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GUIDE TO TECHNICAL DOCUMENTATION

This manual is one of a set that documents the
Convergent™ Family of Information Processing

Systems. The set can bé grouped as follows:

Introductory
Installation Guide
Operator's Guide
Executive Manual

Hardware
Workstation Hardware Manual
Peripherals Hardware Manual

IWS Peripherals Hardware (SMD Version) Manual

AWS-210 Hardware Manual
AWS-220, -230, -240 Hardware Manual
AWS Color Workstation Hardware Manual

Operating System
CTOS™ Operating System Manual
System Programmer's Guide
System Utilities Manual
Batch Manual

Programming Languages
COBOL Manual
FORTRAN Manual
FORTRAN-86 Manual
BASIC Manual
BASIC Compiler Manual
Pascal Manual

Assembly Language Manual

Program Development Tools
COBOL Animator
Editor Manual
Debugger Manual
Linker/Librarian Manual

Data Management Facilities
CT-DBMS Manual
ISAM Manual
Forms Manual
Sort/Merge Manual

Text Management Facilities
Word Processing User's Guide
Word Processing Reference Manual
Word Processing Quick Reference

Documentation Guide
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Introductory

Hardware

Applications Facilities
Multiplan
Business Graphics User's Guide
Business Graphics Reference Manual
Graphics Programmer's Guide
Font Designer Manual

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, Xeyboard, and video display for the
IWS family of workstations. It specifies system
architecture, printed circuit boards (Mother-
board, Processor, I/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.
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The Peripherals Hardware Manual describes the
non-SMD single-board Mass Storage Subsystem (MSS)
and Mass Storage Expansion (MSX) disk subsystems
for the IWS family of workstations. It contains
descriptions of the disk controller Motherboard,
the two controller boards for floppy and Win-
chester disks, power supplies, disk drives, and
environmental characteristics.

The IWS Peripherals Hardware Manual (SMD Version)
describes the SMD MSS and MSX disk subsystems
having one controller board.

The AWS-210 Hardware Manual describes the
mainframe, keyboard, 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), keyboard, video monitor, cluster
communications interface, external interfaces,
power supply, and environmental characteristics
of the workstation.

The AWS Color Workstation Hardware Manual
describes the mainframe, Xkeyboard, and color
video display of the AWS Color Workstation. This
manual reports the architecture and theory of
operation of the printed circuit boards (Mother-
board, Graphics Control Board, Hard Disk
Controller, Color Video, Color Deflection, and
CPU), keyboard, color monitor, peripheral inter-
faces, cluster communications interface, power
supply, and environmental characteristics of the
workstation. This manual also contains four OEM
disk drive manuals and a summary of adjustments
for the color monitor.

Operating System

The CTOS™ Operating System Manual describes the
Operating System. It specifies services for
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managing processes, messages, memory, exchanges,
tasks, video, disk, Xkeyboard, 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.

Programming Languages

The COBOL, FORTRAN, FORTRAN-86, BASIC (Inter-
preter), BASIC Compiler, PASCAL, and Assembly
Language Manuals describe the system's program-
ming 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 des-
cribes the main processor, the 8086. It speci-
fies the machine architecture, instruction set,
and programming at the symbolic instruction
level.

Program Development Tools

xii

The COBOL Animator describes the COBOL Animator,
a debugger that allows the user to interact
directly with the COBOL source code during
program execution.

The Editor Manual describes the text editor.

IWS Peripherals Hardware Manual (SMD Version)



Data Management

Text Management

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 links together separately compiled object
files, and the Librarian, which builds and
manages libraries of object modules.

Facilities

The CT-DBMS Manual describes Convergent's data
base management system (CT-DBMS), which consists
of (1) a data manipulation language for accessing
and manipulating the data base and (2) utilities
for administering the data base activities such
as maintenance, backup and recovery, and status
reporting.

The ISAM Manual describes both the single- and
the multiuser indexed sequential access method.
It specifies the procedural interfaces (and how
to call them from various 1languages) and the
utilities.

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 is called from an
application program to display forms and accept
user input.

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.
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The Word Processing Reference Manual 1is 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 and 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

Communications

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 basic
Business Graphics operations. The lessons show
how to execute operations and apply them to
sample charts.

The Business Graphics Reference Manual is 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 1is a reference
for applications and systems programmers. It
describes the graphics 1library procedures that
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.
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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 forms 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 use 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.

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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CONVENTIONS, REFERENCES, AND ABBREVIATIONS

Conventions

Numbers

Signal Names

References

All numbering of bits in a word, bits on a bus
line, and input/output port addresses is done in
hexadecimal notation. For example, the 20 bits
in an address are numbered from O (least
significant bit) to 13h (most significant bit).
The signal 1lines on 16-bit data buses are
numbered from 0 to Fh.

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

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

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

The convention used here corresponds to the
Multibus convention as follows:

CT Multibus
Convention Convention
RD- RD/RD*
RD+ RD RD
In all other respects, the Convergent

Technologies convention is the same as the
Multibus convention.

The 1IWS Storage Module Drive (SMD) Controller
board is heavily dependent upon programmable
large scale integrated (LSI) circuits to perform
its functions. Since the hardware functions and
software interfaces of such circuits are only
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briefly detailed in this manual, the reader may
want to occasionally refer to the following
source literature:

o Signetics 8X300 Reference Manual, Signetics
Corporation

o 8X300 Design Guide, Signetics Corporation

o 8X330 Floppy Disk Controller Reference

Manual, Signetics Corporation

o) ANSII X3.66, American National Standards
Institute, Incorporated

Several new terms are introduced in this
manual. Generally, they are explained when first
used, but the Glossary at the end of the manual
contains explanations of terms that may be
unfamiliar. Also at the end of this manual, in
Appendix E, is the Signals Glossary, which gives
the names of signals used on this board and
explains their |use. Schematic diagrams, as
referenced in text, are included within this
document.

Abbreviations

Following is a 1list of standard abbreviations
used in Convergent Technologies manuals:

Symbol or
Unit or Term Abbreviation
alternating current ac
amp A
amplitude modulation AM
average avg
binary coded decimal BCD
centimeter cm
cyclic redundancy
checking CRC
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Unit or Term

disk controller
interface

degree Celcius
degree Fahrenheit

degree (temperature
interval or difference)

direct current

data communications
equipment

data terminal equipment
error control circuitry
farad

foot

frequency modulation
gigahertz

henry

hertz (cycles per
second)

inch

inch per second
inductance
inductance-capacitance
input/output

kilobaud

kilobyte

kilogram

kilohertz

Conventions, References,

Symbol or
Abbreviation

DCI
°C

°F

deg

dc

DCE
DTE

ECC

ft
FM

GHz

Hz
in

in/sec

LC

1/0

kbaud

K, K byte
kgram

kHz

and Abbreviations
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Symbol or

Unit or Term Abbreviation
kilovolt kv
light-emitting diode LED
megabyte M, M byte
meter m

modified frequency
modulation MFM

Mass Storage

Subsystem MSS
Mass Storage

Expansion MSX
nanosecond nsec
phase-locked loop PLL
pound 1b
resistance-capacitance RC

resistance-inductance-

capacitance RLC
revolutions per minute RPM
second (time) sec
Storage Module Drive SMD
volt \Y

voltage controller
oscillator VCO

voltage root mean
square vVrms

watt W
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OVERVIEW

This manual describes the IWS Workstation Mass
Storage Subsystem (MSS) and the Mass Storage
Expansion (MSX) memory expansion peripherals. It
also describes the interface between the IWS
workstation and its other peripherals, including
printers and plotters. Figure 1-1 shows the IWS
and its peripheral components.

Section 2 of this manual, "Mass Storage
Subsystem," contains a description of the MSS,
including its boards and power supplies. In
particular, Section 2 describes the Storage

Module Drive (SMD) Controller board, a single
controller board, which replaces the Floppy Disk
Controller and Hard Disk Controller boards found
in the non-SMD version of the MSS.

Section 3, "Mass Storage Expansion," contains a
description of the components and operation of
the MSX.

Section 4 of this manual, "Additional Peripherals

Hardware," contains instructions for the
construction and assembly of cables needed to
connect additional hardware to the IWS
workstation. It also contains directions for

setting up some of the printers and plotters
supported by the IWS workstation, or attaching an
IWS workstation to a cluster network.

Appendix A contains a list of MSS/MSX specifi-
cations. Appendix B contains specifications and
information on Storage Module Drives. Appendix C
contains connector pin lists; Appendix D contains
a description of switch settings for the Swl
memory configuration switch on the SMD Controller
board; and Appendix E contains a glossary of
signals.

The IWS Peripherals Hardware Manual (SMD Version)

is for the OEM engineer who writes service or
installation manuals for IWS Peripherals hard-
ware, or who tests or services IWS system elec-
tronics. This manual is also for the engineer
who modifies system software for use with IWS

peripherals. It is not intended, however, as
documentation for production-level testing, nor
does it support hardware modifications.

Convergent Technologies does not support modi-
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1-2

fications to its Dboards other than those
predetermined by design, such as jumper options.

For more information on Convergent Technologies
software support of hardware peripherals, consult
the reference manual for each specific
application, such as word processing or business
graphics.

IWS Peripherals Hardware Manual (SMD Version)
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2 MASS STORAGE SUBSYSTEM

INTRODUCTION

The Mass Storage Subsystem (MSS) contains two
disk drives, a Storage Module Drive (SMD)
Controller board, an SMD I/O Extender board, a

motherboard, and a power supply. Commands from
the IWS workstation enter the MSS at the SMD I/O
Extender board, and are sent to the SMD

Controller board through the motherboard. The
SMD Controller board outputs data and control
signals, which are sent to a floppy disk and
Winchester disk drive in the MSS, SMDs connected
to the MSS, and two Winchester disk drives
located in the Mass Storage Expansion (MSX)
peripheral. Up to four SMDs can be connected to
the MSS through the SMD 1I/0 Extender board.
Figure 2-1 shows the functional blocks of the
MSS.

The MSS accommodates an 8-inch floppy disk, and
an 8-inch Winchester hard disk drive, which can
be either 10M-, 20M-, or 40M-byte capacity. SMDs
connected to the MSS can be either 80M- or 300M-
byte capacity, and the Winchester disk drives in
the MSX can be either 20M- or 40M-byte capacity.

Disk drive capacity is determined by switch SWl,
located on the SMD Controller board. For more
information on switch settings, refer to Appendix
D, "SMD Controller Board Memory Configuration
Switch Settings."
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SMD CONTROLLER BOARD

The SMD Controller board controls all disk-

related functions for +the IWS. Disk drive
configuration is selected by switch SW1l on the
controller board. An internally used controller

logical wunit designation of drive 0 (000), as
shown in Table 2-1, refers to an 8-inch single-
sided floppy disk drive with 77 tracks per inch,
located in the MSS as drive 0. Designations D1,
D2, and D6 refer to Winchester hard disk drives,
located in the MSS and MSX chassis.

For more information on SWl, see Appendix D, "SMD
Controller Board Memory Configuration Switch
Settings."

Table 2-1. SMD Controller Device Names.

Controller Physical
Logical Unit Unit/Drive Type Drive Select
0 (000) MSS/floppy unit 3* DS4

1 (001) MSX/Winchester unit 2 DS3

2 (010) MSS/Winchester unit O%* DS1

3 (011) SMD unit 3 SMD3

4 (100) SMD unit 0* SMDO

5 (101) SMD unit 1 SMD1

6 (110) MSX/Winchester unit 1* DS2

7 (111) SMD unit 2 SMD2

*Only even numbered logical units can be bootstrapped.

The SMD Controller board is based on a Signetics
8X300 microcontroller, operating from a micro-
program stored in 12K bytes of ROM (Read Only
Memory). The 8X300 fetches instructions from ROM
with its address and instruction buses, and
communicates with external devices through the 8-
bit IV (interface vector) bus.

The IV bus accommodates separate right and left
banks of input/output devices. Located on the
left bank of the IV bus are two 1K-byte buffers,
used for local disk storage and disk data buf-
fering. All other disk controller input/output
ports are located on the right bank of the IV
bus. The architecture of the 8X300 allows it to
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receive data on one bank, process the data, and
then deposit the data on either bank, all in one

machine cycle of 250 nsec. Since the 8X300
fetches ROMs with separate address and
instruction 1lines, it can fetch the next

instruction while, at the same time, processing
data on the IV bus.

An 8X320 16-bit bus interface register array
(BUSO+ through BUSF+) is the interface Dbetween
the IV bus and the IWS workstation data bus. The
8X320 has 16 eight-bit registers that contain
disk data, and command or status information.
DMA (Direct Memory Access) Channel 2 in the IWS
workstation is used to control data transfers for
disk read and write operations, while an
interrupt-controlled mode 1is used for status
commands and ready/not-ready status changes.

IWS Peripherals Hardware Manual (SMD Version)



SMD CONTROLLER BOARD ARCHITECTURE
Command and Status Registers
The SMD Controller board has two eight-bit

input/output ports, which provide access to the
IWS workstation CPU. They are

Port Write Information Read Information

78h Data register Data register
(command bytes) (status bytes)

7Ah Control Main Status
register register

Main Status Register (Port 7Ah)

The Main Status register at port 7Ah is an eight-
bit register that provides status on the
controller 1logic and disk drives and can be
written to or read from at any time, even during
a DMA data transfer or other execution phase of a
command. The Main Status register plays a
central part in the IWS workstation/controller
handshake protocol when port 78h is read from or
written to. In particular, it must be read from
before the IWS workstation attempts to read from
or write to port 78h. This is done to determine
if the controller logic is ready for an operation
at port 78h, and whether the operation should be
a read or a write. Table 2-2 shows the contents
of the Main Status register.

Control Register (Port 7Ah)

The lower eight bits of port 7Ah comprise the
Control register, which is written to only when
the IWS workstation halts or resets the SMD
Controller board logic. The contents of the
Control register are shown in Table 2-3.

Data Register (Port 78h)

Port 78h is an eight-bit register to which all
control and status bytes associated with a spe-
cific command function are written and read.
Port 78h is only written to before the execution
of a command (such as a Data Transfer or Recali-
brate), and it is only read from after a command
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Table 2-2. Main Status Register (Port 7Ah).

Bit Name Read Function
7 Request for Master (RQM) If RQM is 1, it indicates
that data 1is ready to Dbe
transferred to or received
from the IWS workstation.
Both RQM and DIO are used by
the 8X300 to perform a hand-
shake function of ready and
direction to the IWS work-
station.
6 Data Input/Output (DIO) DIO indicates the direction
of Disk Controller Interface
(DCI) bus transactions. If
DIO is 1, then the transfer
is from the data register to
the IWS workstation; if DIO
is 0, then the transfer is
from the IWS workstation to
the controller.
5 Interrupt Request (IR) IR indicates the state of the
Interrupt Request flag.
4 Controller Busy (CB) If CB is 1, it indicates that
a Read/Write command is in
progress.
3-0 Unused
has been executed. Control bytes written to this
port determine the functions of individual disk
drives and, during a Result phase, status bytes
are read at this port. Although port 78h is
referred to as a Data register, it is used only
for writing and reading control/status bytes.
Actual data to be transferred to or from disk is
handled by the IWS workstation DMA logic. Figure
2-2 illustrates the IWS workstation/controller
handshake protocol used when reading or writing a
byte at port 78h.
2-6 IWS Peripherals Hardware Manual (SMD Version)



Out Controller into IWS

Data "('l/) (I)Ou; Out IWS into Controller
)|
Ready | |
Request for Not I
Master (RQM) Ready | | |
WR

RD

S S
1 C__

i

A B A B| A Cc D C | DJ|C| A

Notes: A Data register ready to be written to by the IWS.
B Data register not ready to be written to by the IWS.
C Data register ready for next data byte to be read by the IWS.
D Data register not ready for next data byte to be read by the IWS.

Figure 2-2. Handshake Protocol Used When Reading from or Writing to Port 78h.

Table 2-3. Control Register (Port 7Ah).

Bit Name Write Function
7 Reset If Reset is 1, it asyn-

chronously initiates a
reset to the controller.
This bit must remain set
for at 1least 15 micro-
seconds to ensure that
the reset has been
completed. It can then
be cleared in a separate
write to port 78h.

4 Inhibit Error When INHECC 1is 1, it
Code Checking inhibits ECC generation
(INHECC) and detection on the SMD

Controller board. When it
is 0, it indicates that
ECC is enabled.

5-0 Unused
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Status Registers 0 Through 3 (STO Through ST3)

STO through ST3 are registers internal to the
controller that provide status information to the
IWS workstation after a command has Dbeen
executed. (See Tables 2-4 through 2-7.) A set
of these registers is maintained for each drive
in the system. The contents of these registers
may be read by the IWS workstation through the
data port (port 78h) only after a command is
executed and only if the register contains
information relevant to that command. There is
no separate port associated with STO through ST3.

Table 2-4. Status Register 0 (STO)*

Bit Number Read Information (if Bit is 1)

6-7 Interrupt code. (See below for
code interpretation.)

5 Seek complete
4 Drive fault
3 Drive not ready
2-0 US2 through USO (drive select
numbers) . (see Table 2-1 for

binary coding.)

Interrupt Code

Bit 7 Bit 6 Code Meaning

0 0 Normal command termination

0 1 Unsuccessful command
termination

1 0 Invalid command

1 1 Attention interrupt

*After reset, this register is set to 00.
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Table 2-5. Status Register 1 (ST1)*

Bit Number

Read Information (if Bit is 1)

7

6

Invalid cylinder number

ID CRC (identification field

cyclic redundancy check) error
Data CRC error

Data is late

Invalid sector number

Read error

Write-protect violation

Invalid head number

*After reset, this register is set to 00.

Mass Storage Subsystem
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Table 2-6. Status Register 2 (ST2)*

Bit Number

Read Information (if Bit is 1)

7

Controller read/write error
Data buffer error

Halt during command execution
Head compare error

Cylinder compare error

Sector not found

Missing identification field

address mark

Missing data address mark

*After reset, this register is set to 00.

Table 2-7. Status Register 3 (ST3)*

Bit Number

Read Information (if Bit is 1)

7

Drive fault
Write-protect error
Drive ready

Disk is at track 000
Unused

US2 through USO (drive select
numbers). (See Table 2-1.)

*After reset, this register is set to 00.

2-10
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Command Structure

A command is the set of all bytes that must be
written to or read from the SMD Controller board
input/output ports in order to perform a specific
function. Each command to the controller board
consists of a multibyte transfer between the IWS
workstation and controller via the DCI (disk
controller interface) cable. Table 2-8 lists the
full set of commands that can be issued to the
controller 1logic, together with the associated
number of bytes written to or read from ports 7Ah
and 78h. Table 2-9 is a description of SMD Con-
troller board commands. The actual number of
bytes transferred is determined by the command.

Table 2-8. Number of Byte Transfers for SMD Controller Board Commands.

Port 7Ah Port 78h

Command TXBe* Write Read Write Read
Format a Track Data 0] 7 6 1
Read Data Data 0 6 5 1
Read Syndrome Bytes Control 0 5 1 4
Read Full Status Control 0 7 1 6
Recalibrate** Control 0 1 1 0
Seek** Control 0 3 3 0
Read Drive Status Control 0 4 1 3
Sense Interrupt

Status Control 0 4 1 3
Write Data Data 0 6 5 1
Set Drive Parameter Control 0 9 8 1
Read Drive

Configuration Control 0 7 1 6

* Nondata commands do not involve user-data transfers between
the IWS workstation and disk drive.

**The Recalibrate and Seek commands must be followed by a
Sense Interrupt Status command.

Mass Storage Subsystem 2-11



Command Descriptions

Table 2-9. SMD Controlier Board Commands. (Page 1 of 7)

Read Data Command

Read/ Data Bus

Phase Write D7 D6 D5 D4 D3 D2 D1 DO
Command w Uus2 Usl Uso 0 0 1 1 0
Byte 1 W |- = = = head- = = - - - - |- - - cylinder- -|
Byte 2 1 - = = = = - - - cylinder- - - = = = - - - - |
Byte 3 W |- = = = = = - - first sector - - - - - - - = |
Byte 4 W [- = = = - = number of sectors - - - - - - - |
Execution

Result R [- = = = = = = - - STO = = = = = = = = = - = |

The controller has an implied-seek capability, which means
that no Seek command has to be issued for a command to De
implemented and also that the controller will invoke the Seek
command as many times as needed to complete a command. The
number of sectors must be in twos complement. First sector
refers to the number of the first sector to be read.

The Data bus (D7-D0) shown above is defined as follows:

Data Bus
D7 D6 D5 D4 D3 D2 D1 DO
Byte 1 |- - - head- - = = = - - - |- - cylinder- - |
H3 H2 H1 HO H4 Cll C10 Cco

HO is the 1least significant Dbit and H4 is the most
significant Dbit. In cylinder, Cl1 is valid for Winchester
and floppy type drives, but should be 0 for SMD drives.

After this command, the CPU reads STO. If STO contains
anything other than 00 in the interrupt code, or if there is
an abnormal command termination, the CPU executes a Read Full
Status command.

2-12 IWS Peripherals Hardware Manual (SMD Version)




Table 2-9. SMD Controller Board Commands. (Page 2 of 7)

Format a Track Command

Read/ Data Bus

Phase Write D7 D6 D5 D4 D3 D2 D1 DO
Command W Us2 Usl uUso 0 1 1 0 1
Byte 1 W |- - - head- - - - - - - - |- -cylinder - -]
Byte 2 W - = = = = = - = cylinder - - = = - - - - -~ I
Byte 3 W [- = = = = = - - offset = = = = = = - - - - |
Byte 4 W |- - = = - - - spacing- = = = = = - - - -
Byte 5 W [- - = = - - filler byte- - = = = - - - = |
Execution

Result R |- = = = = = = - = STO- = = = = = = = = - = |

512 Dbytes per sector are formatted. The filler byte speci-
fies the contents of all 512 bytes. Offset is the gap
between Index and first sector, in bytes. Spacing is the
number of bytes between sectors.

Write Data Command

Read/ Data Bus

Phase Write D7 D6 D5 D4 D3 D2 D1 DO
Command w Us2 Usl Uuso 0] 0 1 0 1
Byte 1 W |- = - head- = = = = = - - - |- cylinder- - -|
Byte 2 W [= = = = = = - cylinder- = = = = = - - - - - |
Byte 3 W |- = = = = - first sector- - - = - - - - - - |
Byte 4 W |- = = - - number of sectors - - - - - - - -
Execution

Result R [= = = = = = - - - STO = = = = = = - - - - - |

The Write Data command has an implied-seek capability,
meaning that no Seek command has to be issued for a command
to be implemented. The number of sectors must be a twos
complement number. First sector refers to the number of the
first sector to be written.
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Table 2-9. SMD Controller Board Commands. (Page 3 of 7)

Read Full Status Command

Read/ Data Bus
Phase Write D7 D6 D5 D4 D3 D2 D1 DO
Command W us2* usi* uso* 0 0 0 1 1
Result R [= = = = = = = = - - STO - = = = = = = = - - |
Byte 1 R |- = = = = = = = - - STl = = = = = = = = = = |
Byte 2 R - - == === === ST2 = = = = = = = = = = |
Byte 3 R [- = = = = = = = - - ST3 = = = = = = = = = - |
Byte 4 R |- - - head- - = = = = = - - |- - cylinder- -|
Byte 5 R [- = = = = = - - cylinder- - = = = = = = - - |

*Unit select is ignored.

Reads the full status of the previous drive that performed an
input/output operation.

The status registers returned in the Result phase are a

subset of the registers returned in the Read Diagnostics com-
mand. This command has no Execution phase.

Recalibrate Command

Read/ Data Bus
Phase Write D7 D6 D5 D4 D3 D2 D1 DO
Command W Us2 Usl Uso 0 0] 1 1 1
Execution
Result (execute Sense Interrupt Status command)

This command positions the heads over TRKO (track zero).
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Table 2-9. SMD Controller Board Commands. (Page 4 of 7)

Seek Command

Read/ Data Bus
Phase Write D7 D6 D5 D4 D3 D2 D1 DO
Command W Us2 Usl uso 0 1 1 1 1
Byte 1 W |- - - - - head- - - - - - - |- - cylinder- -|
Byte 2 W [- = = = = cylinder- = = = = = = = = = - - - l
Execution
Result (execute Sense Interrupt Status command)

This command causes a seek to the specified cylinder and
head.

Read Syndrome Byte Command

Read/ Data Bus

Phase Write D7 D6 D5 D4 D3 D2 D1 DO
Command W Us2 Usl uso 0 0 0 1 0
Result

Byte O R [- = = = = = - Syndrome Byte 1-= — - - - - - - |
Byte 1 R |- = = = = - - Syndrome Byte 2- - - - — — - - 1
Byte 2 R [- - = = = - - Syndrome Byte 3- - - - - - - - |
Byte 3 R [- = = = = = = Syndrome Byte 6 - - - - - - - l
This command reads the syndrome bytes of the data that was

last read.

Data from these syndrome bytes is used for exter-
nal data correction in case of a data CRC error.
mand is invalid for floppy disk drives.

This com-

Mass Storage Subsystem
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Table 2-9. SMD Controller Board Commands. (Page 5 of 7)

Sense Interrupt Status Command

Read/ Data Bus
Phase Write D7 D6 D5 D4 D3 D2 D1 DO
Command W us2 Usl uso 0 1 0 0 0
Result
Byte 1 R = = = = - = STO = = = = = = = = = = = - - - |
Byte 2 R |- - head- = = = = = = - - - |- - cylinder- -|
Byte 3 R |- - - = cylinder- - = = = = = = = = = = = = |

The interrupt request is cleared immediately after byte 1 is

read.

Read Drive Status Command

Read/ Data Bus

Phase Write D7 D6 D5 D4 D3 D2 D1 DO
Command W Us2 Usl Uso 0 0 1 0 0
Execution

Result

Byte 1 R e ST3 = = = = = = = - - - l
Byte 2 R |- = = = = head - - - - - - |- - cylinder- -|
Byte 3 R [- = = = = = = - - cylinder = = = = = = - - [

2-16 IWS Peripherals Hardware Manual (SMD Version)




Table 2-9. SMD Controller Board Commands. (Page 6 of 7)

Set Drive Parameters Command

Read/ Data Bus
Phase Write D7 D6 D5 D4 D3 D2 D1 DO
Command w Us2 Us1 Uso 1 0] 0 0 0
Byte 1 W [- = = = = - - maximum head - - - - - - - - I
Byte 2 W [- = = - - maximum cylinder (MSB)*- - - - - |
Byte 3 W |- = = = = maximum cylinder (LSB)* - - - - |
Byte 4 W |- - - - reserved- - - - - |-ECcC- |- -MF - |
Byte 5 W | = = = = = = - - - N - ===« |
Byte 6 1 [- = = = = = - - - DTL = = = = = = = = - - - |
Byte 7 W |- - (sSC) # of sectors per cylinder- - - - |

*MSB is the most significant byte;
LSB is the least significant byte.

If MF (bits 0 and 1 of byte 4) equals 00, then FM recording
mode is selected. If MF equals 01, then MFM recording mode is
selected.

If ECC (error code checking) at bit 2 of byte 4 equals O,

then ECC bytes are checked; if ECC equals 1, ECC bytes are
ignored.

When the number of data bytes written in a sector (N) is
defined as 00, DTL stands for the data length that users will
read out or write into the sector.

After a Reset sequence, these parameters default to the
following values for a floppy drive:

MF = 01
N = 02
DTL = 00
SC = OF
SC refers to the number of sectors for cylinder. For

Winchester drives, its value is 16; for SMD drives the SC is
32.

MF, N, and DTL have no meaning for SMD and Winchester drives.
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Table 2-9. SMD Controller Board Commands. (Page 7 of 7)

Read Drive Configuration Command

Read/ Data Bus
Phase Write D7 D6 D5 D4 D3 D2 D1 DO
Command W Uus2 Usl uso 0 1 1 0 0
Byte 1 R | -controller ID#- |-firmware revision lev.-|
Byte 2 R [- = = - = number of cylinders (LSB)* - - - |
Byte 3 R [- = = = = number of cylinders (MSB)* - - - |
Byte 4 R |- - - number of heads per cylinder- - - - |
Byte 5 R |- - - —-number of sectors per track- - - - |
Byte 6 R |drive type |- - - |-# of drives supported-|

*MSB is the most significant byte;
LSB is the least significant byte.

If +the controller identification number (controller 1ID#)
equals 0001, the firmware revision level is from 0001 to
1111.

If a Shugart 10M-byte, 256-cylinder drive is selected, the
least significant byte will equal O, and the most significant
byte will equal 1.

If a Quantum 20M-byte, 512-cylinder drive is selected, the
least significant byte will equal 0, and the most significant
byte will equal 2.

If a Fujitsu 589 cylinder SMD is selected, the least
significant byte will equal 00, and the most significant byte
will equal 02.

If bits 7 and 6 of byte 6 equal 00, then the drive is floppy.

If bits 7 and 6 of byte 6 equal 01, then the drive is
Winchester.

If bits 7 and 6 of byte 6 equal 10, then the drive is SMD.

2-18 IWS Peripherals Hardware Manual (SMD Version)




Input/Output Transfer Routines

Command Phase

Execution Phase

Result Phase

When the SMD Controller board receives the
required number of bytes for a command from the
IWS workstation, the command is executed. This
input/output transfer routine, shown in Figure 2-
3, is described as three phases in the following
subsections: the Command phase, the Execution
phase, and the Result phase.

In the Command phase, all of the required bytes
are written to port 78h. Although port 7Ah does
not have to be written to before port 78h,
whenever port 78h is written to, the handshake
with port 7Ah is used. Once a command sequence is
initiated, all byte transfers must be completed
before the Execution phase can occur.

This is the functional execution of the
command. A Read Data (RDDATA) command, for
example, 1is executed when DMA transfers from
controller to IWS workstation occur. During this
time, the Controller Busy (CB) bit in the Main
Status register indicates that port 78h is
busy. The following commands do not have an
Execution phase that involves disk-drive activi-
ty: Read Syndrome Bytes, Read Disk Configuration,
Set Drive Parameters, Read Drive Status, and
Sense Interrupt Status. (For more information on
these commands, see the "Control Operations"
subsection, below).

This phase usually begins with an interrupt of
the IWS workstation after a command has been
executed, and usually involves reading one or
more status bytes from port 78h. Commands with
no Execution phase, however, have no interrupt or
other clear boundary between their Command and
Result phases. The IWS workstation must read all
status bytes to remove the interrupt condition,
and must also use the Main Status register
handshake protocol. The Recalibrate and Seek
commands have no associated status bytes, but
they must be followed by the Sense Interrupt

Mass Storage Subsystem 2-19



Status command. For more information on commands

with

no Execution phase, see the "Control

Operations" subsection, below. A Seek command
operation is described following the "Control
Operations" subsection.-

Data Input/Output Transfer Protocol

2-20

The general data input/output transfer routine,
illustrated in Figure 2-3, follows:

1.

D7 D6
Us2 Usl

When the IWS workstation wants to issue a
command to the controller, it checks the
Main Status register to verify that the RQM
(Request for Master) bit is high and the DIO
(Pata Input/Output) bit is low.

If they are, the IWS workstation checks that
the CB (Controller-Busy) and IF (Interrupt
Flag) bits are low.

The IWS workstation then issues a command
byte to the controller's data port (78h).
The format of this command is as follows:

D5 D4 D3 D2 D1 DO
Uso e operating code---———-==- |

Bits USO through US2 are the device select
code.

After issuing the command byte, the IWS
workstation again reads port 7Ah for RQM and
DIO bits (referred to as parameters in
Figure 2-3).

If no error has occurred, the IWS
workstation then outputs from zero to eight
additional bytes to port 78h, depending on
the command. The number of additional bytes
transmitted depends on the opcode field of
the first byte. Once the command sequence
is initiated, all Dbyte transfers must be
completed before the controller can enter
the Execution phase.

When the command has finished execution, the
controller enters the Result phase. In the
Result phase, the IWS workstation must read
STO from the data port. For the data
transfer, the controller enables RQM, DIO,

IWS Peripherals Hardware Manual (SMD Version)



Call Disk I/0
Transfer Routine

Output
Command

Error

No

Output
Parameter

1

Parameter
List Complete

No

No |

Error

| Command
Phase

DMA Request

i

DMA
Acknowledge

/

Disk Data
Word Transfer

l

All
Disk Data

Transferred
?

IWS Waits
for INTR

No

| Execution
Phase

| Resuit
Phase

Read STO

Yes

Return

No

Error

| Result
Phase

Error

Figure 2-3. Data Input/Output Transfer Routine.
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IR (Interrupt Request) and CB bits. When it
receives an Interrupt Request signal from the
controller, the IWS workstation reads port 7Ah
and checks the CB, RQM, and DIO bits. When it
detects an enabled CB bit, the IWS workstation
reads STO from port 78h to determine the cause of
the interrupt. Interrupt Request is disabled
when the control status has been read. For a
status data transfer, the Result phase is
indicated by an asserted INTR and deasserted CB
bit in the Main Status register. If the IWS
workstation does not detect an asserted CB bit,
it sends a Sense Interrupt Status command to
determine the cause of interrupt from the status
bytes read during the Sense Interrupt Status
command's Result phase. When the required number
of status bytes have been read, the controller
can enter the next Command phase.

Read or Write Operation (Execution Phase)

1. The IWS workstation sends a write or read
command (seven bytes) to the controller
through port 78h. After writing each
command byte, the IWS workstation reads the
controller's Main Status register at port
7Ah to determine when the controller can
accept another byte.

2. When the Main Status register indicates that
the Controller Data register at port 78h is
full, the read or write operation begins
when the controller sends a DREQ- (DMA
Request) signal to the IWS workstation.

3. The IWS workstation acknowledges the DMA
Request by enabling ACK- (Acknowledge). The
DMA control logic then requests the address
and data buses, generates the appropriate
command strobes (RDSTR-, BMR-), and
transfers data as a DMA transfer. For a
write operation, WRSTR- (Write Strobe) is
asserted and data 1is transferred from the
IWS workstation to the SMD Controller board
buffer, and then into a selected disk
drive's memory. For a read operation, data
is transferred from a selected disk drive to
the SMD Controller board buffer, and is then
read by the IWS workstation. Fourteen bytes
are transferred for every DMA request.
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4. When the data transfer 1is complete, the
controller generates an interrupt signal to
the IWS workstation.

5. The IWS workstation then reads the data
register at port 78h to determine success of
the operation.

Nondata Input/Output Transfer Protocol

Control operations (Read Syndrome Bytes, Read
Configuration, Set Drive, and Parameter) do not
use DMA, since no data is being transferred.
Such control operations, as mentioned, consist of
only two phases, the Command phase, and the
Result phase, and interrupt the IWS workstation
when a command is completed. A typical nondata
input/output transfer routine is shown in Figure
2-4 and a Seek command is described below, in the
"Control Operation" subsection.

1. The IWS workstation sends a control command
to the controller through port 78h. After
writing each command byte, the IWS work-
station reads the controller's Main Status
register at port 7Ah to determine when the
controller can accept another byte.

2. When the last command byte is written to the
Controller Data register at 78h, the IWS
workstation waits for an interrupt. After
the interrupt is received, the IWS
workstation reads port 7Ah, checks that the
ROM and DIO bits are set, and then reads
status bytes from the Data register until
all bytes are read.

Control Operation (Seek Command)

2-24

1. The IWS workstation reads port 7Ah for a
high RQM signal.

2. The IWS workstation then sends a Seek
command (three bytes) to the controller
through port 78h. After writing each
command byte, the IWS workstation reads the
controller's Main Status register at port
7ah to determine when the controller can
accept another byte.
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Figure 2-4. Nondata Input/Output Transfer Routine.
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When the operation is complete, the control-
ler interrupts the 1IWS workstation by
lowering INT-.

The IWS workstation then issues a Sense
Interrupt Status command to acquire status
from the Data register at port 78h. The IWS
workstation reads three status bytes to
determine the outcome of the command

execution.
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SMD CONTROLLER BOARD THEORY OF OPERATION

2-28

This section is for the engineer or technician
who must understand the Storage Module Drive
(SMD) Controller board at the component level.
The SMD Controller board contains SMD, £floppy
disk, and Winchester disk drive control circuitry
for the IWS workstation, in place of the separate
Floppy and Hard Disk Controller boards used in
previous IWS workstation MSSs. This section is
organized as follows: the SMD, floppy disk, and
Winchester disk drive interfaces are described,
followed by a listing and explanation of control

signals. Control and read/write operations are
then described, for SMD, floppy disk, and
Winchester disk drives. Subsections within
operational descriptions describe specific

functional blocks of circuitry used during these
operations which may be used by more than one

drive, or in Dboth read and write cycles.
Appropriate block diagrams and schematic
references are included. More information on

Storage Module Drives is contained in Appendix D,
"Switch Settings for IWS Workstation Memory
Configurations."

The circuitry on the SMD Controller board can be
separated into six major groups:

o the 8X300 microcontroller

o IWS workstation interface circuitry

o RAM storage

o Winchester disk control, and floppy disk
control, read, and write circuitry

o Winchester and SMD read and write circuitry

o SMD control circuitry

Figure 2-5 shows how the major blocks of
controller board circuitry are organized.

The microcontroller logic consists, for the most
part, of the Signetics 8X300 microcontroller, its
12K-byte microcode ROMs, an interface element
with the disk controller interface 1logic, and
input/output ports associated with the control of
SMD, floppy disk, and Winchester disk drives.
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The IWS workstation interface includes IWS
workstation control circuitry, the Main Status
register, the disk controller interface cable,
and DMA read and write channels.

RAM storage consists of four 1K x 4-bit RAMs,
which make up buffers A and B, the buffer address
select circuitry, and a data multiplexer.

The floppy disk control, read, and write
functions, including Winchester hard disk control
operations, are handled by the 8X330 floppy disk
controller. The 8X330 uses a low pass filter and
external VFO (variable frequency oscillator).

Winchester and SMD read and write circuits
include a VFO phase detector, a zero detector, a
data separator and address mark detector, signal
buffering, and ECC (Error Code Checking) and
serializing/deserializing circuitry.

SMD control circuitry consists of input/output
ports, an address latch and port decoder, and
signal buffering.

Figure 2-6, the SMD Controller board schematic,

is used as the major reference throughout the
following theory of operation discussion.
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8X300 Microcontroller Logic Interface

As shown on page 2 of Figure 2-6, the Signetics
8X300 microcontroller at 2B is the single
controlling element for the SMD, floppy disk, and
Winchester disk drives. The 8X300 has three
separate buses, used for addresses, instructions,
and data: AO through Al2, a 13-bit address bus;
I0 through Il15, a 16-bit instruction bus; and IVO
through IV7, an 8-bit interface vector bus.

The 8X300 operates from a microprogram stored in
four PROMs, 1A through 4A. EPROMs 1A and 3A are
two 4K-byte 2732s, located at addresses O through
OFFF. 2A and 4A are two 2K-byte 82S191s, located
at addresses 1000 through 17FF. Each PROM has
eight bits, so two PROMS at a time are addressed
in parallel by the 8X300's A0O-Al2 bus, resulting
in 16 bits of microcode instruction, which can be
read by the 8X300 on its IO-I15 bus.

A0, at pin 9 of the 8X300, is the most signif-
icant bit (MSB) of the address bus and determines
which set of PROMs is addressed. When AO is low,
the 2732 EPROMs are addressed; when A0 is high,
the 82S191 PROMs are addressed.

Since 2732s 1A and 3A have an access time of 450
nsec, which is slower than the program storage
access time of 80 nsec required by the 8X300,
flip-flop 1D on page 2 of Figure 2-6 acts as a
divide-by-three counter, halting the 8X300 for
two out of every three instruction cycles when it
accesses EPROM data.

When A0 goes low to select 1A and 3A, it sets pin
11 of flip-flop 1D high. CP- (Clock Pulse) at
input pins 1 and 13 of 1D is the inverted
buffered MCLK+ from the 8X300. At the falling
edge of CP-, pin 9 of 1D goes high, sending Q-
output pin 7 (HALT-) low and halting the 8X300
in its execution of instructions. At the next
Clock Pulse, pin 5 of 1D goes high, setting pins
11 and 12 high so that, on the third Clock Pulse,
pin 9 of 1D toggles 1low, enabling the 8X300.
This inserts two wait states in the 8X300's
normal instruction cycle +time of 250 nsec,
causing the 8X300 to run at 750 nsec and
providing enough time for the EPROM address to
become valid on the I0 through I15 lines.

A high A0 bit selects the 82S191s, which have an
access time of 50 nsec. The divide-by-three
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circuitry is not wused when the 82S191ls are
selected.

As mentioned above, the 8X300 communicates with
the controller board circuitry via the Interface
Vector, or IV bus, at IVO-IV7. The IV bus is
multiplexed to supply data and address infor-
mation to two independent banks (right and left)
of input/output devices, which are used for
controlling drive read and write circuitry and
communicating with the IWS workstation.

Buffers A and B, as shown on page 3 of Figure 2-
6, are the only input/output devices on the left
bank of the IV bus. Each data buffer is made up
of two 1K x 4-bit RAMs: 4D and 5D comprise buffer
A, and 6B and 7B comprise buffer B. The RAMs are
used to store variables and temporarily store and
buffer data being transferred between one of the
disk drives and the IWS workstation.

The other input/output devices are on the right
bank of the IV bus and are explained in the "IWS
Workstation/SMD Controller Board Interface" sub-
section, below. These devices consist of

o An 8X320 register array at 1F (shown on page
5 of Figure 2-6), which @provides an
interface between the IV bus and the BUSO+
through BUSF+ data 1lines from the IWS
workstation.

o 8G, an 8X330 floppy disk controller (shown
on page 4 of Figure 2-6), which transfers
read and write data for the floppy disk
drive, and control signals for both floppy
and Winchester drives.

o Input/output ports, detailed in the "SMD
Controller Board Architecture" subsection,
which handle drive control signals.

The 8X300 reads from and writes to all of the IV
bus input/output devices using five control lines
as shown on page 2 of Figure 2-6: LB- (Left
Bank) and RB- (Right Bank) at pins 31 and 32 of
2B; WCl+ (Write Command) at pin 30; SCl+ (Select
Command) at pin 29; and MCLK- (Master Clock) at
pin 42 of 2B. All of these lines are buffered at
1C and then sent to the input/output devices.
The 8X300 then selects either a right or left
bank device and places an eight-bit address on
the IV bus when both SCl+ and MCLK+ are asserted.
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Each port or register on the IV bus is selected
by address register 10G (page 4 of Figure 2-6).
Once the 8X300 selects a port, that port remains
selected until the SCl+ (Select Command) line
goes high again with a different address. To
write data to a port on the IV bus, the 8X300
places eight bits of data on the IV bus, and sets
WCl+ high and RB- low (LB- if the disk data
buffer is being written to) at the falling edge
of MCLK+. To read data from a port, the 8X300
sets WCl+ low and latches data onto the IV bus.

8X320 IWS Workstation-SMD Controller Board Interface

The 8X320 register array at 1F (see page 5 of
Figure 2-6) contains 16 eight-bit internal
registers. These registers store data, command,
and status information for the controller,
providing an interface between the 8X300 IV bus,
and the IWS Workstation DCI (Disk Controller
Interface) bus.

The 8X320 register array is therefore thought of
as having a primary (DCI) and a secondary (IV
bus) port. The DCI bus cable connects the IWS
workstation, through the SMD I/0 Extender board,
to the SMD Controller board through the primary
port, and consists of BUSO+ through BUSF+, and
five control signals. The secondary port
accommodates the IV bus, as well as an eight-bit
control register for command and status signals.

The 8X300 reads from or writes to the secondary
port as described in the preceding "8X300 Micro-
controller Logic Interface" subsection.

The 8X320 A0+ through A3+ (address) input lines
select one of the 16 registers in the 8X320 to be
used for a transfer. When a register has been
selected, either the RDSTR- (Read Strobe), for a
status or data read, or WRSTR- (Write Strobe)
line, for a command or data write, is pulsed,
causing data to be transferred onto the DCI bus
(BDO through BD7), where it is read by the IWS
workstation. A description of the DCI and
command signals follows, as well as an
explanation of the input/output command sequence
and DMA transfers.
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The disk controller interface (DCI) is structured
around a 16-bit bidirectional data bus and six
control signals: WRSTR- (Write Strobe), RDSTR-
(Read Strobe), CTL- (Control), SELW- (Select
Winchester), DREQ- (Data Request), and ACK-
(Acknowledge) . A description of the BUSO+
through BUSF+ lines, and all control signals and
their functions follows:

Data Bus. The BUSO+ through BUSF+ data bus is
16 bits wide, bidirectional, and tristated. It
is used to transmit control and data from the IWS
workstation to the controller, and status and
data from the controller to the IWS workstation.
Bit F is the most significant bit, and bit 0 is
the least significant bit.

Select Winchester (SELW-). The Select Winches-
ter signal indicates a non-DMA input/output
operation transfer. When low, SELW- enables non-
DMA transfers between the Winchester disk drive
and the controller board. When SELW- is high,
the controller board responds to DMA transfer
requests only.

Write Strobe (WRSTR-). The Write Strobe signal
indicates that data is being sent from the IWS
workstation and received by the controller. The
content of the data bus is strobed into the input
buffer on the trailing edge of the WRSTR-
pulse. Information transmitted to the controller
is data when CTL- is high, and Main Status
register information when CTL- is low.

Read Strobe (RDSTR-). A low Read Strobe signal
indicates that data 1is being sent from the
controller and received by the IWS workstation.
This signal, generated by the IWS workstation,
copies the contents of the DCI data bus back into
the IWS workstation. RDSTR- does not affect the
state of the controller when reading the Main
Status register. When user data or status bytes
are read from the data register, the Main Status
register is cleared.

Control (CTL-). The Control signal is used to
define the type of information being transmitted
on the DCI data bus. When CTL- is 1low, the
contents of the Main Status register are
transmitted. When CTL- is high, the contents of
the Data Buffer register are transmitted. Table
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2-10 shows specific relationships between the
three DCI control signals (O=inactive, l=active).

Table 2-10. DCI Signal Truth Table.

Read Write Operation by
Control Strobe Strobe the IWS Workstation

0 0 0 No operation

0 0 1 Write data or
command

0 1 0 Read data or sense

0 1 1 Error condition

1 0] 0 No operation

1 0 1 Write to controller

1 1 0 Read controller
status

1 1 1 Error condition

Data Request (DREQ-). The controller asserts

the Data Request signal to indicate that data is
ready to be transferred. DREQ-, ACK-, and RDSTR-
are used to transfer data in a read operation.
Data transfers are 16 bits wide and 7 words long.
DREQ- is used to transmit data in a read or write
operation.

Acknowledge (ACK-). The IWS workstation uses a
low Acknowledge signal to provide a handshake
response to RDSTR- during non-DMA transfers.
During such transfers, ACK- is asserted until
RDSTR- goes high. The controller also uses ACK-
as a response to a low WRSTR- signal. On the
trailing edge of WRSTR-, the contents of the bus
are copied onto the controller and ACK- goes
high.

During DMA transfers, the IWS workstation asserts
ACK- when it is ready to transfer data.
Transfers wunder ACK- in the DMA mode are
controlled by RDSTR- or WRSTR-, and no handshake
with the IWS workstation exists.

Interrupt Request (INTR-). The Interrupt
Request signal is asserted at the end of each
read or write command. The IWS workstation

responds by reading the termination status, which
indicates the success or failure of the
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command. INTR- is cleared when the IWS work-
station reads all status bytes from the Main
Status register. If the controller requires
further service, INTR- goes low and remains low
until the IWS workstation responds.

8X330 Floppy Disk/Winchester Disk Drive-SMD Controller

Board Interface

As shown on page 4 of Figure 2-6, the 8X330 at 8G
provides control and status line interface
between the SMD Controller Board IV bus and the
floppy and Winchester disk drives located in the
MSS and MSX. The 8X330 also contains the floppy
disk drive read and write circuitry.

Data for floppy disk or Winchester disk read and
write operations is input and output through port
78h of the B8X320 register (see page 5 of Figure
2-6). After an MSS or MSX floppy or Winchester
disk drive is selected for use by the 8X300,
before the operation begins, the 8X300 1loads
internal registers in the 8X330 to set up control
line operating characteristics for the selected
drive. These operating characteristics, or
floppy disk/Winchester disk drive control
signals, are then output through motherboard
connector J1 to the disk drives.

Floppy Disk/Winchester Disk Drive Control Signals

2-60

The 8X330 floppy disk controller, shown on page 4
of Figure 2-6, outputs the STEP- (Step Pulse)
line at pin 7 of buffer 6H to increment the drive
read/write head carriage one track on the disk
surface, either in or out, depending on the state
of the DIR- (Direction) signal output at pin 12
of 6H. SIDE-, at pin 16 of 6H, selects which
disk side is used, HDLOAD- (Head Load) at pin 5
controls head 1loading onto disks, and WRDATA-
(Write Data) at output pin 9 is the
precompensated write data, sent only to the
floppy disk drive.

The 8X330 HINTR+ signal 1is not output to a
drive. Instead, it controls on-disk gating of
the INTR- signal, which controls the IWS
workstation/drive interrupt state. The WWRGATE-
(Winchester Write Gate) signal at pin 19 of 8G is
the write data enable for the selected disk drive
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and is automatically disabled during power-up or
a power failure.

Status 1lines from the disk drives to the 8X330
include: WRPROT- (Write Protect) at pin 14 of 8G
to indicate that the selected disk drive is
allowing only read operations; TRACKO- (Track 0)
at pin 16 to indicate that the selected device's
read/write head is positioned over the first
readable track on the disk media; WINDEX-
(Winchester Index) at pin 15 to indicate that the
disk drive is detecting the beginning of the
first physical sector on the track; WREADY-
(Winchester Ready) at pin 17 to indicate that the
selected drive is ready to perform a read, write,
or seek operation; SKCOMPL- (Seek Complete) at
pin 13 of 8G to indicate whether the Winchester
seek operation just performed was successful; and
RDDATA- (Floppy Read Data) at pin 5, which
indicates that read data is being sent to the
8X330 data separator and phase-locked loop.

The PFAIL- (Power Failure) input to the 8X330 at
8G pin 18 disables WWRGATE- when the +5-V dc
power supply falls below +4.5 V dc. When
WWRGATE- is disabled, the 8X300 is simultaneously
reset by the RESET- signal.

Floppy Disk Read and Write Circuitry

The 8X330 floppy disk controller at 8G, as shown
on page 4 of Figure 2-6, contains almost all of
the read and write circuitry required to convert
data bytes from the IV bus to MFM floppy disk
data during a write operation, and back again to
data bytes during a read operation. The only
components required to make the floppy disk
controller complete are: the 8.0-MHz crystal,
Y2; the variable frequency oscillator at 7E; a
pass transistor, Q7, for the on-chip voltage
regulator; and a low-pass filter, the active
components of which are two operational
amplifiers at 6F.

When a read or write command is sent to the 8X320
Command register at 1F and a drive is specified
(for example, FO, the floppy disk drive), the
8X300 configures the 8X330's internal registers
to perform the selected operation. Through
control lines output from the 8X330, the 8X300
selects the drive, read/write head, and the
direction of read/write head travel. Next, the
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Read Operation

8X300 performs a seek to the specified track on
the floppy disk by pulsing the STEP- line a
specified number of times.

Read data for the floppy disk drive is sent to
pin 5 of the 8X330 at 8G from pin 66 of mother-
board connector Jl. The 8X330 performs internal
data separation to generate a data window and
synchronized data for on-chip data processor and
CRC (Cyclic Redundancy Check) use. The external
low-pass filter shown on page 4 of Figure 2-6
controls the 8X300's phase-locked variable
frequency oscillator (VFO) at 7E during the data
separation process. Two output signals from the
8X330's on-chip phase detector, PUP- (Pump Up) at
pin 34, and PDN- (Pump Down) at pin 33, are sent
to the low-pass filter. PUP- and PDN- indicate
that the frequency of the oscillator is either
too low or too high, and result in a change in
the frequency of pin 37. If no floppy disk read
operation is taking place, the VFO is locked to
the 8.0-MHz crystal frequency.

After data separation, the 8xX330 deserializes
floppy disk data, which is then read by the 8X300
on the IV bus. The RAM data buffer on the left
bank of the IV bus is not used for floppy disk
read and write operations. Instead, the 8X300
transfers floppy disk data it reads from the
8X330, one byte at a time, through the IV bus
into the data register (port 78h) at 1F. (see
page 5 of Figure 2-6.) When the 8X300 has
assembled two bytes in the 8X320 register, it
loads counter 3F with the proper address bit to
determine Al, A2, and A3 inputs to 1lF at pins 37,
36, and 35. (A1, A2, and A3 determine which
address the IWS workstation reads from or writes
to.)

When it has transferred data into the 8X320, the
8X300 asserts DMAEN+ (DMA Enable), sending pin 4
of gate 5G high. DMAEN+ 1is gated with an
inactive DMADONE+ through 5G, outputting a low
DREQ- (DMA Request) signal to the IWS workstation
from pin 6 of 5G. This begins a DMA transfer.

DMA Read Data Transfer. The IWS workstation
responds to DREQ- by asserting ACK-, CTL-, and
RDSTR-, for a read operation. Every time the IWS
workstation strobes RDSTR-, it increments counter
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Write Operation

3F at Al, A2, and A3, and changes the 8X320
address. The 8X300 then transfers another word
to the 8X320 and starts the DMA cycle again until
an entire sector has been read. When counter 3F
reaches its maximum count, it sets the MAX output
pin 12 high, sending pin 1 of 6E low, and enables
DMADONE+. Inverter 6E then outputs a high at pin
2, thereby disabling DREQ- at pin 6 of 5G.

Data flow direction is controlled by RDSTR- (Read
Strobe). During a read operation, RDSTR- is
asserted and passes through inverter 3H to set
pin 1 of transceivers 1H and 2H high. When pin 1
is set high, data flow is from A to B. RDSTR- is
also sent to 1F pin 32, allowing data to be read
from the 8X320 when RDSTR- is strobed by the IWS
workstation.

The asserted ACK- signal passes through inverter
3H at output pin 8, and sets pin 5 of 5E high,
while (since a floppy disk is being read from) an
inactive SELW- (Select Winchester) signal is also
inverted and buffered to set pin 4 of 5E high.
The output of 5E at pin 6 is 1low, and the
resulting low output at 5F pin 8 enables 1H and
2H at pin 19, and the 8X320 at pin 34 (PIOE-)
PIOE- enables the 8X320 to transfer data into
transceivers at 1H and 2H. Since, during a read
operation, data flow is already from side A to
side B, data can now be read by the 1IWS
workstation through the DA and DB data buses when
RDSTR- is strobed.

When an entire sector has been read by the IWS
workstation through the BUSO through BUSF lines,
the 8X300 interrupts the IWS workstation with a

low INTR- command. When the IWS workstation
receives the interrupt, it reads STO to determine
the success of an operation. If there is a disk

read error, the data is still transferred from
the floppy disk drive to the IWS workstation
memory. The error is then detected when the IWS

workstation reads status registers after
completion of a DMA transfer, as described in the
Workstation Hardware Manual and the " SMD

Controller Board Architecture" subsection.

Before a write operation occurs, the 8X300 sets
up the 8X330 floppy disk controller for a write
operation in the manner described above. The
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8X300 then sets up register 3F for a one-word
transfer, and sets up starting addresses in the
8X320 for data transfers. When this is done, the
8X300 asserts DMAEN+, sending DREQ- to the IWS
workstation through pin 6 of 5G as described.
This begins a DMA write data transfer.

DMA Write Data Transfer. The IWS workstation,
as in a read operation, responds to DREQ- by
asserting ACK, CTL-, and WRSTR-, instead of
RDSTR-. The low ACK- and high SELW- signals are
gated together, as in the read operation,
resulting in a low output at pin 8 of 5F, and
enabling transceivers 1H and 2H and the 8X320 for
a write data transfer.

During a write operation, RDSTR- is high and
passes through inverter 3H to set pin 1 of 1H and
2H low. When pin 1 is low, data flow is from B
to A, causing data from the IWS workstation bus
to flow to the 8X320. An inverted WRSTR- signal
enables the 8X320 at pin 32 of 1F, allowing data
to be written into the 8X320 when WRSTR- is
strobed by the IWS workstation. BMR- (Buffered
Memory Read) is also set 1low by the IWS
workstation during an ACK-, and is NORed with a
high RDSTR-, sending output pin 8 of 4E high and
incrementing counter 3F at pin 14. After data
has been strobed into 3F, the MAX output at pin
12 is set high, enabling DMADONE+, which is sent
to the 8X300. The 8X300 disables DMAEN+ when it
receives DMADONE+ and sends data stored in the
the 8X320 register to the 8x330 floppy disk
controller. MFM data is then sent to Drive FO
from the 8X330 at pin 4 (WRDATA-).

When the 8X330 floppy disk controller receives a
byte of data, it sends an internal byte ready
flag signal to the 8X300. The 8X300 then repeats
a WRSTR- cycle until an entire sector (512 bytes)
has been received from the IWS workstation. When
512 bytes have been received and transferred, the
8X300 1issues a command to the floppy disk
controller to disable the WWRGATE- (Write Gate)
command. The 8X300 then interrupts the IWS
workstation by asserting INTR-, and the IWS
workstation reads STO to determine the success of
the write operation.
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SMD and Winchester Disk Drive-SMD Controller Board Interface

Signals from the Storage Module Drives (SMDs) are
sent to the SMD I/O Extender board through
connectors J3 and J4, cables A and B. Cable A
contains control and status signals, and Cable B
contains data and clock signals. Tables 2-11 and
2-12 list signals from cables A and B, and the
Tag/Bus signal definitions are shown in Table 2-
13.

Table 2-11.  SMD Cable A Signals.

From Controller Board Pin Numbers

USTAG (Unit Select Tag) 22, 52

SOSEL - S3SEL 23, 24, 26,

(Unit Select 0 - 3) 53, 54, 56

TAGl1 - TAG3 1, 2, 3, 31,
32, 33

BUSO - BUS9 4-13, 34-43

CHRDY (Channel Ready) 14, 44

From SMD Pin Numbers

STO - ST5 (Status 0 - 5) 15, 16, 17, 19,

20, 28' 45[ 46'
47, 49, 50, 58

WINDEX 18, 48

SECTOR 25, 55

SMD data and clock signals enter through the J2
connector as shown on page 10 of Figure 2-6, pass
through a transceiver at 14H and 16H, and are
multiplexed out through 14F and 15F as determined
by WINCHEN+ (Winchester Enable). SMD control,
data, and status signals are input through
connectors J1 and J2, as shown on page 11 of
Figure 2-6, and pass through transceivers 10H
through 13H to input/output latches 11G and
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12G. Data from differential signal pairs BUSO -
BUS9 is then latched through 11G, depending on
the status of CTLOWR- and SMD status signals, and
can be either written to or read from the IV bus.

Table 2-12. SMD Cable B Signals.

From Controller Board Pin Numbers
WDDO - WDD3 (Write Data) 8, 20

WKO - WK3 (Write Clock) 6, 19

From SMD

SKO - SK3 (Servo-Clock, 2, 14

1F Write Clock)

RDDO - RDD3 (Read Data) 3, 16

RDO - RD3 (Read Clock) 5, 17

SOSEL - S3SEL (Unit Select) 9, 22

Table 2-13. Tag/Bus Lines.
Tag 1 Tag 2 Tag 3
Cylinder Head Control Pin
Bus Address Address Select Numbers
0 1 1 Write Gate 4, 34
1 2 2 Read Gate 5, 35
2 4 4 6, 36
3 8 7, 37
4 16 Fault Clear 8, 38
5 32 9, 39
6 64 RTZ 10, 40
7 128 11, 41
8 256 12, 42
9 512 13, 43
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SMD Interface Signals
Cable A Control Signals

USTAG (Unit Select Tag). USTAG gates the Unit
Select 1 and 2 signals and is sent by the
controller board to select the desired SMD drive.

USELO, USELl1 (Unit Select 1,2). These two
signals are binary coded by the controller board
to select the desired disk and are validated by
the leading edge of Unit Select Tag.

BUSO through BUS9 (Tag/Bus). This 10-bit bus is
sent to drives from the controller port 11G on
page 11 of Figure 2-6. The content of this is
defined by Tags 1, 2, and 3, described below.

TAGl (Cylinder Address). The leading edge of
TAGl gates the cylinder address, causing the
contents of bus lines (BUSO - BUS9) to be set
into the SMD cylinder address register. The bus
lines must be stable prior to, and remain stable
throughout, TAGl.

TAG2 (Head Address). The leading edge of TAG2
gates the head address, causing the contents of
BUSO - BUSY9 to be set into the SMD head address
register. The bus lines must be stable prior to,
and remain stable throughout, TAG2.

TAG3 (Control Select). TAG3 enables BUSO -
BUSO. All bus signals are defined as control
signals, and each bit has a different meaning.

BUSO (Write Gate). This bit enables a write
operation on a specified track/sector. This
signal is validated under the following
conditions:

Unit Ready 1
On Cylinder 1
Seek End 1
Seek Error 0
Fault 0
File Protect 0

If Write Gate is asserted 1in conditions other
than the above, a fault occurs and writing is
inhibited.

BUS1 (Read Gate). This bit causes a data read
from a specified track/sector.
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BUS2 and BUS3. Unused.

BUS4 (Fault Clear). This bit clears the fault
status. If a seek error fault condition still
exists, however, this status cannot Dbe cleared
(see RTZ, BUS6).

BUSS. Unused.

BUS6 RTZ (Return to Zero). This bit clears a
Seek Error Condition and, no matter where the
read/write heads are located on the disk, they
are returned to cylinder zero and head zero.

BUS7 - BUS9. Unused.

CHRDY (Channel Ready). CHRDY is sent by the
controller to prevent damage to files when
control unit power is lost. CHRDY, therefore, is
asserted when the controller is available and
disasserted if a power failure of the controller
occurs. A Unit Select is not possible when the
Channel Ready signal is low.

Cable A Status Signals

2-68

URDY (Unit Ready). URDY is asserted by the SMD
when a drive initial seek is completed and goes
inactive when power is turned off.

ONCLY (On Cylinder). ONCLY is asserted with
URDY and is cleared by the next seek or RTZ
command. ONCLY is asserted again when a Seek or
RTZ operation is completed, and deasserted if a
Seek Error occurs.

WPRT (Write Protect). An asserted WPRT signal
may indicate that all tracks are write-
protected. Attempting to write while this signal
is asserted will cause a fault.

SKER (Seek Error). SKER is asserted by an SMD
if there is an error during a Seek or RTZ
operation. 1f, for example, On Cylinder is not
set, but B Cable Seek End is asserted, SKER is
active. SKER is cleared by an RTZ instruction.
The conditions for such error status are as
follows:

o RTZ or Seek was not completed within a
specified time.

IWS Peripherals Hardware Manual (SMD Version)



o An illegal cylinder address was specified.

o The heads were moved to a position outside
of the recording area.

FLT (Fault). FLT indicates a drive fault.

IDX (Index). IDX is a two-byte pulse that oc-
curs once per disk revolution, is read by the
controller board during a read/write operation,
and is used for reference. The index signal is
invalid during initial Seek or RTZ operation.

SECTOR (Sector). SECTOR is read by the
controller board to signal the beginning of a
sector. SECTOR is a 1l-bit pulse that occurs 31
times per track, and is derived from the Index
signal and Byte Clock.

Cable B Write Data

Cable B Control

WDDO - WDD3 (Write Data). Cable B carries NRZ
(Non Return to Zero) data to be written onto
SMDs, which must be synchronized with Write Clock
signals.

WKO - WK3 (Write Clock). WKO - WK3 is a return
signal of SK (1F Write Clock) issued from the
controller board (shown on page 10 of Figure 6).

and Status Signals, and Read Data

SKO - SK3 (1F Write Clock). This servo-clock
signal is sent from SMDs to synchronize the WKO -
WK3.

RDDO - RDD3 (Read Data). Read Data lines
transmit SMD-recovered data to the controller
board in the form of NRZ data synchronized with
the 1F Read Clock.

RKO - RK3 (1F Read Clock). RKO - RD3 are only
valid during a read operation, and are
synchronized with RDDATA-.

US1l, US2 (Unit Selected). US1 and US2 activate
receivers and drivers on the A cable. When the
two unit select signals (gated by the Unit Select
Tag) and the logical address of the unit are the
same, the status signals are issued from the SMD.
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SKCOMPL- (Seek Complete). The Seek Complete
signal indicates that a Seek, RTZ, or Offset
operation has terminated. This signal may be
used as an interrupt to the control unit.

SMD Control Circuitry

To perform an SMD control function, the 8X300
first enables the USO+ or USl+ signals (Unit
Select). These signals are enabled by the USTAG
signals to input control signals from the
selected SMD drive through port 12G. (see page
11 of Figure 2-6.) Unit Select signals are
buffered through 16G (shown on page 10 of Figure
2-6) onto the IV bus, and SMD control data is
read by the 8X300.

SMD and Winchester Disk Drive Read and Write Circuitry

2-70

NOTE

All page references in the following logic
description refer to the sheet number of
Figure 2-6, the SMD Controller board
schematic.

As shown on page 3 of Figure 2-6, there are two
buffers on the controller board: buffer A, made
up of RAM chips 4D and 5D; and buffer B,
comprised of RAMs 6B and 7B. Before any SMD or
Winchester read or write cycle starts, the 8X300
selects buffer A or buffer B to store disk data
during the operation. In the following dis-
cussion, buffer B transfers are described for
consistency, although buffer A may be used by the
controller as well. When buffer B is selected
for a read or write operation, the 8X300 loads
starting buffer location addresses into counters,
using the BMARHWR- and BMARLWR- (Buffer B Memory
Address Register High Byte Write and Buffer B
Memory Address Register Low Byte Write) signals
from page 4.

As shown on page 3 of Figure 2-6, the most sig-
nificant bit at pin 11 of counter 5C determines
which buffer is selected during a read or write
operation, and whether data is read or written.
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Winchester Disk

A low at pin 11 selects buffer B for a disk data
transfer, and a high at pin 11 selects buffer A.
When buffer B is selected, transceiver 8D is also
enabled at pin 19.

While disk data is being transferred into one
buffer by the controller board circuitry during a
read/write operation, the 8X300 can read or write
data from the other Dbuffer, using circuitry
described below.

During a read operation, the 8X300 selects SMD or
Winchester data to be read through multiplexers
14F and 15F by setting the WINCHEN+ signal high
to select data from the Winchester drive, and low
when data is selected from an SMD. Once either
SMD or Winchester data has been selected, USELO+
and USELl+ (Unit Select) signals select the
channel that is used to receive data.

Drive Read Operation

If the the 8X300 selects a Winchester disk drive
to read data from, data from the Winchester is
output from multiplexer 14F as RDDOR+. Winches-
ter drive data is also output as RDDATA+ through
multiplexer 17F when the 8X300 asserts
WINCHEN+. RDDATA+ is sent through the phase-
locked loop, the address mark detector, and the
data separator, resulting in the WNRZ+ (Winches-
ter Non Return to Zero) signal. The WNRZ+ signal
is then sent from data separator circuitry (shown
on page 8 of Figure 2-6) to pins 5 and 13 of mul-
tiplexer 17F.

At the beginning of a Winchester read operation,
when, as shown on page 7 of Figure 2-6, RDGATE+
(Read Gate) is low at pin 1 of gate 1lE (that is,
when no read operation is taking place), pin 3 of
l1E is 1low, clearing pin 11 of one-shot 13B,
causing counter 13A at pin 11 to load all Os, and
setting pin 5 of flip-flop 12A. Devices 13B, 9B,
counter 13A, and flip-flop 12A form the =zero
detector, which is explained in the subsection,
"Zero Detector Circuitry," below. The 16Z+ (16
zeros) detector flag is disabled at this time.
The RDDOR+ signal from the Winchester disk drive
triggers 16Z+ when it goes through zero detection
circuitry, causing the multiplexer at 17F on page
10 to output Winchester data (or SMD data during
an SMD read) through the NRZDATA+ line at pin
7. NRZDATA+, at pin 6 of 10C, is multiplexed

Mass Storage Subsystem 2-71



2-72

through error control circuitry and sent through
deserializer 10E. Parallel data is output at
pins 7 through 16 of 10E. At the rising edge of
BYTREQ-, latch 9E is enabled, latching the data
byte onto S0+ - S7+ (Serializer 0+ - 7+), the
internal buffer bus, also called S+BUS. SO0+ -
S7+ data is sent to buffer circuitry, shown on
page 3 of Figure 2-6, where it can be transferred
to the 8X320 and read by the IWS workstation.

Buffer Transfer. A buffer transfer is set by the
XFEREN+ signal from the 8X300. During a read
cycle, as shown on page 3, the 8X300 selects
which buffer is used for a particular operation
by setting the most significant bit at counter 5C
either high, for buffer A, or low, for buffer B
use. If pin 11 is low, for example, buffer B,
composed of RAM chips 6B and 7B, is selected to
be read from or written to, and multiplexer 13E
is set at pin 1. When 5C pin 11 is low, it also
enables transceiver 8D at pin 19. For clarity,
buffer B is described in the following descrip-
tion, although Dbuffer A may be used for a
transfer or storage instead.

If the XFEREN+ (Transfer Enable) signal is
asserted at 1l1F pin 2, flip flop 1l1lF is set at
the rising edge of BYTEREQ- (Byte Request),
sending output pins 5 and 9 high and effectively
starting a buffer operation cycle. During a read
operation, READGATE+ is asserted at pin 10 of
gate 11C, outputting a high DMAWR+ signal at pin
8, and latching transceiver 8D low.

When 8D 1is latched 1low, data flows from
transceiver side A to side B, or from the S+ bus
to the buffer. A low DMAWR+ signal then enables
data to be latched onto the S+ bus. When 1l1F pin
9 goes high at the rising edge of BYTEREQ- to
start a read cycle, it sends pins 3 and 14 of 13E
high, and triggers one-shot 13B at pin 10. The
output from 13B sends pins 5 and 10 of
multiplexer 13E low for 170 nsec.

During a read operation, the pin 10 input to
buffer B is high. Since 13E has been set low by
counter 5C, the 170 nanosecond pulse from 13E pin
10 is transferred out through pin 7, pulsing the
MEMBWR- (Memory B Write) 1line low and writing
data from the 8D B outputs to the buffer.

The next BYTEREQ- pulse sends 11lF pin 8 1low,
resetting 11F at pin 1 and sending 11F pin 9 low
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at the next clock signal. A low pin 1 of 11F
output asserts the BYTEACK- signal, which clocks
latch 8E, shown on page 6 of Figure 2-6. During
a write cycle, the 8X300 sends a WRGATE- signal
to enable latch 8E, when clocked by BYTEACK-, to
latch data from the S+ bus onto the
serializer/deserializer bus.

When multiplexer 13E on page 3 outputs MEMBWR-
(Memory B Write) at pin 7, it also outputs a
BINCR+ (Buffer B Increment) pulse at pin 4 to
buffer B counters at 6C, 8B, and 7C, setting up
the counters to increment the buffer B address
being written to.

After data has been written into Dbuffer B,
counter 6C is incremented at the falling edge of
MCLK+. This increments the address line of the
buffer so that the next available data byte can
be written to a new location.

At port 3E on page 8 of Figure 2-6, the 8X300
monitors BFl6+ and BF8+ (Buffer Full) signals
from buffer circuitry on page 3 to set ECCEN-
(Error Correction Circuitry Enable) low at the
proper time. When the 8X300 issues a low ECCEN-
signal from port 13G, it sets flip-flop 13C Q
output pin 5 and pin 1 of 10C low (page 6). This
causes multiplexer 10C to start multiplexing 32-
bit ECC syndrome bytes into deserializer 10E.
When syndrome bytes are loaded into the buffer,
the 8X300 disables XFEREN+ and RDGATE+ signals
and begins to transfer data from the buffer to
the IWS workstation. This is done by first
setting pin 11 of counter 5C (shown on page 3 of
Figure 2-6) high. When pin 11 is set high, it
disables, if buffer B has been used, transceiver
8D at pin 19. At the same time, the high input
from 5C pin 11 causes gate 14E pin 11 output to
go low, enabling transceiver 9D at pin 19 to
shift data from buffer B onto the IV data bus.

When the WCl+ (Write Control) signal from the
8X300 goes 1low, data is transferred from buffer
memory onto the IV Bus. Conversely, when the
WCl+ signal is high, bus data from the 8X300 is
written into RAM.

The 8X300 loads the address of data it wishes to
obtain from buffer B into counters 8B, 6C and 7C
as shown on page 3. Data is read from buffer B
to the 8X320, 14 bytes at a time, until all data
bytes from RAM memory have been transferred.
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The IWS workstation then reads RAM buffer memory
from the 8X320 in a DMA transfer.

DMA Transfer. Before performing a DMA transfer
from the SMD Controller board to the IWS
workstation, the 8300 first loads counter 3F
with 1000. This causes 3F MAX output pin 12
(DMADONE+) to go 1low, since 1000 is not the
counter maximum load.

The 8X300 then outputs a high DMAEN+ signal at
port 13G pin 15 on page 11 to begin a DMA
transfer to the IWS workstation. As mentioned,
DMADONE+ is low at 6E pin 1. When pin 6 of gate
56 (page 5) goes low to signal the IWS work-
station that there is a DREQ- (DMA request), the
IWS workstation acknowledges the request by
enabling ACK-.

RDSTR- goes low when the IWS workstation is
reading. When RDSTR- is low, 3H pin 2 is high,
enabling the data contents of the 8X320 to be
transferred through 1H and 2H to the IWS
workstation. Together with a low ACK- signal,
this sends 5E pin 6 low. Since pins 1 and 2 of
5F are high, 5E pins 1 and 2 are also high
(DMAEN+ is asserted), resulting in a low at 5E
pin 3, which enables counter 3F at the rising
edge of 3F pin 14.

Every time the IWS workstation toggles the
READSTR- signal, it increments counter 3F at Al,
A2, and A3, and changes the 8X320 address. After
the IWS workstation has read seven words, the
counter reaches its maximum count, sending 3F pin
12 high. A high 3F pin 12 sets 6E pin 1, sending
pin 2 of 6E low. When pin 2 of 6E goes low, it
sends 5G pin 5 low. Output pin 6 of gate 5G
thereby goes high, disabling the DREQ- signal to
the IWS workstation.

Also, when MAX output pin 12 of counter 3F goes
high, it asserts the DMADONE+ signal. This
signal is read by the 8X300 from port 9C (see
page 11) and indicates that the IWS workstation
has accepted all of the 14 bytes from the
serializer/deserializer circuitry.

When the IWS workstation is performing a DMA
transfer, it is also reading the Main Status
register, port 7Ah at 3G, shown on page 5 of
Figure 2-6. When the CTL- signal from the 8X300
is set low, pins 13, 12 and 11 of gate 5F are
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high. Pin 9 of gate 5E is also high, because
RDSTRB- is active, sending output pin 8 of 5E low
and strobing the DCI bus contents into the write
register at 2E.

During a write operation, pin 12 of 5E is high
because of active SELW- and CTL- signals. Since
WRSTR- is also asserted, input pin 13 of 5E is
set high as well. The resulting low at pin 11 of
S5E clocks the write register, 2E.

Main Status Register Read. When the IWS
workstation reads the Main Status register, it
sets CTL- and SELW- low. The resulting output of
lE to pin 9 of 6G is high. An asserted RDSTR- is
gated through 6G to enable the Main Status
register at 3G and output port 7Ah contents onto
the DCI bus. Pin 8 of 6G is set low when RDSTR-
is disasserted, clearing the Main Status register
at pin 1.

Main Status Register Write. During a write
operation to the Main Status register, WRSTR-
goes 1low, setting 5G pin 13 high. The RDSTR-
signal is inactive, setting pin 2 of 3H low and
causing data to be transferred from the DCI bus
to the 8X320. Whenever the 8X320 is written to
or read from, the Main Status register is
cleared. Whenever RDSTR- or WRTSTR- is enabled,
pins 11 and 12 of 5G are low. When pin 11 of 5G
is low and the SELW- is asserted, the controller
is selected to be written to, sending pin 1 of 5G
high.

At the end of a read transfer, ECCEN- goes low,
setting 13C. When BYTEREQ- is active, 13C pin 5
goes low and selects the A side of multiplexer
10C. To read ECC (Error Checking and Correction)
generator content, 10C is switched to A, and 12D
pin 11 is set to 10C pin 14. Pin 6 of 10D goes
to 10C pin 5 and is output through pin 7, sending
the syndrome byte out at pin 7. The syndrome
byte is then shifted to 10E.

At the end of a data transfer, after reading 512
data bytes and four ECC bytes, the 8X300 enables
ECCEN-, sending pin 6 of 13C high and pin 5 of
13C low. A low pin 5 selects side A. When side
A is selected, pin 12 goes low, setting pin 11 of
12D low and disabling the RDGATE- signal. The
8X300 then checks RAM to see if the proper head
and cylinder section have been read, and to see
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if the syndrome bytes are all zero. An error has
occurred if all syndrome bytes are not zero.

SMD Read Operation

In an SMD read operation, the 8X300 first selects
a drive and outputs a unit select bit (USELl1l or
USELO) through 12G (shown on page 11 of Figure 2-
6). The 8X300 then raises USTAG to gate the USEL
signal to the drives. At this time, the 8X300
checks all SMD drive status signals. It does
this by asserting the CTL2RD- (Control 2 Read)
signal, which enables drivers 9G and 9H, shown on
page 8, at pin 4. When these drivers are
enabled, status signals, such URDY, FLT, and IDX
(Unit Ready, Fault, and Index), can be read by
the 8X300 on the IV BUS. After reading unit
status, the 8X300 tries to do a seek to the
proper cylinder to select the head. It does this
by using BUSO and BUS9 bits to send the cylinder
address. Then it strobes TAGl high. TAGl is
high from one to five microseconds. When the
cylinder is found, the 8X300 sets BUSO and BUS3,
and strobes TAG2 to select the proper head. To
signal the SMD that a read operation is in
progress, the 8X300 sets BUS1 high and strobes
TAG3. More information on drive selection and
operation is in Table 2-13, "Tag/Bus Lines."

SMD RDDATA is input and multiplexed through 14F
and clocked by 16F, at the falling edge of
SMDCLK+. NRZDATA+ is then sent through
serializing/deserializing circuitry to the data
buffer, as described in the "Buffer Transfer"
subsection. At the end of the buffer transfer,
after the identification field has been read, the
8X300 scans the buffer to make sure that the
correct cylinder and head were read. If the
operation was successful, the 8X300 asserts BUS1,
disables BUSO, and begins a DMA transfer.

SMD and Winchester Disk Drive Write Operation

2-76

A write operation to an SMD or Winchester disk
drive is generally the same as a read operation,
with the exception of data flow. When the IWS
workstation wants to write to an SMD or Winches-
ter drive, it first transfers data, eight bytes
at a time, into buffer B, in a DMA transfer
operation. Then the IWS workstation issues a
read command to the controller to obtain the
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sector to be written to, and the identification
field number. This information is compared by
the IWS workstation and, if found to be correct,
the 8X330 enables WWRGATE- as shown on page 4 of
Figure 2-6, at pin 19 of 8G. At the rising edge
of the BYTEREQ-, pin 5 of flip-flop 11F pin 5
goes high (page 3), which, at the falling edge of
MCLX, sets pin 9 of 11F high, beginning a buffer
transfer. The buffer transfer sequence is
identical to that of a read operation, except
that pin 10 of 11C (RDGATE+) is low, causing pin
1 of 8D to go low and allowing data to flow from
side B to A and onto the S+BUS. Write data is
clocked through transceiver 8E by the BYTEACK-
signal, and, since WRGATE- enables 8E at pin 1,
is deserialized at 10E. The write data is then
shifted out of the deserializer at 10E on its pin
17 (Serial Out) 1line, through pin 9 of multi-
plexer 10C as WRDATA+, and sent to pin 2 of flip-
flop 16F on page 10, for an SMD write, and pin 4
of shift register 15B, on page 9, for a
Winchester write.

SMD Write. WRDATA+ sent from the deserializer to
flip-flop 16F is sync-clocked at the falling edge
of the SMD write clock and output through drivers
14G and 15G to storage module drives as WDDO
through WDD3.

Winchester Write. The AND/OR gate at 15C
examines the outputs of shift register 15B and
combines them with WOSC- (Write Oscillator) and
WOSC2X+. Pin 8 of 15C generates MFM data from
these inputs and sends the data to pins 2 and 12
of 17B. The AND/OR gates at 16C and 17C examine
a wider pattern of the bits shifted out of 15B;
they form a history of bit patterns to determine
when write precompensation can be applied. When
pin 8 of 17C is 1low, the data bit is to be
written early. If pin 8 is 16C is low, the data
bit is to be written late. If pins 8 of both 16C
and 17C are high, the data is to be written
without write precompensation. The MFM encoded
data generated by 15C and applied to gate 17B is
sent to pin 2 of delay 1line 15A. The three
outputs of 15A are spaced in time at 12 nsec
intervals. Pin 3 of 15A represents a write delay
12 nsec before the nominal, and pin 10 represents
a write delay of 12 nsec after the nominal. The
three outputs of 15A are applied to the inputs of
AND/OR gate 16B, along with inverted and
noninverted outputs of AND/OR gates 16C and
17C. Pin 8 of 16B generates the MFM precompen-
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sated data bits, the bits propagate through gate
17B pin 4 as WDAT1l+, and are sent to the
Winchester drive through driver 4H as WWDO
through WWD3.

Additional SMD Controller Board Circuitry Descriptions

Zero Detection Circuitry
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As shown on page 10 of Figure 2-6, MFM data from
the Winchester disk drive enters through any one
of the four WRDDO+-WRDD3- channels and is output
from the RS-422 receiver 17G. Input control pins
2 and 14 of multiplexer 14F select the appro-
priate channel (A or B), and MFM data (RDDOR+) 1is
output through 14F pin 7 to trigger one-shot 13B
(pin 2), as shown on page 7. The time constant
of 13A, a clock counter, is set by R24 and C67 to
time out at an interval slightly longer than the
230 nanosecond bit-cell time of the Winchester
disk data. When a series of zeros are read from
the SMD or Winchester disk, 13A does not have the
opportunity to time out. The pin 13 output of
13B holds the CD (Count Down) input of 13A high,
and MFM data from pin 4 of 13B causes 13A to
count up until 16 zeros occur. When 13A detects
16 zeros, it triggers output pin 12, resetting
flip-flop 12A. When reset, 12A pin 8 goes high,
enabling the 16Z+ (16 Zeros Detected) signal,
which remains high until the RDGATE- signal is
reset. A high 12A pin 8 also resets 12A output
pin 5, causing the GAPDET- signal to go low. A
low GAPDET- is then read by the 8X300 as a status
bit (Gap Detect), to ensure that it is reading a
valid gap before a sector and not just a long
field of zeros.

Since it takes some time for the VFO to lock onto
the MFM data, the presence of 16 MFM zeros is
sufficient to start the lockup process. Since 16
bytes of zeros are present in a gap (and two
bytes are used to get the 16Z+ flag), another 10-
byte interval (about 20.0 nanoseconds) is allowed
to ensure that the VFO has enough time to lock
onto the incoming data stream. The 8X300
monitors GAPDET-, while a timer in the 8X300
microprogram counts the 10 bytes of zeros that
should appear if the gap is valid.

If one-shot 13B detects an MFM one bit in the
data stream, it will time out, with its high pin
4 output clearing pin 14 of counter 13A. The low
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pin 6 output of 13B will then set GAPDET- high
at 12A pin 5 and pin 10 of 15A. If GAPDET+ goes
high, the 8X300 takes RDGATE+ low at pin 1 of
gate 1E, which reloads counter 13A with all
zeros, clears one-shot 13B, and sets the gap
detector flip-flop at 12A output pin 5 high. 1If
GAPDET+ remains 1low for the 10-byte interval
count, the 8X300 asserts 80Z+ (80 Zeros Detected)
at pin 10 of 8G (page 4).

Serializing/Deserializing Circuitry

When data is read from drives during an SMD or
Winchester read cycle, the ECCEN- input at 13C
pin 2 is deasserted, Q output pin 5 of 13C is
set, and the multiplexer 10C selects side B of
the input. When flip-flop 13C is clocked by the
BYTEREQ- signal, NRZ data is output through 10C
pin 7 to deserializer 10E pin 11.

During a read operation, the RDGATE- (Read Gate)
signal is low at pins 2 and 3 of 10E, shifting
read data out through output pins 00 through
07. Data is clocked into 10E by the BITCLK-
signal from the SMD or Winchester drives.

NRZ data is then shifted right in shift register
10E. The shifted outputs of the 10E are tied to
the input of comparator 11E for detection of the
ID Sync Byte FEh or Data Sync Byte F8h. In ID
Sync Byte detection, pins 9 and 12 of 11E
(IDFIELD+) are set by the 8X300 and reset in the
case of a Data Field Sync Byte. The detected
sync pattern 11111111 or 11111100 enables pin 19
low, and the condition is latched by pin 9 of
flip-flop 13cC. WSYNC- goes 1low when a sync
pattern is detected, acting as a status bit
connected to the input port of 9C pin 17 and read
by the 8X300. The sync pattern is 11111111
instead of 11111110 for the ID Sync Byte, because
there is a one-bit delay in enabling counter
12cC. The pattern is thus formed with the last
bit of Al and the first seven bits of FEh or
F8h. When the sync byte is detected, pin 3 of 6G
goes high, enabling counter 12C. If WSYNC- does
not go low approximately three bytes after
GAPDET- goes high, the incoming MFM data is not
an address mark. If this is the case, the 8X300
will lower RDGATE+ and start the =zero detect
operation again.
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Phase Detection Circuitry

Charge Pump and

As shown on page 7 of the SMD Controller board
schematic, three flip-flops form the phase-locked
loop phase detector: the phase detector enable
flip-flop at 9B, and two flip-flops at 10B. An
MFM data bit from pin 9 of multiplexer 17F on
page 10 clocks pin 3 of flip-flop 9B, which sets
it, thus enabling 10B, the two phase detector
flip-flops. At 10B, output pins 8 and 9 are the
data phase comparison signals. These two signals
are compared with the VFO phase comparison
signals, at pins 5 and 6.

The leading edge of the MFM data pulse enables
the data and phase comparison flip-flops. At the
same time, the data pulse is sent to the pin 1
input of delay line 11A, where it is delayed 100
nsec. The delayed data pulse at pin 12 of the
delay line is sent to the VFO as RDDATI1+, and
also clocks pin 11 of the data phase comparison
flip-flop (10B). The VFO phase comparison flip-
flop at 10B is clocked at pin 11 by the VFO2X-
(VFO Frequency Times 2) line.

The two 10B flip-flops should be clocked at the
same time. If an error exists Dbetween the
frequency of the data and VFO, however, one flip~-
flop will be set before the other one. Pin 11,
for example, when clocked before pin 3, indicates
that VFO frequency is too slow.

The two complementary outputs of the 10B flip-
flops are sent to a charge pump to change VFO
frequency if it is incorrect. Once both flip-
flops are set, the high levels at input pins 9
and 10 of gate 9A cause, through pin 13 of gate
9B, phase detector flip-flops to be reset.

VFO Oscillator

The four phase comparison signals described above
at pins 8, 9, 5, and 6 of 10B on page 7 of Figure
2-6 are applied to a four-transistor error
amplifier at 6A. In the example given above, if
the data phase comparison flip-flop sets before
the VFO phase comparison flip-flop, the VFO
frequency is too slow to Dbe in phase with
incoming data. The output of the data phase
comparison flip-flop at 10A pin 8 causes the PNP
transistor at 13A pins 8, 9, and 10 to turn on
before the the NPN transistor turns on at pins
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14, 13, and 12. This increases the voltage on
the cathode of varactor diode CR1 before the NPN
transistor turns on. Since the PNP transistor is
on for a longer time than the NPN transistor,
there is a net increase in voltage at CRl. If
the VFO frequency is too high, as indicated by
the VFO phase comparison flip-flop setting first
at 10B, pins 5 and 6, the NPN transistor turns
on first, causing a net decrease of voltage at
CR1.

To keep the error amplifier 6A balanced, oper-
ational amplifier 5A monitors pins 1 and 7 of 6A
at its inverting input, pin 2. If the voltage at
pins 1 and 7 is slightly positive, the error
amplifier is unbalanced in a positive direction,
requiring a negative correction. This positive
voltage at input pin 2 of 5A causes output pin 1
to go low in proportion to the voltage. This, in
turn, causes a lower voltage to appear (through
R62 and R63) at pins 5 and 10 (the two PNP
transistors). A lower voltage at pins 5 and 10
gives a slight bias to the NPN transistors,
lowering the positive voltage at 6A pins 1 and
7. Conversely, if 6A output pins 1 and 7 are
more negative than the grounded noninverting
input of 5A, the output of 5A at pin 1 will be
positive, removing negative bias from the NPN
transistors.

Phase-Locked Loop

Also on page 7 of Figure 2-6 is the low-pass
filter for the phase-locked loop, comprised of
c57, C58, C59, R12, and R13. CRl, as explained
above, 1is a varactor diode, and acts as the main
variable frequency control element, changing
capacitance as the voltage from the error
amplifier 6A varies, and adjusting frequency of
the VFO (Q2). Output from the Collpitts
oscillator emitter goes to pin 1 of gate 9A. O9A
output is sent through a timing network composed
of inductor L2, C66, and R29. The timing network
provides proper phase shift for the oscillator.

The VFO is synchronized with the incoming MFM
data stream as follows: The 16Z+ flag from pin 8
of flip-flop 12A is sent to the 1D input of shift
register 12B, and also to pin 10 of exclusive-OR
gate 11B. The shift register is clocked by the
MFM data stream from pin 9 of 17F, RDDAT+. When
the VFO 1is 1locked to the 8.68-MHz crystal
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oscillator frequency (no gap is detected), pin 8
of 11B stays high at pin 2 of 9A, keeping the VFO
turned on. When the 16Z+ flag goes high, pin 8
of 11B goes low for four bit-intervals, sending
9A pin 3 high, and breaking the VFO feedback
loop, turning the VFO off. VFO output is sent to
the data separator as VFO2X+ from 8A pin 8, and
output line 8 from 11B is sent back to pin 4 of
5F to disable the three phase detector flip-flops
during the time that the VFO is turned off. If
the phase detector were not turned off with the
VFO, it would generate a disproportionately large
phase detection error.

Once the VFO turns off, since shift register 12B
is clocked by the MFM data leading edge, pin 8 of
11B goes high four bit-intervals later, at the
leading edge of the MFM data pulse. This causes
the VFO to restart in phase with the data stream.

Data Separator and Address Mark Detection Circuitry

2-82

The output of the VFO, VFO2X+, is inverted at pin
8 of 8A and sent to the phase detector. The 8A
output is also sent to a toggle flip-flop, 15D
(shown on page 8 of Figure 2-6), which divides
the VFO frequency by two, to equal 4.34 MHz at
output pin 5. This 4.34-MHz output signal
corresponds to the rate at which data is read
from or written to the Winchester disk drive.
Figure 2-7, "Winchester Data Separator Timing
Diagram," shows the timing relationships used in
detecting the address mark.

In the MFM data stream, a O arrives at the
boundaries of a bit cell and a 1 arrives in the
middle of the bit cell. Therefore, the output at
pin 5 of 15D is high in the middle of a bit cell
and low at the boundaries of a bit cell.

Flip-flop 15D is enabled when the 8X300's
software timer counts 80 bit-intervals and sets
the 80Z+ flag at pin 10 of input/output port 8G
(see page 4 of Figure 2-6). This 80Z+ flag
signal is sent to pin 2 of flip-flop 9B on page
7, where it is clocked by the 120-nsec delayed
MFM data pulse, RDDLY+ (Read Delay), and sent to
15D on page 8.

When enabled by 80%Z-, flip-flop 15D outputs pin 5
to the pin 12 15D input. Pin 11 is clocked by
the delayed MFM data pulse RDDLYl+, so that if
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pin 12 is high when pin 11 is clocked, a high
appears at the pin 9 Q output. A high at pin 9
means that the arriving data bit appeared in the
middle of a bit cell and must be a 1.

Another flip-flop, 17D, is clocked by RDDLY+ at
pin 3. The D input at pin 2 of 17D is sent to
the pin 6 Q output of the toggle flip-flop, 15D,
causing the output of 17D pin 5 to always be a
complement of 15D pin 9. Although both pin 9 of
15D and pin 5 of 17D outputs are cleared to 0 at
the end of a bit cell, 17D pin 5, which receives
complementary data from pin 6 of 15D, remains O,
while 15D pin 9 is clocked to a 1. This
characteristic is used to detect a unique address
mark or data pattern that always directly
precedes an MFM ID data field. (See Figure 2-7,
Winchester Data Separator Timing Diagram.)

The address mark byte is Alh (10100001 binary),
and the unique aspect of this Alh byte is that,
when the address mark is written, the second O
from the right (note the underline under this bit
above) is inhibited. The MFM encoding rule
states that the three 0s in the last four bits of
the address mark Dbyte are written at the
beginning of the bit cell, and the 1 bit is
written in the middle of the final bit cell for
this byte. The address mark has nothing in the
bit cell that corresponds to the second 0 in the
last four bits of the byte. When the address
mark is read back, assuming that both the 15D and
17D flip-flops have been cleared, the 15D flip-
flop clocks the first MFM 0 as a low on its pin 9
output. Since 17D's data is the complement of
15D's data, pin 5 of 17D is high. Again, at the
end of the bit <cell, both flip-flops are
cleared. At this point, the second 0 bit in the
field of three Os was never written on the disk
so nothing exists to clock flip-flops 15D and
17D. A O still appears at pin 9 of 15D, which is
valid for this Alh byte even though the 0 never
actually appeared. However, since no complemen-
tary data bit (that is, no 1) was present to
clock flip-flop 17D, a 0 also appears at pin 9 of
17D. Once again, 15D and 17D are cleared at the
end of the bit cell. The third MFM O that was
written in the address mark byte clocks a 0 at
pin 9 of 15D and a complement bit 1 at pin 5 of
17D.
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For the three bit-intervals above, a unique
noncomplementary pattern occurs at the two flip-
flop outputs. For any other byte of data read
from the Winchester disks, the pattern at pin 5
of 17D is always an exact complement of pin 9 of
15D. The address mark, however, generates 000 at
pin 9 of 15D and 101 at pin 5 of 17D. The
outputs of both flip-flops are clocked into
respective shift registers at 15E and 17E by
clocks at pins 8 and 6 of gate 14E. The 000 and
101 patterns are compared at 16E. When 16E finds
this special noncomplementary pattern in the data
bit stream (according to its externally wired
code), it sends pin 19 low, causing output pin 8
of flip-flop 17D to go high and enabling the data
from the data separator to be shifted to the
serializer/deserializer.

When the 8X300 first sets the 80Z+ flag, it waits
for the WSYNC- signal. It is possible, at this
point in the read operation, that the 80%Z+ and
previous 16Z+ flags were both set by a long field
of MFM Os in a data field and not by a wvalid
intersector gap. If so, eventually either an MFM
1l or (if the whole sector is nothing but MFM Os)
an Alh address mark from the next sector will
appear. Therefore, the first MFM 1 clocked
through shift register 15E to its pin 19 80Q
output is coupled to pin 9 of gate 17D. If an
address mark is not found, pin 8 of 17D is low,
resetting pin 11 of 14E (WNRZ+).

Also when the 8X300 sets the 80zZ+ flag, it waits
for the GAPDET- to go high, signalling that an
MFM data 1 has appeared. If data coming in is
address mark AlH, pin 8 of 17D goes high,
enabling the MFM data to be transferred to pin 11
of 14E (WNRZ+). 1If the incoming data is not the
address mark, pin 8 of 17D will remain low, and
pin 13 of 14E will be reset. When the signal
WNRZ+ is output from 14E, it is sent to pins 1
and 3 of multiplexer 17F on page 10, and output
through pin 7 as NRZDATA+ when WINCHEN+ (Read
Winchester Enable) is set high by the IWS
workstation.
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SMD I/0 EXTENDER BOARD

The SMD I/O Extender board plugs into the MSS
motherboard and provides communication channels
between the controller board, the MSX Winchester
drives, the SMD drives, and the IWS work-
station. Connectors on the SMD I/O Extender
board are shown in Figure 2-8, while Table 2-14
shows connector signal destinations. Data and
control signals from the IWS workstation are
transported through the DCI cable and enter the
SMD I/0 Extender board through connector Jl.
These signals are sent through the motherboard,
via the J5 and J6 connectors, to the controller
board, and then back out the motherboard to
drives. Connectors P3 and P6é are internal
connectors used in this system version, with P5
for Winchester and floppy disk control and status
signals, and P3 for Winchester and floppy disk
data.

P1 P2
(120 pins) (80 pins)

1]

P4

I re (20 pins)
(60 pins)

P7 PS5
(26 pins) (50 pins)
P3
(28 pins)
J4 J3 J2 J1
(50 pins) (50 pins) (50 pins) (50 pins)

Figure 2-8. SMD 1I/O Extender Board Connector Locations.
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MOTHERBOARD

The motherboard, contained in the MSS chassis,

provides an interface between the SMD Controller
board and the SMD I/0 Extender board. The
motherboard also receives power from the power
supply, through connector PS5.

Table 2-14. SMD 1/0O Extender Board Connectors.

Connector To/From Pins
J1 IWS workstation 50
J2 MSX 50
J3 SMD drives 50
J4 SMD drives 50
Pl Motherboard 120
P2 Motherboard 180
P3 Winchester disk drive 20
P5 Floppy disk drive 50
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POWER SUPPLY

The MSS and MSX power supply is a switching
supply that generates the following outputs:

Output Tolerance
+5 V i}%
-12 V 190%

+24 V i}o%

The 5 V output is adjustable. A potentiometer is
provided inside the power supply for adjustment
of the 5 V output. The adjustment range is 10
percent of the full nominal output value.

NOTE

Although this is an adjustable power supply,
it is not recommended that the user attempt
to adjust the 5 V potentiometer.

The power supply primary input is jumpered at the
factory to the local power supply, either for 110
V ac or 220 V ac. This setting can vary from
100/115 Vrms to 230 Vrms, as shown in Table 2-
15. Jumpering should not be changed without
contacting Convergent Technologies Field Service.

Overvoltage and overcurrent protection are
provided on the +5 V, +12 V and -12 V outputs.
The supply is protected to guard against failure
by externally applied voltages and protected
against excessive loads with an overall power-
1imit capability of approximately 153 W. The
supply also has an overtemperature switch that
turns off primary power if the heatsink tem-
perature exceeds 80°C.

Switches

One switch, located on the front panel, controls
main power to the subsystem. The switch contains
an illuminated indicator, which lights when power
is on.
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Power Supply Wiring

The power supply is factory wired to operate with
a line voltage input of either 115 V ac or
230 V ac. Figure 2-9 shows power supply wiring.

Table 2-15. Alternate AC Input Conditions.

Alternate Primary

Inputs Frequency Primary Voltage (Vrms)
Low High
Line Nominal Line
Domestic 60 Hz 105 115 130
Foreign 1 60 Hz 85 100 115
Foreign 2 50 Hz 180 230 260
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MASS STORAGE EXPANSION

The Mass Storage Expansion (MSX) is a mass memory
expansion peripheral capable of operating two
Winchester disk drives of either 20M- or 40M-byte
capacity. The MSX is used in conjunction with
and is connected to the MSS via the MSX cable,
which is a multiconductor cable similar to the
cable connecting the MSS to the IWS workstation.
Unlike the MSS, however, the MSX contains no
controller board. Control, status, and data
signals from the SMD Controller board in the MSS
are sent through the MSX I/0 Extender board,
which also provides a channel to and from the
disk drives. A Write-Protect board mounted on
the MSX I/0 Extender board buffers drive select
signals when power is on, and contains logic to
disable the disk drives if power fails.
Functional blocks of the MSX are shown in Figure
3-1.
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MSX Cable from MSS

Write-
Protect
Board

Control and
Status Signals
l\ P1
l/ P3
P2 ___l/‘
MSX
P4 1/0 Extender
1 Board
T -
Winchester
Data
Winchester
Disk Drive
Winchester
Data
Winchester
Disk Drive

Figure 3-1. Mass Storage Expansion Block Diagram.
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MSX I/O EXTENDER BOARD

The MSX 1I/0 Extender board contains five
connectors (Pl to P5) and transports signals
between the SMD Controller board, located in the
MSS, and the disk drives 1located in the MSX.
Signals from the MSS enter the MSX I/0 Extender
board through Pl. Control and status signals are
sent to MSX drives through connector P3. P4 and
P5 carry data signals to MSX disk drives. The
Write-Protect board plugs into connector P2.
Figure 3-2 shows MSX 1/0 Extender board connector
locations.

—
P3
(50 pins)
P2
(9 pins)
—
P1 -
(50 pins)

P5 P4

(20 pins) (20 pins)

Figure 3-2. MSX I/0 Extender Board Connector Locations.
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WRITE-PROTECT BOARD

3-4

The Write-Protect board disables drive select
signals when power drops, and buffers drive
select signals from the SMD Controller board when
the power is on. Figure 3-3 is the Write-Protect
board schematic.

DS1- and DS2- enter the Write-Protect Dboard
through connector J5 and are buffered through
Ul. The DSO- signal is not used. Jumpers W1 and
W2 are connected to provide proper signal
termination for DS1l- and DS2- at terminating
resistor RP1l. During operation, P6 1is also
jumpered, sending approximately 3.5 V to pin 9 of
voltage comparator U2. U2 pin 8 is set at 2.4 V
from Zener diode CR5. A high voltage at pin 9
sets pin 14 to approximately 5 V and causes pin 2
of U2 to drop, enabling the Ul buffer.

Circuitry at U2 and CR4 provides a 4-sec delay
when the power is turned on, pulling pin 2 of U2
high and disabling buffer Ul while the disk
drives initialize.
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Figure 3-3. Write-Protect Board Schematic.

Mass Storage Expansion

3-5



POWER SUPPLY

The power supply for the MSX is identical to the
power supply already described in the MSS
section. Refer to the "Power Supply" subsection

in Section 2, "Mass Storage Subsystem," for more
information.
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ADDITIONAL IWS PERIPHERALS HARDWARE

This section describes components, and explains
how to connect additional peripheral hardware to
the IWS. Directions for constructing cables,
connector pinouts, and parts lists are included
in this section, as are switch settings for
printers and plotters supported by Convergent
Technologies applications software.

There are five connectors located on the rear
panel of the IWS. These connectors, labeled
Cluster Communications, Printer, and Channel A
and Channel B, are used to link the workstation
in a cluster, and are also used to link printers,
plotters, and modems to the workstation. If a
Communications 1I/O Processor board has been
installed in this workstation, there will be more
than five connectors on the workstation's back
panel. (See the Communications I/0 Processor
Board for the IWS Workstation: Installation

Instructions for more details.)
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RS-422 CLUSTER COMMUNICATIONS INTERFACE

4-2

Workstations are connected to the cluster network
in a daisy-chain configuration, using RS-422
cluster communications cable assemblies and the
two connectors on the rear workstation panel
marked "Cluster Communications." Both connectors
are used in every workstation in a daisy-chain
configuration, except for the two workstations
located at the end of a cluster. Since only one
connector is used in the end workstations, the
unused connector requires a terminator plug.

This subsection contains an assembly parts list,
construction directions, and pinouts for the
cluster communications cable, the cluster com-
munications terminator, and the cluster communi-
cations cable splice.
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Cluster Communications Cable Assembly
(Convergent Technologies Part Number 61-00027)

This assembly connects workstations to the cluster communications
line.

Connection:

0]

Connector Pinouts:

Cluster Cluster
Communications Communications
Connector A Connector B Assignment
1 |- > ] GND (shield)
2 2
3 3
4 4
5 5
6 |= > 6 CLK+
7 - > 7 CLK-
8 |= = 8 DATA+
9 |- > 9 DATA-
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Cluster Communications Cable Construction

Directions:

4-4

1 |
( ] —3
I —/
— A —
—] T~ ]
— — -
— I |
3
Item Quantity Description
1. 2 9-pin D-type plug assemblies
(male). Use Amp part number
205204-1 or the equivalent.
2. 10 Connector contacts. Use Amp
part number 66507-3 or the
equivalent.
3. 2 Connector shell/strain re-
liefs. Use Amp part number
207908-1 or the equivalent.
4. 50 ft 4-conductor twisted pair
(15.2 m) shielded cable. Use Belden
part number 9502 or the
equivalent.
Notes: Pin 1 must be connected to the shield drain wire

at both ends. Pins 6 and 7 are a twisted pair; pins 8 and
9 are also a twisted pair.

The maximum total length of a cluster communications line
is 1100 ft (345 m). The minimum cable length between
workstations is 25 ft (7.62 m).
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Cluster Communications Terminator Assembly
(Convergent Technologies Part Number 61-00029)

This assembly terminates the cluster communications line and ends
a cluster.

Connection:

Connector Pinouts:

Cluster
Communications
Connector A Assignment
1
2
3
4
5
6 CLK+
240-ohm, 1/4-W
7 CLK-
8 DATA+
240-ohm, 1/4-W
9 j DATA-

Additional IWS Peripherals Hardware 4-5



Cluster Communications Terminator Construction

Directions:

3
| I
—/
Item Quantity Description

1. 1 9-pin D-type plug assembly
(male). Use Amp part number
205204-1 or the equivalent.

2. 4 Connector contacts. Use Amp
part number 66507-3 or the
equivalent.

3. 1 Connector shell. Use Amp
part number 207908-1 or the
equivalent.

4. 2 240-ohm, 1/4-W resistors

Note: A terminator must be installed at each end of the

cluster communications line.
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Cluster Communications Cable Splice Assembly
This assembly joins two cluster communications cables.

Connection:

Q Jll Ill [0

Connector Pinouts:

Cluster Cluster
Communications Communications
Cable Cable Assignment
1 |- > ] GND (shield)
2 2
3 3
4 4
5 5
6 |- > 6 CLK+
7 = > 7 CLK-
8 |= > 8 DATA+
9 |= = ) DATA-
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Cluster Communications Cable Splice Construction

Directions:

[_ a
B —/] -
/3 —/1
 E— —2 ]

—/ éz:zfi == ]
| —3 — |
| |

Item Quantity Description
1. 2 9-pin D-type receptacle

assemblies (female). Use Amp
part number 205203 or the
equivalent.

2. 10 Connector contacts. Use Amp
part number 66505-9 or the
equivalent.

3. 2 Connector shell/strain re-
liefs. Use Amp part number
207908-1 or the equivalent.

4. 0.5 ft 4-conductor twisted pair
(0.15 m) shielded cable. Use Belden
part number 9502 or the
equivalent.

Notes: Pin 1 must be connected to the shield drain wire
at both ends. Pins 6 and 7 are a twisted pair; pins 8 and
9 are also a twisted pair.

The maximum total length of a cluster communications line
is 600 ft (183 m).
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RS-232-C SERIAL INTERFACE

Two types of RS-232-C cables, either "straight"
or "crossed," may be connected to either Channel
A or Channel B on the rear panel of a work-
station. Channel A is configured for RS-422 use.
as shipped. To reconfigure Channel A, see
Appendix C of the Workstation Hardware Manual.

A straight cable is used to connect data terminal
equipment (DTE), such as a workstation, to data
communications equipment (DCE), such as a modem.

A crossed cable crosses the control and data
lines, effectively presenting a "null modem" to
each DTE. Such a cable is used to connect two
DTEs, for example, a workstation to a terminal.
A crossed cable, as described in this section, is
also used to connect a workstation to a plotter.
Another type of crossed cable, called the Serial
Printer Interface cable, is used to connect a
workstation to a printer.

This subsection describes connection and con-
struction of the straight RS-232-C and the
crossed RS-232-C cables. Connector pinouts are
also included in the descriptions. The (also
crossed) RS-232-C serial printer interface cable
is described in a later section, "RS-232-C Serial
Printer Interface." Switch settings and approp-
riate instructions for plotters and printers that
can be connected using each type of cable are
listed after the description of each cable
assembly.
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Straight RS-232-C Cable Assembly

This assembly connects the workstation to data communications
equipment (DCE).

Connection:

B -
DCE
Connector Pinouts:
Workstation DCE
Channel A Channel B Assignment
1 > 1 Protective Ground
(shield)
2 |- - 2 Transmit Data
3 e > 3 Receive Data
4 |= > 4 Request to Send
5 |= > 5 Clear to Send
6 = - 6 Data Set Ready
7 = 1 1 > 7 Signal Ground
(Spare Conductor)
8 |= > 8 Carrier Detect
14 |= »| 14 Secondary Transmit
Data
15 |= > 15 Transmit Clock
16 |= > 16 Secondary Receive
Data
17 |- = 17 Receive Clock
20 |= » 20 Data Terminal Ready
22 |- > 22 Ring Indicator
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Straight RS-232-C Cable Construction

Directions:

10000
A

(N
i

Item Quantity Description

1. 2 25-pin D-type plug assemblies
(male). Use Amp part number
205208 or the equivalent.

2. 30 Connector contacts. Use Amp
part number 66507-3 or the
equivalent.

3. 2 Connector shell/strain
reliefs. Use Amp part number
207908 or the equivalent.

4. 25 ft 15-conductor shielded cable.

(7.62 m) Use Belden part number 9541
or the equivalent.

Notes: Pin 1 must be attached to the shield drain wire

at both ends. The additional conductor in this cable must
be terminated to signal ground (pin 7) at both ends. The
minimum length of this cable is 25 ft (7.62 m).
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Crossed RS-232-C Cable Assembly

This assembly connects the workstation to data terminal equipment

such as plotters and terminals and is used for RS-232-C
communications.
Connection:
B
DTE
Connector Pinouts:
Workstation DTE
Assignment Channel A Channel B Assignment
Protective Ground 1l | ] Protective Ground
(shield) (shield)
Transmit Data 2 - 3 Receive Data
Receive Data 3 |- 2 Transmit Data
Request to Send 4 4 Request to Send
Clear to Send 5 <_—1 [—_> 5 Clear to Send
Signal Ground 7 |- = 7 Signal Ground
Data Set Ready 6 |- > 6 Data Set Ready
Carrier Detect 8 |= » 8 Carrier Detect
Data Terminal 20 20 Data Terminal

Ready
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Crossed RS-232-C Cable Construction

Directions:
i —— ]
—4 — m
—/ —
— .
3 T~ [
| — — i
| — — |
Item Quantity Description
1. 2 25-pin D-type plug assemblies
(male). Use Amp part number
205208-1 or the equivalent.
2. 18 Connector contacts. Use Amp
part number 66507-3 or the
equivalent.
3. 2 Connector shell/strain
reliefs. Use Amp part number
207908-7 or the equivalent.
4. 25 ft 3-conductor shielded cable.
(7.62 m) Use Belden part number 9533
or the equivalent.
Notes: Pin 1 must be connected to the shield drain wire

at both ends. The minimum length of this cable is 25 ft

(7.62 m).
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PLOTTER CONFIGURATIONS

4-14

Three plotters are supported Dby Convergent
Technologies software:

o Hewlett-Packard Model HP7470A
o Hewlett-Packard Model HP7220C
o Strobe Model 100

This subsection contains connections and switch
settings required to run each of the following
plotters with an IWS. These plotters are con-
nected with the crossed RS-232-C cable described
in the preceding subsection.
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Plotter Switch Settings
Hewlett-Packard 7470A Plotter
This plotter uses the crossed RS-232-C cable. To

use this plotter with an IWS, the switches should
be set as follows:

Switch Setting

Parity Off (S2)
Off (sl1)

D/Y Y

(Programmed On/Off)

A4/Us Us

Baud rate Oon (B4)
Off (B3)
Off (B2)
Off (Bl)

Figure 4-1 illustrates the HP7470A plotter switch
settings.

N n < (4] N -
® »w > DO m o o o

6028
-
—
—
/
/

—— 1 o
PARITY BAUD

A4

Figure 4-1. HP7470A Plotter Switch Settings.
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Hewlett-Packard 7220C Plotter

This plotter uses the crossed RS-232-C cable.
The cable should be connected to the MODEM
connector, as shown in Figure 4-2, and the Baud
rate dial should be set to 2400. The switches
should be set as follows:

Switch Setting
CONF. TEST Ooff
DTR Bypass/Norm Norm
Parity Off
Hard Wire/Modem Modem
TERMINAL CONF. TEST
ONeeeessssos /O Baud rate Lon ,EI OﬂJ
g-;:ass — Norm
MODEM 2400 —On — oft
Parity
o [ /7 — Even c Odd
— Half ] Full
{,*,,?,’;’ E} Modem
Duplex

Figure 4-2. HP7220C Plotter Switch Settings.
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Strobe Model 100 Plotter

This plotter uses the crossed RS-232-C cable and
requires a Strobe Model RS-232-C interface

attachment. The switches should be set on the
interface attachment as follows:

Switch Setting
Baud rate dial 2400 (A7)
Parity None
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RS-232-C SERIAL PRINTER INTERFACE

A crossed RS-232-C serial printer interface
cable, described in this subsection, is used to
connect serial printers to the IWS workstation.
A crossed cable crosses the control and data
lines, effectively presenting a "null modem" to
each piece of data terminal equipment (DTE).
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Serial Printer Interface Cable Assembly

This assembly connects the workstation to serial printers.

Connection:
B - Serial

L] Printer

Connector Pinouts:
Workstation DTE
Assignment Channel A Channel B Assignment
Protective Ground l je——m| 1 Protective Ground
(shield) (shield)
Transmit Data 2 » 3 Receive Data
Receive Data 3 |e— 2 Transmit Data
Request to Send 4 |- 4 Request to Send
Clear to Send 5 > 5 Clear to Send
Signal Ground 7 [e——— 7 Signal Ground
Data Set Ready 6 |- > 6 Data Set Ready
Carrier Detect 8 = > 8 Carrier Detect
Data Terminal 20 20 Data Terminal
Ready Ready
CAUTION

An RS-232-C serial printer must only be connected to a work-
station channel configured for RS-232-C. Channel A is con-
figured as RS-422 from the factory. A serial printer must
not be connected to Channel A unless it is reconfigured. A
serial printer must also never be connected to the parallel
printer connector on the workstation.
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Serial Printer Interface Cable Construction

Directions:

4-20

Jonaut
\

Item Quantity

1. 2

2. 18

3. 2

4, 25 ft
(7.62 m)

(N
JIU00DT

Description

25-pin D-type plug assemblies
(male). Use AMP part number
205208-1 or the equivalent.

Connector contacts. Use Amp
part number 66507-3 or the
equivalent.

Connector shell/strain
reliefs. Use Amp part number
207908-7 or the equivalent.

3-conductor shielded cable.
Use Belden part number 9533
or the equivalent.

Notes: Pin 1 must be connected to the shield drain wire
at both ends. The minimum length of this cable is 25 ft
(7.62 m); the maximum length is 50 ft.
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SERIAL PRINTER CONFIGURATIONS
Qume Sprint 5 Serial Printer Cable Connection

The serial interface option for the Qume Sprint 5
serial printer does not provide the standard
female 25-pin D-type cable connector mounted on
the back of the printer. (This connection is,
however, standard on the Qume Sprint 9 serial
printer, the Diablo 630 HPRO5 printer, and the
Diablo 630 SPI printer.)

Instead of providing a standard connector, the
serial interface for Qume Sprint 5 is a 10-
conductor cable that is hard-wired to the
printer. Figure 4-3 shows the correct way to
connect the wires within the cable to a male 25-
pin D-type connector, which can then be plugged
into either Channel A or Channel B at the rear of
the workstation.

Modified Cable
Connector Pin Wire Color

1 Black

2 Red

3 Brown

7 e Blu@

5 Orange

6 3

8
N/C Yellow
N/C = Gre€N
N/C Violet
N/C Grey
N/C White

Figure 4-3. Modified Cable Connection for the Qume Sprint 5
Serial Printer.
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Serial Printer Switch Settings
Qume Sprint 5 Serial Printer
The switches for a Qume Sprint 5 printer should

be set as follows:

Front panel switches

Switch Setting
Baud 1200
Duplex Full
Parity Even
Auto

Line Feed Off
Twintellect Standard
Character

Spacing 10

Form Length 11

Keyboard switches (if applicable)

Switch Setting
On-line ON

Inside switches

Switch Setting
No Modem HIGH (left)
Baud rate HIGH (left)
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Since the Qume Sprint 5 printer does not support
XON/XOFF handshaking, the printer configuration
should be set for CTS only, not both CTS and
XON/XOFF. This printer must be connected using
the serial printer interface cable. Figure 4-4
shows the Sprint 5 printer switches.

COVER INTERLOCK

PAPER OUT SENSOR RIBBON 7DVANCE

| rpnnnnennaneconssescesses

CARRIER DETECT

RESET COMM. AUTO LINE FEED TWINTELLECT POWER RIBBON I
/

Pt

RESET PRINTER

BAUD RATE

PARITY

{
. 7Y :
CHAR SPACING\

SET TOF
NO MODEM/MODEM FORM LENGTH

/’;

DUPLEX
HILO

Figure 4-4. Qume Sprint 5 Serial Printer Switches.
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Qume Sprint 9 Serial Printer

If a Qume Sprint 9 serial printer is to be used,
the switches should be set as follows:

Front panel switches

Switch Setting

Linespace Set the number of lines to
3, 6, or 8 lines per inch.

Pitch Set pitch as 10, 12, or 15
characters per inch.

WPS Turn WPS off.

TOF Set top of form as needed.

Form length Set form length as needed.

Form feed Turn form feed on.

Pause Turn pause off.

Internal Front Panel Switches

Switch Setting

Even parity Turn off (AS8)
Even parity Turn off (A7)
No modem Turn on (A6)

Full duplex Turn off (A5)
1200 baud Turn on (A3)

1200 baud Turn off (A2)
1200 baud Turn off (Al)
XON/XOFF Turn off (BS8)
XON/XOFF Turn off (B7)
Auto CR/LF Turn off (B6)
Auto LF Turn off (B5)

Stop print on Turn off (B4)
paper out

Twintellect Turn off (B3)
(B2 is not used)

Automatic Turn off (B1l)

bidirectional

printing

Figure 4-5 shows the Qume Sprint 9 serial printer
switches.
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LINESPACE PITCH SET TOF
READY PAUSE
RESET \
ﬁ‘] / e %B /
F
CARRIER Fggg"
DETECT COMM FORM
ERROR WPS LENGTH
ON OFF
STANDARD FRONT PANEL
HANDSHAKE
AUTO CRI/LF
AUTO LF
_PARITY STOP PRINT ON PAPER OUT
NO MODEM/MODEM TWINTELLECT
HALF DUPLEX/FULL DUPLEX (NOT USED)
SELF TEST K — AUTO
X ‘——\-——-\—BAUD RATE 0 BIDIRECTIONAL
n PRINTING
[N 3 ’L\ \ h \\\\.
s "\ \.2 4 O\
18 M > : - >
5 '\ .
\ ‘
(0
“A” (LEFT HAND) INTERNAL “B” (RIGHT HAND) INTERNAL
FRONT PANEL SWITCHES FRONT PANEL SWITCHES

Figure 4-5. Qume Sprint 9 Serial Printer Switches.
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Diablo 630 SPI Serial Printer

For a Diablo 630 SPI serial printer, the switches
should be set as follows:

Switch Setting

Print wheel Turn 1 off (plastic).

Spacing Turn 2 and 3 off (10-
pitch).

Protocol Turn 4 off (DCl1-DC3).

Baud Turn 5 on (1200 baud).

Parity Turn 6 and 7 on (even
parity).

Self-test Turn 8 off.

Figure 4-6 shows the switches of the Diablo 630
SPI printer.

=; (FUNCTION | PRINTWHEEL SPACING PROTOCOL | BAUD PARITY  |SELFTEST) e

3 I l =
m‘fmwx Brop AA 12VA [Printer ReadyA | 1200A | Even AA SpaceVA [ On A 1
Select Position]  piistic V SAV 10VV e S 1200 [ B al Bxeve | Snv | [tonaans

>

FORM
PAUSE RESET
FEED READY || POWER

Figure 4-6. Diablo 630 SPI Serial Printer Switches.

4-26 IWS Peripherals Hardware Manual (SMD Version)



Diablo 630 HPRO5 Serial Printer

When this printer is used, the Print Wheel Select
should match the type of print wheel on the
printer. Switches, as shown in Figure 4-7,
should be set as follows (see also Note and
Figure 4-8, below):

Switch Setting
Double line feed Off
Auto line feed Off
Uppercase only Off
Message load Off
Full duplex Off
Parity enable Off
Baud 30 Off
Baud 1200 Off
Parity Even (turned on)
Paper out Off

DOUBLE L F
——— AUTO L F
—UC ONLY

r MESSAGE LOAD

FULL DUPLEX
BAUD 30

— BAUD 120

[ PAPER OUT DEFEAT

SELECT

0 B8 METAL

I 2 92METAL 8 8 3 19 spacing

3 96 METAL 212

PRINTWHEEL 4 96D METAL -J u U U
5 APL METAL

6 APL PLASTIC

1.8.9 OPTION

0 PROP I

EVEN @
PARITY

PARITY AUDIO ALARM
ENABLE

315
4thru9 SELF TEST

@)

O O O O RESET SCROLL LF FE HERE 1]
POWER PRINT PARITY OVFL RIBBON COVER
CHK PAPER

BREAK

Figure 4-7. Diablo 630 HPRO5 Serial Printer Switches.

Additional IWS Peripherals Hardware 4-27




NOTE

In certain configurations of the Diablo 630 HPRO5 serial
printer, the Printer Ready signal is at pin 11 of the RS-232-
C connector, rather than at pin 20. The result of having the
Printer Ready signal at pin 11 is that the signal never
reaches the system, and data is not transmitted to the
printer.

It is possible for the problem to occur in the Diablo 630
HPRO5 depending on the state of an internal Jjumper on its
logic board. Normally, the Printer Ready signal appears at
pin 11 of the RS-232-C connector unless a jumper is installed
between pins 5 and 6 of plug A60 on the HPRO5 logic board.
When the jumper is installed, the Printer Ready signal
appears on pin 20 of the RS-232-C connector.

If you encounter the problem of your printer having the
Printer Ready signal at pin 11 with no jumper installed, you
can modify the printer end of the printer cable. Figure 4-8
shows the original cable connection and the modified cable
connection.

Be aware that when you modify the printer cable, it becomes
asymmetric and that the proper end must be plugged into the
proper device. Also be aware that the modified cable may not
work for all printer configurations. Therefore, both types
of cables may be needed.

Original Cable Modified Cable
System Printer System Printer
1 1 1 1
2 3 2 3

Figure 4-8. Cable Connections for the Diablo 630 HPROS Serial
Printer.
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PARALLEL INTERFACE

The following subsection describes the assembly
and connection of cables used for connecting a
parallel printer to the IWS workstation. Switch
settings for parallel printers supported by
Convergent Technologies are shown and described
in the "Parallel Printer Configurations"
subsection, below.
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Parallel Printer Interface Cable Assembly

This cable connects the workstation with a Centronics-type
parallel interface line printer.

Connection:

Parallel
L] Printer
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Pinouts:

Workstation
Channel A

Additional IWS Peripherals Hardware

Line

Printer

Assignment

DATAO+
GND
DATAl+
GND
DATA2+
GND
DATA3+
GND
DATA4+
GND
DATAS5+
GND
DATAG6+
GND
DATA7+
GND
STROBE-
GND
ACKNLG-
GND
BUSY+
GND
SLCT+
GND
PE+
GND

CHASSIS GND (shield)

GND (spare
GND (spare
GND (spare
GND (spare

conductor)
conductor)
conductor)
conductor)
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Parallel Printer Interface Cable Construction

Directions:

Workstation

Parallel Printer

4-32

25-pin D-type plug assembly
(male). Use Amp part number
205208-1 or the equivalent.

Connector contacts. Use Amp
part number 66507-3 or the

Connector shell/strain
relief. Use Amp part number
207908-7 or the equivalent.

30-conductor shielded
cable. Use Belden part
number 9515 or the

T /)
| S
I
—3
Item Quantity Description
1. 1
2. 25
equivalent.
3. 1
4. 10 ft
(3.0 m)
equivalent.
5. 1

36-pin "Blue Ribbon" type
connector assembly (male).
Use Amp part number 57-30360
or the equivalent.
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NOTE

Chassis ground must be connected to the shield drain wire at
both ends.

A twisted pair consists of a signal and a ground. That is,
DATAO+ (workstation pin 1) and ground (workstation pin 10).

All four unused conductors must be connected to a ground at
both ends.

The vinyl insulation must be stripped back at the 36-pin
printer connector so that the metal strain relief clamps down
on the conducting shield.

This cable must be 10 ft (30 m) minimum length. Longer
lengths must be approved by the printer manufacturer.
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PARALLEL PRINTER CONFIGURATIONS

The IWS has a Centronix-type interface for
parallel printers, which wuses the parallel
printer interface cable. This subsection
contains switch settings for some of the parallel
printers supported by Convergent Technologies
applications software.
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Parallel Printer Switch Settings
Printronix MVP Parallel Printer

To use this printer with Convergent Technologies
business graphics software, follow steps 1
through 4. (The printer panel referred to in
these steps is shown in Figure 4-9.)

1. Turn the printer on, using the On/Off switch
on the back panel.

2. Lift the front cover.

3. Press the 2nd FUNC button once.

4. Press the RDY button four times. The LED
indicator to the left of RDY will now read:
001.

This sets up the size of each dot in accordance

with Convergent Technologies graphics config-

uration requirements.

To use this printer as a text printer, push RDY
two additional times, or until the LED indicator

reads 002.
MODE ADDR DATA
RDY 2nd
FUNC
— l —
i
LI
— - |
Not Used

Figure 4-9. Printronix MVP Parallel Printer Switches.
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TI 810 Parallel Printer

4-36

This printer can be used as either a parallel or
a serial printer, depending on switches 1 through
3. Switch settings for using this printer as a
parallel printer are listed below. More instruc-
tions can be found in the Texas Instruments
instruction manual, and on the inside cover of
the printer.

Switch number Setting

Oon
Oon
On
off
off
Oon
on

Nogbhwh -
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RS-232-C COMMUNICATIONS DIAGNOSTIC INTERFACE

The diagnostic connector described in the
following section provides simple loopback for

running standalone communications diagnostics for
RS-232-C configurations.
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RS-232-C Communications Diagnostic Connector Assembly
(Convergent Technologies Part Number 64-00007)

This assembly provides RS-232-C diagnostic loopback capability.

Connection:

Connector Pinouts:

Workstation
Channel A Assignment
2 Transmit Data
3 Receive Data
4 Request to Send
5 Clear to Send
8 Carrier Detect

Secondary Transmit Data
Secondary Receive Data
Data Terminal Ready
Ring Indicator

Data Set Ready

- -
O W
AT Un A U
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RS-232-C Communications Diagnostic Connector Construction

Directions:

Item Quantity Description

1. 1 25-pin D-type plug assembly
(male). Use Cannon part
number 8026-25P or the
equivalent.

2. 1 Connector shell. Use Cannon

part number D13-110963-3 or
the equivalent.

Note: This connector may be connected to communications
Channel A or B if they are configured for RS-232-C
operation.
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SMD CABLE INTERFACE

4-40

The following subsection describes the cables
used to connect Storage Module Drives to the IWS
workstation. Up to four SMDs can be connected to
the IWS workstation via two 50-pin connectors
located on the SMD I/0 Extender board: J3 and
J4. Ribbon or twisted pair cables may be used.
Proper pin assignments and correct pin correl-
ation for connecting either connector J3 or J4 to
a ribbon cable, and SMD drive Cable A or Cable B
connectors is shown below, in the "SMD Interface
Cable Assembly" subsection. Because the method

of pin numbering is different, extreme caution

must be used when connecting pins from the SMD

170 Extender board Eg_g_ribbon cable.
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Single SMD Interface Cable Assembly

Function: This cable assembly connects one SMD to the SMD I/0
Extender board in the MSS.

26 pin
Header Connector
Cable B \
Ja E
/ .
50 pin This SMD has
Connectors _< aterminating
N Cable A I resistor
J3
/j—
60 pin
Header Connector
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Multiple SMD Interface Cable Assembly

Function: This cable assembly connects four SMDs to the SMD I/0
Extender board in the MSS.

MSS Cable B (Data)
J4
50 pin of
Connectors

J3 SMDO SMD1 SMD 2 SMD 3

Cable A
(Control and

Status)

The terminating resistor is in SMD 3.

Notes: Cable A and Cable B pinouts, 1listed
below, are the same when connecting either one
SMD or four SMDs to the SMD I/0 Extender board,
with the following exception: if only one SMD is
connected to the SMD I/0 Extender board, the
Cable B signals for SMDO only are used. Listings
for SMD1-SMD3 are used when connecting four SMDs
to the SMD I/0 Extender board.
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Ribbon

Cable

Cable A
Input

Ribbon
Cable

‘Ribbon
Cable

Cable B
Input

Ribbon

Cable

e Wpny

Y

o ‘S#

w N

w N e

awe

©
.w@

o W

~ b

w
°.>°°,

©o wm

Pins for SMD Cable A and Cable connectors are
numbered in the following manner:

14 15 16 17

e o o
1 2 3 4

But the ribbon cable is numbered in the following
manner:

onN
L2
o
® 0

Therefore, if ribbon cables are used to connect
SMDs to the IWS workstation, care must be taken
to avoid connecting the wrong pins. Following is

a diagram showing exactly which ribbon cable pins
should be connected to SMD Cable A and Cable B

connectors, and a listing of pin assignments.

12 14 16 18 20 22 24 26 28 30 32 34 36 3

8 40 42 44 46 48 50 52 54 56 58 60
36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
[ ) [ ] [ ] [ ] [ ] [ ) [ ) [ ) [ [ ] [ [ ) [ ) [ ) [ ] [ ] [ ] [ ) [ ) [ ] [ ] [ ] o [ ]

[ ] [ ] [ ] [ ] o L] e o L] L] [ ] L] [ ] e o e o o [ ] e o e o o o
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59

12 14 16 18 20 22 24 26
19 20 21 22 23 24 25 26

e o o o 0o o o o
6 7 8 9 10 11 12 13
11 .13 15 17 19 21 23 25
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Pinouts, Cable A

SMD Cable A SMD Connector Ribbon Cable

(60-pin) J3 (50-pin) (60-pin) Signal
49 30 38 URDY+
19 48 37 URDY-
47 12 34 ONCYL+
17 46 33 ONCYL-
46 28 32 SKER+
16 45 31 SKER-
45 11 30 FLT+
15 44 29 FLT-
58 14 56 WPRT+
28 13 55 WPRT -
48 29 36 IDX+
18 47 35 IDX-
50 31 40 AMFND+
20 49 39 AMFND-
34 34 8 BUSOH

4 19 7 BUSOL
35 35 10 BUS1H
5 20 o BUS1L
36 36 12 BUS 2H
6 21 11 BUS2L
37 37 14 BUS3H
7 22 13 BUS3L
38 38 16 BUS4H
8 6 15 BUS4L
39 39 18 BUS5H
° 23 17 BUS5L
40 7 20 BUS6H
10 40 19 BUS6L
41 24 22 BUS7H
11 8 21 BUS7L
42 41 24 BUS8H
12 25 23 BUSS8L
43 42 26 BUS9H
13 26 25 BUSOL

26, 27, 44 43 51, 53, 28 CHRDY+

14, 56, 57 27 27, 52, 54 CHRDY-
33 1 6 TAG3+

3 18 5 TAG3-
31 5 2 TAG1+
1 4 1 TAGl-
32 3 4 TAG2+
2 2 3 TAG2-
53 16 46 USELO+
23 15 45 USELO-
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SMD Cable A SMD Connector Ribbon Cable

(60-pin) J3 (50-pin) (60-pin) Signal
52 33 44 USTAG+
22 17 43 USTAG-
55 32 50 SECTOR+
25 50 49 SECTOR-
51 BUSY+
21 BUSY-
24 9 47 USEL1-
54 10 48 USEL1l+
29 GND
Pinouts, Cable B
SMD Cable B SMD Connector
(26-pin) J4 (50-pin) Ribbon Cable Signal
Drive O
14 27 2 SKO+
2 44 3 SKO-
17 29 8 RKO+
5 46 9 RKO-
19 47 12 WKO+
6 30 11 WKO-
16 45 6 RDDO+
3 28 5 RDDO-
20 31 14 WDDO+
8 48 15 WDDO -
9 32 17 SOSEL-
22 49 18 SOSEL-
Drive 1
14 16 2 SK1+
2 17 3 SK1-
17 33 8 RK1+
5 13 9 RK1-
19 14 12 WK1+
6 15 11 WK1-
16 50 6 RDD1+
3 12 5 RDD1-
20 43 14 WDD1+
8 26 15 WDD1-
9 42 17 S1SEL+
22 25 18 S1SEL-
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SMD Cable B SMD Connector

(26-pin) J4 (50-pin) Ribbon Cable Signal
Drive 2
14 41 2 SK2+
2 24 3 SK2-
17 40 8 RK2+
5 23 9 RK2-
19 39 12 WK2+
6 22 11 WK2-
16 38 6 RDD2+
3 21 5 RDD2-
20 37 14 WDD2+
8 20 15 WDD2-
o 36 17 S2SEL+
22 19 18 S2SEL-
Drive 3
14 35 2 SK3+
2 11 3 SK3-
17 10 8 RK3+
5 9 ° RK3-
19 8 12 WK3+
6 7 11 WK3-
16 6 6 RDD3+
3 5 5 RDD3-
20 4 14 WDD3+
8 3 15 WDD3-
] 18 17 S3SEL+
22 34 18 S3SEL-
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SMD Interface Cable A Construction

/L o

| £

&

Directions:

I

Item Quantity Description

1. 1 60-pin socket connector.
Use 3M part number 3334-
6000.

2. 1 50-pin D-type connector

shell. Use Amp part number
205212-1 or the equivalent.

3. 50 Connector contacts. Use Amp
part number 66507-3 or the
equivalent.

4. 1 Shield and cable clamp

assembly kits. Use Amp part
number 1-207908-3.

5. Non-grounded #28 AWG
stranded flat cable. Use 3M
part number 3365/60. OR
Grounded #28 AWG stranded
flat cable. Use 3M part
number 3469/60. (Grounded
cable is recommended for
this connection.)

Note: The maximum length for this cable is 15 m
(45 ft).
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SMD Interface Cable B Construction

/o o

Directions:

|

Iifife
o
o

o

Item Quantity Description

1. 1 26-pin socket connector.
Use 3M part number 3399-
6000.

2. 1 50-pin D-type connector

shell. Use Amp part number
205212-1 or the equivalent.

3. 48 Connector contacts. Use Amp
part number 66507-3 or the
equivalent.

4. 1 Shield and cable clamp

assembly kits. Use Amp part
number 1-207908-3.

5. Non-grounded #28 AWG
stranded flat cable. Use 3M
part number 3365/26. OR
grounded #28 stranded flat
cable. Use 3M part number
3469-26. (Grounded cable is
recommended for this connec-
tion.)

Note: The maximum length for this cable is 15 m
(45 ft).
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APPENDIX A:

ELECTRONIC

Memory Capacity

IWS PERIPHERALS HARDWARE SPECIFICATIONS

8-inch 8-inch 8-inch 8-inch
Floppy Disk Winchester Winchester Winchester
Drive (double Disk Drive Disk Drive Disk Drive
density) (1LOM byte) (20M byte) (40M byte)
Unformatted: 800K bytes 10.5M bytes 21.0M bytes 42.0M bytes
Formatted: 591K bytes 8.4M bytes 16.8M bytes 33.6M bytes
Sector
size: 512 bytes 512 bytes 512 bytes 512 bytes
Sectors
per track: 15 16 16 16
Storage Module Drive (SMD) specifications are
listed in Appendix B, "Storage Module Drive

Description and Specifications."

Serial Input/Output Rate

RS-422 (Cluster Communications)
Internal clock
External clock

RS-232-C Communications
Internal clock

External clock

Parallel Output Rate
(Printer Interface)

50 baud to 615 kbaud (maximum)

dc to 730 kbaud

50 baud to 19.2 kbaud (maximum)

dc to 19.2 kbaud

19.6K characters/second
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Mass Storage Timing

Transfer rate
Access time
(average)

Access time
(track to track)

Settling time

Head load time

Floppy Disk Drive Winchester Disk Drive

62.5K bytes/sec 543.4K bytes/sec

260 milliseconds 70 milliseconds (10M byte)
50 milliseconds (20M byte)

8 milliseconds 19 milliseconds
8 milliseconds 15 milliseconds
35 milliseconds N/A

Storage Module Drive timing information is listed
in Appendix B, "Storage Module Drive Description
and Specifications."”

SAFETY AND ENVIRONMENTAL

Safety

Electromagnetic

UL 478 (EDP) and 114 (office equipment)
CSA 154 (EDP) and 143 (office equipment)
VDE 0730, Parts 1 and 2 (available at extra cost)

BSI BS 3861, Parts 1, 2, and 3 (available at
extra cost)

Interference

US FCC Rules and Regulations, Part 15, Subpart J,
Class A

VDE 0871, Level A (available at extra cost)

A-2 IWS Peripherals Hardware Manual (SMD Version)



Electrostatic Discharge
5,000 Vv
15,000 Vv

25,000 Vv

Altitude
Operating

Nonoperating

Acoustic Noise Level

NR40

Temperature and Humidity

Temperature
Operating

Nonoperating

Humidity (non-
condensing)
PHYSICAL
Mass Storage Base Unit
Height
Width
Depth

Weight

no observable effect
no operator-perceived errors

no permanent damage

6,000 ft at sea level

12,000 ft at sea level

System Media

32 to 104°F 50 to 104°F

(0 to 40°C) (10 to 40°C)
-40 to 167°F -7 to 116.6°F

(-40 to 75°C) (=22 to 47°C)

5 to 95% 20 to 80%

26.00 in (66.0 cm)
8.46 in (21.50 cm)
20.87 in (53.00 cm)

85.00 1b (38.64 kg)

Information on Storage Module Drives is listed in
Appendix B, "Storage Module Drive Description and

Specifications."
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Cable Lengths

AC line 10 ft
Workstation to MSS 10 ft
MSS to MSX 5 ft
Maximum cluster length 1100 ft

ELECTRICAL
AC Power Capacity
60 +0.5 Hz
AC Voltage
85 to 130 Vrms

AC Power Requirements

Maximum 105 Vrms

MSS unit 3.3 A
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APPENDIXB:  STORAGE MODULE DRIVE DESCRIPTION AND SPECIFICATIONS

Storage Module Drives (SMDs) are high-speed,
random access digital data storage devices. Up
to four SMDs can be connected to the IWS work-
station and controlled by the SMD Controller
board at one time. The SMD Controller board has
been tested with the Fujitsu 80M-byte and the CDC
80M- and 300M-byte drives.

When an SMD is connected to an IWS workstation
(or rather, an MSS), it communicates only with
the SMD Controller board. The controller board
issues commands to the drive, which decodes the
commands and performs the appropriate oper-
ation. In addition to the commands, the SMD
Controller board sends write data, write clock,
and power sequence information to the drive.

The SMD, in turn, sends various status signals to
the controller board, including read data, read
clock, and servo clock information, which the
controller wuses to monitor and control SMD
operations.

Specifications are listed below for the Fujitsu
80M-byte and the CDC 80M- and 300M-byte drives.
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FUJITSU S8OM-BYTE STORAGE MODULE DRIVE (MODEL M2312K)

Electronic

Storage Capacity

Physical

Mechanical

Unformatted
Formatted

Sector size
Sectors per track
Number of cylinders
Tracks/cylinder
Cylinder capacity
Track capacity
Latency (average)
Positioning time:
Track to track
Average

Maximum
Rotational speed

Transfer rate
Encoding method
Interface data
Recording density
Track density
Start/stop time

Interface

Depth
Width

Height

84,439,040 bytes
67,551,232 bytes

512 bytes

32

589

7

143,360 bytes
20,480 bytes

8.3 milliseconds
5 milliseconds
20 milliseconds
40 milliseconds
3,600 RPM (+1%)
1.229M bytes/sec
MFM

NRZ

9,550 BPI

720 TPI

<20/<40 sec

SMD

15.0 in (380 mm)
8.5 in (216 mm)

5.1 in (130 mm)
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Mechanical (cont.)

Operating

Nonoperating

Weight

Mounting axis

Temperature
Temperature variation

Relative humidity
(noncondensing)

Altitude

Vibration

Shock

Temperature
Relative humidity
(noncondensing)

Altitude

Vibration

Shock

Approx. 25 1b (11.3 kg)

Horizontal/vertical

41°F to 104°F
(5°C to 40°C)

<27°F/hr (15°C/hr)
20% to 80%

10,000 ft (3,000 m)

0.2 G max (30 to 60 Hz)
Both ways: 2 min x 30
cycle (sine wave)

<2.0 G, 10 milliseconds

-40°F to 140°F
(-40°C to 60°C)

5% to 95%

40,000 ft
(12,000 m)

0.4 G max (3 to 60 Hz)
Both ways: 2 min
(sine wave)

<5.0 G, 30 milliseconds
(during storage or
transportation)
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Electrical

DC Power Requirements

DC voltage Load Current (basic)

+5 V  + 5% 3.5 A

-12 V. + 5% 3.0 A

+24 V + 10% 30 A (effective,
typical)

60 A maximum
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CDC 8O0M-BYTE AND 300M-BYTE STORAGE MODULE DRIVES

Electronic

Data Capacity

bytes/track®
bytes/cylinder*
bytes/spindle*

Cylinders/spindle*

80M byte
(Model 9762)

300M byte
(Model 9766)

20,160
100,800
81,446,400

823

20,160
383,040
309,496,320

823

*based on 8-bit bytes and not allowing for toler-
ance gaps for sectoring, etc.

Formatted Capacity

Disk Pack

Per drive
Sector size

Sectors per track

Type
Disks/pack

Data surfaces

80M byte
(Model 9762)

300M byte
(Model 9766)

67.4M bytes
512 bytes

32

256.2M bytes
512 bytes

32

883-91 (one/drive)

12 (top and bottom disks
are for protection only)

19 (300M byte)

5 (80M byte)

Servo surfaces 1
Usable tracks/surface 823
Tracks/inch 384

Track spacing

Coating

0.0026 in (0.066 mm)
(center to center)

Magnetic oxide
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Recording Characteristics

Mode

Density
Outer

Inner

(nominal)
track

track

Rate (nominal)

Heads

Read/Write

Servo

Read/Write width

Seek Characteristics

Mechanism

Maximum
Maximum
Average

Average

Maximum

Spindle

seek time
track seek time
seek time

latency

latency

speed

MFM
4038 bits/in
(1590 bits/cm)

6038 bits/in
(2377 bits/cm)

9.67 MHz (1 209 600
bytes/sec)

19 (300M byte)
5 (80M byte)

1

0.002 in (0.051 mm)

Voice coil, driven by
servo loop

55 milliseconds
6 milliseconds
30 milliseconds

8.33 milliseconds
(at 3600 RPM)

17.3 milliseconds
(at 3474 RPM)

3600 RPM
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Physical

Mechanical

Operating

Nonoperating

Height
width
Depth

Weight

Temperature

Temperature variation

Relative humidity
(noncondensing)

Altitude

Temperature
(packed for transit)

Nonoperating
change/hr

Relative humidity
(noncondensing)

Altitude

36 in (920 mm)
36 in (914 mm)
23 in (584 mm)

550 1b (252 kg)

59°F to 90°F
(15.5°C to 32.2°C)

12°F (6.6°C)/hr
20% to 80%

-1000 ft to 6500 ft
(305 m to 2000 m)

-40°F to 158°F

(-40.4°C to 70.0°C)

36°F (20°C)/nhr

5% to 95%

-1000 ft to 15,000 ft
(305 m to 4572 m)

SMD Description and Specifications

B-7






APPENDIXC: MSS/MSX CONNECTORS AND SIGNAL LISTS

This appendix contains pin listings for
connectors used in the MSS and MSX.

MASS STORAGE SUBSYSTEM CONNECTORS (located on the SMD I/O
Extender board)

Connector Connector Number
Designation Function of Pins
J1 DCI signals from 50
host to controller
J2 Signals from 50
controller to host
J3 Cable to SMD 50
J4 Cable to SMD 50
Pl To motherboard 120
P2 To motherboard 80

MSS/MSX Connectors and Signal Lists C-1



Table C-1. MSS Connector J1 Pin Assignments. (Page 1 of 2)

Pin Signal
1 GND

2 ACK-

3 GND

4 SELF-
5 GND

6 INTR-
7 GND

8 BUS2+
9 GND

10 BUS1+
11 GND

12 BUS7+
13 GND

14 BUSA+
15 GND

16 BUSD+
17 GND

18

19 GND

20 WRSTR-
21 GND

22 WRSTR-
23 GND

24

25 GND
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Table C-1. MSS Connector J1 Pin Assignments. (Page 2 of 2)
Pin Signal
26 BUS6+
27 GND
28 BUS5+
29 GND
30 BUSC+
31 GND
32 BUSF+
33 BUS9+
34 GND
35 DREQ-
36 GND
37 SELW-
38 GND
39 RDSTR-
40 GND
41 BUS4+
42 GND
43 BUS3+
44 GND
45 BUSE+
46 GND
47 BUS8+
48
49 BUSB+
50 BMR-
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c-4

Table C-2. MSS Connector J2 Pin Assignments. (Page 1 of 2)

Pin Signal

1 GND

2 HDLOAD-
3 GND

4 SIDE-

5 GND

6

7 GND

8 TRACKO-
o USEL1-
10 USEL2-
11 GND
12 TCK2-
13 STEPEN-
14 WWD1+
15 GND

16 WRDD1 -
17

18 SKCOMPL -
19 GND

20 REDWC-
21 GND

22 WINDEX-
23 GND
24 STEP-~-
25 GND
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Table C-2. MSS Connector J2 Pin Assignments. (Page 2 of 2)

Pin Signal
26 WRPROT -
27 GND

28 TCK1l-~-
29 GND

30 WWD1+
31

32 WWD2-
33 WRDD2-
34 GND

35 GND

36 WREADY-
37 SEL1-
38 SEL2-
39 DIR-

40 GND

41 GND

42 WWRGAT E-
43 D1SEL-
44 TCK1+
45 TCK2+
46 GND

47

48 WWD2+
49 WRDD1+
50 WRDD2+
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Table C-3. MSS Connector J3 Pin Assignments. (Page 1 of 2)
Pin Signal
1 TAG3+
2 TAG2-
3 TAG2+
4 TAGl -
5 TAGl+
6 BUS4L
7 BUS6H
8
9 BUSSL
10 BUSGOL
11 BUS7L
12 ONCYL+
14 CHRDY -
15 USELO-
16 USELO+
17 USTAG-
18 TAG-
19 BUSOL
20 BUS1L
21 BUS2L
22 BUS3L
23 BUSS5L
24 BUS7H
25 BUSSL
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Table C-3. MSS Connector J3 Pin Assignments. (Page 2 of 2)

Pin

26
27
28
29
30
31
32
33
34
35
36
37

39
40
41
42
43
44
45
46
47
48
49
50

Signal

BUS9L
CHRDY -
SKER-
IDX+
URDY +
AMFND+
SECTOR+
USTAG+
BUSOH
BUS1H
BUS2H
BUS3H
BUS4H
BUS5H
BUS6L
BUS8H
BUS9H
CHRDY
FLT -
SKER-
ONCYL-
IDX-
URDY -
AMFND-
SECTOR-
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Table C-4. MSS Connector J4 Pin Assignments. (Page 1 of 2)
Pin Signal
1 USEL1-
2 USEL1+
3 WDD3 -~
4 WDD3+
5 RDD3 -
6 RDD3+
7 WK3-
8 WK3+
9 RD3-
10 RD3+
11 SK3-
12 RDD1-
13 RK1-
14 WK1+
15 WK1-
16 SK1+
17 SK1-
18 S3SEL+
19 S2SEL-
20 WDD2+
21 RDD2-
22 WK2-
23 RK2-
24 SK2-
25 S1SEL-
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Table C-4. MSS Connector J4 Pin Assignments. (Page 2 of 2)

Pin

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Signal

WDD1-
SKO+
RDDO -
RKO+
WKO -
WDDO+
SOSEL+
RK1+
S3SEL-
SK3+
S2SEL+
WDD2+
RDD2+
WK2+
RD2+
SK2+
S1SEL+
WDD1+
SKO -
RDDO+
RDO -
WKO+
WDDO -
SOSEL-
RDD1+
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C-10

Table C-5. MSS Connector P1 Pin Assignments. (Page 1 of 3)

Pin Signal
1

2 BUSD+
3

4 BUS9+
5 GND

6 BUSB+
7 BUSF+
8 BUS8+
o BUSA+
10 BUS7+
11 BUSC+
12 BUSE+
13 BUS5+
14 BUS3+
15 GND

16 BUS1+
17 BUS6+
18 BUS4+
19 BUS2+
20 BUSO+
21 RDSTR-
22 INTR-
23 WRSTR-
24 SELW-
25 GND
26

27 SELF-
28 CTL-
29 DREQ-
30 ACK-
31 WRDDO -
32 WRDDO -
33 WWDO -
34 WWDO+
35 GND

36 TCKO+
37 TCKO -
38 DOSEL-
39
40 WRDD3 -~

IWS Peripherals Hardware Manual (SMD Version)



Table C-5. MSS Connector P1 Pin Assignments. (Page 2 of 3)

Pin

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

Signal

WWD3+
WWD3 -
TCK3-
TCK3+
GND
D3SEL-
WRDD1 -
WRDD2+
WRDD2-
WRDD1+
WRDD2-
WWD2+
WWD1-
WWD1+
GND
TCK2+
TCK2-
TCK1l+
TCK1l-
D1SEL-
D2SEL-
CONFIG-
WWRGATE-
WRPROT -
GND
RDDATA-
TRACKO-
WRDATA-
STEP-
DIR-
SEL3-
SEL2-
SEL1-
SELO-
GND
WREADY-
WINDEX-
HDLOAD-
REDWC-
SIDE-
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Table C-5. MSS Connector P1 Pin Assignments. (Page 3 of 3)
Pin Signal
81 SKCOMPL-
82 STEPEN+
83
84 SECTOR-
85 GND
86
87 WPRT -
88 WPRT +
89 USELO -
90 USELO+
91 USTAG+
92 USTAG+
93
924
95 GND
26 AMFND-
97 AMFND+
98 URDY -
99 URDY+

100 IDX-
101 IDX+
102

103

104 SKER-
105 GND
106 SKER+
107 FLT-
108 FLT+
109 CHRDY-
110 CHRDY+
111 BUSOL
112 BUS9H
113 BUSSL
114 BUSS8H
115 GND
116 BUS7L
118 BUS6L
119 BUS6H
120
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Table C-6. MSS Connector P2 Pin Assignments. (Page 1 of 2)

Pin

WONOULDdWN -

Signal

BUS5L
BUS5H
BUS4L
BUS4H
GND
BUS3L
BUS3H
BUS2L
BUS2H
BUS1L
BUS1H
BUSOL
BUSOH
TAG3-
GND
TAG3+
TAG2-
TAG2+
TAGl-
TAG1l+
SK1+
SK1-
RD1+
RK1-
GND
WK1+
WK1-
RDD1+
SOSEL-
SOSEL+
WDDO -
WDDO+
WKO+
WKO -
GND
RKO -
RKO+
RDDO+
RDDO -
SKO -
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Table C-6. MSS Connector P2 Pin Assignments. (Page 2 of 2)
Pin Signal
41 SKO+
42 RDD1 -
43 WDD1+
44 WDD1 -
45 GND
46 S1SEL+
47 S1SEL-
48 SK2+
49 SK2-
50 RK2+
51 RK2-
52 WK2+
53 WK2-
54 RDD2+
55 GND
56 RDD2-
57 WDD2+
58 WDD2-
59 S2SEL+
60 S2SEL-
61 SK3+
62 SK3-
63 RK3+
64 RK3-
65 GND
66 WK3+
67 WK3-
68 RDD3+
69 RDD3 -
70 WDD3+
71 WDD3 -
72 S3SEL+
73 S3SEL-
74 USEL1-
75 GND
76 USEL1l+
77
78
79
80
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