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February 23, 1979

NOTE TO READER:

This is a praeliminary copy of the DSD 440 USER'S MANUAL. H™any
of +the 1llustrations are rough sketches, only intended to
serve as a guide to the professional graphic artists. We
would wvery much appreciate your comments and suggestions
regarding improvements or any errors that you might +ind.
Please feel free to write to DATA SYSTEMS, or phone us at:
(408) 249-7353 EXT. 457. .

THANK YOU-
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NOTICE

The information contained in this manual is subject to
change without notice. Data SBystems Design makes no
"commitment to update nor to - keep current the
information contained in - this manual. Data Systems
Design assumes na rTesponsibility for any errors that
may appear in this manual. - Data Systems Design makes
no warranty of any kind with regard toe this material,
including. but not limited to, the implied warranties
of merchantability and fitness- for a particular
purpose. : T
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FREFACE

The purpose aof this manual is to provide +the wuser with
sufficient information to <correctly set up and operate the
DSED 440 Double Density Floppy Disk Memory System. Included is
a detailed description of what the product is, how to install
i%, how to program it, and how to maintain it. A familiarity
with basic data processing terminology and the DEC PDP-11,
LSI-11, and PDP-B% is assumed in some sections.

# DEC, PDP, UNIBUS, and OMNIBUS are registered trademarks of
Digital Equipment Corporation.
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i-1 PRODUCT INTRODUCTION

The DSD 440 Floppy Disk Memory System is a random access
data storage subsystem. Data is stored in fixed—length blocks
gn preformatted industry standard 8 inch diameter flexible
disks. Each flexible disk., or "diskeftte" can store up to 512
kilobuytes (B bits per byte) of data. The average access time
to this data is 29% milliseconds and the average sustainable
data transfer rate is 146 kilobytes per second. & complete
data storage system consists of a rack-mountable
controller/drive subsystem, s computer interface module, and
an interconnecting cable.

The DSD 440 can he wused with +the DIGITAL EQUIPMENT
CORPORATION PDP-11, PDP-8, or L5I-11 computers using interface

modules supplied by DATA SYSTEMS DESIGN. When used with the

appropriate interface module, the DBD 440 is hardwars,
software, diagnostic, and media compatible with the DEC RXO02
double density flexible disk system. In addition. the DSD 440
has many features not found in the DEC RXCZ2 system including:

# HARDWARE BODTSTRAP
% SELF-COMTAINED DIAGNOSTICS AND UTILITY PROGRAMS
% DISKETTE FORMATTING ’

The DSD 440 can be used mith>other types of computeré if a
user designs an interface module that conforms to the DED 440
Interface Bus Specification.
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1-2 PURPOSE COF EQUIPMENT

A Floppy Disk HMemory System consistg of a set of
mechanical and electronic components arranged for the purpose
of passing data between a host computer and a +flexible disk

or, as IBM calls it, a "diskette". Due to their low cost and
convenient packaging. flexible disks have become a very
popular transportable data storage media for many

applications. This popularity will be further increased by
flexible disk systems such as the DSD 440  which provide
increased capacity and performance over first generation
flexible disk systems at only a slight increase in cost.

The DSD 440 was designed to provide a highly  rteliable,
low cost and compact flexible disk system that is totally
compatible with the DEC RX02. While satisfying these dessign
goals, advances in LSI circuitry and microprocessors have made
possible the incorporation of a number of "BONUS" features.
Important among these features are:

# The ability to execute test and wutility programs on the
controller/drive subsystem even when the controller and drives
are not connected to a host computer.

# The ability to write~format diskettes in +two industry
standard formats.

~High reliability is attained by using LSI circuits, by
burning-in and pretesting all components, and by wusing

field—-proven Shugart Associates flexible disk drives. Low

cost is attained by a design which minimizes parts count and
assemblies. Compactness is provided by packaging two disk
drives horizontally in a 5 1/4" high rack—-mountable chassis.
Figure 1-1 shows the System Block Diagram.

/13
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1-3 DISKETTE SYSTEM DEBCRIRTION

A flexible disk is an oxide—coated mylar disk, 7.8 inches
in diameter, and .005 inches thick. It is permanently housed
in an 8—-inch—-square flexible envelope. The flexible disk
rotates inside the envelope at 3460 RPM whenever the diskette
is inserted into an operating drive and +the drive door is
closed. In standard IBM single density format, a diskette can
store up to 254,256 bytes of data. In DEC double density
format, a diskette can store 512,512 bytes of data. It is
important to realize that <there is no physical difference
between a diskette which contains single density data and one
which contains DEC format double density data. The only
difference 1is the data encoding method that is used to record

the user data bytes on the diskette. Single density data 1is-

encoded using a ta2chnique known as ‘“double frequeney
recording” while double density data is encoded wusing a
technique known as "modified frequency modulation" or MFM, for
short. The very same floppy disk drive can write data . using
both of +these data encoding techniques with no problem.
Diskettes can commonly differ in the following waus

1) Intended for double or single sided drives
2) Hard sectored or soft sectored
3) Write protect notch available?

Initially, the DSD 440 will be shipped with +the single—sided
Shugart model 800 flexible disk drive. It is importanit to use
anly dxskettes _intended for single-sided drives, such as the
~“gne shown  in the Iower half of Figure 1=2. "If a diskette
intended For a double—sided drive is achdentallg loaded in%o
a single sided drive, the photo-sensor will not line up with
the index access hole. A3 a result, the controller will never
see an index pulse and will caonclude that the drive is simply
noct ready. Be careful not to try and use an IBM Diskette 2D,
Part - No. 174646872. These diskettes are ezplicitly intended
for use on double—sided drives. In addition, the format of
the recorded data on these diskettes in not compatible with
the DEC double density format used on the DSD 440,

The DED 440 reguires the use of soft sectored diskettes. To
determine if you have a soft or hard sectored diskette, simply
Totate the mylar disk inside the envelops while looking
through +the index access hole. If you abserved more than one
hole punched in the mylar disk in the <course of a single
revolution (maube 27 holes) you have a hard sectored diskette.
Soft sectored diskettes =should have only one index hole
punched in %them. ‘

The need for a write protect notch is completely up to the
user. I+ you have diskettes with this notch, as shown in
Figure 1-2, you must cover the notch with an opaque adhesive
tab when you want to write on the diskette.

&
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Flexible disk systems are ideal ~for applications that
Tequire & low cost. medium speed, Tandom access memory device.

Flexible disk systems provide +Faster access times than
magnetic tapes, and cost 1less than the bigger vigid disk
systems. They can rveplace paper tape or punch card storage
methods. Because the diskettes can be quickly removed, the

amount of data that is immediately accessible with a flexible
disk system 1is far greater than the capacity of a single
diskette. Diskettes <can be exchanged in & drive within
seconds, the limiting factor being the dexterity of the user.

Unlike rigid disks, industry standards have baen
established for the physical format of the recorded data on
diskettes. Each of the formats possible on the DSD 440 record
data on 77 concentric tracks, at a track density of 48 tracks
per inch. Each track is divided up into 26 sectors. Each
sector contains 128 bytes of wuser data in single density
format, and 2546 bytes of user data in double density format.
Associated with each sector is an ID field and a data field.
The ID fiesld contains a unique bit pattern, known as the ID
address mark. that enables the controller to recognize the
start of an ID field. This ID field contgins a track address
byte, a head address byte, and a sector address byte.
Appended to these disk address bytes is a pair of CRC (cyclic
redundancy check) bytes which are used tpo determine if a data
arToT has occurrted while rveading the disk address data. The
controller is able +to find the sector it wants to read ar
write by scanning the ID fields. Mote that the ID field jJust
described 1is exactly the same for diskettes containing single
density data and those containing double density data. In
both cases. all the data bytes contained in the ID field are
encoded wuwsing the ‘"double frequency" recording *technigue
associated with single density. Following the ID field of
zach sector is the data field. The beginning of the data
field 1is identified by another unique bit pattern called the
Dats Address Mark. Following *this mark are the 128 or 254
bytes of data and another pair of CRC check bytes. Figure 1-3
is a schematic representation of +the format of a single
density track. Figure 1—-4 shows the format of a DEC
compatible double density %track. Mote that only the 25& user
dasta bytes and the 2 CRC bytes following the data are encoded
using the "modified frequency modulation” recording technique.
All the other fields (preamble: postamble. ID} are vecorded
the same as in the single density track format.



TECHNICAL COMPATIBILITY NOTE:

The "modified frequency modulation" encoding algorithm
which DEC chose to wuse when implementing fthe RX02 is not
exactly the same as the MFM encoding algorithm one would find
described in a communications theory textbook. For this
reason {(and othersi. both the RX02 and DSD 440 are not
compatible with +the IBM double density recording technique
which uses a "textbook" MFM encoding algorithm to record data.
The IBM format does not mix "double frequency" encoding and
"modified frequency modulation" recording on the same track.
The fact that the DEC double density format DOES mix these two
encoding algorithms is +the basis for why a standard MFM
encoding algorithm could not be used on the RX02 and DSD 440.
These technical details in no way rvelate to the reliability oar
performance of the DSD 440 machine. They were included here
to give the reader a beitter understanding of why what we call
"DEC double density format" is not compatible with "IBM double
density format".

/7
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4 FEATURES

HARDWARE COMPATIBLE

The DSD 440 can be wused on any DEC PDP-11
(UNIBUS), LSI-11 (Q@-BUS), or PDP-8 (OMNIBUS)
computer when ordered with the appropriate
interface module.

SOFTWARE COMPATIBLE

All DEC software intended for either the RX01 or
the RX02 will run on the DSD 440 without
modificatiaon. No special device handlers or

MEDIA AND FORMAT COMPATIBLE

The DPSD 440 can read and write diskettes in the
industry standard Fformats. This means diskettes
can be freely interchanged between +the DSD 440C.
DEC RX0O1 and RXO0Z2.

INCREASED STORAGE CAPACITY
A two drive configuration is capable of one

megabyte of data storage.

DISKETTE FORMATTING CAPABILITY

~The DSD 440 permits write—formatting of diskettes

The physical sector sequence written on the
diskette can be determined by the programmer so
that hard sector interleaving is possible
Diskettes with "blown" headers can wusually be
recoverad by reformatting. '

LOW PROFILE S 1/4" HIGH CHASSIS
The DSD 440 takes up half as much rack space as
the DEC RXOZ.
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i-3

DED 440 FLOPPY DISK MEMORY SYSTEM
SPECIFICATIONS

CAPACITY (FORMATTED)

DOUBLE DENSITY

BYTES PER SURFACE: : 5iz2, 512
BYTES PER SECTOR: 256
SECTORS PER TRACK: 246
TRACKS PER SURFACE: 77
SINGLE DENSITY
BYTES PER SURFACE: 2546, 256
BYTES PER SECTOR: 128"
SECTORS PER TRACK: 26
TRACKS PER SURFACE: 77
DRIVES PER CHASSIS: . 1 OR 2

RECORDING CHARACTERISTICS

SINGLE DENSITY FORMAT: ’ IBM 3740 FORMAT
DOUBLE DENSITY FORMAT: COMPATIBLE WITH DEC
' DOUBLE DENSITY DEVICES

SINGLE DENSITY RECORDING TECHNIQUE: DOUBLE FREQUENCY
DOUBLE DENSITY RECORDING TECHNIQUE: DEC-MODIFIED MFM

FLUX TRANSITION DENSITY MAXIMUM: 3200 FCI (INNER TRACK)
TRACK DENSITY: 48 TRACKS PER INCH
TRACK-TD-TRACK SPACING: . 929 MM (. 021 INCHES)
TRACK WIDTH: . 3048 MM (. 012 INCHES)
SPEEDS

DOUBLE DENSITY :
DISKETTE TO CONTROLLER BIT RATE: 500 KHZ

COMTROLLER TO CPU MEMORY TRANSFER RATE: 27 MICROSECONDS PER WORD
PLUS ANY DMA OVERHEAD
"REAL®" THROUGHPUT:
CABE 1 — ASSUMES ALL DATA COMMING
FROM THE SAME TRACK, AND
A 2-WAY INTERLEAVE WHICH 20, 000 BYTES PER SECOND
MEANS 26 SECTORS CAN  BE
TRANSFERRED IN TWO REVS.

VCASE 2 — ASSUMES SEEKING WITH A
7 SECTOR SKEW BETWEEN 14, 000 BYTES PER SECOND
SEQUENTIAL TRACHKS.

23



SINGLE DENSITY

DISKETTE TO CONTROLLER BIT RATE: 250 KHZ )
CONTROLLER TO CPU MEMORY TRANESFER RATE 27 MICROSECONDS PER WORD
IN RX02 COMPATIBLE MODE: - PLUS ANY DMa OVERHEAD
CONTROLLER TO CPU TRANSFER RATE WHILE FUNCTION OF THE PROGRAHM
IN RX01 COMPATIBLE MODE: LOOP EXECUTION TIME
"REAL" THROUGHPUT:
CASE 1 - SAME AS DESCRIBED ABCVE 10,000 BYTES PER SECOND
CASE 2 - SAME AS DESCRIBED ABOVE . 8,000 BYTES PER SECOND
DISKETTE ROTATIONM: 360 RPM +/- 2%
HEAD STEP RATE: 8 MBEC TRACK~TO-TRACK (SAB0OO)
HEAD LOAD TIME: ‘ 35 MBEC
AVERAGE ACCESS TIME: 2946 MSEC
MAXIMUM ACCESS TIME: 645 MSEC

INTERFACE CHARACTERISTICS

INTERFACE MODULE BACKPLANE REQUIREMENTS

PDP-8 (OMNIBUS) 1 QUAD SLOT - S
. L8I-11 (@-BUS) 1 HALF-QUAD SLOT L
PDF—-11 (UNIBUS) : 1 QUAD SPC SLOT :

INTERFACE MODULE POWER CONSUMPTION (+5 YOLTS)

\ NOMINAL MAXIMUM

DSD 440-2131 (PDP-8) 1. 37 AMPS 2. 35 AMPS

DSD 440-4432 (LSI-11) 1. 44 AMPS 2. 5% AMPS

DSD 440-4430 (PDP-11) , 1.44 AMPS 2. 17 AMPS
STANDARD DEVICE ADDRESSES OR CODES

DSD 440-2131 (PDP-8) 6750 —~ 4757
\/DSD 440-4432 (LSI-11) 777170 - 777172

DSD 440~-4430 (PDP-11) 777170 - 777172




# CHASSIS POWER CONSUMPTION

MASTER CONTROLLER MODULE,
CURRENT FROM 5 WOLT SUPPLY: 4 AMPS NOMINAL, 5.6 AMPS MAXIMUM

SINGLE DRIVE CHASSIS: 150 WATTS IDLE, 232 WATTS BUSY
DUAL DRIVE CHASSIS: 248 WATTS IDLE, 330 WATTS BUSY
SELECTABLE INPUT VOLTAGES: 100 VAC OR 120 vVAC RMS +/- 10%

220 VAC OR 240 VAC RMS +/—- 10%

INPUT FREQUENCIES: 50 HZ +/- 1 HZ
&0 HZ +/- 1 HZ

FUSE RATINGS:
SINGLE DRIVE; 115 WAC
DUAL DRIVE; 115 VAC
SINGLE DRIVE; 220 VAC
DUAL DRIVE; 220 VAC

.5 AMP SLOW-BLOW
AMP SLOW-BLOW
. 25 AMP SLOW-BLOW
AMP SLOW-BLOW

Ne=wumn



# HEAT DISSIFATION (IN BTU’S PER HOUR)

NOMINAL MAXIMUM

ALL DSD 440 INTERFACE CARDS: 24 44 )
MASTER CONTROLLER CARD: 85 25
SINGLE DRIVE CHASSIS: '(IDLE) 290 512
(BUSY) 203 791
DUAL DRIVE CHASSIS: (IDLE) =~ 448 846
(BUSY) 681 1125

* ENVIRONMENT
U. L. LISTING: EDP EQUIPMENT., UL 478 STANDARD

OPERATING TEMPERATURES
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INTERFACE MODULES: O C TO SO C (22 F TO 122 F)
MASTER CONTROLLER CARD: O C TDO 50 ¢ (32 F TO 122 F)
CHASSIS: 0 C 7O 40 C (32 F TO 104 F)
DISKETTES: 10 C TO 51 € (50 F TO 125 F
DISKETTE MAXIMUM THERMAL
GRADIENT: 15 F PER HOUR
NON-OPERATING TEMPERATURES
INTERFACE MODULES: -40 C TO 64 € (=40 F TD 150.8 F)
MASTER CONTROLLER CARD: ~-40 ¢ TO &4 C (~-40 F 7O 150.8 F)
CHASSIS: -40 C TO &6 C (-40 F TO 150.8 F
DISKETTES: -40 C TO 52 C (=40 F 7O 1235 B
# HUMIDITY
INTERFACE MODULES, CHASSIS,
AND MASTER CONTRCLLER CARD: 10% TO 95% (NON-CONDENSATING)
DISKETTES: 8% TO B0% WITH A MAXIMUM WET
BULB TEMP. OF 29.4 C (83 F»
# 8IZES
CHASSIS: 5.20" H X 17. 6" W X 21.0" D
SHIPPING CARTON: 30.0" H X 24. 3" W X 12.53" D
MASTER CONTROLLER CARD: 171" H X 4.8" W X 1.0" D
QUAD INTERFACE MODULES: .0 H X 10.3" W X ©.3" D
DUAL-HEIGHT INTERFACE MODULE: 2.0" H X 5.2 W X 0.3%" D
#  WEIGHT
CHASSIS: 50 PDOUNDS
SYSTEM:, PACKAGED FOR SHIPPING: 74 POUNDS

SHOCK AND VIBRATIOM

OPERATING SHOCK:
NON—-OPERATING SHOCK:
VIBRATION:

" 16 FOR 10-20 MILLISECONDS
156 FOR 10-20 MILLISECONDS
5 - 25 HZ @ .0014 INCHES

25 -

55

HZ

25 — 300 HZ

@ . 0007 INCHES
e . 3¢



CHAPTER 2
DSD 440 OPERATING MODES AND SYSTEM CONMFIGURATION

2-1 OPERATIONAL MODES
The DSD 440 has two different operating modes. These two

modes differ from each other in the way data can be stored on
a diskette, and the way the programs access the disk system.

Chapter 5 will first describe <the Mode 1 programmers’
interface for PDP-11 family computers and then the Mode 2
programmers’ interface. The progrdmmers’ interface for the

PDP-8 family will be described for both modes simultaneously
~since the number of differences is far fewer and no interface
module changes are required when switching modes.

MODE 1:

When operated in Mode 1, the DSD 440 emulates the DSD 210
and the DEC RXCl programmed I/0 single density #lexible disk
systems. This means that programs written for the DSD 210 or
the DEC RX01 will +run on the DSD 440 without modification.
Mode 1 operation does not permit double—density data fo be
read or written. The user should configure his system in Mode
1 if his operating system software has only a first generation
floppy disk device handler and if double—density capability is
not immediatsly needed. The DSD 440 1is normally shipped
configured %o rTun in Mode 2. Complete instructions for
changing the operating mode can be found in chapter 3.

MODE 2:

Mode 2 operation allows the DSD 440 to access double
density diskettes and to transfer data across DEC 11 family
processors’ I/0 bus via direct memory access (DMA). The
DSD 440 has been designed to be program compatible with the
DEC RXO02. Data transfer is faster in FMode 2 because direct
memory access is used to move data between main memory and the
floppy disk system and because the bit transfer rate off the
diskette is twice that 4in single density recording. The
programmer can set the density of a given functiord using a bit
in +the <control and status register. This means that the
nrogrammerT is free to decide when to employ double density and
single density while all the time rTemaining configured in Mode
2. A diskette should never contain data of mized densities.
The controller determines +the density of a diskette oDy
sampling the Data Address Mark on an arbitrary track and
sector. The controller then assumes that the entire diskette
has been recorded in that same density.

27
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2-2 DSD 440 EYSTEM CONFIGURATION

A complete DED 440 flexible disk data storage systam
consists of & computer interface module, a controller/drive
sub—-system, and an interface bus «cable to connect the two

system elements. This section will briefly describe each of
the system elements, how it connects +to +the rest of +the
system, and how certain minor adjustments are performed. A

familiarity with the purpose and phuysicral location of the
system elements will be of use during both system installation
and maintenance. Figure 2—-1 shows a top view of a.  DSD 440
system.

2-2. 1 FLOPPY DISK DRIVES:

Up to two Shugart model BOOR drives are mounted in the

front of the main chassis. Since the bottom side of the
chassis does not open, the drives must be TrTemoved from the
chassis should any maintenance be rTequired. Each drive is
fastened by Ffour screws accessible from the underside of the
chassis. A 50 conductor flat cable forms the drive bus. This
bus connects the master controller PCB assembly +to +the ‘two
drives. Each drive is connected to the power distribution PCB

assembly by two cables. One cable supplies the 115 (or 220}
VAC for the spindle motor and the other cable supplies the DC
voltages for +the electronics and solenoids. A Drive
maintenance manual published by Shugart Associates is included
as an appendix to this User’s Manual.

2-2. 2 MASTER CONTROLLER PCB:

The master controller board contains & microprogrammed
read/write controller and a conventional 8 bit microprocessor.

Connected %o this board are the floppy disk drives, the
interface bus connector. and a cable supplying power from the
power distribution assembly. Located near <the top of the
board 1is a rtow of 8 LED indicators. LED 1 is colored green
for easy identification. The interpretation af these
indicators is explainad in chapter 4 . Near the indicators is

a DIP-SWITCH. The eight switches in this assembly are used to
establish different system configurations and specify the self

contained "hyper—diagnostics"” used during maintenance
operations. Chapter 4 completely explains how to use the
DIP-SWITCH. Figure 2-2 is a top view of the circuit board
which shows the locations of the important parts. The

normally installed jumpers are also shown in this figure. The
master controller board requires a single power supply voltage
of 5 VDC. Under normal opersating conditions, the board draws
approximately 3.5 Amps of current.

S
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2-2. 3 DC POWER SUPPLY:

" The DC power supply is located in the rear of the

chassis. It is a conventional ocpen—frame supply using linear
regulators. DC output voltages include: 5 volts, 24 volts,
and wunregulated -12 wvolts. Figure 2-2 shows points of

interest on the power supply. Mote the two trimmer
potentiometers which can be used to adjust the +5 and +24 volt
cutputs. A schematic, parts list, list of specifications, and
trouble shooting guide for the power supply are included as an
appendix to this Users’ Guide.

2-2. 4 POWER DISTRIBUTION PCB ASSEMBLY:

The power distribution assembly is mountad on +the left
side of the chassis. This board is used %o distribute both AC
and DC voltages within the chassis. Any sub~system element
can be rapidly removed from the chassis since all electrical
connections are made using cables with a connector on at least
one end.

2-2. 5 AC POWER SWITCH:

An AC power switch 1is mounted Just below +the CORCOM
connectaor. When the DSD 440 is installed in a computer system
with a central AC power controller, this switch would normally
be left ON. When the "hyper—diagnostic" test and utility
programs are being executed (ss2e Chapter 4), the AC power
switch is a convenient way to start and stop these programs.

2=2. &6 FAN:

The fan draws air in through the chassis vents and blows
it out the small fan grill on the rear of the chassis. Mo
filters ave used in this cooling system, so0 no periodic #filter
changes are needed.

5/
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2-2.7 CORCOM CONNECTOR:

The CORCOM connector is mounted through the rear panel of
the chassis next to the fan. This connector assembly contains
a line filter, fuse, and a small PC board which can be moved
to rapidly modify the way transformer primaries are wired to
the AC line. A molded 1line cord mates with +the CORCOM
connector on the outside of the chassis. The following fuses
should be installed in the CORCOM connector:

SINGLE DRIVE SYSTEMi 100/120 VAC 2.5 AMP SLOW-BLOW
DUAL DRIVE SYSTEM: 100/120 VAC 3 AMP SLOW-BLOW
SINGLE DRIVE SYSTEM: 220/240 VAC 1. 25 AMP SLOW-BLOW
DUAL DRIVE SYSTEM: 220/240 VAC 2 AMP SLOW-BLOW

The small PC baard can be inserted into the CORCOM connector
in any one of {four ways. When the PC board is fully inserted
in the CORCOM connector, the AC voltage currently selected can
be read directly off the PC board. Note that the connector is
constructed in such a way that only one of the +four wvoltage
labels etched ©on the PC board can be seen when the board is
fully insertad in the connesctor. It i3 possible to make Tapid
conversions between the two low line voltages (100 VAL, 120
VAC)Y simply by pulling the PC board out, changing 4its
orientation, and re—inserting i%t. Using a similar procedura,
a4 rTapid conversion between the two high line voltages
(220 VAC, 240 VAC) can also be made.

CAUTION:

The procedure required in order %o convert between a3 low 1line
voltage (100-120 VAC) and a high line voltage (220-240 VAC) is
far more complicated than just changing the position of the PC

board. This conversion rtequires changing the fan, the two AC
spindle motors in the floppy disk drives, the motor capacitors
associated with +the spindle motors, and the fuse value. For

this vreason, NEYER change the position of the PC board from
the low 1line voltages to the high 1line voltages without
changing the AC motors. If you do, there is a good chance the
motors will burn up.



2—-2.8 INTERFACE CABLE:

The interface cable is a 25 conductor #flat cable with
female 3M type connectors on each end. This cable i3 keyed to
help prevent backward installation. The hole in the
connectors coTresponding to pin 23 has been plugged on both
ands, Similarly, the pin that would normally mate with these
holes Hhas been clipped on both the main chassis connector and
the interface module connector. Mo AC or DC power 1is
transmitted across the interface bus (IBUS) cable. Half of
the conductors are signals and +the other hal?f serve as
. grounds. Data Systems ships a ten foot interface cable with
DSD 440 systems. It is recommended that wusers requiring a
longer <cable build one from a 246 conductor twisted pair/flat
cable. Spectra—strip Corporation is a supplier of this type
of cable.

2-2. 9 INTERFACE MODULE:

The interface module is a printed circuit board that has
been designed %to meet the I/0 bus interface specifications and
the physical form factor of the host computer. Data Systems
manufactures interface modules for the DEC PDP-11, PDP-8, and
L.8I-11 computers. In addition, Data Systems <can supply a
complete specification of the signals and protocols on the
IBUS. Customers desiring to interface the DSD 440 to other
computars can design their own interface modules based an the
information contained in this "IBUS" specificatiaon.

The DSD 440-11 and DSD 440-L1i interface modules contain
a builf in hardware bootstrap. The hardware bootstrap circuit
consists of address deacoding circuits and a PROM with a PDP-11
program which «can be executed by the host computer. The
program which resides in this PROM speeds the 1loading of an
operating system from diskette to the host CPU’'s memory. Also
in this PROM are some simple CPU and memory diagnostic
programs. More details about the bootstrap program can be
found in chapter 3. An assembly listing of +the program is
included as an appendix to this users’ manual.

33



34

R



~——

CHAPTER 3
SYSTEM INSTALLATION AND ACCEPTANCE

3-1 ENVIRONMENTAL CONSIDERATIONS

All floppuy disk systems manufactured by Data Systems
Design perform efficientliy in a normal computer ToOm
environment. Temperature, humidity, and clsaniiness are three
environmental parameters that can impair reliable usage of
diskettes if not kept within specified limits.

3
s

Diskettes are specified +to operat
tempersature range of 10 ®C to 51 #C
maximum thermal gradient should not 2
The DSD 440 chassis should be
temperature does not exceed these 1li
in operation.

Fiobn
,a

Humidity control is necessary for the efficient operation
af disketts memoTy systems. At very low humidity {dry asivi
static eleciricity can be generated asz & rveswult of contact
between the read/write head and +the diskette When the
alectrical potential becomes high encugh to cause a discharge.
soft data errors may occur. At very high humidity, mylar
diskettes can start to swell as they absorh moisture from the
air. This <can have the effect of moving the centerline of a
previously recorded track swasy {frem the centerline of %he
read/write head. #Again, . the  noticeable  effect will be an
increase in the s5ft error rate. The operating relstive
humidity range is 8 %to B80% with & maximum wet bulb temperature
of 29.4 =#C (85 %#F).

Cleanliness is imporiant whersver disketdess are going %o
be used. -handled, and stored Unlikes most rtigid disx
cartridges, floppy disks are not sealed units. If the DED 440
iz operated in an environment which has & high concenitration
of abrasive airborne particles, the wussable 1ife of the
diskettes is likely %o be rteduced and the soft error rate will
increase. Care must be taken, while handling disksttes: never
to touch the magnetic media.

Chapter | of fthis manual includes specifications on hesat

issipation associated with of DSD 440 sustem Thiz data can
bz wused to determine if thes cooling capacity of your complets
computer system will accommodates the DED 440 system

35
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3-2 UNPACKING THE SYSTEM

Mo special tools or equipment are required to install the

DED 440 floppy disk system. It is recommended that all
packing materials be saved in case the system Teguires
shipment at some future date. Please adhere to the following

list of steps:

1) Inspect the shipping carton for damage caused in shipment.
Report any, damage to the shipper before opening the carton.

2) Open the top of the outer carton and then the %top of the
inner carton.

3) Remove the foam blocks from the doors of the disk drives.

4) Pull the system from the inner box by inserting fingers
inside the drive doors and pulling the chassis out of the
box {2 person operation’.

5) Inspect the unit for any obvious damage. Immediately
Teport any damage to Data Systems Design. :

b)) Remsve the other system parts from the carton.

Except where noted, all DSD 440 systems will be shipped
with +the following materials. Be sure to inrorm Data Systems
Design immediately if any materials are missing or damaged.

LIST OF MATERIALS:

1) Chassis
2) Computer interface module
3} Documentation binder including:

a. System Users Manuail

b. DSD bootable diagnostic diskette
4} AC power cord
3} Interface bus connecting cable
&) Chassis mounts (if ordered)
7) Rag with spare shunts and jumpers

g



3-3 MOUNTING THE DSD 440 CHASSIS

The DSD 440 chassis must be installed sufficiently close
te the wultimate location of the interface module so that the
i0 foot interconnecting cable will Treach. Another
consideration concerns the frequency of diskette changes. If
the computer operator is 1likely %o be changing diskettes
often, it would be desirable to install the chassis as close
to the console terminal as possible.

The following discussion pertains *teo installing the
DSD 440 chassis. in a 19" rack. Because of the width of the
Shugart floppy disk drives and their horizontal mounting in
the DSD 440, a wider than wsual chassis is needed. The
DSD 440 chassis can be mounted in a standard 19" RETMA rack if
special zlim—line chassis mounts are ussad. Figure 3-1
illustrates how to attach the slim—line chassis mounts %o your
ra3ck wusing the hardwares supplisd with the mounts. Mote that
the 1left and rtight TesT gxtender brackets are nao%
interchangeable. After the mounits ars sscurely fastensd to
the rack, slide the DED 440 chassis on the mounts wuntil the
two bullets at the rear of the chassis mounts engage the
corresponding holes in the rtear of the chassis. {See Figure
3-2) Remove the molded front pop panel from the chassis by

pulling the top of the panesl out from %the chassis. Secure the
chassis in the rack by bholting the front flange of the chassis
to the front rails of the rTack. (See Figure 3-3) Replace the
pop panel by pushing 1%t straight back onm to the two "head

locks™., Before actuslly bolting the chassis in the Tack. 1%
is advisable that the remainder of this chapter be rsad first.
This iz because some systsm configurations will Tesquire
modification ¢f a DIP-SWITCH on the controller board inside
the chassis. It is genevrally difficult to medify the settings
of thiz DIP-SWITCH once the chassis has been secursed in Y2
Tack.

The DSD 440 chassis should no%t be mounted in such a way
that the air flow behind the fan 1is rtastrictad The
temperature aof the air entering the chassis should not esxce=d

40 #C (104 #F).
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CHASSIS MOUNT

SECURING PIN

Figure 3-2. Bullet Entering Hole in Rear of Unit

SECURING HOLES

Figure 3-3. Front View of Chassis with Front Panel
Removed to Indicate Securing Holes
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3-4 INSTALLING THE INTERFACE MODULE AND CABLE

Ensure that all system powsr 15 off before oproceeding

with this section of the DSD 440 installation. There are
separate procedures for LSI-11, PDP-11, and PDP-8 bassad
systems.

LEI-11 BASED SYSTEMS:

The DSD 440 interface module for LSI-11 based systems
should be marked F/N 4432 on the component side of the bosard.
The wuser <c¢an select from one of four device register
addresses, ane of four bootstrap PROM starting addresses, and

"a 7-bit interrupt vector address. There is & separate jumper
which, when installed, disables +the ©Gootstrap PRCM (See
Figure 3—4) Data Systams Design ships this modules so that %he
device register ‘address is at 177178, the bootstrap PROM is

LS

enabled at address 173000, and the intesrrupt wvecior i 2&4.

The Made 1 Jumper is Temoved when this module is shipped,
therefore the module is initislly configured for Mode 2 (RXOZ
compatible) ogperation. Mote +that when the interrupt vecior
Jumpers are in plsce, the associsted bit of the vector address
is a 0. Thus, if &ll seven vector Jumpsers weTe to be
installed, %he vecior address would be 000. Please check your
module against the tables and Figure 3-4 to insure that 1t has
been configured consistent with your needs. Most system
software assumes a device address of 177170 and an interrupt
vector of 2&4. I# you change either of thesz numoderTs,
corresponding changes will generally have to be mades in %the
oftware. Also, ke sure to read the explaﬁatigﬂ af tne
bootstrap and diagnostic programs carefully if non—standard
addresses are used.

STARTLNG REGISTER ADDRESS POSITION 1 POSITION 2
kf177l70 {NORMAL ) CLOBED CLOSED
177160 OPEN CLOSED
177140 CLOUSED OPEN
1771580 OPEM ; OFEN
STARTING BOGT PROM ADDRESS POSITION 3 POSITION 4
173000 (NGRMAL) CLOSED CLOSED
171000 ‘ OPEN CLOSED
175000 Ci OBED OPEN
156000 OPEN OPEN



When you are suvre that the~ Jjumpers on the interface
module are configured correctly, plug one end of the ten foot
interface cable inteo the interface module such that pin 1 {(%the
striped side) is closest to the edge of the baoard. Also
confirm that the pin position of the clipped pin on the module
connector matches the position of the plugged up hole on the
cable connector. After verifying that power is off, plug the
module into the lowest numbered availables (-bus slot.

CAUTION:

There must be no open @-bus slots in between the
processor and the DSD 440-L11 interface module.
Since this module uses both interrupts and direct
memoTy access, & break in either of the grant
propagation chains would prevent the intarface
module from obtasining control of the G-bus.
Figure 3-5 shows how G—bus slots ars numbersd in

some of the more common basckplanes availables from
DEC. '

Installation dinformation for L8I-11 based systems
continues in section 3-35. ‘

#7
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PDP-1i1 BASED SYSTEME

The DSD 440 interface for PDP-11 haszed sys
module marked 4430 on the component side. Data
ships this interfasce module configured as follo

REGISTER ADDRESS: 777170

BOOTSTRAP PROM: ENABLED AT 7710600
INTERRUPT VECTOR: 244

INTERRUPT PRIORITY: BRO

OPERATING MODE: MODE 2 (RX02 COMPATIBLE:

tems 1is a gquadg
Systems Design
Ws:

punched apen.

The twelve position shunt lecated at coerdinates C-5 on
the 4430 interface module is used to configure davice vegister
addresses and the bootstrap program starting address Figure
3-6 shows how the twelve shunt posiftions are numbesred. Shunt
positions 1 and 2 are used to configure the bootstrap program
starting address as follows:

STARTING BOOT PROM ADDRESS RPOSITION |1 POSITICN 2

773000 OPEM OPEN

7710C0 (NORMAL) OPEN CLOSED

7735000 CLOSED OPEN

7455000 CLOSED CLOEED
The bootstrap program contained on the interface module will
occupy 256 words of memory space. starting at cne of the four
selectable addresses shown above. If the vuser does not want
the boststrap program to raspond to any addresses, the
bootstrap disable Jumper <{shown in Figure 3Z-4) shauld bhe
installed.
Shunt positions 3 thru 12 correspond feo address bits &S thru
Al2 rTespectively when configuring the devics vegistasr address.
A tlosed shunt positicn corvesponds to a binary O and an  open
shunt position corresponds to a binary 1. When this interface
module is shipped, it is <configured o rTespond to & base
register address of 777170 {octal} This works cut tTo naving
shunt positions 7 and & left closed, and positions
3:4,5,6,9:, 10,11, and 12 punched open.

There is an eight position shunt located at coovdinates
B—-12 which is vused to configure the interrupt vector asddress
Figure 3—-& shows how the 8 shun positions are numbersd
Position 1 is not used. Poslt*ons 2 thru & correspond o
interrupt vector address bits IV2 thru IVE respecitively A
ctlosed shunt position corTesponds to 5 binary O and an open
shunt position correspeonds fc a binary 1. When this interface
module is shipped, it is configursd te have an intarrunk
vector address of 264 {cctal). This werks ocut to having shunt
positions - 35 & and 8 left closed. and posiftions 2.4, 3. 2and 7



—

In the rare cases whers the interrupt priority level must
be changed, you will have %to cut and jumper the circuit board
so that it looks like the diagram corresponding to the desired

-

.interrupt priority level. {see Figure 3-7J. If the priority

levels are going to be changed often, it i3 suggestad that the
six permanent traces be cut, and four B-pin IC socksts be
installed in the positions outliined on the bhosTd. Either
four—position shunts or dip—switches can then be placed in the
sockets to facilitate rapid Jumper <changes. The interrupt
priority Jumpers are located at cooardinates A-F and A—-1C on
the interface module circuit board. Interrupt priority level

—

4 is the lpwest and level 7 is the highest

I+ the system 4is going tc be operated in the RX0i1
compatible mode, then the EN RX01 jJumper 1located near
coordinates A-i2 must be installed. This JumpesrT 1z Tamoved
for RX02 compatible operation.

When you are sutre the Jjumpers on the interface meodule are
configured correctly, piug one end of the %ten foot interface
cable into the interface module such that pin 1 (stviped sida:}
i1s closest to the module handle. Alsa confirm that the pin
position of the clipped pin on the module connactor matches
the position of the plugged up hole on the cable coennector.
After verifying that power is off, plug the module into a
convenient small peripheral controller {(SPC) slot. Make sure
that theres is grent continuity between the processcr and the
interface module. I# theres are any ogpen E5PC sictz betwesn the
processor and the interface module, there should bz a grant
continuity card placed in slot D.

IMPORTANT '1]

Since the DED 440-11 module vusas direct memory access
{DF&) yeu must ensure that there iz neo backplane jumper o7
foil %trace between backplane pins Cal and CBY of the SFPC sliox
you selectk. These two pins normally conn=sct NPFG IN o NPE
SUT. Usually the pins are left connected since most  small
peripheral contrelliers do not use DMA. If this jJjumperT 123 nok
removed and an interface modula configured for RXQCZ2 compatible
aperation 1s installiad, the whole system will hang. Rema2mbar
toc teplace the jumper any time the 4430 module is remcved If
you forget, DM& devices further out on the UNIBUS will never
receive NPFG and the UNIBUS will hang sech time a DMA cycle iz

attempted by one of These devices.

ss
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PDP-8 BASED SYSTEMS:

THE DSD 440 interface module for PDP-8 based systems
should bes marked DSD 2131 on the component side opposite the
interface cable connector. Data ©Systems Design ships this

"module jJjumpered to respond to device code 75 (octal). All

device code jumpers except Jjumper 7 should be in place if this
is the device code actually desired. There are no additional
Jumpers or adjustments on the 2131 interface module.

Locate the ten foot interface cable. Plug one end of the
cable into the 2131 module such that the pin pesition of the
clipped pin on the module connector matches the position of
the plugged up hole on the cable connector. Plug the opposite
end of the interface cable into the connector mounted on the
Tear pane2l of the chassis. fgain, observe that there is only
one correct way to insert the csble. After wverifying that
power is off, plug the module into an available Omnibus slot.

Note that the PDP-8 interface module does not contain a
bootstrap. This module is not capable of direct memory access
(DMA) either.



3—-5 INPUT POWER CONSIDERATIONS

The DSD 440 «can be ordered se as %o be initially
configured with any combination of 30 or &0 HZI and 120 or 240
VAC. Optional conversion kits allow wusers to change the
system between S0 and 60 HZ operation. The system cannot be
easily changed between 120 and 240 VAC in the field.

In geographic locations where the line wvoltage deviates
more than 10% from 120 VAC or 240 VAL, an easy adjusiment can
be made to modify the way the power transformer primaries ars
wired fto the AC line. The CORCOM filter which is mounted
through the rear panel of the chassis contains a small PC
board which <can be temoved from its siot and reinserted in
different orientations. The different orientations correspond
to variocus line voltsges. Although this PC card allows for
beth + and - variations on both 120 VAC and 240 VAL syste
one should MEVER aittempt to use this card to change a 120 VAC
system into a 240 VAL system or visa-verss. it simply
not work that way! Section £2£-2.7 discuss
connector in more detail.

3—-6 CHANGING THE OPERATING MODE

As mentioned in chapter 2. the DED 440 can be configured

to operate in either RX01 compatible mode or RXDZ compatible

mode. There is & switch that - selscts the o©perating mods
located on the large circuit board assembly inside the
chassis. Data Systems ships systems configured in RXO2
compatible mode (MODE 2). IfF this i5 how you plan to uss your
DSD 448, then there is no need %o open up the chassis at  this
time. I you desire the RXOL compatible meode {(MODE 1), then
the state of +this switch and possibly s jumper on  ©hs
interface module will have to be changed. Figure 3-% shows
the location of the switch and which position is whizh. I+
you are going to operate in RAO1 mode, you must instalil a3
jumper on the DSD 440-11 or DED 440-L11 interfecs modules.
Figures 03-4 and 3-& show the location of that Jumper on esch
£ the two modules. Obviously, the Jjumper should bs rtemovad
when converfting back +Ho Mode 2 opsration. Mo changes sve
ing

requitTed on the PDP-8 interface module when changing operat
mode. :

L9



0 SHEETS 5 SQUARE
0 SHEETS 5 SQUARE
0 SHEETS 5 SQUARE

5
101
0

—o @

2-38
42.38
| 2.38

Foo
Arionar | s

.

|

4

7
c
CREN

Searrcy SHotn) N THE MiopEs 27
RX02 ComPhArIBLE LOS/7/ON

Sewrrct SHowN JIA] THE "200F 27
RXO2 CompR7IELE FOS/T/eN

FLEURE F-F  JIASTER COMNFROLLER &KOBRL DiP-5wWi

7CH

e



3-7 FINAL INSTALLATION:

lLocate the power cord.and plug the female end into the
connector on the back of the chassis and the other end into a
suitable AC rveceptacls. Route thes free end of the interface
bus cable over to the tear of the chassis and plug 1t intoc the
25 pin connector such that the striped side of the cable is
toward the middle of the chassis. Also confirm that the pin

position of the clipped pin on the connactor on %the rear of
the chassis matches the position of the plugged up hole in the
cable connector.

3-8 POWERING UP

The DSD 440 chassis gets power from itz own internal
poweT suppluy. The interface module vuses only +35 VDL, and it
receives this from the <computer backplane. Th=a DSD 440
chassis and the interface module can be powsrved up in either
order without the risk of any adverse affects. There i35 no
danger of writing on diskettes igaded in the drives during

poweT up oT poweT down cycles.

5/



et Mo 0

(¢a ot

DArne & iy

{
L€

L

[ T
A

3-9 INITIALIZATION RESPONSE CHECK

An initialization response should occur when the DED 440
is powered up. If the system has been connected to the host
computer correctly., an initislization responss can be forced
as a result of some of the Ffollowing operator console actions:

LEI-11 BASED SYSTEMS:

(1) Flip the INIT switch (if there is one). (2> Using ODT,

use the "G" command at any arbitrary starting address.

{3) Using ODT, write the number 40000 into the DED 440 RXCH

register, normally at address 177170,

PDP~11 BASED SYSTEMS: ,

(1) Generate a UNIBUS IMIT by depressing the START switc
hutton. {2) Using the consola, deposit the number 40000 into
the DSD 440 RXCS register, normally at address 777170

PDP-8 BASED SYSTEMS:
{1) Depress the system clear switch. {2} Load and esxecute the
"clear all flags" I/0 instruction.

An initialization response will only be observed on'

floppy disk drives if the door is closed. Each time you
generate an INIT, you should hear a brief noise caome from *he

y

flexible gdisk drives as the controller homes the head
positioners. The activity LEDs on the front of +the drives o
should come on briefly. If 3 diskette is loaded into drive Owwﬁpm%ﬁf
{normally the left hand drive) you should also hear thz head

load. The drive O sctivity LED will remsin on slightly longer

as the controller reads track l/sector 1 aof the disketts into

the sector buffer. Ee sure that you insert dizkeittss intso the

drives as shown in Figure 3-10. Mevar use hard sectored
diskettes in this system. I# you did no% observe the results

described here, please confirm the following:

1) You have applied power to both the computer mainframe and
the DED 440 chassis.

2) You have connected both ends of the DSD 440 interfsces bus
ctable in the proper crientstiocn as directsd.

3) You are being successful at generating a system initiszlize
or device initialize signal by one of the above methods,
and that the signal is reaching the DSD 440 interface.

4) The drive doors are not open.

If you are unable to force an initializaticn rssponsz by
sny of the above menticned methods, see the maintenancs
section of +this masnual or c¢asll +the Data ESystems Design

Customer Bervice Department for assistance
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.and then having the processor jump to that

3-10 SYSTEM BOOTSTRAPPING

Bootstrapping is a term which generally reafe o
of reading 1in & block of code from some mass storage media.
nda. Executing
e system monitor
ith the system

that code; the C.P.U. continues %o read t©
into memory so that the user can interact w
through the console keyboard.

BOOTSTRAP PROGRAM ON LSI-11 AND PDP-11 INTERFACE MODULES

In addition to bootstrapping the DBED 440, this program
executes a number of system diagnostics. Among these are:

(1) A limited C.P. U. instruction set test

{(2) A test for stuck address and data bits +Hhroughout all
avallable memory

{(3) A bit-latch test of the DSD 440 interface rvegisters

(4) A DSD 440 fill/empty buffer test

Should a malfunction be detected during the execution of any
of +these tests, The processor will either HALT or hang. You

‘can assume that the processor is "hung" during execution of

the bootstrap 1if the floppy drives are guiet and nothing has
been output to the console terminal. In this casse, you will
have to manually halt the processcr Tto determine the address
at which the program was hung. Once the “Yhang" or ‘Yhalt?
address 1is known, ' rtefar te-the. noo+strap program lxstxng in
the appendix to find out which test failed.

After successful completion of the system diagnostics,
the bootstrap program will read track 1/sector 1 gf drive O

into the controller sscter buffer. Showuld *hiz operatian
induce & density errorT. the density bit 15 changed and thsz
command i1s issusd again. I+ any other error results, the

processor will halt leaving the drive number in RO, the memory

E—

address of the extended status information in R4, and the
definitive earror code in Rb. If the READ SECTOR ocperation is
successful, the bootstrap program determines the present
operaticnal mode of the DED £40. If the system is configured
for RX0Z2 compatible cperation, 3 DMA empty buffer cyclie. takes
place. A& programmed I1/0 cycle takes place if the system is in
RX01 compatible mode. At this point, the first word of ata
transferred *to memory {(at address CQOOCOQR! is esramined. I+
that word is a NOP instruction (CO0240 octall, the bootstragp
program concludes that the disketts iz bootable. In %his c=ase
the program couniter is clearsed and Lthe secondary boofsiras
program proceeds to load in the opersting sysitem. if the
boctstrap program does not find a NGP instructicn in  sddress
O it will switch to the other drive and try o booitstrap The
diskette it contains.

One normally starts exscution of the bootstrap orogram by
loading the program counter with the flappy disk bootstrap
program bsses address. This address iz dsterminsd by the

B



position
section 3-

of switches or Jjumpers on
4. After loading the

ztart the CPU.

e interface modules {(see
arting address, simply

BOOTSTRAPPING SYSTEMS WITH NON-STANDARD DEVICE ADDRESSES

In or

diskette} must

der to successfully bootstrap any oper
the system device handler soft x
have been specially adapted
now—standard device address for which the flopg

hardware has be2n configured.

ware

Most DSD 440 systems will be configured such that the
command and status register will respond to address 177170.
This address is typically regarded as the standard" device
address for the first floppy disk sterage peripheral installed
on PDP-11 or LSI-11 based computer systems. Under certain
circumstances, a user may want to configurs his DED 440 zystem
to respond to 38 neon—standard device address. If this is done;
the bootstrap proceedure is sliightly modified.

Let us consider a few specific cases to 1liustrate the
different bootsirap starting proceedures. Assume that the
shunts on the interface module h:ve oeﬂn set up s that the
bhootstrap program bass address iz 173080 and the RXCS = 177170
{standard address}. Under these circumstances the system 1is
bootstrapped by starting the computer &t the boctstrap program
base address., which would be 173000 in this case. I# now the
interface module 1is modified so that the RKCS = 177130, the
system cowuld be bootstrspped by starting the computer &% fthe
bootstrap program base addvess plus 10 {octal), which wouvld be
173010 in this case. If now the Interface module i3 medifieqg
52 that the device sddresz is any legal sddress other than
177130 ovr 1771706, the {following steps are Tequirad bo
bootstrap the system: First, write the devica address {assume |
177160 in this case} into memory address CO0C0QC. Second.
write the number 000002 into CPU regiszter RI Finally, start
the computer at the bootstrap program basz address plus 2&
{gctall), which would be 17302& in this case

a

{an the ope
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3-11 ACCEPTANCE TESTING ON PDP-11 AND LSI-1i

The ACCEPTANCE test should be performed when the DSD 440
system is first instelled or when a fault condition is
suspected. To run the test program, locate the diagnostic
diskette that was shipped with your system. The diskette
should be labeled:

DSD 440-11 DIAGNOSTIC DISKETTE VERSION & (OR GREATER).

Insert the diskette in drive © and perform +the bootstrap
procedure described in the previous section. I# the system is
able to load the diagnostic program -into memory, a short
paragraph will be typed on the conscle terminal. Included
will be a system memory map fFfor your information. The
diagnostic program indicates that it is waiting for a command
by typing the prompt:

MODE:

When this word appears on the terminal, remove the diagnostic
diskette and insert two scratch diskettes into the drives.
These diskettes should not be write protected, as the
ACCEPTANCE program will be writing on them. The scratch
diskettes can have either single or double density data
recorded on them. To start the acceptance test, simply type
the character "A".

MODE: ACCEPTANCE
The proper operation of the DED 440 is ftested by running

five - passes  of the acceptance %test. . Each time a pass is
completed, an asterisk will be gprinted on the console

" terminal. If there are any erroers, they will also be printed

on the ceonscle terminal. If any errers occur, contact the
Data Systems Design Customer Service Department at (408,
249-9353. :

More detailed information about +the diagnaostic program
FRD440 on the diagnostic diskette can be found in chapter 6.

3-12 ACCEPTANCE TESTING ON PDP-8



CHAPTER 4
MAINTENANCE FEATURES AND ERROR ANALYEIS

4—1 OVERVIEW OF MAINTENANCE FEATURES

The D8D 440 has many built—in maintenance related
features. These features were incorporated into the product
50 that the need for a specially trained field service force
would be substantially reduced. If the product should fail in
the field. Data Systems expects that service «can be rapidly
tTestored using & combination of the diagnostics which Tun on

the host C.P. U and the hyper—diagnostics wnich have beszn
built directly intoc the DED 440. Data Systems also maintains
a telephone "HOT-LINE"™ to help customers sclve oproblems

related to . DSD =squipment.

An 8-bit microprocessor is the Ybrains® of the DSD 440
master controller. In addition to perfeorming all of the
standard floppy disk functions describesd in the programmers’
interface chapter, this microprocesscr executes a great deal

of code designed %o simplify the job of maintenanca.
Following every power—up or initialization cycla, a3 series of
hardware "self—-test” routines are esxecuted. Alsa, by changing

the positicn of the switches on the controller, 3 user can
instruct the microprocessor to execute one of several sysiem
hyper—diagneostics. These hyper—diagnostics are unique in that
they permit the user to thoroughly verify the intearity of a
large part of his system without reguiring any connection %o a
hest C.P. U. The remainder of this chapter will explasin 1in
detsil the maintenance features and how they are used.



58

4-2 NORMAL V8. HYPER-DIAGNOSTIC MODE

The DSD 440 system 1is said to ba in "NORMAL™ mode when it
is connected to 3 host C.P.U. and i3 being usad to read and

write data on diskettes. [Most of the exposure 3 user .has to

the DSD 440 system will be through the application software
running on the host central processor.

The system is said to be in "HYPER-DIAGNOSTIC" mode when
the wuser has removed the DSD 440 chassis cover and has
initiated a3 particulsr hyper—diagnoestic through the 8 posiftion
DIP-SWITCH on the master controller circuit board assembly.
The interface bus cable should be disconnected from the rtear

of the DSD 440 chassis. The user interface to the DSD 440
system is through 9 LED indicators and the DIP-EWITCH aon the
master contrtoller. Huper—diagnostic mode is very usa2ful for
demonsirating the DEBD 440 in the field, mass formatting of
diskettes, and verifying the proper aperation of parts of the
DED 440 memory system which DO NOT involve the host c.F.u.

interface. The individusal hyper—diagnostic ftests ares started
and stopped by cycling the main AC power switch located on the

Tear of the chassis.



4-3 INDICATOR LEDS, DRIVE ACTIVITY LEDES, AND DIP-SWITCH

Figure 4—-1 shows %the rtelative location of the P indiceat
LEDs and the DIP-SWITCH on the master controller circuit bg
assembly. Note that +two of the LEDs are green and
Temaining saven are T=24d. LED 1 is green, and is locate
nearest the DIP-SWITCH. LEDs 2-8 are a

o
4

ot
>4 0

d
e
5 d

11 ved, and are located
ad jacent to LED 1. The meanings of LEDs 1-8 will vary
according to whether the system is in "NORMALY o7
"HYPER-DIAGNOSTIC" mode: and whether the micToprocessor is
running or halted. LED 9, which also 1is g n, is ON when %he
microprocessor is Tunning. Conversely, it is OFF when the
micraprocessor is halted. LED ? will sometimes be referred ¢o
as the "RUN" LED.

n
Tee

Note: I® there i3 ever doubt a3z to whether a
particulsr LED indicator is OMN or GFF, this
discrepancy can usually be sliminated by wviswing
the indicator from directly above. This 1is
especially true of the green indicators, since
they are not quite as bright as the rted ones.

The drive activity LEDs ar2 mounted in the diskette eyect
button on the front of each disk drive. Thess LEDs are mostly
used to indicate when the nead 1s loaded zgainst the media and
the drive door should not be opened. When the system is
operating in "“MORMAL" mode, these LEDs may be flashed on and
off at about a 1 Hz. rate to indicate an error condition.
This flashing will continue until an INIT occcurs or fuwo

minutes have elapsed.
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which pasiricn corre=poncs te =3 YCU, it is very essy %o
become contused about the switch positi 107 S BT

by this illustration, so it would be u
some time studying Figure 4-1. '
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4-4 LED MEANINGES DURING "NGQHAL“ MODE

This section gives the meanings of LED 1 ~- LED B when the
DSD 440 system is under contrel of the host computer (“NORMALY

mode). Maturally:, the chassis cover will have to be rTemoved
in order to see these LEDs.

LED 1, when on, indicates that the DSD 440 system is currently
operating in "MNORMALY" mode. LED 1 is green. See section 4-2
for a rteview of what is mesnt by "NORMALY" mode.

LED 2, when on, indicates that the controller microprocessor
is currently waiting for the host C.P.U to issue a new
command, write a parameter to the data buffer register, or
read/write a dats byte from/%to the data buffer register.

LED 3, when on, indicates that the controller iz currentliy in
the process of writing on a disketts.

Jouat

iED 4, when on, indicates that the controller iz currently in

the process of reading from a diskette.

{ED 5 - LED 8 are used to display an "errer class! code. When
a LED 1is on, this corresponds to a binary 1. and when it is

. . ettt
off, this corresponds %o a alnarg_Q The code bits rtead from

left to rlght where LED 5 is ¢ most significant bit and LED
8 is the 1least significant bit. Each error <class code
Tepresents & grouping of one or more definitive esrrTorT codes
that are passed to the main C.P.U. on  command. The errors
were grouped into 16 "classes” so that all possibles error
could be wvisually coded using oniy four LED indicators. Sa
Table 5-1 +for a more aﬂua1zed PXQ;BUQCIOW of the ERREG code
referenced in Table 4-1.

m om o m U
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BINARY  MEANING See. poge 17 abet EREEG
5573 (
0000 NO ERRORS HAVE OCCURRED SINCE POWER ON
0001 PROGRAMMING ERROR-WRITE PROTECT (ERREG = 100)

0010 PROGRAMMING ERRCOR-DENSITY/KEY (ERREG = 240 OR 230}

0011 PROGRAMMING ERROR-DRIVE/TRACK ADDRESS (ERREG = 040;

\/ 0100 PROGRAMMING ERROR-WORD COUNT/NXM (ERREG = 230 GR 330)

0101 INDETERMINATE DEMSITY (ERREG = 2560)
0110 EEEK ERROR (ERREG = 150)
0111 HEADER CRC ERROR (ERREG = 140)

1000 DATA CRC ERROR (ERREG = 2Z00)

1001 SECTOR UNRECOVERABLE (ERREG = 070,120, 130,160, OR 170)

10190 DRIVE READ SIGNAL LOST (ERREG = 110)

1011 READ/WRITE CONTR. FAILURE (ERREG = 220,320, OR 320)
1100 MASTER CDNTRDLLER FAILURE (ERREG = 340)

\//1101 DRIVE FAILURE (ERREG = 010, 020,030, 050. 300 GR 310)
1110 INTERFACE PARITY ERROR (ERREG = 210}
1111 AC POWER LOW ABORT OF WRITE OR FORMAT (ERREG = G703

TABLE 4-1 ERROR CLASS CODES IN "MORMAL"™ MODE (BOTH GREEW LEDS ON)

The error class code will be displayed in the LEDs as as
the erreor is detected. The code will be teset to zero if %Lhe
power is cycled or an INIT is generated over the IBUSE «cable

The drive activity LEDs are also wussed to indicate ©he
cccurrence of errors. Whenever bit 15 of +the contral and
status rvegister indicates +the occurrence ¢f an error {other
than density evrror), the controller microprocessor will  shEavt
flashing the drive activity LED of the drive =asscocisted
the error at roughly a I HI rate. This flashing will stop
when either a system initialize is forced by the host C.P.U.,
or toughly *wo minutes passes.
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4~-5 DIP-SWITCH SETTINGS LDURING "NORMaAL'™ MODE

The 8 rocker switches in the VDIP-EWITCHY have. the
following meanings when the system is being operated in
"NORMAL"™ mode. :

Switch 1, switch 2, and switch 2 must all be O When these
three switches are configured this wauy, the microprocessor

knows that the system is %to cperate in "NORMAL" mode.

Switch 4 tells the microprocessor which operafional mode is to

be used when communicating with the inteTface module. Chapter
2 explains operational mode and section 3—-4 discusses changing
it. When switch 4 is a O, the system is configured in Mode 2

(RX02 compatible). IWhen switch 4 is a 1, the system i3
configured in Mode 1 (RX01 compatible).

Switch 5 is called the drive mapping switch. When switch 5 is
a D the left hand disk drive is drive O and the right hand
disk drive is drive 1. When switch 5 is a 1, the 1left hand
disk drive is drive 1 and the right hand disk drive is drive
0. This switch permits an easy re—mapping of the right han
floppy disk drive to drive O in the event that the normal
drive O fails. ‘

Switches & and 7 are not currently usaed to indicates anything
in "NORMAL" mode.

Switch 8 is wused to encede the number of flopoy disk drives
that are connectad to the controller. When switch 8 is a O
this indicates one drive. When switch 8 13 & 1, this

indicates 2 drives.

Data Bystems ships the standard DED 440 sy
switches im the O pesition EXCEFT switch
MORMAL mode, Mode 2 (RX02 compatiblel, norms
floppy disk drives. (See Figure 4-2)

stem with all
ch 8 1 1g )
1 T 2]

. i 3
drive mapping. =
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—— SPECIFIES "NORMAL" MODE

— SPECIFIES OPERATIONAL MODE 2
(RRO2 COMPATIBLE)

+— SPECIFIES DRIWE @ ON LEFT
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T

O 0 0 o o o o 1
FIGURE 4-2 DIP-SWITCH SETTING (OHEN PRODUCT

Slack dol 15 on depressed sicle a_f’w/z‘cr’:

SPECIFIES 2-DRIVE SYSTEM
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4-4 HARDWARE SELF-TEST ROUTINES

The microprocessor always exscutes & number of system
hardware +tests following power—-up ot an initialization. This
is true even when the system is being used in
Y"HYPER-DIACNOSTICY maode. These tests are called "PASBIVE®
tests becauses there is no way that the user can inhibit tham
from executing, and there is no way that the user can operate
the system should one of these 2sts detect a malfunction.

tine i exacufed, the
as

microprocessor writes the erro
failure of that particular test
test detects a malfunction, the microprocesso
HALT 1leaving the error code displayed. The ¢
interpretation are shswn in Table 4-3. Th ;
the <code being displayed in the LEDs is
gresn RUN LED is OFF and LED 2 is ON. Al
should 311 be OFF.

t

Just before each hardwsre te2st rout
T
1

n the event the
does a hard
des and their

is
sociated with the
I

s
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#

BINARY  HMEANING
5678

0000 UNASS;;NEB

OOQI. THIS ERROR CODE NOT CURRENTLY ASSIGNED

0010 THIS ERROR CODE NOT CURRENTLY ASS&GNED

0011 MICROPROCESSOR (P)ROM CHECKEUM ERROR

0100 THIS ERROR CODE NOT CURRENTLY ASSIGMNED

0101 ERROR DURING TEST OF THE INTERFACE SHIFT REGISTER
0110 PROGRAMMABLE I/0 PORT FAILURE IM 2135 CHIP

0111 | PARITY LOGIC/LATCHED INIT LOGIC TEST FAILURE

1000 RAM TEST FAILED IN THE 2111 CHIP(S)

1001 RAM TEST FAILED IN THE 8135 CHIP

1010 PHASE~-LOCKED~-LOCOP TEST FAILURE

1011 READ/HRITE CONTROLLER TEST FAILURE

1100 CRC/SERIAL DATA PATH TEST FAILURE

1101 ‘CDUNTERITIMER FAILLURE IN 8155 CHIP

1110 INVALID SWITCH SETTING (POSSIRLY BAD HYPER-DIAGNOSTIC
1111 8085 CPU TEBT FAILURE

TABLE 4-3 SELF-TEST ERRGR CODES
A}

These three error codes can only occur following an INIT
if the sustem is configured for "MNORMALY aperation. I t%he
system is configured for Tunning hyper—-diagnostics, thess
codes can only appear if the corresponding hyper—-diagnostic
test has '~ been salected. The hardware self-test lcaop

hyper—diagnostic test will never test thesz funciions and thus
cannot produce these a2rror codas. {See section 4-10:

Should a2 passive %est errer occutr: snd +the sslutien <o
the problem not be obvious, %7y cycling the main power several
times. I+ the errvor 1z consistent and +the solution 15 not
evident, call the Data BSystems Design <Custaomer Service

Department for assistancs.

COnE)



4-7 HYPER-DIAGNOSTIC MODE

As mentioned earlier., hyper—diagnestic mode is usad when
the user wants to adjust, exercise, or test his controlier
and/or drives independent of a host computer syst2am and thns2
associated software. The D8D 440 <chassis need only ©&e
connected to the AC power in %the wall to TUn the
hyper—diagnostics. The wuser selects particular tests and
particular floppy disk drives wusing +the DIP-SWITCH on the
coniroller board. Test results are observed +through a
combination of the 9 indicater LEDs on fthe controller board
and perhaps an oscilloscope. After the switch and @ LED
conventions are explained, the details of =e2ach of the
hyper—diagnostic routines will be discussed.

MNOTE:

With the sxception of the cable corientaticn Test., 51 of %he
hyper—diagnostic tests are to be executed with the interface
bus (IBUS) cable disconnected from the DED 440 chassis.

A-8 DIP-BWITCH SETTINGS DURING "HYPER-DIAGNOSTIC! MODE

Switch 1 through switch 5 are used to encode the desirtead
test. Since 5 1individual  switches constitutes 5 bits, one
would assume that 32 individual tests could b2 encoded in
these switches. This is not trus however because any time
switches 1, 2, and 3 are all z2ros, the micToprocessor assumes
"NORMAL" mode operation. as previously =2xplained in section
4-35. Switch 1| is the MSE and switch 5 is the LSB

Switches & and 7 are not used to indicatz anything fduring
hyper—diagnoestic modsa, except  during the DIP-SWITCH / LED
test. ’

Switch 8 is used to encode  the sarticular +Ffleppy d
drive that is %o be usad for s given tast khen the switch 13
a 0, drive O is selectad, when i%t is a 1, drive 1 is selected
Note that not 211 of the fa2sts invelve a drive, soc in scme
cases the position of switech 8 will be 4irTelsvant The
general exerciser tests are capsble of exevcising moTe than
aone drive. These twc tests {(switch codes 11110 and 11111}
interpret switch 8 as the number of drives to be exercissd.
In other words, if switch 8 is a O, cnly drive © will &bte
axercised. I1¢ switch 8 is a 1, both drive O and drive 1 will
be exercised.

Note that there iz neo drive mapping fumciion availahkle in
hyper—diagnostic mode. This function is only availsbls when

the system is being operated in "NORMAL" mode.
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To run.'a particular hyper—diagnostic, one first powers
down the controller/drive subsystem possibly wusing the AC
switch conveniently mounted on the rear of the chassis. Next,
set the 8 switches to reflect the desired test, and in some
cases, the desired drive. To start the test, simply turn the
power back on. One should not play with the DIP-SWITCH
settings while power is on EXCEPT where explicitly directed to
do so in the explanation of s particular test. An ezample
hyper—diagnostic DIP-SWITCH configuration is sheown in Figure
4-3.

After extended use, the rTeliability of the DIP-SWITCH may

become gquestionable. A switch that "appears" %o bes in the
shorted state may in fact be in the open state. If you ever
have TEe3s50Nn to believe that the microprocessor L5

mis—interpreting the byte encoded in the DIP-8WITCH, aslways
use a pointed obyect (such as a ball point pen’ to depress the

rocker switches. Another technigque that <can be wused to
confirm your switch s2ttings is the DIP-BWITCH/LED
hyper—diagnostic. The code for this test iz (10000). Once
the microprocessor recognizes this %test code, all it does is
read the DIP-SWITCH and echs the setting in he EDs. Once
this test is +running., change the DIP-SWITCH to the desired
questionable setting and verify the setting in the LEDs. If
the LEDs rteflect .the correct switch setting:, the specific
hyper—diagnostic test indicated by the switches can b=

executed by simply powering the unit down, and then up again.
4-9 LED MEANINGS DURING "HYPER-DIAGNOSTIC" MODE

Except in the tests where noted otherwisse, the LEDs wi

work as follows. LED 1 and LED 2 will be o
the microprocessor is in hyper—disgnostic d
currtently executing any of the hardwars sa2lf
described in section 4-6. LEDs 3 and 4 work %h /
did in “NORMAL" mode. When LED 3 i3 on, the
currently writing on a diskette. When LED 4 is +
is currently reading from a diskette. These two LE
very useful when %trying to decide when toc =stop a3 p
s

W

uiru

= articular
hyper—diagnestic by turning off the AC power. In genersl, it
is not & good idea to turn off the power while the RITE LED
is still on.

Just as in the hardware self-tests, the mMiCcToOpTOCesSsoOT
will halt whenever it detects an errer. The user knows when
the microprocessor 13 halted By observing the green "RUN" LED
shown in Figure 4-1. An error code is displayesd in LEDs 3-8
when the microprocessor deitects an error and halis. Tha errorv
codes are similar te the error «class codes discussed in
saction 4-4. Errers that involve 3 host compuitser interfsce.
suych &3 non—existent memorTy and psvity errors: could never
gccur during executicn of any of the hyper—diagnostics. Table
4-5 chows *the code interpretations The activity LED of the
drive selescted when the failurs was detectsd will be 12f%t on
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BINARY
5478

P

0011

0100

0101

0110

0111

1000

1001

1610

1011

1100

1101

1110

— e s o i e

NO- ERRORS HAVE OCCURRED SINCE POWER ON OR LAST INIT

OPERATOR ERROR - WRITE PROTECT VIOLATION (ERREG = 100}

THIS ERROR CODE NOT CURRENTLY ASSIGNED

IBUS CABLE BACKWARDS OR INTERFACE MODULE WITHOUT POWER
DRIVE BUS CABLE IS INSTALLED BACKWARDS

INDETERMINATE DENEITY (ERREG = 260)

SEEX ERROR (ERREG = 150}

THIS ERROR CODE NOT CURRENTLY ASSIGNED

PATA CRC ERROR (ERREG = 200)

SECTOR UNRECOVERABLE (ERREG = 070.120,130, 160, OR 170)

DRIVE READ S5IGnNAL LOST (ERR

I

G

110)

READ/WRITE CONTR. FAILURE (ERREG = 220,320, 0OR 330)

MASTER CONTROLLER FAILURE (ERREG

]
(A
B
o]

DRIVE FAILURE (ERREG = ©10, 020,030,030, 300 OR 3108:
DATA PATTERN READ NOT THE SAME AS PATTERN WRITTEN

AC POWER LOW ABORT OF WRITE OR FORMAT (ERREG = 3707

TABLE 4-5 HYPER-DIAGNOSTIC ERROR CODE IMTERPRETATIONS



The following note of caution should be heeded hera: The
hardware self—-tessts and the hyper—diagnostics rTeport errors by
writing an error code in LEDs ©5-8 and then halting. The
microprocessor will execute the hardware self—-tests before it
.gets to the hyper—diagnostic rToutine encoded in the switches.
The only way to tell if the error code displayed in LEDs 3-8
is from Table 4-5 or Table 4-3 is by looking at LED 2. LED 2
will be ON following an evrror caused by the hardware self—test
routines. LED 2 is OFF following an error caused by most of
the HhAyper—diagnostic routines. The exceptions are noted in
the test explanmations.

LEDs 5-8B have a different mesaning when the microprocessor
is =e2xe2cuting &a hyper—diagnostic rtoutine but has not yet
detected anuy errvor. One knows that this is +the condition by
obsarving that the "RUN" LED is still ON. At this %time, LEDs
5 and. & encode density. and LEDs 7 &and & encode salected
drive. Coding is as follows: :

LED 3 LED & DENSITY
OFF OFF DENSITY UNKNCWN (DRIVE PROBABLY NOT READY?
OFF ON IBM 3740 SINGLE DENSITY
ON : aFF DEC DQOUBLE DENSITY

TABLE 4-& INTERPRETATION OF LEDS 5 AND & DURING EXECUTION OF
HYPER-DIAGNOSTIC ROUTINES (EXCEPT WHERE OTHERWISE MNOTED!}

LED 7 LED 8 SELECTED DRIVE
OFF OFF . )
oFF on , 1

TABLE 4-7 INTERPRETATION OF LEDS 7 AND 8 DURING EXECUTION OF
HYPER-DIAGNOSTIC ROUTINES (EXCERPT WHERE OTHERWISE MOTED)
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4-10 DESCRIPTION OF INDIVIDUAL HYPER-DIAGNOSTIC TEST

Ul

Tzbhle 4-B shows the DIP-SWITCH settings for a1l of
hyper—diagnostic routines implemented in the DSD 440

SWITCHES
12245

e v e o g i, s

HYPER-DIAGNOSTIC NAME

01011 >
01100
01101
0ti1e
0111t
10000
10001
10010
10011
10100
10101
10110
10111
11000
11001
11010
11011
11100
11101
11110
1111t

- — — — e o s ey e o . o s Sy o S S s M St B S P St S

HEAD LDOAD TIMING ADJUBTMENT ROUTINE
TRACK 0O DETECTOR ASSEMBLY ADJUSTMENT ROUTINE
SEEK TRACK 01 AND LOAD HEAD

SEEK TRACK 02 AND LOAD HEAD

SEEK TRACK 38 AND LOAD HEAD

SEEK TRACK 76 AND LOAD HEAD

CODE NOT ASSIGNED

CODE NOT ASSIGNED

TEST READ/WRITE CONTROLLER

TEST PHASE LOCKED LOOFP/CRC GEMERATOR
TEST CABLES

LOOP ON HARDWARE SELF-TEST ROUTIMNES
DIP-SWITCH / LED TEST

BUTTERFLY SEEW TEST

SEQUENTIAL SCAN TEST

BUTTERFLY SCAN TEST

CODE NOT ABSIGNED

CODE NOT ASSIGNED

CODE MOT ASSIGNED

CODE NDT ASSIGMED

SEQUENTIAL WRITE/READ TESBT
WRITE-FORMAT SINGLE DENSITY DISKETTE
SET MEDIA DENSITY (EINGLE DENSBITY)
BET MEDIA DENBITY (DOURBLE DEMEITY)
CODE NOT ASSIGNED

CODE NOT ASSIGNED

GENERAL EXERCISER STARTING WITH WRITE-FORMAT SIN
GEMERAL EXERCISER

TABLE 4-8 DIP-SWITCH CODES FOR HYPER-DIAGNDOSTIC ROUTINES

-
GLE

DENGITY



FLOPPY DISK DRIVE ALIGNMENT ROUTINEE (00100-01001)

The #first six test routines about to be described are
‘intended for wuse with & specisl alignment diskette (PART
NMUMBER SA120-1) available from Shugart Associates. To perform
some of the alignment procedures, it will be necessary to
Temove several screws in the boitom of the DED 440 chassis so
that +the drives can be propped up on their side. Many of the
ad justment screws and oscilloscope test points are located on
the wunderside of the drives. This section will only describe
what the six floppy disk alignment routines built in%o the
DSD 440 do. The actual alignment procedurss can be found in a
document published by Shugart Associates, which was included
in your DSD 440 documentation binder. The document is calied
the SAB00/801 DISKETTE STORAGE DRIVE MAINTENANCE MANUAL.

HEAD LOAD ACTUATDR ADJUSTMENT ROUTINE (001007

This routine starts by "homing” the selectesd drive %o
track OO, Once there. the head is locaded and unlioadsd at
Toughly " a 5 Hz. rate. The head is loadsad for 130
millissconds,  and %then wunloaded for 100G milliseconds before
the cycle is repeated. As mentioned esarlisr. the routine is
terminated by disconnescting AC power fFfrom the chassis.
Paragraph 4.54.3 in the Shugart manual calis for a routine such
as this one.

TRACK OO0 DETECTOR ASBEMBLY ADJUSTMENT ROUTINE (0Q0101)

: This routine starts by “homina" the sslected a4arive <To
track OO0. The head is then alternatesly moved betweesn track Si
and track 02 about once esvery 70 msec. © The head is loaded
‘during tThis test The routine is t2rminated by disconnecting
AC power. Paragraph #.11.8 in the Shugart manual calls for 2
Toutine such as this one

SEEK TRACK Ol AND LCAD HEAD (00110)

This toutine starts by "homing" +the selected drive to
track OO, Mext: the head is positioned st track C1 and lozaded
sgainst the medis. The head remains losded until power Ls
rTemaved. Faragraph 4.11.8 in fthe Shugart manual calls for a
routine such as this one.

SEEX TRACK G2 AND LDAD HEAD ({01112

This Ttoutine starts by "homing"” +the seslected drive to
track 0O Next, the head is positicned 3% track CZ and loadsd
against the media. The head Temains loaded until power is
removed.  Paragraph 4. 11.8 in the Shugart manual calls for =
routine such as %this one. !
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SEEK TRACK 38 AND LOAD HEAD (0Q1C00)

pes o

This routine starts by "homing”
track 0©O0. Mext, the head 13 positione
against the madia. The head remains
Temoved. This rtoutine is wused
ADJUSTMENT described in  paragraph
manual.

o B
m

(=%

e ) 0om

[Sdibos B = RS O}
[T

I i S v I

- SEEK TRACK 7& AND LOAD HEAD (010013

This reoutine starts. by "homing" the
track 0O0. Mext, the head is positioned &%
against the media. The head remains loadsa
removed. This routine is used during
AZIMUTH ALIGNMENT described in paragraph 4.
manual.

TEST READ/WRITE CONTROLLER (01100)

causes the read/urita
machine to be <continuousliy «cycled thr
self—-test microcode. This test should bhe
reason to believe that the read/write contr
is not perferming reliably. Should this
erTor, the code 1is shown in Table 4-3 as

This routine

selected
track 38
until
the HE

[w i

.3 of th

ec
track
d wuntil

: D/

3
w

cont
ough
run
aller
test

a 1011,

a

T |

v oo ot

LT I ]

W
m W

LED 2 will also be on if this error is reported.

TEST PLL/CRC GENERATOR (01101)

This routine checks the cperation of
loecp cirtcuitry by counting the number of
occur during & 30 millisecond interval. Th
Tun  to determine 1if a READ problem i3 bein
circuitry I# it i3, the errocr code will b
4-3 as a 101i0. MNote that LED 2 will be
tTeported. The second half of this test ver
generator/checker and serial data p3
properly. IF this %test detects a malfuncti
is shown in Table 4-3 as =z 1100, LED 2 wil
TEST CABLE ORIENTATION

This test is used to verify that bot
cable {(connecting the controller to the in

the drive bus cable {(connecting the zontrol
are not installed backwards. Note tha
cable must be connected on both ends and th
must have power in order to Tun this
cable must be disconnectsd at onse
1 hyper—disgnostic
Tor:. Table 4-% indicates whi
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‘HARDWARE SELF-TEST LOOP (01111)

The DBD 440 microprocessor executes the hardware
self—-test once after powering up. When this hyper—diagnostic
routine is selected, the microprocessor will knep executing
the hardware self-test over and over agsin indefinitely until
either power is rtemoved or an error is detected. LEDs 35, 74
and 8 should be flashing on and off when this routine is
axecuting (error—Ffree).

DIP-SWITCH / LED TEST ROUTINE (10000)

This routine is used to determine if the microprocessor
can correctly rvead all 8 switches in the DIP-SWITCH, and
correctly illuminate LED‘s 1-8B. The routine will simply read

the DIP-SWITCH and write that butz to the LED tank. Az an
example, if switch 2 were in the 1 positicn, then LED 2 should
be on. If switch 2 were in the O position, hen LED 2 should
be aff. Since the microprocessor is executing this locop
continucusly.: the state of a LED should appear to change very
shortly following a8 switch positicon change. The test 1is
terminated by rTemoving pouwer.

BUTTERFLY SEEK TEST (10001)

This voutine starts by ““om*ng the <salected drive fo
track 00. The head positioner is then moved back and ferth in
what has been calied a “"butterfly” pattern. This pattarn
consists of the following seriess o tracks:
76,01,75,02,74,03. .. ... After one complets cycle, the
microprocessor  tries - to seek the positioner %o $rack 0206 i+
the track 00 signel is not asserted. the errar coda i3
reported in the (LEDs 2and the microprocessor halbs. T+ the

Tack £0 signal is asserted., the test is repeated. The head
is not loaded at any time during this t2st 30 no reading or
writing is done.

SEGUENTIAL SCAN TEST (10010)

This routine starts by "homing® %the sslected drive <o
track OOQ. The head is then loaded and the medias density is
determined and displsyed in the LEDs (see Tabla 4-&) The
controller then seguentislly reads every secter of svery
track. If no errors occur, this scan routine will cycle over
and over until power is removead. If an error does cocur: tTha
processor will halt and the error code will be displayes: in
{EDs  5-8. The meanings ssso0ciated with the 15 possible evror
codes are shown in Table 4-5. Remember., the code diszplauysd in
LEDs 5-8 is not an error code UNLESS %the green CFU run LED is
out and The head positiocner is noft moving The meaning of
iEDs 5-B are shown in Tables 4-5% and 4-7 when the te2st 1is
still executing.
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BUTTERFLY SCAN TEST (100113

This routine is similar to the sequentisl scan test,

axcept that the sequence of tracks read iz 74&,01,7% 02,74

..... This test will take much longer than the sequential
scan test to read the same total number of sectors becsuse of
the added positioner step and head load time. This test will
detect problems associated with seeking and/or teading.

SEQUENTIAL WRITE/READ TEST (110G0)

This routine starts by "homing" +the .selected drive

to
track 0OO0. Next, the density of the diskette inserted in the
drive is determined. The routine then seguentislly writes
pseudo—randaom data on every track and sector of the diskette,
in the appropriate density. After writing, 2veTy track and
sector on the diskette 1is sequentiazlly rtead. Any e2TTor
encountered will be reflected in the LEDs when it occurs and
the machine will halt. The write cycle only happens ance
The resd cycle 1is rTepeated indefinitely until power 1is
disconnected or an ervor is detected. LEDs 3 and 4 can be

used to determine if ¢the rvoutine nas completed the write
cycle.

WRITE~-FORMAT DISKETTE IN 3740 S.D. FORMAT {(11001)

-

This moutine starts by “homing" the

szlected drive fo
track 00, Next, the entire diskette is formatted according to
the IBM 3740 single density standard. The sector addresses
are written saquentially on each track. Atter all tracks have
been written, controel 1is transferrved directly ta the
sequential scan test, which then keeps reading the diskette
Lndnslﬁatelg until errToT OT power dL;rownncf. LEDs 2  and 4
can be wused %o determine when the  write cycle has bhesn
completed.
SET MEDIA DENSITY (TO SINGLE DENMSITY) (11010)

"This rvoutine starts by "homing®” +the selected drive to
‘“track OO0 Next, every sector on the diskette is written with
a sinale density dats address mark, 128 bytes of Oz, and =Z
CRC bytes. Unlike the previcus write—-format routine. this
toutine doss not modify the sector headers. Cortral is
transferred to ths s=squential scan te2st a3 scon as all seciors
have been written. LEDs 2 and 4 can be uszd to determine when
the writing has stopped and the teading has besgun.

é(\_/ H



SET MEDIA DENSITY (70O DOUBLE DENSITY) (11Cil)

This routine starts by "homing” the seiected drive +fo
track 0O0. Next, every sector on the diskette is written with
a double density data address mark, 25& bytes of DEC HMMFM O7s,
and &2 CRC bytes. This rtoutine does not modify the sector
headers. Cogntrol is transferred to the sequential scan test
as soon as all sectors have been writien. LEDs 3 and 4 can be
used to determine when the writing has stopped and the rveading

has begun.
GENERAL EXERCISER STARTING WITH WRITE-FORMAT S.D. (

‘This test is designed to exercise all partis
system as thoroughly as possible i1
hyper—diagnostic rToutines, this rToutine and

Toutine can operate on multiple drives. Switch 8
specify the drives £o be exercised. As an example

8 were set to a 1, the genersal exerciszer would firs
drive 1, then drive 0, then drive 1, etc. if switc
set to a 0, only drive O would be exercised. It is

to be exercised be lo
The sequence of ocperations

that a1l drives that are
write—enabled diskettes.

11110

DED 440
he other
following
i5 ussd %o
l;"‘ :‘JJ.;"'C»C
t sxerciss
h 8 were

important
aded with
is listed

o WU

n

below:
(1)} Ezecute hardware sslf—tests {(no drives inveolved)
{2) Write—format selected drive sccording teo 3740 S.D. standard
(3} Do sequential tesd of sll se2ctors cn sslscted drive
(4} Do sesquential writefread of all sectors on salectesd drive
{33 Do butterfly read of all sectoTs on selscted drive
(&) Do a double density set medis density on selecied drive
(7 Do a sequential read of all sectors on selected drive
(8) Do sequential write/read of all s2ctors on selectsd drive
() Do butterfly read of 311 sectors an selected drive
{10) Po a single density set media density on selected drive
(11) Determine next logical drive unit, and if that unit has not
already been write—formatted ocnce:, go to step (2):
otherwise go to step (3)
GEMERAL EXERCISER (11111)

Thiz test is the same az the previous c¢cne (11110}, butk
minus the single density write—format rtoutine indicated in
step {(2}.
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4-11 HOW TO READ THE INDICATOR LEDS

The nine in
bpard assesmbluy
times. Although
explained in p
reviewed in this
following the
time is vequired
LEDs at any g
4-4 - To test
covering up the
of the four LED
interpretation
of Figure 4-4.

dicator LEDs on the master controller circuit
encode different information at different
all of the encoding algorithms have been
Tevious sections of this chapter, they will be
section wusing & "flow—-chart" technigue. By
steps of this flow-chart, a minimum amount of
to determine the informstion encoded in the
iven time. Four examples are given in Figure
your understanding of +the Fflow-chart, try
right side of Figure 4-4 and interpreting each
patterns. When you are done. verify that your
agrees with the ones listed on the tvight side
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/ 23450678

MUPROC. HALTED
HYPERDIAGNOSTIC ERROR
COOE 7N LEDS K-8
SEE THELE #-5

o

IS LED Y ON:?

YES

AUPROC. HAL 7ED
SELF-TEST ERROR
CODE IN LEDS -8
SEE 7RBLE 4-3

JUPROC. RUNNING A HYPERDIAGNOSTIC

NO ERARORS DETECTED YET
LEDS S-6 Se£ TRELE 4-6

LEDS 7-8 SEE TrRELE 4-7
LED 3 ON == WRITING

LED 4 ON = READING

MPROC. RUNNING TN NORMAL MODE
LED 2 ON = L7 MG FOR T F
LEDH 3 ON == WRITING
LED 4 ON > LRELDI/G
MOST RECENT ERROR COOED
IN LEDS 5-8 Sec Tpgtes 4-1
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SECTION 5
DSD 440 PROGRAMMING INFORMATION

The programmers’ interface to the DSD 440 varies
depending on which host computer family (such as the DEC 8's
and 11‘s) and in which operational mode the system 1is
configured. The characteristics of each programmers’
interface are determined by the controller. The controller
can wutilize +ive separate IBUS protocols to communicate with
the interface module and in turn the host computer program.

This section will be organized by computer family and
operational mode. MODES 1 and 2 of the PDP-11 and LSI-11 will
be discussed separately. Since the PDP-8 is not capable of

bMA, even in MODE Z. the programmers’ interface does not
differ substantially between MODE | operation and M3DE 2
operation. For this reason, both operational modes of the
PDP-8 interface will be discussed together, with the
differ=snces being emphasized.

5—-1 DEC 11 FAMILY PROGRAMMERS’ INTERFACE

For a person primarily interested in programming. there
is Ilittle difference between the PDP-11 and the LBI-11. The
programmers’ interface %to the DSD 440 flexible disk system is
the same for both computers. This section will present an
overview of that programmer interface.

Data is transferred to and from the flexible disk or

‘"diskette" in fixed length blocks callaed "sectors”. A sector

contains &4 sixteen bit words when the system is being used in
single density mode and 128 words in double density mode.

The programmer can direct <the DSD 440 tontroller to

perform several "operations'" or "tasks". Each of these tasks
is used to facilitate the storage and retreival of information
on a diskette. As an example, two operations are needead %o

move a8 sector of dats from msin memorTy %o a particular ssctor
on a diskette. The first operation is called “FILL BUFFER".
This is used to move the data from computer memory o a RAM
buffer which is an internal part of the disk controliszr. The
second operation is called "WRITE SECTORY. This operation
positions the read/write head of a flexible disk drive over
the specified portion of the diskette, and then writes the
data stored in the controlier’s sector buffer on the disketie.

4
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The programmer communicates his task requirements to the
DSD 440 -controller  through two physical registers which are
addressed as though they were memory. The CONTROL and STATUS
REGISTER is normally 1located at address 777170. The DATA
BUFFER REGISTER is normally located at address 777172. There
are a total of seven "logical registers” that will be referred
to throughout this chapter. These Tegisters represent such
information as data, controller status, track address and
sector address. The programmer always reads and writes
logical registers through the data buffer register, which is a
physical register.

A task is dinitiated by writing & specific bit pattern +fo
the control and status register. Assgciated with each task is
a specific "protocol”. A protocol is defined as a set of
rules which determine the parameters or data the computer
should be passing through the data buffer register at any time
during the execution of a task. @As an example, aperations
which cause the read/write head in the flexible disk drive to
move will require a track and sector address. The protocol
for these functions is as follows: (1) The command is wriftten
to the control and status register. (2) The sector address is
written to +the data buffer register when the controller
requests it {2) The +frack address is written to the data
buffer register when the controller requests 1i%.

The operational modes which were discussed in chapter 2
influence the protocol +that is associated with the various
flexible disk tasks. The main differences in +thesz2 modes
center in %wo areas. First, in Mode 1 programmed I/0 is used
exclusively for the transfer of both data and parameters

between computer and controller. In Mode 2, programmed I/0 is
used to transfer parameters, but DMA is usad to transfer data
between controller and main memory. Second, in Mode 1 data is
" recorded on diskette in single density only. In MHMode 2, data

can be recorded on diskette in either single or double
density. This chapter on programming has been divided up by
operational mode. It 4is suggested that the programmer
determine the cperational mode he is going +to be wusing and
then tead the corresponding section af this chapter.

N



5-1.1 MODE 1 OPERATION

The system assumes MODE 1| opsration when the "RXOL"

switch (located on the main controller board) is placed in the
"1" position. (see section 2+1,4-5) Any program that runs

successfully with the DEC RX-11 (or RXV-11) will run equally
well on & DSD440 system configured to cperated in this mode

o—-1. 1. 1 PERIPHERAL DEVICE REGISTERS

Programs communicafe with the DSD 440 through two

peripheral device registers. They are:
COMMAND AND STATUS REGISTER (RXCE = 777170)
DATA BUFFER REGISTER (RXDB = 777172}

Peripheral device registers reside in the top 4K words of the
1i-family computer’s memory address space. They are addressed
as memotrTy and any instruction that can operate on a memomTy
location can operate on a peripheral device. register in the
same way. For information explaining how to assign these
registers non—standard bus addresses, see section 3-4.

5-1.1.1.1 COMMAND AND STATUS REGISTER
Writing the bits of this rtegister controls the DSD_440.
The format for this register is shown in figure 5-1. The RXCS

register also provides important status information and error
indications when rtead by ths program.

INSERT FIGURE 5-1 ON THIS PAGE
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Format for RXCS Register (RXCS = 177170)

13 12 11 10 9 8 7 6 5 4 3 2 1 0

15 14
ER | *IN TR E PN lunt | En | e | N | X
BIT MEANING
15 | ER — Error detected, cleared by INITIALIZE or new command. Read Only
14 | IN.— INITIALIZE the DSD 110. The DONE flag will be negated, the controller will self-test,
drive 1 will seek to track 0, drive 0 will seek to track 0. A READ SECTOR operation on
drive 0, track 1, sector 1 will occur if a diskette is in place; the ERROR AND STATUS
REGISTER will be set to 0, the INITIALIZE DONE bit will be set in the ERROR AND
STATUS REGISTER, and if drive 0 is ready, then the DRIVE READY bit will be set in the
ERROR AND STATUS REGISTER. The INITIALIZE bit takes precedence over all other
bits in this register.
13-8 | UNUSED

TR — TRANSFER REQUEST indicates to the program that the DATA BUFFER REGISTER
has been emptied and needs loading or is loaded and needs emptying to the con-
trolier. Read only. .

IE — INTERRUPT ENABLE causes an interrupt to occur when the DONE flag is set. It is a
read/write bit.

| DN — DONE flag indicates the completion of an operation. The DONE flag is a read only bit.

UN2 UN1 — Diskette drive unit select bits. The binary encoding of these bits selects drive
0-3. Drive selection only occurs if a drive related function is executed. A point of in-
compatibility exists when a triple or quad drive system is configured. DEC bootstraps
assume that bit 5 is a “‘read only” bit, so they write into it with impunity. As a result,
drive 2 is selected by mistake during bootstrapping. In systems configured for single
or dual drive operation, bit 5 can be written into with impunity.

FN — FUNCTION SELECT

FiLL SECTOR BUFFER from memory

READ SECTOR BUFFER intoc memory

WRITE SECTOR BUFFER to disk ;
READ SECTOR from disk to SECTOR BUFFER
Not used

READ STATUS (RXDB — RXES)

Write sector with deleted data address mark
READ ERROR REGISTER (RXER — RXDB)

I TR T T TR | A T 1

NONEWN-O

Function select bits are write only.

EX — Execute, when set, causes the function coded in RXCS bits 3-1 to be executed.

FTEORE $=/ CommAND AND STATVS FEG/STER ; MooE L




5-1.1.1.2 DATA REGISTER

This register provides the general purpose communication
link between the host processor and the DED 440 system. The
information passed through this register 15 based upon a
predetermined protocol as defined in the Section 5-1.1.2 .

I# the DSD 440 is not in the process of exscuting a command,
the RXDB can be written without the risk of any adverse
affects. However, during the execution of an instruction, the
RXDB register will only provide or accept information
(according to the RXDB protocol) when the TRANSFER REQUEST
flag is set. _ : ‘

NOTE:

Data may be lost if the correct protocol is not adhered to
Only RXDB bits O-7 will be accepted by the controller. Bits
8—-15 will be ignored.

The following descriptions explain the wvarious formats of the
Data Buffer Register. {RXDB)
5-1.1.1. 3 DATA BUFFER REGISTER

The data buffer register is used to transfer data to and
from the controller data buffer. All information is
transferred as a byte through bits 7-0 of the RXDB. '
5-1.1. 1.4 FLOPPY DISK TRACK ADDRESS

At the proper time during commands Tequiring a track
number {a.g. write sector, rvread sector) tha track numbar is

written to the TRACK ADDRESS REGISTER. (RATA = 777172) Track
numbers from C-74 (decimal) are valid.

5-1.1.1.5 FLOPPY DISK SECTOR ADDRESS

At the proper time during commands rtequiring a sactor

address (e.g. write sector, rvead sector) the sector address
is written to the SECTOR ADDRESS REGISTER. (RX8a = 777172)
Sector addresses from 1-26& (decimal) are valid.

5-1.1. 1.6 SYSTEM ERROR AND STATUS REGISTER

The RXES register provides status and error information
about the drive that has been selected in bits 4 and 3 of the
RXCS register. At the completion of a command, %the controller
will place +the RXES register into the data buffer register
(RXDB = 777172) so that the host processor can check the
status of the most rtecent operation. See figure 5-2 for
detailed definitions of the individual bits

F5
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5-1.1.2 MODE 1 PROTOCOLS

Protocols are required 1in the DSD 440 because the
computer interface module and the DSD 440 controller
communicate mostly through a single I/0 register. Because. of

this constraint, the controller must identify parameters being
passed to it by +the order in which they are transmitted

through the register 1link. The following sections describe
the proper proftocol for each of the possible commands that can
be sent *fto the controller. Failure to adhere to the correct

protocol may result in lost or incorrect data.

5-1.1.2.1 FILL SECTOR BUFFER (000)

The FILL SECTOR BUFFER command is used to fill a storage
buffer inside +the DSD 440 with 128 8-bit bytes of data from
the host processor. . Other functions can later be wused to
either write that data to diskatte, or transfer it back to the
pTOCess0T.

When the FILL SECTAOR BUFFER command is given:. the DSD 440
responds by <clearing the DOMNE flag. RXCS bit 5. The
controller then requests the first byte of data by setting the
TRANSFER REQUEST flag. RXCS bit 7. At this time, one byte of
data should be written into the lower B8 bits of the RXDB

register by %the host processor. When the processor writes a
byte into the RXDB register. the TRANSFER REQUEST flag will be
cleared. When the TRANSFER REQUEST flag is again set by the

controller, another byte of data shouwld be transferred to the
RXDB register. This process is rTepeated until a total ef 128

bytes have been transferred. When the controller has the 128
bytes needed ¢to $£ill +the buffer, TRANSFER REGQUEST is left
clear, and the DONE flag, RXCS bit 5 will b2 set. I+ the

INTERRUPT ENABLE bit, RXCS bit 46, is set., an interrupt request
will occur when the DOME flag is set,

MOTES:

1) Data will not be accepted unless the TRANSFER REQUEST flag
is set. .

2) If the ERROR flaa. RZCS bit 15, is set, the specific erroar
must be obtained from the RXER (s=2e Section 5-1.1.2.7 READ

ERROR REGISTER?.

3) The ceontroller will ignore all data sent after the 128%h
byte. .

4) Since the FILL BUFFER command is not assocciated with any
one drive, RXCE bits 4 and 5 do not affect this function.

5) Interrupts aTe generated by the logical AND of DOMNE and
interrupt enable. If the DOME bit is already set the first
time the programmer sets the interrupt enable bi%, a
spurious interrupt should be expected.

g7
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5—1.1. 2.2 EMPTY SECTOR BUFFER (001)

The EMPTY SECTOR BUFFER function is used to transfer the
contents of the sector buffer to the computer. The sector
buffer is loaded from a previous FILL SECTOR BUFFER or READ
SECTOR command.

When the EMPTY BUFFER command is given. the controller
responds by «clearing the DONME +flag, RXCS bit 5. The
controller then sets the TRANSFER REGUEST flag., RXCS bit 7., to
indicate that a byte of data is availasble for reading. The
data byte appears in the lower 8 bits of the RXDB. When the
host computer reads +the byte, the TRANSFER REQUEST flag is
cleared. The TRANSFER REQUEST flag will again be set when the
controller has placed another byte of data in the RXDB
ragister. This process is continued until all 128 bytes have
been transferred to the host computer. After the 128 bytes of
data have been transferred, the TRANSFER REQUEST +flag will
remain cleared and the DONE flag will be set. An interrupt
request will be generated if the INTERRUPT ENABLE bit was set
when DONE became true.

The notes that apply to the FILL BUFFER command apply equally
to the EMPTY SECTOR BUFFER command. In addition: it should be
noted that the EMPTY BUFFER function doess not modify the
contents of the sector buffer.



5-1.1.2.3 WRITE SECTOR (010}

The WRITE GSECTCOR function 1is wused %o transfer the
contents of the s=sctor buffer to a specified track and sector
of the diskette. When the WRITE SECTOR command is given, the
controller <clears the RXES register and the DONE flag. MNext,
the controller sets the TRANSFER REQUEST flag. RXCS bit 7, to
request & sector address. The program should respond by
writing the desiraed sectaor address (RXS5A) into the data buffer
register (RADB=777172). This «clears the TRANSFER REQUEST
flag. As soon as the controller shifts the sector address
over the interface cable, it asserts TRANBFER REQUEST again.
This time the program should respond by writing the desired

‘track address (RXTA) into the data buffer register. This

clears the TRANBFER REQUEET flag. After the track address is
received:, the controller will cause the selected drive to seek

to the desired track and locate the desired sector. TRANSFER
REQUEST will stay wunassertted for +the remainder of the
function. If the correct track and sector are +found, the

controller will write <the 128 bytes of data from the sector
buffer, plus two bytes of CRC onto the diskette. When this 1is
finished, the controller completes the function by writing the
RXES ta the data buffer register and setting the DONE flag.
As in all functioens, an interrupt request will be generated 4i¥
the interrupt enable bit, RXCS bit & was set when DONE became
true.

I+ the controller is wunable to locate the specified

diskette track, the RXER is set to a 130(8). If the specifiad
sector cannot be found within two diskette revolutions, the
RAES 1is set to a 70(8). Both of these error conditions cause
the function to bes terminated. The ERROR flag, RACS bit 15,
and +the DONE flag, .RXCS bit 5 are asszerted. As with the
arror—free termination, an interrupt raquest will bz generatad
if the interrupt enable bit was set when the DOME flag became
true.

NOTES:

1) The contents of the sector buffer are not modified by the
WRITE SECTOR function.

2) The contents of the sector buffer ARE modified as a result
of a power failure and an initialize command. Programmers
must be sure that valid data 1is written back into the
sector buffer following either of these conditions. This
is especially +true before executing the WRITE SECTOR
command.

2) If the sector number wriften into the RXSA is 152 (octal)
the WRITE SECTOR function becomes a WRITE FORMAT TRACK
function. Track formatting -is explained in section
5-1.1.2.9
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S5-1.1.2. 4 READ SECTOR (011)

The READ SECTOR function is used to locate a specified
track and sector of a diskette and then transfer the contents
of the data field into the controller’s sector hbuffer. When
the READ SECTOR command is given. the controller clears the
RXES register and the DONE flag. Mext, the —controller sets
the TRANSFER REQUEST flag, RXCS bit 7, to request a sector

address. The program should respond by writing the desired
sector address {RXSA) into the data buffer register
(RXDB=777172). This clears the TRANSFER REQGUEST +lag. As

soon as the controller shifts the sector address aver the
interface cable, it asserts TRANSFER REQUEST a second time.
The program should respond by writing +the desired track
address (RXTA) into the data buffer register. This clears the
TRANSFER REQUEST flag. After receiving the track address. the
controller will cause the selected drive to seek to the
desired track and locate the desired sector. TRANSFER REQUEST
will be left reset for the rtemainder of this function. If the
correct track and sector are located, the controller will
start loocking for a data address mark (DAM) or a deletad data
address mark (DDAM). When a valid mark is found, this marks
the beginning of the 128 byte data field on the diskette. At
that point, the following 128 bytes are read from the diskette
and stored in the controller data buffer. The two CRC bytes
are read immediately after the data field. An errvor—free Tead
is indicated if the address mark, 128 bytes of data, and two
bytes of CRC produce a zero Tesidue when passed sesquentially
through the CRC checker hardware circuits. As  soon as the
data is available in the buffer, the controller will terminate
the function by writing the RXES to the data buffer register
and set the DONME flag. An interrupt request will be generated
if the interrupt enable bit, RACS bit &, was set when DONE was
assearted,

If the deleted data address mark {(see Section 5-1.1. 2.4}
was detected, the controller will set the delzted data flag.
This flag appears in the ERROR/STATUS register (RXES bit &).
I# a CRC error is detected, the controller will set RXES bit O
and the ERROR flag {(RXCS bit 15) to indicate that fact. Seek
2rToTs &and missing sector errors are reported Just as in the
WRITE SECTOR function.

|
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5-1.1. 2.5 READ STATUS (101)

The READ 3TATUS command is used to determine the current
status of the drive selected by RXCS bits 4 snd 5. The status
information passed back is: 1}y Is the drive Teady? 2) Is the
diskette write-protected? #

When the command is issued, the DONE flag is cleared.
The controller +then checks +to see that the door of the
selected drive is closed, a diskette is inserted, and that the
diskette is wup  to speed. Diskette speed is determined by
measuring the amount of time between successive index pulses.
Since +this measurement takes an average of 230 milliseconds.
excessive use of the READ STATUS function will - cause reduced
throughput. If the drive is ready, the controller sets bit 7
(DRIVE READY) of the RXES. If the drive detects an uncovered

write protect notch on the diskette, the controller senses

this and sets bit 3 (WRITE PROTECT) of - the RXES. The
remaining bits of the RXES will reflect the result of the last
command before READ STATUS. The controller terminates the

function by shifting the RXES over to the RADB and setting the
DONE flag. An interrupt request will be generated if the
interrupt enable bit, RACS bit &, was s2%t when done became

~true.

% If the intearface module being used is esither tha 4430 or
4432, bit 3 of the RXES, when assertad, means that AC power is
low in the controller/drive subsystem. On the other LS8SI-11
(2132, 2133) and PDP-11 (2130) interface modulas, bit G
corresponds %o the drive write protect status as stated above.

5-1.1.2. 6 WRITE DELETED DATA SECTOR (011)

This function performs thz same task as HWRITE SECTOR.
The difference between the commands is that this command
writes & deleted data address mark just before the data field.
The standard WMRITE SECTOR function writes a regular data
address mark. When a sector which was written with a deleted
data address mark is read, bit & of the RXES will ba set.
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5-1.1.2.7 READ ERROR REGISTER (111)

When a command terminates because of an error condition,
RXCS8 bit 15 will be set. Under these conditions, a code is
available in the RXER - which <can be wused to identify the
specific error. The READ ERROR REGISTER command is used teo
access that code.

When the READ ERROR REGISTER command is initiated. the
DONE flag is cleared. The controller then moves the RXER into
the RXDB and signals the completion of +the transfer by
asserting the DONE flag. Mote that this is the only command
that DOES NOT terminate with the RXES sitting in the RXDB.
The information contained in the RXER should be read
immediately after the ERROR +flag (RXCS BIT 15) 1is set.
Subsequent commands or an INITIALIZE operation will clear the
RXER. '

pDeTaL ! MEANING
CODE !
00 NC ERROR
10 NO DRIVE O OR DRIVE 'O FAILED TO FIND TRACK O ON INIT
20 NO DRIVE 1 WHEN DIP SWITCH INDICATES THERE SHOULD BE
A DRIVE ! OR DRIVE 1 FAILED TO FIND TRACK O ON INIT
30 TRACK O FOUND WHILE STEPPING IMN ON INITIALIZE
40 TRACK ADDRESSE PASSED TO CONTROLLER WAS INVALID (276)
20 TRACK O FOUND BEFORE DESIRED TRACK WHILE STEPPING
70 REQUESTED SECTOR NOT FOUND IN TWO REVOLUTIONS
100 WRITE PROTECT VIOLATION
110 DRIVE READ SIGNAL LOBT
120 NO PREAMBLE FOUND
130 FREAMBILE FOUND, BUT NO ADDRESS MARK WITHIN WINDOW
140 CRC ERROR ON WHAT APPEARED TO BE A HEADER
1350 ADDRESS IN GOOD HEADER DID NMOT MATCH DESIRED TRACK
160 TOO MANY TRIES FOR AN ID ADDRESS MARK
170 DATA ADDRESS MARK NOT FOUND IN ALLOTTED TIME
200 CRC ERROR ON DATA FIELD:; RXES BIT O ALSDO SET
21 PARITY ERROR ON INTERFACE CABLE; RXES BIT 1 ALSO SET
220 READ/WRITE CONTROLLER FAILED MAINTEMNANCE MODE TEST
240 DENSITY ERROR
260 INDETERMINATE DENSITY
. 300 DRIVE 2 FAILED TO HOME ON INITIALIZE
310 DRIVE 3 FAILED TCO HOME ON INITIALIZE
320 READ/WRITE CONTROLLER WRITE CIRCUITE FAILURE
3320 READ/WRITE CONTROLLER TIMED OUT ON RESET
340 MASTER CONTROLLER QUT OF SYNC WITH RD/WR CONTROLLER
370 AC POWER LOW CAUSED ABORT OF WRITE ACTIVITY

—— — - — "t ot S o o . s ——— s ——— - - o T — i o S o S — " " o - o " W ——

TABLE -5-1 ERRCR REGISTER CODES



5-1.1.2.8 POWER FAIL OR INIT COMMAND (4C000 -2 RXCS)

When & power failure occurs or DC power to the DSD 440 is

interrupted, the controller gradually drains the filter
capacitors and dies. Just prior to any diskette writing
activity., the controller checks the power. This insures that

the sector being written will be written entirely before power
is lost.

When power 1is rteturned, the DSD 440 controller will

initiste the following sequence of events:

1} DONE is cleared.

2) Controller executes the hardware self-tests.

3) All drives homed to track 00.

4) RXES is cleared of all active error bits.

5) The controller reads sector 1, track 1 of wunit O into
buffer.

&) Bit 2 of RXES (INITIALIZE DONE) is set.

73 Bits 7 (DRIVE READY) and 3 (WRITE PROTECT) of RXES are
updated according to the status of drive C. *

8) RACS bit 5 (DONE) is set.

# Bit 3 of RXES corresponds to AC LO if the system is
configured with e2ither the 4430 or 4432 interface modules.
Bit 3 corresponds to the write protect status of thz selected
drive when any of the other interface modules available for
PDP—-11 and LSI-11 are being used.

73
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5—1.1.2.9.DISKETTE FORMATTING

The DSD 440 +floppy disk system can be used to
write—format diskettes. This invelves re-writing all of the
header and data fields on a specified track. The entire track
is alwaygs written. Figure 1-3 shows a detailed diagram of the
single density track format. The protocol necessary to
write—format a track is as follows:

The user program issues the WRITE SECTOR function code
(010) to the controller. When the controller requests a
sector address by setting the TRAMSFER REQUEST +flag. the
number 152(8) is written into the data buffer register. When
the controller sees this special number, it branches to a
special section of microcode which handles track formatting.
The next time the controller sets the TRAMSFER REQUEST +flag,
the program specifies the track to be formatted by writing a

valid track address (RXTA) into the data buffer register. At
this point, the controller will raise the TRANSFER REQUEST
flag 2& more times. Each time the wuser program sees the

TRANSFER REQGUEST flag., another valid and unigue sector address
should be written to the data buffer register. Note that the
controller does NOT check +these sector addresses for
uniqueness or for being in the range 1-26. After rTeceiving
the 24th sector address, the controller will seek the heads %o
the specified track and await the index pulse. Starting at
the index mark, the controller will write the entire track.
The sector addresses written in the sector headers will be in
the same order that they were passed to the controller. This
enables all types of hard szctor interleaving technigques %o be
easily implementsd by the programmer. When the frack has been
fully written, the DOME +lag will be sat and an interrupt will
be generatsd 1if the interrupt enable bit was set.



5-1.1.3 TYPICAL SEQUENCES OF OPERATIONS

The programming examples shown in figures 5—-4 +thru 5-5
are intended to illustrate how to write routines which will
successfully manipulate the DSD 440 data storage system.

5—-1.1. 3.1 READ/WRITE BUFFER
5=-1.1.3.2 READ/WRITE/WRITE D. D.
5—-1. 1. 3. 3 STATUS READ

Status information is usually needed to determine what
the status of a drive is, or what the cause of an error was.
To determine drive rTelated status (DRIVE READY, WRITE PROTECT)
the READ BSTATUS command (Section 5-1.1.2.5) should be wused.
When the ERROR' flag, RXCS bit 15, is set following a function.
the RXES should be read first. Remember that the RXESE is left
in the RXDB following all functions EXCEPT the READ ERROR
REGISTER function. As shown in figure 5-2, the RXES has 2rror
bits for: CRC ERROR, PARITY ERROR, and DENSITY ERRGR. I+ no
2rrar bits ares set in the RXES, the definitive srror codz can
be obtained using the READ ERROR REGISTER command. The code
interpretations are shown in table 5-1.

5-1.1.3. 4 CCMNGN PROGRAMMING PITFALLS AND SUGGESTIONS

This chapter will point out some of the more comman
programming mistakes that can cause data loss and/or arror
indications.

1) Tllegal track or sector address sent to controller
AL Valid sectors are 1-26 {(decimsal)
{Thetre is no sector O}
B. Valid tracks are 0-76 (decimal)

2) The READ STATUS command requires up to two revolutiaons of
the disk to complete. To avoid excesszive delays, use this
command only when necessary.

3) After rveading or writing., the INITIALIZE DONME bit, RXES bit
2; may be checked for an indication af power failure. A
short power outage will cause DONE to set without any error
indication even though invalid data may have been read or
written.

A) The drive select bit, RXCE bit 4 is not looked at
by the controller during FILL BUFFER and EMPTY BUFFER
functions.

5 It is recommended that a two—secitor interleave be used.
&) Typically a FILL BUFFER command will precede a WRITE SECTOR

command. Similarly, a READ SECTOR command will precesds 2an
EMPTY BUFFER command.
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5—-1.1.4 INTERRUPTS

An  interrupt 1is requested by the interface module
whenever the INTERRUPT ENABLE and DOME bits of the RXCS both
become seft. Only a single interrupt can occur per Tequest.

The standard intertupt vector address is location 2464,



5-1.2 MODE 2 OPERATION

The system assumes MODE 2 operation when the "RX0O1®
switch is placed in the O position (see sections 2-1, 3-6,
4-51. The system will only operate according to ™MODE 2
protocol when connected %o an interface module which- is
capable of DMA. The programmers’ interface for MODE 2 is
identical to that of the DEC RX02 based systems. Any program
that runs successfully with the DEC RX211 (or RXV211l) will run
equally well on a DSD 440 system configured to operated in
MODE 2.

5-1.2. 1 PERIPHERAL DEVICE REGISTERS

Programs communicate with +the DSD 440 through two

peripheral device registers. They are:
COMMAND AND STATUS REGISTER (RX2CS5 = 777170}
DATA BUFFER REGISTER (RX2DB = 777172}

Peripheral device registers reside in the top 4K words of the
li-family computer ‘s memory address space. They are addressed
as memotry and any instruction that can operate on a memory
location can operate on a peripheral device register in the
same way. For information explaining how to assign these
registers non-standard bus addresses, see sesction 3-4 .
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o—1.2. 1.1 COMMAND AND STATUS REGISTER

. Writing the bits of this register controls the DSD 440.
The format for this register 1is shown in figure 5-4. The
RX2CS register also provides important status information and
error indications when Tead by the program.

BIT 15 - ER - Error detected, cleared by INITIALIZE or the
issuance of a mew command. Read Only bit.

BIT 14 - IN — INITIALIZE the DSD 440. The DONE flag will be
negated, the controller will rteset som2 internal flags and
variables, and then execute the self-test microcode. All of
,the floppy disk drives will be homed to track O If the
contvroller is configured in “NMORMAL" mode {(as opposed *to
"HYPER-DIAGNOSTICY mode), the controller will now attempt to
read track 1 sector 1 of the disketts in drive O. When the
READ SECTOR function has been attempted, the INITIALIZE DONE
bit in the error/status register 1is set. Assuming there
actually was a readable diskette in drive O, the DRIVE READY
bit will also be set. If the diskette happened to have been
double density, then the drive density bit will be set. The
DONE flag 1is set when +the controller has completed the
Initialization sequence. The INITIALIZE bit takes precedence
over all other bits in this register.

BIT 13 — Al7 Extended address bit 17. This write only bit
will be asserted on UNIBUS or Q-BUS address line 17 when the
DSD 440 is transferring data via direct memory access. This

bit 1is «cleared by an INITIALIZE. Al7 will toggle if AQL-Alb
are all ones and the bus address register is incremented by
the logic. :

BIT 12 - AlS Eztended address bit 146, ° This write only bit
will be asserted on UNIBUB or Q-BUS addressz line 1& when the
D8D 440 is ftransferring data via direct memory access. This

bit is cleared by an INITIALIZE. Alé will toggle if AOQ1-ALS

are all ones and the bus address tegister 1z Lincrementsd by
the logic.

BIT 11 - RX02 RX02 system identification bit. This read only
bit provides an easy way for software to differentiate RXOD1
systems from RX02 systems.

BITS 10, ¥ — RESERVED FOR POSSIBLE FUTURE USE

BIT 8 — DEM Density of function. This read/write bit is wus=d
to specify the density of the function encoded in bits 1-3.
High density is specified when this bit is set. NOTE: Even
though the FILL BUFFER and EMPTY BUFFER functions do not
involve any magnetic media, a valid density bit is important
so0 that thes controller can evaluate the validity of the word
count parameter.
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BIT 7 - TR TRANSFER REQUEST +flag. This rmead only bit
indicates to +the program that the DATA BUFFER REGISTER has
been emptied and needs loading. or 1is loaded and needs
emptying toithe controller.

BIT &6 — IE INTERRUPT EMABLE bit. This read/write bit, when
set, will allow an interrupt to be generated whenever the DONE
flag is set.

BIT 5 - DN DONE flag indicates the completion of an operation.
This read only bit works in conjunction with the interrupt
enable bit to generate interrupts. Bit 5 serves a different
purpose when it is written.

BITE 5—-4 - UN2 UN1 Drive wunit select bits. The binary
encoding of these bits selects drive 0-3. Drive selection
only cccurs if a drive related function is executed. A point
af incompatibility exists when a triple or quad drive system
is configured. CEC hootstraps assume that bit 3 is a ‘“read
only" bit, so they write intoc it with impunity. As a result,
drive 2 is selected by mistake during bootstrapping. In
systems configured for single or dual drive operation, bit 5
can be written into with impunity. ~ .

BITE 3-1 - FN FUNCTION SELECT

FILL BUFFER

EMPTY BUFFER

WRITE SECTOR

READ SECTOR

SET HMEDIA DENSITY

READ STATUS

WRITE DELETED DATA SECTOR
READ ERROR CODE

ENEORGEE- AR R o)
(I A I A 1}

Function select bifts are write only.

BIT O - EX Execute the function encoded in bits 3—-1 aof +this
register.



5-1.2. 1.2 DATA REGISTER

This register provides the general purpose communication

link between the host processor and the DSD 440 system. The
information passed through this register 15 based wupon a
predetermined protocol as defined in the Section 5-1.2.2 .

I# the DSD 440 is not in the process of executing a command.
the RXZDB «can be written without the risk of any adverse
atfects. However, during the execution of an instruction, the
RXZDB register will only provide or accept information
{(according to the RX2DB protocol) when the TRANSFER REQUEET
flag is set.

NOTE:
Data may be lost if the correct protocol is not adhered to

The Followfng descriptions explain the various formats of fhe
Data Register. (RXZDBR)
5-1.2. 1.3 FLOPPY DISK TRACK ADDRESS

At the proper time during commands requiring a ‘ftrack
number (2. qg. write sector, read sector) the %track number is
written to the TRACK ADDRESS REGISTER.  (RX2TA = 777172) Track
numbers from 0-76 (decimal) are valid
5-1.2. 1.4 FLOPPY DISK SECTOR ADDRESS

At the proper time during commands rtegquiring a sector
address (2. g. write sector, rTead sector) the sector sddress
is written to the SECTOR ADDRESS REGISTER. (RX2EA = 777172}
Sector addresses from 1-2&5 (decimal) ara valid.

5-1.2. 1.5 WORD CDUNT REGISTER

The WORD COUNT REGISTER is used %o specify the number of

words to be ftransferred between the controller secior buffer

and main memory via direct memoTy Sccess.. For & dauble
density sector, the maximum word count is 128 decimal words
(2546 bytes). The mazimum word count in single density is one
half this amount (128 bytes). The programmer loads the actual
count into this rtegister., NOT the 2’3 complement of the count.

J&/
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5-1.2.1. 6 BUS ADDRESS REGISTER

This Tegister specifies the bus address to which data 1is

to be transferred during any DMA operation. It is in fact a
146 bit counter that increments by ftwo following each dats
transfer. The bus address register cannot be read. It should

always be loaded with the starting address of a data buffer in
memoTy at the appropriate time during the FILL BUFFER, EMPTY
BUFFER, or READ EXTENDED STATUS functions. Do net try fto load
bit 00 with a 1 (it is ignored).

5-1.2. 1.7 SYSTEM ERROR AND STATUS REGISTER

The RXZ2ES register provides_status and error information
about the drive that is selected by bits 4 and 5 of the RXZCS
Tegister. At 'the completion of & command, the controller will
place the RXZES register into the data buffer register (RXZDB
= 777172 so that the host processoer can check the most Tecent
ogperation. See figure 5-7 for detailed definitions of the
individual bits.



5—1.2.2 MODE 2 PROTOCOLS

Protocols are required in the DED 440 because the
computer interface module and the intelligent portion of the
DSD 440 are connected by a single serial data 1link. Because
of this, the controller must identify parameters based on the
order in which they are transmitted across the data link. The
following sections describe the proper protocol for =ach of
the possible commands that can be sent to the controller.
Failure to adhere to the correct protocol may result in lost
oT incorrect data.

5-1.2.2.1 FILL SECTOR BUFFER (000)

The FILL SECTOR BUFFER command is used %torfill a storage
buffer insids the DSD 440 with up to 123 or 254 8-bit by%tes of
data from computer memory. Other functions can later be used
to either write that data %o diskette, or ftransfer it back to
memory.

When the FILL SECTOR BUFFER command is given, the DSD 440
responds by «clearing the DONE flag, RXCS bit 5. The
controller then requests a word count by setting the TRANSFER
REQUEST +flag. The program should rtespond by writing a valid
RX2WC into the RXZDB. When TRANSFER REQUEST is again asserted
by the <controller, the program should respond by writing a
valid starting memory address (RX2BA) into the RX2DBE. As soon
as the RX2BA has been loaded, TRANSFER REQUEST is cleared and

remains cleared for the duration of this function. The data
bytes are now transferred directly from memory to the
controller sector buffer. When the word count is dectremented

to zero and the controller has zero—-filled the remainder of
the sector buffar (if necessaryl, DONE is asserted thus ending
the operation. An interrupt tequest will be generated if the
interrupt enable bit, RXZCS bit &, was set when DONE became
true. The RX2ES register will be found in the RXZDBE at the
completion of the function.

NOTES:

Bits 4 and 5 of the RX2CS do not affesct this function since no
floppy disk drives need be selected.

The DENSITY bit, RX2CS bit 8, must be correctly set since %this
bit is wused by the controller in evaluating the validity of
the word count.

/03
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5-1.2.2.2 EMPTY SECTOR BUFFER (001)

The EMPTY SECTOR BUFFER function is used to transfer the
contents of . the sector buffer foc main memory. The sector
buffer is loaded from a previous FILL SECTOR BUFFER 'or READ
SECTOR command.

When the EMPTY BUFFER command is given. the controller
responds by clearing the DONE flag, RX2CS bit 3. The
controller then sets the TRANSFER REGQUEST flag, RX2CS bit 7.
to request the - word count rTegister. The program should
trespond by loading a8 valid word count into the data buffer
register. When TRANSFER REQUEST is again assesrtted, the
program should respond by loading the starting memory address
into the data buffer rTegister. When this is done, the
controllier will clear the TRANSFER REQUEST flag and it will
remain clear for the rest of the coperatioaon. The data in the
sector buffer will beg transferred to memory one word at a time
until +the  word count is decremented to zera. When the data
has been transferred, the controller will place the RX2ES into
the datas buffer register and set the DONE flag. I+ the
interrupt enable bit is set, an interrupt request will be
initiated when DONE becomes true. '

The notes that apply fto the FILL BUFFER command apply equally

to the EMPTY SECTOR BUFFER command. In addition, it should be
noted that the EMPTY BUFFER function do2s not modify the
contents of the sector buFfer.

|
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5-1.2. 2.3 WRITE SECTOR (010}

The WRITE SECTOR function 1is wused to +transfer the
contents of the sector buffer to a specified track and sector
of the diskette. When the WRITE SECTOR command is given, - the
controller clears the RX2ES register and the DONE flag. Next,
the controller sets the TRANSFER REQUEST flag, RX2CS8 bit 7, to

request a sector address. The program should respond by
writing the desired sector address (RX254) into the data
buffer rtegister. This clears the TRANSFER REGQUEST flag. As

soon.- as the controller shifts the sector address over the
interface cable, it asserts TRANSFER REQUEST again. This time
the program should respond by writing the desired track
address (RX2TA) into the data buffer register. This clears
the TRANSFER REQUEBT +1lag. After the track address is
received, the controller will cause the selected drive to seek
the desired track. TRANSFER REQUEST will be left reset for
the rtemainder of the function. At this time, the heads of the
selected drive are positioned over the specified track and are
loaded against the media. I# the controller does not already
know the density and format of +the media. this information
will be determined by rveading a tandom sector on the diskette.
If the density of the media does not agree with +thsz command
density (RX2CS bit 8) the ocperatiocn is terminated. Bit 4 of
the RXZES register is set %o indicates a density error. If the
densities agree, the controller checks the %track address and
starts looking for the specified sector address. If <the
correct track and sector are found, the controller will write
either 128 bytes of single density data or 254 bytes of double
density data from the sector buffer to the diskette. Two CRC
bytes are written immediately after the data.

If the controller is unable to locate the szpecified diskette

Tack, the RX2ER is s=2%t to a 150(3). If the specifiesd sactar
cannot be found within two disketfte revolutions, the RXZES
~will be set to a T70(8). These error conditions, and the
density error, cause the function to be terminated. The ERRCR
flag, RX2CS bit 15, and +the DONE +flag: RX2CS bit 5 are
asserted when the function completes in this way. As with the

error—free termination, an interrupt request will be generatad
if the interrupt enable bit was s2t when the DONE flag became
true. '

NOTES:

1} The contents of the sector buffer are not modifiad by the
WRITE SECTOR function.

2) The contents of the sector buffer ARE modified a3 a result
of a3 power failure or the initialize command. Programmers
must be sure that wvalid date 1is written back into the
sector buffer fallowing either of these conditions. This
is especially true befors executing the WRITE SECTER
command.

VN
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3) If a sector number of 152 or 183 (octal) is written to
the RXSA, the WRITE SECTOR function +turns into a WRITE
FORMAT TRACK function.’ The protocol for formatting is
explained in section 5-1.2.2. 10 .

5-1.2. 2.4 READ SECTOR (011)

The READ SECTOR function is used to locate a specified
track and sector of a diskette and then transfer the contents
of the data field into the controller’s sector buffer. When
the READ SECTOR command is given, the controller clesrs the
RX2ES register and the DOME flag. Mext, +the controller sets
the TRAMSFER REQUEST +f£lag, RX2C8 bit 7, to request a sector

address. The program should respond by writing the desired
sector address (RX28A) into the data buffer register
(RX2DB=777172). This clears the TRANSFER REQUEST +flag. As

soon as the controller shifts the sector address over the
interface cable, it asserts TRAMSFER REQUEST & second time.
The program should rTespond by writing the desired %track
address (RX2TA}) into the data buffer register. This clears
the TRANSFER REQUEST flag. After rteceiving the track address,
the controller will cause the selected drive to seek the
desired track. TRAMBFER REQUEST will be leaft reset for the
remainder of this function. The controller 1loads the heads
against +the media and tries %to determine the density of the
media (if it is not already known). I <the density of the
diskette does noct aagree with the command density (RAZCS bit

8), a density error is Teported -and the function is

terminated. IfF the densities agree, the controller starts
looking for the specified sector. When the right sector is
located, the controcller starts looking for the appropriate
data, or delested data address mark. When the mark is found,
the controaller transfers the following 12B (or 256) bytes into
the sector buffer. The twe CRC bytes are read immediately
after the data field. An error—free read is indicated if the
address mark, data bytes, and two bytes of CRC check bytes
produce a zero residue when passed seqUentially through fhe
CRC checker hardware <circuits. As - soen as the data is
available in the buffer, the controller will fterminate the
function by writing the RXZ2ES to the data buffer register and
setting the DONE flag. An interrupt Tequest will be generatad
if the interrupt enable bift was set when DONE became true.

I+ the deleted data address mark {see Section 5-1.2.2.7)
was detectad, the controller will set the deleted data fla

This flag appesrs in the ERROR/STATUS register (RX2ES bit 6
If a CRC error is detected, the controller will s®t RX2ES bit
0 and the ERROR +lag (RXZ2CS bit 15) +to indicats that fact
Seek errors and missing sector errors are reported Just as in
the WRITE SECTOR function.

7.
q
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5-1.2. 2.5 SET MEDIA DENSITY (100}

This command function is usaed to initialize an entire
diskette to some specified density. When the SET MEDIA
DENSITY command is executed, the controller attempts to write
zeros in svery data field on the diskette. Bit 8 of the RX2CE
determines the recording density and the type of Data Address
Mark %o be writien in each data field. No ssctor headers are
written when the SET MEDIA DENSITY command is executed.

FUNCTION PROTCCOL:

When the command is received: the controller «clears the
DONE +lag and the RX2ES register. Next, the controller sets
the TRANSFER REGQUEST flag. The program should rtespond by
writing a "key byte" into the RXZDB. I+ the key byte is an
ASCII “"I"™ (111)8 , the SET MEDIA DENSITY function will be

executed. If the byte written into the RXZDB at this time is
not an "I", the DONME and ERROR flags will be set and the
operation will terminate. The error register will be loaded

with a (250)8 to indicate an invalid key. The purpose of the
key 1is to make it difficult for a programmer to accidentally

erase all of the data on a diskette. As soon as the safety
character "I" is rveceived, the controller moves the heads to
track O. When sector 1 1is found, the controller starts
writing. If bit B8 of the RX2CS was a O, a single density Data
Address Mark and (2B FM zeros are written. I+ bit B8 of +the
RX2CS was a 1, a double density Data Address Mark and 254 DEC
MFM zeros are written. Affter writing all 2& sectors on track
0, the controller seeks to track 1.2,.... writing all 26
sectors on each track. This process continueses until either

every sector has been written through track 7& sector 28 or a
bad header is found. The ERROR and DONE flags will bz set if
the operation +fterminates due to a bad header. The BET MEDIa
DENSITY function requires about 13 'saconds +to complets and
should never be interrupted before it 15 done. I+ the
function does not terminate normally, an 1llegal diskette
which has Data address Marks of both densities msy have been
created. If this happens, the diskette should be completely
re—~written again. If the SET MEDIA DENSITY function will not
complete because of an unreadable header, the TRACK FORMAT
procedure can be used %o rve-write the blown header. ( See
Section 5-1.2.2.10 )

Jop
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5-1.2. 2. 6 READ STATUS (101)

The READ STATUS command is used to determine the current
status of +the drive selected by RX2CS bits 4 and 5. The
status information passed back is: 1Y Is the drive rTeady?
and 2) What is the density of the diskette currently in the
drive?

When the command is issued, the DONE flag is cleared.
The .controller then checks %o see that the door of the
selected drive is closed, a diskette 1is insertesd, and that
diskette is wup to speed. Diskette speed is determined by
measurTing the amount of time between successive index pulses.
Since +this measurement takes an average of 250 milliseconds,
excessive use of the READ STATUS function will cause rteduced
throughput. If the drive is ready, the controller sets bit 7
(DRIVE READY) of the RXZES. Mext, the controliler 1loads the
heads and resds the first sector it finds. I+ a double
density address mark is detected, bit 5 (DRV DEMN) of the RXZES
is set. If a single density mark is found, bit 3 is cleared.
The remaining bits of the RXZES will reflect the result of the

1last command before READ STATUS. The controller terminates

the function by shifting the RX2ES over to the RX2DB and
satting the DONE flag. An interrupt request will be generated
if the interrupt enable bit, RXZCS bit &, was set wh2n done
became true.
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.7 WRITE DELETED DATA SECTOR (011)

This function performs the same task as WRITE SECTOR.
The difference between +the commands 1is that this command
writes a deleted data address mark just before the data field.
The standard WRITE SECTOR function writes a regular data
address mark. When a sector which was written with a deleted
data address mark 1is rtead, bit & of the RXZES will be set.
The density bit associated with this function (RX2ZCS bit B)
determines whether a single or double density deleted data
address mark will be written.

5-1.2. 2. 8 READ EXTENDED STATUS (1i1)

The READ EXTEMNDED STATUS command is used to retrieve a
number of internal controller registers, including the error
register. These registers are transferred to memory using
direct memoTy access. As soon as the command is loaded into
the RX2CS, the DOME flag will go false. The controller will
then assert +the TRANSFER REQUEST flag. The program should
then load a starting memory address into the RXZDB. The
controller will +then +transfer 4  words.directly to memory.
When the words are in memory. the controller will assert DONE
and this will generate an interrupt Tegquest 1if interrupt
enable had been previously set.

The words transferred to memory are as follows:

WORD 1 - LD BYTE DEFINITIVE ERROR CODE

WORD 1 - HI BYTE WORD COUNT REGISTER

WORD 2 - LO BYTE CURRENT TRACK ADDREES OF DRIVE O
WORD 2 - HI BYTE CURRENT TRACK ADDRESS OF DRIVE 1
WORD 3 — LO BYTE TARGET TRACK 0OF CURRENT DISK ACCESS
WORD 3 - HI BYTE TARGET SECTOR OF CURREWMT DISK ACCESS
WORD 4 — BIT O DENSITY OF READ ERROR REGISTER COMMAND
WORD 4 — BIT 4 DRIVE DENSITY OF DRIVE O

WCRD 4 - BIT 5 HEAD LOAD BIT

WORD 4 - BIT & DRIVE DENSITY OF DRIVE 1

WORD 4 - BIT 7 - UNIT SELECT BIT

WORD 4 - HI BYTE TRACK ADDRESS OF SELECTED DRIVE

/69
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TABLE 5-2

MO ERRGR :

NO DRIVE O OR DRIVE O FAILED TO FIND TRACK O ON INIT
NO DRIVE 1 WHENM DIP SWITCH INDICATES THERE SHOULD BE
A DRIVE 1 OR DRIVE 1 FAILED TO FIND TRACK O ON INIT
TRACK O FOUND WHILE STEPPIMG IN ON INITIALIZE

TRACK ADDRESS PASSED TO CONTROLLER WAS INVALID (276)
TRACK O FOUND BEFUORE DESIRED TRACK WHILE STEPPING
REQUESTED SECTOR NOT FOUND IN TWO REVOLUTIONS

WRITE PROTECT VIOLATION

DRIVE READ SIGNAL LOST

NO PREAMBLE FOUND

- PREAMBLE FOUND, BUT NO ADDRESS MARK WITHIN WINDOW

CRC ERROR ON WHAT APPEARED TO BE A HEADER

ADDRESS IN. GOOD HEADER DID NOT MATCH DESIRED TRACK
TOO MANY TRIES FOR AN ID ADDRESS MARK

DATA ADDRESS MaRK NOT FOUND IN ALLOTTED TIME

CRC ERROR OM DATA FIELD; RXES BIT O ALSO SET

PARITY ERROR ON INTERFACE CABLE; RXES BIT 1 ALSO SET
READ/WRITE CONTROLLER FAILED MAINTEMANCE MODE TEST
INVALID WORD CDUNT SPECIFIED

DENSITY ERROR

WRONG KEY FOR SET MEDIA DENSITY OR FORMAT COMMAND
INDETERMINATE DENSITY

DRIVE 2 FAILED 7O HOME ON IMITIALIZE

DRIVE 3 FAILED TO HOME ON INITIALIZE

READ/WRITE CONMTROLLER DETECTED WRITE CIRCUIT FAILURE
READ/WRITE CONTROLLER TIME OUT ON RESET

MASTER CONTROLLER OUT OF SYNC WITH RD/WR CONTROLLER
MOM-EXISTANT MEMORY ERROR DURING DMaA

PRIVE NOT READY DURING FORMAT COMMAND

AC POWER LOW CAUSED ABORT OF WRITE ACTIVITY

e e e s v st s S S S S — T —— —_— v . s b S W S S — —— o " oo T - —— Vo — o T— ————— _—- o b T T o

ERRCR REGISTER CODES
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o—-1.2. 2.9 POWER FAIL

When & power failure occurs or DC power to the DSD 440 is

interrupted the controller gradually drains the filter
capacitors and dies. Just prior to any diskette writing
activitu, the controller checks the power. This insures that

the sector being written will be valid.

When power is returned, and the controller dip switch 1is
configured +for "NORMAL" mode, the DSD 440 controller will
initiate the following sequence of events:

1 DONE is cleared.

2) Controller executes the hardware self-tests.

3) All drives homed to track 0O.

4) RXZ2ES is cleared of all active error bits. .

%) The controller reads sector 1, track 1 of wunit © into
buffer.

&) Bit 2 of RXZ2ES (INITIALIZE DONE) is set

7) Bits 7 (DRIVE READY) and 5 (DRIVE DENSITY) of RX2ES are
updated according to the status of drive O

8) RXZ2ES bit 5 (DONE) is set.
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5-1. .10 DISKETTE FORMATTING IN MULTIPLE DENSITIES

r
]

When configured in operational Mode 2, the DSD 440 floppy

disk system can be made to write-format diskettes in three

unique formats. The DEC RX02 will not support the command
protocol abou%t to be described. In this sense, the DSD 440’s
commands are a super—sat of those of the RX02.

Each time the write—-format command protocol is executed,
one entire track is re-written. The protocol starts when the
user program sends the WRITE SECTOR funtion code (D10) to the
controller. The state of the density bit, RX2CE5 bit 8, will
be wunimportant during the execution of +this particular
command. After receiving the command, the controller clears
the RX2ES register and the DOME flag. Next, the controller
sa2ts the TRANSFER REGUEST flag, RX2CS bit 7, %o request a
sector sddress. If the +track Fformat desired is IBM 3740
single density, the user program writes the number 152(8) into
the data buffer register. I# the track format desired is DEC
double density, the user program writes the number 153(8) into
the data buffer register. When <the controller sees these
"strange" sector addresses, it Jumps out of the WRITE SECTOR
microcode and into special microcode designed to format
tracks. The protocol continues as follows: The controller
sets the TRANSFER REGQUEST flag to request a track address.
The wuser program should Tespond by writing a valid track
address into the data buffer register. Next, the controlier
enters a loop where 25 sector addresses are requested. Each
time the user program sees the TRANSFER REQUEET flag, another
valid and wunique sector address is written into the data
buffer register. Note that the controller does NOT verify
either +the uniqueness or the validity (in the range 1-24) of
the sector addresses being passed at this time. After the
24th sector address 1is rTecaived, the TRANSFER REQUEST flag
will remain false. The controller will seek the heads to the
specified track and await an index pulse. Starting at the
index mark, he controller will write the entire track
according to the specified formart. (See Figures 1-3, 1-4) The
sector addresses that were passed to the controller will be
written in the sector headers in the same order that they were
passed to the controller. This enables all <%ypes of hard
sector interleaving techniques %o be easily implemented by the
programmer to improve the effective throughput of the disk
system.

~—
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-1.2.3 TYRPICAL SEGUENCES OF OPERATIONS
The programming examples shown in figures 5-B and 5-9 are

intended %o illustrate how to write rtoutines which will
successfully manipulate the DSD 440 data storage system.

5-1.2. 3.1 READ/WRITE BUFFER
5-1.2. 3. 2 READ/WRITE/WRITE D. D.
5-1.2. 3.3 8TATUS READ

Status information is usually needed to determine what
the status of a drive is, or what the cause of an erTorT wWss.

To determine drive related status (DRIVE READY, DRIVE DENSITY)

the READ STATUS command (Section 5-1.2.2. 6} should be used
When the ERROR flag. RX2CS bit 15 is set following a
function, the RXZ2ES should be read first. Remember that the
RX2ES is left in the RXZ2DB following all functicons. As shown
in figure S-7, the RX2ES has error bits for: CRC ERROR and
DENSITY ERROR. If no error bits are set in the RX2ES, the
definitive error code can be obtained using the READ EXTENDED
STATUS command. The code interpretations are shown in table
5-2.

/3
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i PROGRAMMING EXAMPLE
i FILL 7/ EMPTY RXO2 SECTOR BUFFER

iy

: 177170 RXCS=177170 i CONTROL AMD STATUS REGISTER
, 177172 RXDB=177172 i DATA BUFFER REGISTER
; EMPTY RX02 SECTOR BUFFER
000000 012700 000003 EMPBUF: MOV #3,RO ;i BUILD EMPBUF COMMAND IN RO
000004 000402 BR.ENCENT .
| FILL RX0Z SECTOR BUFFER ROUTINE
_O0000A 042700 000001 EILBUE. MOV #1.20 ~BUTLD FILBUE COMMAND IN RO ;
cQ0012 005737 000154~ FMCENT: TST UNIT JUNIT O QR UNIT 17
Q000186 001402 BEQ 13
_C0QC20 - 0S2700 - 000020 315 #20.30 [ SET UNIT
Q00024 005737 C00L4&” 13: TST DEN iHIGH OR LOW DENSITY? .
C00030 001402 BEQ 2% : !
£00033 053700000400 ﬂ7S—#4OO¢R0——_¢SEECIE¥_HIGH—DEN517V .
000034 010037 177170 23: MOV RO, 2#RXCS ; ISSUE COMMAND TO CONTROLLER
000042 105737 177170 3s: TSTB @#RXCS ;s WALIT FOR TRANSFER REGQUEST
ACCDAL 1080°737S - N m ) i
000050 013737 000130 177172 MOV WRDCNT, @#RXDB ; PASS WORDCOUNT TO CONTROLLER
000056 105737 177170 43: TSTB e@#RX(CS iWAIT FOR TRANSFER REQUEST
—50Q063—10Q37S - SRl 49
C000&4 013737 00Q0132‘ 177172 MOV BUFADR, @#RXDE ; PASS BUS ADDRESS TO CONTRCLLER
CO0072 032737 100040 177170 53 BIT 3100040, @#RXCS ; TEST FUR DONE AMD ERROR )
CQ{LL[‘I‘ SOV TT7AL BEGQ S& :
000102 10040t BMI ERFIM ; ERROR BIT SET? i
000104 0COZ07 RTS PC = :
)000106 0127237 ©00017 177170 ERFIN MOV #17, @#RXCS ; GET DEFINITIVE STATUS
CQ0114 1087237 177170 &3 TSTE e#RACS i WALT FOR TRANSFER REQUEST
a00120. 11'&{131: . 3L L3 ) -
CQ0122 012737 0Q0C1S&’ 177172 MOY #ERBUF, @%RXDB ; SEND ERROR BUFFER ADDRESS
000130 (032737 C0Q03a0 177170 78: BIT #40, @#RXCS ;WAIT FOR DONE BIT
L0128 OQ1L 774 SEG-7%.
000140 113700 O0Q015s¢ MOVB @H#ERBUF, RC ; LEAVE ERROR REGISTER IN RO
- Q00144 COOCCO HALT
Q00144 300Q00 DEN: . WORD O ; DENSITY — G=SIMGLE 1=DCUBLE
0QC015SQ G00LI0C0 WRDCNT: .WORD 100 i WORDCOUNT — FULL SD BUFFER IS 100
, SULl_Dn BUFFTE IS 200
000152 Q02000 BUFADR: . WORD 2000 .BUFF‘R ADDRESS VARIABLE
Q00154 QQQ0CQO UNIT: . WORD © i UNIT - O=DRIVE O 1=DRIVE 1
Q0L L56—L00000 ERBUS————“OR“ Q EREOR BUFFE
0001447 e
000001 . END
FIGURE 5-8
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gecoﬁq oosz_az QQQAM 7 O

000030 001402

BEQ 23

L .
-~
_:l
< ; PROGRAMMING EXAMPLE
<, iWRITE / READ RX02 SECTOR
z i 1'771 éal é!ﬁﬂxLi‘?‘l 20 ~COMTROL _AMD_STATUS _RES ISTER
. I 177172 RXDB=177172 i DATA BUFFER REGISTER
= : ~READ-RYX02 SECTOR-
000000 012700 000007 READ: MOV #7,RO0 i BUILD READ SECTCR COMMAND IN RO
000004 G00402 BR SYNTAX
;. .
; WRITE RX02 SECTOR ROUTINE
¥ 000006 012700 000005 WRITE: MOV #5,RO ; BUILD WRITE SECTOR COMMAND IN RO
L _0000+2—00STI7—000LEA L SYNTAX:—TST_UNIT AUNIT-O-OR-UNIT 12
00001& 001402 BEG 13
1 000020 052700 Q00020 BIS #20, RO i SET UMIT

IST DEN— —  HICH QR LOW DENSITYD

{4 000032 052700 000400 BIS #400,RO ; SPECIFY HIGH DENSITY
_:7. JJ'\M:L Gl M’l'}_' S TIVIO Se. WMCS__ISSMQLAM“ IO oONTROLLER
000042 105737 177170 3s: TSTE @#RXCS i WAIT FOR TRANSFER REQUEST
1 000046 100375 BPL 33
i 000050013737 0001504 177172 MOL._SECTOR.-24RYDE . SASS SECTOR IO CONTROLLER
0000S& 105737 177170 4%: TSTB #RXCS ; WAIT FOR TRANSFER REQUEST
{ oocos2 100373 BPL 4s
I _000064— 013737 0001S2Y 17T MOUL_TRACK.-SHRYDE - DASS. TRACK-MUMBER THO COMTROLLSR
000072 032737 100040 177170 5%: BIT #100040, @#RXCS ; TEST FOR DONE AND ERRGR
000100 0017742 BEQ 5%
= WelalehNale) 100401 :g;_gggm ':';m 31T _S=T2
000104 0C0207 RTS PC
aoo4o6__c4:z32__90004;__4z=¢_e__eas;n*__acu_a;z,a#axca__.ce:_nsazuzzzns;;uazusL
/f 000114 105737 177170 &%: TSTB 24RXCS ; WalT FOR TRAMSFER REGUEST
i 000120 10037% BPL 43
3 200129 012777 000LSel 1TTLIe — MO\ _EAZUS. 348X03-+SEND SRAOR BUESSE ADDRESS
000130 032737 00QC40 177170 73: BIT #40, @#RXCS WAIT FOR DONE SIT
t 000135 001774 BEG 7S
£ 000140 113700 00015 MOUB S#ERBUE,. RO L SAUE ERROR-RESISTER IN 20
500144 0GOQOO HALT
2 ~CQ0146. 00CC00 1’1,"-'?51- WORD o 3 ?\FNSTJZL- O=SINMNGLE . 1=00UsSt
.~ 0001S0 Q00001 SECTOR: .WCRD 1 i DESIRED SECTOR ADDRESS
i 000152 000001 TRACK: .WORD 1 i DESIRED TRACX ADDRESS
i 300134 200000 UMIT: WORD-G SUNIT = O=DRIVE O 1=DRIVE 1
200154 000000 ERBUF: .WORD O ; ERROR BUFFER
0001447 .=+
_i mf\r‘\ﬂl END
i FIGURE 5-9
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5-1.2. 3. 4 COMMON PROGRAMMING PITFALLS AND SUGGESTIDNS

This chapter will point out some of the more common
programming mistakes that «can <cause data loss and/or error
indications.

1) Illegal track or sector address sent to controller
A. Valid sectors are 1-2&6 (decimal)
{There is no sector 0O}
B. Valid tracks are 0-7& (decimal)

2) The READ STATUS command requires up to two revolutions of
the disk to complete. To avoid excessive delays., use this
command only when necessary.

3) After reading or writing, the INITIALIZE DONE bit, RXZES
bit 2, may be checked for an indication of power failure.
A short power outage will cause DONE to set without any
error indication even though invalid data may have been
read or written.

4) The drive sglect bits, RX2CS bits 4 and 5, are not looked
at by the controller during FILL BUFFER and EMPTY BUFFER
functions.

2) It is recommended that a two-sector interleave be used.

&) Typically a FILL BUFFER command will precede a WRITE SECTOR

L=

cemmand. Similarly, a READ SECTOR command will precede an

EMPTY BUFFER command.

e B

e



5-1.2.°4 INTERRUPTS

An  interrupt is 'requested by the interface module
whenever the INTERRUPT ENABLE and DOME bits of the RXZCS both
become set. The standard interrupt vector address is leocation
264, '

/7
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5-2 DEC PDP-8 FAMILY PROGRAMMERS’ INTERFACE

When connected to a PDP—-8, the DSD 440 memory system 1is
capable of writing either 8 bit or 12 bit data words on the
diskette. In the 8 bit mode, 128 hytes can be  written per
sector with no waste. In the 12 bit mode, 44 twelve bit data
words are written per sector and the controller #$£ills the
unused portion of the sector with zeros. In double density
mode, 8 and 12 bift words can still bes selected. The number of
words that will fit into each sector is doublead.

5-2.1 INSTRUCTION SET

The 8 IOT instructions used to program the DSD 440 are
shown in Table 5-3. These same I0T instructions are used in
both Mode 1 and Mode 2 operation.

I07T MNEMONIC DESCRIPTION

&7x0 * Ng Operation

4721 LeD - ioad Command, Clear Accumulator
87322 XDR Transfer Data Ragister

6723 . 8TR Skip on Transfer Request, Clear Flag
&7x4 SER Skip on Error Flag, Clear Flag

8715 SDN Skip on Done Flag, Clear Flag

6725 INTR Enable or Disable Disk Interrupts
67327 INIT Initialize Controller and Interface
TABLE 5-3

5;2.1.1 THE LOAD COMMAND (LCD) INETRUCTION

This instruction transfers the contents of the
accumulator to the interface register and then clears the
accumulator. The command word is layed out as shown in Figure

5—-10 when the system is configured in Mode 1, and as shown in
Figure 5-11 when the system 1is configursed in Mode 2 and
programmed for 12 bit word length. The format shown in Figure
5~12 is used in Mode 2 when 8 bit word length is selected. In
this case, the first 8 bit command segment is sent to the
controller using the LCD instruction. The program must then
execute the STR instruction before sanding ths upper four bits
aof the command register to +the contreller with the XDR
instruction.

R



5-2. 1.2 THE TRANSﬁER DATA REGISTER (XDR) INSTRUCTION

" This instruction is used to transfer a word between the

accumulator and the interface register. The DSD 440 controls
the direction of ftransfer based on the context of the function
in progress. The length of the word transferrsed is governed

by the mode last selected (8-bit or 12-bit). If the Done flag
is false. executing this instruction can indicate one of two
things to the DSD 440: 1) The PDP-8 has accepted the last
word supplied by the controller, or:, 2} The PDP-8 has provided
the last word requested by the controlier. Data transfers
from the accumulator always leave the accumulator unchanged.
When the controller is done with the current Pfunction, {as
indicated by the Done #lag), the XDR instruction can be used
to transfer the error—-status rtegister Ffrom the interface
Tregister to the accumulator. Data transfers to the
accumulator are 12-bit JAM transfers in twelve—-bit mode, and
eight—-bit or’‘ed transfers in eight-bit mode.

5-2.1.3 THE SKIP ON TRANEFER REGUEST (5TR) INSTRUCTION

This instruction will cause the next instruction to be
skipped if the DSD 440 has set the Transfer Request flag. The
instruction also clears the flag. The program should test
Transfer Request Just before wusing the XDR instruction %o
transfer data or parameters to/from the contraoller.

5=-2.1. 4 THE SKIP ON ERROR (BER) INSTRUCTION

This instruction will cause the next instruction *to be
skipped if the Error flag has bheen s2t by the conkroller. The
Error flag 15 then cleared. The controllier =2always s2ts  the
Dona +flag together with %he Error flag {(but noct viza-versa)l.
A typical program would execute an SDN followed by = SER.
(see examples)

5-2.1.5 THE SKIP OM DONE (SDN) INSTRUCTION

This instruction will cause the next instruction to be
skipped if %the Done flag has been sat by the controller. The
Done flag is then cleared by thes instruction. I dinterrupts
are enabled, *the Done flag will generate an intervupt when it
is first asserted by the controller.
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5-2. 1.6 THE INTERRUPT ENABLE/DISABLE (INTR) INSTRUCTION

I# accumulator bit 11 is set when this insftruction 1is
executed, the interrupt enable flip flop is set. I+ bit 11 1is
cleared, then the interrupt enable f£lip +flop 1is rTeset.
Interrupts are normally generated when the interrupt enable
flip flop is set and the Done flag has Just become frue.
Interrupts will be disabled by a CLEAR ALL FLAGS instruction,
a bus initialize, or a programmed initialize

5-2.1.7 THE INITIALIZE (INIT) INSTRUCTION

This instruction initializes the DSD 440 system by
"homing" all of +the floppy disk drives to track O. The
controller microprocessor runs all of the hardware self-test
routines (Section 4-6). If a disketta is properly installed
in drive O, the data contasined in track 1 sector 1 is read
into <+the sectaor buffer. The error/status register is cleared
and then the Initialize Done bit (RXES bit 9) is set. This
initialize sequence can take as 1long as 1.8 seconds to
complete. Either this instruction or a CLEAR ALL FLAGS
instruction is capable of starting this segquence of events.

/R/
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5-2.2 REGISTER DESCRIPTIONS

There is only one physical register in +the DSD 440
interface hardware for the PDP—-B. That register. referred to
as the interface register, can Tepresent any one of six
controller registers depending on the protocol of the function
in progress. Each of the possible register formats will now
be described.

5-2.2. 1 COMMAND REGIBTER

The command register has the format shown in figure 5-10
when the controller is configured in Operational Mode 1 (RXO!
compatible). Since the high order four bits are never used in
Mode -1, the entire command can be communicated to the
controller with a single LCD instruction regardless of the
8/12 bit mode bit. Bit 5 is used to select the word length.
When cleared, bit 5 sets the word 1l2ngth to a full twelwve
bits. When set, bit 5 makes the word length only =ight bhits.
Bit 7 specifies the floppy disk drive +to be wused for the
current oaperation. Drive O is  wused if bit 7 is clear and
drive 1 is used if bit 7 1is set. Operations that do not
involve  drives {(e.g. FILL BUFFER, EMPTY BUFFER) are not
affected by the drive select bit. in Mode 2. the density bit
double density operation wh=2n se%, and a single
density operation when cleared. A density evror will be
reported if the density of the diskette in the selected drive
does not match density specified by the density bit. Bits &,

2, and 10 are used to encode the desired function. Table 5-4
lists the codes:

(The function codes are discussed in section 2-2. 3)
CODE BITS MODE 1 FUNCTIONM MODE 2 FUNCTION

8 2 1¢

000 FILL BUFFER FILL BUFFER

0 01 EMPTY BUFFER EMPTY BUFFER

010 WRITE SECTOR WRITE SECTOR

011 READ SECTOR READ SECTOR

1 00 NO-OP(CLEAR INIT DONE) SET MEDIA DENSITY

101 READ STATUS READ STATUS

110 WRITE DELETED DATA SEC. WRITE DELETED DATA SEC.
111 READ ERROR REGISTER READ ERROR REGISTER
TABLE 5-4



5-2. 2. 2 TRACK ADDRESS REGISTER

This register is written £o0o the controllier interface
register with an XDR instruction when a particular function
requires a track address. Functions which require *track
addresses include: WRITE GSECTOR., READ SECTOR, WRITE-FORMAT
TRACK, and WRITE DELETED DATA SECTOR. WValid numbers for this
Tegister are 0-7&6 decimal. The track address rTegister works
the same in both Mode 1 and Mode 2 system operation. Figure
5-13 shows a diagram of this register.

5-2. 2.3 SECTOR ADDRESS REGISTER

This register is written to the controller interface
register with an XDR instruction when a particular function

TequirTes a sector address. Functions which re2guire sector
addresses include: WRITE SECTOR, READ SECTOR, and WRITE
DELETED DATA EECTOR. Valid numbers for this register are 1-E264
decimal. Figure 5—14 shows a diagram of this ragister. This

register works the same in both Mode 1 and Mode 2 systam
operation.

5-2.2. 4 DATA BUFFER REGISTER

All data transferred to and from the floppy disk must
pass through this register. The state of bit 5 in the command
register determines which bits of this register are
significant. I+ bit 5 was & 1zervo. then the machine 1is
configured for 12 bit operation and all 12 bits of *he
register contain wvalid data. If bit 5 was a ons, then the
machine i3 in 8 bit operation and only bits 4—11 contain valid
data. This applies equally to both Mode 1 and Mode 2 system
operation. Figure 5-15 shows a diagram of this register.
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5-2. 2. 5 ERROR AND STATUS REGISTER (MODE 1 OPERATION)

Figure 5—156 shows the bit assignments of +the error and
status Tegister when the controller is configured for Mode 1
(RX01 compatible) operation. This register 1s available in
the interface register upon completion of any function excent
READ ERROR REGISTER. The READ 8STATUS function is wsed %o
access this register when a wvalid DRIVE READY bit 1is

important. The XDR instruction is wused +to fransfer the
error/status register from the interface register to the
accumulator. The error/status register bits are assigned the

following meanings:

BIT 0-3 NOT USED

BIT 4 DRIVE READY - WHEN ASSERTED., THIS BIT INDICATES THAT
THE SELECTED DRIVE EXISTS, HAS POWER, HAS A DISKETTE
PROPERLY INSTALLED AND UP TO SPEED. THIS BIT CAN ONLY
BE ASSUMED VALID WHEN IT WAS RETRIEVED USING THE READ
STATUS FUNCTION OR IMMEDIATELY FOLLOWING AN INIT.

BIT 5 DELETED DATA - WHEN ASSERTED, THIS BIT INDICATES THAT
A DELETED DATA ADDRESS MARK WAS FOUND WHILE THE LAST
SECTOR WAS BEING READ. THIS BIT WILL ALSO BE AESERTED
IF THE LAST FUNMCTION EXECUTED WAS WRITE DELETED DATA
SECTOR.

BIT 6—-8 NOT USED IN MODE 1

BIT 9 INITIALIZE DONE - THIS BIT INDICATES THAT THE SERIES
OF TASKS PERFORMED BY THE CONTROLLER FOLLOWING A
POWER-UP OR A PROGRAMMED INIT HAVE JUST BEEN
COMPLETED.

BIT 10 PARITY ERROR - WHEN SET, THIS BIT INDICATES THAT THE
CONTROLLER RECEIVED THE WRONG PARITY CHECK BIT

APPENDED TO A STRING OF COMMAND OR PARAMETER BITS -

BEING SHIFTED FROM THE INMTERFACE MODULE TO THE MASTER
CONTROLLER.

BIT 11 CRC ERROR ~— WHEN SET, THIS BIT IMLDICATES THAT A CYCLIC
REDUNDAMCY CHECK ERROR WaAS DETECTED AS A RESULT QOF
TRYING TO READ THE DATA CONTAINED IN A DISKETTE
SECTCR. THE DATA CONTAINED IN THE CONTROLLER BUFFER
MUST BE CONSIDERED INVALID. THE SECTOR THAT PRODUCE
THIS ERROR CAM BE READ SEVERAL TIMEE IN THE HOPE THAT
THE DATA ERROR IS "SOFT".

2L



/26

o/ 2 3 4 S5 e 7 8 9 w© M
l Dél.

NOT USED DRIVE DATA AMOT USED %g;;\‘e SRC
READY pAR ZRROR

ERROR

FrGURE B~-16 ERROR/STHFUS REGISTER IN MonE 2

0 / 23 4 F & 7 __ 8 9
N | ! DEA}SJT‘( © IC-Rlc,
NoOT USED peL | ENGR | DME ' ERROR
DRIVE DATA DRIVE PARITY"
READY  pensiy  RXOR gL/ o

FIGURE S-17

(MmODEZ)
ERROR /STRTUS REG/STER IN MoDE 2

S



2-2. 2. & ERRCOR AND STATUS REGISTER (MODE 2 OFERATION)

Figure 5—-17 shows the bit assignments of the error and
status register when the controller is configured for Mode 2
(RX02 compatible) operation. This rTegister 1s available in
the 1interface registesr upon completion of any function except
READ ERROR REGISTER. The READ STATUS function is wused to
access this rTegister when a wvalid DRIVE READY bit 1is

important. The XDR instruction is wused to transfer the
error/status register fFfrom the interface register to the
accumulator. The error/status register bits are assigned the

following meanings:

BIT 0-3 NOT USED

BIT 4 DRIVE READY -~ WHEN ASSERTED, THIS BIT INDICATES THAT
THE SELECTED DRIVE EXISTS, HAS POWER. HAS A DISKETTE
PROPERLY INSTALLED AND UP TO SPEED. THIS BIT CAN ONLY
BE ABSUMED VALID WHEN IT HAS BEEM RETRIEVED USING THE
READ STATUS FUNCTION.

BIT 5 DELETED DATA - WHEN AESERTED, THIS BIT INDICATES THAT
A DELETED DATA ADDRESS MARK WAS FOUND WHILE THE LAST
SECTCOR WAS BEING READ. THIS BIT WILL ALS0O BE ASSERTED
IF THE LAET FUNCTIOM EXECUTED WaAS WRITE DELETED DATA
SECTOR.

BIT 6 DRIVE DENSITY - THIS BIT INDICATES THE DENSITY OF THE
DISKETTE IN THE B8ELECTED DRIVE. A OME INDICATES
DOUBLE DENSITY AND A ZERO INDICATES SINGLE DENSITY.

BIT 7 DENSITY ERROR - WHEN SET, THIS BIT INDICATES THAT THE
DENSITY OF THE DISKETTE IM THE SELECTED DRIVE DID NOT
AGREE WITH THE FUNCTION DENSITY SPECIFIED IN THE
COMMAND REGISTER. UPON DETECTICMN OF THIS ERROR THE
FUNCTION IS TERMIMATED AMD BOTH ERROR AND DONE FLAGS
ARE AGSERTED.

BIT 8 R¥02 (MODE 2) - THIS BIT IMDICATEE THaAT THE IMTERFACE
MODULE IS8 PRESENTLY CONNECTED T3 A CONTROLLER/DRIVE
SUBSYSTEM WHICH IS CAPABLE OF BOTH SINGLE AND DOUBLE
DENSITY DOPERATION.

BIT 9 INITIALIZE DONE - THIS BIT INDICATES THAT THE SERIES
OF TASKS PERFORMED RBY THE CONTROLLER FOLLOWING A
POWER-UP OR A PROGRAMMED INIT HAVE JUST BEEN
COMPLETED.

BIT 10 PARITY ERROR - WHEN SET, THIS BIT INDICATES THAT THE
CONTROLLER RECEIVED THE WRONG PARITY CHECK BIT
APPENDED TO A STRING OF COMMAND OR PARAMETER BITS
BEING SHIFTED FROM THE INTERFACE MODULE TO THE MASTER
CONTROLLER.

BIT 11 CRC ERROR - WHEN SET, THIS BIT INDICATES THAT A CYCLIC
REDUNDANCY CHECK ERROR WAS DETECTED AS A RESULT OF
TRYING TO READ THE DATA CONTAINED IN A DISKETTE
SECTOR. THE DATA CONTAINED IN THE ONTROLLER BUFFER
MUST BE CONSIDERED INVALID. THE SECTOR THAT PRODUCED
THIS ERROR CAN BE READ SEVERAL TIMES IN THE HOPE THAT
THE DATA ERROR IS "SOFT".
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5-2. 3 FUNCTION CODE DESCRIPTIONS

A floppy disk function is initiated by writing one of the
function codes shown in Table 5-4 to the command register
using the LCD instruction. The Done flag should always be
tested and cleared with the SDN instruction prior to issuing
the 'command instruction +to verify that +the controller 1is

"teally in the Done state. The protocol associated with each

of the functions shown in Table 5-4 will now be described in
detail.

5-2. 3.1 FILL BUFFER (000}

This function is wused %o load the controller sector
buffer with the data that is to be written into & sactor or
later transferred back to the host computer. Tha amount and
format of the data is determined by the operating mode of the
controller {(Mode 1 or Mode 2) and the word length bit of *he
command register. After the command is 1issued to the
controller with %the LCD instruction, the controller will
assert the Transfer Request flag once for each 8 or 12 bit
woTd that is needed from the host computer to place in the

sector buffer. The host computer should test and clear the
Transfer Request flag with the G8TR instruction and then
transfer a data word to the controller with +the XDR
instruction. When the controller has determined +that the

appropriate number of words has been fransferred in this
manner, the Done flag will be asserted and an dinterrupt will
occur assuming interrupts have been enabled. I+ an XDR
instruction is executed after Done is set, it will have the
affect of loading the e2rror/status register into the
accumulator. The chart below shows the relationship betwesn
the number of XDR cyecles needed to fill the buffer, the
cperating mode, and the word length:

OPERATING MODE DATA WORD LENGTH NUMBER OF CYCLES

—— v —an — T S Vi - — s o e e o S o e o S S S St s S e St et S

1 (RXO1 COMP.) 8 BITS izg
1 {(RX01 COMP.) 12 BITS =5
2 (RX02 CcamMP. ) - 8 BITS 256 DD, 128 SD
2 (RX02 COHMP.) 12 BITS 128 DD, 44 SD
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5-2.3. 2 EMPTY BUFFER (0013

This function is very similar to the FILL BUFFER function
except that words are moved from the interface register to the
accumulator every time the XDR instruction is executed. Table
5-3 indicates the number of XDR cycles as a function of the
word length and operating mode. Execution of this function
does MNOT modify the contents of the controller sector buffer.
When the contraoller asserts the Transfer Request +lag. this
indicates that & word is currently in the interface register.
The program must test the Transfer Request flag with +the 8TR
instruction before moving the word to the accumulator with the
XDR instruction. When the buffer has been fully emptiad, the
controller will assert the Done +#lag and place the
error/status register into the interface  register. An  XDR
instruction executed after Done has been set will move the
error/status Tegister into the accumulator. An interrupt will
occur when the contreller sets the Done +flag, assuming
interrupts have previously been enabled.

5-2.3. 3 WRITE SECTOR (010)

This funciion is used to transfer the data contained 1in
the sector buffer to a specified wunit, track and sector.
After the WRITE SECTOR function is decoded by the controller,
the error/status register is cleared and the Transfer Request
flag is set. The program must test the Transter Reguest flag
with the STR instruction, which will also clear the #flag. The
program must then transfer a valid szcior address register to
the controller using the XDR instruction. After tThe
controller receives the sector address. it will set the
Transfer Regquest flag & second time. The program must test
the flag with the STR imstruction., which clears the flag, and
then *transfer & valid track address register %o the contraller
using the XDR instruction. The con%troller checks #for density
compatibility by comparing the actual diskette density with
the density bit passed in the command register (if in Modes 27,
or with leow density (if in Mode 1. I# the densities are
incompatible, a density error is reported and the functicon is
terminated. Assuming compatible densities. the controlier
will now attempt to locate the specifisd sector so0 that the
data contained in the buffer, together with twe CRC
characters:, can be written onto the diskette. The contents of
the data buffer is not modified regardless of whether it 1is
written successfully on the diskette or not. When the
function has been completed, the erreor/status tvegistar 1is
loaded into the interface register and the Done flag is se%.
An  interrupt will be generated when Dons is set assuming
intertup¥s have been enabled
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5-2. 3. 4 READ BECTOR (011}

The READ SECTOR function is used to locate a specified
track and sector of a diskette and then transfer the contents
of the data field into the controller’s sector buffer. After
the READ SECTCR function is decoded, the controller clears the
arror/status register. Next, the controcller asserts the
Transfer Resquest flag to rTequest a sactor address. The
pragram should be in a loop, testing Transfer Request with the
STR instruction. When +the flag becomes ftrue, the skip will
take place and Transfer Request will be cleared autaomatically.
At  this point, the program loads the accumulator with the
sector address rtegister and executes the XDR instruction to
transfer the AC to the controller. The controller will assert
the Transfer Request flag as soon as it is Teady for a track
address. The program . should test Transfer Request and
transfer a track address to the controller in the same manner
used for the sector address. The controller verifies the
legality of the track address suppliasd by the program. I¢
illegal, the Error and Done flags are st and the error/status
register is moved into the interface register: thus
terminating the function. If the tvack address is lesgal, the
controller moves the head to the specified track and loads the
head against the media. The controller checks for density
compatibility by comparing the actual diskette density with
the density bit passed in the command register {(if in Modes 2).
or with low density (if in Mode 11}. I+ the densities are
incompatible, a density error is rveported and the function
will be terminated. If +the densities are compatible, the
centroller starts looking For +the specified sector. It a
sector match is not found within two diskette Tevolutions, an
octal 70 is placed in the error register and the Done and
Error flsgs are set to tarminate the  funciion. Once the

=
=

e B

corresct  sector header is found, the contral
for either a data address mark or 3 desleted t
(of the appropriate density’. The controller uses *%i

to synchronize with the data. The appropriate amount of dats
is transferred from the diskette +to the controller sector
buffer. An error—free rTead is indicated if the address mari,
data, _and two CRC <check bytes produce a zero residue when
sequentially passed through the CRC checker hardware circulits

If a CRC error is detected, the controller will set bit 11 of
the error/status register, load an octal 280 into +the error
register, and then set the Error and Done flags. The functiaon
is always terminated when the error/status register iz loadad
into the intasrface register and the Done flag is set. Setting
the Dones flag will producz2 an interrupt if interrupts have
been enabled. I# the data address mark found heppened to have
been a special mark callad a "deleted data address mark”, bit
5 of the error/status register will ba s2t a3t thes completion
of thiszs function.

it Ol b= [
Wi W
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5-2.3.5 SET MEDIA DENSITY (100}

I+ +the controller 1is configured in iode i (RXO1
compatible), & command code of (i00) does nothing except put
the error/status register in the interface TtTegister and set
the Done flag. If the <controller is configured in Mode 2
(RX0Z2 compatible), this command code can bz ussd %o initialize
an entire diskette to a specified density.

FUNCTION PROTOCOL:

After receiving the entire command Tegister, the
controller checks to make sure that it is configured in Mode
2. If not, the function iz immediately terminated. The
Transfer Request flag is asserted to request a "key byte” from
the user program. The key byte specifies the SET M™MEDIA

DENSITY function if it 1is an ASCII "I" (Qiiil)&. If this
particular key byte is not transferred to the controller at
this ftime, *the Error and Done error flags will be set and the
function will terminate. The error register will be loaded
with a (230)8 *tc indicate an invalid kesy error.

SET MEDIA DENSITY:

As soon as the key byte "I" is receivad, the controller
moves the head of the specified drive to track O. When sectaor
1 is found, the controllzsr starts writing. I+ the density bit
was a 0, a single density Data Address Mark and 128 8-bit FM
zeros are written followsed by 2 CRC bytes. I+ the density bit
was a 1, a double density Data Address Mark and 25&% S—-bit DEC
MMFiM1 zetros are written followed by 2 CRC bytes. Affter writing
all 24 sectors on track O, the controller seeks To track
1.2, ... 74 writing all 26 sectors on each track. This
arocess continues until every sector through track 7&, sectar
24 has besn written or 3 bad header is found. The Error and
Daone flag will be set if the cperation terminates due to a bad
header. The SET MEDIA DENSITY function rteguires about 15
seconds to complete and should never be interrupted before i%
is completed. 'If this function does noct terminate normally.
an 1llegal diskette which has Data Address PMarks of both
densities may have been created. If +this happens: the
diskette should be completely rte~written =sgain. I+ the EBET

T

MEDIA DENSITY function can not be made +to completes normally.

because of an unreadable header, %the WRITE-FORMAT option can
be used to Te—write the bad header. The SET MEDIA DENSITY
function only writes the data fields: not the headers.

R



5-2. 3. & READ STATUS (1i01)

When the controller decodes the READ STATUS command,
several bits in the error/status register are updated. The
error/status register is then transferred to the interface
register. Figures 5-14 and ©5-17 show the format of the
error/status register in Mode 1 and Mode 2 respectively. The
INIT DONE status bit is always reset when this function is
executed. The DRIVE READY bit is updated according to whether
the selected drive has both power and a diskette properly
installed and up to speed. Since the controller determines
diskette rotational speed by measuring the amount of time
between two successive index pulses, this function can require

up to 250 milliseconds to execute. Because of this, excessive
use of this function will result in substantially reduced
throughput. The DELETED DaATA bit, PARITY ERROR bit, and CRC

ERROR bit are NOT modified by this function.

I# the controller is configured for Mode 2 operation,
other bits in +the error/status register will be modified in
addition %o those already mentioned. The DRIVE DENSITY bit is
updated +to reflect the density of the disketts currently

installed in the selected drive. The controller  determines
the density by 1loading the head, wherever it happens to ba,
and trying %o read the first sector that passes by. I+ the

density of +the diskette happens to be different from the
density indicated by the density bit in the command register,
then the DENSITY ERROR bit of the error/status register will
be set%t.
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5-2.3.7 WRITE DELETED DATA SECTOR (110}

This function is identical to the WRITE SECTOR function
axcept that & deleted data address mark is written prior %o
the data field instead of a normal data address mark. See
paragraph 5-2. 3.3 for a description of the WRITE SECTOR
function. When the WRITE DELETED DATA SECTOR function is
executed, the DELETED DATA bit will be set in the error/status
Tregister. When a sector which was written using this function
is rtead at a later time, the DELETED DATA bit will bes set in
the error/status register.

5-2. 3.8 READ ERROR REGISTER (111)

This function is wused to obtain explicit errar
information after the error flag has been detected using the
SER instruction. MWhen the controller decodes +this +function
code, the error code is transferred to the interface register
and the Done flag is set. The user program should detact Done
with +the SDN instruction, and then transfer the error code
from the interface register to the accumulator using the XDR
instruction. This 1s the only function which does not
terminate with the error/status rTegister left in the interface
register. The interpretation of each error code is shown in
table 5—4. Some of these codes are only possible 4Lif the
system is configured in Mode 2 (RX0Z2 compatible).

~—— !



NO DRIVE O OR DRIVE O FAILED TO FIND TRACK O ON INIT
NO DRIVE 1 WHEN DIP SWITCH INDICATES THERE SHOULD BE
A DRIVE 1 OR DRIVE 1 FAILED TO FIND TRACK O ON INIT

TRACK ADDRESS PASEED TO CONTROLLER WAS INMALID (276)
TRACK O FOUND BEFORE DESIRED TRACK WHILE STEPPING

PREAMBLE FOUND, BUT NO ADDRESS MARK WITHIN WINDOW

ADDRESS IN GOOD HEADER DID NOT MATCH DESIRED TRACK

PARITY ERROR ON INTERFACE CABLE; RXES BIT 1 ALSO SET
READ/WRITE CONTROLLER FAILED MAINTENANCE MODE TEST

WRONG KEY FOR SET MEDIA DENSITY OR FORMAT COMMAND

READ/WRITE CONTROLLER DETECTED WRITE CIRCUIT FAILURE

MASTER CONMTROLLER OUT OF SYNC WITH RD/WR CONTROLLER

OCTAL MEANING
CODE
00 NO ERROR
10
20
3 TRACK O FOUND WHILE STEPPING IN ON INITIALIZE
40
50
70 REQUESTED SECTOR NOT FOUND IN TWO REVOLUTIONS
100 ' WRITE PROTECT VIOLATION
110 DRIVE READ SIGNAL LOST
120 NO PREAMBLE FOUND
130
140 CRC ERROR ON WHAT APPEARED TO BE A HEADER
150
150 TOO MANY TRIES FOR AN ID ADDRESS MARK
170 DATA ADDRESS MARK NOT FOUND IN ALLOTTED TIME
200 CRC ERROR ON DATA FIELD:; RXES BIT O ALSO SET
210
220
240 DENSITY ERROR
250
260 INDETERMIMATE DENSITY
300 DRIVE 2 FAILED TO HOME ON INITIALIZE
310 DRIVE 3 FAILED TO HOME ON INITIALIZE
320
330 READ/WRITE CONTROLLER TIME OUT ON RESET
340
360 DRIVE NOT READY DURING FORMAT COMMAND
370 AC POWER LOW CAUSED ABORT OF WRITE ACTIVITY
TABLE 5-& ERROR REGISTER CODES
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5-2.3. 2 PCWER FAIL

When a power failure occurs or DC power toc the DSD 440 is
interruptad, the controller gradually drains the filter
capacitors in the power supply and ceases to Ffunction. Just
prior to any diskette writing activity, the controller
microprocessor checks the power level. I+ the wvoltage 1is
below a certain level, the microprocessor will not begin
writing. This feature can insure that complete sectors will
always be written if the -energy stored in the #Ffilter
capacitors is sufficient to keep the controller +functioning
properly for at least one sector time (4.5 msec).

When power is returned, the controller will perform the

following sequence of events:

1) Done flag is cleared.

2) Controller executes the hardware self—-tests.

3) All drives are homed to track 00.

4) The error/status register is cleared of all active error
bits.

5) The controller reads sector 1, track 1 of unit O into
buffer. (If there is 3 diskette ready in drive 0)

&) The INITIALIZE DONE bit is set in 2rror/status register.

7) The DRIVE READY and DRIVE DENSITY (if in Mode 2) bits of

the errar/status register are updated according to status
of drive O.
8) The Done flag is set.



5—-2.3. 10 DISKETTE FORMATTING IN MULTIPLE DENGSITIES

Each time the write—-format command protocol is executed,
one entire track is re—written. The protocol starts when the
user program sends the WRITE SECTOR function code (01C) to the
controller. The state of the density bit, whether it is
transmitted in bit 3 or bit 11, will end up being unimportant.
After receiving the command, the «controller «clilears the
error/status register and sets the Transfer Request flag. The
user program must test this flag with the STR instruction,
which will alsoc clear the flag. Instead of a wvalid sector
address. the wuser program specifies a single density track
format operation by transferring a 1352{(8) <to +the controller
with the xdr instruction. I+ the track format desired was DEC
double density:. then the number 133{(8) is - transferred. When
the controllsr sses these "strange" sector addresses: 1% Jumps

out of the WRITE EECTOR mictocode and into special microcode
designed to format tracks. The protoccl continuss as follows:
The controllaer sets tThe transfzr request +Fflag to Tequest a
track address. The user program should respond by writing a
valid track address into the data buffer register. Mext, the
controliser enters & 1loop where 24 sector addresses are
Tequested. Each time the wuser program se2es the TRANSFER
REQUEST +flag. another valid and wunique sector address Lis
written into the dats buffer register.. Mote that the
controller does NOT wverify either +the wunigqueness or the
validity {(in the range 1-2&) of the  sector addresses being
passed  at this time. After the 24th ssctor address is
received, the TRANBFER REQUEST flag will remain false. The

controller will seek +the heads to the specified track and

await an index pulse. Starting at the index mark, the
controller will write the entire +track according ©o the
specifisd format. (See figures 1—3, 1-4) The sector addressas

that -were passed to the controller will be written in %the
sector headers in the same order that they were passed to tThe
controller. This enables all types of hard sector
interleaving to be easily implemented by the programmer %o
improve the effective throughput of the disk system.
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SECTION &
HIGH LEVEL SOFTWARE AND THE DED 440

This section of the manual discusses various aspects of
using the DSD 440 with specific high level software. Far
PDP—-11 and LS8I-11 users, the software to | discussed will

include @ the RT—-11 operating system and the FRD440 system
diagnostic program. Most RT-11 users who integrate & double
density floppy disk into their system will Find the procedures
in this section very useful. The FRD440 program is shipped
with the DSD 440 on a3 bootable diskette. The capabilities and
use of this program are discusssd.

4—1 GENERATING AN RX02Z COMPATIBLE SYSTEM LIS

[N§]
W
H

|
-
i

In order to use the D3D 440 memory systam wrl__ it i3
configured in the RX0Z compatible mode, =sither the DYMNSJ SYS
ar the\?YﬂNFB.SYS monitor program must  be instal;ec an the
system diskette. Thes2 programs are already instalilad in
RT11-VY0O3B on the @JOI3-CX and QJ013-AX distributions + the
operating system. I+ the version of RTil diSCTlBUuEG to you
was intended to be booted on an RXOl flexiblie disk. KOS5 hard
disk, or some device other than the RX0Z, the proc:dure about
to be described should Be followed in ovder %o geneserate an

RX0Z compatible system.

Sy
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For simplicity, let us make the assumption that you hav

a wversiocn of RT11 intended for the RX0O1 floppy system. AN
RX01 type system will be Tequired since 4our distribution of
RT11-V0O3E has a "DX-monitor®. Your DED 440 can be configured
to look like an RXO1l, however it 1is sn_ppej in RX0OE compatible
modsa. I+ another RX01 compatible oppy disk system is not
conveniently available, instructions describing now to
reconfigure the DSD 440 for RA01 compatible operation can be
found in section 3-& of this manual. Basically. these
instructions tell you o move switch 4 on the master
controller circuit board toc the "open" side, and irs*all 3

Jjumper on the interface module {(J12 on the LEI-11 interface
and J4a on the PDP-11 interface).

The next step 1is +to bootstrap your RZDL compatible
distribution of RTI1-VYG3B on the system Just 1ocated. Once
the operating system is loaded, you must locate a3 files named
DYMNSJ. SYS 1if uvou normally use a single job moenitor. or a file

name DYMNFEB. 8YE if you use 3 foreground/background moniter.

This #file migh%t be on your present system diskette, or 1%

might be on some other diskette included in your RT11

istributieon kit When you have located the "DY—-meonitor”

file, put 1t aside for the time being. Put a write—-enabled

blank diskette in Drive 1 and initiaslize %! iractory of that
g

]

h i
‘diskette by typing the following command %o the RT11 monitor:

. INIT DX1:/NOG

Mext, copy all of files on the Drive O disketts to the Drive 1
diskette +that you are going o want on your nesw RX02
compatible system diskette. If the file DYMRNXX. BYS, {where XX
represents either SJ or FBIJ, which you were Jyust asked to
iocate, was NOT loccated on the Drive O diskstte, than you must
be sure that you 1leave at least 63 blocks of space on the
Drive 1 diskette to accomodate this file. {Leava 74 blocks if
you are using the FB monitor. ) A& good command, which will
quetTy you about each file is shown bealow:
.COPY/SYS/QU DXO:  DXI1:

A3 sach file name is typed by the computer. type 3 "Y' if you
want that particular PFile +to be copisd %o The diskeite i

Drive 1. Be sure that the file DXMNSJ. 8YS or DXAMNFR.BYS is
included in the files that you copy over. The "DY¥Y-monitor®”
file should alsso be included if it was Pfound on your Drive O

diskette.



Copy %the DX bocotstrap onto the new Drive 1 diskette by fyping
the following command teo the RT11 monitor:

. CORPY/RBGOT DX1:DXMNEJ. 8YS DX1:A

(Substitute DAMNFR. 8YS if you are using the
foreground/background monitocr instead of +the single job

monitor. }

Remove the diskette presently in Drive O and s
fMfove " the diskette currently in Drive 1 over
re—boot the system. I+ you have not already copied th
"DY-monitor" file onto the Drive O diskette, nlace the
diskette which contained that file in Drive 1. Copy the #i
onto the Drive O diskette using the FPollowing command:

. COPY/5YS DX1:DYPFINSJ. 8YS DXO: DYMNSJ. SYS

The last step is to change the bootstrap on the diszskette you
have installed in Drive 0 so that when you bootstrap, the

1y

DY -monitor” will be loaded instesd of the DX-maonitor’. Ta

do this, type the following command:

. COPY/BOOT DXO:DYMNEJ. EYS DXG: A

You now have an RX02 compatible bootabhla diskette which should
boot witheut any trouble on the DED 440 suystem when 1t is
configured in mode 2 (RXZ02 compatiblial. When you have Teachead
this point, your new diskette will no longer boot on RXOI
compatible harduware. If you changed your DED 440 to be RXO1
compatible to perform +the steps just described, now 1s Lhe
time to change it beck to RX0Z2 compatible mode. After  uou
have transferred +this new diszskette over %o RHACE compatibie
hardware and successfully bootad, it iz safe %o delete the
"DX—-monitor? which you are no longer using This is done by
typing the following command:

. DELETE/SYS/NOQ DXMNSJ. BYS

The diskette can then be compacted and re—booted by typing the

following command:

. SG/NOQ DYGC:

/#3
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&=2 GEVERATIWF DOUBLE DENSITY UISAETT_Q

Before you can generate a double density sustem (or file
storage) diskettes, diskettes with double density dats address
marks must be generated. These data address marks are what
the controller wuses +to distinguish single density diskettes
from double density diskettes. Ordinary IBM 23740 type single
density diskettes <can be wvery easily turned into double
density diskettes if you have an RT11 utility program callead

FORMAT. 8YS. I# this +$ile 1is nct presently on your system
diskette, locate it on one of the disketies included in your
RT11-VQ03B distribution kit Run the program by typing the
command: :

.R FORMAT

ot
e
i

If the program is not on your system diskette, but iz on
diskette loaded in Drive 1. tupe the command:

. RUN DY1:FORMAT

When this utility srogram is successfully loaded in memery and
is rteady %o accept a command, it will type an #. A%t this
point, remove :ng diskette in Drive | and replace it with the
blank disket® which you want to make inte a double densitcy
diskette. The write anable tab snould ocbviously be in place.
To rtun the program, type the Ffollowing command to the *
prompt:
#DY1: /7Y
When the # prompt Teturns, you can inssrt anothsr disketts un
Drive i and repeat the process 1Ff you want Lo generatz some
ditional double density diskettes If you want to r=fturn %o
the menitor. simply type a CORNTRL £



~—

Before you can transfer files to the new double density
diskettes, you muskt initialize the dirtectory. This is done
with the folleowing command:

CIMIT/NOQ DYI:
You are now Teady to transfer files to your new doubls density
diskettes. IF the bootable :g:t m disketts you are currantly
gsing in Drive 0 is single density, it wowuld probably be a3
good idea to generate a double density version of that

diskette. To do that. type the Ffollowing commands %o the
monitor:

. COPY/B5YS DYO: #. % DY1:

. COPY/EDOOT DYLl:DYMNSJ. 8YS DY1: A

When these commands are completed, you should place gour new
double density system diskette in Drive O and vebeot the
system You should notice a lot of added Toom (Lnchgres oy
the number of free blocks’) on your system diskette

SHE
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$—3 FRD440 - FLOPPY DIGK SYSTEM DIAGNOSTIC PROGRAM

#11 DSD 440 systems intended For connection to either
PDP-11 or LS8SI-11 computers ares snhipped ith a diskette
containing & comprehensive diagnostic program called "FRE440%

This particular section of chapter & will explain what is
required to run this program and how to run the program.

6-3. 1 PROGRAM LOADING AND MOMNITOR PROTOCOL

FRD440 will rtequire at least 12K words of memory to  tun.
When provided on diskette, the file FRD440. SAY and its zources
can be located via the RT11 compatible directory. This
assumes that +the RT11 operating system has been bosctstrapped

off of either another diskett® or some other mass storage
peripheral. From within the RT1! monitor, the diagnostic
program can be loaded into memory and started by tuping:
. RU <DEV: >FRD440

Where <DEV:> might be DXC:, DXi:, D¥YD:, DYl 5% appropriate
In addition, the diagnostic diskette can DbDe boctstrapo=ad
directly on & wide varlatg of system configurations. The
bootstrap program previcusly described in ssctiocn 3-10  will
successfully boot the diagnostic diskettse on  floppy disk
controllers that are configured 5 respond to  addresses
777170-777172 or 777130-777152. The hooktsirap progran
determines whether the floppy disk ceontroller is pressntly
configured in Mede 1 (RXO1 compatiblie! or Fode & (REGE
compatibled. The file FRD440. 5AV is automatically loaded into
memoTy. Control is automaticallg transferred fTo Thisz program
At this point. the diagnostic diskstfte should bs Temovaed From
the floppy disk drive so0 1%t does not get accidentally wipad
out. Note that aill information recorded on the diagnostic
diskette is tTecorded in single density farmat This. +%together
with the fact that both booctstrap and diagnostic programs will
handle fthe RX01I and RXGZ2 oprotocols, maks2 This particular
diagnestic diskette wuseable. on a isrge varisty of BEC
compatible flexible disk systems.

after FRD44O is loaded into memory, a brisf aperatienatl
description is typed cut an the termina? The version number
of the program is also indicated at this time A memoTy  man
is typed out showing which ranges of the address spasce Tespeond
with S8YNC {or BRPLY) when accessed by fthe C.P U,



FRD440O will type <CRLF># when starting. and +then the
pTogram atftempts an INIT. I#-the INIT cycle i3 successful,
the program will type the prompt word:

i MDDE. i
This prompt string informs the operator that he can input a3
command. Each of the possible commands will be describad in
detail.

lLegal responses to "MODE:" are listed below. Oniy the
characters enclosed in parenthesis nead be +ftyped by the
operator. The program will fill in the remaining characters
and then proceed to execute the funchtion. The parenthesis

should not be Typsd.

(A)CCEPTANCE TEST
(H)YELP

(MA)P ADDR
(F)YILL—EMPTY
(SEQW)IR

(SEGR)D

(RM)D RW

(RD) RANDOM
(SC)AN

(RA)NDOM

(BK) RANGE

(SA) 125

(ST)ATUS

(RES) STATUS
(8V)-STATUS
(RECYOVER STATUS
{DUMPC)

(STINGLE

(T)AP

(SET JUNIT

(SET-) TRACK
(SEC)TOR INCREMENT
(SETW)COUNT
(1YNTERRUPT STT
(SETDYEVICE
(SHIORT

(VIERIFY
(REE)NTER ACCEPTANCE TEST
(SETMJEDIA DENSITY
{X)FORMAT REALLY
(DUP)LICATE
(C)IOMPARE
(DUMPD)

(DUMPB)

(DUMPA)

/47



/4&

-3. 2 FRD440 PROGRAM FUNCTIGNAL PMODES

-

This section describes each PFunctional mode. What the

“test ar function does, a5 well as any communication protocol

with the operator 1s discussed. In +ths event +that saoms
specific detail about a given function is not described here,
a well commented listing of the preogram can ba generatad from
the source files included on the diagnostic disketts

# ACCEPTANCE TEST

The ACCEPTANCE test is generally wused to verify that a
floppy disk system iz functioning pro parl after first bheing
installed. The cummulative error statu iz maintained (se=
sgcticn 6&-3. 3. and can De observed at any time by simply
typing a <LF> The ACCEPTANCE %est consistsz of an ordered
execution of many of the more specialized tasts about to be
described. It will run indefinately wvnless the operator stops
the test with CTRL R. Error information will b2 displayed on
the conscle terminal as it is detected. How %o intsrpret the
2rror/status messages will be discussed in the next secition
# HELP

The HELP command will cause a3ll o# +the wvalid "“#MODE:"
Tresponses to be displayed on the console terminal The
"MODE: ¥ prompt is typed when this function 1is complate
#* MAF ADDR

The MAFP ADDRESS command will cause 3 memory andgd
address @sp of your system to be displaysd on the i
terminal. This is the same map that was displaysd whan the
FRC440 program was first losded. The "MODE: " prompt 1s typed
when this function 1is complete
* FILL-EMPTY

The FILL-EMPTY test checks sverything assoccisted with the

ILL. BUFFER and EMPTY RBUFFER controller commands If the
controller under %test is configursd in RX01 compatible mode.
then the test is relatively simpls since only programmed I/0
L5 involwved. I+ the contreller is configured as an RXDZ. the
controller does FILLAEMPTIES into three differant buffesrs so
as to verTify propsr cperation of a1l possible address bifs
FILL/EMPTIES &are done in both densities coverinag all paossible
word counts. This %test will vun until the operatar typss 2
CTRL R.



¥
]
M

GWR

The SEQUENTIAL WRITE READ +test sequentially writes
pseudo-random data on all selected drives. The test then
reads all the data and checks it against what was written.
The message "WRITINGY is tuyped on the console terminal when
the test first starts wrifting. The message "READINGY is typed
when the test starts reading. This test will continue running
until the operatoer types CTRL R. This test will deo & ==t
media density operation Lf the disketts on a drive is not of
the expected density.

NOTE: The following thres tests require a SEQUENTIAL WRITE
pass be done first in order to initialize the pseudo-random
data. Data compare ervors will be reported 1f this i3 not
done.

# SEQRD

The SEQUENTIAL READ test ssquentially veads ths data oan
all selectsd drives:, comparing the data pattern against what
was written The program types "READING® at the besginning of
sach pass '

# RAND RW

The RANDOM READ/WRITE test selects a random sector on one

of the selected drives and then reads or writes it, checkirng

data when appropriate.

#* RD RANDOM

The HEAD RANDOM test will rezd randomly zelzcted sactors
The dats iz checked following each ve2ad performed
# SCAN

The SCAN test determines the density of, and segquentislly
reads all sectors on all selected drives and checks For CRC
errors. No direct dats checking takes place in this test,
only status is checked.
# RANDOM

The RAMDOM test reads rvandomly sslected seckors on all
selected drives. Only status is checked,
# SK RANGE

The SEEK RANGE functicn is an exirems
test routine that dosszs all possibls zseks
sperator speciftiesd track and sesk length b

za
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# 34 125

The SA 125 test iz intended to be wused  in conjuncition
with a special test diskette available from Shugars
Asscciates. The partt number of This diskethe is BALZ23 The
test can determine the off-%track margins and head alignment of
a floppy drive without the use of any htest egquipment, These
measurements can be mades by resding one of two specially
written ftracks on  the SA1IZ5 diskette, These tracks were
formatted with the heads in alignment and then dats was
written with increasing Ttadial offsets from the track
centerline. By determining which sectors are vead correctly,
the actual position of the head and +the radial reliability
margins <c¢an be observed. Each %track has the offset pattern
written twice. As the SaA 125 test is being exascuted, a

graphic display indicating which sectors have Gaen Ttead
correctly, is repeatedly output to the console device

Symbols in the display have the Follouihg meanings:

# Ervror teading both sectors at s particular offset.
L Error reading lower numbered sescter 3t 2 particular offsex
H Error reading higher numbered sector at a particular offset

. Both sectors read correctly.

<. > Both zero offset sectors read correctly.

HEAD® Specifies the calculated head position (- is outwards
RMNG= Total number of offsets across which the ha2ad can read

~

carrectly. Good range = 15 (octall.

EXAMPLE:

OUT — % = » . . 0 x .  L & % % ~ IN HEAD & 0.0 RNG=Y
This display indicates that the drive can rtaad
sactors with offszsets of less than 4 mils. T
is bad.
EXAMPLE:

outT - . . . . 0 L. H % % o8 % — IN HEAD & -5 0 RNG=10
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To run this Test:, the user showuld tupe "ZA" in response to the
"MODE: " arompt tgped by the FRD440 program. Mext, the FRD440
program will ask "UNIT: " The user should then insert 2 write
protected SAlZ25 test diskette into the fleoppy drive to be
testad, and then *tupe the logical unit number of that drive
followed by & space or 2 carriage taturn. Next, FRD44C will
type the message "TRACK: 111t To szelect tesst Track 111
(octal), the  user simply types a carriage Teiurn. To select
the other test ftrack, the user should type "107V" followsd by a
carriage Teturn. At this point, the 84 125 test will cutput
maps of the radial offsets of the sectors vead corrvecily from
most outward offset {(negative position’) threough most inward
offsat. The test can be terminatad at any %fime by fyping s
CTRL R. Be sure to remove the SAIZ25 test diskesette when i% is
not being used.
# STATUS

The STATUS Fuﬁrflon will cause a3ll of the current sitatus
information including harduwsres 2vrors. dakts errors,: and pass
counts to be displayed on the consoclz  fTerminal Displaying
status informsftion doss not reset %the siatus counts Sea RED
STATUS The "MODE:" srompt is fuped when this funciion 1s
complete
# RES STATUS

The REEET STATUS function will first display all aof the
curTently asvailable status counts Mext, the ocperator will be
quetrried as to whether he te2ally wants to rvesst =sll ~of Ths
status counts. I1# +the cperator rtesponds with a "Y', &1l of
the error. pass., stc counts will b Teset Lo T=To Tha
“FMODE: " grompt iz typed when this function is complete
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# BV-ETATUS

Tha SAVE STATUS command will cause all of the status
counts associated with & particular drive $tc be written on
track O sector 1 of the diskette installed in that drive.
Only the SET MEDIA DENSITY commands aver—write track 0. so the
status data associated wikh each drive can be safely stored

away. This function is made use of by the acceptance test so
that it can survive a loss of C.P.U. memory without any loss
of cummulative error data. The "MODE:" prompt is typed when

this Ffunction is complete.

# RECOVER STATUS

The RECOVER STATUS funcition does exactly the opposite
function performed by the SAVE STATUS Function. Tha status
dats stered away on track C sector 1| of the diszkette in each
drive is transferred back from the diskette To <the
status/counter variables in memory. The "MODE:" prompt 1is
typed when this function is complete.

# DUMPC

The DUMFC Pfunction is used to display the circular ouiput
buffer associated with all conscle terminal cutput: This
Punction would be useful on systems where fthe consocle tT2rminal
was & CRT of some kind. Messages that were previcusly output
£an be te—esxamined on the consols.

# SINGLE

The SINGLE function causes an opetator specified drive,
track, and sector address to be continucusly rtead. This t=sth
would be useful in determining i1f 2 gparticular sector  was
grone  to getting intermittant CRC ervrrors SINGLE could siso
be used to measure head/media wesar bhecause the head remains in
contact with the media continuously
# TAP

The TaP function repeatedly reads an ocperstor specifisd
sector, as above, but in this test the hsgad is unlioaded after
each tvead aperatiocn. TAP could be used to measure head/media
wear.



MODE SETTING COMMANDS:

This function enables the ocperator to specify which

jal
floppy disk drives are to be accessed by the various te2st
1

functions. The defauvlt drives are units O and 1. This
function prompts with "UNIT:", expecting a number <0-3%. Unit
numbers are acceptad, as long as they are valid. The "MODE:"

prompt is issued as soon as an invalid character is entered.

% SET-TRACK

This function enables the operator to specify lower and
upper track limits Ffer all the other tezst functions. The
default lower track limit is track O and ugper track limit 1is
track 7S, The "MODE: " prompt is issued after the new limits
have besn 2ntersd by the operator.

# SECTOR INCREMENT

This function enablies the operator to specify the sector
incremant valusa, This number is sdded to the present sacitor
sddress to determine the next sector address in many of the
test functions that read multiple sectors on & single track
If this number were simply 1, and the diskette did not have an
interlesaved formsi, 31 sntire rvevolution would probably be
regquired to TrTead esch secior. On PDP—-11 proc2ssors  the
defsplt increment value 15 2. On LEI-il1 processoTs, the
default is 3. The "MODE:" prompt 135 issued after f£he nouw
value has been entersd by the operstor.

# SETWCOUNT

The SET WORD COUNT functiocn emables the opesraior  fo
specify the number of words that will be transfarred when the
DED 440 is instructed to perform a DMa FILL/EMPTY BUFFER
operation. Only test functions which do data checking use
this word count variable. The FILEMP test conirols word count
independently of this variable. The default word count starad
in this variable is &4 words in 8D and 128 words in DD
# INTERRUPT 8TT

The SET INTERRUFT STATUS function enaeblss the ocperator o
test the floppy disk system with interrupts s2ither snakisd or
disablead,. I+ interrupts are =snabled, the proaram makes  surs
that an intervupt does in fa3ct occur whenevar 1% 1z suppeosed
to. The opetator enters 3 O to dissble intsrruptsz and a 1 fo
2nasle interrupts ,

/853
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This function facilitates testi
not canfigured at the standard
intervrupt vector. It also esnablies %
simultaneously exercise multiple
arotocasl will ask the osperater for d
vecktor, snd flag word If & space
step past that fiesld, leaving it
"MODE: ", type a <CRX in response to
crganized as follows:

15 14 13 12 11 10 0?2 08 07
DMA DBS S50 DDN MPX
Where, when set to 2 1. the bit labe

L

DA
DBS
850
DDM
MPX
Usa
usa
U511
Uso
MPN

indicates
indicates
indicates
indicates
indicates 3
indicates this device
indicates this device a
indicates this device contains a
indicates this device contains a
coded multipiexed system numbers

g device 15 capable

he device is double s
that the device uses 3
double density operati

ot of

contains a
contains

The normal flag varisble is 4400 octk

ng controliers that are
device /0 address and
he FRD440 test program Teo
controllers. The function
evica address, _interrupt
is typed, the program - will
intack. Te return %o
"RXCS: M The flag word is
05 05 04 03 02 01 G0
USZ USZ2 USl USO MPN MPN MPN
led: .

of performing DA,

multiplexed 110 unit.

ided.
hugart SAS50 drivas
on.

drive unit 3.
drive unit 2.
drive unit 1.
drive unit O
{nosrmally O)

al,




# SHORT

This function changes some of the variables used b
ACCEPTANCE test such that only the first 9 ftracks o
selected drive will be tested. It then starts the ACCEPTANCE

test.
# VERIFY

The VERIFY +ta2st does a short ACCEPTANMCE test, as
described above, and then 1%t reseits the limit variables back
to the normal defsult values. It then induces an sutomatilc
CTRL P to inhibit all buft error printout and jumps %o the
ACCEPTANCE test.
# REENTER ACCEPR

This function re—enters the ACCEPTANCE fesi. hut after
the sesk tests have been performed

FORMAT INITIALIZATION COMMANDS:
# SET MEDIA DENSITY

This function enables the osperator o initialize a

diskette to single density or double density format. The
function will prompt for Ffuncticn conformation, unit. and
desited density. Note that +this function will cause any

status that was saved on track QO sector 1 Tto be 2rased.

# XFORMAT

This function is usa2d to re-—write diskatte headers, 3%
well a3 all +he other data on a particular disketts The
furnction will prompt the operator for confirmatiocn, unii, and
standard or interlesaved format
Standard track header format is 01, 02, 02, . 24, 25. 2&
RT—-11 maps block numbers &)1 intas th2 sescitor ssquence
1,2:.5,7, 9:11,13,15, Yo achieve what 13 called a "two—way
intarleave". This is done in order to provide =nsugh time ©o
oTrocess esach sector befaore the next ssctor comes around on the
diszk. The interlszave option in XFORMAT writes <the Ffollswing
sequence of sector numbers on the diskette Following The index
pulse:

01 19 12 83 21 14 05 23 14 07 Z5 18 O

02 20 11 04 22 13 05 24 15 08 2& 17 10

When the twe way logical sector interlsave genersited by Ri-11
iz combinsd with %the physical sector seaquence writien on ihe
diskette by tha XFDORMAT function. a net  Thres wauy 3ystam
interlesve iz achieved Thiz has Dbeen shown o gr=atly
improve system throughput when there iz hegavy I/0 ovevhesd, as
often occcurs under the Foresground/Basckground monitor

-y
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DUFMP AND COPY UTILITY COMMANDS

% DUPL

The DUPLICATE utility command enables the operator +o
make a duplicate copy of a diskstte. The function will prompt
for a source drive unit number and then & destinstion drive
unit numbar. For each possible sector address: the function
will do a READ ZSOURCE SECTOR., h?lT: DESTINATION SECTOR, READ
DESTINATION SECTOR. and COMPARE DATA.
* COMPARE

The COMPARE wu%ility command ensbles +the operator +to
compare ftwoe disketies starting st & spe 1FLC address. The
function will prompt  for: SOURCE  UNIT, TARTING TRACK

STARTING SECTOR., NUMBER OF SECTORS: and DESTIWATIDN UMIT
# DUMPO

This utility command enables th
octal dump of specifisd sectors ¢
function will prompt for: UNIT,
SECTOR, and NUMBER OF SECTORS.

8]

operatar Lo causs  an
he console terminal. The
Ti‘:lr(-] IN'-: :RA‘ V\: ST:‘:’IRTINC

2
ti
S

# DUMPB

This vutility command enables ' the operator to cause a
hinary dump of specified secitors to the conscle terminal. The
function will prempt for: UNIT, STARTING TRACHK, SETARTING
SECTOR, and MUMBER CF SECTORS.
# DUMFPA

This utility command esnables the operstaor to cause  an
ASCII dump of specifisd sectors to the conszecle terminal The
function will prompt for: UNIT, STARTING TRACHK, STARTING
SECTOR, and MUMBER OF SECTORS.
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which FRDE40 will respond

Thers are saveral control char 5
T3, and the Tesponsss which

ac
to a3t any time. Thess charsa
they invoke, are listed below:

tar
cte

RESTARTE THE PROGRAM AT THE "mODE: "

CTRL R PROMPT

CTRL 8§ HaANG CQUTPUT TO TERMINMAL UNTIL ANOTHER CHAR TYPED
CTRL O THROWS AWAY QUTPUT UNTIL ANOTHER CHAR TYFED

CTRL P THROWS AWaY ALL QUTPUT EXCEPT FOR ERRSORS UNTIL

ANDTHER CHAR TYPED
<LFZ TYPES CURRENT TRACK/SECTOR AND STATUS COUNTE
CTRL D TRANSFERS CONTROL 7O ODT (OCTAL DBEBUGGING TOGOL: IF

ODT IS STILL RESIDENT IN MEMORY. ODT WILL BE OVERLAYED
IF YOUR SYSTEM HAS LESS THAN Z0OK OF MEMORY. IM THIS CASBE,
CTRL D WILL SimMPLY TRANSFER CONTROL TC THE BEGINMING OF
FRD440. IF YOU DO GEYT INTS THE ODT MONITOR, & CTRL € CAN

BE USED TO RETURN T0O WHERE YOU CAME FROM.
CTRL W RETURNS PROGRAM CONTROL TO JUST RAST WHERE 4

T
-
Py
I
0
=
T
L
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&—-3. 3 FRD440 PROGRAM STATUS AND ERROR PRINTOUTE

FRD440O will *type out errvor and status information under a

wide wariety of circumstances. All printouts to the c¢onscle
terminal are sent to a circular buffer in memory as well. The
huffer size iz determined by available memory. The circular

buffer is useful if a hard copy console terminal is not Dbeing
uysed and the operator desires o examine some error printouts
that are no longer on the face of the CRT scraen. The DUMPC
function is used to examine messages in the circular buffer.
The remainder of this section is an explanation of esach of the
status variables that might appear on the console terminal.

DEVLXXX: IS PRINTED ONLY WHEN RUNNING MULTIPLE CDN#RDLLERS.
XXX IS THE LASBT 3 DOCTAL DIGITS OF THE RXCES ADDREBE FOR
THE SYSTEM WHOSE ERROR/STATUS DATA IS BEING DISPLAYED.

UN U U REPRESENTS THE LOGICAL DRIVE UNIT NUMBER FOR WHICH
THE ERROR/STATUS DATA I8 BEING DISPLAYED.

TRACA=<TK> TRACK ADDRESS AT TIME OF STATUS/ERROR PRINTOUT.
SECTOR=«<8C>» SECTCOR ADDRESS AT TIME OF STATUS/ERROR PRINTOUT.

REGISTER.

21

RXCE=«XY> SHOWS THE CONTENTS OF THE COMMAMD AND STATU

RXDB=<XY> SHOWS THE CONTENTS OF THE DATA BUFFER REGISTER. IT
SHOULD NORMALLY BE 0, OR 214 OCTAL FOLLOWING AM INIT.

INTERRUPY ERROR: <X> IF X IS LEES THAN O, THIS INDICATES THAT AN
EXPECTED INTERRUPT FAILED TO QCCUR. IF XI5 GREATER
0, THIS IMDICATES THAT MORE THAN ONE I

#RAD=<CXKA> THIS VARIARLE INDICATES THE MUMBER OF STATUS
ERRORS DETECTED.

#RD/WRT=<XX> THIS YARIABLE INDICATES THE NUMBER OF SECTORS THAT
WERE TRANSFERRED ERROR-FRE

-
-

#AFERS=CX K> THIS VYARIABLE INDICATES THE WNUMBER OF FILL/EMPTY
COMMAND CYCLES THAT WERE COMPLETED SUCCESSFULLY.

B-DATA=<XX> NUMBER OF DATA ERRORS WHERE A& BYTE OF DATA DID
NOT COMPARE WITH THE VALUEZ THE PROGRAM WAS EXPECTING.
IS DIFFERENT THAN A CRC ERROR, WHICH WaULD BE COUNTED
BAD STATUS.

ERREG: «<DEFINITIVE ERROR STATUESX ERROR {0ODE ASEOCIATED WITH THE
ERROR CURRENTLY BEING DISPLAYED. THE MEANING 0OF EACH
ERROR CODE CAN BE FOUND IN TABLE 5-2 OF THE UBERS ManNual.

INTERFRURT JOCCURRED.
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BOOTST

TRAP RROH

.TITLE

BOT440. MAC

BOGC

TSTRAP FOR

_3..

MACRO V03, 028 22-fAR-79 RAGE |

DSD 440 BOOTSTRAP PROM
21-MAR-79F
DSD440 FLOPPY DISK CONTROLLER 5

BOOTS EITHER SINGLE OR DOUBLE DENSITY FLOPPIES
ALSO WORKS WITHOUT CHANGE IN RX01 - DSD-210 MODE.
NOTE - THE DISKETTE BEING BOOTED MUST HAVE THE CORRECT MONITOR
FOR THE EXISTING HARDWARE CONFIGURATION.
NOTE CON BOOTING WHILE REAL TIME CLOCK IS ENABLED. 3%
THIS BOOT CANM BE STARTED WITH A RUNNING REAL TIME CLOCK IN 2 WAYS.
1) ENSURING THAT THE STACK IS POINTING TO NON-EXISTANT MEMORY THUS
FORCING A DOUBLE BUS ERROR OMN ANMY INTERRUPT AND TYPING

#*F

2)

1)

2)

3)

4}

*1730006G"

AND TYPING "P" IF HALTS OCCUR DUE TO ATTEMPTED INTERRUPTS.

BY SETTING THE PSW AHEAD OF TIME TO DISABLE INTERRUPTS BY TYPING
"$5/ 340<CR>" AND "R7/ 1730004<CR>" AND HITTING "P"“.

IF A 1730006 IS TRIED AND A CLOCK INTERRUPT OCCURS AFTER THE
FIRST INSTRUCTION AND BEFORE THE THIRD INSTRUCTION THEN TYPE "P"
UNTIL THE CLOCK IS DISABLED.

THE BOOTSTRAP PROCEEDS IN 4 BTEPS

SELECT

FILL-EMPTY

BOOTSTRAP

DEVICE DETERMINES DEVICE TO BE BOOTED )
RAM TEST

CHECKS ALL AVAILABLE MEMCRY FOR STUCK BITS

ON BOTH DATA AND ADDRESS LINES. <0-30K>

DOES BOTH DATA = ADDRESS AND PATTERN TESTS

1) CLEARS MEMORY TO 0‘S AND SIZES MEMORY

2) LOADS MEMORY = ADDRESS AMND CHECKS

3) LOADS MEMORY = ADDRESS COMPLEMENT, CHECKS

4) LOADS MEMORY WITH THE REPEATING PATTERN OF
131617, 154707, 1646343, 173161, 175470

CHECKS DSD440 - PROCESSOR DATA PATH FOR

SYNTAX AND DATA ERRORS. ALSO INSURE’S ALL

AVAILABLE ADDRESS LINES TOGGLE UNDER DMA.

CHECKS FILL-EMPTY WITH BUFFERS AT 774,

17700, 37674, 77704, 137700 IF MEMORY EXISTS.

READS IN BLOCK O FROM DISKETTE IN EITHER

RX01 OR RX0OZ2 MODE AND STARTS AT LOC O

ALSO SELECTS CORRECT DENSITY IN RX02 MODE. -

ERROR HALTS OR HANG UP LOCPS (ADDRESSES RELATIVE TO BOOT BASE ADDR)

156 HALT MEMORY ERROR AT LOC -2(R4), READ RO, EXPECT ZERD
204 HALT MEMORY ERROR AT -2(R4), READ RO, EXPECT O
252 HALT 1) FILL-EMPTY ERROR IF RS5S=BO0OT+522, SP=5000

2) MEMORY ERR IF R5=B00T+112, SP=35002
314 LOOP DEVICE ADDRESS SELECTED FOR BOOTING DDESN T RESPOND
324 HALT ERROR FLAG IN RXCS SET AFTER INIT
342 HALT RXCS INTERFACE REGISTER STUCK BIT PROBLEM
354 HALLT RXDB INTERFACE LATCH PROBLEM, NOTE C(RXDB)
400-402 LOOP DSD440 TRANSFER REQUEST HANGUP (FILL-EMPTY)
414-414, 452-454 TRANSFER REGQUEST HANGUP (FILL-EMPTY)
9756-600, &604-606 TRANSFER REGUEST HANGUP (BOOTSTRAP)
652-654, 665-670 TRANSFER REQUEST HANGUP (BOOTSTRAP)

742-746 LOOP

774

HALT

DSD440 FLAG WAIT ROUTINE HANGUP

FLOPPY READ ERROR, PROCEED TO TRY NEXT DRIVE
C(SP) DEFINITIVE ERROR STATUS

C(R3) SECTOR # WITH PROBLEM

C(RO) = DRIVE # WITH ERROR

THIS USUALLY HAPPENS WITH A BAD DISKETTE AND MAY OCCUR
IF AN UN-BOOTABLE DISKETTE IS IN DRIVE 0. A "PROCEDE"
FROM HERE RESULTS IN ATTEMPTING TO BOOT THE OTHER DRIVE.

i



DSD 440 BOOTSTRAP PROM MACRO V03028 22-MAR-79 PAGE 1-1

000000
000004

C00010

000012
Q00016

000020

e e e e e we e

R

-

i

RXDB=RX(CS+2 i RXES ERROR BIT LAYOUT

’

i

i

START ADDRESSES

BOOT+O (TYPICALLY 173000} BOOTS DEVICE WITH RXCS AT 177170

BOOT+20 (TYPICALLY 173020) BOOTS DEVICE WITH RXCS AT 177150

BOOT+40 (TYPICALLY 173040) GENERAL DEVICE ENTRANMCE - USER
SET’S R0=340, R1=2, LOC 0 = DESIRED RXCS
IF REAL TIME CLOCK MUST BE LEFT ON THEN SET
$8/ 340<CR> AND R7/ 173040<CR> AND PROCEED

A “BOOT" ON AN 11/04 OR 11/34 PRINTS RO, R4, SP, R7 ON THE TERMINAL.
IF AN ERROR HALT QCCURS AT BOOT+774 WHILE BOOTING THEN
BOOTING AGAIN ON AN 11/04 OR /34 PRINTS OUT THE FOLLOWING.

RO = CURRENT DRIVE # BEING BOOTED FROM.
R4 = LOAD ADDRESS WHERE ERROR OCCURRED
SP = DEFINITIVE STATUS OF ERROR

R7 = ERROR HALT ADDR+2

NOTE - A HALT OR HANGUP OCCURRING BETWEEN 742-7446 THAT WILL NOT
RESPOND TO BREAK OR HALT IS GENERALLY DUE TO LACK OF DMA GRANT
CONTINUITY ON THE BUS. USER SHOULD PUT DSD440 INTERFACE CARD
CLOSER TO THE PROCESSOR AND ENSURE GRANT CONTINUITY.

DSD440 - RX0Z REGISTER SYNTAX DEFS

RXCS=177170

IER] | INI[xm{xM | x02]>71S1D | DEn|{TRG!I 1EM | DOnJUNL] FUN | Fun| Funi cO|
_ERR= 100000 i ERR  ERROR FLAG

; 40000 ; INI  LOAD INTO RXCS TO INITIALIZE

i 30000 XM EXTENDED MEMORY SELECT BITS

. DBDMA= 4000 X02 = 1 IF RX02 MODE SYNTAX

i 400 DEN SET = 1 FOR DOUBLE DENSITY

i 200 TRQ TRANSFER REQUEST - DATA TO/FROM RXDB
i 16 FUN FUNCTION +«0-7> - SET "60" TO EXEC

NXM | WCV|SID DRY|DRY|DEL DSK|DEN|ACL INT{SID|CRC
OvFE | #1 #1 | RDY| DAT DEN| ERR | LOW DON{RDY| ERR

REGISTER USAGE IN BOT440 SECTION
i RO UNIT # BOOTED FROM (0, 1)

XCS= %1 i RI1 POINTER TO RXCS
XDB= %2 i R2 POINTER TO RXDB
i R3 READ COMMAND VAL WITH DENSITY BIT
LDP= %4 i R4 LOAD POINTER
SCT= 435 i RD CURRENT SECTOR # (1, 3, S, 7)
i (SP}) WORD COUNT FOR CURRENT DENSITY
i START HERE FOR DEVICE 177170 BOOT
0127046 BOT170::MOV o #—1, SP ; INHMIBIT INTERRUPTS IN ONE INSTRUCTIOM
177777
012700 MOV #340, RO ;i SET PROCESSO0OR STATUS WORD
000340
1046400 MTPS RO i FROM REG SINCE READ-MODIFY-WRITE

i CYCLE INTO PROM CAUSES TIMOUT
i ABOVE 5 WORDS BECOME / MOV #340, RO / MOV RO, @#177776 /

i / NOP / IN PDP-=11 BOOT
012710 MoV #177170, (RO) i BET DEVICE ADDRESS
177170
000406 BR BOTCOM
012700 BOT150: MOV #340, RO i SET PROCESSOR STATUS WORD

000340
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Co0024
000024

000030

00GC034
000034

500G40
Coco44

C0O0044

cQ0052

0000460

00c062

000064
000065
&00070
000072

000074
000076
000100

000104
000106
000110

000114

000120
000122
000124
000126
000130
000132

000134

1056400
000240

012710
177130

005001
11021

012706
005002
000005

004447
060012

0127466
000341
000002
000002

037177

005021
010421
010021
010102

005022
103403
020227
170000

103773
005042
0045467
000022

0045467
000130
000774
017700
037478
077704
137700
0000G00
0003573

MTRS RO i IN ORDER TO DISABLE INTERRUPTS.

NOP i MAKE MINIMAL CHANGES TO PDP-1i1
i ABOVE 2 WORDES BECOME / MOV RO, @#17777& / IN PDP-11 BOOT ;

MoV #177150, (RO) i LOAD ALTERNATIVE DEVICE ADDR
BOTCOM: CLR Ri i SET UP MEM TEST PTR

MOV (RO), (R1D)+ i LOAD DEVICE ADDR INTO LOC O
i GENERAL ENMTRANCE - SET LOC O = RXCS VALUE, RO0=340, Ri=2
BOTGEN: : MOV #5002, SP i INIT STACK

RESET

JBR R4, MEMHGH i GET POINTER TO TRAP ROUTINE

i TRAP PROCESSOR FOR NON-EXISTANT MEMORY TIMEDOUT
i SETS CARRY AND RETURNS ON NON-EXISTANT MEMORY TRAP

TRAP4: ™MOV #341, 2(SP) i SETS CARRY ON TRAP TO 4
RTI i ALS0 SETS CURRENT PRIORITY HIGH
. WORD 37177 i LSI-11 CHECKSUM WORD FOR BOTCHK

i . WORD 57012 IF PDP-11 BOOT

i NOW TEST FROM 10 TO TOP OF AVAILABLE CONTIGUOUS MEMORY
i INIT VECTORS AND SET LOW TEST LIMIT TO 10

MEMHGH: CLR (R1)+ i BUMP TO LOC 4
MOV R4, (R1)+ i LOAD TRAP VECTOR
MoV RO, (R1})+ i LDAD TRAP PSW VALUE = 340
MoV R1, R2 - i INIT TO LOW MEMORY = 10

; FIND TOP OF AVAILABLE MEMORY

2% CLR (R2)+ i FIND TOP OF MEMORY
BCS 4% i CARRY SET BY TRAP TO 4
CHMP R2, #170000 i AT END OF MEM ADDR SPACE?

i STOP AT 160000 IF PDP-11

BLO 2%

4%: CLR -(R2) i SET POINTER TO LAST LOCATION+2
JER RS, MEMCHK i TEST TO TOP OF MEMORY

i FILL EMPTY TEST - DONE AT MULTIPLE BUFFER ADDRESSES IN ORDER
i TO TOGGLE ALL ADDRESS BITS IN SYSTEM MEMORY
JSR RS, FILEMP i DO FILL-EMPTY BUFFER TEST

10+{5%100. > START FILL AT BEGINNING OF

10+{5%1624. > i PATTERN REPETITION LEFT BY RAM TEST
10+5#3262. > ; DD DMA TEST ACROSS ALL ADDREES BITS
10+<5%46540. > i THAT CAN BE SET IN AVAILABLE MEMORY
10+<5%98146. > i 50 ALL BITS TOGGLE DK

0 i ADDRESS TERMINATOR

BR BOT440 jOEERRERERREE
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000136
200140
000142
CQG144
Q001446
000150
000152
000154
000156
000160
0001462

0001464
000166
000170

000172
000174
000176
200200
200202
000204
000206
000210

000212
000214

200220
000222
000224
000226
000230
Q00232

000234
200236

0500242
000244
000246

000252
000254
000254
000260
000262
000264
000265

010104
010400
010024
020402
103774
024404
001402
011400
000000
020401
101372

005124
020402
103775

010104
0560414
005214
012400
001401
000000
020402
103771

010104
012703
131617
020402
103004
010324
0046203
103773
000770

010104
012703
131617
020324
001403
016400
177776
000000
020402
103003
006203
1037467
000744
000205

i ROUTINE TO TEST MEMORY FROM C(R1) = LOW LIMIT
i TO C(R2) = UPPER LIMIT BEYOND TEST
i IF ERROR FOUND HALTS WITH R4 POINTING TO ERROR LOC, OR 2 BEYOND.
i RO = DATA READ
MEMCHK: ™MoV Ri, R4 i GET STARTING ADDRESS
2%: MOV R4, RO i KILL Z FLAG <MOV R4, (R4)+>
MOV RO, (R4)+ i LOAD CONTENTS = ADDRESS
cMP R4, R2Z2 i AT END OF TEST?
BLO 2%
CHKADP: CMP -(R4), R4 i CHECK BACK DOWN TO START ADDR
BEG NCKADP
MoV (R4), RO i DATA READ IN ERROR IN RO
HALT i STUCK BIT IN DATA OR ADDRESS!'!
NCKADP: CMP R4, R1
BHI CHKADP i CONTINUE TILL AT START ADDR
SETCOM: COM (R4)+ i MAKE LOC = ADDR COMPLEMENT
cMP R4, R2 i AT END OF TEST?
BLO SETCOM
MOV R1i, R4 i START AT BEGINNING
CHKCOM: ADD R4, (R4} i SHOULD BE ALL 1°S
INC (R4)
MoV {(R4)+, RO i DATA SHOULD = ALL ZEROES
BEQ NCKCOM
HALT i STUCK DATA BIT IF NO HALT AT +156
NCKCOM: CMP R4, R2
BLO CHKCOM

PROM  MACRD V03. 028 22-MAR-79 PAGE 2

i SET UP TO LEAVE A PATTERN OF 1 011 001 110 001 111 B ROTATED

i RIGHT INTO 4 SUCCESSIVE WORDS

i USED AS MEM BACKGROUNMD AND FILL-EMPTY DATA.

SETPAT:

4%

CHKPAT:
CHKPTL:

3s:

FILEXT:

MoV
MoV

CMP
BHIS

MOV

ASR
BCS
BR

MoV
MoV

cMP
BEG
© MOV

HALT
CMP
BHIS
ABR
BCS
BR
RTS

R1, R4
#131617, R3

R4, R2
CHKPAT
R3, (R4)~+
R3

4%

SETPAT

Ri, R4

#131617, R3
R3,
as
-2(R4),

(R4)+

RO

R4, R2
FILEXT
R3
3%
CHKPTL
RS

L

.~ e e

SET INITIAL
SET INITIAL

ADDRESS
PATTERN

END OF ADDRESS RANGE?

G0 CHECK DATA IF AT END
CARRY SET BY CMP INSTRUCTIDN.
ROTATE AND LOAD AGAIN

SET INITIAL

DATA OK?

ADDRESS

SET DATA READ FOR LOOKING

PATTERN SENSITIVITY ERROR
AT END OF ADDRESS RANGE?

YEE - EXIT

CARRY SET BY CMP INSTRUCTION
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000270
000272
CoG274

Q00300
000302
000304
000306
000310

000314
000316

&00322
000324
&00326

000330
000334

000340
000342
000344

000350
000352
000356

000362
0003464
Q00366
000370

000374

000400
000402
000404

000410
000412
000414
000416
000420
000422

000426
000430
000432
000434

000440

012504
001775
005764
000404
103773
005000
011001
010102
0047647
000426
103777
032711
104000
100001
000000
001417

ol1z2722
001420
022711
005440
001401
000000
022712
001420
001005

012712
173767
022712
173767
001401
000000
010102
012746
000200
012722

000401

105711
100376
032711
004000
001404
011612
105711
100376
010412
004747
000314
105711
100004
112412
012716
000100
000770

i FILL — EMPTY BUFFER TEST

FILEMP: MOV
BEG

T8T

BCS
FILBUF: CLR
MoV
MoV
CaLL

BCS
BIT

BPL
HALT
BEGQ

i D8D440 - RX02

MOV
CHP
BEQ
HALT
CMP
BNE
RXDBTS: MOV
CMP
BEQ
HALT

MOV
MoV

RXHALT:
RXFIEM:

MOV

TSTB
BPL
BIT

BEQ
Mov
TSTB
BPL
MoV
FILXO01: CaALL
TSTB
BPL
M3OVB
MOV

BR

{R5)+, R4
FILEXT
404(R4)

FILEMP

RO

(RO)Y, XCS
XCS, XDB
WTFLAG

#. ERR'. DBDMA, (R1)

. +4

RXFIEM

INTERFACE LATCHED

#1420, (XDB)+

#5460, (XCS)
4

#1420, (XDB)

RXHALT

#173767, (XDB)

#173767, (XDB)

. +4

XCS, XDB
#200, —(SP)
#401, (XDB)+
(XCS)
-2

#. DEDMA, (XCS)
FILXO1
(SP),
(XCS)
-2
R4, (XDB)
WTFLAG

(XDB)

(R1)
EMPBFT
(R4)+,
#100,

(XDB)
(SP)

FILXO1

i

i

i

i

i

- e e e

MACRO v03. 02B 22-MAR-79 PAGE 3

GET BUFFER ADDRESS

DOES MEMORY EXIST?

NO - STEP TO END OF LIST
GET RXCS ADDR

INIT FOR RXDB

WAIT FOR DONE FLAG UP

LOOP IF NO BUS RESPONSE
i ERROR SET OR RX027?

HALT IF ERROR

INTERFACE SETUP ERROR

IF RX0O1 MODE THEN NO LATCH TEST
BIT TEST

LOAD INTO RXCS

DID THEY LATCH OK?

STUCK BITS IN RXCS

LATCHED OK IN RXDB?

NO - BAD INTERFACE.

CHECK RXDB LATCH

DID THEY LATCH

HALT IF INCORRECT BIT LATCHUP
SET UP RXDB POINTER

SAVE THE WORD-COUNT

DO FILL COMMAND

WAIT FOR TRREQ

RX02 STYLE FILL?

NO - DO RX01 STYLE PROG XFER
WORDCOUNT (=200)

WAIT FOR TRREG

BUFFER ADDR

WAIT FOR DONE, ERROR, 0OR TRREG
CHECK FOR TRREQ@ ON RXO1

IF DONE., GO DO EMPTY BUF TEST
DO ANOTHER BYTE

SINGLE DENSITY RX01 COUNT

CHECK FOR ANOTHER BYTE
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000442
000444

000450
000452
000454
000456

000462
0004464
000464
000470
000472
000474

000500
000502
000504
000506

000510
000512
000514
000516

000522

022424

012711
000403
010403
105711
100374
032711
004000
001404
011612
105711
100376
010412
004757
000242
105711
100002
111223
060772

006316
010402
0462602
0045467
177514
000862

i EFPTY

EMPBFT:

EMPXO1:

CHKEMP:

SECTOR BUFFER AND CHECK DATA VALIDITY

CMP

MOV

MoV

TSTB
BPL

BIT

BEQ
MoV
TSTB

BPL
MOV
CALL

TSTB

BPL
MOVB

BR

ASL
MOV
ADD
JSR

BR

(R4)+, (R4)+ i BUMP EMPTY BUFFER ADDR
i 80 ERROR IF ND DATA TRANSBFER.

#403, (XCS) i DO EMPTY BUFFER COMMAND
R4, R3 i SAVE BUFFER START ADDRESS
{XCS) i WAIT FOR TRREQ '

. =2
#. DBDMA, (XCS) ;i IS IT IN RXO2 MODE?

EMPXO01 i NO - DO RX01 STYLE EMPTY
(SP), (XDB) i LOAD WORD COUNT

(XCS) i WAIT FOR TRREQ

-2 _
R4, (XDB) i &ND FILL BUFFER ADDR+2
WTFLAG i WAIT FOR ERROR, DONE OR TRREQ
(XCS) i TRREQ FROM RX01 TYPE EMPTY?
CHKEMP i NO = CHECK DATA

(XDB), (R3)+ i LOAD THROUGH DATA POINTER
EMPXO01

(SP) i MAKE WORD COUNT INTO BYTE COUNT
R4, R2

(SP)+, R2Z2 i SET R2 = END ADDR TO CHECK
RS, CHKPTL i DO DATA CHECK

FILEMP ;i DO NEXT FILL-EMPTY



R
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C00524
000526
G00530

000532
Cc00534
Q005354
¢00540

000544

000550
000551
000552
C00554
000554

000562

000568

000572
000574
0005746
000600
0004602
000604
000606
000610

000414
000620

0004622
000424

000430
000632

000436
000&42

0005644
000846

0004652
000454

000001
0000602

GG00G4
000003

005000
011001
000401

005200
011706
0050054
042700
177776
004347
000002

007

027
060003
111303
012746
000100
012705
000001

004757
000150
010102
010322
105711
100376
010512
105711
100376
012712
000001
004767
000122
005711

100010
032712
000020
001450
052703
000400
012716
000200
000751

010346
042716
000004
012611
105711

i BOOT THE DEVICE IN LOC

XCS=
XDB=

LDP=
5CT=

BOT44G:

NXTUNT:
BOOTR1:

RDTBL:

UNTDEC:

RDLP:

EMPBUF:

%1

A=

“a

%5

CLR
MoV
BR

INC
MOV
CLR
BIC

JSR
. BYTE
ADD
MOVB
MOV

MOV

caLL

MOV
MOV
TSTB
BPL
MoV
TSTB
BPL
MOV

CALL
TST

BPL
BIT

BEG
BIS

MoV
BR

MOV
BIC

MoV
TSTB

0, REGISTERS USED AS INDICATED BELOW

i RO UNIT # BOOTED FROM (O, 1)

i R1 POINTER TO RXCS

i RZ PBINTER TO RXDB

i R3 READ COMMAND VALUE WITH DENMSITY BIT

i R4 LOAD POINTER

i RS CURRENT SECTOR # (1, 3, 5, 7)

i (SP) WORD COUNT FOR CURRENT DENSITY

RO i SET INITIAL UNIT (0, 1, 2, 3)

(RO}, RI1 i SET RXCS POINTER

BOOTR1 i ALLOW SAME UNIT

RO i BUMP DRIVE #

(PC), SP i INIT STACK POINTER

LDP- i IMIT LOAD ADDRESS POINTER

#RDTBL-UNTDEC, RO ;i ALWAYS INSURE VALID UNIT #.

R3, UNTDEC i GEN A POINTER INTO RDTBL

7, 27 i47, 67 i READ SECTOR FUNC FOR DRIVE 0.1

RO, RS i POINTER TO READ COMMAND

(R3), R3 i GET THE COMMAND

#100, —-(8SP) i SET LOW DENSITY WORDCOUNT

#1, SCT i IMIT SECTOR TO READ

WTFLAG i WAIT FOR DONE FLAG SET?

XCS, RZ i COPY RXCS POINTER

R3, (R2)+ i LOAD READ COMMAND

(XCS) i WAIT FOR TRREQ

-2

SCT, (XDB) i LOAD SECTOR

{XCS)

. =2

#1, (XDB) i LOAD TRACK

WTFLAG i WAIT FOR DONE

{XCS) i CLUDGE SINCE DEC RX02 SETS ERROR
i BEFORE IT SETS DONE

EMPBUF i EMPTY IF NO ERROR

#20, (XDB) i I8 ERROR A DENSITY ERROR?

DEFNST i NO- DO DEFINITIVE STATUS

#400, R3 i SET COMMAND TO DOUBLE DENSITY

#200, (SP) i SET TO D.D. WORD COUNT

RDLP i AND TRY READING AGAIN

R3, -(SP) i GET COMMAND COPY

#4, (SP) i MAKE INTO AN EMPTY BUFFER COMMAND

(SP)+, (XCS) i AND EXECUTE

{XCS) i WAIT FOR FIRST TRREQ
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000456

800660 -

0004464
CO00&46
0004670
000&72
C00&674
0008676

000702
000704
000706
000710
000712

000714

000722

000724
000726
000730
000732

000736

000740

000742

000746
000750

000752

000756
000760
000762
000754
000766
000770

000772
000774
Q00776
001000

100374
032711
004000
001404
011612
105711
100376
010412
004747
000040
105711
100003
111224
005016
000771

123727
000000
000240
001304

0561604
0415604
122525
020427
001000
Q02713

005007

032711
000240
001775
000207

012711
000017
105711
001776
100003
010412
010402
000772

011204

000000
000655

0000007

BPL
BIT

BEG

MOV

TSTB

BPL

MOV
WTEMDN: CALL
TSTE
BPL

MOVB
CLR
BR

EMPDON: CMPB

BRNE
ADD
ADD
CMPB
CMP

BLT

CLR

. =2

#4000, (XC8)
WTEMDN

(SP), (XDB)
(XCS)

. =2

LDP, (XDB)
WTFLAG

{XCS)

EMPDON
(XDB), (LDP)+
{SP)

WTEMDN

e#0, #240
BOOTR1

(SP), LDP
(SP), LDP
(SCT)+, (SCT)+
LDP, #1000
RDLP

PC

L

MACRO V03.02B 22-MAR-79 PAGE 4-1

RX027?

NO - DO BYTE EMPTY
LOAD THE WORD COUNT

AND XFER ADDRESS
WAIT FOR DONE OR TRREG

TRREG OR DONE?

BR IF DONE FLAG SET

DO RX01 STYLE EMPTY BUFFER
DON‘T BUMP LOAD POINTER TWICE

INSURE FIRST INSTRUCT IS A& NOP.

NO - NOT VALID DATA AT LOC O
C(SP}) = WORD COUNT

BUMP LOAD ADDRESS FOR NEXT SECT
4DD ACTUAL BYTE COUNT

BUMP SECTOR # BY 2

FINISHED LOADING?

READ NEXT SECTOR

GO DISPATCH

; WAIT FOR FLOPPY FLAGS, DONE, ERROR, TRREG

WTFLAG: BIT

BEQ
RETURN

#240, (XCS)

WTFLAG

i

i

WAIT FDR DONE OR TRREQ

CAN’T TEST RX02 ERROR HERE

; LOADS DEFINITIVE ERROR CODE INTO STACK POINTER = 5P

A PROCEED WILL ATTEMPT TO BOOT THE NEXT DRIVE.

i THEN HALTS.
DEFNST: MOV
DEFNWT: TSTB
BEG
BPL
MOV
MOV
BR
DEFNRD: MOV
HALT
BR
BOTLST: :

. END

#17, (XCS)
(XCS)

. =2
DEFNRD
LDP, (XDB)
LDP, R2
DEFNWT

{R2), SP

NXTUNT

BOT170

i

DO DEFINITIVE ERROR STATUS

WAIT FOR TRREQG OR DONE

STATUS UPWARDS FROM LOAD ADDR
SET FOR STATUS READ FROM MEM

SHOW DEFINITIVE STATUS IN SP.
EXAMINE SP VALUE IF HERE

ALLOW PROCEED IF AVAILABLE

TO BOOT TRY TO BOOT ON OTHER DI i
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SYMBOL TABLE

BOOTR1 GGCO534R 002 EMPBUF 000&644R
BOTCOM OODO34R 002 EMPDONM OO00714R
BOTGEN OO0O00D40RG 002 EMPX01 0O00474R
BOTLST COC1000RG 002 FILBUF 0OO00302R

BOT150 OO0D20R 002 FILEMP O0O00270R
BOT170 OOOOOORG 002 FILEXT OO00266R
BOT440 COO0524R 002 FILX01 000422R
CHKADP OO00150R 002 LDP =%000004
CHKCOM 000174R 002 MEMCHK OO00136R
CHKEMP OCOS10R 002 MEMHGH 0000464R
CHKPAT 000234R 002 NCKADP O000140R
CHKPTL 0002354R 002 NCKCOM OO00206R
DEFNRD 0O00772R 002 NXTUNT OO00S522R
DEFNST 000752R 002 RDLP OO05&5R
DEFNWT 000756R 002 RDTBL 000550R
EMPBFT 000442R 002 RXCE = 177170

ABS. 000000 000

000000 001

BOOT 001000 002

ERRORS DETECTED: O

VIRTUAL MEMORY USED: 304 WORDS ( 2 PAGES)
DYNAMIC MEMORY AVAILABLE FOR 50 PAGES
BOT440, BOT440<BOTLLX

002 RXDB
CO2 RXDETS
002 RXFIEM
002 RXHALT
002 SCT
002 SETCOM
002 SETPAT
TRAP4
002 UNTDEC
002 WTEMDN
002 WTFLAG
002 XCS
002 XDB
002 . DBDMA
002 .ERR

= 177172
000352R
0003&6R
00036&4R

=7%000005
0001 64R
000214R
O00052R
000552R
000&676R
000742R

=%4000001
=%4000002

= 004000

= 100000

002
002
ooz

002
002
002
002
002
002
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SPECIFICATIONS

CP127 POWER SUPPLY

AC INPUT: : 100/ 120/ 220/ 240 VAC * 10%
47 - 63 Hz
DC OUTPUT: +5 VDC @ 10A OVP at 6.2 + .4 VDC

+24 VDC @ 1.7A
-12 VDC @ .5A (at 115 VAC INPUT)

LINE REGULATION:

|+

.05% for a 10% line change

LOAD REGULATION: + .05% for a 50% load change

QUTPUT RIPPLE: 5 mv peak to peak maximum

OVER VOLTAGE PROTECTION: Built-in on 5V output

TRANSIENT RESPONSE: 30 ws for a 50% load change

SHORT CIRCUIT ANDVOVERLOAD :

PROTECTION: Automatic current 1imit / foldback

STABILITY: ‘ + 5% for a 24-hour warm-up

TEMPERATURE RATING: 09C to 500C ambient at full load,
derate linearly to 40% at 70°C

TEMP-COEFFICIENT: +.03% / °C maximum

EFFICIENCY: Approximately 55% combined efficiency

~with a full Toad on all outputs at
115VAC Tine voltage






CP127 POWER SUPPLY TROUBLE SHOOTING GUIDE

SYMPTOM POSSIBLE PROBLEM

UNIT QOVER-HEATING 1. OUTPUT OVERLOAD
2. AC INPUT TOO HIGH
3. INADEQUATE VENTILATION
4. IMPROPER TRANSFORMER PRIMARY CONNECTION

-2 L
~ LOW OUTPUT VOLTAGE ¥ 1. OUTPUT OVERLOADED
WITH HIGH RIPPLE i
2. Ul FAULTY (u2)* 723
x 3. CR1, 3 or 4 OPEN (CR5, 6, 7)*
4. C1, 2, or 3 OPEN (C7, 6)*
5. Ql, 2 or 3 OPEN (Q5, 5)*
« 6. R2 or R7 OPEN (R14)*
7. SCR1 SHORTED OR QVP TRIGGERED
HIGH QUTPUT VOLTAGE 1. Ql, 2 or 3 SHORTED (Q4 or Q5)*
AND RIPPLE, POOR .
REGULATION 2. Ul FAULTY (u2)*
3. Rl OPEN (R13 or R16)*
HIGH INPUT CURRENT 1. IMPROPER INPUT VOLTAGE OR FREQUENCY

BLOWS FUSE
2. C1, C2 or C3 SHORTED (C7 or C6)*

3. CR1, CR3 or CR4 SHORTED (CR5, CR6, CR7)*
4. CR9 - 12 SHORTED
5. C9, 10 SHORTED

*DENQTES 24V COMPONENTS
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SHUGART DRIVE JUMPER CONFIGURATION FOR DSD 440

drive 1.

on physical

AS SHIPPED FROM SHUGART

TRACE SHIPPED FROM SHUGART
DESIGNATOR DESCRIPTION OPEN SHORT
T3,T4,T5,T6 Terminations for Multiplexed Inputs Plugged
Tl Terminator for Drive Select Plugged
T2 Spare Terminator for Radial Head Load X
DS1,DS2,DS3,DS4 Drive Select Input Pins X DS1 is Plugged
RR Radial Ready X
RI Radial Index and Sector X
R,LS, Ready, Index, Sector Alternate Output Pads X
HL Stepper Power From Head Load Plugged
DS Stepper Power From Drive Select X

WP Inhibit Write When Write Protected X
NP Allow Write When Write Protected X

8,16,32, 8, 16, 32 Sectors (SA801 Only) 8& 16 32
D Alternate [nput-In Use X
2,4,6,8,10,12,14,16,18 | Nine Alternate [/O Pins X

D1,D2,D4.DDS Customer Installable Decode Drive Select Option X

A,B,X Radial Head Load Plugged
C Alternate Input-Head Load X

Z In Use from Drive Select Plugged
Y In Use from HD LD X

DC Alternate Output-Disk Change X

AS SHIPPED IN DSD 440

TRACE SHIPPED FROM DSD
DESIGNATOR DESCRIPTION OPEN SHORT
T3,T4,T5,T6 Terminations for Multiplexed Inputs Note 1
Tl Terminator for Drive Select Note 1
T2 Spare Terminator for Radial Head Load X
DS1,DS2.DS3,DS4 Drive Select Input Pins X Note 2
RR Radial Ready X
RI Radial Index and Sector X

RS, Ready, Index, Sector Alternate Output Pads X

HL Stepper Power From Head Load X

DS Stepper Power From Drive Select Plugged
WP Inhibit Write When Write Protected X
NP Allow Write When Write Protected X

8,16,32, 8, 16, 32 Sectors (SA801 Only) 8& 16 32

D __|__Alternate Tnput-In Use Note 3
2,4,6,8,10,12,14,16,18 | Nine Alternate I/O Pins Note 3
D1,D2,D4,DDS Customer Installable Decode Drive Select Option

A.B,.X Radial Head Load <X A, B
g} Alternate Input-Head Load X) X

In Use from Drive Select X\

Y In Use from HD LD \ Plugged
DC Alternate Output-Disk Change \ Plugged
NOTE 1: Last drive on daisy chain should have NOTE 4:  Jumper L is open and 800 option is

jumper T1, T3, T4, TS and T6 shorted.
installed.

KEY: X — Specified signal is either open or

"NOTE 2: One jumper instailed according to shorted, depending upon in which
physical drive number. column the “X” appears.
Plugged — Specified signal has a pair
NOTE 3: Pin D is cor}nected to ?in 16 on of v%%re wrapppi.ns whicgkxxl aré shorlt)ed

physical drive 0 and Pin 8 together.
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REF, DES.

c1, 2
3
c5
6, 11
c7 -

¢4, 8

CR 1

CR2, 8

CR3, 4, 7, 9-12

CR5, 6
Q1-4
Q5

R1, 2, 6, 12, 9

R3
R4

RS, 14

R10, 11

‘R13, 21

R17.

R18, 19, 20

R75 16
R15
SCR 1

ui, 2

CP127 PARTS LIST

cP127
16,000/15
100/16
470/16
47/50

470/35
.001/100
R 711 A
IN 752 A
IN 4003
MR 501
2N 3055
TIP 31 A
6.8

47

2.2K

750

1.5K

3.9

1.1K

330
10K
1500
a2

S0308LS3
- 723C .

DESCRIPTION
CAPACITOR ALUM ELEC

" " "
" " "
n " "
n " "

n " 1)

. CAPACITOR MYLAR FILM

RECTIFIER 30A 100V TO -3
DIODE ZENER 300MW
RECTIFIER 1A 200V
RECTIFIER 3A 100V
TRANSISTOR NPN POWER:
TRANSISTOR NPN POWER
RESISTOR i CF 5%

POTENTIOMETER ZW WM
RESISTOR ZW WH 10

SCR 8A 30V

1.C. VOLTAGE REGULATOR
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