDP+ used to 1load
SRO) and REFRESH+ causes SR1 to place the word
previously stored, Dback onto the RDO+-RDF+
lines. Simultaneously, LDP+ goes high to the S1
inputs of SRO, causing the word from SRl to be
latched into SRO, as before, on the next positive
transition of GPXCLK+. LDP+ then goes low again
and the bits are shifted out of 19C's QH output
as VIDEO+.

The VIDEO+ bits from pin 17 of 19C are sent to
the pin 4 input of 9B (see page 4 of Figure 3-2)
to be synchronized to GPXCLK+. The clocked bits
are then sent back to pin 12 of a resistor
network at 2A (see page 7 of Figure 3-2) as
VIDEOS+ (Synchronized Video). VIDEOS+ is
converted to an ECL level at 2A and sent to the
pin 10 input of ECL NAND gate 6B. If VIDEOS+ is
not blanked at pin 11 of 6B, it is gated to the
IWS Video Board as EVIDEO+ (ECL Video) from pin
14 of 6B.

During periods of horizontal or vertical beam
retrace, blanking circuitry is used to disallow
video data from appearing on the display.
EHORBLKS+ and VERTBLK+, from the Video Board,
signal the blanking flip-flop 13C to blank the
graphics video output, EVIDEO+. When a
horizontal blank occurs, BEGHBLK- (discussed
above under "Display Memroy Cycle Generation and
Timing") sets 13C's pin 6 output to a low as

BLANK-. BLANK- disables pin 11 of 6B, which
disables the EVIDEO+ Dbit stream to the Video
Board. When the horizontal blank period ends,
HORBLK~ goes high to clock pin 3 of 13C. If

VERTBLK+ is high at pin 2 of 13C, the vertical
retrace is beginning and a low is clocked through
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CPU Ready Logic

to pin 6 of 13C continuing the blanking signal.
If VERTBLK+ 1is 1low, the vertical retrace 1is
complete and a high is clocked to pin 6 of 13C.
A high then appears at pin 11 of 6B, allowing
EVIDEO+ to sent graphics video to the Video Board
for another horizontal scan line of the display.

Because the display RAM requires a greater access
time than the static RAM or EPROM, the 8086-2 at
22D requires a ready signal to begin a display
memory cycle. The ready signal, CPURDY+ (see
page 4 of Figure 3-2) comes from flip-flop 13C.
When ALE- goes high, that is, ALE+ from the 8086-
2 has latched an address, 13C clocks the state of
DISPLAYS- (Display Cycle Select) to the Q output
at pin 9 as CPURDY+. If DISPLAYS- is 1low,
meaning that the 8086-2 address has decoded a
display memory cycle, CPURDY+ goes low to disable
a subsequent display memory cycle.

CPURDY+ 1is also disabled when the IWS CPU 1is
accessing the display memory to prevent the 8086-
2 from attempting a cycle. SLAVE- (from the
Multibus interface logic), resets pin 13 of 13C
when a Multibus access it taking place.

CPURDY+ is set at the end of the display memory
cycle by the NAND of RDLATCH+ and a high SLAVE-
at pins 1 and 2 of gate 4E. The resulting low at
pin 3 of 4E sets flip-flop 13C, thus causing
CPURDY+ go high at pin 9 to the RDYl input of
8284A 22C (see page 2 of Figure 3-2). The 8284A
synchronizes CPURDY+ with the processor clock and
sends the ready signal to the 8086-2 as RDY+.
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NOTES:
UNLESS OTHERWISE SPECIFIED?

I.RESISTANCE VALUES ARE IN OHMS, 4 W,5%.
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8¢10, I0¥2O GROUND AND POWER CONNECTIONS.

Te14,

GND
SYMWR

6)— BLATWR =

3)— CURSORWR =
STYLEWR =
HOLDOFF —

GQND

CURSOR -
ATT® -
ATT2 -

UNDERLINE -

VERBLANKEN +

EPXCLK + —( @ EPXCLK -
GND — @ -GND
BSYMCLKB+ @ & - gmYMCLK R~
GND —@ @ GND
HORBLANK + —@ @— HORBLANK—
VERTBLANK +—() @— VERTBLANK —

P2
]
2
3
@
®
©
- GND @— Vec GND—G_%? g-— GND
- ALATWR= @©— ECURRAM —@ ® -— HBVIDEO +
S S,PAR_E,@T,?%- Q) Vee © ATTI — GND —() #) — GND
TYPE |REF DESIGNATORS | QTY. — Vee 8 ATTS - —® ® - AUX VIDEO A
(D— ESAD- BSOB+
A —— = g want
pem [-Yes 3 B— seLa+ ©— B3O+
& PP @W— HORBLANK + ®— BSDSY
74“-5&44. e _'.‘_.6 SR - N ) MR - GQND
1450 130 < (— DD + % EPXCLK +
D— NOATTR + HPRCLK+
®— SYMCLK'- ESYMCLK —
©— o8+ © GND
@— Da+ @— BI
@— oo+ a2
@— DS+ LLINE
D\ + T+
Do+ @— p+
REF. DESIGNATORS D2+ ALTCHSET -
LASTUSED | NOT USED ot FAN
P aND @— SYMP +
Ji3 — SA&+ O— sym1 +
sa| + ©®— sYM 2+
cmg C1THRU C4 2275: g :::221—
——%a&a Aoz SA4 + ®— syms+
= SASG 4 9— =YMG +
— sae + SYMT %
%: SAT + SYM8 +
SAB + SYMS +
SAA+ ®— EsSI+
SAD + & CVIDEO -
sAe + @ND
+5v
¢
PL.OIOD - - -
Pe-7
P1-1,7,12,28 D-— —— - -
Pe- 1150940 1
J13-25919516 =
J7-3,4,78)13)4,7,18 > 1
—» +5V

Jo-1,.2,3477 O 2 I
78,7980 C57-Cq I+
4

Jo-T18/5 18 21> —— — & -—
24,25,35,43,45,
47,55,65,66,71,72

C10 THRU CW05
o1

iI——

Video board (1 of 7)
01/83 Updated IWS Schematics H-65



146

7415373 (11
' 18]V 119 SAg+
LA+ D al 4 — " -
J6-63 D3 — = = T, ol SAk SYMCLK
U002 Dot m g o e e — 13 5| SA2+
Jo-01 D> Ef‘%l__v—- e e 13 o QQ 12 SA3+ BRSD+BUS ES
J6-e0 D“tAAs: e > g a| 2] 3A%N 1 /.
Jb-59 &> - 4 5| BAS+N V )4 BSDgZ+
58 o> oAt : - 71° YT Eaer| A% 51, Vo I RIDN
J6-38 &1 0 Qot-—2 " BAE 2 3 +
Jo-57 & g - g1 sARN[ A3 _2ly  p|2 PP
LABY . D Q| —1— L 'SAbt O a  pl|7.BSbaiA
3ZI’°C> LA —— e - SATH_4|n pl|8 B5D3t
db.:;D LAAt e o C e e e e e »___T ' SA8 12 aQ D 13 B5D4+/
s> o LABY S 4 'SAS,_B|, |4 BSDSY
o7 o LACH ) [11 SaA_16| |77 _BSDGY
Jo-51 - 8[V ]9 5A8+ |[/SABY 16| [ BSDT/
Jo-d2 > MO [11 712 e[ SR\ ne
o MEMehg L N 3] V,.le  oe 7 2 R GAAT N\ 74537 |1
Jb-40 o__'\ﬁ”_ﬁ._,’__ NN 4 o a 5 D1+ 3 2 SABR+N\
Jb-39 —EM3: - - NN T b De e N
) MEM4+ ——1° e LR SA+BUS
Jb-38 < - NN .8l e]2 . 1312 ' 136 \ — %\
MEMS 8 19 Dar C
o3 < Mor NN 6 a 7 74L537
Jb-3b <> MEMT T \ N s a ,!b___gsb_' N 74
Jo3¢ > - - - N 14 (=} X 5 | e J
N 13 o 12 + 80,8
I2F N
P 745374 o LSB- @
MEWB + 1T 1E +BV
Jb-33<> MEMas ” N J“ aH R21 +5V " ] DATALD- Z
+ B[V 19 D@ &
Jo-32 & erae N\ =1° - ;i 74LST4¢ K j 106 ﬁa
. +
Jo31 > FEiEe I\ R . 0 T4LS00 PULLUP+ 3
Jo-30<> N o al2— = 12519
U620 MEMC . — —IN B, |2 0b% e e la
Jb28 <—MEMD: NN 3l a8 D4 +— e[ 5 1s ) (AUX+ é
MEME+ e e+ e a ) D C D Q o
Jo-2T<>—HeuE TN I E] 3l Ao AUX- Z
Jo-2o<> - NN 7 ol DH/ 4 b b 8 2
SYM+BUS [ N\ L] (SN 2[5 )5 115D CP+ E&l}ﬂ
V > : 1F 3P Q 741574
et T \ e T 74378 KIS r
symg+ 17 3 MEMg@+ e on LS 09+ -
. OUT- SYM+ 18] 57T MEMT+ \ il - . - PI-
% SYM2+ 13 7 MEM2+ » LS ‘ M5B
&YM3+ 1 5 MEV3+ NI Memgs 3[ V|2 13E
12 AT NIE A D alzy 7415273 SYMRD- L— o P15
s et |Novvar 2 {8 MEMa N viEw T 40 21 e _ o — 4
13D “1c |KN&YM5+ 4 1o MEMS+ N| MEM2T 7 3 74Lsl _
74L5244 741532 SYMo+r b !1M~MﬂEQ/Mameg 29 ESa 2
BN SV 12 MEMT N[ sz g 5 > 5 o
Jo-14 — =M B L MEM4+18 i 8
ow- 919 o 2ol NV mewET© Shie 3], > 2 o] ) relsse —4
= 1 MEMb+ 14 A I
] TaLs244 Tersaed | ép /ﬂ_E—MTﬁ-E o a :g e ‘ LS00 TALSOO| TALS32 ACK- %
. " 9 —
Jo13 o RESET {{\0 A " 1 L, —° a . SYMEN
ke et i —
RESET- \SYMef 17 3 MEM8+ u ENSFY-
svma. 18| —>—|5 MEMON| GINT %
2T 1\ GBLANK- IAALES
"6 MEM@+ 3 17 CrEVIDS Jo
GACS- 10, . g 74Ls244 N MEMT+ B 15 {z ]
Hee & 5] MEMZF 7 13 NOATTRY 3 ;
37 CT/ALT — 1l19 | Suiiniand PRELD®@ 3
’ 741532 r— — a+ /|N\ MEM3+ 9 1 34440
c | 8 12 MEMBY /N o = WREND + %% 0
4,/ 590 - vEMar/|I\ MEwa: 8| < WREN 1+ PILAL
{ L G MEMZé/ MEMS+ 10 4 WREN 2.1 /8]
5 ALTCHSET- il IO N L MEMD? 1@ o ;
2 18 MEMB. /|, MENT+ T3 < 2
ECURRAM- i MEMCH / NMVEMTH 1S
8| AL 12E 43 PU 3
ngrerLE~ - = 1719 wiseaa e[, € ol° E;g
7415244 TaLsead LS L
IOR- 15 . 5 5
110 74574
VER BLANK+ o L

Video board (2 of 7)
01/83 Updated IWS Schematics  H-67



SELB-

m SELA-
<

I qul 17 =9l 7 _’!1’:2;_(1) 17 AATTWR- 1o
- AROWWA- I ufl
% = 212_ WE cs cs 12: WE s cs " s cs WE 20 o6
-q OE L —dqOE ——d OF ! 2 1 LSN+
17 3 145244 N 71a 7 A 145240 __‘
S 15 5 ol, 7c AN ac. ol, oc 1 SUTH
=7 ADDRG- 3 7 5 93422 5 93422 5|, 93422 18 2 4504
o 7 5 N 215 =T N o a
N — b A 2 7|2 2 s
S S -
%_ﬂiﬂh TaLSle! T % 3 A 3 A 2 A 3] Q” 17
o 17 Jio 8 2 als 3 : AN ? 5 (k]
ol 3157 Bl 7 17 - DO DO DO DO BI BI BI DI DN DO DO DO BT D1OT DI DO DO DO DO OI BT BT BT 7 i3
PRELD¢1O 02 g ; 8 m:z T1 Iw oli2ia]1e] 9 11]13]15 lofief1aie] af11f13]ig 1oj1efiafio] afufizis “53__ il
-4 4 o3|z - ]
Ao Z17 % aclyg o ETY A
o4 D ap 1 ha MT
3 1 44 -t
—dqLD CLRp 4 17 3 /:{BZ
" - = st L7 A
- A T3 175] A( o+8US
Az 13 T DIt A
El : 2|70 | ac 17 9 D2+
a |74 i
2 P =) 3[VEPET]4 | TaLSIc 2] D> |is D3+4
v L ) e ) N B B o -+ Zedg
= oriT 113 echel .. [} iz - . 2241 BspeBUS
08 9 D ool e y E- 12 - - - —— e NS S e —— e R @ —_— // é
£ o crp 5D [~ - - o7,
2c 5 | TS 74,5244 - ] - . BsDZy |
0331 =+ “TsT - 7 3 s - ._.._..,_;_5_/5'5'D 1t
'2“ CP+ 13 5 e : 25 =
A, s N ) . B%03%
%_LQAD A- T 1 9 eig;:/
oL —_——_n
N I I N A O I el > 55001 4
[-- ] FULL+ 4 te 57 )
b' e G ia BSO7 4
id z 3 BSDS"/
HFULL+ — = oc. BSD94/
80 BsDA
< T? Im T4LS244 KBB:/’
cou BUS o B
’!l\\ _l]_lw 10]12]14] 1| 9| 1[13[15 1ol121a]i0|a [11]13)15 oizhalidali1|iais
COL P+ 3 17 3 7[cc0omooor amoror] 7| OOCODODODIOE BT O 7| Do oo Do DO BICT BI DL o Pl
N_CoLt . B 5 ol o o pe-12
N\ coLai T ’ i3 A 5% 5|4 5| 4 =
. _;4_. — A A A —> PE‘IS
N\ coL3+ " 9 e, 70 a1l 80 21 5 9D - P24
\__COoLa+ g|—{>— [18 T, asdze. 1] 93422 1 93422
COLS+ z 16 B 2 e e
Q:QEE@ ——— - G Tz 3 : 3 A A BATTWR %
COLT+ 8 12 AN raly a A
S ;ffoz T, Bl oe
- SEL A+ 74L5244 2l we "2 e we §° P2
- v cs cs cs cs s s ®
1
L > [>“4 Y MI . "] ] 1 SRDSB-]
AN TH SELA- 1 1
1K ‘ 330
e ot [
ROWC LK lp 5. b o To
A - 3L ale ©!
il /o] P c o 11>(L7H SELB- ‘1: =
f‘ “4574. 74L504
% BROWWR-~
EQ[
Video board (3 of 7)
01/83 Updated IWS Schematics H-69



JT Qe

5 /717 /] _EPXCL k¢

111D . - —- o P2-10
ESYMCLK- I 4, o> P2-18
%Z' - P5@ | c:ouausEZ‘
J7- 2 EPXCLK = e COLD+ A B
470 38 COLTr
o o 3 , 6331 PLL.) coLz+
E’l 9% 1 1 3 COL3+
. o 3F éaps - Z 4 14 o . _ .. _coLdy
470 mcao2. 470 3 5 3 I R e COLS5Y A
5y i S 1 NE: oS Sle : T Gl
L4y - ' ) 5 2 il _ e OLTE
a3 +5 -z 61 15 o 9 15
— -
120 31.185MHZ | 316TI0 s 7 ' CT/ALT |3
13 _____ - 8 3 9 5 . A
RMJ_I_Z' __1;_ I —> +5V 4 )4F3, {40 . S _ HORBLANK= 250
= Al o1 |+ —
PRELD@® em = MC?&.OS 5‘_1_4_. Iy 10 Mc 10105 T az o J1-9
R ‘EZ{S’-‘?%MHZ 3 s el o |®T ) G-
s 4 14 3 iy
= Aq HOR BLANK+ [Zl
RIS 5 13 Z A 03 E P\.a 415V ! D
3 1K
820 5 b e i
4 [ 1" 15 Al 9 3l 1 ]wl
= ¢ — D» 3 i) 4 z ) 13 LHOR.DR=-
6 i 1B | & o a1 i@ liorpRy M8
RP3 MC10102. | 2 o) a I i PP En J13-11
470 | 030061 13 15 117 LVER.DR- _
QA D =99 oJI3- 14
= > 74504 7]10| E o al’ jj>_ 10 __ LVER.DR# _ yi3-l2
ST < ESYMCLKB- B3 ' ?- lsouoon N EU M — A
< T ) _%_1 -8« LB 9o 2LLs3 8T VERT, BLANK+
- LTS =  C—
VERT.BLANK- s
p2-17 <3 HPACLK4 A 8A T SVMCLK=
2 8 aLSot VERT. BLANKEN+ L),
RP3 c " 1% 3} 40 BV oo T
+5V TPo 470 ‘% ° &b S_ THar  oifle 3 7 s
= L > A2, A
- = i1 4 1 4 14
S Lo A3 2 L
. ? 4BV c 5~ _0 (&) 3 ° 1 B el IES LINE+BUS
R28 gf ¢ D T —{>o =1 2% 10 73 i A
100 RP2 ) A5 o3l =l A{ D AC| T eeee o e
MC10137 470 R27 [ 14504 o 1 2L a0l
Ts2 qal'* ] ' K Bl 02 ga” 2dio col?
RP4 14 74804 1 +5V
, 470 ¢ 9., »———l A8 = 3Ir_ & 1% + T ﬁ:’ HOLDOFFE
E—‘VV\P‘ S— e d - — N . g 1-5
B 7[00 AN ——0 P
L - . i 3 _‘1 l I RONCLK
5 - ac 4 a 14 L C -
B, <oF3 1 2N2403 2, I = = D S ] A *—@ ° 2
— D a I
= L &l = 6 2 - - e MM e
1 410 0 470 74.57% 15% Q 15 _ .—P;f_: :Z-..iz
= MC10105 L4 B -
J7-5 ao— ESYMCLKBY = -63 *~—— 4 _T - L . 50/Lo 2&
37| SYMCLK- o Rz T Rty e
' 470 | RN =D TN R 5
- %A —1o " a
P1-18 RiZ 3 |
‘%91 Hsss e —b> _ & B BLINKCUA ( 1.9HZ)
BLINKATT (.94 HZ)
- g - - 7
oA /80|
741574
Video board (4 of 7)

01/83

Updated IWS Schematics H-71



P20 D> e - -~ —
b9,
z71.b8
18] beBUS T 46
E' — McIolal ja.
1 VAt
P1-20 Dg_z_ — = ,Z QOTO'
Pl-24 X —dD0 Sl}m 4
bs- N ] o 7 ESYMCUt [

- e T e e e — (oY~ P YO SN S 4
Pie0 o D% b S o a2 1 L 4
P27 PE\‘———-‘— o - — - — O] D3 DR 5,”,

P1-25 c>9-23 - N - S oL
proza oo NN — - g b '3
P21 & P N R e 3!6TIIO__I!,!@ 1
_ SAYBUS Q 10 7 Jf_
l?j' [L______ +5v +5V 15V +Bv +5V N3 +BV iS5V 5V Y - - S @
PI-37 >onBt T T T T T i s Tl %
PI~SSDW 1 nLe 1 i 1118 1]18 1] 18 11118 Hiie 18 8 plie = 3 5 g? st |7
D! DI L 1| o1 11 D1 1 1 DI )
P1.39 oﬂ"—\ N ak Fla (A 1A 11a 1,0 1| p 4 1,0 [, o __“ [ 3 90, sal’]
P1-40 (> SABY - A A A A A e R e el el 2|, 15 e 0|03 5
P1- 300 JAT N 3/, 6E | 31, 7E | 3] €& 3|, 9E [ 3|7 I0E | 3|10 6F [T 314 7F [3|° 8F T3] OF 31" oF - O35 PR
P1.35 , SAOY N 4 AI-21<n a AI—ZM! afraa [ 7| ra1a[ 4| raar [ & rew [T F| e [a raai[ 3|} rawei [ F|  rewa 8 K 3
© g5, N 5 3 giA 5% —E|A 5(A =|A = ={A n mMCioiat |
P-3s o 22— 10 5 =14 Z1A A = {A =d Y A —2a A A = - EPXCLKY (4
P1.33 o SAGS b, A A o, o 0 0 © © © 45V et - -
P1-32 S R AN R 7. A 7|4 7 7" 714 Kb 7, 5 '\I;1 -
. Rt ——— —— — A A V]
Pl3 o SAZ: L = o1 CIA ol I3[ 1ol oy e SMHQI"E ] Lt B S
-y TP 1 1 15 15 5 1 5 12 - 17 EST+
Pl-30 . OA1 - —7lA 71 7| A A 7l A | A I 15 5l 'S, I Do  — —>F2-38
pI-29 Pt BRI A A —21a A A LI 14 A A x o s |12
Poghg N , L
i E] EIN ER i Bl EN E A EIN —3i4 3 9 s
1814 121, 2] a A 2 E EH 2 = B CRC] P
V @SYMWR- Bl Eloe Bl e &l we _éd?NE AE 8] A —3B]2 EYI a" s Lo |1
BJ 1d ) ""—C,O 3 “bc - - = wi —8 WE ——q WE —TWE —W WE 8l "- f R262R25 ¢ R7
Gl et N B [ des, Qs -E cs Qs Oes s s I mcioiar 13 — 4705470 5470
. SYM+ BUS . 3 v St DO L. bo DQ . DO oy DO E
%;\ « 7 7 7 7 7 7 7 7 1 = =
Q SYM@+ SYMQ®
S P [ - - S - —— S — PR S S —— e - - = — -~ - -— ~ -+ o e - = e e e b e e 2 = o e i 2 e - - - e —————— -—.——’ -
symie | b I R D | Sym1s o Feed
N Y A SN S SN R D S S U Y PSS SYM&#DP&EQ
EYMETT T _ J— SN S . S - — B SR S S — R R e = — S P2-30
Q‘ SVMaT - e ) SVMB’D p2- 31
\ SYMG 4 e e c - - S-Y-Mq’ P2-32
\ §V~Mm' et s R e P ) e e m R ,_‘_,___,_,_SYM '\ pa. 53
SYM7+ | e Y S B o EYM“_’,% Po- 34
VMQJ ‘ . . ST IR ‘b - e T T e - - o . co "'S_VMQ‘ > Pe-sb
eV e - S e S S [ . —>P2-37
36 ' T 7
R18 U S
330 i . 5) 32 15 __ 13 . a 0 0
= = Y -~--—EI :> 3 r?,)j 22 g o S e {‘;{>,
P> ALTCHGET- 0 36 RPT —15_537 oVt
Y Siteniiad | 26 a70 26 5 e >J13-3
T 3 | mMcioio7 MC 10107 16
7 3 a S — L RPT MC10105 4 13 15
Bd——2D%, =0 36 1470 =l s o 1D - S Ba3-a
ECURSOR- 74804 Sk, -l e Il S . . H)J"\\“B“D
VA F:_Dm 9. 10] + 4 TS POSE) O (g A 5 —
s 7 - — RPo b o ) RP5 RP
EBLINK| <, 36, j? MC10105 = a7g ME1O105 2oy 3arp (O TP8 émo | J_473
% S — 1 1 1
[Z - i3) - = == = - =
EREVID+ *—— Mci1o107 e _ - - - HBVIDEO+
MCI0I02 x4 S - R S JT0
E(BLINK+ R
UNERLINE 4 ) ol el B 4 ’ el 33 © 5
SRPB™ARPB SRPB GRPA SRPI SRPI SRPB SRPS SRPI S RPT RP7
239 C VIDEO- S470 S470 S470 S4T <4D <470 470 2470 S470 S a0 a70
Uia7 o AUXVIDEOB 1 i . i i 1 LD S L G 1 !
Ji3-8 (o AUX VIDEOA 2l 1
TF_NSIFY+
A S : e Video board (5 of 7)
P2-21 O S —

72O 01/83 Updated IWS Schematics H-73



HFOLLY
B

. 45V R-
_ 5 _ AROWW %
£ _ - | Yop ] - BROWWR-
o 21 "'Pa T o “”’““ZA‘ﬁWT@ %
—’9 — 3 B e )‘a e e s - T e ”B—Af.?W'R—:
ROWCLK- 12 S 9 C Y3 44 e o
% — D & ® I ALAT WR-
54 148 4462 vap {4
%SYMCLK’ 11N s 301 745374 B (510 BLATWR-
D "o | ’ : ool 1807 419 _b_‘ga‘ Gl _ LSN+ |j {a
M*AF__'_:"'F s | || T 71 - L4 PN [ vibl_ 138 , . MSB- 12
141574 a 1_1_] 14 5 745138 — AUXWA- 3~ 4 LSB
— 3 A (a]] Y D Q 2 - - rra
= A D Q. -
DROWCLK 5D S . = 5 | 74504 ——c> PI ©
D A o2 D a R Hnc — PI-8
T4LST4 1] 4y al2 - L 7415139
cP+ - /5A 9 7 b — ADDRO- 3
10 A o3 D @ d PREWA EJ——Q
@ NO ATTR¢ 12[>5 o 4, 8y  al° e | £ T LOADA- %
d — FAN 10 12 __ /8D
") 135: nr | 4 Y2 b —r N 13
o —D c ® P T - _33? 5C ™) [ INCRT L6
PULL UP+ 137 - 1aA 2lpe TSI = — | 4%
% - A 6301 |3
6 2 - o B m—— *—{pu n ZI
¢ A 00 14C 15 LLCH N — L
DATALD 11 z|A " 1_a<]:i3 [ 12 b ?
< - ol ¢ g 1 ol | o
2 c b 3|4 12C 3¢ 1210e ° 10 8
1A 0 4S04 745139 DE A B C —4c
— 1 VIDACK + 4 o2y - 128 F9iliola 74500
l;_&i +5v LR 9 745374 —
2 18 A 03 18 9
Jb-nw o @, - 8l al? B s
o @ e
745244 5 188, K B 22 PO [ T o 11d
o 9 g 13A 13 o alie 1] ] 9D 8
»'3 T e 105 _,__iso, [ 3 D a e . 12C Tinholo
out-  R] p 0 ) 514 7 5 [ 104 srEasc
‘Z]—‘——- “loc " alé ol, ool R (7 N 1 s o TP4
> 7 ACKA- 74532 P ¢ ] 7 51 %5 ) — [ wpoo-e—® 7|3c.
N i THTTER ol % g - TR g
T 3 T3 . - =103 - >
7“‘52‘,‘: 39 )2 I | I NOATTR |3 SYMWR- T P2
[ — 1 gl ¢ 14] CURSORWR-
7 Fwro- 740832 ] st 9 = 310 STYLEWR- = P2
[?l BLANK- o PR 12|, e P4
ag| 4 = - A - 3 2
0 A=
A AUt | 8§ g . —d B 1A 41, al® e . .!V_"*E_‘f‘?*___{%
I — o S 12A 6301 Tl al@ )i WREN1+ /A
Lelp 2 al® { A 4 00 5 a - e - -
3 o ¢ 11 ©la  oofle A Bl afe - T VER BLANK? {?]
EOP- 3 —2b a2 7 [ 3 1 7 ] e 65.':*3‘!&:_%
vert D__“___Hj 14D = I ] 4 : or! - N ! 23 ‘;lq
\4 e 1A D e e,
Tsoz 1T oe, WREIN AN & Lo %
W a o2l 1A “ T o} s 31 VIDACK (. o
[7;;], LEOP A o Bla osl I0A = 2| ST, —-—ed]
A A o3 2N 745374 L 5 o) e o VIDRQ+"'C
. A S P Jio-lio
Ts T : 12C
Jo-9 (o VEMCLKt 8 le n ) 10 ARE L B3 q laT 74504
g ! ec ¢ N ! R S - — S él_)»mc
7415244 L 74504 1L L 74500
%RESET— L
37 STOPDMA- . - ] )
|213 - T - Video board (6 of 7)
- '_ 01/83 Updated IWS Schematics  H-75



- 141574 L
po-2 > UNDERLINE L .
po7 o DLLCS b 4é log Rio
12
s o ATTO= - o K 2[5 ola__t2[, 1K
pe-10 o—ATT3- 3 ] Q-
- TH Bt RP1 P . P O
1 .
P11 D -k — LS04 4 ® RP1 y " v 137 STOPDMA %
) j‘De 5 K 4 74L58b DROWCLK- % ob
EZﬂ ! ESAD- 13F —w~-———ﬁ$[:>s LEOP- G
8 GINTENSIFY- 141532 | —— {2;]
Edl BUNKATT | 3 P
% E GBLANK- =Yy, asm EPXCLK+ %
&2 ‘A HORBLANK? T CP I . !,L(o| MCI0 4\|/
’ : [4
A B VEA BLANK# aD_ k3 . 15 2 18] 06V aoli INTENSIFY %
. 4> DL
SA«BUS T 14D ep ap 3 a 5| R
(d — - \ T4L502 141504 T4LS1O s1 S
INE 1D 12D 4 ik
B2 LINE: BUS 7s374  MLS244 ) SCREEN S~ | 1 = o 7]
BSD+ BUS 9 8 1 e SAZ+ BLANK-| |1 5) 218 14 3 o
24 > Y% w ia] | SAts B8 | 1p2 73 ——>4o o
+5v s} Q SAar\ T4LS10 el Vv 149 EBRLINK-
s al2_4 e 2D 1 o AP @
%__ RIT 2 2 18 SAS¥ ap 74LS04) 1 15 |E(BUNK-UNDERLN)* [5
5 al 8] | SA3+ 14L510 ool -
sTyLe-| 'K > a7 3 ] e aqel® ECURSOR E%ﬂ
P2-2b Dy = 106 b a5 5 2D ap 10 7 ol a3l EREVIDF E@
P-17 D 741500 o 13 7 74L504 741800 13
tffm)S A L 3 L L. 10 3 8 € 5]
N Jo el po D Qe | f e \%ﬂgﬁD$ B8 10 8 2 3 L mci0141 OB o
TH A ] N SA2+ H ~ 316TIO =
74504 1 19 N 5Az 10 4E 2D &8 = 10 1 ESYMCLK- 2
SYMCLK - e 74L504 74LS00 + @
4 = LS20
P28 (> ECURRAM-
I — owE e o
1<t L
KD+ 3[ ]2 cwrp 3
NDW_ 4|y g5 CORIN L v
P — 7 & CcuRz N\ CURE 10| 9 +5
B2 Tip ofe CLRE N cori 12 Bli
ND3t 8y ald CUR3 CURE 73| 82 7y
ND4 8|, 19 CUREN As B3 R10
D3+ 1.l cqﬁ\\gﬁi_gu Be K
L . CURGN| e = g
13F N.D7 13| a};ﬂ__g_ﬁj\ 74L585 4‘ bb 4 PU %
74532 T A N ‘ 2o ° .
BLATWR- 7415374 '
% . 8 | LS3 11[ 1 T 0 jm 3> ale F;j)(o 74LS86 74500 +5V COLBUS
: CURG C +BUS
LSB: ¢ curRs TiE]" BT N 5B RP | ,»_“;“_‘:E%Q
"""""" I D2+ 3|, ale L QUB_Q/ N CRe 1A% BYiE 156 b 74500 | L | / o
ALATWR: éD‘D" Noi &y gls | cuRi/] \%ﬁg Sives(E raLsTe ) 2
D N R A A N [ e r W
740532 ND3 8/, 4|9 ] CEUR3 19 1 4 8 - e
\D4 18], gl19] CURa/} TaLSES| LA o COLT: /
ND5 17| glle| CURS coLa+
(\De+ el Gli5] CURG COL3+ /
D% 13| g|'2] CURT = — %%g;:/
14F | o L3+
SELA- 7“‘-537"’#]\' - ) COLL*/
e ==
1 I . — e L EC
%L SELB-
ATT2-
Pe-3 © CURSGRZ™
P2-3 Do
P2-9 o =
GREVID+
A
27| BLINKCUR

A

01/83

Video board (7 of 7)

Updated IWS Schematics H-77



L2
Laa b

HORIZONTAL DERLeECTION

o8 +3zv
W
0 ¢ g t
w
1
RI9
Q8 IC4 MJ- 12008
39Kk9 WIDTH - oR-
R20.y 7812 ""3:':“.55
10K 2 T RCAB99)
1omm
MPS-U03 705-50-0'8 Q13
R3
) o oL
CAl, .
-0l H YOKE
250 ke
CRI
/& 523s
6.8V WHITE
KET
) 12 [Mcone r—-r—-—1
-13 CATHODE
Ro | Q9 EO — 1! I~ IYEL 7
VF;DEOB% i ;ﬁ— s ssa g VIDEO —{3> , B—
| 1 ! -]
NINY 81 24 oy | Jo | | D.Rluq
= ! ! | BRN 8
+3 8 oo R22| R23 220 1 r—|| :>' |:>——f—-———-—| HEATER
*A AN 1000 | BLK
Ji-4 R8 le] 1000 ’4 %4100 s ‘ T Il o r’;{ai"’|
| 2 I ® oI i
H._DRIVE 632 r T D g}# NN 4
150 2 h\f‘1> 3 C"OZM 01 +32v FEMOTE BRIGHTNESS clg L TE’>I | pa3 | o1
Ji-s O—e - 32v =M V] Y500V o | RED ! oK 13
o] IC2 . VERTICAL DEFLECTION Lo —1: < eree ;{DI " Rae ! e
- BRIGHTNESS ORGI 1, Jok'4
Ehe il g | | P e
| AM26L$32 ) : : Js | '
o > ot T |
== onT I I
Ji-le N 13 = | |
Rq 5} +2v 470 | | |
V.DRIVE 150 & I : :
J-n1 B8] v l
L— R 1o -32v | | I
= CRT BIASING CIRCUITS =
292 4| 55 - L o> J!
48 . 1.7 1 AmpBI12270
Dﬂ[ :J Roog % gz * R5S ' Q:;:swa tzev -@ (- -32v
SHIELD 2200 2N4124 g GND @ @_ + 82y
| F1KY
= cs PTK ULC -l <0 AMODE N/C ®- oo
cet v.oRVE - <) (@) H oRwvE -
LM723
R9) cav N 2206 24 voLT v.pevE + —(6) (5 H.DRwE +
1200 REG |1] 6nD (D) (e GND
c25
ca4| LYY Rs8 key -@ (- N/C
Ol 1~
1wopt 190 viceon- ~(@ (@~ 6NO
- <t viceo st <2) (@ vipeo A-
_ J2
T = > e enp —() (0 viveoas
= § V. YOK&-
NOTES: ZD_) 20 mH
I, PEF DATA RAV SCHEAAATICS

bol-218-002
601- 218-006
©01- 218-007
©O1-278-008

"S" CORRECTION

CRT Deflection System (schematic)

01/83

Updated IWS Schematics

(1 of 1)

H-79



“,ﬁ85_~; Semeas -

VERT
LIN
VERT
SIZE

c45

+12

20

_D-;el 023
C: —— D -I:l—

L -

MADE IN U.S.A. () 1981

=~ cri6
CR17 -

¢O‘39 Ouo E‘ig ]
TE e

( )C35

- /_\‘ Convergent Technologies™

A-60-00037-00

I :
= e
PURP <23
1 rse

REM BRIGHT

L HIGH VOLTAGE

01/83

CRT DEFLECTION -50MHZ )4

CRT Deflection 50 MHz (assembly)

Updated IWS Schematics

(1 of 1)
H-81



t5vea DACK /= {AQ
@ZJ“ , 572508 (
e *5v /0@’1—— S/I0RG /I~
R Misa2 £26 4 ¢ Tdsu2 ' 7415112 %
7405175 ALY /K 5@————1 3 le 706244
/3 0 (.)/_/5 /74L‘505 ) 74[506 E—Zﬁ:; PEQi _L 7 J P/\’Qi NAFr 2
LSl g /50.17 > /505 & =/ V]
200 1 plio_] L0 2l o = 2], ap— Naor_&| 7¢
o 1o I3 CLR CLR 7
4] “r 2l, ™ |2 7 S e N\dcz_ef |4 ldbce
<
roe 141508 | | L /6D 8 I;\%ﬁ @4+ /5] -{>
A %ﬁ et ° 7 /3
Pa/(— q /I i 173 8¢ U
KESET- Py .
FLLAF /4¢?T
T4LS244
N a7t 8l g |s2 uaw/
T N o6
CPUMHLDA+ N 57 4 5
*5y 1 N A4: (]
12 1% N | | 437 /5 _D_ Exa
€24 N A2+ /3 7 LABZ 7 /
K25 £28 N\ At U LAB ¢
'S 17x 47K N 7207 % 07
2 108 - : 745247 CPUHLDA ¢
5 e £
m 3/1tow - 23 TF_QD/4 139 . - 741532 A
y bs,
6. 4MH¢' 50"‘”«;’)’(1_ 1
— 25 o WE-
o e - AALT
tdie o [ @w&z&eer _
+5VP3 Vee X' *245128 AEr A 2= iy pRL o
A 32 ;Er _ low 82575 4LS/3 =
g Lemiz= fEer j@ 25 i N 4  —T e ] S of
2 ‘ g 485
24 @ 5 s/ 4, 4 AE+ N85 iDd5 90 45438 5y /1 \_‘484: Vi 5 o"‘/a
Ul BOREL A8 Ay N5ty 26|pa, 4,121 Adr /] N %
—lreae 4L gqf 74(5373 NLE2% 2 7], AETS 437 /] M9 rases - Q
‘ 154wk A br , (62728 T 2t/ Lagor | ¢, opLiTIHERS -
s N 7 | i ey @Zi{/ 7 pHES Iy NLd6F+ | 4 a7 - 4
SIOIAT E 7 Blr<re« 8 LOB6 ¢ 4 Hio / ' [32 7/ =l 624 O _————I
[ZL SNNTR " 1 po Zf“ (7 o857 15 Eoole 75 \‘*‘?&’-}m 08, 45 oz/|] (5 a6 Qps5] Siocs- %é
. 031 /o LOBYr 3lp 2 A4+ TR - 9
IZL CPyREY, L P ?: 5 [pB3r Hlp  ¢li5 43¢ 5575 04 Aln mesos
/f: 4 LOEZ+ [7lp ‘o6 _A2¢ 2 / 12]cik cq 3 12
= S vy B e 36 Llgeser A £ ADESTB +
= “ i iiee 0 e 4_ 4 Clresoy acens|B 730 _ADE %
74524/ 111 7 20"
r5v —
£R3 arl30 /2 =
?.3._(_ 10 33 / I ° HEN - {35'
A= S L= | LDBP-LD8Tr :
11 »3@ ) - ——— B P o 7 IJ —— [ o
oy crumoLd co87: _aly Jo.  _are /
o - N Lofer 7l THEL
£o N L0&5T S F Apr /]
Frs N Lofdr 3l 2 e /]
cex |32 N LOEGr 73, 2 4Bt /]
N N\ LpEZr 14|, QB ___AAr /]
4 ' Crp 73V N LDBIF_ [Tl e /]
ws240 2 L\ L0807 /8], 9 d&r /|
s} 4{>c/é A/ i
g Flvsed
L.__gvo___ | /36 AeroS T 7415973
20 INDICATOK T e l e
. L DMARDY +
¥ i : 2
%591 B — 21504 PCLK - [E@
rAE} S/~ KESET - {7
e e e — ﬂ]m-o A
] L] -
AL 1€ “4F . FAAA04

74524/

Comm I/O Processor board (1 of 6)

o1/83 Updated IWS Schematics H-83



+/2V

Fr-7 [D>— ———o 8000 - BFFF
T cro |+ 24,68 5y
s [ > e 32 24.30.78 cr7-24 817 )
. > T o/uf 7 o/t 1% el B M H . o B TES:
- Al p = = Y& e n j [ ] [ ] L | - NOTES:
£r-79 ———A— —— ves - — = — » .
s TC,/ Z2l (R S 2z, = I = RN & R = N = N = I & UNLESS OTHERWISE SPECIFIED:
.80 [D>——-r INS9PIR 474 9 3/ 553 55 37 = 7 »fs = - — Sl u 1 u I. RESISTANCE VALUES ARE IN
PypRan I Torey 2P [ u ] ] ] ] 8T @ OHMS., 114W, 5%.
MEMCY + = = = ol BIT7[] ] n ] ] ]
% {1 . 210 BT 7T . = — — n —- 2 CAPACITANCE VALUES ARE IN
v p ¥ O ] : ] - u u MICROFARADS.
“ Z|z6 )= S H - - = — = = 3. ALL DEVICES ARE STANDARD
. le | a5 _ 73% O o n ] ] ] ] 4+8,7+14.,8+I5) 10 +20 GROUND
2SN uasf . 15Vt el O u ] ] ] ] | AND POWER CONNECTIONS.
; o 4y / i~ _Dour]
|7 Zedne (peeed)) 70 Qs Sk 2| ] 2| m| 2| A z[ ] 2| A ] 4] 2] A 4
12 T LEg- (a6 Messe R EAR" B ¢ . ; SPARE GATES
F . ’ Vi - - - - - — -
/20f 25 ° vel4e &es, ? e O ] ] ] | o ] TYPE |REF. DESIGNATOR| QTY
g ek —— 3—1;?5 ) 2 Z Ki‘/ﬁ O B0 HH . 0. H ss 74508 IoC 1
45 2 o 5 [0 | 28 [ 38 || 45 | ] 58 || é5 L] /5 | ]
= 1svez - o -—E———MD’ lzzs %’,ﬁ:‘f; = m “ :i - - - — — — —HBIT@ 14510 cOC !
LABC s 39 Ly, 8207/ St 4pld— 2 / /2], ] ] ] [ ] ] ] [ ] T4LS 14 OB 2
457 ; ’ s SHTT
285" N\LIBE2 Loy 2004 G bl — L0 2 &S TTH H H H . 2 a oSS 5A i
-—;—lD PE'Q,__ LABA+ 2 L4y a’rICQ 8 AN/ Z 4, - - — — 4 — —
“poo |, LIEE e Tepl——s - BRI N2 e H . ] H u . ] 20L53I TA ]
g ‘ Caszz 5, 50 TP P % B0 g O m u - TALSI1Z 708 |
v e /i NLiBor /8l 2 s b - - - - - -
Pl vz i A R W vl | . H u o ] ] u ]
s ¢ Adéﬁ...Lf./JL, Fas p2e 6 AN\ S LD Dovr)
3 ] Merm s QW S S L(f LAdE3e /20, 7 3 £rs L 4 2| 14 2| /4 2l el 2 el 2| 4 2| 4l 2| /4
Z vy 'LTM%%—%“Z 5 b AL =
£9 SESTel 4
%_"FM i 4 ¢ c A - =71 oy Tk p30 | DAk L/
e P yel 0 00— > LE b ] MEMAE -
e e {,,o ol 4 — 22 ) 72V op3 3
’Zﬁg —0 o o 3/ d e / 3340
M F 5 owo )
H 20
ey y - I / P - —l:_ §
R . 2@“ T ] EBEEBEEE -
7454z Nos7e AL e REF. DESIGNATORS
Loger Z oz LAST USED NOT USED
405-;r 7215 /C o73 —RE
LOB3 7 3 -
10527 1A Chb
DB/ [
POWER AND GROUND LOCATOR yrr:ram:) AT 1 ‘;i_?q
REF DES |TYPE [GND | 45V | <12V | -5V 75373 _swe
IA-8A 2TIb |l | 9 | 8 | 1 Vi R
| 18-88  JeTib]ic | § 178 | T T
T4LS 244 g‘gﬁz
S R A A S . /] § ZDBZf ;/ 9 3 AN 7
o N<LLBer /- 7 [ AAN 5
R LOBS5Y /5 /0 5 ¢ 3
LOBL+ /7 3 2 AN/ /
LOB3r -] |> /2 ya
LObz+ [2) /4 ) NN s
LOB/# 4 /6 3
LB+ z /8
} 19 r7 / 2 _ . CPUHLLA -
/ Jr ’e_.?_;,;_ J\>c %
/30
= 74LSo4
LDEQr - L DEF¢

CFRUAMH DA+
L=

Comm I/O Processor board (2 of 6)

g1/83 Updated IWS Schematics H-85



74LS32

% CMDEM - 4 6
XACK = 5] 15pe—— Hsoo 20F
% 44 /2 ” meeoys 51" 504
% /31/8C : CPUMEMEDY? 1 ,, c) 6 /D 2 cPuURDY+ %

% MBREQL #
WSRDYt 3
Pres [ ek -
745
2/]S4cA - / %
Z } A mEpcy ¢ 2 )/8c
4 4l 741574
2 s
’7154“” 5 'f/é 2 74,308
0| r'C Qb QMAMEMEDY ¢ 4:/—70\6 DMAEDY + >
; — %
15y L +DVYP4& [i 718
o7 rav 4R
% +5VPI oK ! %Eze
73D WV
74150¢ /oL /X
|Z le 7 Q ADRSTB+ QD /2 p”fqi ‘14 /30
I/« ’_//‘P /9(, " 9 LSOZIO 9 LS04
<1e® 84/55 - I 4>3
C : 4]5| 4
+5VPL Bl ¥ i 1532
- =4x 17€ ! 3 //
0]
. P cLR 7%:(5%/350n z
7 = /T ]
Vel e +
HSo# 508
74LS02 T4LS04
%NEMCY— e , BE
W CPUHLDA + 3 |/5€ 0 745240
& pE- 88 eaxu_ : WR + Eg
WALPAD
, 20€
vin "M 741574 274L5/56 504
o 4l s £ 7 A 2
2 9 2[, PR]5 , e
L gy 5.8 — A S Memkor 177
< papi. 3= >a‘é 6 X MEMWE = [Z7
.3
/5]’ /Igg ! ——%j‘ bl S/owk - r@
4 " 8
S8 G
7173
_j:'_ ___+BVP5 %
< 3 HISpE
10K —
|Zl &N/ S10KD- €
20| i)
[ —counea- W %
oD - . 11250 i £ %4
3 5 L 74LS/4 —
7 4V S/ + 3NG4
Epr A /30 V" 741504 5 24Ls02
4
ow - 6 j/SE>
&
EN—

Comm I/0 Processor board (3 of 6)

01/83 Updated IWS Schematics H-87



/2

/
el 7530
4 8
V7A VY.
5
4.

Comm I/O Processor board

Sw/ /=Y,
19 jnreo -
7415273 7438 8l =0 4/
Wé LOBY BUS 7 /; 7 7| —oltd INTR2- 39
28160\ 50 ¥ 2286: 1245/3(9 ,"‘,”5?5267," N MBeEGer _ L/2|/9E ) 2 6 11 INTR S -
vy 1z’ A - S— -y ZE TN 745240 E] DN P
0843 & 3 MBEEG 4 — >
;4. et B 1z MBKEG 27 N| MBEEGS /5| 3£ |5 408/3 >34
L LoB27r 4l 5 MBREG 2+ N/ MBREGCE: /3 7 ADRIZ - > 3
. Lo8/+ 3], MBEEG 77 \/.&%’«ié_it__ibo ADE 1= Dsg
;J‘o or /8], MBEEGO? N /M CEG 27 77 ApRlo= - 36
Y7
BESET - " /T 4 91 7415 240
ool 1012 572532 MBREG 1+ 7 12 ADRF - CS 44
e % 0
bl bl bl prmress- 10 rscy naEeH 4 71—}
488¢ /2 AQEB -
= //ut ot L1 "zl P IR D{> p
415640 74LS244 ;tA gz: g 2 ggg_ > sé
MDBT- _ /5[F 5 LDB7r 5 /5 MEREC Ty Xk —{> 49
Bo-_/dl; /ic {6 NV 1Zc86r /4] /¢ [e MBREG o7 &
p85-_ 3l |7 NV 1085 7 w_gg 52 N
84- /2L  a N1 % LO84F 12 MBREG 4+ /119
B o 7415 240
083 /11124 NV —J4o83 9 MBEEC3E N I _
Moz 16[;°, NV 112827 A MEREG 27 N Le8T ¢ 11l o AN_a0e7 C> 52
/ MDB/- FIF RN E] 1 LoB/F 2 MBREG I+ V' L486 ¢+ /5 N\_ADRG- D‘— 5
B80-_ /8]y .2 NV LDBO + 3 / MBEEGOF N LABS ¢ |/ g N__ADES - > 34
“ \ / N V LABY+ 8 /2 /] ADR4- > " 353
Ps) U 74532 L L4B3+ & Do 4 _A_Dﬁ_i'_____l'_{:> %
9] 1 2 s /]# ;Mszr; /6 /\ADE’Z- > %5
8/* /8 ADR/ - >
7 /12 £D- - /1/5¢ /31 o > 58
A7 ' jasr T N0 4
: ADRO - > 57
% MELASTER 1/9T DRE 13\ /2
Z 5€ [7415041 3
, ApR7 -
|M5Acs- fgi 53 -
ADE 2 -
B2 w7 I
< N2 ¢ 4080 I ="]/6
SE 741504
94L520 5IN\e 2 /5
0,
— i 4 5 aprd- 4| -
75V A - CANIE] R 7
£z6 —-
K 5138 7415374 7415244 SETU Bws g,
7 N_DATF- __ /8[, -9 A N_MD87- /7 3 AN DATF - -—
[+ I 2 sz |N\-eare- /7,9 J% |\ — - | Y3 |\ DATE= > &
Aol T 2. SE 1|1zl SlEzneso- , N_2ATo-— /4, %4 AN_Mo85- /3 N parp-——L>—, 29
Ftin T 1 DX i I 77 R s Iy Y | N 1 e 1 N A R — ¢
) 86+ 6 9w Ao gwégw - N_DaT4- 4. I3 AN AOEZ- [> AN DATA= —[> ¢
/ ZSOJ: B Ple aplie Ll qpekt DAT G- ° NN 061 - 4 NN DAT9= Lo 22’
Led?e-4 ——F—4 6 N7 v e A Z|\wzrrx 8] [ZAN CIICEm— S
AN
, 1L532 v 11|
LABP-LABF+ | 4 sz ot & yun .
Z: 7415244 74LS374 o
N DAT 7- 2 /8 AN _Mo8 7- 3[ 2 A [a} -
7;85 N D476~ /E (e N g%eé- Z1 4P Ly DATG- DD 8
LS04 741532 AT 5- A @i I N_MDB5- 7 A N DAT 5- > 7
Z‘BF%Q 8 10 \—&\747' 3 / / N_M10E 4 - 8 ol9 / DAT L - D 9
"'"DC - ; 8 N_DAT3- /7 Ej /| N_#o&83- i TN\ DAT3- D %
744532 '9 AT 2 - ‘ [> 5 /| 82 - R o/ DAT 2 - o> 7
[; l?l ALE 2. - ——Z~ N_DAT /- /3 AN—70E7- o AN pir/—— >, 1
Al ['/'/A’%_AD_E_STBf 5m—"" (N_Ddro- / AN_MDES= 3 7z N DATO = oS U4
28 — A
@ MBAEG + 741532 /][ ] /I
Y/ 5 o
we - 7 j/éé)c
el
% NEWCY +
]
g1/83

/ 74,502
/3
s

Updated IWS Schematics

Jowc - {Z
MEINTK #

(4 of 6)
H-89



MEEEQL + %
LS00 ~
20F 5 - ) 5 P/
4S04 BREQ + A BPRO- -
s [~ _BFCY- 5 [~ & 4| /38 s > /e
e 4> =5 D—'
mS17H 7.
EE— 4, %-23 7 LS | e 38 . coem -
[Z} MEREQ ? /2 [[Fe ]9 o 2 y 13€ 3;;6,_:5 21 /% > 29
Z 74is04 LS pp. n 3 /o -—} 87452/42 __%0> 208 . 4 H38 T MBMASTER - -..,
NEWCY + 3 Q — X /80 <{> K Q ® o Bysy- = [>
i s =F sl M5 3] L 5|/9¢ > /7
3 s b 49 4 74(520 T/5 +5VPIs
3, 7458 79574 4 %
(/28 RDr 2, 3
WE 4+ /1 ))178
% ~ K |
KESET-
1\ /\4/)é o -
A : BrEQ o
12VPS 13 | 20€ 45\1951[@
74508 T» 74Sof 74524/
D=z MRLC -
A 4e L >
/7 3 ZOKc - > 21
/5] D 5 Mwrc - > 20
// 9 Towe = D 22
%S o o0 /9
/" /08 ’5;,2504 CMDEN-
70 -
+5v 3 20% %
45VP 1 %
75V
Cil-i15 a
K0
(26-30 LS4 . 2000
654""7[;6‘? ;:659-54 2 4290 s r—% ! " -aS/O‘iLk ’
w (5665 5 = *-*——-IP I
A= o —3b 0, e
- 2
2 O * j’f 741532
u I / Iﬁjl' p
/2 C/ 4 2———
75 > e o rz
76 C\ {-) -5
85 [> " (> 190013150709
86 > {
= i
4 - = -4
3D cCLh- 5le =

74LS/4 MLS04

JANIT~ /3 [ /2 HINC /O MEBINIT— {/ 7]
14 [>—=— - ] 45254 E?? "
B 2=

1C

Comm I/O Processor board (5 of 6)

g1/83 Updated IWS Schematics H-91



r5y

£G £/6
47 47
(14 K SIORQ/ - %
T SoRQL -~ ‘/ﬂ
LOR* RUS 9V, /64, 261532 r : 2 @ 2 po
T e 4L 3 DATAD » —
LORTy i 4 oall2 S| {> 10
@i 7 7l B Z < J—éwx parag-—' |z
o)
(poor Ds TXD4 0 K3, /K Cloc K@t 18
e N~ %, T Li%??ﬁmﬂ Cekr 7
ips'ér 4 39 g: w0 /3 /4 ap 1O DATA [+ — 16
D& /v 7 =7 /7 7 Z
@ LO8 Y 40 g:’gg y “—g LIZ ¢f E&ZA ,,/K,\J LATA L=, 14
_ — £50A- DTR. CLOCKIt N ©
SIQINIRELR _ 847 Sw/o =il 3 TN L
% s 4Lsy | Sw0/2 o= Z. L p:z. A ot~ 8
2, S/CRD - Z, (2 36| —= RrcB |2 4(/2
SOWR - 2] D q nos b j—t‘ +5VP5
# SV - > 7
o B0 30 /54
hiiid v 26158/
ISP /104  &rsE & .
DAck /- / 3 Bcoa [22 11 Ps1s
2 Dol P ey - | T
3 T4lsu . =8 5 2 i
7 ZI\o 33| - ; Bl <
EESET - I B4
LAl === — 2ldser . 476 #74 4L
%Ls/pa.kr 20l,,, Iz L o> 2 staInTR+[7
{ o e Gl
<€ GNO /74
s /o8
AV lﬂ@»— 1 /4 , . DATAl+
LS/ = L2 |5 DATAI =
DAcKP- /0 9 ||: /0 CLock/t
v i m 8 > 1u Clock /-
S/oes - ] sl /4
78 +5v ’ 3
L
24 b 14 ¢ _ T/Z
Veo
D7, /o, %P/S
(D86r 2 ) e K /
n cuo 9
Niogsr 31~ Cpglu g 7 1
\LO84r 4 o 7]
§ wﬁf st o | . 4 5 3
/A 27 -
Y 7E] el V2 SWINTR+ [
-wﬂ‘—ﬁ_ o, our: 3 s - %
,
E% f;?- 25l el /88 5
VA2 . - (iBT7 Y palonA Vi Miso4 |l Tgrsier
L_‘V%J 7914, BIN2q 0[O 48D
oL el s e 74(586 _{>°—E > /84
3 LR Q4 @ Qo
zs [z Y /
@ TIMERS - — BL—__/—Z)@ Dcoa? - ”
’é 740586
@_/y_g/m_utf P ! %,) ) {
+5v 2ol T4LSWs - zq!vasm/
£2 o[V ie //D 10 . O[NVIs A Bc b
1K 7 1E 2 /94
11 - e W Q Q)
(Yl;l Sy Q3% G : A ;’
5y /;’z / ) //f 128 MK B
246 Mig Y

91/83

Comm I/O0 Processor board

Updated IWS Schematics

(6 of 6)
H-93



