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CHAPTER 1
INTRODUCTION

DIGITAL’s family of computer peripherals is continually growing to
provide you with the hardware that most precisely meets your needs.
Cost effectiveness, capacity, ease of use, reliability, maintainability,
and serviceability are constantly being upgraded.

The two most recent additions to DIGITAL's family of computer peri-
pherals supported by VAX systems are the RP07 disk drive, utilizing
Winchester fixed-media technology, and the TU78 magnetic tape
transport, using Group Coded Recording (GCR) technology. These
new peripherals combine state-of-the-art microprocessor control,
large capacity, high speed, and self-test diagnostics. Other new disk
drives include the RM80 and RMO05. The RM80 disk drive, which also
utilizes Winchester fixed-media technology and advanced microproc-
essor control, is supported on VAX systems. The RMO05 is supported
on both VAX-11/780 and PDP-11/70 systems. The latest lineprinters
include the high-speed LP11-E band lineprinter with 64- and 96-char-
acter sets and the high-speed LXY21 printer/plotter, both supported
by UNIBUS PDP-11 systems and VAX systems. ’

With the purchase of one of DIGITAL’s peripherals, you will receive
detailed user and maintenance documentation. This information may
be supplemented by the excellent tutorial guides to DIGITAL's soft-
ware languages and operating systems and by other volumes in the
Handbook series. DIGITAL’s Educational Services group offers a wide
range of hardware and software courses specifically designed to ad-
dress customers’ needs.

In addition, DIGITAL's Computer Special Systems (CSS) group pro-
vides customers with design service and products to complement the
corporation’s high volume offerings. CSS products address the cus-
tomers’ needs in the process 1/0, graphics, networks products, and
special terminals marketplaces.

The Peripherals Handbook contains chapters on all of DIGITAL’s cur-
rently-marketed UNIBUS PDP-11 and VAX disks, magnetic tapes, li-
neprinters, card readers, and sensor 1/0 devices. It should be used in
conjunction with the Terminals and Communications Handbook which
describes DIGITAL's terminals and communications equipment.
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INTRODUCTION

This book is divided into chapters by device type. Each chapter is
further subdivided into sections by device. Each section contains the
following:

@ an introduction

® alist of features

® a general description

e packaging information

e data formats and data organization information (where applicable)

@ operation description

® interrupt information

e reliability/maintainability features

e controls and indicators (where applicable)

® specifications

At the end of the disk, magnetic tape, lineprinter, and card reader
chapters is a comparison chart of the peripherals in that chapter. This
allows easy comparison among like devices to ensure the best selec-
tion for your needs. The specification information is subject to change
without notice, and should be considered as a guide only. For specific
site preparation information, please consult your local DIGITAL sales
office.

Chapter 7 contains the register diagrams and bit definitions for all the
peripherals described in this book. The appendices contain addition-
al, relevant information including an ASCIl code chart, a standard and
compressed Hollerith.code chart, and UNIBUS addresses and vector
assignments for DIGITAL'’S peripherals.

In addition to the Peripherals Handbook, DIGITAL’s series of
handbooks includes the Terminals and Communications Handbook,
the PDP-11 Processor and Software Handbooks, the Microcomputer
Processor, Microcomputer Interfaces, and Microcomputers and
Memories Handbooks, and the VAX Hardware, Software, and Archi-
tecture Handbooks. '
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DISK DRIVES

CHAPTER 2
DISK DRIVES

RX211

The RX211 is a dual-drive, double density, floppy disk subsystem
connected to the UNIBUS via an interface/controller. The RX211-
BA(BD) subsystems are supported by UNIBUS PDP-11 systems. VAX-
11/750 systems also support the RX211-BA(BD) subsytems, but only
as a data file resident device for transport of data to and from other
DIGITAL systems. The low cost of the RX211 subsystem makes it ideal
for archive storage, diagnostic loading, or software updates.

FEATURES
e Double density recording provides greater data storage capacity

® Program-selectable single density mode provides compatibility with
other floppy disk subsystems

e 0.5 MB of formatted data storage capacity per diskette (1 MB total
per RX211 subsystem)

® Direct Memory Access (DMA) data transfers
e Microprocessor controller
e Compact, removable diskettes

DESCRIPTION

The RX211-BA(BB) floppy disk subsystems consist of two RX02 floppy
disk drives, a microprocessor controller, an interface/controller, and a
15 ft (4.6.m) 1/O cable. Up to two RX211 subsystems (a total of four
RX02 floppy disk drives) are supported by UNIBUS PDP-11 systems
and VAX-11/750 systems.

The RX211 floppy disk subsystems use industry standard diskettes.
They are thin, flexible disks similar in size to a 45-rpm phonograph
record. These diskettes are recorded on one side only. In double
density mode, each diskette can store 0.5 MB of data. The program-
selectable single density mode provides compatibility with other flop-
py disk subsystems, such as the RX11.

RECORDING METHODS

The RX211 reads/writes data in two modes: single density, which uti-
lizes frequency modulation (FM) recording, and double density, which
utilizes modified frequency modulation (MFM) recoding. The RX211
normally reads/writes data in double density mode. Single density
mode can be read or written by the RX211 subsystem to provide
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DISK DRIVES

compatability with other floppy disk subsystems. Data is written on the
diskette by magnetizing small sections (bit cells) of the oxide on the
diskette in different directions, i.e. either positively or negatively. A
change in the direction of magnetization (flux transition) in the clock
area or data area of a bit cell indicates whether the bit represented is a
1oraO0.

DATA ORGANIZATION

The RX211 has one read/write head that is used to both read and write
data. The diskette surface is divided into 77 tracks. Each track is
divided into 26 sectors with a data storage capacity of 2048 bits (256
bytes). Each sector is divided into a header field and a data field. The
header field consists of a header preamble, a 56-bit header that con-
tains the track and sector addresses, and a 16-bit header CRC (Cyclic
Redundancy Check). The data field consists of a data preamble, an 8-
bit code specifying the recording density, 2048 bits (256 bytes) of data,
and a 16-bit data CRC. The header field is permanently recorded and
can not be written by the RX211.

OPERATION

The RX211 controller has two registers: the Command and Status
register and the Data Buffer register. The Data Buffer register is used
to perform five different functions. When used to specify the diskette
track, it is called the Track Address register. When used to specify the
diskette sector, it is called the Sector Address register. When used to
specify the number of data words to be transferred, i.e. the word
count, it is called the Word Count register. When used to specify the
starting memory address of the data to be transferred to or from
memory, it is called the Bus Address register. When used to provide
status information and specify errors, it is called the Error and Status
register. When an error is detected, a READ ERROR CODE command
will cause the controller to write four extended status words into mem-
ory. These extended status words contain detailed error and status
information. (Refer to the register section at the back of this book for
register and extended status word diagrams and bit definitions.)

To begin a READ operation, the processor loads the command and
status register with a READ SECTOR command. The microprocessor
controller responds with a request for the sector address by setting
TRANSFER REQUEST <07> in the command and status register. The
processor then loads the sector address into the data buffer register.
The microprocessor controller next requests the track address by
again setting TRANSFER REQUEST <07>, and the processor
responds by loading the track address into the data buffer register.
The READ operation has now been initiated.
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The microprocessor controller positions the RX211 head to the track
specified and reads each sector address from the sector header as it
passes by on the rotating diskette until the specified sector is reached.
The 2048 bits of data are then read and stored in the microprocessor’s
internal data buffer. When the data buffer is full, the microprocessor
generates an interrupt to alert the processor that the data has been
read off the diskette.

To transfer the data read off the diskette into memory, the processor
loads the command and status register with an EMPTY BUFFER com-
mand. The microprocessor controller responds with a request for the
number of data words to be transferred by setting TRANSFER RE-
QUEST <07> in the command and status register. The processor
then loads the word count into the data buffer register. The microproc-
essor next requests the starting memory address where the data read
off the diskette is to be stored in memory by again setting TRANSFER
REQUEST <07>, and the processor responds by loading the bus
address into the data buffer register.

The microprocessor controller assembles the 2048 bits of data in its
internal data buffer into 16-bit words and generates a parity bit for
each word. Each 16-bit word plus parity is written into the memory
location specified. This process continues until the proper word count
is reached. Finally, the microprocessor generates an interrupt to alert
- the processor that the data read off the diskette has been stored in
memory.

To begin a WRITE operation, the processor loads the command and
status register with a FILL BUFFER command. The microprocessor
controller responds with a request for the number of data words to be
transferred by setting TRANSFER REQUEST <07>. The processor
then loads the word count into the data buffer register. The microproc-
essor next requests the starting memory address of the data to be
written onto the diskette by again setting TRANSFER REQUEST
<07>, and the processor responds by loading the bus address into
the data buffer register. The WRITE operation has now been initiated.

The microprocessor controller transfers the 16-bit words of data from
memory, one by one, into its internal data buffer. This process contin-
ues until the proper word count is reached. The microprocessor gen-
erates an interrupt to alert the processor that the internal data buffer
has been loaded.

To write the data onto the diskette, the processor loads a WRITE
SECTOR command into the command and status register. The micro-
processor controller responds with a request for the sector address by
setting TRANSFER REQUEST <07>. The processor then loads the
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sector address into the data buffer register. The microprocessor next
requests the track address by again setting TRANSFER REQUEST
<07>, and the processor responds by loading the track address into
the data buffer register.

The microprocessor controller positions the RX211 head to the track
specified and reads each sector address from the sector header as it
passes by on the rotating diskette until the specified sector is reached.
The microprocessor then serially writes the 2048 bits of data into the
sector and generates an interrupt to alert the processor that the data
has been written onto the diskette.

DATA INTEGRITY
Several error checking and correction features of the RX211 ensure

that the data is correct.

The RX211 locates the specified track and then reads the header
information to verify that it is the specified track. The header CRC is
used to ensure that the header field has been read correctly. The
header bits are used to generate a second CRC, which is then com-
pared to the CRC read from the end of the header field on the diskette.
If there is a discrepancy between the two CRCs, the microprocessor
controller alerts the processor via an error code in the extended status
word 1.

The data CRC is used to ensure that the data field has been read
correctly. The data bits are used to generate a second CRC, which is
then compared to the CRC read from the end of the data field on the
diskette. If there is a discrepancy between the two CRCs, the
microprocessor controller alerts the processor by setting a bit in the
error and status register.

INTERRUPTS

The RX211 floppy disk subsystem microprocessor controller uses a
vectored interrupt to cause the program to branch to an interrupt
service routine. An interrupt can occur only if the INTERRUPT EN-
ABLE bit in the command and status register is set. Once the INTER-
RUPT ENABLE bit is set, an interrupt request is generated whenever
either the ERROR or DONE bit in the command and status register is
also set.

When the ERROR bit is set, it indicates that some error condition
exists and an interrupt is generated to cause the program to branch to
an error handling routine. When the DONE bit is set, the microproces-
sor controller has successfully completed the operation and is ready
to accept a command. An interrupt request is made so that the pro-
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gram can branch to an interrupt service routine.

The interrupt priority level is 5 and the interrupt vector address is 264.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by switches in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.
RELIABILITY/MAINTAINABILITY
Reliability means long life expectancy and uninterrupted processing of
the floppy disk subsystem. Special design features of the RX211
subsystems provide these qualities of high reliability as well as ease of
maintenance.
® Modular construction of the RX211 enables parts to be quickly re-
moved and replaced during routine servicing and maintenance.
e Long head and diskette life due to minimal contact since the head
only touches the diskette during an operation.

SPECIFICATIONS

MECHANICAL

Cabinet Cabinet-mountable
Controller mounting code One quad slot
Height 10.5in (26.7 cm)
Width 19in (48.3cm)
Depth 17 in (43.2cm)
Weight 60 Ibs (27 kg)
PERFORMANCE

Drives per controller 2

Formatted capacity per diskette 0.5 MB
Peak transfer speed 61 KB/s
Average access time* 262 ms

* Average access time is defined as the sum of the average seek time,
the settling time, and the average latency (rotational) time.
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Average seek time

Average latency (rotational)
time

Settling time
Track-to-track seek
Rotational speed

Data surfaces per diskette
Tracks per diskette
Sectors per track

Bytes per sector

Tracks per inch

Bits per inch

ELECTRICAL
Operating current

Interface (controller) current
Power Consumption
Heat dissipation

Operating voltage

Phase

Line frequency
Receptacles

Line cord length

ENVIRONMENTAL
Operating temperature

Storage temperature

DISK DRIVES

154 ms
83 ms

25ms

6 ms

360 rpm

1

77

26

256 (8-bit format)
48

3200

4 A at 120 Vac
2 A at 240 Vac

1.5Aat+5Vdc
500 Watts
1700 Btus/hr

120 Vac + 10%
240 Vac £+ 10%

1-Phase

60Hz + 0.5 Hz
50Hz £ 0.5 Hz

NEMA #5-15R (120 Vac), NEMA
#6-15R (240 Vac)

9 ft

59°F—90°F (15°C—32°C)
-40°F—151°F (-40°C—66°C)
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Operating relative humidity
Storage relative humidity

Maximum wet buib temperature

Maximum operating altitude

20%—80%
(non-condensing)

5%—98%
(non-condensing)

78°F (26°C)
8,000 ft (2440 m) above sea level

-12-



DISK DRIVES

-13-



RLO1/02

-14-



DISK DRIVES

RLO1/02

The RL0O1/02 is a random-access, cartridge disk storage system which
connects to the UNIBUS via the controller. The RL11-AK and RL211-
AK subsystems are supported by UNIBUS PDP-11 systems. VAX-
11/750 systems also support the RL211-AK subsytems, but only as a
data file resident device for transport of data to and from other
DIGITAL systems. The RL01/02 was designed to operate at medium
speeds in moderate usage environments in a wide range of commer-
cial, engineering, laboratory, educational, and even some industrial
and military applications.

FEATURES
e Formatted capacity of 10.4 MB (RL02) and 5.2 MB (RLO1)

e Removable disk cartridge provides unlimited off-line storage

e QOverlapped seeks optimize seek time and provide increased system
throughput on multidrive systems

e Direct Memory Access (DMA) data transfers

e Expandable up to a total of 4 disk drives per subsystem

DESCRIPTION

The RL11-AK subsystem consists of a toploading, RLO1 cartridge disk
drive, a controller, an 1/0 cable, and a disk cartridge. Up to three more
add-on RLO1-AK cartridge disk drives may be added to this subsys-
tem. Each processor will support a maximum of two controllers. The
RL211-AK subsystem consists of a toploading, RL02 cartridge disk
drive, a controller, an 1/0 cable, and a disk cartridge. Up to three more
add-on RLO2-AK cartridge disk drives may be added to this subsys-
tem. Each processor will support a maximum of two controllers.

RECORDING METHOD

The RL01/02 utilizes Modified Frequency Modulation (MFM) to read
and write data. Data is written on the disk by magnetizing small sec-
tions (bit cells) of the oxide on the disk in different directions, i.e. either
positively or negatively. A change in the direction of magnetization
(flux transition) in the clock area or the data area of a bit cell indicates
whether the bit representedisa1ora0.

DATA ORGANIZATION

The RLO1/02 disk cartridge consists of one disk platter, recorded on
both sides, enclosed in a protective case. The RL01/02 has 2 heads
which correspond to the 2 data surfaces. The RL02 disk cartridge is
divided into 512 cylinders (256 for the RLO1). Each cylinder is divided
into 2 tracks, corresponding to the 2 data surfaces. Each track is
divided into 40 sectors with a data storage capacity of 2048 bits (256

-15-
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DISK DRIVES

bytes). Each sector is divided into a servo field, a header field, and a
data field. The header field consists of a 16-bit header that contains
the cylinder, track, and sector addresses and a 16-bit header CRC
(Cyclic Redundancy Check). The data field consists of 2048 bits (256
bytes) of data and a 16-bit data CRC. The sector field and the header
field are permanently recorded and can not be rewritten by the disk
drive.

OPERATION

The RL11/RL211 subsystems have the following four registers: the
Control and Status Register, the Bus Address Register, the Disk
Address Register, and the Multipurpose Register. (Refer to the regis-
ter section at the back of this book for register diagrams and bit
definitions.)

Before a READ or a WRITE operation can begin, the processor must
issue a SEEK command unless the heads are already positioned at the
desired cylinder. To initiate a SEEK command, the processor loads
the disk address register with the number of cylinders the heads are to
be moved, the direction they are to be moved (toward or away from
the spindle), and the head to be used (track 0 or 1). The control and
status register is then loaded to select the drive number (0-3) and
specify the SEEK command. The drive moves the heads the number of
cylinders specified and generates an interrupt when the SEEK opera-
tion has been completed.

Once the heads are positioned at the desired cylinder, the processor
loads the multipurpose, bus address, and disk address registers re-
spectively. The multipurpose register specifies the number of words to
be transferred between the disk and memory. The bus address regis-
ter specifies the starting memory address of the location for the data
to be read from or written onto the disk. The disk address register
specifies the sector of the disk to be read or written.

After the multipurpose, bus address, and disk address registers have
been loaded, the control and status register is loaded to specify the
drive number (0-3) and whether this is to be a READ or WRITE
operation. The READ or WRITE command is then executed. The spec-
ified head then reads the sector header fields to locate the specified
sector on the rotating disk.

During a READ operation, data bits are read from the disk serially. The
controller assembles the bits into 16-bit parallel words and generates
a parity bit for each 16-bit word. The controller then transfers each 16-
bit word plus parity to the specified memory location. This process
continues until the specified number of words is reached or until the
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DISK DRIVES

end of the current track, whichever comes first. When the READ oper-
ation has been completed, an interrupt is generated to alert the proc-
essor that the data has been read off the disk and is stored in the
specified memory location.

During a WRITE operation, the controller reads each 16-bit parallel
word from the specified memory location and generates a parity bit for
each 16-bit word. The controller then transfers each 16-bit word plus
parity to the drive. The drive serially writes the bits onto the disk. This
process continues until the specified number of words is reached or
until the end of the current track, whichever comes first. When the
WRITE operation has been completed, an interrupt is generated to
alert the processor that the data has been written onto the disk.

DATA INTEGRITY
Several error checking and correction features of the RL01/02 ensure
that the data is correct.

During a data transfer operation, the RL01/02 reads the sector header
field to verify that it has reached the specified cylinder, track, and
sector. The header CRC is used to ensure that the header field has
been read correctly. The header bits are used to generate a second
CRC, which is then compared to the CRC read from the end of the
header field on the disk. If there is a discrepancy between the two
CRCs, the controller alerts the processor by setting a bit in the control
and status register.

The data CRC is used to ensure that the data field has been read
correctly. The data bits are used to generate a second CRC, which is
then compared to the CRC read from the end of the data field on the
disk. If there is a discrepancy between the two CRCs, the controller
alerts the processor by setting a bit in the control and status register. If
a sector contains an error, the processor issues a RETRY command.

To ensure that data is written correctly, a WRITE CHECK command
may be issued by the software. This causes the RL01/02 to read the
data just written and the RL01/02 controller to compare it to the data
stored in memory.

INTERRUPTS

The RLO1/02 disk system controller uses a vectored interrupt to cause
the program to branch to an interrupt service routine. An interrupt can
occur only if the INTERRUPT ENABLE bit in the control and status
register is set. Once the INTERRUPT ENABLE bit is set, an interrupt
request is generated whenever either the CONTROLLER READY or
DRIVE READY bit in the control and status register is also set.

-18-



DISK DRIVES

When the COMPOSITE ERROR bit is set in addition to the DRIVE
READY bit, it indicates that some error or unusual condition exists and
an interrupt is generated to cause the program to branch to an error
handling routine. When the CONTROLLER READY bit is set, the con-
troller has successfully completed the operation and is ready to accept
a command. An interrupt request is made so that the program can
branch to an interrupt service routine.

The interrupt priority level is 5 and the interrupt vector address is 160.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy and unmterrupted processing of

the disk system. Special design features of the RL01/02 disk systems

provide these qualities of high reliability as well as ease of mainte-

nance.

® Modular construction of the RL01/02 enables parts to be quickly
removed and replaced during routine servicing and maintenance.

® Easy access from the top of the drive to the subassemblies and
heads.

® Track-following embedded servo system minimizes maintenance by
eliminating drive head alignment.

] EAULT WRITE

LOAD READY PROT

Figure 2-3 RL01/02 FRONT PANEL CONTROLS AND
INDICATORS
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PANEL CONTROLS AND INDICATORS
The front panel controls allow the operator to control the disk drive
manually. The indicator lights provide drive status information.

LOAD switch (alternate-action pushbutton/white light indicator on
front panel)

Depressing this switch causes the indicator light to go out and the
drive to accelerate the disk up to speed. Once the disk is up to
speed, the READY indicator will light. Depressing the switch again
causes the drive to stop the disk and the LOAD indicator to light.

DRIVE NUMBER receptacle/READY indicator (unlabeled recepta-

cle/white light indicator on front panel)

Each drive comes with four numbered (0-3) plugs. The drive num-
ber is set by inserting one of the numbered plugs into the recepta-
cle. If no plug is in the receptacle, the drive cannot be selected by
the processor. Note that drive number units cannot be duplicated.
When lit, the disk is up to speed and the drive is ready to execute a
command.

FAULT indicator (white light indicator on front panel)

When lit, the drive has detected a hardware fault such as write
current failure or loss of system clock.

WRITE PROTECT switch (alternate-action pushbutton/white light in-
dicator on front panel)

Depressing this switch causes the indicator to light and prevents the
processor from writing on the disk cartridge. Depressing this switch
again causes the indicator light to go out and enables WRITE
operations.

SPECIFICATIONS

MECHANICAL

Cabinet Cabinet-mountable
Controller mounting code One hex slot
Height 10.5in (26.7 cm)
Width 19in (48.3cm)
Depth 25in (63.5cm)
Weight 75 Ibs (33.8 kg)
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PERFORMANCE
Drives per controiler

Formatted capacity per disk

cartridge

RLO1

RLO2

Peak transfer speed
Average access time*
Average seek time

Average latency (rotational)
time

Track-to-track seek
Rotational Speed

Surfaces per disk cartridge
Tracks per surface

RLO1

RLO2

Sectors per track

Bytes per sector

Tracks per inch

Bits perinch

ELECTRICAL
Starting (surge) current

Surge duration

Operating current

DISK DRIVES

5.2 MB
10.4 MB
512 KB/s
67.5ms
55 ms
12.5ms

15 ms
2400 rpm
2

256
512
40
256
250
3725

5Aati20Vac
2.5 Aat240 Vac

10s

1.5Aat120 Vac
0.8 Aat240 Vac

* Average access time is defined as the sum of the average seek time
and the average latency (rotational) time.
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Controller (Interface) current

Power consumption
Heat dissipation

Operating voltage

Phase

Line frequency
Receptacles

Line cord length

ENVIRONMENTAL
Operating temperature

Storage temperature

Operating relative humidity
Storage relative humidity

Maximum wet bulb temperature

Maximum operating altitude

5Aat5 Vdc,
0.5Aat +15Vdc,
0.5Aat-15Vdc

150 Watts
600 Btus/hr

120 Vac + 10%
240 Vac + 10%

1-Phase

60Hz + 3 Hz
50Hz + 2.5Hz

NEMA #5-15R (120 Vac), NEMA
#6-15R (240 Vac)

10t (3m)

50°F—104°F (10°C—40°C)
-40°F—151°F (-40°C—66°C)
10%—90%

(non-condensing)

10%—95%

(non-condensing)

82°F (28°C)

8000 ft (2440 m) above sea level
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RKO7

The RKO7 is a freestanding, random-access, disk storage system
which connects to the UNIBUS via the controller. The RK711 subsys-
tems are supported by UNIBUS PDP-11 systems and VAX-11/780
systems. The RKO07 was designed to operate at medium speeds in
moderate usage environments in a variety of commercial and scientif-
ic applications.

FEATURES
e Formatted capacity of 28 MB
e Removable disk cartridge provides unlimited off-line storage

e Overlapped seeks optimize seek time and provide increased system
throughput on multidrive systems

e Static dual-access capability
® Direct Memory Access (DMA) data transfers
e Expandable up to a total of 8 disk drives per subsystem

DESCRIPTION

The RK711-EA(ED) and RK711-PA(PD) disk storage subsystems con-
sist of a single-access, freestand/i'ng RKO7 disk drive, a controller, an
1/0 cable, and a disk cartridge. Up to seven more add-on RKO7 drives
(single- or dual-access) may be added to these subsystems. The
RK711-EA(ED) subsystems and the RKO7-EA(ED) add-on drives are
compatible with UNIBUS PDP-11 and VAX-11/780 systems configured
in H960 and H9600 series cabinets. The RK711-PA(PD) subsytems
and the RKO7-PA(PD) add-on drives are compatible with UNIBUS
PDP-11 systems configured in H9640 series cabinets. The RKO07-
PA(PD) add-on drive may also be added to VAX-11/750 systems con-
fiugred with an RK711 subsystem.

The RK711-FA(FD) disk storage subsystems consist of a dual-access,
freestanding RKO7 disk drive, two UNIBUS controllers, two I/0 cables,
and a disk cartridge. Up to seven more add-on RKQ7 disk drives
(single- or dual-access) may be added to these subsystems. The
RK711-FA(FD) subsystems and the RKO7-FA(FD) add-on drives are
compatible with UNIBUS PDP-11 and VAX-11/780 systems configured
in H960 and H9600 series-cabinets. Note that dynamic (simultaneous
access) dual-port capability of disk subsystems is not supported by
DIGITAL operating system software or diagnostics. However, the
RK711-FA(FD) subsystems can be statically shared by two processors
or connected to one processor through two UNIBUS controllers for
maximum system availability.
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DISK DRIVES

RECORDING METHOD

The RKO7 utilizes Modified Frequency Modulation (MFM) to read and
write data. Data is written on the disk by magnetizing small sections
(bit cells) of the oxide on the disk in different directions, i.e. either
positively or negatively. A change in the direction of magnetization
(flux transition) clock area or the data area of a bit cell indicates wheth-
er the bit representedisa1ora0.

DATA ORGANIZATION

The RKO7 disk cartridge consists of 2 disk platters, each recorded on
both sides, enclosed in a protective cover. Each disk cartridge con-
tains a total of 4 surfaces: 3 data surfaces for recording and 1 servo
surface permanently recorded with information used to position the
read/write heads at the specified cylinder. The RKO7 has 4 heads—3
are read/write heads which correspond to the 3 data surfaces and the
additional head is the servo read head, which corresponds to the
servo surface. The disk cartridge is divided into 815 cylinders. Each
cylinder is divided into 3 tracks, corresponding to the 3 data surfaces.
Each track is divided into 22 sectors with a data storage capacity of
4096 bits (512 bytes). Each sector is divided into a preamble, a header
field, and a data field. The header field consists of a 32-bit header that
contains the cylinder, track, and sector addresses and a 16-bit header
check word. The data field consists of 4096 bits (512 bytes) of data and
a 32-bit data ECC (Error Correcting Code). The preamble and the
header field can only be written by the utility program that formats
these disk cartridges.

OPERATION
The RK711 subsystems have 15 registers. (Refer to the register sec-
tion at the back of this book for register diagrams and bit definitions).

Before a READ or a WRITE operation can begin, the processor loads
the bus address, word count, control and status 2, desired cylinder,
disk address, and control and status 1 registers respectively.

The bus address register specifies the starting memory address of the
location for the data to be read from or written onto the disk. The word
count register specifies the number of words to be transferred
between the disk and memory. The control and status 2 register se-
lects which of the disk drives (up to 8 per controller) is to perform the
operation. The desired cylinder register and the disk address register
specify the sector of the disk to be read or written.

After the bus address, word count, control and status 2, desired cylin-
der, and disk address registers have been loaded, the control and
status 1 register is loaded with the READ or WRITE command from the
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processor. The command is then executed. If the heads are not cur-
rently positioned at the specified cylinder, the drive will do an implied
SEEK, which moves the heads to the correct cylinder. The read/write
data heads then begin reading the headers on the specified track to
locate the specified sector.

During a READ operation, data bits are read from the disk serially. The
controller assembles the bits into 16-bit parallel words and generates
a parity bit for each 16-bit word. The controller then transfers each 16-
bit word plus parity to the specified memory location. This process
continues until the proper word count is reached. When the READ
operation has been completed, an interrupt is generated to alert the
processor that the data has been read off the disk and is stored in the
specified memory location. ’

During a WRITE operation, the controller reads each 16-bit parallel
word from the specified memory location and generates a parity bit for
each 16-bit word. The controller then transfers each 16-bit word plus
parity to the drive. The drive serially writes the bits onto the disk. This
process continues until the proper word count is reached. When the
WRITE operation has been completed, an interrupt is generated to
alert the processor that the data has been written onto the disk.

DATA INTEGRITY
Several error checking and correction features of the RKO7 ensure
that the data is correct.

The RKO7 uses the servo disk surface to position the read/write heads
at the specified cylinder. The sector header field is read to verify that it
is the specified cylinder, track, and sector. The header check word is
used to ensure that the header field has been read correctly. The
header bits are used to generate a second header check word, which
is then compared to the word read from the end of the header field on
the disk. If there is a discrepancy between the two header check
words, the controller alerts the processor by setting a bit in the error
register.

To ensure that data is written correctly, a WRITE CHECK command
may be issued by the software. This causes the RKO07 to read the data
just written and the RKO7 controller to compare it to the data stored in
memory.

The ECC (Error Correction Code) logic is used to ensure that the data
field has been read correctly. The data bits are used to generate a
second ECC, which is then compared to the ECC read from the end of
the data field on the disk. If there is a discrepancy between the two
ECCs, the processor uses them to determine which bits are in error
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and to reconstruct the correct data. One error of up to 11 incorrect bits
in a row can be reconstructed in a sector. The controller reports the
position of the error to the processor and sends the processor an error
burst pattern and an error correction pattern to allow the software to
correct the error in memory. If a sector containing more than one error
is reported to the procesor by the controller as an incorrectable error,
the processor may invoke a suitable error recovery procedure consist-
ing of OFFSET positioning, RECALIBRATION, and REREAD opera-
tions.

INTERRUPTS

The RKO7 disk system controller uses a vectored interrupt to cause
the program to branch to an interrupt service routine. An interrupt can
occur only if the INTERRUPT ENABLE bit in the control and status 1
register is set. Once the INTERRUPT ENABLE bit is set, an interrupt
request is generated whenever either the COMBINED ERROR, DRIVE
INTERRUPT, or CONTROLLER READY bit in the control and status 1
register is also set.

When the COMBINED ERROR or DRIVE INTERRUPT bits are set, they
indicate that some error or unusual condition exists and an interrupt is
generated to cause the program to branch to an error handling rou-
tine. When the READY bit is set, the controller has successfully com-
pleted the operation and is ready to accept a command. An interrupt
request is made so that the program can branch to an interrupt service
routine.

The interrupt priority level is 5 and the interrupt vector address is 210.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by switches in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy and uninterrupted processing of

the disk system. Special design features of the RKO7 disk systems

provide these qualities of high reliability as well as ease of
maintenance.

e Modular construction and easy access to the subassemblies and
heads of the RK07 enables parts to be quickly removed and re-
placed during routine servicing and maintenance.

e Off-line tester allows the RKO7 to be serviced independent of the
host processor.

e Light-emitting diodes on key status bits permit fast, easy error diag-
nosis and repair.
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RUN ] WRITE
STOP READY FAULT PROT A B

Figure 2-5 RK07 FRONT PANEL CONTROLS AND INDICATORS

PANEL CONTROLS AND INDICATORS

The front panel controls allow the operator to control the disk drive

manually. The indicator lights provide drive status information.

© RUN/STOP switch (alternate-action pushbutton/yellow light indica-
tor on front panel)

Depressing this switch causes the indicator to light and the drive to
accelerate the disk cartridge up to speed. Once the disk cartridge is
up to speed, the READY indicator will light. Depressing the switch
again causes the drive to stop the disk cartridge and the START
indicator light to go out.

® DRIVE NUMBER receptacle/READY indicator (unlabeled recepta-
cle/white light indicator on front panel)

Each drive comes with eight numbered (0-7) plugs. The drive
number is set by inserting one of the numbered plugs into the re-
ceptacle. If no plug is in the receptacle, the drive cannot be selected
by the processor. Note that drive number units cannot be duplicat-
ed.

When this READY indicator is lit, the disk cartridge is up to speed
and the drive is ready to execute a command.

® FAULT indicator (red light indicator on front panel)

When lit, the drive has detected a hardware fault such as write
current failure or a dc power supply failure.

e WRITE PROTECT switch (alternate-action pushbutton/yellow light
indicator on front panel)

Depressing this switch causes the indicator to light and prevents the
processor from writing on the disk cartridge. Depressing this switch
again causes the indicator light to go out and enables WRITE opera-
tions.

® A and B switches (alternate-action pushbuttons/white light indica-
tors on front panel)

Depressing switch A enables port A. Depressing switch B enables
port B. When both switches are depressed both ports are enabled.
The A indicator lights when the drive is being accessed by port A
and the B indicator lights when the drive is being accessed by port
B.
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SPECIFICATIONS

MECHANICAL
Cabinet

Controller mounting code
Height

RKO07-EA(ED, RKO7-FA(FD)
RK07-PA(PD)

Width

RK07-EA(ED), RKO7-FA(FD)
RKO7-PA(PD)

Depth

RK07-EA(ED), RKO7-FA(FD)
RKOQ7-PA(PD)

Weight

RKO7-EA(ED), RKO7-FA(FD)
RKO7-PA(PD)

PERFORMANCE
Drives per controller

Formatted capacity per disk
cartridge

Peak transfer speed
Average access time*
Average seek time

Average latency (rotational)
time

Track-to-track seek
Rotational Speed
Surfaces per disk cartridge

Tracks per surface

DISK DRIVES

Freestanding
2Sus

39in (99 cm)
41.75in (106 cm)

21.7in (55.2 cm)
21.25in (54.1 cm)

30in (76.2 cm)
30in (76.2 cm)

326 Ibs (148 kg)
339 Ibs (153.9 kg)

8
28 MB

538 KB/s
49 ms
36.5ms
12.5ms

6.5ms

2400 rpm

3 data, 1 servo
815

* Average access time is defined as the sum of the average seek time
and the average latency (rotational) time.
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Sectors per track
Bytes per sector
Tracks per inch

Bits per inch

ELECTRICAL

Operating current

Controller (Interface) current

Power Consumption

Heat dissipation

Operating voltage

Phase

Line frequency

Receptacles

Line cord length

ENVIRONMENTAL
Operating temperature

Storage temperature

Operating relative humidity

Storage relative humidity

Maximum wet bulb temperature

Maximum operating altitude

22 (16-bit format)
512

384

4040

4 A at 120 Vac
2 Aat 120 Vac

12 Aat5Vdc,
.18 A at +15 Vdc,
40Aat-15Vdc

500 Watts maximum (60 Hz)
550 Watts maximum (50 Hz)

1700 Btus/hr maximum (60 Hz)
1900 Btus/hr maximum (50 Hz)

120 Vac £ 10%
240 Vac + 10%

1-Phase

60Hz + 3Hz
50Hz + 3 Hz

NEMA #5-15R (120 Vac), NEMA
#6-15R (240 Vac)

9ft(2.7m)

50°F—104°F (10°C—40°C)
-40°F—151°F (-40°C—66°C)
10%—90%

(non-condensing)

10%—95%

(non-condensing)

82°F (28°C)

8000 ft (2440 m) above sea level
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RM02/03

The RM02/03 is a freestanding, random-access, disk storage system
which connects to the processor via the MASSBUS controll-
er/adapter. The RIMO02 subsystems are supported by UNIBUS PDP-
11 systems except the PDP-11/70, the RWMO03 subsystems are sup-
ported by PDP-11/70 systems, the REMO03 subsystems are supported
by VAX-11/780 systems, and the RGMO03 subsystems are supported
by VAX-11/750 systems. The RM02/03 was designed to operate at
high speeds in high usage environments in a variety of applications.

FEATURES
® Formatted capacity of 67 MB
e Removable disk pack provides unlimited off-line storage

e Overlapped seeks optimize seek time and provide increased system
throughput on multidrive systems

e Static dual-access capability
® Direct Memory Access (DMA) data transfers
e Expandable up to a total of 8 disk drives per subsystem

DESCRIPTION

The RJM02-AA(AD) disk storage subsystems consist of a single-ac-
cess, freestanding RM02 disk drive, a MASSBUS controller, a MASS-
BUS cable, and a disk pack. Up to seven more add-on RM02 disk
drives (single- or dual-access) may be added to these subsystems.
The RWM03-AA(AD), REM03-AA(AD), and RGM03-AA(AD) disk
storage subsystems consist of a single-access, freestanding RM03
disk drive, a MASSBUS controller/adapter, a MASSBUS cable, and a
disk pack. Up to seven more add-on RMO03 disk drives (single- or dual-
access) may be added to these subsystems.

The RUM02-BA(BD) disk storage subsystems consist of a dual-access,
freestanding RMO02 disk drive, two MASSBUS controllers, two MASS-
BUS cables, and a disk pack. Up to seven more add-on RMO02 disk
drives (single- or dual-access) may be added to these subsystems.
The RWMO03-BA(BD), REM03-BA(BD), and RGMO03-BA(BD) disk sto-
rage subsystems consist of a dual-access, freestanding RMO03 disk
drive, two MASSBUS controllers/adapters, two MASSBUS cables,
and a disk pack. Up to seven more add-on RMO03 disk drives (single-
or dual-access) may be added to these subsystems. Note that dynam-
ic (simultaneous access) dual-port capability of disk subsystems is not
supported by DIGITAL operating system software or diagnostics.
However, the RUM02-BA(BD), RWM03-BA(BD), REM03-BA(BD), and
the RGMO03-BA(BD) subsystems can be statically shared by two proc-
essors or connected to one processor through two MASSBUS con-
trollers/adapters for maximum system availability.
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DISK DRIVES

RECORDING METHOD

The RM02/03 utilizes Modified Frequency Modulation (MFM) to read
and write data. Data is written on the disk by magnetizing small sec-
tions (bit cells) of the oxide on the disk in different directions, i.e. either
positively or negatively. A change in the direction of magnetization
(flux transition) in the clock area of a bit cell indicates whether the bit
representedisa1orad0.

DATA ORGANIZATION

The RM02/03 disk pack consists of 3 disk platters, each recorded on
both sides, enclosed between two outside platters for protection of the
pack. Each disk pack contains a total of 6 surfaces: 5 data surfaces for
recording and 1 servo surface permanently recorded with information
used to position the read/write heads at the specified cylinder. The
RMO02/03 has 6 heads—5 are read/write heads which correspond to
the 5 data surfaces and the additional head is the servo read head,
which corresponds to the servo surface. The disk pack is divided into
823 cylinders. Each cylinder is divided into 5 tracks, corresponding to
the 5 data surfaces. Each track is divided into 32 sectors with a data
storage capacity of 4096 bits (512 bytes). Each sector is divided into a
header field and a data field. The header field consists of an 48-bit
header that contains the cylinder, track, and sector addresses and a
~ 16-bit header CRC (Cyclic Redundancy Check). The data field con-
~ sists of 4096 bits (512 bytes) of data and a 32-bit data ECC (Error
Correction Code). The preamble and the header field can only be
written by the utility program that formats these disk packs.

OPERATION

The RJMO2 subsystems have 20 registers, the RWMO03 subsystems
have 22 registers, and the REM03 and RGMO03 subsystems have 16
registers plus the MASSBUS adapter registers. (Refer to the register
section at the back of this book for register diagrams and bit
definitions).

Before a READ or a WRITE operation can begin, the processor loads
the bus address, word count, control and status 2, desired cylinder,
desired sector/track address, and control and status 1 registers re-
spectively.

The bus address register specifies the starting memory address of the
location for the data to be read from or written onto the disk. The word
count register specifies the number of words to be transferred
between the disk and memory. The control and status 2 register se-
lects which of the disk drives (up to 8 per controller) is to perform the
operation. The desired cylinder register and the desired sector/track
address register specify the sector of the disk to be read or written.
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After the bus address, word count, control and status 2, desired cylin-
der, and desired sector/track address registers have been loaded, the
control and status 1 register is loaded with the READ or WRITE com-
mand from the processor. The command is then executed. If the
heads are not currently positioned at the specified cylinder, the drive
will do an implied SEEK, which moves the heads to the correct cylin-
der. The read/write heads then read the headers on the specified
track to locate the specified sector.

During a READ operation, data bits are read from the disk serially. The
controller/adapter assembles the bits into 16-bit parallel words and
generates a parity bit for each 16-bit word. The controller/adapter
then transfers each 16-bit word plus parity to the specified memory
location. This process continues until the proper word count is
reached. When the READ operation has been completed, an interrupt
is generated to alert the processor that the data has been read off the
disk and is stored in the specified memory location.

During a WRITE operation, the controller/adapter reads each 16-bit
parallel word from the specified memory location and generates a
parity bit for each. The controller/adapter transfers each 16-bit word
plus parity to the drive. The drive then serially writes the bits onto the
disk. This process continues until the proper word count is reached.
When the WRITE operation has been completed, an interrupt is gener-
ated to alert the processor that the data has been written onto the disk.

DATA INTEGRITY
Several error checking and correction features of the RM02/03 ensure
that the data is correct.

The RM02/03 uses the servo disk surface to position the read/write
heads at the specified cylinder. The sector header field is read to verify
that it is the specified cylinder, track, and sector. The header CRC is
used to ensure that the header field has been read correctly. The
header bits are used to generate a second CRC, which is then com-
pared to the CRC read from the end of the header field on the disk. If
there is a discrepancy between the two CRCs, the controller/adapter
alerts the processor by setting a bit in the error 1 register.

To ensure that data is written correctly, a WRITE CHECK command
may be issued by the software. This causes the RM02/03 to read the
data just written and the controller/adapter to compare it to the data
stored in memory.

The ECC (Error Correction Code) logic is used to ensure that the data
field has been read correctly. The data bits are used to generate a
second ECC, which is then compared to the ECC read from the end of
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the data field on the disk. If there is a discrepancy between the two
ECCs, the processor uses them to determine which bits are in error
and to reconstruct the correct data. One error of up to 11 incorrect bits
in a row can be reconstructed in a sector. The controller/adapter
reports the position of the error to the processor and sends the proc-
essor an error burst pattern and an error correction pattern to allow
the software to correct the error in memory. If a sector containing
more than one error is reported to the procesor by the controll-
er/adapter as an incorrectable error, the processor may invoke a
suitable error recovery procedure consisting of OFFSET positioning,
RECALIBRATION, and REREAD operations.

INTERRUPTS

The RMO02/03 disk system controller/adapter uses a vectored inter-
rupt to cause the program to branch to an interrupt service routine. An
interrupt can occur only if the INTERRUPT ENABLE bit in the control
and status 1 register is set. Once the INTERRUPT ENABLE bit is set,
an interrupt request is generated whenever either the SPECIAL CON-
DITION or READY bit in the control and status 1 register is also set.

When the SPECIAL CONDITION bit is set, it indicates that some error
or unusual condition exists and an interrupt is generated to cause the
program to branch to an error handling routine. When the READY bit
is set, the controller/adapter has successfully completed the opera-
tion and is ready to accept a command. An interrupt request is made
so that the program can branch to an interrupt service routine.

The interrupt priority level is 5 and the interrupt vector address is 254.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy and uninterrupted processing of

the disk system. Special design features of the RM02/03 disk systems

provide these qualities of high reliability as well as ease of mainte-

nance. )

e Modular construction of the RM02/03 enables parts to be quickly
removed and replaced during routine servicing and maintenance.

e Off-line tester allows the RM02/03 to be serviced independent of the
host processor.

e Fault-isolation diagnostics simplify troubleshooting and provide
extended maintenance and serviceability.
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FRONT PANEL CONTROLS AND INDICATORS

DRIVE CABINET SWITCHES

Figure 2-9 RM02/03 CONTROLS AND INDICATORS

CONTROLS AND INDICATORS

The front panel controls allow the operator to control the disk drive
manually and the indicator lights provide drive status information. The
A and B swtiches located on the drive cabinet door allow the operator

to enable different MASSBUS ports.
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START switch and associated lamp (alternéte-action pust{button\
and associated red light indicator on front panel)

Depressing this switch causes the START indicator light to come on
and the drive to accelerate the disk pack up to speed. Once the disk
pack is up to speed, the READY indicator will light. Depressing the
switch again causes the drive to stop the disk pack and the START
indicator light to go out.

READY lamp (red light indicator on front panel)

When lit, indicates that the disk pack is up to speed and the drive is
ready to execute a command. This lamp will blink during start/stop
sequences.

DRIVE NUMBER receptacle (unlabeled receptacle on front panel)

Each drive comes with eight numbered (0-7) plugs. The drive num-
ber is set by inserting one of the numbered plugs into the recepta-
cle. If no plug is in the receptacle, the drive cannot be selected by
the processor. Note that drive number units cannot be duplicated.

FAULT CLEAR switch and associated lamp (momentary pushbutton
and associated red light indicator on front panel)

Depressing this switch causes the indicator light to go out if the fault
condition has been corrected.

When lit, the drive has detected a hardware fault such as write
current failure or a dc power supply failure.

WRITE PROTECT switch and associated lamp (alternate-action
pushbutton and associated red light indicator on front panel)

Depressing this switch causes the associated indicator to light and
prevents the processor from writing on the disk pack. Depressing
this switch again causes the indicator light to go out and enables
WRITE operations.

A and B switches/lamps (alternate-action pushbuttons/red light in-
dicators on drive cabinet door)

Depressing the A switch enables MASSBUS port A. Depressing the
B switch enables MASSBUS port B. When both switches are de-
pressed or when neither switch is depressed, both MASSBUS ports
are enabled.

The A indicator lights when the drive is being accessed by MASS-
BUS port A and the B indicator lights when the drive is being ac-
cessed by MASSBUS port B.
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SPECIFICATIONS

MECHANICAL
Cabinet

Controller/adapter mounting
code

RJMO2
RWMO03
REMO03
RGMO03
Height
Width
Depth
Weight

PERFORMANCE
Drives per controller/adapter

Formatted capacity per disk
pack

Peak transfer speed
RMO02

RMO03

Average access time*
RMO02

RMO03

Average seek time

Average latency (rotational)
time

RMO02

Freestanding

28SUs

MASSBUS port
Option panel space
MBA slot

39in (99 cm)
21.7in (55.1 cm)
31in (79 cm)

430 Ibs (195 kg)

67 MB

806 KB/s
1200 KB/s

42.5ms

38.3ms
30 ms

12.5ms

* Average access time is defined as the sum of the average seek time
and the average latency (rotational) time.
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Track-to-track seek
Rotational speed
RMO02

RMO03

Surfaces per disk pack
Tracks per surface
Sectors per track
Bytes per sector
Tracks per inch

Bits per inch

ELECTRICAL
Starting (surge) current

Surge duration

Drive operating current

Power consumption

Heat dissipation

Drive operating voltage.

Phase
Line frequency

Drive receptacles

Line cord length

ENVIRONMENTAL
Operating temperature

Storage temperature

DISK DRIVES

8.3ms

6 ms

2400 rpm

3600 rpm

5 data, 1 servo
823

32 (16-bit format)
512

384

6038

30Aat120 Vac
22 A at 240 Vac

10-12s

11 Aat120 Vac
5.3 Aat240Vac

1050 Watts maximum
4128 Btus/hr maximum

120 Vac +8, -18
240 Vac +17,-27

1-phase

60 Hz +0.6, -1
50 Hz +0.5, -1

NEMA #5-15R (120 Vac), NEMA
#6-15R (240 Vac)

6 ft

59°F—90°F (15°C—32°C)
-40°F—158°F (-40°C~70°C)
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Operating relative humidity 20%—80%
(non-condensing)

Storage relative humidity 5%—95%
(non-condensing)

Maximum wet bulb temperature  78°F (26°C)
Maximum operating altitude 6500 ft (2000 m) above sea level

-46-



DISK DRIVES

-47-



. myeo

-48-



DISK DRIVES

RM80

The RM80 is a freestanding, random-access, disk storage system
which connects to the processor via the MASSBUS adapter (MBA).
The REM80 subsystems are supported by VAX-11/780 systems and
the RGM80 subsystems are supported by VAX-11/750 systems. The
RM80 was designed to operate at very high speeds in high usage
environments in a wide range of applications.

FEATURES

e Formatted capacity of 124 MB

® Winchester fixed-media technology

® Sealed Head Disk Assembly (HDA)

® Internal microprocessor-controlled diagnostics

® Overlapped seeks optimize seek time and provide increased system
throughput on multidrive systems

® Static dual-access capability
@ Direct Memory Access (DMA) data transfers:
® Expandable up to'a total of 8 disk drives per subsystem

DESCRIPTION v

The REMB80-AA(AD) and RGMB80-AA(AD) disk storage subsystems
consist of a single-access, freestanding RM80 disk drive with non-
removable head disk assembly, a MASSBUS adapter (MBA), and a
MASSBUS cable. Up to seven more add-on RM80 disk drives (single-
or dual-access) may be added to these subsystems.

The REM80-BA(BD) and RGM80-BA(BD) disk storage subsystems
consist of a dual-access, freestanding RM80 disk drive with non-re-
movable head disk assembly, two MASSBUS adapters (MBAs), and
two MASSBUS cables. Up to seven more add-on RM80 disk drives
(single- or dual-access) may be added to these subsystems. Note that
dynamic (simultaneous access) dual-port capability of disk subsys-
tems is not supported by DIGITAL operating system software or diag-
nostics. However, the REM80-BA(BD) and RGM80-BA(BD) subsys-
tems can be statically shared by two processors or connected to one
processor through two MBAs for maximum system availability.

RECORDING METHOD

The RM80 utilizes Modified Frequency Modulation (MFM) to read and
write data. Data is written on the disk by magnetizing small sections
(bit cells) of the oxide on the disk in different directions, i.e. either
positively or negatively. A change in the direction of magnetization
(flux transition) in the clock area of a bit cell indicates whether the bit
representedisaiora0.
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DATA ORGANIZATION

The RM80 head disk assembly consists of 4 disk platters, each record-
ed on both sides. Each head disk assembly contains a total of 8 sur-
faces: 7 data surfaces for recording and 1 servo surface permanently
recorded with information used to position the read/write heads at the
specified cylinder. The RM80 has 15 heads—14 are read/write heads
(two per data surface) and the additional head is the servo read head,
which corresponds to the servo surface. The head disk assembly is
divided into 561 cylinders: 559 are used for data and 2 are used for
diagnostics. Each cylinder is divided into 14 tracks (two per data sur-
face). Each track is divided into 32 sectors: 31 data sectors and one
additional sector used when one of the sectors on that track is bad.
Each sector has a data storage capacity of 4096 bits (512 bytes). Each
sector is divided into a header field and a data field. The header field
consists of a 48-bit header that contains the cylinder, track, and sector
addresses and a 16-bit header CRC (Cyclic Redundancy Check). The
data field consists of 4096 bits (512 bytes) of data and a 32-bit data
ECC (Error Correction Code). The header field can only be written by
the utility program that formats these head disk assemblies.

OPERATION

The REM80 and the RGM80 subsystems have sixteen registers plus
the MASSBUS adapter registers. (Refer to the register section at the
back of this book for register diagrams and bit definitions).

Before a READ or WRITE operation can begin, the processor loads the
MBA virtual address, MBA byte counter, desired cylinder, desired
sector/track address, and control and status 1 registers respectively.

The MBA virtual address register specifies the starting memory ad-
dress of the storage location for the data to be read from or written
onto the disk. The MBA byte counter register specifies the total
number of bytes to be transfered between the disk and memory. The
desired cylinder register and the desired sector/track address register
specify the sector of the disk to be read or written.

After the MBA virtual address, MBA byte counter, desired cylinder,
and desired sector/track address registers have been loaded, the
control and status 1 register is loaded with the READ or WRITE com-
mand from the processor. The command is then executed. If the
heads are not currently positioned at the specified cylinder, the drive
will do an implied SEEK, which moves the heads to the correct cylin-
der. The read/write data heads then read the headers on the specified
track to locate the specified sector.
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During a READ operation, data bits serially read from the disk are
assembled into 16-bit parallel words and a parity bit is generated for
each 16-bit word. Every 16-bit word plus parity is then transferred to
the MBA. The MBA combines two 16-bit words into a 32-bit memory
word and generates a parity bit for each 32-bit word. Every 32-bit word
plus parity is then transferred into the memory location specified. This
process continues until the byte count in the MBA virtual address
register is reached. When the READ operation is completed, an inter-
rupt is set to alert the processor that the data has been read off the
disk and stored in the specified memory location.

During a WRITE operation, each 32-bit word of data is read from
memory and transferred to the MBA, which divides the 32-bit word
into two 16-bit parallel words and generates a parity bit for each 16-bit
word. The MBA then transfers the two 16-bit words plus parity to the
drive. The drive checks the parity and then serially writes the bits onto
the disk one by one. This process continues until the proper word
count is reached. When the WRITE operation has been completed, an
interrupt is generated to alert the processor that the data has been
written onto the disk.

DATA INTEGRITY
Several error checking and correction features of the RM80 ensure
that the data is correct.

The RM80 uses the servo disk surface to position the read/write heads
at the specified cylinder. The sector header field is read to verify that it
is the specified cylinder, track, and sector. The header CRC is used to
ensure that the header field has been read correctly. The header bits
are used to generate a second CRC, which is then compared to the
CRC read from the end of the header field on the disk. If there is a
discrepancy between the two CRCs, the MBA alerts the processor by
setting a bit in the error 1 register.

To ensure that data is written correctly, a WRITE CHECK command
may be issued by the software. This causes the RM80 to read the data
just written and the MBA to compare it to the data stored in memory.

The ECC (Error Correction Code) logic is used to ensure that the data
field has been read correctly. The data bits are used to generate a
second ECC, which is then compared to the ECC read from the end of
the data field on the disk. If there is a discrepancy between the two
ECCs, the processor uses them to determine which bits are in error
and to reconstruct the correct data. One error of up to 11 incorrect bits
in a row can be reconstructed in a sector. The MBA reports the posi-
tion of the error to the processor and sends the processor an error
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burst pattern and an error correction pattern to allow the software to
correct the error. If a sector contains more that one error, the MBA
alerts the processor by setting a bit in the error 1 register.

INTERRUPTS

The RM80 disk system MBA uses a vectored interrupt to cause the
program to branch to an interrupt service routine. The RM80 gener-
ates an interrupt at the completion of an operation, when a error has
been detected, or when a drive comes on-line.

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy and uninterrupted processing of

the disk system. Special design features of the RM80 disk systems

provide these qualities of high reliability as well as ease of

maintenance.

e Hinge-mounted modules for easy access.

e Winchester technology (Sealed Head Disk Assembly) requires no
alignment of the heads.

e Modular construction of the RM80 enables parts to be quickly re-
moved and replaced during routine servicing and maintenance.

e On-line microprocessor-controlled diagnostic capability allows
faults to be quickly isolated and corrected.

RUN FAULT 2 WRITE STAT STAT
sToP READY PROT 1 2

FRONT PANEL CONTROLS AND INDICATORS

DRIVE CABINET SWITCHES

Figure2-11 RM80 CONTROLS AND INDICATORS
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CONTROLS AND INDICATORS

The front panel controls allow the operator to control the disk drive
manually and the indicator lights provide drive status information. The
A and B switches located on the drive cabinet door allow the operator
to enable different MASSBUS ports.

e RUN/STOP switch (alternate-action pushbutton/yellow light indica-
tor on front panel)

Depressing this switch causes the indicator to light and the drive to
accelerate the head disk assembly up to speed. Once the head disk
assembly is up to speed, the READY indicator will light. Depressing
the switch again causes the drive to stop the head disk assembly
and the START indicator light to go out.

e FAULT switch (momentary pushbutton/red light indicator on front
panel)

When lit, the drive has detected a hardware fault such as write
current failure or a dc power supply failure.

Depressing this switch causes the indicator light to go out if the fault
condition has been corrected.

e DRIVE NUMBER receptacle/READY indicator (unlabeled recepta-
cle/white light indicator on front panel)

Each drive comes with eight numbered (0-7) plugs. The drive num-
ber is set by inserting one of the numbered plugs into the recepta-
cle. If no plug is in the receptacle, the drive cannot be selected by
the processor. Note that drive number units cannot be duplicated.
When this READY indicator is lit, the head disk assembly is up to
speed and the drive is ready to execute a command.

e WRITE PROTECT switch (alternate-action pushbutton/yellow light
indicator on front panel)

Depressing this switch causes the indicator to light and prevents the
processor from writing on the head disk assembly. Depressing this
switch again causes the indicator light to go out and enables WRITE
operations.

e STAT 1 and STAT 2 lamps (white light indicators on front panel)
These two indicators, in conjunction with the FAULT, READY, and

WRITE PROTECT indicators, allow the drive to display 5-bit binary
error code messages.

e A and B switches (alternate-action pushbuttons/white light
indicators on drive cabinet door)

Depressing switch A enables MASSBUS port A. Depressing switch
B enables MASSBUS port B. When both switches are depressed or
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when neither switch is depressed, both MASSBUS ports are en-

abled.

The A indicator lights when the drive is being accessed by MASS-
BUS port A and the B indicator lights when the drive is being ac-

cessed by MASSBUS port B.

SPECIFICATIONS

MECHANICAL
Cabinet

Controller mounting code
REMB80

RGM80

Height

Width

Depth

Weight

PERFORMANCE

Drives per controller

Formatted capacity per head
disk assembly

Peak transfer speed
Average access time*
Average seek time

Average latency (rotational)
time

Track-to-track seek
Rotational speed

Surfaces per head disk assem-
bly

Tracks per surface

Freestanding

Option panel space
MBA slot

39in (99 cm)
21.5in (54.6 cm)
33in(83.8cm)

370 Ibs (167 kg)

- 8

124 MB

1200 KB/s
33.3ms
25ms
8.3ms

6 ms
3600 rpm

7 data, 1 servo

1118 data and +4 for diagnostic
testing

* Average access time is defined as the sum of the average seek time
and the average latency (rotational) time.
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Sectors per track

Bytes per sector
Tracks per inch

Bits per inch

ELECTRICAL
Starting (surge) current

Surge duration

Operating current

Power Consumption
Heat dissipation

Operating voltage

Phase

Line frequency

Receptacles

Line cord length

ENVIRONMENTAL
Operating temperature

Storage temperature

Operating relative humidity

Storage relative humidity

Maximum wet bulb temperature

Maximum operating altitude

31 data and +1 additional sec-
tor to replace a bad sector (16-
bit format)

512
480
6339

35 Aat 120 Vac
17A at 240 Vac

5s

7.5 Aat120 Vac
5 A at 240 Vac

640 Watts
2185 Btus/hr

120 Vac + 10%
240 Vac = 10%

1-Phase

60Hz + 1 Hz
50Hz + 1 Hz

NEMA #5-15R (120 Vac), NEMA
#6-15R (240 Vac)

7 ft

50°F—104°F (10°C—40°C)
-40°F—140°F (-40°C—-60°C)
10%—85%

(non-condensing)

10%—85%

(non-condensing)

82°F (28°C)

8000 ft (2400 m) above sea level
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RP06

The RP06 is a freestanding, random-access, disk storage system
which connects to the processor via the MASSBUS controll-

er/adapter. The RJP06 subsystems are supported by UNIBUS PDP-11
systems except the PDP-11/70, the RWP06 subsystems are supported
by PDP-11/70 systems only, the REP06 subsystems are supported by
VAX-11/780 systems, and the RGP06 subsystems are supported by
VAX-11/750 systems. The RP06 was designed to operate at high
speeds in high usage environments in a variety of applications requir-
ing data security, system interchange, and personal databases.

FEATURES
® Formatted capacity of 176 MB
e Removable disk pack provides unlimited off-line storage

e Overlapped seeks optimize seek time and provide increased system
throughput on multidrive systems

e Static dual-access capability
@ Direct Memory Access (DMA) data transfers
® Expandable up to a total of 8 disk drives per subsystem

DESCRIPTION

The RJP06-AA(AB), RWP06-AA(AB), REP06-AA(AB), and RGPO06-
AA(AB) disk storage subsystems consist of a single-access, free-
standing RP06 disk drive, a MASSBUS controller/adapter, a MASS-
BUS cable, and a disk pack. Up to seven more add-on RP06 drives
(single- or dual-access) may be added to any of these subsystems.

The RJP06-BA(BB), RWP06-BA(BB), REP06-BA(BB), and RGPO06-
BA(BB) disk storage subsystems consist of a dual-access, freestand-
ing RP06 disk drive, two MASSBUS controllers/adapters, and two
MASSBUS cables. Up to seven more add-on RP06 disk drives (single-
or dual-access) may be added to these subsystems. Note that dynam-
ic (simultaneous access) dual-port capability of disk subsystems is not
supported by DIGITAL operating system software or diagnostics.
However, the RJP06-BA(BB), RWP06-BA(BB), REP06-BA(BB), and
the RGP06-BA(BB) subsystems can be statically shared by two proc-
essors or connected to one processor through two MASSBUS con-
trollers/adapters for maximum system availability.

RECORDING METHOD

The RPO06 utilizes Modified Frequency Modulation (MFM) to read and
write data. Data is written on the disk by magnetizing small sections
(bit cells) of the oxide on the disk in different directions, i.e. either
positively or negatively. A change in the direction of magnetization
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(flux transition) in the clock area or the data area of a bit cell indicates
whether the bit representedisa 1ora0.

DATA ORGANIZATION

The RP06 disk pack consists of 10 disk platters, each recorded on
both sides, enclosed between two outside platters for protection of the
pack. Each disk pack contains a total of 20 surfaces: 19 data surfaces
for recording and 1 servo surface permanently recorded with informa-
tion used to position the read/write heads at the specified cylinder.
The RP06 has 20 heads—19 are read/write heads which correspond
to the 19 data surfaces and the additional head is the servo read head,
which corresponds to the servo surface. The disk pack is divided into
815 cylinders. Each cylinder is divided into 19 tracks, corresponding
to the 19 data surfaces. Each track is divided into 22 sectors with a
data storage capacity of 4096 bits (512 bytes). Each sector is divided
into a preamble, a header field and a data field. The header field
consists of an 80-bit header that contains the cylinder, track, and
sector addresses and an 8-bit header CRC (Cyclic Redundancy
Check). The data field consists of 4096 bits (512 bytes) of data and a
16-bit data ECC (Error Correction Code). The preamble and the head-
er field can only be written by the utility program that formats these
disk packs.

OPERATION

The RJP06 subsystems have 20 registers, the RWP06 subsystems
have 22 registers, and the REP06 and RGP06 subsystems have 16
registers plus the MASSBUS adapter registers. (Refer to the register
section at the back of this book for register diagrams and bit defi-
nitions).

Before a READ or a WRITE operation can begin, the processor loads
the bus address, word count, control and status 2, desired cylinder,
desired sector/track address, and control and status 1 registers re-
spectively.

The bus address register specifies the starting memory address of the
location for the data to be read from or written onto the disk. The word
count register specifies the number of words to be transferred
between the disk and memory. The control and status 2 register se-
lects which of the disk drives (up to 8 per controller/adapter) is to
perform the operation. The desired cylinder register and the desired
sector/track address register specify the sector of the disk to be read
or written.

After the bus address, word count, control and status 2, desired cylin-
der, and desired sector/track address registers have been loaded, the
control and status 1 register is loaded with the READ or WRITE com-
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mand from the processor. The command is then executed. If the
heads are not currently positioned at the specified cylinder, the drive
will do an implied SEEK, which moves the heads to the correct cylin-
der. The read/write data heads then read the headers on the specified
track to locate the specified sector.

During a READ operation, data bits are read from the disk serially. The
controller/adapter assembles the bits into 16-bit parallel words and
generates a parity bit for each 16-bit word. The controller/adapter
then transfers each 16-bit word plus parity to the specified memory
location. This process continues until the proper word count is
reached. When the READ operation has been completed, an interrupt
is generated to alert the processor that the data has been read off the
disk and is stored in the specified memory location.

During a WRITE operation, the controller/adapter reads each 16-bit
parallel word from the specified memory location and generates a
parity bit for each. The controller/adapter transfers each 16-bit word
plus parity to the drive. The drive then serially writes the bits onto the
disk. This process continues until the proper word count is reached.
When the WRITE operation has been completed, an interrupt is gener-
ated to alert the processor that the data has been written onto the disk.

DATA INTEGRITY
Several error checking and correction features of the RP06 ensure
that the data is correct.

The RP06 uses the servo disk surface to position the read/write heads
at the specified cylinder. The header field is read to verify that it is the
specified cylinder, track, and sector. The header CRC is used to en-
sure that the header field has been read correctly. The header bits are
used to generate a second CRC, which is then compared to the CRC
read from the end of the header field on the disk. If there is a discre-
pancy between the two CRCs, the controller/adapter alerts the proc-
essor by setting a bit in the error 1 register.

To ensure that data is written correctly, a WRITE CHECK command
may be issued. This causes the RP06 to read the data just written and
the controller/adapter to compare it to the data stored in mem-
ory.

The ECC (Error Correction Code) logic is used to ensure that the data
field has been read correctly. The data bits are used to generate a
second ECC, which is then compared to the ECC read from the end of
the data field on the disk. If there is a discrepancy between the two
ECCs, the processor uses them to determine which bits are in error
and to reconstruct the correct data. One error of up to 11 incorrect bits
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in a row can be reconstructed in a sector. The controller/adapter
reports the position of the error to the processor and sends the proc-
essor an error burst pattern and and error correction pattern to allow
the software to correct the error in memory. If a sector containing
more than one error is reported to the procesor by the controller as an
incorrectable error, the processor may invoke a suitable error recov-
ery procedure consisting of OFFSET positioning, RECALIBRATION,
and REREAD operations.

INTERRUPTS

The RPO06 disk system controller/adapter uses a vectored interrupt to
cause the program to branch to an interrupt service routine. An inter-
rupt can occur only if the INTERRUPT ENABLE bit in the control and
status 1 register is set. Once the INTERRUPT ENABLE bit is set, an
interrupt request is generated whenever either the SPECIAL CONDI-
TION or READY bit in the control and status 1 register is also set.

When the SPECIAL CONDITION bit is set, it indicates that some error
or unusual condition exists and an interrupt is generated to cause the
program to branch to an error handling routine. When the READY bit
is set, the controller/adapter has successfully completed the
operation and is ready to accept a command. An interrupt request is
made so that the program can branch to an interrupt service routine.

The interrupt priority level is 5 and the interrupt vector address is 254.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy and uninterrupted processing of

the disk system. Special design features of the RP06 disk systems

provide these qualities of high reliability as well as ease of mainte-

nance.

e Modular construction of the RP06 enables parts to be quickly re-
moved and replaced during routine servicing and maintenance.

e Off-line diagnostic capability allows the RP06 to be serviced inde-
pendent of the host processor.
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WRITE CONTROL
START PROTECT A

STOP CONTROL
B

[

Figure 2-15 RP06 FRONT PANEL CONTROLS

PANEL CONTROLS

The front panel controls allow the operator to control the disk drive

manually. Words light up on the front panel to provide drive status

information.

e START/STOP switch (2-position momentary rocker switch on front
panel)

Depressing the start end of this rocker switch causes the words
START and DOOR LOCKED to light on the front panel and the drive
to accelerate the disk pack up to speed. Once the disk pack is up to
speed, the word READY will light on the front panel.

Depressing the stop end of this rocker switch causes the words
START and READY to disappear from the front panel and the drive
to stop the disk pack. Once the disk pack has stopped, the words
DOOR LOCKED will disappear from the front panel.

e WRITE PROTECT switch (2-position rocker switch on front panel)

When set in the write protect position, the processor is prevented
from writing on the disk pack and the words WRITE PROTECT light
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on the front panel. When set to the other position, WRITE operations
are enabled.

e CONTROL A/CONTROL B switch (3-position rocker switch on front
panel)
When set to the control A position, MASSBUS port A is enabled and
the words CONTROL A light on the front panel. When set to the
control B position, MASSBUS port B is enabled and the words CON-
TROL B light on the front panel. When set to the middie position,
both MASSBUS ports are enabled. The words CONTROL A and
CONTROL B light on the front panel only when accessed by the
respective MASSBUS.

e DRIVE NUMBER receptacle (unlabeled receptacle on front panel)

Each drive comes with eight numbered (0-7) plugs. The drive
number is set by inserting one of the numbered plugs into the re-
ceptacle. If no plug is in the receptacle, that drive cannot be selected
by the processor. Note that drive number units cannot be duplicat-
ed.

PANEL INDICATORS
Different words light on the front panel which provide drive status
information to the user.

The word START lights on the front panel when the start switch has
been depressed. It stays lit until the stop switch is depressed.

The words CONTROL A light on the front panel as long as the CON-
TROL A/CONTROL B switch is set to the control A position, enabling
MASSBUS port A. The words CONTROL B light on the front panel as
long as the CONTROL A/CONTROL B switch is set to the control B
position, enabling MASSBUS port B. When the CONTROL
A/CONTROL B switch is set to the middle position, both MASSBUS
ports are enabled. The words CONTROL A and CONTROL B light on
the front panel only when accessed by the respective MASSBUS.

When the word READY lights on the front panel, the disk pack is up to
speed and the drive is ready to accept a command.

When the word UNSAFE lights on the front panel, the drive has detect-
ed an unsafe condition such as an internal power supply failure.

When the word STANDBY lights on the front panel, the disk pack is not
up to speed and the heads are not loaded.

When the words WRITE PROTECT light on the front panel, the WRITE
PROTECT switch is set to the write protect position and the drive will
not accept WRITE commands.
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When the words DOOR LOCKED light on the front panel, the glass
door over the disk pack is locked and the disk pack may not be
removed. When the words DOOR LOCKED disappear from the front
panel, the glass door over the disk pack may be opened and the disk

pack removed.

SPECIFICATIONS

MECHANICAL
Cabinet

Controller/adapter mounting
code

RJP06

RWPO06

REP06

RGP06

Height

Width

Depth

Weight

PERFORMANCE

Drives per controller/adapter

Formatted capacity per disk
pack

Peak transfer speed
Average access time*
Average seek time

Average latency (rotational)
time

Track-to-track seek
Rotational speed
Surfaces per disk pack

* Average access time is defined as the sum of the average seek time

Freestanding

28S8Us

MASSBUS port
Option panel space
MBA siot

47in (119cm)
33in(83.8cm)
32in(81cm)

600 Ibs (273 kg)

8
176 MB

806 KB/s
38.3ms
30 ms
8.3ms

10 ms
3600 rpm
19 data, 1 servo

and the average latency (rotational) time.
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Tracks per surface
Sectors per track
Bytes per sector
Tracks per inch

Bits per inch

ELECTRICAL
Starting (surge) current

Surge duration

Operating current

Power Consumption
Heat dissipation

Operating voltage

Phase

Line frequency

Receptacles

Line cord length

ENVIRONMENTAL
Operating temperature

Storage temperature

Operating relative humidity
Storage relative humidity

Maximum wet bulb temperature

Maximum operating altitude

815

22 (16-bit format)
512

384

4040

30 A at 208 Vac
26 A at 380 Vac

10s

12 A at 208 Vac
6 A at 380 Vac

2100 Watts maximum
7000 Btus/hr maximum

208 Vac + 10%
380 Vac + 10%

3-Phase

60Hz £ 1 Hz
50Hz + 1 Hz

NEMA #L21-20R (208 Vac), Not
NEMA—DEC #12-11259 (380
Vac)

15 ft

59°F—90°F (15°C—32°C)
-40°F—110°F (-40°C—43°C)
20%—80%

(non-condensing)

5%—90%

(non-condensing)

78°F (26°C)

6500 ft (2000 m) above sea level
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RMO05

The RMO5 is a freestanding, random-access, disk storage system
which connects to the processor via the MASSBUS controll-
er/adapter. The RWMO05 subsystems are supported by PDP-11/70
systems and the REMO5 subsystem are supported by VAX-11/780
systems. The RM05 was designed to operate at high speeds in high
usage environments in a variety of real-time applications calling for
the flexibility of off-line and on-line storage, the need for a systems
interchangeable storage medium, and/or the need for off-line data
security.

FEATURES
e Formatted capacity of 256 MB

e Removable disk pack provides unlimited off-line storage

e Overlapped seeks optimize seek time and provide increased system
throughput on multidrive systems

e Static dual-access capability
e Direct Memory Access (DMA) data transfers
e Expandable up to a total of 8 disk drives per subsystem

DESCRIPTION

The RWMO05-AA(AB) and REMO05-AA(AB) disk storage subsystems
consist of a single-access, freestanding RMO05 disk drive, a utility cabi-
net, a drive adapter, a MASSBUS controller/adapter, a MASSBUS
cable, and a disk pack. The utility cabinet houses the drive adapter
and provides space for one additional drive adapter. Up to seven more
add-on RMOS5 drives (single-access or dual-access) may be added to
these subsystems. The RM05-AA(AB) versions are single-access add-
on drives with a drive adapter packaged in a utility cabinet. The RM05-
AC(AD) versions are single-access add-on drives with a drive adapter
but no utility cabinet. The drive adapter with the RM05-AC(AD) ver-
sions must be mounted in the available space in the utility cabinet
included with the RWM05 and REMO05 subsystems (single- or dual-
access) or the RM05-AA(AB) and RM05-BA(BB).

The RWMO05-BA(BB) and REMO05-BA(BB) disk storage subsystems
consist of a dual-access, freestanding RMO05 disk drive, a utility cabi-
net, a drive adapter, two MASSBUS controllers/adapters, two MASS-
BUS cables, and a disk pack. The utility cabinet houses the drive
adapter and provides space for one additional drive adapter. Up to
seven more add-on RMO05 disk drives (single-access or dual-access)
may be added to these subsystems. The RM05-BA(BB) versions are
dual -access add-on drives with a drive adapter packaged in a utility
cabinet. The RM05-BC(BD) versions are dual-access add-on drives
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with a drive adapter but no utility cabinet. The drive adapter with the
RMO05-BC(BD) versions must be mounted in the available space in the
utility cabinet included with the RWMO05 and REMO05 subsystems (sin-
gle- or dual-access) or the RM05-AA(AB) and RM05-BA(BB). Note
that dynamic (simultaneous access) dual-port capability of disk sub-
systems is not supported by DIGITAL operating system software or
diagnostics. However, the RWMO05-BA(BB) and the REMO05-BA(BB)
subsystems can be statically shared by two processors or connected
to one processor through two MASSBUS controllers/adapters for
maximum system availability.

RECORDING METHOD

The RMO5 utilizes Modified Frequency Modulation (MFM) to read and
write data. Data is written on the disk by magnetizing small sections
(bit cells) of the oxide on the disk in different directions, i.e. either
positively or negatively. A change in the direction of magnetization
(flux transition) in the clock area of a bit cell indicates whether the bit
representedisa1ora0.

DATA ORGANIZATION

The RMO05 disk pack consists of 10 disk platters, each recorded on
both sides, enclosed between two outside platters for protection of the
pack. Each disk pack contains a total of 20 surfaces: 19 data surfaces
for recording and 1 servo surface permanently recorded with informa-
tion used to position the read/write heads at the specified cylinder.
The RMO05 has 20 heads—19 are read/write heads which correspond
to the 19 data surfaces and the additional head is the servoread head,
which corresponds to the servo surface. The disk pack is divided into
823 cylinders. Each cylinder is divided into 19 tracks, corresponding
to the 19 data surfaces. Each track is divided into 32 sectors with a
data storage capacity of 4096 bits (512 bytes). Each sector is divided
into a header field and a data field. The header field consists of an 48-
bit header that contains the cylinder, track, and sector addresses and
a 16-bit header CRC (Cyclic Redundancy Check). The data field con-
sists of 4096 bits (512 bytes) of data and a 32-bit data ECC (Error
Correction Code). The preamble and the header field can only be
written by the utility program that formats these disk packs.

OPERATION

The RWMO05 subsystems have 22 registers and the REMO05 subsys-
tems have 16 registers plus the MASSBUS adapter registers. (Refer to
the register section at the back of this book for register diagrams and
bit definitions).
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Before a READ or a WRITE operation can begin, the processor loads
the bus address, word count, control and status 2, desired cylinder,
desired sector/track address, and control and status 1 registers re-
spectively.

The bus address register specifies the starting memory address of the
location for the data to be read from or written onto the disk. The word
count register specifies the number of words to be transferred
between the disk and memory. The control and status 2 register se-
lects which of the disk drives (up to 8 per controller/adapter) is to
perform the operation. The desired cylinder register and the desired
sector/track address register specify the sector of the disk to be read
or written.

After the bus address, word count, control and status 2, desired cylin-
der, and desired sector/track address registers have been loaded, the
control and status 1 register is loaded with the READ or WRITE com-
mand from the processor. The command is then executed. If the
heads are not currently positioned at the specified cylinder, the drive
will do an implied SEEK, which moves the heads to the correct cylin-
der. The read/write data heads then read the headers on the specified
track to locate the specified sector.

During a READ operation, data bits are read from the disk serially. The
controller/adapter assembles the bits into 16-bit parallel words and
generates a parity bit for each 16-bit word. The controller/adapter
then transfers each 16-bit word plus parity to the specified memory
location. This process continues until the proper word count is
reached. When the READ operation has been completed, an interrupt
is generated to alert the processor that the data has been read off the
disk and is stored in the specified memory location.

During a WRITE operation, the controller/adapter reads each 16-bit
parallel word from the specified memory location and generates a
parity bit for each. The controller/adapter transfers each 16-bit word
plus parity to the drive. The drive then serially writes the bits onto the
disk. This process continues until the proper word count is reached.
When the WRITE operation has been completed, an interrupt is gener-
ated to alert the processor that the data has been written onto the disk.

DATA INTEGRITY
Several error checking and correction features of the RM05 ensure
that the data is correct.

The RMO5 uses the servo disk surface to position the read/write heads
at the specified cylinder. The sector header field is read to verify that it
is the specified cylinder, track, and sector. The header CRC is used to
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ensure that the header field has been read correctly. The header bits
are used to generate a second CRC, which is then compared to the
CRC read from the end of the header field on the disk. If there is a
discrepancy between the two CRCs, the controller/adapter alerts the
processor by setting a bit in the error 1 register.

To ensure that data is written correctly, a WRITE CHECK command
may be issued by the software. This causes the RMO5 to read the data
just written and the controller / adapter to compare it to the data
stored in memory.

The ECC (Error Correction Code) logic is used to ensure that the data
field has been read correctly. The data bits are used to generate a
second ECC, which is then compared to the ECC read from the end of
the data field on the disk. If there is a discrepancy between the two
ECCs, the processor uses them to determine which bits are in error
and to reconstruct the correct data. One error of up to 11 incorrect bits
in a row can be reconstructed in a sector. The controller/adapter
reports the position of the error to the processor and sends the proc-
essor an error burst pattern and an error correction pattern to allow
the software to correct the error in memory. If a sector containing
more than one error is reported to the procesor by the controll-
er/adapter as an incorrectable error, the processor may invoke a suit-
able error recovery procedure consisting of OFFSET positioning,
RECALIBRATION, and REREAD operations.

INTERRUPTS

The RMOS5 disk system controller/adapter uses a vectored interrupt to
cause the program to branch to an interrupt service routine. An inter-
rupt can occur only if the INTERRUPT ENABLE bit in the control and
status 1 register is set. Once the INTERRUPT ENABLE bit is set, an
interrupt request is generated whenever either the SPECIAL CONDI-
TION or READY bit in the control and status 1 register is also set.

When the SPECIAL CONDITION bit is set, it indicates that some error
or unusual condition exists and an interrupt is generated to cause the
program to branch to an error handling routine. When the READY bit
is set, the controller/adapter has successfully completed the opera-
tion and is ready to accept a command. An interrupt request is made
so that the program can branch to an interrupt service routine.

The interrupt priority level is 5 and the interrupt vector address is 254.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.
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RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy and uninterrupted processing of

the disk system. Special design features of the RM05 disk systems

provide them these qualities of high reliability as well as ease of

maintenance.

e Modular construction of the RMO05 enables parts to be quickly re-
moved and replaced during routine servicing and maintenance.

e Off-line tester allows the RM05 to be serviced independent of the
host processor.

® Easily accessible drive adapter.

@ Fault-isolation diagnostics simplify troubleshooting and provide ex-
tended maintenance and serviceability.

START READY FAULT PROTECT

O (@, O O

FRONT PANEL CONTROLS AND INDICATORS

DRIVE CABINET SWITCHES
Figure 2-18 RMO05 CONTROLS AND INDICATORS
CONTROLS AND INDICATORS
The front panel controls allow the operator to control the disk drive
manually and the indicator lights provide drive status information. The
A and B swtiches located on the drive cabinet door allow the operator
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to enable different MASSBUS ports.

e START switch and associated lamp (alternate-action pushbutton
and associated red light indicator on front panel)

Depressing this switch causes the START indicator light to go on
and the drive to accelerate the disk pack up to speed. Once the disk
pack is up to speed, the READY indicator will light. Depressing the
switch again causes the drive to stop the disk pack and the START
indicator light to go out.

e READY lamp (red light indicator on front panel)

When lit, indicates that the disk pack is up to speed and the drive is
ready to execute a command. This lamp will blink during start/stop
sequences.

e DRIVE NUMBER receptacle (unlabeled receptacie on front panel)

Each drive comes with eight numbered (0-7) plugs. The drive num-
ber is set by inserting one of the numbered plugs into the recepta-
cle. If no plug is in the receptacle, the drive cannot be selected by
the processor. Note that drive number units cannot be duplicated.

e FAULT CLEAR switch and associated lamp (momentary pushbutton
and associated red light indicator on front panel)

Depressing this switch causes the indicator light to go out if the fault
condition has been corrected.

When lit, the drive has detected a hardware fault such as write
current failure or a dc power supply failure.

e WRITE PROTECT switch and associated lamp (alternate-action
pushbutton and associated red light indicator on drive cabinet door)

Depressing this switch causes the associated indicator to light and
prevents the processor from writing on the disk pack. Depressing
this switch again causes the indicator light to go out and enables
WRITE operations.

e A and B switches (alternate-action pushbuttons/red light indicators
on drive cabinet door)

Depressing switch A enables MASSBUS port A. Depressing switch
B enables MASSBUS port B. When both switches are depressed or
when neither switch is depressed, both MASSBUS ports are en-
abled. )

The A indicator lights when the drive is being accessed by MASS-
BUS port A and the B indicator lights when the drive is being ac-
cessed by MASSBUS port B.
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SPECIFICATIONS

Note that all RMO05 subsystems and add-on drives are designed to run

with the RMO05-P disk pack.

MECHANICAL
Drive cabinet

Utility cabinet

Controller/adapter mounting
code

RWMO05

REMO05

Drive height

Drive width

Drive depth

Drive weight

Utility cabinet height
Utility cabinet width

Utility cabinet depth

Utility cabinet weight with one
drive adapter

Utility cabinet weight with two
drive adapters

PERFORMANCE
Drives per controller/adapter

Formatted capacity per disk
pack

Peak transfer speed
Average access time*

Average seek time

* Average access time is defined as the sum of the average seek time

DISK DRIVES

Freestanding

Freestanding

MASSBUS port
Option panel space
36.2in (91.9¢cm)
23in (58.4cm)
36in(91.4cm)

556 Ibs (252.7 kg)
36.2in (91.9cm)
23in(58.4cm)
36in(91.4cm)

190 Ibs (86.3 kg)

261 Ibs (117.5 kg)

8
256 MB

1200 KB/s
38.3ms
30 ms

and the average latency (rotational) time.
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Average latency (rotational)
time

Track-to-track seek
Rotational speed
Surfaces per disk pack
Tracks per surface
Sectors per track
Bytes per sector
Tracks per inch

Bits per inch

ELECTRICAL
Starting (surge) current

Surge duration

Drive operating current
Drive adapter operating current

Power consumption
Drive only

Utility cabinet with one drive
adapter

Utility cabinet with two drive
adapters

Heat dissipation
Drive only

Utility cabinet with one drive
adapter

Utility cabinet with two drive
adapters

Drive operating voltage

8.3 ms

6 ms

3600 rpm

19 data, 1 servo
823

32 (16-bit format)
512

384

6038

39 A at 208 Vac
41 A at 240 Vac

10-12's

8 A at 208 Vac
8.7 A at 240 Vac

2.1 A at 208 Vac
1.3 Aat240Vac

1460 Watts
252 Watts

504 Watts

4983 Btus/hr
860 Btus/hr

1720 Btus/hr

208 Vac +14.6, -29
240 Vac +17,-27
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Utility cabinet operating voltage

Phase

Line frequency

Drive receptacles -

Utility cabinet receptacles
Line cord length
ENVIRONMENTAL
Operating temperature

Operating temperature gradient

Storage temperature

Storage temperature gradient
Operating relative humidity
Storage relative humidity

Maximum wet bulb temperature
Maximum operating altitude

120 Vac + 8
240 Vac +17, -27

1-phase

60 Hz
50 Hz

NEMA #L6-20R (208 Vac, 60
Hz),

Shipped with no plug (240 Vac,
50 Hz)

NEMA #L5-15R (120 Vac),
NEMA #L6-15R (240 Vac)

121t

59°F—90°F (15°C—-32°C)
12°F/hr maximum (6.7°C/hr
maximum)

-40°F—158°F (-40°C—70°C)
36°F/hr maximum (20°C/hr
maximum)

20%—80%
(non-condensing)

5%—95%

(non-condensing)

78°F (26°C)

6500 ft (2000 m) above sea level
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RPO7

The RPO7 is a freestanding, random-access, disk storage system
which connects to the processor via the MASSBUS adapter (MBA).
The REPO7 subsystems are supported by VAX-11/780 systems only.
The RPO7 was designed to operate at very high speeds in high usage
environments in a wide range of real-time applications, requiring high
capacity for low cost, high capacity for the smallest floorspace, and the
inherent high reliability of Winchester technology.

FEATURES
e Formatted capacity of 516 MB

® Winchester fixed-media technology

© Sealed Head Disk Assembly (HDA)

@ Internal microprocessor-controlled diagnostics

e Overlapped seeks optimize seek time and provide increased system
throughput on multidrive systems

e Static dual-access capability

e Direct Memory Access (DMA) data transfers

e Expandable up to a total of 8 disk drives per subsystem

DESCRIPTION

The REPO7-AB(AD) disk storage subsystems consist of a single-ac-
cess, freestanding RP07 disk drive with non-removable head disk as-
sembly, a MASSBUS adapter (MBA), and a MASSBUS cable. Up to
seven more add-on RPO7 disk drives (single- or dual-access) may be
added to these subsystems.

The REP07-BA(BB) disk storage subsystems consist of a dual-access,
freestanding RP07 disk drive with non-removable head disk assembly,
two MASSBUS adapters (MBAs), and two MASSBUS cables. Up to
seven more add-on RPQ7 disk drives (single- or dual-access) may be
added to these subsystems. Note that dynamic (simultaneous access)
dual-port capability of disk subsystems is not supported by DIGITAL
operating system software or diagnostics. However, the REP07-
BA(BB) subsystems can be statically shared by two processors or
connected to one processor through two MBAs for maximum system
availability.

DATA ORGANIZATION

The RP07 head disk assembly consists of 9 disk platters, each record-
ed on both sides except the top one. Each head disk assembly con-
tains a total of 17 surfaces: 16 data surfaces for recording and 1 servo
surface permanently recorded with information used to position the
read/write heads at the specified cylinder. The RP07 has 33
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heads—32 are read/write heads (two per data surface) and the addi-
tional head is the servo read head, which corresponds to the servo
surface. The head disk assembly is divided into 632 cylinders: 630 are
used for data and 2 are used for diagnostics. Each cylinder is divided
into 32 tracks (two per data surface). Each track is divided into 50
sectors with a data storage capacity of 4096 bits (512 bytes). At the
beginning of each track is a 128-bit track descriptor field which con-
tains the track and cylinder addresses, media defect information, and
the CRC words. Each sector is divided into a header field and a data
field. The header field consists of a 128-bit header that contains the
cylinder, track, and sector addresses and a 32-bit header CRC (Cyclic
Redundancy Check). The data field consists of 4096 bits (512 bytes) of
data and a 32-bit data ECC (Error Correction Code). The track de-
scriptor and the header field can only be written by the utility program
that formats these head disk assemblies.

OPERATION

The REPO7 has sixteen registers plus the MASSBUS adapter regis-
ters. (Refer to the register section at the back of this book for register
diagrams and bit definitions).

Before a READ or WRITE operation can begin, the processor loads the
MBA virtual address, MBA byte counter, desired cylinder, desired
track/sector address, and control and status 1 registers respectively.

The MBA virtual address register specifies the starting memory
address of the storage location for the data to be read from or written
onto the disk. The MBA byte counter register specifies the total num-
ber of bytes to be transfered between the disk and memory. The
desired cylinder register and the desired track/sector address register
specify the sector of the disk to be read or written.

After the MBA virtual address, MBA byte counter, desired cylinder,
and desired track/sector address registers have been loaded, the
control and status 1 register is loaded with the READ or WRITE com-
mand from the processor. The command is then executed. If the
heads are not currently positioned at the specified cylinder, the drive
will do an implied SEEK, which moves the heads to the correct cylin-
der. The read/write heads then read the headers on the specified
track to locate the specified sector. If an index marker is found prior to
the target sector, the RP07 will reorient the search for the target sector
relative to the index marker.

During a READ operation, data bits serially read off the disk are as-
sembled into 16-bit parallel words and a parity bit is generated for
each 16-bit word. Every 16-bit word plus parity is then transferred to
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the MBA. The MBA combines two 16-bit words into a 32-bit memory
word and generates a parity bit for each 32-bit word. Every 32-bit word
plus parity is then transferred to the memory location specified. This
process continues until the byte count in the MBA virtual address
register is reached. When the READ operation is completed, an inter-
rupt is set to alert the processor that the data has been read off the
disk and stored in the specified memory location.

During a WRITE operation, each 32-bit word of data is read from
memory and transferred to the MBA which divides the 32-Dbit word into
two 16-bit parallel words and generates a parity bit for each 16-bit
word. The MBA then transfers the two 16-bit words plus parity to the
drive. The drive checks the parity and then serially writes the bits onto
the disk. This process continues until the proper word count is
reached. When the WRITE operation has been completed, an interrupt
is generated to alert the processor that the data has been written onto
the disk.

DATA INTEGRITY
Several error checking and correction features of the RPO7 ensure
that the data is correct.

The RP07 uses the servo disk surface to position the read/write heads
at the specified cylinder. The sector header field is read to verify that it
is the specified cylinder, track, and sector. The header CRC is used to
ensure that the header field has been read correctly. The header bits
are used to generate a second CRC, which is then compared to the
CRC read from the end of the header field on the disk. If there is a
discrepancy between the two CRCs, the MBA alerts the processor by
setting HEADER CRC ERROR <08> in the error 1 register.

To ensure that data is written correctly, a WRITE CHECK command
may be issued by the software. This causes the RP07 to read the data
just written and the MBA to compare it to the data stored in memory.

Thé ECC (Error Correction Code) logic is used to ensure that the data
field has been read correctly. The data bits are used to generate a
second ECC, which is then compared to the ECC read from the end of
the data field on the disk. If there is a discrepancy between the two
ECCs, the processor uses them to determine which bits are in error
and to reconstruct the correct data. One error of up to 11 incorrect bits
in a row can be reconstructed in a sector. The MBA reports the posi-
tion of the error to the processor and sends the processor an error
burst pattern and an error correction pattern to allow the software to
correct the error in memory. If a sector contains more that one error,
the MBA alerts the processor by setting ECC HARD ERROR <06> in
the error 1 register.
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INTERRUPTS

The RPO7 disk system MBA uses a vectored interrupt to cause the
program to branch to an interrupt service routine. The RP07 generates
an interrupt at the completion of an operation, when a error has been
detected, or when a drive comes on-line.

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy and uninterrupted processing of

the disk system. Special design features of the RP07 disk systems

provide these qualities of high reliability as well as ease of mainte-
nance.

e Winchester technology (Sealed Head Disk Assembly) requires no
alignment of the heads.

e Easy front access to most assemblies.

e Modular construction of the RP07 enables parts to be quickly re-
moved and replaced during routine servicing and maintenance.

e Integral maintenance keypad and display allow for microprocesor-
controlled diagnostics to be performed independent of the host
processor.

e On-line microprocessor-controlled diagnostic capability alerts the
host processor to microprocessor failure.

jonsare] [N | Peoal [ A | [ B |

TART CCESS A
STOP ACCESS B

Figure 2-20 RP07 FRONT PANEL CONTROLS
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PANEL CONTROLS AND INDICATORS

The front panel controls allow the operator to control the disk drive
manually. The indicator lights provide drive status information.

e START/STOP switch (2-position toggle switch on front panel)

When set to the start position, causes the drive to accelerate the
head disk assembly up to speed. When set to the stop position,
causes the drive to stop the head disk assembly.

e ON-LINE switch (2-position toggle switch below the ON-LINE indica-
tor on front panel)

When set to the up position, makes the drive available to the proces-
sor. When set to the down position, makes the drive unavailable to
the processor.

e WRITE PROTECT switch (2-position toggle switch below the WRITE
PROTECT indicator on front panel)

When set to the up position, causes the WRITE PROTECT indicator
to light and prevents the processor from writing on the head disk
assembly. When set to the down position, causes the WRITE PRO-
TECT indicator light to go out and enables WRITE operations.

e ACCESS A, A/B, ACCESS B switch (3-position toggle switch on
front panel)

When set to the access A position, MASSBUS port A is enabled.
When set to the access B position, MASSBUS port B is enabled.
When set to the A/B position, both MASSBUS ports are enabled.

e UNSAFE indicator (yellow light indicator on front panel)

When lit, indicates that the drive has detected an unsafe condition
such as a start-spindle error. When blinking, indicates that the drive
has detected an early temperature warning or an inadequate air
flow.
e ON-LINE indicator (yellow light indicator on front panel)

When lit, indicates that the drive is available to the processor. The
ON-LINE indicator light goes out when the ON-LINE switch is set to
the down position, the START/STOP switch is set to the stop posi-
tion, or the UNSAFE indicator lights.

e WRITE PROTECT indicator (yellow light indicator on front panel)

The WRITE PROTECT indicator lights when the WRITE PROTECT
switch is set to the up position and goes out when the WRITE
PROTECT switch is set to the down position.
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® A indicator (yellow light indicator on front panel)

The A indicator lights when the drive is being accessed by MASS-

BUS port A.

e B indicator (yellow light indicator on front panel)

The B indicator lights when the drive is being accessed by MASSBUS

port B.

SPECIFICATIONS

MECHANICAL
Cabinet

Controller mounting code
(REPQ7)

Height
Width
Depth
Weight

PERFORMANCE
Drives per controller

Formatted capacity per head
disk assembly

Peak transfer speed

Average access time*
Average seek time

Average latency (rotational)
time

Track-to-track seek
Rotational speed

Surfaces per head disk assem-
bly

* Average access time is defined as the sum of the average seek time

Freestanding

Option panel space

46.5in (118.1cm)
26.5in (67.3 cm)
33in(83.8cm)
400 Ibs (181 kg)

8
516 MB

1300 KB/s
2200 KB/s (with RP07-D option)

31.3ms
23 ms
8.3 ms

5ms
3633 rpm
16 data, 1 servo

and the average latency (rotational) time.
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‘Tracks per surface

Sectors per track
Bytes per sector
Tracks per inch

Bits per inch

ELECTRICAL
Starting (surge) current

Surge duration
Operating current
Power Consumption
Heat dissipation
Operating voltage

Phase

Line frequency

Receptacles

Line cord length

ENVIRONMENTAL
Operating temperature

Storage temperature
Temperature gradient

Operating relative humidity

Maximum wet bulb temperature

Storage relative humidity

Maximum operating altitude

1260 data +4 for diagnostic
testing

50 (16-bit format)
512

537

11,139

70 A

4s

8A

2000 Watts
7000 Btus/hr

208 Vac + 10%
240 Vac + 10%

3-Phase

60Hz + 1Hz
50Hz + 1Hz

NEMA #L21-20R (208 Vac),
Shipped with no plug (240 Vac)

15 ft

59°F—90°F (15°C—32°C)
-40°F—151°F (-40°C—66°C)
25°F/hr (-4°C/hr)

20%—80%
(non-condensing)

78°F (26°C)

5%—90%
(non-condensing)

8000 ft (2400 m) above sea level
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CHAPTER 3
CARTRIDGE/MAGNETIC TAPES

TU58

The TU58 is a 2-track, dual-drive, cartridge tape system connected to
the UNIBUS via the controller. The TU58 is supported by UNIBUS
PDP-11 systems with a DL11-E or DL11-W. Its low cost makes it ideal
for inexpensive archive mass storage or as a diagnostic load device or
software update distribution medium.

FEATURES

e Compiete cartridge tape subsystem in a compact package
e Convenient pocket-sized tape cartridge

e Automatic soft-error recovery via read retries

e Internal microprocessor diagnostics

e Data interchange with other operating systems

e Random access data format

DESCRIPTION

The TU58 tape subsystem includes two cartridge tape transports, a
controller, one 18 ft (5.5 m) I/O cable to interface to the PDP-11 UNI-
BUS via a DL11-E or DL11-W serial line interface (the serial line inter-
face is not included), a universal power supply with both 120 Vac and
240 Vac power cords, and two TU58-K tape cartridges, for a total of
512 KB mass storage. Each controller will support two cartridge trans-
ports although only one may operate at a time. PDP-11 systems will
support up to two TU58 subsystems for a total of 4 cartridge
transports. The TU58-DA version is cabinet-mountable and comes
with the necessary hardware for mounting in standard cabinetry while
the TU58-EB version is a self-contained tabletop unit. The TU58 reads
and writes data at 800 b/in at a tape speed of 30 in/s.

The TU58 is connected to the processor via the UNIBUS by a single-
line, asynchronous DL11-E or DL11-W interface (not included). The
TU58 data transfer speed is jumper-selectable from 150 to 38,400
baud. Note that the maximum data transfer speed for the DL11-E and
the DL11-W is 9600 baud.

The data interchange capability of the TU58 allows the user to write
files using one operating system and to read them back using another
operating system.
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OPERATION

The TU58 is accessed through the DL11-E or DL11-W serial line inter-
face. When used with the TU58, the DL11-E and the DL11-W use the
following four registers: the Receiver Status Register, the Receiver
Data Buffer Register, the Transmitter Status Register, and the Trans-
mitted Data Buffer Register. (Refer to the register section at the back
of this book for applicable register diagrams and bit definitions.)

The TU58 accesses data randomly since the data is stored at fixed
locations (blocks of 512 bytes each) on the tape rather than at un-
known or variable locations. Replacement of data blocks on the tape is
random and does not interfere with data blocks recorded previously.
During a READ operation, the TU58 reads the format information
already on the tape and uses it to locate data to be read off the tape.
During a WRITE operation, the same format information is used by the
TU58 to locate the block where the data is to be written onto the tape.

Data is written on the tape in two tracks. Both tracks are used for
reading and writing forward.

The TU58 microprocessor controller includes a 2 KB ROM and a 256
byte RAM. 128 bytes of the RAM are used as a scratchpad by the
microprogram and the other 128 bytes are used to buffer the data sent
to or from the processor.

Commands and data are sent to and from the TU58 in groups of bytes
called message packets using the Radial Serial Protocol (RSP) format.
There are six types of message packets: COMMAND, DATA, CONTIN-
UE, XOFF, INITIALIZE, and BOOTSTRAP.

Before a READ operation can begin, the processor sends the TU58
microprocessor controlller a COMMAND packet. The COMMAND
packet selects which of the available transports (up to 2 per controller)
is to perform the READ operation, specifies the starting address of the
block to be read, and specifies the number of bytes to be read (byte
count). The TU58 then positions the tape and starts reading data from
the block specified by the controller. The TU58 reads the first 128
bytes of data off the tape and stores them in the RAM data buffer. The
controller then sends the 128 bytes of data to the processor via the
DL11-E or DL11-W. The TU58 will continue to read sequential blocks
of data in 128 byte increments until the byte count specified by the
processor has been reached. After the specified byte count has been
reached, the controller sends an END packet to the processor. The
END packet tells the processor that the specified number of bytes
have been read and lists any error messages.
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PROCESSOR TUS8

COMMAND
PACKET
READ 510 BYTES

_1__

DATA
128 BYTES

DATA
128 BYTES

DATA
128 BYTES

DATA
126 BYTES

END

S

Figure 3-2 READ Command Sequence

Before a WRITE operation can begin, the processor also sends the
TU58 microprocessor controller a COMMAND packet. The COM-
MAND packet selects which of the available transports (up to 2 per
controller) is to perform the WRITE operation, specifies the starting
address of the block to be written, and specifies the number of bytes
to be written (byte count). The TU58 receives the first 128 bytes of data
from the processor via the DL11-E or DL11-W and stores them in the
RAM data buffer. The controller then writes the 128 bytes of data on
the tape. If the specified byte count has not yet been reached, the
TU58 controller will send a CONTINUE packet to the processor. The
CONTINUE packet tells the processor to send the next 128 bytes of
data to be written on the tape. The TU58 will continue to write sequen-
tial blocks of data in 128 byte increments until the byte count specified
by the processor has been reached. After the specified byte count has
been reached, the controller sends an END packet to the processor.
The END packet tells the processor that the specified number of bytes
have been written and lists any error messages.

-96-



MAGNETIC TAPES

PROCESSOR TUS8

COMMAND
PACKET
WRITE

620 ’

v

BYTES

CONTINUE

A

DATA .
128 BYTES

TAPE POSITIONS

I AND WRITES DATA
CONTINUE
DATA ‘
Y ,
128 BYTES TAPE POSITIONS
AND WRITES DATA

CONTINUE
DATA -
128 BYTE "
BYTES TAPE POSITIONS
AND WRITES DATA
- CONTINUE
DATA ‘
128 BYTES
TAPE POSITIONS

' AND WRITES DATA
CONTINUE

1
DATA __l_,

108 BYTES

| TAPE POSITIONS AND WRITES
DATA.TUS8 ZERO FILLS REMAIN
ING 404 BYTES OF BLOCK. |F WRITE/
VERIFY, TAPE REWINDS AND READS
BLOCKS JUST WRITTEN AND TESTS
CHECKSUMS

END
SUCCESS/FAILURE

Figure 3-3 WRITE Command Sequence
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The six types of message packets are: COMMAND, DATA, CONTIN-
UE, XOFF, INITIALIZE, and BOOTSTRAP. The message packet struc-
tures are defined below.

COMMAND PACKET

The COMMAND message packet contains fourteen bytes and is used
by the processor to initiate a READ, WRITE, or POSITION operation, to
obtain status information from the microprocessor controller, or to
cause the controller to perform self-diagnostics. The COMMAND
packet structure is as follows:

Byte 0 002, Flag byte indicating that this is a
COMMAND packet.
Byte 1 012, Packet byte count.
Byte 2 Operation code.
000, NO OPERATION
Causes the TU58 to return an END
packet.
001, RESET

Causes the TU58 to initialize and
return an END packet.

002, READ or READ WITH INCREASED
THRESHOLD

Causes the TU58 to read the speci-
fied number of bytes starting at the
specified block. If bit <0> in byte 3
is set, the READ operation is per-
formed with the threshold in-
creased. This causes the READ
operation to fail if the data on the
tape is weak.

003, WRITE or WRITE AND VERIFY

Causes the TU58 to write the spec-
ified number of bytes starting at
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Byte 3

005,

007,

010,

011,

100,

000,

MAGNETIC TAPES

the specified block. The controller
loads any remaining bytes in the
last block with zeros. If bit <0> in
byte 3 is set, the TU58 writes the
data, backs the tape up, and then
reads the data with the threshold
increased and tests the checksum
of each 128 byte record.

POSITION

Causes the TU58 to move the tape
to the specified block and then re-
turn an END packet.

DIAGNOSE

Causes the TU58 to run its internal
diagnostic program to test the mi-
croprocessor, ROM, and RAM and
then return an END packet.

GET STATUS

Causes the TU58 to return an END
packet.

SET STATUS

Causes the TU58 to return an END
packet.

END packet

Refer to END packet description.
Modifier

Refer to READ and WRITE opera-
tion codes (byte 2). Bit 7 sets Spe-
cial Address Mode. The TU58 will
address the tape as 2048 blocks
(0—2047) each containing 128
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bytes instead of the normal 512
blocks (0—511) each containing
512 bytes.

Byte 4 Transport number

Selects transport 0 or 1.

Byte 5 Switches

Setting bit 4 inhibits read com-
mand retries (Maintenance mode).

Bytes 6,7 000, These bytes are always zero.

Bytes 8,9 Byte count.
Number of bytes to be transferred
by a READ or WRITE operation (0-
511).

Bytes 10,11 Block number.

Starting block number for READ
and WRITE operations (0-511).

Bytes 12,13 Checksum of bytes 0-11.

END PACKET

The END message packet, essentially a type of COMMAND packet,
contains fourteen bytes and is used by the microprocessor controller
to signal the end of an operation to the -processor and to send error
messages, if appropriate. The END packet structure is as follows:

Byte 0 002, Flag byte indicating that thisis a
COMMAND packet.

Byte 1 012, Packet byte count.

Byte 2 100, END packet operation code.
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Byte 3

Byte 4

Bytes 5-7

Bytes 8-9

Byte 10

000,
001,
377,

376,

370,

367,
365,
357,

340,

337,
320,

311,

000,

000,

MAGNETIC TAPES

Success code

0,, Normal success.

1,, Success but with retries.
=150 Fai!ed self-test.

—2,, Partial operation (end of
tape).

—8,, Non-existent transport num-
ber.

—9,, No cartridge.
—11,, Write protected.
-17,, Data error.

—32,, Seek error (block not
found).

—33,, Motor stopped.

—48,, Invalid operation code.
—55,, Invalid block number (great-
erthan 511,,).

Transport number

TransportOor 1.

Not used.

Byte count
Number of bytes transferred.

Not used.
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Byte 11 Status summary
Bit 4, Logic error.
Bit 5, Motion error.
Bit 6, Transfer error.
Bit 7, Special Condition. Indicates
that one of the other error bits <4-

6> is set.

Bytes 12,13 Checksum of bytes 0—11.

DATA PACKET

The DATA message packet contains up to 131 bytes (128 bytes of
data) and is used by the processor to transfer data during a WRITE
operation and by the microprocessor controller to transfer data during
a READ operation. The DATA packet structure is as follows:

Byte 0 001, Flag byte indicating that this is a
DATA packet.

Byte 1 n Byte count (up to 128,,).

Byte 2 Data First data byte.

Byte n Data

Byte n+1 Data Last data byte.

Byte n+2 Checksum low-byte.

Byte n+3 Checksum high-byte.
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CONTINUE PACKET

The CONTINUE message packet contains one byte and is used by the
microprocessor controller during a WRITE operation to request addi-
tional data from the processor or in response to a BREAK signal from
the processor. The CONTINUE packet structure is as follows:

Byte O 0204 Flag byte indicating that this is a
CONTINUE packet.

Returned by the TU58 to indicate
that it is ready. for the next data
packet. Also returned in response
to a BREAK signal, bit <0> of the
transmitter status register.

XOFF PACKET

The XOFF message packet contains one byte and is used by the mi-
croprocessor controller during a READ operation to temporarily stop
data transfers. The XOFF packet structure is as follows:

Byte O 023, Flag byte indicating that this is a
XOFF packet.

When the processor sends XOFF,
the TU58 stops sending data within
two bytes until it receives a CON-
TINUE packet from the processor.

INITIALIZE PACKET

The INITIALIZE message packet contains one byte and is used by the
processor to initialize the microprocessor controller and by the con-
troller to signal that it has been turned on or that it has detected a
protocol error. The INITIALIZE packet structure is as follows:

Byte 0 004, Flag byte indicating that this is an
INITIALIZE packet.

When sent to the TU58, causes it to
reinitialize and return a CONTINUE
packet. When the TU58 detects a
protocol error it returns INITIALIZE
packets continuously until the
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processor sends a BREAK signal,
bit <0> of the transmitter status
register. The TU58 then returns a
CONTINUE packet. When the
TU58 is turned on, it returns INI-
TIALIZE packets continuously. The
processor sends a BREAK signal
and two INITIALIZE packets. The
TU58 will then return a CONTINUE
packet.

BOOTSTRAP PACKET

The BOOTSTRAP message packet contains two bytes and is used to
boot the PDP-11 operating system. The BOOTSTRAP packet structure
is as follows:

Byte 0 0104 Flag byte indicating that this is a
BOOTSTRAP packet.
Byte 1 Selects transport 0 or 1.

When sent to the TU58, causes it to
position the tape at block 0 and to
return 512 bytes of data without
any RSP format bytes.

DATA INTEGRITY

The TU58 controller uses a checksum character (16-bit error checking
word) to ensure accurate data recording and retrieval. During a
WRITE operation, the checksum character is generated and written on
the tape at the end of each 128 byte record. During a READ operation,
the data read is used to generate a second checksum character which
is then compared to the checksum read from the end of the record. If
an error is found, the controller automatically retries the READ opera-
tion. If it is unsuccessful after eight retries, the controller signals the
error to the processor via the END packet.

The TU58 tape cartridge has a file-protect tab which prevents acciden-
~ tal writing on the tape. To write on the tape cartridge, the tab should be
set to the outer position. When the tab is set to the inner position, the
tape cartridge cannot be written on.
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INTERRUPTS
The TU58 system controller uses vectored interrupts to cause the
program to branch to interrupt service routines.

An interrupt can occur during a READ operation only if the RECEIVER
INTERRUPT ENABLE bit in the receiver status register is set. Once this
bit is set, an interrupt request is generated after the TU58 has read one
byte of data off the tape or whenever the ERROR bit in the receiver
data buffer register is set. When the ERROR bit is set, it indicates that
some error condition exists (the ERROR bit is set by either the OVER-
RUN or BREAK bits in the receiver status register) and an interrupt is
generated to cause the program to branch to an error handling rou-
tine.

Aninterrupt can occur during a WRITE operation only if the
TRANSMITTER INTERRUPT ENABLE bit in the transmitter status
register is set. The TU58 interrupts the processor after it has written
one byte of data onto the tape to request an additional byte of data.

The TU58, via the DL11-E or DL11-W serial line interface, uses floating
interrupt vector address assignments. The interrupt priority level is 4.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy, data integrity, and uninterrupt-

ed processing of the cartridge tape system. Special design features of

the TU58 cartridge tape systems give them these qualities of high

reliability as well as ease of maintenance.

e The simple, single-point drive mechanism minimizes possible dam-
age to the tape, thereby increasing cartridge life span.

e Modular construction of the TU58 enables parts to be quickly re-
moved and replaced during routine servicing and maintenance.

SPECIFICATIONS

MECHANICAL

Cabinet

TU58-DA 5.25in (13.3 cm) panel space
TUS8-EB Tabletop
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Interface (DL11-E, -W) mount-

ing code
Height
Width
Depth
Weight

PERFORMANCE
Cartridge transports per
controller

Recording density
Read/write speed
Capacity per cartridge

Data transfer speed

Average access time
Maximum access time

Flux reversal density

ELECTRICAL
Operating current

Interface (DL11-E) current

Interface (DL1 1-W) current

Power consumption
Heat dissipation
Operating voltage

Phase

Line frequency

MAGNETIC TAPES |

One quad slot ;

5.25in (13.3cm)
19in (48.3cm)
17in (38.1cm)
20 Ibs (9 kg)

2 (only one may operate at a
time)

800 b/in
30in/s

262 KB (formatted in 512 blocks
of 512 bytes each)

3.7 KB/s (38.4 Kbaud) maxi-
mum

9.3s
28s
2400 fr/in (945 fr/cm)

5Aat120 Vac
.25 A at 240 Vac

1.8 Aat+5Vdc,.05 Aat +15
Vdc, .15 Aat-15Vdc

2.0Aat+5Vdc,.05Aat +15
Vdc, .15 Aat-15Vdc

11 Watts
38 Btus/hr

120 Vac + 10%
240 Vac + 10%

1-Phase

60Hz + 3 Hz
50Hz £ 3Hz
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Receptacles

Line cord length

ENVIRONMENTAL
Operating temperature

Storage temperature

Operating relative humidity
Storage relative humidity

Maximum wet bulb temperature

Maximum operating altitude

NEMA #5-15R (120 Vac), NEMA
#6-15R (240 Vac)

6ft(2m)

50°F—90°F (10°C—32°C)
-30°F—60°F (-34°C—50°C)

20%—80%
(non-condensing)

5%—98%
(non-condensing)

79°F (26°C)

6,5000 ft (2000 m) above sea
level
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TS11

The TS11 is a 9-track, freestanding, tape storage system which con-
nects to the UNIBUS via the interface/controller. The TS11 subsys-
tems are supported by UNIBUS PDP-11 and VAX-11 systems and
comes in three complementary cabinet styles. The TS11 was designed
to operate at medium speeds in moderate usage environments in a
variety of applications, such as disk-to-tape backup for small to medi-
um disks, software distribution medium, and tape interchange.

FEATURES

e Recording density at 1600 b/in (PE)

® Read/write speed of 45in/s

e |ntegral microprocessor for transport control and self-test
e Direct Memory Access (DMA) data transfers

e Quiet operation due to tension arm tape buffering

DESCRIPTION

The TS11 magnetic tape storage subsystems consist of a freestanding
tape transport, a microprocessor-controlled formatter and its power
supply mounted in the transport cabinet, a UNIBUS inter-
face/controller, and an /0 cable. The TS11-BA(BB) versions are con-
figured in H9602 cabinets and are compatible with UNIBUS PDP-11
and VAX-11/780 systems. The TS11-CA(CB) versions are configured
in H9646 cabinets and are compatible with PDP-11/24, PDP-11/44,
and VAX-11/750 systems. TS11-DA(DB) versions are configured in
H960 ‘cabinets and are compatible with UNIBUS PDP-11 systems.
Each formatter will support only one magnetic tape transport. Up to
four TS11 subsystems are supported on PDP-11 and VAX-11/780
systems. Up to two TS11 subsystems are supported on VAX-11/750
systems.

RECORDING METHODS

The TS11 writes data in PE (Phase-Encoded) mode at 1600 b/in. Data
is written on the tape by magnetizing small sections of the oxide on the
tape in different directions, i.e. either positively or negatively. A
change or lack of change in the direction between adjacent magnet-
ized sections of tape, depending on the recording method used, indi-
cates whether the bit they representis a 1 or a 0. In PE mode, a change
in direction from positive to negative represents a 1 bit and a change
in direction from negative to positive represents a 0 bit.
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At the beginning of a tape to be written in PE mode, the tape formatter
writes a 6 inch identification burst between the BOT marker and the
first data record. When writing a record, the tape formatter writes a
preamble, the data bytes of the record one by one, a postamble, and
then slows the tape down to a stop. The preamble and the postamble
are used for synchronizing the data clock circuitry in the tape
formatter.

DATA ORGANIZATION

The head assembly of a nine-track magnetic tape transport, such as
the TS11, consists of one erase head, nine write heads, and nine read
heads. The nine read and the nine write heads correspond to the
lengthwise tracks of the tape, i.e one read head and one write head for
each track. The write head is an electromagnet used to magnetize
small sections on the tape. The read head senses flux changes
(changes in magnetic direction) on the tape and the erase head erases
all information by magnetizing the whole width of the tape all in the
same direction.

In order to write the 16-bit data from the processor onto the nine
tracks of the TS11, the tape formatter divides each 16-bit memory
word into two 8-bit bytes and generates a parity bit for each byte. The
formatter then transfers these 8-bit bytes plus the parity bits to the
tape head assembly. Each bit corresponds to one read and one write
head, i.e. one track on the tape. Thus, one 8-bit byte of data plus parity
is written across the width of the magnetic tape. These data bytes or
tape characters each with its parity bit are written one at a time in
groups called records or blocks. The length of a record is software
controlled, but is typically between 12 and 2,000 bytes. The maximum
block size allowed by the hardware is 65 KB. The tape formatter al-
ways stops the tape motion between records leaving a 0.6 inch interre-
cord (IRG) or interblock (IBG) gap of blank tape. This gap must be at
least 0.6 inches and can become as long as 25 ft by repeatedly erasing
a bad block and retrying the WRITE operation further down the tape.

A tape mark is a special short record used by programmers as a
software flag. When executing a READ command the tape formatter
will find either data to be read or a tape mark on the tape. When the
formatter finds a tape mark it stops reading the tape and reports the
tape mark to the processor by setting the TAPE MARK bit in the drive
status register. Usually one tape mark indicates the end of a file while
two tape marks in a row indicate the logical end of the tape.
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OPERATION

The TS11 formatter has two registers: the Status Register and the Bus
Address/Data Buffer Register. The Bus Address Register (TSBA) is
loaded with the control program address. If this register is read it may
contain a UNIBUS address, status information, or data, depending on
the operation the TS11 is currently executing. The register is then
referred to as the Data Buffer Register (TSDB). The TS11 also refer-
ences five extended status words, which function like registers, and
are stored in memory locations. (Refer to the register section at the
back of this book for register and extended status word diagrams and
bit definitions.)

Before a READ operation can begin, the processor assembles a four-
word control program which specifies that a READ operation is to be
performed, the starting memory address where the data read off the
tape is to be stored, and the number of bytes to be read off the tape
(byte count). The processor then loads the address of the control
program into the bus address register. The TS11 microprocessor-
controlled formatter reads the control program from memory and exe-
cutes the READ operation. An 8-bit byte of data is read off of the tape
and then transferred to the formatter which checks the parity. Two 8-
bit bytes (one 16-bit word) are stored in the formatter which generates
a parity bit for each 16-bit word which is then written into the memory
location specified. This process continues until the proper byte count
is reached or until the end of the record, whichever comes first. Only
one record can be read at a time. The formatter then writes status
information into the status register as well as seven additional status
words into the memory location specified by the last SET
CHARACTERISTICS command. Finally, the microprocessor-con-
trolled formatter generates an interrupt to alert the processor that the
data has been read off the tape.

Before a WRITE operation can begin, the processor assembles a four-
word control program which specifies that a WRITE operation is to be
performed, the starting memory address where the data to be written
onto the tape is stored, and the number of bytes to be written onto the
tape. The processor then loads the address of the control program
into the bus address register. The TS11 microprocessor-controllied
formatter reads the control program from memory and executes the
WRITE operation. A 16-bit word of data is read from memory and then
transferred to the formatter which checks the parity. The formatter
then splits the 16-bit word into two 8-bit bytes and generates a parity
bit for each 8-bit byte and then writes the bytes on the tape one by one.
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BUS ADDRESS REGISTER

COMMAND ADDRESS

].____

L CMD ADDR

COMMAND WORD

CMD ADDR +2 DATA ADDRESS
CMD ADDR +4 ADOR >
CMD ADDR +6 BYTE COUNT =n
L DATA ADDR FIRST DATA WORD
DATA ADDR+2 DATA
DATA ADDR+4 DATA
® °
® ®
s ®
'DATA ADDR+{n-4) DATA

DATA ADDR +(n-2)

STATUS ADDR

STATUS ADDR +2
STATUS ADDR + 4
STATUS ADDR +6
STATUS ADDR +8
STATUS ADDR +10
STATUS ADDR+12

LAST DATA WORD

AT THE COMPLETION
OF THE OPERATION

STATUS HEADER WORD

124

RESIDUAL FRAME COUNT

EXTENDED STATUS

0 WORD

EXTENDED STATUS

1 WORD

EXTENDED STATUS

2 WORD

EXTENDED STATUS

3 WORD

Figure 3-5 READ/WRITE operation sequence
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This process continues until the proper byte count is reached. The
formatter then writes status information into the status register as well
as seven additional status words into the memory location specified by
the last SET CHARACTERISTICS command. Finally, the microproces-
sor-controlled formatter generates an interrupt to alert the processor
that the data has been written onto the tape.

BUS ADDRESS REGISTER
COMMAND ADDRESS J—-

—=CMD ADDR COMMAND WORD
CMD ADDR +2 | CHARACTERISTICS ADDRESS |\
CMD ADDR +4 |APOR
CMD ADDR +6 10g

L= CHAR ADDR STATUS ADDRESS _
ADDR >
CHAR ADDR+2 <17,16>
CHAR ADDR +4 16g
CHAR ADDR+6 CHARACTERISTICS WORD

I.smus ADDR ~ STATUS HEADER WORD
STATUS ADDR + 2 12,

STATUS ADDR+ 4
STATUS ADDR +6
STATUS ADDR +8
STATUS ADDR +10
STATUS ADDR+12

Figure 3-6 SET CHARACTERISTICS operation sequence

RESIDUAL FRAME COUNT

EXTENDED STATUS O WORD

EXTENDED STATUS 1 WORD

EXTENDED STATUS 2 WORD

EXTENDED STATUS 3 WORD
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Other operations include: READ BACKWARD, WRITE TAPE MARK,
ERASE GAP, SPACEFORWARD, SPACEBACKWARD, REWIND,
REWIND/UNLOAD.

DATA INTEGRITY
Several error checking and correction features of the TS11 ensure that
the data has correct parity.

The parity error checking circuitry checks characters one by one dur-
ing a READ operation. Similarly, the read-after-write circuitry checks
characters one byone during aWRITE operation to ensure that the data
just written has correct parity. The self:qlocking feature of PE record-
ed data allows on-the-fly single-track error correction by detecting
and reconstructing lost data during a READ operation.

An industry-standard file-protect ring on the tape reel prevents ac-
cidental writing on that tape. The operator should remove the ring
when the tape reel is stored and insert it only when mounting the tape
reel before a WRITE operation.

INTERRUPTS

The TS11 magnetic tape system formatter uses a vectored interrupt to
cause the program to branch to an interrupt service routine. An inter-
rupt can occur only if the INTERRUPT ENABLE bit in the last control
program is set. Once the INTERRUPT ENABLE bit is set, an interrupt
request is generated whenever either the SPECIAL CONDITION bit or
the READY bit in the status register is set.

When the SPECIAL CONDITION bit is set, it indicates that some error
or unusual condition exists and an interrupt is generated to cause the
‘program to branch to an error handling routine. When the READY bit
is set, the formatter has successfully completed the operation and is
ready to accept a command. An interrupt request is made so that the
program can branch to an interrupt service routine.

The interrupt priority level is 5 and the interrupt vector address is 224.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.
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RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy and uninterrupted processing of
the magnetic tape system. Special design features of the TS11
magnetic tape systems give them these qualities of high reliability as
well as ease of maintenance.

e Modular construction of the TS11 enables parts to be quickly re-
moved and replaced during routine servicing and maintenance.

@ Integral microprocessor-controlled diagonostics allow for self-test-
ing when the TS11 is in Idle mode.

e Off-line microprocessor-controlled diagnostic capability allows the
TS11 to be serviced independent of the host processor.

® On-line microprocessor-controlled diagnostic capability alerts the
host processor to microprocessor failure.

® Customer Confidence Checks allow the user to verify subsystem
operation.

oAl | on- | micro | voL | DENs | wriTe sor | ot
U™ | LINE | oK | vALID | ERROR | LOCK

Figure 3-7 TS11 FRONT PANEL CONTROLS AND INDICATORS

PANEL CONTROLS AND INDICATORS

The front panel controls allow the operator to control the tape trans-
port manually and perform diagnostics when it is off-line. When on-
line the transport is under program control except for taking it off-line.
The indicator lights provide transport status information.

e L OAD/REW/UNLD (LOD insome versions)switch (momentary
pushbutton/green light indicator on front panel)

Depressing this switch after the tape has been threaded causes the
transport to load the tape and the indicator to light. Depressing this
switch when the tape has been loaded and is not at BOT causes the
tape to rewind to BOT. Depressing this switch when the tape is at
BOT causes the transport to unload the tape. Note that the rewind
and unload funtions are operational only when the tape transport is
off-line.
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e ON-LINE (ONL in some versions) switch (alternate-action pushbut-
ton/blue light indicator on front panel)

Depressing this switch causes the tape transport to go on-line and
the indicator to light. Depressing it again causes the tape transport
to go off-line and the indicator light to go out.

e MICRO OK (UOK in some versions) lamp (white light indicator on
front panel)

When lit, this lamp indicates that the microprocessor-controlled for-
matter is operating with no errors.

e VOL VALID (VCK in some versions) lamp (white light indicator on
front panel)

When lit, this lamp indicates a change in the tape transport status,
i.e. that the transport has gone on-line or off-line since the last
processor command.

e DENS ERROR (DCK in some versions) lamp (white light indicator on
front panel)
When lit, this lamp indicates that an invalid identification burst (IDB),
indicating that the tape was not written in PE, was sensed at BOT.
However, the tape can still be read if IDB is incorrect and the tape is
actually written in PE.

e WRITE LOCK (WLK in some versions) lamp (white light indicator on
front panel)
When lit, this lamp indicates that either no tape reel has been
mounted or that a reel without a file-protect ring has been mounted
onto a transport.

e BOT (Beginning Of Tape) lamp (white light indicator on front panel)

When lit, this lamp indicates that the tape is at BOT.
e EOT (End Of Tape) lamp (red light indicator on front panel)

When lit, this lamp indicates that the tape has passed the EOT mar-
ker. Note that manually moving the tape past EOT will not cause the
indicator to light.

SPECIFICATIONS

MECHANI]CAL
Cabinet Freestanding
Controller mounting code One hex slot
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Height
TS11-BA(BB)
TS11-CA(CB)
TS11-DA(DB)
Width
TS11-BA(BB)
TS11-CA(CB)
TS11-DA(DB)
Depth
TS11-BA(BB)
TS11-CA(CB)
TS11-DA(DB)
Weight
TS11-BA(BB)
TS11-CA(CB)
TS11-DA(DB)

PERFORMANCE
Transports per formatter

Recording density
Read/write speed
Capacity per 2400 ft reel
Rewind speed

Rewind time

Peak transfer speed

Maximum load/unload time

ELECTRICAL
Operating current

60in (152.4 cm)
60.5in (153.7 cm)
72in (182.9 cm)

28in (71 cm)
21.5in (54.6 cm)
21.25in (54.1 cm)

30in (76.2 cm)
30in (76.2 cm)
30in (76.2cm)

555 Ibs (252 kg)
3821bs (173.4 kg)
348 Ibs (158 kg)

1
1600 b/in
45in/s

40 MB with 8 KB blocks

150in/s

2 min per 2400 ft reel

72KB/s
8s

10 Aat 120 Vac
5 A at240 Vac
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Interface (controller) current

Power ‘consumption
Heat dissipation

Operating voltage

Phase

Line frequency

Receptacles
TS11-BA(BB), TS11-DA(DB)

TS11-CA(CB)

Line cord length

ENVIRONMENTAL
Operating temperature

Storage temperature

Operating relative humidity

Storage relative humidity

3.5 A maximum at +5 Vdc
1.5 A typical at +5 Vdc
1200 Watts maximum

4092 Btus/hr maximum

120 Vac + 10%
240 Vac + 10%

1-Phase

60Hz £+ 3Hz
50Hz £ 3Hz

NEMA #L5-30R (120 Vac),
NEMA #L6-20R (240 Vac)

NEMA #L5-30R (120 Vac),
NEMA #L6-15R (240 Vac)

12 ft

59°F—90°F (15°C—32°C)
-40°F—151°F (-40°C—66°C)
20%—80%
(non-condensing)

5%—95%

(non-condensing)

Maximum wet bulb temperature  77°F (25°C)

Maximum operating altitude 8,000 ft (2438 m) above sea level
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TE16

The TE16 is a 9-track, bolt-on, tape storage system which connects to
the MASSBUS via the controller/adapter. The TJE16 subsystems are
supported by UNIBUS PDP-11 systems except the PDP-11/70, the
TWE16 subsystems are supported by PDP-11/70 systems only, and
the TEE16 subsystems are supported by VAX-11/780 systems. The
TE16 was designed to operate at medium speeds in moderate usage
environments in a variety of applications, such as disk-to-tape backup
for small to medium disks, software distribution medium, and tape
interchange.

FEATURES

® Program-selectable recording at 1600 b/in (PE) or 800 b/in (NRZI)

® Read/write speeds of 45in/s

e Automatic density select on a READ operation (1600 b/in or 800
b/in)

e Expandable up to a total of eight tape transports per subsystem

® Direct Memory Access (DMA) data transfers
® Vacuum column tape buffering

DESCRIPTION
The TJE16, the TWE16, and the TEE16 magnetic tape storage subsys-
tems consist of a freestanding tape transport (-AA, AD versions are in
H9602 cabinets and -EA, ED versions are in H360 cabinets), a tape
formatter and its power supply mounted in the transport cabinet, a
MASSBUS controller/adapter, and a MASSBUS cable. Up to seven
more add-on TE16-AE(AJ) or TE16-EE(EJ) transports may be added
to any of the three subsystems.

RECORDING METHODS

The TE16 writes data in two modes: NRZI (Non-Return to Zero Invert-
ed) at 800 b/in and PE (Phase-Encoded) at 1600 b/in. Data is written
on the tape by magnetizing small sections of the oxide on the tape in
different directions, ie. either positively or negatively. A change or lack
of change in the direction between adjacent magnetized sections of
tape, depending on the recording method used, indicates whether the
bit represented is a 1 bit or a 0 bit. In NRZI mode, a change in direction
from negative to postive or from positive to negative represents a 1 bit
and a lack of change in direction represents a 0 bit. In PE mode, a
change in direction from positive to negative represents a 1 bitand a
change in direction from negative to positive represents a 0 bit.
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MAGNETIC TAPES

At the beginning of a tape to be written in NRZI mode, the tape
formatter leaves an initial gap of 3.2 inches between the BOT marker
and the first data record. When writing a record in NRZI mode, the
tape transport writes the data bytes of the record one by one, a CRC
character (Cyclic Redundancy Check) and an LRC character (Longitu-
dinal Redundancy Check), and then slows the tape down to a stop.

At the beginning of a tape to be written in PE mode, the tape formatter
writes a 6 inch identification burst between the BOT marker and the
first data record. When writing a record in PE mode, the tape formatter
writes a preamble, the data bytes of the record one by one, a postam-
ble, and then slows the tape down to a stop. The preamble and-the
postamble are used for synchronizing the data clock circuitry in the
tape formatter.

DATA ORGANIZATION

The head assembly of a nine-track magnetic tape transport, such as
the TE16, consists of one erase head, nine write heads, and nine read
heads. The nine read and the nine write heads correspond to the
lengthwise tracks of the tape, i.e one read head and one write head for
each track. The write head is an electromagnet used to magnetize
small sections on the tape. The read head senses flux changes
(changes in magnetic direction) on the tape and the erase head erases
all information by magnetizing the whole width of the tape all in the
same direction.

In order to write the 16-bit data from the processor onto the nine
tracks of the TE16, the tape formatter divides each 16-bit memory
word into two 8-bit bytes and generates a parity bit for each byte. The
formatter then transfers these 8-bit bytes plus the parity bits to the
tape head assembly. Each bit corresponds to one read and one write
head, i.e. one track on the tape. Thus, one 8-bit byte of data plus parity
is written across the width of the magnetic tape. These data bytes or
tape characters each with its parity bit are written one at a time in
groups called records or blocks. The length of a record is software
controlled, but is typically between 12 and 2,000 bytes. The maximum
block size allowed by the hardware is 65 KB. A record containing
twelve characters or less will cause the NON-STANDARD GAP bit in
the error register to be set. This short record detect feature can be
bypassed by a jumper in the tape formatter. The tape formatter always
stops the tape motion between records leaving a 0.6 inch interrecord
(IRG) or interblock (IBG) gap of blank tape. This gap must be at least
0.6 inches and can become as long as 25 ft by repeatedly erasing a
bad block and retrying the WRITE operation further down the tape.
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A tape mark is a special short record used by programmers as a
software flag. When executing a READ command the tape formatter
will find either data to be read or a tape mark on the tape. When the
formatter finds a tape mark it stops reading the tape and reports the
tape mark to the processor by setting the TAPE MARK bit in the drive
status register. Usually one tape mark indicates the end of a file while
two tape marks in a row indicate the logical end of the tape.

OPERATION

The TJE16 subsystems have 20 registers, the TWE16 subsystems
have 22 registers, and the TEE16 subsytems have 16 registers plus the
MASSBUS adapter registers. (Refer to the register section at the back
of this book for register diagrams and bit definitions).

Before a READ operation can begin the processor loads the bus ad-
dress, word count, tape control, and control and status 1 registers
respectively.

The bus address register specifies the starting memory address of the
desired storage location for the data to be read off the tape. The word
count register specifies the number of words to be read off the tape
and stored in memory while the tape control register selects which of
the available transports (up to 8 per formatter) is to perform the READ
operation.

After the bus address, word count, and tape control registers have
been loaded, the control and status 1 register is loaded with the READ
command from the processor. The READ command is then executed.
An 8-bit byte of data is read off of the tape and then transferred to the
formatter which checks the parity. Two 8-bit bytes (one 16-bit word)
are stored in the formatter which generates a parity bit for each 16-bit
word which is then written into the memory location specified. This
process continues until the proper word count is reached or until the
end of the record, whichever comes first. Only one record can be read
at atime. When the tape stops, an interrupt is set to alert the processor
that the data has been read off the tape.

Before a WRITE operation can begin the processor loads the bus
address, word count, frame count, tape control, and control and status
1 registers respectively.

The bus address register specifies the starting memory address of the
data to be written onto the tape. The word count register specifies the
number of words to be written onto the tape while the tape control
register selects which of the available transports is to perform the
WRITE operation. The tape control register also specifies the desired
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l
recording mode: NRZI or PE. The frame count register specifies the

number of bytes to be written on the tape (twice the word count).

After the bus address, word count, frame count, and tape control
registers have been loaded, the control and status 1 register is loaded
with the WRITE command from the processor. The WRITE command
is then executed. A 16-bit word of data is read from memory and then
transferred to the formatter which checks the parity. The formatter
divides the 16-bit word into two 8-bit bytes and generates a parity bit
for each 8-bit byte and writes the bytes on the tape one by one. This
process continues until the proper frame count is reached. When the
tape stops, an interrupt is set to alert the processor that the data has
been written onto the tape.

Other operations include: READ BACKWARD, WRITE TAPE MARK,
ERASE GAP, SPACE FORWARD, SPACE BACKWARD, REWIND,
REWIND/UNLOAD.

The automatic density select feature on a READ operation (1600 b/in
or 800 b/in) can be disabled by a jumper in the tape formatter.

DATA INTEGRITY
Several error checking and correction features of the TE16 ensure that
-the data has correct parity.

In NRZI mode, the parity error checking circuitry checks characters
one by one during a READ operation and the read-after-write circuitry
checks characters one by one during a WRITE operation. NRZI mode
also includes a cyclic redundancy check (CRC) character and a longi-
tudinal redundancy check (LRC) character. During a WRITE operation
the CRC character is generated and written on the tape at the end of
each record. During a READ operation the data read is used to gener-
ate a second CRC character which is then compared to the CRC read
from the end of the record. If there is a discrepancy between the two
CRC characters, a bit is set in the error register. During a WRITE
operation the LRC character is generated and written on the tape at
the end of each record, after the CRC. The LRC character consists of
nine parity bits (one for each track). During a READ operation the data
read is used to generate a second LRC character which is then com-
pared to the LRC read from the end of the record. If there is a discre-
pancy between the two LRC characters, a bit is set in the error register.

The formatter hardware can correct a single bad bit in a NRZI block
during a software retry. If a READ FORWARD operation fails due to a
data parity error and the software then commands a READ
BACKWARD or SPACE BACKWARD followed by a retry of the READ
FORWARD operation, the error correction circuitry is automatically
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invoked. At the end of the record the CRC and LRC checks are used to
verify that the correction was successful.

In PE mode, the parity error checking circuitry checks characters one
by one during a READ operation. Similarly, the read-after-write circui-
try checks characters one by one during a WRITE operation to ensure
that the data just written has correct parity. The self-clocking feature
allows on-the-fly single-track error correction by detecting and recon-
structing lost data during a READ operation.

An industry-standard file-protect ring on the tape reel prevents ac-
cidental writing on that tape. The operator should remove the ring
when the tape reel is stored and insert it only when mounting the tape
reel before a WRITE operation.

INTERRUPTS

The TE16 magnetic tape system controller uses a vectored interrupt to
cause the program to branch to an interrupt service routine.An'inter-
rupt can occur only if the INTERRUPT ENABLE bit in the control and
status 1 register is set. Once the INTERRUPT ENABLE bit is set, an
interrupt request is generated whenever either the SPECIAL
CONDITION or READY bit in the control and status 1 register is also
set.

When the SPECIAL CONDITION bit is set, it indicates that some error
or unusual condition exists and an interrupt is generated to cause the
program to branch to an error handling routine. When the READY bit
is set, the controller has successfully completed the operation and is
ready to accept a command. An interrupt request is made so that the
program can branch to an interrupt service routine.

The interrupt priority level is 5 and the interrupt vector address is 224.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy and uninterrupted processing of

the magnetic tape system. Special design features of the TE16

magnetic tape systems give them these qualities of high reliability as

well as ease of maintenance.

e Modular construction of the TE16 enables parts to be quickly re-
moved and replaced during routine servicing and maintenance.
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Figure 3-11TE16 FRONT PANEL CONTROLS AND INDICATORS

PANEL CONTROLS AND INDICATORS

The front panel controls allow the operator to control the tape trans-
port manually when it is off-line. When on-line the transport is under
program control except for taking it off-line. The indicator lights pro-
vide transport status information.

e PWR (POWER) lamp (yellow light indicator on front panel)

When lit, this lamp indicates that the transport is turned on.

e BOT (Beginning Of Tape) lamp (yellow light indicator on front panel)
When lit, this lamp indicates that the tape is at BOT.

e WRL (WRITE LOCK) lamp (red light indicator on front panel)
When lit, this lamp indicates that a reel without a file-protect ring has
been mounted onto a transport.

e SELECT lamp (yellow light indicator on front panel)
This indicator lights on the on-line transport (0-7) selected by the
processor.

e TRANSPORT SELECTreceptacle (unlabeled receptacle on front panel)

Each transport comes with eight numbered (0-7) plugs. The

transport number is set by inserting one of the numbered plugs into
the receptacle. If no plug is in the receptacle, that transport cannot
be selected by the processor. Note that drive number units cannot be
duplicated.
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e LOAD switch (momentary pushbutton/yellow light indicator on front
panel)
Depressing this switch after the tape has been threaded causes the
transport to load the tape and the indicator to light.

e ON-LINE switch (alternate-action pushbutton/yellow light indicator
on front panel)

Depressing this switch causes the tape transport to go on-line and
the indicator to light. Depressing it again causes the tape transport
to go off-line and the indicator light to go out.

e REW/UNLD (REWIND/UNLOAD) switch (momentary pushbutton on
front panel)
Depressing this switch causes the tape to rewind to BOT. Depress-
ing this switch when the tape is at BOT causes the transport to
unload the tape.

SPECIFICATIONS

MECHANICAL
Cabinet Bolt-on

Controller mounting code

TJE16 28Us

TWE16 MASSBUS port
TEE16 Option panel space
Height

TE16-AE(AJ) 60in (152.4 cm)
TE16-EE(EJ) 72in(182.9 cm)
Width

TE16-AE(AJ) 28in (71 cm)
TE16-EE(EJ) 21in (53.3 cm)
Depth

TE16-AE(AJ) 30in (76.2 cm)
TE16-EE(EJ) 31in(78.7 cm)
Weight

TE16-AE(AJ) 500 Ibs (254 kg)
TE16-EE(EJ) 500 Ibs (254 kg)
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PERFORMANCE
Transports per controller

Recording density
Read/write speed
Capacity per 2400 ft reel
1600 b/in

800 b/in

Rewind speed

Rewind time

Peak transfer speed
1600 b/in

800 b/in

ELECTRICAL
Starting (surge) current

Surge duration
Operating current

Power consumption

Heat dissipation

Operating voltage

Phase

Line frequency

MAGNETIC TAPES

8
1600/800 b/in
45in/s

40 MB with 8 KB blocks
20 MB with 8 KB blocks
150in/s

3.7 min per 2400 ft reel

72 KB/s
36 KB/s

85 Aat120 Vac
42.5 A at 240 Vac

100 ms

9 A at 120 Vac (subsystem)

4.5 A at 240 Vac (subsystem)
6.5 A at 120 Vac (add-on drive)
3.25 A at 240 Vac (add-on drive)

1200 Watts maximum (subsys-
tem)

900 Watts maximum (add-on
drive)

4100 Btus/hr maximum (sub-
system)

3100 Btus/hr maximum (add-on
drive)

120 Vac + 10%
240 Vac + 10%

1-Phase

60Hz £ 3Hz
50Hz £ 3Hz
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Receptacle

Line cord length

ENVIRONMENTAL
Operating temperature

Storage temperature

Operating relative humidity

Storage relative humidity

Maximum wet bulb temperature

Maximum operating altitude

NEMA #L5-30R (120 Vac),
NEMA #L6-20R (240 Vac)

10 ft

59°F—90°F (15°C—32°C)
-40°F—151°F (-40°C—66°C)
20%—80%

(non-condensing)

5%—95%

(non-condensing)

77°F (25°C)

8,000 ft (2440 m) above sea level
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TU77

The TU77 is a nine-track, freestanding, magnetic tape storage system
which connects to the processor via the MASSBUS controll-
er/adapter. The TJU77 subsystems are supported by UNIBUS PDP-11
systems except the PDP-11/70, the TWU77 subsystems are supported
by PDP-11/70 systems only, the TEU77 subsystems are supported by
VAX-11/780 systems, and the TGU77 subsystems are supported by
VAX-11/750 systems. The TU77 was designed to operate at high
speeds in high usage environments in a wide range of applications,
such as fast disk-to-tape backup, data acquisition, heavy transaction
processing/journaling, and tape interchange.

FEATURES

e Program-selectable recording at 1600 b/in (PE) or 800 b/in (NRZI)

e Read/write speed of 125 in/s

e Automatic tape threading of 10.5 in tape reels as well as IBM Easy
Load #1 and #2 ™ type tape cartridges

e Automatic density select on a READ operation (1600 b/in or 800
b/in)

e Expandable up to a total of four tape transports per subsystem

e Direct Memory Access (DMA) data transfers

e Vacuum column tape buffering

DESCRIPTION

The TJU77, the TWU77, the TEU77, and the TGU77 magnetic tape
storage subsystems consist of a freestanding tape transport in an
H9602 cabinet, a tape formatter and its power supply mounted in the
transport cabinet, a MASSBUS controller/adapter, and a MASSBUS
cable. Up to three more add-on TU77-AF(AJ) transports may be add-
ed to any of the four subsystems.

RECORDING METHODS

The TU77 writes data in two modes: NRZI (Non-Return to Zero Invert-
ed) at 800 b/in and PE (Phase-Encoded) at 1600 b/in. Data is written
on the tape by magnetizing small sections of the oxide on the tape in
different directions, i.e. either positively or negatively. A change or
lack of change in the direction between adjacent magnetized sections
of tape, depending on the recording method used, indicates whether
the bit represented is a 1 or a 0. In NRZI mode, a change in direction
from negative to positive or from positive to negative represents a 1 bit
and a lack of change in direction represents a 0 bit. In PE mode, a
change in direction from positive to negative represents a 1 bitand a
change in direction from negative to positive represents a 0 bit.
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MAGNETIC TAPES

At the beginning of a tape to be written in NRZI mode, the tape format-
ter leaves an initial gap of 3.2 inches between the BOT marker and the
first data record. When writing a record in NRZI mode, the tape trans-
port writes the data bytes of the record one by one, a CRC character
(Cyclic Redundancy Check) and an LRC character (Longitudinal Re-
dundancy Check), and then slows the tape down to a stop.

At the beginning of a tape to be written in PE mode, the tape formatter
writes a 6 inch identification burst between the BOT marker and the
first data record. When writing a record in PE mode, the tape formatter
writes a preamble, the data bytes of the record one by one, a
postamble, and then slows the tape down to a stop. The preamble and
the postamble are used for synchronizing the data clock circuitry in
the tape formatter.

DATA ORGANIZATION

The head assembly of a nine-track magnetic tape transport, such as
the TU77, consists of one erase head, nine write heads, and nine read
heads. The nine read and the nine write heads correspond to the
lengthwise tracks of the tape, i.e one read head and one write head for
each track. The write head is an electromagnet used to magnetize
small sections on the tape. The read head senses flux changes
(changes in magnetic direction) on the tape and the erase head erases
all information by magnetizing the whole width of the tape all in the
same direction.

In order to write the 16-bit data from the processor onto the nine
tracks of the TU77, the tape formatter divides each 16-bit memory
word into two 8-bit bytes and generates a parity bit for each byte. The
formatter then transfers these 8-bit bytes plus the parity bits to the
tape head assembly. Each bit corresponds to one read and one write
head, i.e. one track on the tape. Thus, one 8-bit byte of data plus parity
is written across the width of the magnetic tape. These data bytes or
‘tape characters, each with its parity bit, are written one at a time in
groups called records or blocks. The length of a record is software
controlled, but is typically between 12 and 2,000 bytes. The maximum
block size allowed by the hardware is 65 KB. A record containing
twelve characters or less will cause the NON-STANDARD GAP bit in
the error register to be set. This short record detect feature can be
bypassed by a jumper in the tape formatter. The tape formatter always
stops the tape motion between records leaving a 0.6 inch interrecord
(IRG) or interblock (IBG) gap of blank tape. This gap must be at least
0.6 inch and can become as long as 25 ft by repeatedly erasing a bad
block and retrying the WRITE operation further down the tape.
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A tape mark is a special short record used by programmers as a
software flag. When executing a READ command, the tape formatter
will find either data to be read or a tape mark on the tape. When the
formatter finds a tape mark, it stops reading the tape and reports the
tape mark to the processor by setting the TAPE MARK bit in the drive
status register. Usually, one tape mark indicates the end of a file, while
two tape marks in a row indicate the logical end of the tape.

OPERATION

The TJU77 subsystems have 20 registers, the TWU77 subsystems
have 22, and the TEU77 and the TGU77 subsytems have 16 plus the
MASSBUS adapter registers. (Refer to the register section at the back
of this book for register diagrams and bit definitions).

Before a READ operation can begin, the processor loads the bus
address, word count, tape control, and control and status 1 registers,
respectively.

The bus address register specifies the starting memory address of the
storage location for the data to be read off the tape. The word count
register specifies the number of words to be read off the tape and
stored in memory while the tape control register selects which of the
available transports (up to 4 per formatter) is to perform the READ
operation. '

After the bus address, word count, and tape control registers have
been loaded, the control and status 1 register is loaded with the READ
command from the processor. The READ command is then executed.
An 8-bit byte of data is read off the tape and then transferred to the
formatter which checks the parity. Two 8-bit bytes (one 16-bit word) of
data are stored in the formatter, which generates a parity bit for each
16-bit word. The 16-bit word plus parity is then written into the memo-
ry location specified. This process continues until the proper word
count is reached or until the end of the record, whichever comes first.
Only one record can be read at a time. When the tape stops, an
interrupt is set to alert the processor that the data has been read off
the tape.

Before a WRITE operation can begin, the processor loads the bus
address, word count, frame count, tape control, and control and status
1 registers, respectively.

The bus address register specifies the starting memory address of the
data to be written onto the tape. The word count register specifies the
number of words to be written onto the tape while the tape control
~ register selects which of the available transports is to perform the
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WRITE operation. The tape control register also specifies the desired
recording mode: NRZI or PE. The frame count register specifies the
number of bytes to be written on the tape (twice the word count).

After the bus address, word count, frame count, and tape control
registers have been loaded, the control and status 1 register is loaded
with the WRITE command from the processor. The WRITE command
is then executed. A 16-bit word of data is read from memory and then
transferred to the formatter which checks the parity. The formatter
divides the 16-bit word into two 8-bit bytes and generates a parity bit
for each 8-bit byte and writes the bytes on the tape one by one. This
process continues until the proper frame count is reached. When the
tape stops, an interrupt is set to alert the processor that the data has
been written onto the tape.

Other operations include: READ BACKWARD, WRITE TAPE MARK,
ERASE GAP, SPACEFORWARD, SPACEBACKWARD, REWIND,
REWIND/UNLOAD.

The automatic density select feature on a READ operation (1600 b/in
or 800 b/in) can be disabled by a jumper in the tape formatter.

DATA INTEGRITY
Several error checking and correction features of the TU77 ensure
that the data has correct parity.

In NRZI mode, the parity error checking circuitry checks characters
one by one during a READ operation and the read-after-write circuitry
checks characters one by one during a WRITE operation. NRZ| mode
also includes a cyclic redundancy check (CRC) character and a longi-
tudinal redundancy check (LRC) character. During a WRITE opera-
tion, the CRC character is generated and written on the tape at the end
of each record. During a READ operation, the data read is used to
generate a second CRC character which is then compared to the CRC
read from the end of the record. If there is a discrepancy between the
two CRC characters, a bit is set in the error register. During a WRITE
operation the LRC character is generated and written onto the tape at
the end of each record, after the CRC. The LRC character consists of
nine parity bits (one for each track). During a READ operation, the data
read is used to generate a second LRC character which is then com-
pared to the LRC read from the end of the record. If there is a discre-
pancy between the two LRC characters, a bit is set in the error register.

The formatter hardware can correct a single bad bit in a NRZI block
during a software retry. If a READ FORWARD operation fails due to a
data parity error and the software then commands a READ
BACKWARD or SPACE BACKWARD followed by a retry of the READ
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FORWARD operation, the error correction circuitry is automatically
invoked. At the end of the record, the CRC and the LRC are used to
verify that the correction was successful.

In PE mode, the parity error checking circuitry checks characters one
by one during a READ operation. Similarly, the read-after-write circui-
try checks characters one by one during a WRITE operation to ensure
that the data just written has correct parity. The self-clocking feature
allows on-the-fly single-track error correction by detecting and recon-
structing lost data during a READ operation.

An industry-standard file-protect ring on the tape reel prevents ac-
cidental writing on that tape. The operator should remove the ring
when the tape reel is stored and insert it only when mounting the tape
reel before a WRITE operation.

INTERRUPTS

The TU77 magnetic tape system controller uses a vectored interrupt to
cause the program to branch to an interrupt service routine. An inter-
rupt can occur only if the INTERRUPT ENABLE bit in the control and
status 1 register is set. Once the INTERRUPT ENABLE bit is set, an
interrupt request is generated whenever either the SPECIAL
CONDITION or READY bit in the control and status 1 register is also
set.

When the SPECIAL CONDITION bit is set, it indicates that some error
or unusual condition exists and an interrupt is generated to cause the
program to branch to an error handling routine. When the READY bit
is set, the controller has successfully completed the operation and is
ready to accept a command. An interrupt request is made so that the
program can branch to an interrupt service routine.

The interrupt priority level is 5 and the interrupt vector address is 224.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy and uninterrupted processing of

the magnetic tape system. Special design features of the TU77

magnetic tape systems give them these qualities of high reliability as

well as ease of maintenance.

e Modular construction of the TU77 enables parts to be quickly re-
moved and replaced during routine servicing and maintenance.
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e Off-line test capability including motion and data flow allows the
TU77 to be serviced independent of the host processor.

powero bot O on Iineo file protect(0) load faulvo
LOAD REW ON LINE  UNLOAD RESET
o5 0 tu77
16000

I 1
Figure 3-15 TU77 FRONT PANEL CONTROLS AND INDICATORS

PANEL CONTROLS AND INDICATORS

The front panel controls allow the operator to control the tape trans-

port manually when it is off-line. When on-line, the transport is under

program control except for taking it off-line. The indicator lights pro-

vide transport status information.

© TRANSPORT SELECT switch (unlabeled thumbwheel on front pa-
nel)
This switch sets the tape transport number (0-3).

© LOAD/REWIND switch (momentary pushbutton on front panel)
Depressing this switch when the tape is not loaded causes the
transport to load the tape. Depressing this switch when the tape is
loaded causes the transport to rewind the tape to the beginning
(BOT). This switch is operational only when the tape transport is off-
line.

® ON-LINE switch (alternate-action pushbutton on front panel)
Depressing this switch causes the tape transport to go on-line. De-
pressing it again causes the tape transport to go off-line.

© UNLOAD switch (momentary pushbutton on front panel)
Depressing this switch causes the tape transport to rewind and then
unload the tape. This switch is operational only when the tape trans-
port is off-line.

e RESET switch (momentary pushbutton on front panel)

Depressing this switch terminates all functions and causes the tape
transport to go off-line. If the LOAD FAULT indicator is lit, depressing
RESET causes it to go out.

© POWER lamp (red light indicator on front panel)
When lit, this lamp indicates that the tape transport is turned on.
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e BOT (Beginning Of Tape) lamp (red light indicator on front panel)

When lit, this lamp indicates that the tape is at BOT.

e ON-LINE lamp (red light indicator on front panel)
When lit, this lamp indicates that the tape transport is on-line. When
not lit, this lamp indicates that the tape transport is off-line because
1) the ON LINE switch has been depressed 2) the processor has
issued a REWIND/UNLOAD command 3) a pneumatic failure has
been detected or 4) the RESET switch has been depressed.

e FILE PROTECT lamp (red light indicator on front panel)
When lit, this lamp indicates that a reel of tape without a file-protect
ring has been loaded onto the tape transport.

e LOAD FAULT lamp (red light indicator on front panel)

When lit, this lamp indicates that the automatic tape loading mecha-
nism has failed to load the tape after two attempts.

® 800 lamp (red light indicator on front panel)

When lit, this lamp indicates that the tape transport is set to read or
write at 800 b/in in NRZI mode.

e 1600 lamp (red light indicator on front panel)

When lit, this lamp indicates that the tape transport is set to read or
write at 1600 b/in in PE mode.

SPECIFICATIONS

MECHANICAL
Cabinet Freestanding

Controller mounting code

TJU77 2 SUs

TWU77 MASSBUS port
TEU77 Option panel space
TGU77 MBA slot

Height 60in (152.4 cm)
Width 28in (71 cm)
Depth : 30in (76.2 cm)
Weight 560 Ibs (254 kg)
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PERFORMANCE
Transports per formatter

Recording density
Read/write speed
Capacity per 2400 ft reel
1600 b/in

800 b/in

Rewind speed
Rewind time

Load time

Peak transfer speed
1600 b/in

800 b/in

ELECTRICAL
Starting (surge) current

Surge duration

Operating current

Power consumption

Heat dissipation

Operating voltage

Phase

Line frequency

MAGNETIC TAPES

4
1600/800 b/in
125in/s

40 MB with 8 KB blocks

20 MB with 8 KB blocks
440in/s

70 s typical per 2400 ft reel

10 s without aretry

200 KB/s
100 KB/s

80 A at 240 Vac
1.2s

13 A at 240 Vac (subsystem)
11.5 at 240 Vac (add-on trans-
port)

2295 Watts maximum (subsys-
tem)

1914 Watts maximum (add-on
transport)

7826 Btus/hr maximum (sub-
system)

6527 Btus/hr maximum (add-on
transport)

220-240 Vac + 10%
Taps must be set at 10 Vac in-
crements.

1-Phase

60Hz + 2Hz
50Hz £ 2 Hz
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Receptacle NEMA #6-20R (240 Vac)
Line cord length 10 ft

ENVIRONMENTAL

Operating temperature 59°F—90°F (15°C—32°C)
Storage temperature -40°F—151°F (-40°C—66°C)

Operating relative humidity 20%—80%
\ (non-condensing)

Storage relative humidity 5%—95%
(non-condensing)

Maximum wet bulb temperature  77°F (25°C)

Maximum operating altitude 8,000 ft (2440 m) above sea
level
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TU78

The TU?78 is a 9-track, freestanding, magnetic tape storage system
which connects to the processor via the MASSBUS adapter (MBA).
The TEU78 subsystems are supported by VAX-11/780 systems only.
The TU78 was designed to operate at high speeds in very high usage
environments in a wide range of applications, such as fast disk-to-tape
backup for large disks, high-speed data acquisition, heavy transaction
processing/journaling, tape interchange, and archival storage of large
databases.

FEATURES

e Program-selectable recording at 6250 b/in (GCR) or 1600 b/in (PE)

e Read/write speed of 125in/s

e Automatic tape threading of 10.5 in tape reels as well as IBM Easy
Load #1 and #2 ™ type tape cartridges

e Automatic density select on a READ operation (6250 b/in (GCR) or
1600 b/in)

@ Static dual-access capability

e Expandable up to a total of four radially-connected tape transports
per subsystem

e Internal microprocessor-controlled diagnostics

e Direct Memory Access (DMA) data transfers

® Vacuum column tape buffering

DESCRIPTION

The TEU78-AB(AD) magnetic tape subsystems consist of a single-
access, freestanding tape transport in an H9602 cabinet, a tape for-
matter and its power supply mounted in the transport cabinet, a
MASSBUS adapter (MBA), and a MASSBUS cable. Up to three more
add-on TU78-AF(AJ) transports may be added to these subsystems.
For those users who already have an MBA, the TU78-AB(AD), consist-
ing of a freestanding tape transport in an H9602 cabinet and a tape
formatter and its power supply mounted in the transport cabinet and
a MASSBUS cable, is available.

The TEU78-BB(BD) magnetic tape subsystems consist of a dual-
acess, freestanding tape transport in an H9602 cabinet, a tape format-
ter and its power supply, two MBAs, and two MASSBUS cables. Up to
three more add-on TU78-AF(AJ) transports may be added to a these
subsystems. Note that dynamic (simultaneous access) dual-port capa-
bility of tape subsystems is not supported by DIGITAL operating syt-
stem software or diagnostics. However, the TEU78-BB(BD) subsys-
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tems can be statically shared by two VAX-11/780 processors or
connected to one processor through two MBAs for maximum system
availability.

RECORDING METHODS

The TU78 writes data in two modes: PE (Phase-Encoded) at 1600 b/in
and GCR (Group Coded Recording) at 6250 b/in. Data is written on the
tape by magnetizing small sections of the oxide on the tape in different
directions, i.e. either positively or negatively. A change or lack of
change in the direction between adjacent magnetized sections of tape,
depending on the recording method used, indicates whether the bit
represented is a 1 or a 0. In PE mode, a change in direction from
positive to negative represents a 1 bit and a change in direction from
negative to positive represents a 0 bit. In GCR (Group Coded Record-
ing) mode, a change in direction from negative to positive or from
positive to negative represents a 1 bit and a lack of change in direction
represents a 0 bit. However, the data is specially encoded before it is
written onto the tape.

At the beginning of a tape to be written in PE mode, the tape formatter
writes a 6 inch identification burst between the BOT marker and the
first data record. When writing a record in PE, the tape formatter
writes a preamble, the data bytes of the record one by one, a postam-
ble, and then slows the tape down to a stop. The preamble and the
postamble are used for synchronizing the data clock circuitry in the
tape formatter.

At the beginning of a tape to be written in GCR mode, the tape format-
ter writes a 6 inch identification burst followed by a 6 inch automatic
read amplification (ARA) burst before the first data record. The ARA
allows the read amplifiers to automatically adjust to the proper gain
when reading a tape. When writing a record in GCR, the tape formatter
writes a preamble, the data groups of the record, a resynchronization
group (after every 158 data groups), a residual group, a CRC group
(Cyclic Redundancy Check), and finally a postamble. The preamble,
postamble, and resynchronization groups are used for synchronizing
the data clock circuitry in the tape formatter. The residual group con-
tains the data bytes that did not fit into the last data group and the CRC
group is used as a final check to ensure that data was read correctly.

DATA ORGANIZATION

The head assembly of a nine-track magnetic tape transport, such as
the TU78, consists of one erase head, nine write heads, and nine read
heads. The nine read and the nine write heads correspond to the
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lengthwise tracks of the tape, i.e. one read head and one write head
for each track. The write head is an electromagnet used to magnetize
small sections on the tape. The read head senses flux changes
(changes in magnetic direction) on the tape and the erase head erases
all information by magnetizing the whole width of the tape all in the
same direction. )

In order to write the 32-bit data from the processor onto the nine
tracks of the TU78, the MBA divides each 32-bit memory word into two
16-bit MASSBUS words. The tape formatter then divides each 16-bit
MASSBUS word into two 8-bit bytes and generates a parity bit for
each byte. The formatter transfers these 8-bit bytes plus the parity bits
to the tape head assembly. Each bit corresponds to one read and one
write head, i.e. one track on the tape. Thus, one 8-bit byte of data plus
parity is written across the width of the magnetic tape. These data
bytes or tape characters, each with its parity bit, are written one at a
time in groups called records or blocks. The length of a record is
software controlled, but is typically between 12 and 2,000 bytes. The
maximum block size allowed by the hardware is 65 KB. In GCR mode,
the formatter collects seven of these bytes and then generates an
eighth byte called an ECC (Error Checking Character). These eight
bytes (a data group) are passed through the formatter’s eight-to-ten
byte translator, after which the ten bytes plus parity are transferred to
the tape head assembly. The tape formatter always stops the tape
motion between records leaving an interrecord (IRG) or interblock
(IBG) gap of blank tape. This gap is at least 0.6 inches in PE mode and
0.3 inches in GCR mode.

A tape mark is a special short record used by programmers as a
software flag. When executing a READ command, the tape formatter
~will find either data to be read or a tape mark on the tape. When the
formatter finds a tape mark, it stops reading the tape and reports the
tape mark to the processor by setting the TAPE MARK bit in the drive
status register. Usually, one tape mark indicates the end of a file while
two tape marks in a row indicate the logical end of the tape.

OPERATION

The TEU78 has eighteen registers plus the MASSBUS adapter regis-
ters (Refer to the register section at the back of this book for register
diagrams and bit definitions).

Non-data transfer operations such as REWIND, WRITE TAPE MARK,
or SPACE FILES can be executed simultaneously by different
transports by loading commands into the non-data transfer control
registers 0-3 that correspond to transports 0-3. Data transfer opera-
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tions such as READ and WRITE can be performed by one transport
while other transports execute non-data transfer operations.

Before a READ operation can begin, the processor loads the MBA
virtual address, MBA byte counter, tape control, byte count, and con-
trol registers, respectively.

The MBA virtual address register specifies the starting memory ad-
dress of the starage location for the data to be read off the tape. The
MBA byte counter register specifies the total number of bytes to be
read off the tape and stored in memory. The tape control register
specifies how many records are to be read from the tape and selects
which of the available transports (up to 4 per formatter) is to perform
the READ operation. The byte count register specifies how many bytes
each record is expected to contain.

After the MBA virtual address, MBA byte counter, tape control and
byte count registers have been loaded, the control register is loaded
with the READ command from the processor. The READ command is
then executed. An 8-bit byte of data is read off of the tape and then
transferred to the formatter which checks the parity. Two 8-bit bytes
(one 16-bit word) are stored in the formatter, which generates a parity
bit for each 16-bit word. The 16-bit word plus parity is then transferred
to the MBA. The MBA combines two 16-bit words into a 32-bit memory
word and generates a parity bit. The 32-bit word plus parity is then
written into the memory location specified. This process continues
until the byte count in the MBA virtual address register or the record
count in the tape control register is reached, whichever comes first.
When the READ operation is completed, an interrupt is set to alert the
processor that the data has been read off the tape.

Before a WRITE operation can begin the processor loads the MBA
virtual address, MBA byte counter, tape control, byte count, and con-
trol registers respectively.

The MBA virtual address register specifies the starting memory
address of the location of the data to be written onto the tape. The
MBA byte counter register specifies the total number of words to be
written onto the tape. The tape control register specifies how many
records are to be written on the tape and selects which of the available
transports is to perform the WRITE operation. The byte count register
specifies how many bytes each record is to contain.

After the MBA virtual address, MBA byte counter, tape control, and
byte count registers have been loaded, the control register is loaded
with the WRITE command from the processor. The WRITE command
is then executed. A 32-bit word of data is read from memory and
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transferred to the MBA which divides the 32-bit word into two 16-bit
words and generates a parity bit for each 16-bit word. The MBA then
transfers the two 16-bit words plus parity to the formatter. The format-
ter checks the parity of each 16-bit word and then divides it into two 8-
bit bytes and generates a parity bit for each byte. The formatter then
writes the two 8-bit bytes plus parity onto the tape one by one.This
process continues until the MBA reaches the proper byte count or the
formatter reaches the proper record count, whichever comes first.
When the operation is completed, an interrupt is set to alert the pro-
cessor that the data has been written onto the tape.

Other operations include: READ BACKWARD, WRITE TAPE MARK,
ERASE GAP, SPACE FORWARD, SPACE BACKWARD, REWIND,
REWIND/UNLOAD.

DATA INTEGRITY
Several error checking and correction features of the TU78 ensure
that the data has correct parity.

in PE mode, the parity error checking circuitry checks characters one
by one during a READ operation. Similarly, the read-after-write circui-
try checks characters one by one during a WRITE operation to ensure
that the data just written has correct parity. The self-clocking feature
allows on-the-fly single-track error correction by detecting and recon-
structing lost data during a READ operation.

In GCR mode, the read-after-write parity error circuitry checks char-
acters one by one during a WRITE operation to ensure that the data
just written has correct parity. During a READ operation, the formatter
holds each eight-byte group in a buffer and checks the parity of each
byte. The parity bits and the ECC (Error Checking Character) are used
by the error correction circuitry for two-track error correction by re-
constructing lost or incorrect data. The CRC group checks to see that
data was read off the tape correctly and that any on-the-fly error
corrections were performed successfully. During a WRITE operation,
the CRC character is generated and written on the tape at the end of
each record. During a READ operation the data read is used to gener-
ate a second CRC character which is then compared to the CRC read
from the end of the record. If there is a discrepancy between the two
CRC characters, an error is reported to the processor.

An industry-standard file-protect ring on the tape reel prevents ac-
cidental writing on that tape. The operator should remove the ring
when the tape reel is stored and insert it only when mounting the tape
reel before a WRITE operation.

-1564-




MAGNETIC TAPES

INTERRUPTS

The TU78 magnetic tape system MBA uses a vectored interrupt to
cause the program to branch to an interrupt service routine. The TU78
generates an interrupt at the completion of an operation, when a error
has been detected, or when a transport comes on-line.

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy and uninterrupted processing of

the magnetic tape system. Special design features of the TU78

magnetic tape systems give them these qualities of high reliability as
well as ease of maintenance.

® Easy front access to most assembilies.

© Modular construction of the TU78 enables parts to be quickly re-
moved and replaced during routine servicing and maintenance.

e Integral maintenance keypad and display allow for microprocesor-
controlled diagnostics to be performed independent of the host
processor.

® On-line microprocessor-controlled diagnostic capability alerts the
host processor to microprocessor failure.

e Radial connection from formatter to add-on tranports allows inde-
pendent servicing of tranports.

power () bot O on line(Q file protect ) load fault O
R SEECT LOAD REW ON LINE UNLOAD RESET 62500

b TU78
2 : B 16000
3 =TEST L

Figure 3-17 TU78 FRONT PANEL CONTROLS AND INDICATORS

PANEL CONTROLS AND INDICATORS

The front panel controls allow the operator to control the tape trans-
port manually when it is off-line. When on-line, the transport is under
program control except for taking it off-line. The indicator lights pro-
vide transport status information.

® PORT SELECT switch (thumbwheel on front panel)
When set to 0, selects MASSBUS port A. When set to 1, selects
MASSBUS port B. When set to 2, selects both MASSBUS ports A

and B. When set to 3, puts the TU78 in Maintenance mode and
disables both MASSBUS ports.
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LOAD/REWIND switch (momentary pushbutton on front panel)

Depressing this switch when the tape is not loaded causes the trans-
port to load the tape. Depressing this switch when the tape is loaded
causes the transport to rewind the tape to the beginning (BOT). This
switch is operational only when the tape transport is off-line.

ON-LINE switch (alternate-action pushbutton on front panel)

Depressing this switch causes the tape transport to go on-line.
Depressing it again causes the tape transport to go off-line.

UNLOAD switch (momentary pushbutton on front panel)
Depressing this switch causes the tape transport to rewind and then

unload the tape. This switch is operational only when the tape trans-

port is off-line.
RESET switch (momentary pushbutton on front panel)
Depressing this switch terminates all functions and causes the tape

transport to go off-line. If the LOAD FAULT indicator is lit, depress-
ing RESET causes it to go out.

POWER lamp (red light indicator on front panel)

When lit, this lamp indicates that the tape transport is turned on.
BOT (Beginning Of Tape) lamp (red light indicator on front panel)
When lit, this lamp indicates that the tape is at BOT.

ON LINE lamp (red light indicator on front panel)

When lit, this lamp indicates that the tape transport is on-line. When
not lit, this lamp indicates that the tape transport is off-line because
1) the ON LINE switch has been depressed 2) the processor has

issued a REWIND/UNLOAD command 3) a pneumatic failure has
been detected or 4) the RESET switch has been depressed.

FILE PROTECT lamp (red light indicator on front panel)

When lit, this lamp indicates that a reel of tape without a file-protect
ring has been loaded onto the tape transport.

'LOAD FAULT lamp (red light indicator on front panel)

When lit, this lamp indicates that the automatic tape loading mecha-
nism has failed to load the tape after two attempts.

6250 lamp (red light indicator on front panel)

When lit, this lamp indicates that the tape transport is set to read or
write at 6250 b/in in GCR mode.

1600 lamp (red light indicator on front panel)

When lit, this lamp indicates that the tape transport is set to read or
write at 1600 b/in in PE mode.

-156-




MAGNETIC TAPES

SPECIFICATIONS

MECHANICAL
Cabinet

Controller mounting code
(TEU78)

Height
Width
Depth
Weight

PERFORMANCE
Transports per formatter

Recording density
Read/write speed
Capacity per 2400 ft reel
6250 b/in

1600 b/in

Rewind speed
Rewind time
Maximum load time
Peak transfer speed
6250 b/in

1600 b/in

ELECTRICAL
“Starting (surge) current

Surge duration
Operating current
Power consumption

Heat dissipation

Freestanding

Option panel space

60.5in (154 cm)

'27.5in (70 cm)
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30in (76.2 cm)
560 Ibs (254 kg)

4
6250/1600 b/in
125in/s

145 MB with 8 KB records
40 MB with 8 KB records
440in/s

70 s typical per 2400 ft reel

10 s without a retry

780 KB/s
200 KB/s

80 A at 240 Vac
125 '
13 A at 240 Vac
2295 Watts
7826 Btus/hr
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Operating voltage

Phase

Line frequency

Receptacle

Line cord length

ENVIRONMENTAL
Operating temperature

Storage temperature

Operating relative humidity

Storage relative humidity

Maximum wet bulb temperature

Maximum operating altitude

220-240 Vac + 10%
Taps must be set at 10 Vac in-
crements.

1-Phase

60Hz + 3 Hz
50Hz £+ 3Hz

Nema #6-30R (240 Vac)
10 ft

59°F—90°F (15°C—32°C)
-40°F—151°F (-40°C—66°C)
20%—80%

(non-condensing)

5%—95%

(non-condensing)

77°F (25°C)

8,000 ft (2440 m) above sea level
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CHAPTER 4
LINEPRINTERS

LXY11/21

The LXY11 and the LXY21 are freestanding, dot matrix lineprin-
ter/plotters connected to the UNIBUS via the controller. The LXY11-
A(B), LXY11-E(F), LXY11-H(J), LXY21-A(B), LXY21-E(F), and LXY21-
H(J) versions are supported by UNIBUS PDP-11 systems. The LXY11-
S(T) and the LXY21-S(T) versions are supported by VAX-11/780 sys-
tems while the LXY11-V(W) and the LXY21- V(W) versions are
supported by VAX-11/750 systems. The LXY11/LXY21 lineprin-
ter/plotters are especially suited for operation in the scientific, engi-
neering, industrial, and commercial marketplaces.

FEATURES

e Printing and plotting capabilities

e Superior print quality due to overlapping dots

e Standard Programmable Vertical Forms Unit (PVFU)
e Multipart forms printing capability

DESCRIPTION

The LXY11 and the LXY21 are versatile printing devices that combine
the benefits of a dot matrix printer and a plotter.t The LXY11/LXY21
systems consist of a freestanding lineprinter/plotter unit, a controller,
and a 25 ft (7.6 m) cable for connecting the controller to the print-
er/plotter. The LXY11 produces high quality output at speeds up to
300 I/min for printing and up to 16.7 in/min for plotting. The LXY21 is a
higher speed device which prints at up to 600 I/min and plots at up to
33.3in/min.

The PLXY-11 graphics software package provides the LXY11/LXY21
lineprinter with its unique plotting capabilities. The LXY11/LXY21
printer/plotter systems can plot standard line drawings (graphs, histo-
grams, charts, etc.) as well as plots requiring shaded or solid areas
(bar graphs, bar codes, large, solid characters, etc.). This capability is
particularly useful in industrial and distributive applications where
products must be coded and labeled using pre-printed stationery,

" gummed labels, etc. Explanatory text or large, solid characters for

labeling may be incorporated where desired.

+ See Appendix B for examples of actual print copy and graphics.
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Because the LXY11/LXY21 printer/plotter systems print overlapping
dots anywhere on a page, plots are always sharp and uniformly dense.
Note that complex, intricate plots print just as quickly as simple de-
signs and that the LXY11/LXY21 systems are ideally suited to provide
hardcopy output of designs formulated on a graphics terminal.

The LXY11/LXY21 prints the full 96-character ASCIl set as well as
double-height characters and underlines. A choice of six or eight lines
to the inch (selected by the operator or under program control) is
standard on both devices. Line lengths of up to 132 characters and
any length of form up to 22 inches at 6 I/in (14.5 inches at 8 I/in) can be
printed. Both the LXY11 and the LXY21 print on single-part or multi-
part forms of continuous fanfold edge-perforated paper. Up to six
copies of multipart forms can be produced. .

Both the LXY11 and the LXY21 dot matrix printer/plotters are con-
structed with a minimum of moving parts and utilize simple hammer
drive circuitry. The LXY11 hammer bank has 44 hammers while the
LXY21 print mechanism has 66. Each hammer prints a single dot. The
hammer bank shuttles back and forth sweeping 3-character (36 dot)
positions on the LXY11 and 2-character (24 dot) positions on the
LXY21. The hammers print dense overlapping dots of .020 in in diame-
ter on a dot matrix of 9X7 dots (or 9X9 dots for lower case letters with
descenders) anywhere on a page. The 9X7 matrix enables the printer
to overlap dots both horizontally and vertically resulting in solid-look-
ing characters and lines produced clearly with uniform density.

OPERATION

The LXY11 and the LXY21 have two internal registers: the Control and
Status Register (LXCS) and the Data Buffer Register (LXDB). (Refer to
the lineprinter register section in the back of this book for the LXCS
and LXDB diagrams.)

When the READY bit in the control and status register is set, the
printer/plotter is ready to accept a character from the processor.

The processor loads characters one by one into the data buffer regis-
ter-in the controller. The controller then transfers the characters to a
132 character data buffer in the printer/plotter. The line length of 132
characters corresponds directly to this 132 character data buffer.

The current data buffer register (LXDB) contents are automatically
printed out whenever either of the two control codes (Line Feed, Form
Feed) is recognized. The Line Feed (LF) code advances the paper one
line while the Form Feed (FF) code advances the paper to the top of
the next page. If neither of these control codes is recognized, the
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contents of the data buffer will automatically be printed out when it is
full.

An Elongate code (010;) anywhere in a line of characters, causes the
entire line to be printed double-height. To underline certain characters
in aline, a Carriage Return (CR) code (015;) is sent following the line of
characters, which causes the lineprinter to wait for a line of control
characters specifying which of the characters in the line already sent
are to be underlined. Unlike the Elongate code which causes an entire
line to be printed double-height, the Carriage Return code causes only
those characters specified to be underlined.

The Programmable Vertical Format Unit (PVFU) allows the user, under
program control, to skip to a preselected line (Vertical Tab Stop) on a
form. Forms may be as long as 132 lines and 13 different Vertical Tab
Stops are available, although the same Vertical Tab Stop number may
be assigned to more than one line at a time.

A Plot Mode code(005;)anywhere in a line of characters causes the
lineprinter to plot the entire line instead of print. When plotting, only
one row of dots is printed at a time and the paper advances only one
dot row with each Line Feed code (012;). The characters are printed as
a stream of binary bits, i.e. each 1 bit prints as a dot and each 0 bit
prints as a blank dot space.

SPECIAL NON-PRINTING ASCIl CONTROL CODESt

ELONGATE (010,)
The Elongate code sent anywhere in a line of characters, causes the
entire line to be printed double-height.

CARRIAGE RETURN (015;)

The Carriage Return code is used for underlining. It causes the li-
neprinter to wait for a line of control code characters (Underline, De-
lete, or Space) before printing out the line of characters already in the
data buffer register. Each control code character sent corresponds to
a data character currently in the data buffer register. An Underline
(137,) control code character causes the lineprinter to underline the
corresponding data character. A Delete (177,) control code character
causes the lineprinter to replace the corresponding data character
with a blank space and a Space (040,) control code character causes
the lineprinter to print the corresponding data character unchanged.

1 See Appendix C for ASCIlI code chart.
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SHIFT OUT (016,)
The Shift Out code causes all subsequent characters to be selected
from the optional character set on the PROM currently in use.

SHIFT IN (017,)

The Shift In code causes all subsequent characters to be selected
from the ASCII character set. A Shift In is automatically generated at
the end of every line.

SHIFT TO 8 LPI (006;)

The Shift to 8 LPI code causes the next Line Feed code (012;) to
advance the paper one-eighth of an inch for 8 lines/in spacing instead
of the standard 6 lines/in. The lineprinter automatically resets itself to
6 LPI after the Line Feed operation. Shift to 8 LPI is only operational
when the 8 LPI switch on the lineprinter is set to 6 LPI.

PLOT MODE (005;)

The Plot Mode code sent anywhere in a line of characters causes
the lineprinter to plot the entire line instead of printing ASCII charac-
ters. There are 1583 dot postions across the width of the paper, i.e. 12
dot positions for each of the 132 characters. Plot Mode allows the
printing of only the odd-numbered dots or 6 dots per character. Bits
<0-5> of each character correspond to the 6 printable dots of that
character space. The characters are printed as a stream of binary bits,
i.e. each 1 bit prints as a dot and each 0 bit prints as a blank dot space.
For instance, printing 1014 (01 000 001,) causes only dot number 1 to
be printed for that character; printing 1028 (01 000 010) prints dot
number 3; and printing 055, (00 101 101,) prints dot numbers 1,5,7,
and 11. Codes 100,-137; must be used instead of codes 000,-0374,
which cannot be used to plot data because they are control codes and
will be interpreted as such, i.e. Line Feed (012;).

DOUBLE DENSITY PLOT MODE (004,)

The Double Density Plot Mode (DDPM) code allows printing of all of
the even dot positions. A DDPM code sent anywhere in a line of char-
acters causes the lineprinter to plot the entire line instead of printing
ASCII characters. Double Density Plot Mode allows the printing of only
the even-numbered dots or 6 dots per character. Note that the Line
Feed code at the end of a line of characters does not cause the paper
to advance. The DDPM code must always be followed by a Plot Mode
Code (005;), which fills in all of the odd-numbered dot positions.
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START LOAD (036,)
The Start Load code initializes the PVFU and causes all subsequent
characters to be loaded into the PVFU buffer.

STOP LOAD (037,)

The Stop Load code indicates the end of the characters to be loaded
into the PVFU buffer. The PVFU buffer allows storage of a Vertical Tab
Stop code (channel) for each line of the form. Forms may be up to 132
lines long. Vertical Tab Stops are codes 020,-035,. A Vertical Tab
Stop code sent anywhere in a line of characters causes the paper to
advance to the next PVFU line indicated by that Vertical Tab Stop code
at the next Line Feed code. Top of Form code 020, is always loaded
into line 1 in the PVFU buffer.

INTERRUPTS

The LXY11/LXY21 system controller uses bus request (BR) interrupts
to gain control of the UNIBUS to perform a vectored interrupt, which
causes the program to branch to a handling routine. A BR interrupt
can occur only if the INTERRUPT ENABLE bit in the control and status
register is set. Once INTERRUPT ENABLE bit is set, an interrupt re-
quest is generated whenever either the READY or ERROR bit in the
control and status register is set.

When the READY bit is set, the printer/plotter is ready to accept a
character to be loaded into the data buffer register (LXDB). When the
ERROR bit is set, it indicates that some error conditon exists. In this
case, an interrupt is generated to cause the program to branch to an
error handling routine.

The interrupt priority level is 4 and the interrupt vector address is 200.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy, high quality ouput, and continu-
ous smooth processing of the lineprinter system. Special design
features of the LXY11 and the LXY21 lineprinter systems give them
these qualities of high reliability as well as ease of maintenance.

e The LXY11 and the LXY21 use hammer bank print mechanisms and
are therefore not susceptible to the wear of single head matrix print-
ers.
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e The hammers never require adjustment or alignment. The hammer
bank module can be easily removed since it is held in place by only
two screws.

e | ess chance of paper jams than with charaband printers since the
paper moves as it prints. As the paper advances each successive
line of dots overlaps to form solid-looking characters.

e Fewer moving parts than charaband and drum printers and 50%
fewer components than mechanical font printers.

e Modular construction enables parts to be quickly removed and re-
placed during routine servicing and maintenance.

e The LXY11 and the LXY21 freestanding unit is designed to give
stable, quiet operation below 65 dB.

POWER
INDICAT

CHECK

8LPI

PAPER
ADVANCE

TOP OF
FORM
ON-LINE

Figure 4-2 LXY11/21 FRONT PANEL CONTROLS
AND INDICATORS
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PANEL CONTROLS AND INDICATORS

The front panel controls allow the operator to control the print-

er/plotter manually while the internal controls allow the operator to

position the paper. The indicator lights provide printer/plotter status

information.

e POWER switch (2-position toggle switch located on the base panel
at the left-hand end of the printer/plotter and associated white light
indicator on front panel)

This switch controls application of all power to the printer/plotter.
When set to ON, power is applied to the printer/plotter causing the
associated indicator to light- When set to OFF, power is removed
from the printer/plotter causing the associated indicator light to go
out.

® CHECK switch (momentary pushbutton/red light indicator switch on
front panel)

When lit, this switch indicates an error condition such as paper not
loaded properly, paper jam, paper shortage, torn paper, abnormal
supply voltages, cover left open, or Form Thickness Adjust lever left
up. To resume normal on-line operation requires operator interven-
tion. The CHECK light will automatically go out once the error has
been corrected except when loading paper. After reloading paper,
the operator must press the CHECK pushbutton again and the indi-
cator light will go out.

@ 8 LPI switch (momentary pushbutton/white light indicator switch on
front panel)

When lit, this switch indicates line spacing of 8 lines per inch. When
not lit, it indicates line spacing of 6 lines per inch. Line spacing may
also be selected under program control. However, if 8 LPI has been
selected off-line (indicator not lit), the controlier cannot select 6 LPI
on-line. On the other hand, if 6 LPI has been selected off-line (indi-
cator lit), the controller can select either 6 or 8 LPI on-line. This
switch is operational only when the printer/plotter is off-line.

® PAPER ADVANCE switch (momentary pushbutton on front panel)

While depressed, this switch causes the paper to advance at slew
rate.

e TOP OF FORM switch (momentary pushbutton on front panel)

When depressed, this switch causes the paper to advance to the top
of the next form or to the Top of Form specified by the PVFU, if
loaded. This switch is operational only when the printer/plotter is
off-line.
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e© ON-LINE switch (momentary pushbutton/white light indicator switch
on front panel)

When lit, this switch enables the printer/plotter controller. When not
lit, it disables the controller. The printer/plotter cannot go on-line if
the CHECK indicator is lit.

Internal controls: Forms Thickness Adjustment, Horizontal Form Posi-
tion Adjustment, and Vertical Form Position Adjustment.

SPECIFICATIONS

MECHANICAL

Cabinet Freestanding

Controller mounting code One quad slot

Height 40.5in (103 cm)

Width 30in(76.2cm)

Depth 24.3in (61.6 cm)

Weight 210 Ibs (95.3 kg)

PERFORMANCE

Printing Speed

LXY11 300 1/min

LXY11 240 |/min for underlines or
lower case characters with
descenders

LXY11 162 I/min for double-height
characters

LXY11 131 I/min for double-height
characters with descenders or
underlines

LXY21 600 I/min

LXY21 465 I/min for underlines or
lower case characters with
descenders

LXY21 323 I/min for double-height
characters
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LXY21

Plotting Speed
LXY11
LXY11

LXY21
LXY21

Paper Slew Speed
LXY11
LXY21

ELECTRICAL
Interface (controller) current

Power consumption
Heat dissipation

Operating voltage

Phase

Line frequency
Receptacles

Line cord length

ENVIRONMENTAL
Operating temperature

" Storage temperature

Operating relative humidity
Storage relative humidity

Maximum operating altitude

265 I/min for double-height
characters with descenders or
underlines

16.7 in/min

8.3 in/min for double density\/‘
plotting

33.3in/min

16.7 in/min for double density
plotting

8 in/sec (20.3 cm/sec)

16 in/sec (40.6 cm/sec)

1.5at+5Vdc
450 Watts
1535 Btus/hr

120 Vac + 10%
240 Vac £ 10%

1-Phase

60Hz £ 3Hz
50Hz £ 3Hz

Nema #5-15R (120 Vac), Nema
#6-15R (240 Vac)

10t (3 m)

50°F—100°F (10°C—38°C)
-40°F—149°F (-40°C—65°C)
30%—90%

(non-condensing)

5%—95%

(non-condensing)

7,500 ft (2288 m) above sea level
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LP11-A, LP11-B, LP11-E
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LP11-C, LP11-D
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LP11-Y,LP11-Z
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LP11 SERIES

The LP11-A(B), LP11-E, LP11-C(D), and LP11-Y(2) are freestanding
lineprinter systems connected to the UNIBUS via the controller. All
versions of the LP11 lineprinter system are supported by UNIBUS
PDP-11 and VAX systems. The LP11-A(B) versions are band printers
designed to operate at low speeds while the LP11-E versions are band
printers designed to operate at medium speeds, both in moderate
usage environments. The LP11-C(D) and the LP11-Y(Z) versions are
medium speed drum printers designed to operate in moderate usage
environments. All LP11 lineprinters are suitable for a wide range of
applications including the commercial, scientific, educational, and in-
dustrial marketplaces.

FEATURES

® Heavy-duty construction

® Optional Programmmable Vertical Forms Unit (LP11-Y(Z) only)
® Wide selection of optional character sets (band lineprinters only)
@ Interchangeability of character sets (band lineprinters only)

® Multipart forms printing capability

DESCRIPTION

The LP11-A(B) band lineprinter systems consist of a freestanding li-
neprinter unit, a controller, a 30 ft (9.2 m) cable for connecting the
controller to the lineprinter, and a universal power supply. The LP11-
AA prints at speeds up to 300 I/min using a 64-character ASCII set
while the LP11-BA prints at speeds up to 300 I/min using a 64-charac-
ter ASCIl set and 215 I/min using a 96-character ASCII set.

The LP11-EA(EB) band lineprinter systems.consist of a freestanding
lineprinter unit, a controller, and a 30 ft (9.2 m) cable for connecting
the controller to the lineprinter. The LP11-EA prints at speeds up to
600 I/min using a 64-character ASCII set while the LP11-EB prints at
speeds up to 600 I/min using a 64-character ASCIl set and 445 I/min
using a 96-character ASCII set.

A band is aflat, steel belt with raised metal characters on the face. The
band is mounted on two pulleys—one to the right and one to the left of
the paper. The LP11-E hammer bank has 132 hammers (one for each
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column), while the LP11-A(B) hammer bank has only 66 hammers
(each two columns wide). When the selected character in a column
comes around on the moving band, the corresponding hammer
strikes it. On the LP11-E versions, as the band moves past the paper
every hammer strikes one character, thus printing a line. However, on
the LP11-A(B) versions, there is a blank space beside each character
on the band so that when the two column wide hammer strikes, it
prints only one character. Therefore, on the LP11-E versions, every
hammer must strike only once to print a line while on the LP11-A(B)
versions every hammer must strike twice to print a line.

A wide selection of optional character styles (fonts) is available includ-
ing foreign languages and a compressed printing mode (available on
the LP11-A(B) versions only). The character sets are contained on
bands which may be changed by the user.

A drum is a large metal cylinder with 132 columns of raised characters
encircling it. The LP11-C(D) and the LP11-Y(Z) hammmer bank has
132 hammers (one for each column). When the selected character in a
column comes around on the rotating drum, the corresponding ham-
mer strikes the character. During the course of each drum revolution
every hammer strikes one character, thus printing a line.

The LP11-C(D) drum lineprinter systems consist of a freestanding
lineprinter unit, a controller, and a 25 ft (7.6 m) cable for connecting
the controller to the lineprinter. The LP11-CA(CD) prints at speeds up
to 900 I/min using a 64-character ASCI| set while the LP11-DA(DD)
prints at speeds up to 660 I/min using a 96-character ASClI set.

The LP11-Y(Z) drum lineprinter systems consist of a freestanding
lineprinter unit, a controller, and a 25 ft (7.6 m) cable for connecting
the controller to the lineprinter. The LP11-YA(YD) prints at speeds up
to 600 I/min using a 64-character ASCII set while the LP11-ZA(ZD)
prints at speeds up to 436 I/min using a 96-character ASCII set.

The LPO5K-LL, a long-line interface, is available from Computer Spe-
cial Systems (CSS) as an option for remote installations. It allows up to
2,000 ft (610 m) between the lineprinter and the host processor.

All versions of the LP11 lineprinter print on single-part or multipart
forms of continuous fanfold edge-perforated paper. Up to six copies
of multipart forms can be produced.

OPERATION

The LP11 has two internal registers: the Control and Status Register
(LPCS) and the Data Buffer Register (LPDB). (Refer to the lineprinter
register section in the back of this book for the LPCS and LPDB dia-
grams.)
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When the READY bit in the control and status register is set, the
lineprinter is ready to accept a character from the processor.

The processor loads characters one by one into the data buffer regis-
ter in the controller. The controller then transfers the characters to a
132-character data buffer in the printer/plotter. The line length of 132
characters corresponds directly to this 132-character data buffer.

The current data buffer register (LPDB) contents are automatically
printed out whenever any of the three ASCII control codes (Line Feed,
Form Feed, Carriage Return) is recognized.t The Line Feed (LF) code
advances the paper one line, the Form Feed (FF) code advances the
paper to the top of the next page, and the Carriage Return (CR) code
prints the line but does not advance the paper.

The Programmable Vertical Forms Unit (PVFU) is available as an op-
tion for the LP11-Y(Z) versions. It allows the user, under program
control, to skip to a preselected line (Vertical Tab Stop) on a form.
Forms may be as long as 143 lines and 12 different Vertical Tab Stops
(channels) are available. One or more Vertical Tab Stops are assigned
to each line so that the same Vertical Tab Stop may be assigned to
more than one line at a time. The Start Load commmand (356,)
initializes the PVFU and causes all subsequent characters to be load-
ed into the PVFU buffer. The Stop Load command (357,) indicates the
end of the characters to be loaded into the PVFU buffer. The PVFU
buffer allows storage of two characters for each line of the form. The
PVFU only uses the low-order 6 bits of each character. The 12 bits (2
characters) stored per line in the PVFU correspond to the 12 Vertical
Tab Stops. A 1 bit in a bit position in one of these two characters
assigns a Vertical Tab Stop to that line. Bits <0-5> of the first charac-
ters correspond to Vertical Tab Stops 1-6 while bits <0-5> of the
second character correspond to Vertical Tab Stops 7-12. Vertical Tab
Stops are commands 200,-213,. A Vertical Tab Stop command sent
anywhere in a line of characters causes the paper to advance to the
next PVFU line indicated by that Vertical Tab Stop command at the
next Line Feed code. Line 1 is assigned to Vertical Tab Stop 1 and the
last line of the form is assigned to Vertical Tab Stop 12. Sending
command 200, causes the paper to advance to the top of the next
form. Commands 201,-212, correspond to Vertical Tab Stops 2-11
and cause the paper to advance to the next line that is loaded with that
Vertical Tab Stop. Command 213, causes the paper to advance to the
bottom of the form.

1 See Appendix C for ASCII code chart.
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INTERRUPTS

The LP11 controller uses bus request (BR) interrupts to gain control of
the UNIBUS to perform a vectored interrupt, which causes the pro-
gram to branch to an interrupt service routine. A BR interrupt can
occur only if the INTERRUPT ENABLE bit in the control and status
register is set. Once INTERRUPT ENABLE bit is set, an interrupt re-
quest is generated whenever either the READY or ERROR bit in the
control and status register is set.

When the READY bit is set, the lineprinter is ready to accept the next
character to be loaded into the data buffer register (LPDB). When the
ERROR bit is set, it indicates that some error conditon exists. In this
case, an interrupt is generated to cause the program to branch to an
error handling routine.

The interrupt priority level is 4 and the interrupt vector address is 200.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy, high quality ouput, and continu-

ous smooth processing of the lineprinter system. Special design

features of the LP11 series lineprinter systems give them these quali-

ties of high reliability as well as ease of maintenance.

e The LP11 lineprinter systems require infrequent repairs and adjust-
ments due to their heavy-duty construction.

@ All LP11 lineprinter systems have built-in self-test capabilities.

e Modular construction enables parts to be quickly removed and re-
placed during routine servicing and maintenance.

e The LP11-C(D) freestanding unit is designed to give stable, quiet
operation below 65dB.
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Figure 4-4 LP11-A(B),LP11-E CONTROLS AND INDICATORS
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CONTROLS AND INDICATORS

The front panel controls and those located under the console cover
allow the operator to control the lineprinter manually. The internal
controls allow the operator to position the paper. The indicator lights
provide the operator with lineprinter status information.

LP11-A(B), LP11-E CONTROLS AND INDICATORS

POWER ON/OFF switch (rocker switch located on the front of the
lineprinter below the front panel/associated green light indicator on
front panel)

This switch controls application of all power to the lineprinter. When
set to ON, power is applied to the lineprinter causing the associated
indicator to light. When set to OFF, power is removed from the
lineprinter causing the associated indicator light to go out.

ON/OFF LINE switch (alternate-action pushbutton/green light indi-
cator on front panel)

Depressing this switch causes the lineprinter to go on-line and the
indicator light to go on. Depressing it again causes the lineprinter to
go off-line and the indicator light to go out providing that the li-
neprinter data buffer is empty.

ALARM/CLEAR switch (mometary pushbutton/red light indicator on
front panel)

When the ALARM/CLEAR indicator is lit an error condition exists in
the lineprinter. The code shown by the STATUS display identifies
the specific error. To resume normal on-line operations requires
operator intervention.

PAPER STEP switch (momentary pushbutton on front panel)

When depressed, this switch causes the paper to advance one line.
This switch is operational only when the lineprinter is off-line.

TOP OF FORM switch (momentary pushbutton on front panel)

When depressed, this switch causes the paper to advance to the top

of the next form specified by the Forms Length Selector switch. This
switch is operational only when the lineprinter is off-line.

PHASE control (vernier on front panel)

This control adjusts the hammer phasing and is used to achieve
equal printing density on the left and right sides of each character.
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e 6/8 LINES (per inch) switch (2-position toggle switch under console
cover)

When set to 6, this switch indicates line spacing of 6 lines per inch.
When set to 8, it indicates line spacing of 8 lines per inch. This switch
must be reset by depressng the Top of Form switch.

e TEST switch (3-position toggle switch under console cover)

When this switch is set to the center or OFF position, the self-test
function is disabled. The lineprinter is set in this position during
normal on-line operation. When the lineprinter is off-line and this
switch is set to the lefthand position, a fixed vertical pattern is print-
ed, ie. all 132 character postions print a capital H. When the lineprin-
ter is off-line and this switch is set to the righthand position, a sliding
pattern is printed, i.e. all 132 character positions print the entire
band pattern shifting one character position to the left after each
line. When this switch is set to the center position while the
lineprinter is printing either a fixed vertical or sliding pattern, one
line of each character on the band will be printed.

e STATUS display (alphanumeric display under the console cover)
The code shown by this display identifies one of 45 possible error
conditions, when an error condition is indicated by the
ALARM/CLEAR indicator light. When no error condition exists,
code (77) indicating normal on-line operation appears on the dis-
play.

e COPIES control (vernier under console cover)

This control adjusts the force of hammer impact when printing mul-
tiple copies.

e FORMS LENGTH SELECTOR switch (2 thumbwhéels under console
cover)

This selector sets the form length from 3 in to 14.75 in. This switch
must be reset by depressing the Top of Form switch.

Internal controls: Horizontal Form Position Adjustment and Vertical
Form Position Adjustment (sprocket locks).
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Figure 4-5 LP11-C(D), LP11-Y(Z) CONTROLS AND INDICATORS
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LP11-C(D), LP11-Y(Z) CONTROLS AND INDICATORS

e POWER ON/OFF switch (2-position toggle switch located on the
front of the lineprinter below the front panel/associated green light
splitindicator on front panel)

This switch controls application of all power to the lineprinter. When
set to ON, power is applied to the lineprinter causing the associated
indicator to light. When set to OFF, power is removed from the
lineprinter causing the associated indicator light to go out.

e ALARM/CLEAR switch (momentary pushbutton/red light split indica-
tor on front panel)

When the ALARM/CLEAR indicator is lit, one or more of the follow-
ing red light fault indicators is also lit: HAMMER, FORMAT, RIBBON,
GATE, PAPER, or TAPE. To resume normal on-line operations
requires operator intervention.

e READY/ON/OFF LINE switch (alternate-action pushbutton/white
light split indicator on front panel)

When the READY half of the split indicator is lit, the lineprinter is
ready to be put on-line. Depressing the switch causes the ON/OFF
LINE half of the split indicator to light indicating that the lineprinter is
on-line and under program control. Depressing the switch again
causes the ON/OFF LINE half of the split indicator to go out indicat-
ing that the lineprinter is off-line providing that the lineprinter data
buffer is empty.

® PAPER STEP switch (momentary pushbutton on front panel)

When depressed, this switch causes the paper to advance one line.
This switch is operational only when the lineprinter is off-line.

e TOP OF FORM switch (momentary pushbutton on front panel)

When depressed, this switch causes the paper to advance to the top
of the next form. This switch is operational only when the lineprinter
is off-line.

e HAMMER fault (red light indicator under console cover)

When lit, this indicator warns of a HAMMER fault and causes the
lineprinter to go off-line after printing the current line and the
ALARM indicator to light. To resume normal on-line operations re-
quires the operator to turn the power off and then on again.

e FORMAT fault (red light indicator under console cover)
When lit, this indicator warns that the Vertical Forms Unit is on the
wrong line and causes the lineprinter to go off-line after printing the
current line and the ALARM indicator to light. Cleared by depress-
ing the Forms Reset toggle switch.
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e© RIBBON fault (red light indicator under console cover)

When lit, this indicator warns that the ribbon direction has failed to
reverse at the end of a spool or that aribbon snag has developed. A
RIBBON fault causes the lineprinter to go off-line after printing the
current line and the ALARM indicator to light. To resume normal on-
line operations requires operator intervention.

® GATE fault (red light indicator under console cover)

When lit, this indicator warns that the drum gate is open and causes
the lineprinter to go off-line immediately and the ALARM indicator to
light. To resume normal on-line operations requires the operator to
close the gate.

® PAPER fault (red light indicator under console cover)

When lit, this indicator warns that the paper is torn or that there is no
paper. A PAPER fault causes the lineprinter to go off-line after print-
ing the current line and the ALARM indicator to light. To resume
normal on-line operations requires the operator to either load paper
or advance the paper past the torn section.

e TAPE fault (red light indicator under console cover)

When lit, this indicator warns of a Vertical Forms Unit (VFU) error
and causes the lineprinter go off-line after printing the current line
and the ALARM indicator to light. To resume normal on-line opera-
tions requires the operator to either reload the PVFU or replace the
VFU tape.

Internal controls: Forms Reset switch, 6 LP1/8 LPI switch, Paper Width
Adjustment, Phasing Control, Coarse and Fine Vertical Paper
Adjustment, Horizontal Paper Adjustment, and Forms Thickness Ad-
justment.

SPECIFICATIONS

MECHANICAL

Cabinet Freestanding
Controller mounting code One quad slot
Height

LP11-A(B), LP11-E 43.8in(111cm)
LP11-C(D) 44.5in (113cm)
LP11-Y(Z) 45in (114 cm)
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Width

LP11-A(B), LP11-E 30.3in (76 cm)
LP11-C(D) 33in (84 cm)
LP11-Y(2) 33in (84 cm)
Depth

LP11-A(B), LP11-E 33.6in (85 cm)
LP11-C(D) 27.5in (70 cm)
LP11-Y(2) 26 in (66 cm)
Weight

LP11-A(B), LP11-E 195 Ibs (89 kg)
LP11-E 205 Ibs (93 kg)
LP11-C(D) 435 Ibs (197 kg)
LP11-Y(2) 370 lbs (153 kg)
PERFORMANCE

Printing Speed

LP11-AA 300 I/min
LP11-BA

64-character set 300 I/min
96-character set 2151/min
LP11-EA 600 I/min
LP11-EB

64-character set 600 I/min
96-character set 445 1/min
LP11-CA(CD) 900 I/min
LP11-DA(DD) 660 I/min
LP11-YA(YD) 600 I/min
LP11-ZA(ZD) 436 1/min

Paper Slew Speed ‘
LP11-A(B), LP11-E 15in/sec (37.5 cm/sec)
LP11-C(D) 30in/sec (76.2 cm/sec)
LP11-Y(2Z2) 25 in/sec (63.5 cm/sec)
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ELECTRICAL
Starting (surge) current

LP11-AA, LP11-BA

LP11-EA

LP11-EB

LP11-CA, LP11-DA
LP11-CD, LP11-DD
Surge duration
Operating current
LP11-AA

LP11-BA

LP11-EA

- LP11-EB

LP11-CA, LP11-DA
LP11-CD, LP11-DD
LP11-YA, LP11-ZA
LP11-YD, LP11-ZD
Interface (controller) current
Power consumption
LP11-A(B)

LP11-E

LP11-C(D)
LP11-Y(2Z)

Heat dissipation
LP11-A(B)

LP11-E

6 Aat 120 Vac
3 Aat240Vac

9 Aat120 Vac
4.5 A at240 Vac
15 A at 120 Vac
7.5 A at240 Vac
2s

3 Aat120 Vac
1.5 Aat240 Vac
4.5 A at 120 Vac
2.25 A at 240 Vac
7 Aat120 Vac
3.5 A at 240 Vac
4.5Aat120 Vac
2.25 A at 240 Vac
1.5Aat +5Vdc

350 Watts
475 Watts
825 Watts
680 Watts

1200 Btus/hr
1619 Btus/hr
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LP11-C(D)
LP11-Y(Z)

Operating voltage

Phase
Line frequency
LP11-A(B), LP11-E

LP11-C(D), LP11-Y(2)

Receptacles

Line cord length

ENVIRONMENTAL

Operating temperature

Storage temperature

Operating relative humidity
LP11-A(B), LP11-E

LP11-C(D)

LP11-Y(2)

Storage relative humidity
LP11-A(B), LP11-E, LP11-C(D)

LP11-Y(Z)

Maximum operating altitude

2833 Btus/hr
2319 Btus/hr

120 Vac + 10%
240 Vac + 10%

1-Phase

60Hz + 2 Hz
50Hz + 2 Hz

60Hz + 1 Hz
50Hz + 1 Hz

Nema #5-15R, Nema #6-15R
12 ft

50°F—104°F (10°C—40°C)
50°F—100°F (10°C—38°C)

-40°F—150°F (-40°C—66°C)
0°F—150°F (-18°C—66°C)

20%—80%
(non-condensing)
10%—90%
(non-condensing)

30%—90%
(non-condensing)

10%—90%

(non-condensing)

5%—95%

(non-condensing)

7,872 ft (2,400 m) above sea level
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CHAPTER 5
CARD READERS

CR11 SERIES

The CR11(-A) and the CR11-BC(BD) are card reader systems mount-
ed in self-contained tabletop units and connected to the UNIBUS via
the controller. All CR11 card reader systems are supported by UNI-
BUS PDP-11 and VAX systems. The CR11(-A) versions were designed
to operate at low speeds in light usage environments such as laborato-
ry and industrial applications. The CR11-BC(BD) versions were
designed to operate at medium speeds in medium usage environ-
ments such as engineering and industrial applications.

FEATURES
e Reads hole punched cards only
e Two data formats selectable under program control: non-packed
(standard Hollerith code) and packed (compressed Hollerith code)
e Long life expectancy and ease of maintenance
e Automatic shut-off feature
e Riffle air feature and short, straight card track for preventing card
jams
e High reliability due to
— six attempts to read a card before rejecting it
— high tolerance to damaged cards
— data resynchronization logic—allows punched holes to be read
that are misaligned by 50% greater than the ANSII standard
deviation (CR11-BC, CR11-BD versions only)

DESCRIPTION

All versions of the CR11 card reader system consist of an input hopper
for loading cards, a photoelectric read station for reading data from
cards, an output stacker for stacking cards after reading, a motorized
mechanism for moving the cards from the input hopper via the read
station to the output stacker, a controller, a 25 ft (7.6 m) cable for
connecting the card reader to the controller, and an internal clock for
generating timing marks. The controller monitors the status of card
reader operations, issues appropriate control commands, and
handles data transfers between the card reader and the UNIBUS.
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The card reader outputs visual signals (indicator lights) to indicate
error conditions such as a torn card, a card with a damaged leading
edge, cards stapled together, a card jam, and certain conditions
such as “hopper empty/stacker full” and “unit busy”.

The CR11 card reader systems process only standard 12-row, 80-
column EIA (Hollerith code) hole punched cards. The CR11 and the
CR11-A read up to 285 cards per minute and have an input hop-
per/output stacker capacity of 550 cards. The CR11-BC and the
CR11-BD versions read up to 600 cards per minute and have an input
hopper/output stacker capacity of 1000 cards.

Cards may be loaded and unloaded while the card reader is operating.
Additional cards may be loaded provided the input hopper is approxi-
mately one-half to two-thirds empty.

OPERATION

Before operation begins, the processor places an address on the UNI-
BUS, which the controller decodes to determine if the card reader is
the selected external device. If so, the address selection logic then
decodes the incoming address which is one of four possible sequen-
tial UNIBUS addresses. These four addresses correspond to the four
controller registers, i.e., the Status Register, the Maintenance Regis-
ter, and the two Data Buffer Registers (one for non-packed or 12-bit
data and one for packed or 8-bit data). The register that is selected
and the type of bus data transfer operation to be performed determine
‘whether a command is to be issued, the status of the card reader is to
be monitored, or data is to be read from a card in either of the two data
formats.

Operation begins when the controller issues a READ command. The
card reader is ready to accept a READ commmand when both the
READER READY STATUS and BUSY bits in the controller status
register are clear. The card reader is busy and cannot accept a READ
command when the BUSY bit is set. The card reader is off-line when
the READER READY STATUS bit is set.

When the card reader receives the READ command, it takes the first
card from the hopper and feeds it into the motorized mechanism
‘which moves the card into the read station. At the read station all 12
rows of all 80 columns of the card are read by a series of 12 photoelec-
tric sensing devices column-by-column, beginning with column one.
The card reader internal clock generates one timing mark for each
card column read. After a column has been read, the 12 data bits,
corresponding to the 12 rows of the card column, are placed into a 12-
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bit register located inside the card reader and are gated in parallel,
along with the timing mark, into the data buffer registers in the con-
troller via the interconnect cable. Once the data buffer registers are
loaded, the controller sets the COLUMN READY bit in the status regis-
ter which generates an interrupt to alert the processor that the data is
ready to be read. In response to the interrupt, the program will then
read either of the two data buffer registers: CRB1 (12-bit non-packed
data) or CRB2 (8-bit packed data). The COLUMN READY bit is cleared
once the selected data buffer register has been read. If the program
does not read one of the data buffer registers before the card reader
reads another card column of data, the TIMING ERROR bit in the
status register is set.

The status register can serve either as a command register to specify
certain functions to be performed or as a status register to monitor
operations within the controller and the card reader. When the status
register functions as a command register, it is loaded from the UNI-
BUS and can perform one or more of the following functions: read,
eject, or interrupt enable. The read (pick) function is the only
command sent to the card reader and is used to start operation, i.e.
causes the card reader to feed a card into the read station. The eject
function causes the controller to skip the remainder of the card being
read, although data is still transferred between the card reader and the
data buffer registers. Interrupt enable allows an interrupt to be gener-
ated whenever 1) the reading of a card column or an entire card is
completed 2) an error occurs 3) the card reader goes on-line or off-
line.

When the status register is used to monitor system functions, it out-
puts status information to the UNIBUS for monitoring under program
control. Some of the bits in the status register are set or cleared by
error and status signals from the card reader itself, while others are
set or cleared by error and status signals from the controller.

INTERRUPTS

The CR11 system controller uses a bus request (BR) interrupt to gain
control of the UNIBUS to perform a vectored interrupt, which causes
the program to branch to an interrupt service routine. A BR interrupt
can occur only if the INTERRUPT ENABLE bit in the status register is
set. Once the INTERRUPT ENABLE bit is set, an interrupt request is
generated whenever any one of the following bits in the status register
is set: ERROR, CARD DONE, TRANSITION TO ON-LINE, or COLUMN
READY.

When the ERROR bit is set, it indicates that some error conditon exists
and an interrupt is generated to cause the program to branch to an
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error handling routine. When the CARD DONE, TRANSITION TO ON-
LINE, or COLUMN READY bits are set, the controller is ready to per-
form a data transfer or accept a command and an interrupt request is
made so that the program can branch to an interrupt service routine.

The interrupt priority level is 6 and the interrupt vector address is 230.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

DATA FORMATS

Card data may be transferred to the UNIBUS in either of two formats,
non-packed or packed. The non-packed data format is also referred
to as normal while the packed format is known as compressed. In
both modes, a punched hole is interpreted as a binary one and the
absence of a hole as a binary zero.

In the non-packed, or normal, mode of operation, data is compatible
with the standard EIA (Hollerith) code.f In this mode, data is read,
placed in a 12-bit register located inside the card reader, and trans-
ferred in parallel to the controller data buffer register, CRB1. (Refer to
the card reader register section in the back of this book for the CRB1
diagram.) Data is transferred directly from the 12 rows (zones) of the
card to the corresponding bits <11-00> in the controller data buffer
register (CRB1) for transfer to the UNIBUS.

The packed, or compressed data, mode of operation is compatible
with the proposed expanded EIA (Hollerith) code. In this mode, data
is transferred directly from the 5 rows, 8-12, of the card to the corre-
sponding bits <07-03> in the controller data buffer register, CRB2, for
transfer to the UNIBUS. (Refer to the card reader register section in
the back of this book for the CRB2 diagram.) The encoded 3-bit octal
representation of card rows 1-7 is loaded into bits <02-00>. This is
possible because of the lack of double punches in rows 1-7 of Hollerith
code. Since it compresses the 12 bits of data from the card column
into an 8-bit character that is transferred to the UNIBUS as a low-order
byte, the packed mode of operation results in more efficient data
storage. '

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy, minimal card jams and card
wear, and continuous smooth processing of the card reader system.

1 See Appendix A for standard and compressed Hollerith code chart.
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Special design features of the CR11 card reader systems give them
these qualities of high reliability as well as ease of maintenance.

e CR11 card reader system read stations use long-life infared light-
emitting diodes (LEDs) for their light source and 12 phototransistors
for their sensors. The single piece construction of the read station
makes adjustment easy.

e The shutdown switch on the rear panel may be set to provide contin-
uous running (manual) or system power shut-off (automatic) after
the last card has been read. The automatic shut-off feature reduces
energy consumption and increases system life expectancy.

e CR11 card reader systems have a high tolerance to cards that have
been nicked, warped, bent, or subjected to high humidity.

e Cards that have been stapled or taped together, unless such taping
is on the leading edge (before the first data column), are not accept-
ed.

e CR11 card reader systems vacuum picker automatically makes six
attempts to process a card before rejecting it and generating a
MOTION (PICK) CHECK error.

® A special riffle air feature at the input hopper of the all CR11 card
reader systems (the CR11-BC and the CR11-BD versions have this
feature at the output hopper as well) subjects the bottom half-inch of
cards to a stream of air that separates the cards and air cushions
them from the rest of the deck and from each other. This is impor-
tant in preventing card jams since adjacent cards with a high
concentration of punched holes tend to jam.

e The short, straight card path also minimizes card jams since only
one card is in motion at any time.

PANEL CONTROLS AND INDICATORS

CR11 card reader systems can operate in either local or remote oper-
ating mode by setting the mode switch on the rear control panel to
either remote (on-line) or local (off-line). Local mode is controlled by
pushbuttons on the front control panel while remote mode operates
under program control. The front panel controls and indicators are
used for normal on-line/off-line operations while the rear panel indica-
tors are used for initial system set-up and maintenance. The indicator
lights provide card reader status information.

e POWER switch for CR11, CR11-A versions (2-position toggle switch

on rear panel and associated white light indicator on front panel)

Controls application of all power to the card reader. When the toggle
switch is set to on, it applies power to the card reader and causes
the associated indicator to light. When the toggle switch is set to off,
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Figure 5-2 CR11 CONTROLS AND INDICATORS
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it removes all power from the card reader and causes the associated
indicator to go out.

POWER switch for CR11-BC, CR11-BD versions (alternate-action
pushbutton/white light indicator on front panel)

This switch controls application of all power to the card reader.
When depressed, power is applied to the card reader and the indi-
cator lights. When depressed again, power is removed from the
card reader and the indicator light goes out.

READ CHECK lamp (white light indicator on front panel)

When lit, this indicator warns that the card just read may be torn on
the leading or trailing edges, or that the card may have punches in
the 0 or 81st columns. When the READ CHECK indicator is lit, de-
noting an error condition, the card reader stops operation and the
RESET indicator goes out.

PICK CHECK lamp (white light indicator on front panel)

When lit, this indicator signals the failure of the card reader to move
a card into the read station after it received a READ command from
the controller. When the PICK CHECK indicator is lit, denoting an
error condition, the card reader stops operation and the RESET
indicator goes out.

STACK CHECK lamp (white light indicator on front panel)

When lit, this indicator signals improper seating and possible dam-
age to the previous card in the output stacker. When the STACK
CHECK indicator is lit, denoting an error condition, the card reader
stops operation and the RESET indicator goes out.

HOPPER CHECK lamp (white light indicator on front panel)

When lit, this indicator warns that either the input hopper is empty or
that the output stacker is full. When the HOPPER CHECK indicator is
lit, denoting an error condition, the card reader stops operation and
the RESET indicator goes out. The operator must manually correct
the condition before card reader operation can continue.

STOP switch (momentary pushbutton/red light indicator on front
panel)

When depressed, this indicator immediately lights, the RESET indi-
cator light goes out, and the READER READY STATUS bit in the
controller status register is set indicating that the card reader is off-
line. Card reader operation stops as soon as the card currently in
the read station has been read. This switch has no effect on system
power, it merely stops the current operation.
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e RESET switch (momentary pushbutton/green light indicator on front

panel)

When depressed, this indicator clears all error flip-flops and initial-.
izes all counters. When depressed, the RESET indicator light comes
on and the READER READY STATUS bit in the controller status
register is cleared indicating that the card reader is on-line. The
RESET indicator light goes out whenever the STOP indicator light or
an error indicator light (READ CHECK, PICK CHECK, STACK
CHECK, or HOPPER CHECK) comes on.

LAMP TEST switch (momentary pushbutton on rear panel)

When depressed, this switch causes all the indicators on the front
control panel to light to determine if any of the indicator lamps are
faulty.

SHUTDOWN switch (2-position toggle switch on rear panel)

This switch controls automatic operation of the input hopper blower.
When set to MANUAL, the blower and drive motors operate continu-
ously whether or not cards are in the input hopper. When set to
AUTOMATIC, the blower and drive motors shut off automatically
whenever the input hopper is empty. The drive motors will
automatically restart when cards are loaded into the input hopper
and the RESET switch is depressed.

MODE switch (2-position toggle switch on rear panel)

This switch permits selection of either remote (on-line) or local (off-
line) operation of the card reader system. When set to LOCAL, the
operator controls the card reader off-line by using the RESET and
STOP switches on the front control panel. When set to REMOTE,
normal on-line operation under program control resumes once the
RESET switch has been depressed.

SPECIFICATIONS

MECHANICAL

Cabinet Tabletop
Controller mounting code One quad slot
Height

CR11(-A) 11in (27.9 cm)
CR11-BC(BD) 16.25in (41.3cm)
Width

CR11(-A) 19.25in (48.9cm)
CR11-BC(BD) 23in (58.4 cm)
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Depth
CR11(-A)
CR11-BC(BD)
Weight
CR11(-A)
CR11-BC(BD)

PERFORMANCE
Card rate

CR11(-A)
CR11-BC(BD)

input hopper/Output stacker
capacity
CR11(-A)

CR11-BC(BD)

ELECTRICAL
Starting (surge) current

CR11

CR11-A
CR11-BC
CR11-BD
Surge duration

CR11, CR11-A
CR11-BC, CR11-BD
Operating current
CR11

CR11-A

CR11-BC

CR11-BD

Interface (controller) current
Power consumption
CR11,CR11-A
CR11-BC; CR11-BD

14in (35.6 cm)
18in (45.7 cm)

60 Ibs (27.2 kg)
75 lbs (34 kg)

285 cards per minute
600 cards per minute

550 cards
1000 cards

18 Aat 120 Vac

9 A at 240 Vac

12 Aat 120 Vac
6 A at240 Vac

3s
6s

5Aat120 Vac
2.5 Aat240 Vac
6 Aat120 Vac
3 Aat240 Vac
1.5Aat +5Vdc

600 Watts
700 Watts
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Heat dissipation
CR11,CR11-A
CR11-BC, CR11-BD
Operating voltage
CR11, CR11-BC
CR11-A, CR11-BD
Phase

Line frequency
CR11, CR11-BC
CR11-A, CR11-BD
Receptacles

Line cord length

ENVIRONMENTAL
Operating temperature

Storage temperature
Operating relative humidity

Storage relative humidity
Maximum wet bulb tempera-

ture

Maximum operating altitude

2046 Btus/hr
2387 Btus/hr

120 Vac + 10%
240 Vac £+ 10%
1-Phase

60 Hz + 3 Hz
50Hz + 3 Hz

Nema #5-15R (120 Vac),
Nema #6-20R (240 Vac)

9 ft

50°F-100°F (10°C—38°C)
-25°F—135°F (-46°C—43°C)

30%—90%
(non-condensing)

5%—95%
(non-condensing)

80°F (27°C)

6000 ft (1830 m) above sea
level

-201-



CMS11-K/CME11-K

-202-



CARD READERS

CMS11/CME11

The CMS11-KA(KB) and the CME11-KA(KB) are DIGITAL’s lowest
priced card reader systems. They are mounted in self-contained ta-
bletop units and connected to the UNIBUS via the controller. The
CMS11-K versions are supported by UNIBUS PDP-11 systems while
the CME11-K versions are supported by VAX systems. All versions
were designed to operate at low speeds in light usage environments
such as educational and telephone industry applications.

FEATURES

e Reads hole punched and mark sense cards

e Two data formats selectable under program control: non-packed
(standard Hollerith code) and packed (compressed Hollerith code)

e Long life expectancy and ease of maintenance
e Short, straight card track for preventing card jams
® High reliability due to
— three attempts to read a card before rejecting it
— high tolerance to damaged cards
— data resynchronization logic—allows punched holes to be read

that are misaligned by 50% greater than the ANSII standard
deviation

DESCRIPTION

All versions of the CMS11-K/CME11-K card reader system consist of
an input hopper for loading cards, a photoelectric read station for
reading data from cards, an output stacker for stacking cards after
reading, a motorized mechanism for moving the cards from the input
hopper via the read station to the output stacker, a controller, a 25 ft
(7.6 m) cable for connecting the card reader to the controller, and an
internal clock for generating timing marks. The controller monitors the
status of card reader operations, issues appropriate control com-
mands, and handles data transfers between the card reader and the
UNIBUS.

The CMS11-K and the CME11-K card reader systems process stan-
dard 12-row, 80-column EIA (Hollerith) code hole punched cards with
or without timing marks as well as 12-row, 40- or 80-column mark
sense cards with or without timing marks. The card reader systems
are also capable of reading marks and punched holes intermixed on
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the same card as long as mark sense cards are used. The CMS11-KA
and the CME11-KA read up to 250 cards per minute while the CMS11-
KB and the CME11-KB read up to 200 cards per minute. All versions
have an input hopper/output stacker capacity of 250 cards.

Cards may be loaded and unloaded while the card reader is operating.
Additional cards may be loaded provided the input hopper is
approximately one-half to two-thirds empty.

OPERATION

Before operation begins, the processor places an address on the UNI-
BUS, which the controller decodes to determine if the card reader is
the selected external device. If so, the address selection logic then
decodes the incoming address which is one of four possible sequen-
tial UNIBUS addresses. These four addresses correspond to the four
controller registers, i.e., the Status Register, the Maintenance Regis-
ter, and the two Data Buffer Registers (one for non-packed or 12-bit
data and one for packed or 8-bit data). The register that is selected
and the type of bus data transfer operation to be performed determine
whether a command is to be issued, the status of the card reader is to
be monitored, or data is to be read from a card in either of the two data
formats.

Operation begins when the controller issues a READ command. The
card reader is ready to accept a READ commmand when both the
READER READY STATUS and BUSY bits in the controller status regis-
ter are clear. The card reader is busy and cannot accept a READ
command when the BUSY bit is set. The card reader is off-line when
the READER READY STATUS bit is set.

When the card reader receives the READ command, it takes the first
card from the hopper and feeds it into the motorized mechanism
which moves the card into the read station. At the read station all 12
rows of all 80 columns of the card are read by a series of 12 photoelec-
tric sensing devices column-by-column, beginning with column one.
The card reader internal clock generates one timing mark for each
card column read. After a column has been read, the 12 data bits,
corresponding to the 12 rows of the card column, are placed into a 12-
bit register located inside the card reader and are gated in parallel,
along with the timing mark, into the data buffer registers in the con-
troller via the interconnect cable. Once the data buffer registers are
loaded, the controller sets the COLUMN READY bit in the status regis-
ter which generates an interrupt to alert the processor that the data is
ready to be read. In response to the interrupt, the program will then
read either of the two data buffer registers: CRB1 (12-bit non-packed
data) or CRB2 (8-bit packed data). The COLUMN READY bit is cleared
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once the selected data buffer register has been read. If the program
does not read one of the data buffer registers before the card reader
reads another card column of data, the TIMING ERROR bit in the
status register is set.

The status register can serve either as a command register to specify
certain functions to be performed or as a status register to monitor
operations within the controller and the card reader. When the status
register functions as a command register, it is loaded from the UNI-
BUS and can perform one or more of the following functions: read,
eject, or interrupt enable. The read (pick) function is the only

command sent to the card reader and is used to start operation, i.e.

causes the card reader to feed a card into the read station. The eject
function causes the controller to skip the remainder of the card being
read, although data is still transferred between the card reader and the
data buffer registers. Interrupt enable allows an interrupt to be gener-
ated whenever 1) the reading of a card column or an entire card is

completed 2) an error occurs 3) the card reader goes on-line or off-
line.

When the status register is used to monitor system functions, it out-
puts status information to the UNIBUS for monitoring under program
control. Some of the bits in the status register are set or cleared by
error and status signals from the card reader itself, while others are
set or cleared by error and status signals from the controller.

INTERRUPTS

The CMS11-K/CME11-K system controller uses a bus request (BR)
interrupt to gain control of the UNIBUS to perform a vectored inter-
rupt, which causes the program to branch to an interrupt service rou-
tine. A BR interrupt can occur only if the INTERRUPT ENABLE bit in
the status register is set. Once the INTERRUPT ENABLE bit is set, an
interrupt request is generated whenever any one of the following bits
in the status register is set: ERROR, CARD DONE, TRANSITION TO
ON-LINE, or COLUMN READY.

When the ERROR bit is set, it indicates that some error conditon exists
and an interrupt is generated to cause the program to branch to an
error handling routine. When the CARD DONE, TRANSITION TO ON-
LINE, or COLUMN READY bits are set, the controller is ready to
perform a data transfer or accept a command and an interrupt request
is made so that the program can branch to an interrupt service rou-
tine.

The interrupt priority level is 6 and the interrupt vector address is 230.
Note that the priority level can be changed with a priority plug and the
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vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

DATA FORMATS

Card data may be transferred to the UNIBUS in either of two formats,
non-packed or packed. The non-packed data format is also referred
to as normal while the packed format is known as compressed. In
.both modes, a punched hole is interpreted as a binary one and the
absence of a hole as a binary zero.

In the non-packed, or normal, mode of operation, data is compatible
with the standard EIA (Hollerith) code.t In this mode, data is read,
placed in a 12-bit register located inside the card reader, and trans-
ferred in parallel to the controller data buffer register, CRB1. (Refer to
the card reader register section in the back of this book for the CRB1
diagram.) Data is transferred directly from the 12 rows (zones) of the
card to the corresponding bits <11-00> in the controller data buffer
register (CRB1) for transfer to the UNIBUS.

The packed, or compressed data, mode of operation is compatible
with the proposed expanded EIA (Hollerith) code. In this mode, data is
transferred directly from the 5 rows, 8-12, of the card to the corres-
ponding bits <07-03> in the controller data buffer register, CRB2, for
transfer to the UNIBUS. (Refer to the card reader register section in
the back of this book for the CRB2 diagram.) The encoded 3-bit octal
representation of card rows 1-7 is loaded into bits <02-00>. This is
possible because of the lack of double punches in‘rows 1-7 of Hollerith
code. Since it compresses the 12 bits of data from the card column
into an 8-bit character that is transferred to the UNIBUS as a low-order
byte, the packed mode of operation results in more efficient data
storage.

RELIABILITY/MAINTAINABILITY

Reliability means long life expectancy, minimal card jams and card

wear, and continuous smooth processing of the card reader system.

Special design features of the CMS11-K and the CME11-K card read-

er systems give them these qualities of high reliability as well as ease

of maintenance.

® CMS11-K and CME11-K card reader system read stations use long-
life infared light-emitting diodes (LEDs) for their light source and 12
phototransistors for their sensors.

1 See Appendix A for standard and compressed Hollerith code chart.
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e CMS11-K and CME11-K card reader systems have a high tolerance
to cards that have been nicked, warped, bent, or subjected to high
humidity.

e Cards that have been stapled or taped together, unless such taping
is on the leading edge (before the first data column), are not
accepted.

e CMS11-K and CME11-K card reader system friction pickers auto-
matically make three attempts to process a card before rejecting it
and generating a MOTION CHECK error.

e The short, straight card path also minimizes card jams since only
one card is in motion at any time.

MARK 40 COL INT CLK
T
POWER RESET HAL PUNCH 80 COL CLK TRK

Figure 5-4 CMS11/CME11 FRONT PANEL CONTROLS

PANEL CONTROLS AND INDICATORS
The front panel controls allow the operator to control the card reader
manually. The indicator lights provide card reader status information.

e POWER switch (alternate-action pushbutton/white light indicator
switch on front panel)

This switch controls application of all power to the card reader.
When depressed, power is applied to the card reader and the indi-
cator lights up. When depressed again, power is removed from the
card reader and the indicator light goes out.

e RESET switch (momentary pushbutton/white light indicator on front
panel)

When lit, this switch indicates that the card reader has gone off-line,
i.e. that the READER READY STATUS bit in the controller status
register has been set, due to either an error condition (HOPPER
CHECK, MOTION CHECK) or the HALT switch having been de-
pressed. To resume normal on-line operation requires operator in-
tervention. Depressing the switch causes the indicator light to go out
and the READER READY STATUS bit in the controller status register
to be cleared indicating that the card reader is on-line, providing that
the error condition has been corrected.
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® HALT switch (momentary pushbutton on front panel)

When depressed, this switch causes the RESET indicator to light,
which in turn causes the READER READY STATUS bit in the con-
troller status register to be set, shutting down operation of the card
reader drive motor and putting the card reader off-line to the
controller.

® MARK/PUNCH switch (alternate-action pushbutton/white light split
indicator on front panel)

When the MARK half of the split indicator is lit, the card reader is
conditioned to read mark sense cards. Mark sense cards may use
marks only or may intermix marks and punched holes on the same
card. When the PUNCH half of the split indicator is lit, the card
reader is conditioned to read hole punched cards only.

® 40/80 COLUMN switch (alternate-action pushbutton/white light split
indicator on front panel)

When the 40 half of the split indicator is lit, the card reader is condi-
tioned toread 40 column cards only. When the 80 half of the split
indicator is lit, the card reader is conditioned to read 80 column
cards only. When the INTERNAL CLOCK/CLOCK TRACK (INT
CLK/CLK TRK) switch is set to CLOCK TRACK (CLK TRK), the
40/80 COLUMN switch is set to 80.

® INTERNAL CLOCK/CLOCK TRACK (INT CLK/CLK TRK, alternate-
action pushbutton/white light split indicator on front panel)

When the INTERNAL CLOCK (INT CLK) half of the split indicator is
lit, the card reader is conditioned to use internal or device timing.
When the CLOCK TRACK (CLK TRK) half of the split indicator is lit,
the card reader is conditioned to read the timing marks printed in
the clock tracks of the cards.

SPECIFICATIONS

MECHANICAL

Cabinet Tabletop
Controller mounting code One quad slot
Height 10.75in (27.3 cm)
Width ' 19.25in (48.9 cm)
Depth 11.75in (29.8 cm)
Weight 321bs (14.5 kg)
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PERFORMANCE
Card rate

Input hopper/Output stacker
capacity

ELECTRICAL

Starting (surge) current
CMS11-KA, CME11-KA
CMS11-KB, CME11-KB
Surge duration

Operating current
CMS11-KA, CME11-KA
CMS11-KB, CME11-KB
Interface (controller) current
Power ;consumption

Heat dissipation

Operating voltage
CMS11-KA, CME11-KA
CMS11-KB, CME11-KB
Phase

Line frequency

CMS11-KA, CME11-KA
CMS11-KB, CME11-KB

Receptacles
Line cord length

ENVIRONMENTAL
Operating temperature

Storage temperature

Operating relative humidity

250 cards per minute
200 cards

6 Aat 120 Vac
6 A at 240 Vac
5s

1Aat120 Vac
.9 Aat240Vac
1.5Aat+5Vdc
185 Watts

630 Btus/hr

120 Vac + 10%
240 Vac + 10%
1-Phase

60Hz + 3Hz
50Hz + 3 Hz

Nema #5-15R (120 Vac), Nema
#6-20R (240 Vac)

8 ft

50°F—95°F (10°C—35°C)
-40°F—140°F (-40°C—60°C)

20%—80%
(non-condensing)
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Storage relative humidity 5%—95%
(non-condensing)

Maximum wet bulb temperature  89°F (32°C)

Maximum operating altitude 10,000 ft (3050 m) above sea
level
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CHAPTER 6
SENSOR I/0O DEVICES

AA11-K

The AA11-K is a four-channel independently buffered, 12-bit, digital-
to-analog converter (DAC) and associated display control. It is sup-
ported by UNIBUS PDP-11 systems on the UNIBUS or on the LPA11-K
bus with a KW11-K programmable realtime clock and by VAX-11 sys-
tems only on the LPA11-K bus with a KW11-K. The AA11-K is used in
applications such as acoustics, process control, and flight simulation.

FEATURES
® Four independently buffered digital-to-analog channels

® Jumper-selectable output ranges of -5 Vdc to +5 Vdc, -10 Vdc to
+10Vdc, and -0.5 Vdc to +0.5 Vdc

DESCRIPTION

Under program control, the AA11-K provides analog outputs and
digital control signals to operate oscilloscopes (Tektronix 602, 604
display oscilloscopes and 611, 613 storage oscilloscopes) and other
CRTs, X/Y recorders, and strip chart recorders.

The AA11-K allows the user to output data in the form of a 4096 x 4096
dot array on an oscilloscope screen. Thus, a dot may be produced at
any point in the array and a series of dots, programmed sequentially,
produce graphic patterns.

Point plotting on oscilloscopes and other CRTs is done by converting
the programmed information to analog voltages which are sent to X
and Y inputs, which in turn set the beam at the desired dot position.
After a brief delay, a digital INTENSIFY pulse is automatically sent.
This causes the dot position where the beam is currently located to
remain lit (stored), even after the beam has been repositioned.

Point-to-point plotting on a X/Y recorder is also done by transforming
the programmed information into voltages which are sent to X and Y
inputs, which in turn position the pen on the paper instead of setting
the beam of an oscilloscope. A digital signal lowers the pen and
another set of voltages input to X and Y will cause the pen to draw a
straight line along the paper to the new position. Repeated operations
will result in graphic patterns. The programmed information consists
of a continuous stream of numbers, converted to a continous stream
of voltages, which generate a sequence of pen operations. Because
the operations are not necessarily sequential, that is the pen can be
lifted to an non-adjacent point between lines, lines drawn on the paper
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can be from any point or just a point can be drawn.

Plotting on a strip chart recorder is also done by transforming ihe
programmed information into voltages which are sent to the recorder,
and these position the pen or pens on the paper. A strip chart recorder
may use up to four pens, one pen.for each channel. As the paper strip
moves along, each pen moves across the width of the paper to the
position specified by the voltage. The programmed information con-
sists of a continuous stream of numbers, converted to a continously
varying voltage, which causes the pen or pens to produce graphic
output.

OPERATION

The AA11-K has five registers: the Display Status Register and four
Data Buffer Registers. (Refer to the register section at the back of this
book for register diagrams and bit definitions). The four 12-bit data
buffer registers correspond to the four 12-bit digital-to-analog
converters (DACs).

Output operations are accomplished by loading the four digital-to-
analog data buffer registers and the display status register. When the
AA11-K is connected to an oscilloscope, two of the data buffer regis-
ters are loaded with the desired coordinates of the dot position. After
the proper delay, the AA11-K automatically generates an INTENSIFY
pulse. The other two data buffer registers are not used for controlling
oscilloscopes. By loading bits in the display status register, the user’s
program can store a graphic pattern on the oscilloscope screen, erase
the screen, or superimpose a moveable pattern on a previously
stored pattern.

INTERRUPTS

The AA11-K uses a bus request (BR) interrupt to gain control of the
UNIBUS to perform a vectored interrupt, which causes the program to
branch to an interrupt service routine. A BR interrupt can occur only if
the INTERRUPT ENABLE bit in the Display Status Register is set. Once
the INTERRUPT ENABLE bit is set, an interrupt request is generated
whenever the READY bit in the Display Status Register is also set.

A BRinterrupt is generated whenever a set of coordinates and the
subsequent INTENSIFY pulse are sent to the oscilloscope and also
at the completion of an erase operation.

The interrupt priority level is 4 and the interrupt vector address is 360.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.
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SPECIFICATIONS

MECHANICAL
Mounting code

PERFORMANCE
Channel input

Channel output

Channel output current
Channel output impedance
Resolution

Channel gain

Channel output drift
Channel offset

Channel offset drift

Channel linearity
Channel differential linearity
Input slewing speed

Rise and settling time to 0.1% of
final value

INTENSIFY pulse width
INTENSIFY pulse magnitude

INTENSIFY pulse polarity

Intensification delay

One quad slot

12 bits bipolar, straight binary
(jumperable to 2’s complement)

-5Vdcto +5 Vdc, -10 Vdc to
+10:Vdc, and -0.5 Vdc to +0.5
Vdc (jumper-selectable)

5 mA maximum per DAC

1 ohm maximum at D/A output
1 part in 4096 full scale (12 bits)
Adjustable

10 ppm per °C maximum
Adjustable

20 ppm full scale per °C maxi-
mum

+0.050 Least Significant Bit
maximum

+ 0.050 Least Significant Bit
maximum

5 Vdc/us maximum

4 us or 8 us with a load of 5000
pF in parallel with 1K ohm

2us or 6us in store mode

3.3 Vdc or 1.4 Vdc (jumper-se-
lectable)

Positive or negative (jumper-se-
lectable, normally negative)

3 us in fast intensify mode

20 us or 80 us (jumper-selecta-
ble)

Externally determined by DE-
LAY RETURN LOW signal line
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Logic outputs

NON-STORE L, WRITETHRUL, TTL open collector
ERASE L, READY L

BITO9L TTl open collector, 1K pullup to
+5Vdc

Logic inputs

ERASE RETURN L Compatible with Tektronix 611,
613

DELAY RET L TTL input

ELECTRICAL

Current drawn 2.5amps at +5 Vdc

Warmup time 5 minutes minimum

ENVIRONMENTAL
The AA11-K conforms to the individual system’s environmental
specifications.

Operating temperature 50°F—104°F (10°C—40°C)

Operating relative humidity 10%—90%
(non-condensing)
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AD11-K

The AD11-K is a double-buffered, 12-bit analog-to-digital converter
with an input multiplexer that accepts up to 16 inputs. When used in
conjunction with the AM11-K, the AD11-K accepts up to 64 inputs. The
AD11-K is supported by UNIBUS PDP-11 systems on the UNIBUS or
on the LPA11-K bus with a KW11-K programmable realtime clock and
by VAX-11 systems only on the LPA11-K bus with a KW11-K. The
AD11-K can be used in most applications involving data aquisition.

FEATURES

e Switch-selectable between 8 differential input channels or 16 single-
ended input channels

e Jumper-selectable input ranges of -5 Vdc to +5 Vdc, -5.12 Vdc to
+5.12 Vdc, -10 Vdc to +10 Vdc, -10.24 Vdc to +10.24 Vdc, 0 Vdc to
+10Vdc, and 0 Vdc to +10.24 Vdc

@ |nput over-voltage protection

DESCRIPTION

The AD11-K accepts analog input from up to sixteen laboratory op-
tions which it converts to a 12-bit digital numerical value. The AD11-K
is switch-selectable between 8 differential input channels or 16 single-
ended input channels. Although the channels are selected by the pro-
gram, only one can be converted at a time. Analog-to-digital conver-
sions can be initiated in any one of three ways: under program control,
from a realtime clock (KW11-K), or from an external event.

OPERATION

The AD11-K has two registers: the Status Register and the Analog-to-
Digital (A/D)/Digital-to-Analog (DAC) Buffer Register. The DAC Buffer
Register is write-only and is loaded with data used to test the A/D
converter. When this register is read, it contains the digital value of the
analog input from the selected channel. The register is then referred to
as the A/D Buffer Register. (Refer to the register section at the back of
this book for register diagrams and bit definitions).

Input operations are accomplished by loading the status register and
reading the A/D buffer register. The input channel is selected by load-
ing bits in the status register. After selecting a channel, there is a delay
of 10 us before the A/D converter starts the conversion process.

Setting A/D START <00> will start a conversion immediately. Setting
OVERFLOW ENABLE <05> permits overflow from a KW11-K realtime
clock to initiate conversions. Setting EXTERNAL START ENABLE
<04> permits an external input to initiate conversions. An A/D con-
version takes approximately 12 us. When the conversion is completed,
DONE <07> is set and an interrupt is generated. The converted value
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is then read out of the A/D buffer register. Since the converted value is
held in this buffer register, a second conversion can be initiated before
the results of the first conversion are read, achieving a high through-
put rate.

The 8-bit DAC converter, loaded by the DAC buffer register, allows
analog data to be generated under program control to test the A/D
converter. Since the DAC converter has no control logic, the software
must provide approximately 30 us of delay before reading back the
contents of the A/D buffer register.

CHANNEL 00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
CHANNEL 15
COMMON_RETURN
EXTERNAL _START
CLOCK OVERFLOW

AD11-K

L

UNIBUS

8-BIT
DIGITAL TO DAC OUTPUT

ANALOG

\7 CONVERTER

Figure 6-2 AD11-K BLOCK DIAGRAM
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INTERRUPTS

The AD11-K uses a bus request (BR) interrupt to gain control of the
UNIBUS to perform a vectored interrupt, which causes the program to
branch to an interrupt service routine. A BR interrupt can occur only if
the INTERRUPT ENABLE bit in the status register is set. Once the
INTERRUPT ENABLE bit is set, an interrupt request is generated
whenever the DONE bit in the status register is set indicating that a
conversion has been completed.

The interrupt priority level is 6 and the interrupt vector address is 340.
Note that the priority level can be changed with a priority plug and the
vector address can be changed by switches in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

SPECIFICATIONS

MECHANICAL
Mounting code One quad slot
PERFORMANCE
Channel input -5Vdcto +5 Vdc, -5.12 Vdc to
+5.12 Vdc, -10 Vdc to +10 Vdc,
-10.24 Vdc to +10.24 Vdc, 0
Vdc to +10 Vdc, and 0 Vdc to
+10.24 Vdc (jumper-selectable)
Channel input current 10 nA maximum
Channel inputimpedance 10 megohms typical
10 pF channel not selected
100 pF channel selected
Resolution 1 partin 4096 full scale (12 bits);
+0.013% full scale
Channel input drift 12 ppm per °C maximum
Channel offset drift 10 ppm full scale per °C maxi-

mum

Channel linearity (single-ended)  +0.025% full scale; +Least Sig-
nificant Bit maximum

Channel differential linearity No shipped states, no states
wider than 2 Least Significant
Bit; 99% of states +0.050%
Least Significant Bit
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Input slewing speed

Interchannel settling error

Crosstalk

Differential common mode re-
jection

Throughput time

Sample-and-hold aperture

ELECTRICAL
Current Drawn

Warmup time

ENVIRONMENTAL

The AD11-K conforms to the individual system’s environmental

specifications.
Operating temperature

Operating relative humidity

7 Vdc/us maximum

+1 Least Significant Bit maxi-
mum

80 dB down at 1 kHz
(15 unselected channels into
one selected channel)

70 dB (dc to 1 kHz)

22 us (10 us to interchannel set-

tling plus 12 us for A/D conver-

sion)

200 +20 ns after external start
165 +20 ns after clock overflow
20 ns maximum, delay uncer-
tainty

3.5ampsat +5 Vdc

5 minutes minimum

50°F—104°F (10°C—40°C)

10%—90%
(non-condensing)
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AM11-K

The AM11-K is a multiplexer expander for use in conjunction with the
AD11-K analog-to-digital converter to allow it to accept up to 64 in-
puts.

FEATURES
e Jumper-selectable between 24 differential input channels or 48 sin-
gle-ended input channels

e Switch-selectable input channel gain of 1, 4, 5, 16, 50, or 64
® Input over-voltage protection

DESCRIPTION

The AM11-K is a multiplexer expander that, when used in conjunction
with the AD11-K, allows the AD11-K to accept input from 64 laboratory
options instead of the usual 16. The AM11-K includes a cable for
connection to the AD11-K. The AM11-K input channels are divided
into three groups. Each group is jumper-selectable between 8 differ-
ential input channels or 16 single-ended input channels. The analog
input gain of each group is switch-selectable between 1, 4, 5, 16, 50, or
64. The gain of AD11-K input channels is always 1.

The processor communicates via the UNIBUS with the AD11-K only.
When channels 20-77 are called for, the AD11-K will activate that
channel in the AM11-K.

The hardware throughput rate for channels 20-77 in the AM11-K is 25
kHz, versus a 40 kHz rate for the AD11-K, because longer settling time
is allotted to the gain amplifier in the AM11-K.

The AM11-K uses the built-in self-test circuitry in the AD11-K.

PROGRAMMING

All communication to the AM11-K is handled by the AD11-K. An input
channel in the AM11-K is selected by loading the proper bits into the
AD11-K status register. The AD11-K, in turn, activates the desired
channel in the AM11-K. After selecting a channel, there is a delay of 30
us before the A/D converter in the AD11-K starts the conversien proc-
ess. A 10 us delay allows the input multiplexer time to settle, while a
additional 20 us of delay allows the gain amplifier time to settle.

If the three independent multiplexers in the AM11-K are set for gains
of 4, 16, and 64 and the multiplexer in the AD11-Kis set for a gain of 1,
a programmable gain data acquisition system can be configured. This
is accomplished by connecting the same analog signal input to the
corresponding input for all four multiplexers in the AM11-K and the
AD11-K as shown in Figure 6-4. The result is 16 single-ended or 8
differential channels with gains of 1, 4, 16, and 64. The user software
will select the appropriate sample and gain to convert.
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ADI1-K

ANALOG INPUT
CHANNELS 0-15

COMMON RETURN

EXTERNAL START

-

CLOCK_OVERFLOW

8-BIT
DIGITAL TO
ANALOG
CONVERTER

DAC OUTPUT

—

g2

AM]

GAIN
CHANNELS
16-31

GAIN
CHANNELS
32-47

GAIN
CHANNELS
48-63

1-K
64
2
4
1
5

)
NN

8 2 & 2 8
2] (9 o ()
2 22

ANALOG INPUT
CHANNELS 16-31

COMMON RETURN

ANALOG INPUTS
CHANNELS 32-47

COMMON _RETURN

ANALOG INPUTS
CHANNELS 48-63

COMMON RETURN

Figure 6-3 AM11-K BLOCK DIAGRAM
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SPECIFICATIONS

MECHANICAL
Mounting code

PERFORMANCE
Gain

Channel input current
Channel inputimpedance
Channel gain drift
Channel offset drift

RTI

RTO

Channel linearity (single-ended)

Input slewing speed
Interchannel settling error

Crosstalk

Differential common mode
rejection

Throughput time
(AM11-K with AD11-K)

ELECTRICAL
Current drawn

Warmup time

5.25 in panel space

1,4, 5, 16, 50, 64 (iswitch-selec-
table in groups of 16 or 8 chan-
nels)

50 nA maximum
100 megaohms

25 ppm/°C maximum

5 uV/°C maximum
2 uV/°C typical

0.5 mV/°C maximum
0.25 mV/°C typical

+0.05% of full scale maximum
+0.025% of full scale typical

2.5 Vdc/us maximum
2 Least Significant Bit

80 dB down at 1 kHz (63 un-
selected channels into 1 select-
ed channel)

70 dB from dc to 1 kHz at gain of
1; 90 dB from dc to 1 kHz at gain
of 64

42 us (10 us to select a channel
plus 20 us for gain amplifier to
settle, plus 12 us for A/D con-
version)

0.2amps at +5 Vdc

5 minutes minimum
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ENVIRONMENTAL
The AM11-K, used in conjunction with the AD11-K, conforms to the
individual system’s environmental specifications.

Operating temperature 50°F—104°F (10°C—40°C)

Operating relative humidity 10%—90%
(non-condensing)
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DR11-C

The DR11-C is a general-purpose, digital interface between the PDP-
11 UNIBUS and a user’s peripheral. Under program control, the DR11-
C transfers 16-bit parallel data between a PDP-11 system and an
external device, such as another processor, peripheral, or user’s ap-
plication-specific device. The DR11-C is primarily used for interpro-
cessor communication and for interfacing to foreign devices.

FEATURES
e Recoverable over-voltage protection

e Word or byte transfers
® 16 data lines, 2 control lines
e Maintenance cable for interface testing

DESCRIPTION

The DR11-C is an 18-line, general-purpose, digital interface used to
transfer 16-bit parallel data between a PDP-11 UNIBUS and an exter-
nal device under program control. A maintenance cable for testing the
interface logic is also included. The DR11-C has 16 data lines (for
transferring 16-bit parallel data) and 2 control lines (for transferring
control and status information).

When used as an interprocessor buffer (IPB), the DR11-C allows data
transfers between two processors. Interprocessor communication is
accomplished by connecting one DR11-C to each processor UNIBUS
and then cabling the two DR11-Cs together.

OPERATION

The DR11-C has three registers: the Control and Status register, the
Output Buffer register, and the Input Buffer register. (Refer to the
register section at the back of this book for register diagrams and bit
definitions).

The control and status register is used to enable interrupt logic and to
provide user-defined command and status functions for the external
device. The output buffer register stores data read from the UNIBUS to
be transferred to the user’'s device. The input buffer register stores
data read from the user’s device to be transferred to the UNIBUS.

Before beginning a data transfer operation, the processor addresses
the DR11-C and reads the control and status register to determine
whether it is to perform an input or output operation, and if an output
operation, whether the data is to be transferred in words or bytes. Data
inputs from the external device must be in 16-bit word format. Data
outputs from the UNIBUS may be in either 16-bit word format or in 8-
bit byte (either high- or low-byte) format.
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If an output operation is specified, data is transferred from the UNI-
BUS to the output buffer register. Once this register has been loaded,
its contents are available to the external device via the 16 data output
lines of the DR11-C, until the register is loaded with new data from the
UNIBUS. Once the data has been transferred to the output buffer
register, a NEW DATA READY control signal is sent to the user’s de-
vice to indicate that data is available to be read.

When an input operation is specified, data is transferred from the
user’s device via the 16 data input lines of the DR11-C to the UNIBUS.
Once the data has been tranferred to the UNIBUS, a control signal,
DATA TRANSMITTED, is sent to the user’s device to indicate that the
data has been read onto the UNIBUS.

Using the maintenance cable during an input or output operation
permits checking of the interface logic since the input buffer register is
loaded from the output buffer register rather than from the user’s
device. Thus, the same word loaded into the output register from the
UNIBUS will appear in the input buffer, if the interface is functioning
properly.

INTERRUPTS

The DR11-C interrupt control logic permits the interface to gain con-
trol of the UNIBUS and perform program interrupts to specific vector
addresses. The interrupt enable bits are under program control while
the interrupt bits are under the control of the user’s device.

The DR11-C can generate an interrupt only if either the INTERRUPT
ENABLE A bit or the INTERRUPT ENABLE B bit in the control and
status register is set. Once INTERRUPT ENABLE A <06> is set, an
interrupt request is generated whenever REQUEST A <07> is set.
Once INTERRUPT ENABLE B <05> is set, an interrupt request is
generated whenever REQUEST B <15> is set.

The DR11-C uses floating interrupt vector address assignments. The
interrupt priority level is 5 and the interrupt vector address is 300. Note
that the priority level can be changed with a priority plug and the
vector address can be changed by switches in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.
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SPECIFICATIONS

Mounting code 1 quad slot

Current drawn 1.5Aat+5Vdc

PERFORMANCE

Data inputs 16-bit word from external de-
vice

Data outputs 16-bit word or 8-bit byte (either
high or low) from the UNIBUS

Inputs One standard TTL unit load;

diode protection clamps to
ground and +5 Vdc

Output signals TTL levels capable of driving 8
unit loads except for the follow-
ing:

'NEW DATA READY drives 30
unit loads, positive pulse, 400
ns wide unless width changed
by an external capacitor
DATA TRANSMITTED drives 30
unit loads, positive pulse, 400
ns wide unless width changed
by an external capacitor
INIT (initialize) —common sig-
nal on both connectors driven
by one 30-unit load driver

ENVIRONMENTAL
The DR11-C conforms to the individual system’s environmental speci-
fications.

Operating temperature 50°F—104°F (10°C—40°C)

Operating relative humidity 10%—90%
(non-condensing)
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DR11-K

The DR11-Kis ageneral-purpose, digital input/output interface.
between the PDP-11 UNIBUS and a user’s peripheral. Under program
control, the DR11-K transfers 16-bit parallel data between a PDP-11
system and an external device, such as another processor, peripheral,
or user’s application-specific device. The DR11-K is primarily used to
send and receive digital control signals to and from foreign devices.

FEATURES
e 16 bidirectional data transfer lines, 4 control lines

e Recoverable over-voltage protection

e Word or byte transfers

e Two program-selectable modes of operation
e Maintenance cable for interface testing

DESCRIPTION

The DR11-K is a 20-line, digital input/output interface used to transfer
16-bit parallel data between a PDP-11 UNIBUS and an external device
under program control. A maintenance cable for testing the interface
logic is also included. The DR11-K has 16 data lines (for transferring
16-bit parallel data) and 4 control lines (for transferring control and
status information).

When used as an interprocessor buffer (IPB), the DR11-K allows data
transfers between two processors. Interprocessor communication is
accomplished by connecting one DR11-K to each processor UNIBUS
and then cabling the two DR11-Ks together.

Using the maintenance cable during an input or output operation per-
mits checking of the interface logic since the input buffer register is
loaded from the output buffer register rather than from the user’s
device. Thus, the same word loaded into the output register from the
UNIBUS will appear in the input buffer, if the interface is functioning
properly.

OPERATION

The DR11-K has three registers: the Status register, the Input register,
and the Output register. (Refer to the register section at the back of
this book for register diagrams and bit definitions).

The status register is used to enable interrupt logic, to provide user-
defined command and status functions for the external device, and to
generate maintenance interrupts. The output register stores data read
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Figure 6-6 DR11-K BLOCK DIAGRAMS
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from the UNIBUS to be transferred to the user’s device. The input
register stores data read from the user’s device to be transferred to
the UNIBUS.

Before beginning a data transfer operation, the processor addresses
the DR11-K and reads the status register to determine whether it is to
perform an input or output operation, and if an output operation,
whether the data is to be transferred in words or bytes. Data inputs
from the external device must be in 16-bit word format. Data outputs
from the UNIBUS may be in either 16-bit word format or in 8-bit byte
(either high- or low-byte) format.

If an output operation is specified, data is transferred from the UNI-
BUS to the output register. Once this register has been loaded, an
INTERNAL HIGH DATA READY (indicating a high-byte data transfer)
or an INTERNAL LOW DATA READY (indicating a low-byte data trans-
fer) pulse is sent to the user’s device to indicate that data is available to
be read. When the external device has accepted the data, it sends an
EXTERNAL DATA ACCEPTED signal to the DR11-K. If the OUTPUT
INTERRUPT ENABLE bit in the status register is set when the DR11-K
receives an EXTERNAL DATA ACCEPTED signal from the external
device, the DR11-K sets the OUTPUT FLAG bit in the status register
and generates an interrupt on the UNIBUS if the OUTPUT INTERRUPT
ENABLE bit is set. The UNIBUS will clear the OUTPUT INTERRUPT
ENABLE bit when it has accepted the interrupt.

When an input operation is specified, data is transferred from the
user’s device via the 16 data input lines of the DR11-K to either the
DR11-K input register or the UNIBUS, depending on how the interrupt
was generated. There are two ways of generating an interrupt: 1) by
sending a control signal and 2) by setting the input register bits
through their respective interrupt switches.

If interrupts are generated by the control lines, data can be read either
directly off the data input lines of the DR11-K or from the DR11-K input
register. When reading data from the DR11-K input register, note that
the register must be cleared after each input operation. An EXTERNAL
DATA READY signal is sent to the DR11-K by the external device and
the DR11-K sets the INPUT FLAG bit in the status register and gener-
ates an interrupt on the UNIBUS if the INPUT INTERRUPT ENABLE bit
in the status register is set. The UNIBUS will clear the INPUT INTER-
RUPT ENABLE bit when it has accepted the interrupt.

When the input register bits are set up to interrrupt, the external de-
vice can generate an interrupt by setting any one of these input regis-
ter bits. If the INPUT INTERRUPT ENABLE bit in the status register is
set, an interrupt is generated on the UNIBUS. The UNIBUS clears the
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INPUT INTERRUPT ENABLE bit once it has accepted the interrupt.
Individual register bits can be cleared by performing a WRITE
operation (using an appropriate mask) to the input register.

Each input line can be selected individually to interrupt the UNIBUS by
simply presetting a micro switch mounted on the interface. The four
most significant bits <15-12> have additional input buffer-setting ca-
pabilities. Hardware-selectable, these buffer bits can be set by a nega-
tive input transition, a positive input transition, or by either a postive or
a negative transition. The bidirectional transition setting allows an in-
terrupt to occur on an input change. This added feature of bits <12-
15> was specifically designed for interfacing to devices such as the
Coulter Model "S" Blood Counter.

INTERRUPTS

The DR11-K interrupt control logic permits the interface to gain con-
trol of the UNIBUS and perform program interrupts to specific vector
addresses. The interrupt enable bits are under program control while
the interrupt bits are under the control of the user’s device.

The DR11-K can generate an interrupt only if either the INPUT
INTERRUPT ENABLE bit or the OUTPUT INTERRUPT ENABLE bit in
the status register is set. Once the INPUT INTERRUPT ENABLE bit is
set, an interrupt request is generated whenever an EXTERNAL DATA
READY control signal is received by the DR11-K or a transition occurs
on any of the individual data input lines. Once the OUTPUT INTER-
RUPT ENABLE bit is set, an interrupt request is generated whenever
an EXTERNAL DATA ACCEPTED signal is received by the DR11-K.

The DR11-K uses floating interrupt vector address assignments. The
interrupt priority level is 4 and the interrupt vector address is 300
(input) and 304 (output). Note that the priority level can be changed
with a priority plug and the vector address can be changed by switch-
es in the interrupt control logic. However, any DIGITAL programs or
other software referring to the priority level or interrupt vector address
must also be changed if the priority plug or the vector address is
changed.

SPECIFICATIONS

Mounting code One hex slot

Current drawn 2.5 A at +5 Vdc maximum

PERFORMANCE

Data inputs 16-bit word from external de-
vice
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Data outputs 16-bit word or 8-bit byte (either
high or low) from the UNIBUS
Inputs TTL compatible;
over-voltage protection from
-10 Vdc to +15 Vdc by 47 ohm

fusable resistors that open
when current exceeds 250 mA;
hysteresis for high and low
thresholds

Outputs All driven by open collector logic;
over-voltage protected and cur-
rent-protected by fuses that
open when current exceeds 250
mA when in a zero state

ENVIRONMENTAL
The DR11-K conforms to the individual system’s environmental speci-
fications.

Operating temperature 50°F—104°F (10°C—40°C)

Operating relative humidity 10%—90%
(non-condensing)
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DR11-W

The DR11-W is a general purpose, direct memory access (DMA) inter-
face to the PDP-11 UNIBUS or VAX UNIBUS Adapter (UBA). The
DR11-W moves data directly between memory and the UNIBUS or
UBA to and from the user’s peripheral.

FEATURES

e Word or byte transfers

e Programmed or direct memory access (DMA) block transfers
e Burst data transfers

e User-controlled transfer rates up to memory speed

e Maintenance cable for interface testing

DESCRIPTION

The DR11-W is a 53-line, direct memory access (DMA) interface to the
PDP-11 UNIBUS or VAX UBA, which allows the user to control data
transfers between the host processor and a peripheral. A maintenance
cable for testing the interface logic is also included. The DR11-W has
32 data lines (for transferring 16-bit parallel data) and 21 control lines
(for transferring control and status information).

When used as an interprocessor buffer (IPB), the DR11-W allows data
transfers between two processors. Interprocessor communication is
accomplished by connecting one DR11-W to each processor UNIBUS
or UBA and then cabling the two DR11-Ws together.

OPERATIONAL MODES

The DR11-W has two functional modes of operation, DR11-B mode
and DR11-W mode. In DR11-B mode, the DR11-W is both functionally
and software compatible with the DR11-B. DR11-W mode provides
additional error condition monitoring and enables the interprocessor
link capability. Programming the device in DR11-W mode is slightly
different from DR11-B mode. For PDP-11 systems, the DR11-W is
supported in both modes with diagnostics for the user’'s device and
the interprocessor link applications. As with the DR11-B, the user is
responsible for supplying the interface software. For VAX systems, the
DR11-W is supported in DR11-W mode only with both diagnostics and
VAX/VMS operating system support.

OPERATION

The DR11-W has six registers: the Control and Status register, the
Error and Information register, the Word Count register, the Bus Ad-
dress register, the Input Data register, and the Output Data register.
(Refer to the register section at the back of this book for register
diagrams and bit definitions).
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The control and status register is used to enable interrupt logic, to
provide user-defined command and status functions for the external
device, and to provide error information. The error and information
register provides additional error recording such as BURST DATA
LATE, etc. The word count register allows the user to predefine the
number of transfers to be performed. The bus address register allows
the user to define the starting address where the transfer is to begin.
The output data register stores data read from the UNIBUS to be
transferred to the user’s device. The input data register stores data
read from the user’s device to be transferred to the UNIBUS.

Before beginning a data transfer operation, the processor addresses
the DR11-W and loads the control and status register to perform an
input or output operation. When the control and status register is
loaded to perform an output operation, the processor also specifies
whether the data is to be transferred in words or bytes. Data inputs
from the external device must be in 16-bit word format. Data outputs
from the UNIBUS may be in either 16-bit word format or in 8-bit byte
(either high- or low-byte) format. The processor then loads the bus
address register with the starting memory address where the data
transfer is to begin and the word count register with the two’s comple-
ment of the number of data transfers to be performed. Finally, the GO
bit in the control and status register is loaded to initiate the transfer.

If an output operation is specified, data is transferred from the UNI-
BUS to the DR11-W output data register. Once this register has been
loaded, its contents are available to the external device until the regis-
ter is loaded with new data from the UNIBUS. Once the data has been
transferred to the output data register and the BUSY line is
unasserted, the data is available to be read by the external device.

When an input operation is specified, data is transferred, along with
user-defined function bits, from the user’s device to the DR11-W. The
user-defined function bits are loaded into the control and status regis-
ter and the data is loaded into the input data register. Data from the
input data register is then transferred to the UNIBUS. The data trans-
fer to the UNIBUS is completed once the BUSY line is unasserted.

Using the maintenance cable during an input or output operation
permits checking of the interface logic since the input data register is
loaded from the output data register rather than from the user’s de-
vice. Thus, the same word loaded into the output data register from
the UNIBUS will appear in the input data register, if the interface is
functioning properly.
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INTERPROCESSOR LINKS

The DR11-W can be used to form a DMA parallel-data transfer link
between two computer systems. It can be connected to another DR11-
W or to a DRV11-B. The link operates in half-duplex mode, i.e al-
though the link has the capability of transferring data in both
directions, it is dedicated to transferring data in only one direction at a
given time.

Interprocessor links can operate in three different transfer modes:
word, block, and burst (burst is limited to DR11-W/DR11-W links on-
ly). In word mode, information can be passed between two computers,
one word at a time, by an interrupt-driven program. In block and burst
modes, the interprocessor link transmits a block of consecutive loca-
tions from the memory in one computer to the memory in another. The
link accomplishes this by using DMA transfers in each computer. in
block mode, the DR11-W must obtain and release the UNIBUS for
each data transfer it makes. This operation allows other devices on the
UNIBUS to interleave transfers with the DR11-W. In burst mode, the
DR11-W obtains control of the UNIBUS and holds in for either two-
cycle or N-cycle data transfers. The selection of the transfer mode
must ensure operational compatibility with the overall system environ-
ment.

INTERRUPTS

The DR11-W interrupt control logic permits the interface to gain con-
trol of the UNIBUS and perform program interrupts to specific vector
addresses. The interrupt enable bit is under program control while the
interrupt bits are under the control of the user’s device.

The DR11-W can generate an interrupt only if the INTERRUPT EN-
ABLE bit in the control and status register. Once INTERRUPT ENABLE
<06> is set, an interrupt request is generated whenever any of the
following bits in the control and status register is set: ERROR <15>,
NON-EXISTENT MEMORY <13>, ACLO <11>, MULTI-CYCLE RE-
QUEST <12>, and PARITY ERROR <10>. In interprocessor link
mode, FUNCTION 2 <02> will also generate an interrupt.

The DR11-W uses floating interrupt vector address assignments. The
interrupt priority level is 5 and the interrupt vector address is 124 for
the first DR11-W. Vector addresses for additional DR11-Ws are as-
signed by the user. Note that the priority level can be changed with a
priority plug and the vector address can be changed by switches in the
interrupt control logic. However, any DIGITAL programs or other soft-
ware referring to the priority level or interrupt vector address must
also be changed if the priority plug or the vector address is changed.
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Figure 6-8 INTERFACE CONFIGURATIONS
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RELIABILITY/MAINTAINABILITY

The following features provide increased reliability and maintainabili-

ty:

e A Maintenance mode allowing 1) internal logic wraparound diag-
nostic testing without disconnecting the cable from the device and
2) cable wraparound testing using a maintenance cable to extend
diagnostic testing to include cable drivers and receivers.

e DR11-W mode allows monitoring of muitiple error conditions.

e An LED indicator of burst mode operation.

e Burst mode time-out allowing the DR11-W to drop the UNIBUS if the
user’s device fails to send the next word transfer.

SPECIFICATIONS

MECHANICAL

Mounting code One hex slot
PERFORMANCE

170 signal lines

To user’s device 26

From user’s device 27
Addressing capacity 256 KB
Peak transfer speed 1 MB/s
ELECTRICAL

Input current 3.7Aat+5Vdc
ENVIRONMENTAL

The DR11-W conforms to the individual system’s environmental
specifications.

Operating temperature 41°F—122°F (5°C—50°C)

Operating relative humidity 10%—90%
(non-condensing)
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IB11

The IB11 is a 16-line, IEEE standard instrument bus interface that
allows test and measurement instruments that are IEEE instrument
bus compatible to be interfaced to the PDP-11 UNIBUS. Typical test
and measurement instruments, such as digital counters, frequency
synthesizers, digital multimeters, and programmable power supplies,
are designed to be compatible with the IEEE 488-1975 Instrument Bus
Standard. By interfacing these IEEE instrument bus compatible de-
vices to the PDP-11 UNIBUS, the IB11 provides an easy-to-use, inex-
pensive, programmable instrumentation system.

FEATURES
® [nstrument bus compatible with IEEE Standard 488-1975

@ Supports UNIBUS cable length up to a total of 65.6 ft (20 m)
@ Supports a maximum of 15 devices on the instrument bus
e Interrupt-driven interface

e Self-diagnostic routines

@ Support for FORTRAN-callable subroutines under the RT-11 oper-
ating system

DESCRIPTION

The IB11 IEEE standard instrument bus interface consists of
all the necessary cables and instrument connectors to interconnect a
system. The cables are terminated with a standard connector to mate
with any IEEE standard instrument bus compatible instrument or de-
vice. The IB11 is available in three different versions depending on the
software distrubution media. All versions of the IB11 come with the
necessary equipment for mounting in a BA11-K box. The IB11-KE
version software is distributed on the RKO05, the 1B11-KQ version
software is distributed on the RLO1, and the IB11-KY version software
is distributed on the RX01/RX02 diskette.

OPERATION

The IB11 has two registers: the Instrument Bus Status register and the
Instrument Bus Data register. (Refer to the register section at the back
of this book for register diagrams and bit definitions).

System devices may function as talkers, listeners, controllers, or a
combination of all three. A controller is capable of controlling talkers
and listeners connected to the instrument bus. Only one controller
may be active at a time, and is designated the controller-in-charge.
The IB11 is usually designated controller-in-charge, and as such sche-
dules all device addressing, device polling, commands, and data byte
transfers. A listener receives commands and data from the instrument
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bus. More than one listener may be active at a time. A talker receives
commands and transfers data via the instrument bus. Only one talker
may be active at a time.

It is not necessary for each device on the instrument bus to be capable
of responding to all of the lines. Each device can be designed to
respond only to those lines that are relevant to its function on the bus.

The instrument bus transfers data and commands asynchronously
over 16 signal lines. The eight data lines comprise an eight-bit bidirec-
tional data bus. As the system controller, the 1B11 transfers com-
mands via the Data Input/Output (DIO) lines as 7-bit ASCIi characters
(the DIO8 line is not used for command transfers). The actual com-
mands and the sequence in which they are issued are completely
under the control of the PDP-11 software being executed.

The eight remaining lines perform control and handshaking functions.
Data transfer between the devices is coordinated by the three data
transfer control or handshake lines: Data Valid (DAV), Not Ready For
Data (NRFD), and Not Data Accepted (NDAC). These lines operate
sequentially, i.e. no step in the sequence can be initiated until the
previous step has been completed.

The five bus management message lines or control lines are as

follows:

e Attention (ATN) is used by the IB11 to transfer commands over DIO
lines. It causes active talkers to become inactive.

e Interface Clear (IFC) is asserted only by the IB11 as "master clear”
and causes all devices to return to idle state within 100 ps.

e Remote Enable (REN) is used by the IB11 to enable remote opera-
tion or is negated for local operation. Local mode devices may
respond to instrument bus transmissions that do not conflict with
local control functions.

e End Or Identify (EOI) is used by the IB11 or by an active talker to
indicate the end of a multiple-byte transfer sequence. By asserting
EOIl and ATN, the IB11 can conduct a parallel poll.

e Service Request (SRQ) is used by an active device on the instrument
bus requiring the attention of the IB11.

INTERRUPTS

The IB11 can generate an interrupt only if the INTERRUPT ENABLE bit
in the instrument bus status register is set. Once the INTERRUPT
ENABLE bit is set, interrupts occur under program control.

The IB11 uses floating interrupt vector address assignments. The in-
terrupt priority level is 6 and the interrupt vector address is 420. Note
that the priority level can be changed with a priority plug and the
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vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

SPECIFICATIONS

MECHANICAL
Mounting code

Height
Length
Width

ELECTRICAL
Current drawn

PERFORMANCE
Data Rate

Address capability

Primary addresses

Secondary (2-byte) addresses

ENVIRONMENTAL

1 quad slot,
1SU

5.2in(13.2cm)
8.9in (22.8cm)
0.5in (1.3cm)

3.5Aat+5Vdc

9.2 KB/s (talker), 8 m cable
length

5.8 KB/s (listener), 8 m cable
length

Maximum of 1 talker, and 14 lis-
teners at a time

31 talker, 31 listener
961 talker, 961 listener

The IB11 conforms to the individual system’s environmental specifica-

tions.
Operating temperature
Operating relative humidity

50°F—104°F (10°C—40°C)

10%—-90%
(non-condensing)
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KW11-K
The KW11-K is a dual-programmable, realtime clock supported by
UNIBUS PDP-11 systems on the UNIBUS or on the LPA11-K bus and
by VAX-11 systems only on the LPA11-K bus. The primary application
of the KW11-K is to provide the time base for digital-to-analog
_converters, such as the AA11-K, analog-to-digital converters, such as
the AD11-K, and digital I/0 modules, such as the DR11-K, the DR11-
W, and the DR11-C. The KW11-K is also used to provide the timing
pulse for external devices.

FEATURES

CLOCKA
e Four modes of operation

e Two external inputs (Schmitt triggers)
e Eight program-selectable clock rates
e Five clock frequencies

CLOCKB

e Repeated interval mode of operation
e One external input (Schmitt trigger)

e Seven program-selectable clock rates
e Five clock frequencies

DESCRIPTION

The KW11-K dual-programmable realtime clock option consists of two
realtime clocks: clock A and clock B. Clock A is a 16-bit programm-
able realtime clock that accurately measures and counts intervals of
time and events. It can be used for processor synchronization to exter-
nal events, to generate events, such as an A/D conversion at pro-
grammed intervals, and to generate events synchronized to an exter-
nal event input, such as a signal generator. Clock A operates in one of
four programmable modes: single interval, repeated interval, external
event timing, and external event timing from zero base. Clock A can be
program-selected to operate at one of the following eight clock rates:
one of five crystal-controlled frequencies (1 MHz, 100 kHz, 10 kHz, 1
kHz and 100 Hz), an external input (Schmitt trigger one), line
frequency, and the overflow of clock B (allowing a further subdivision
of clock A input frequency selections).

Clock B is an 8-bit programmable real-time clock that accurately times
intervals and events. It can be used for generating interrupts at pro-
grammed intervals, for generating events, such as an A/D conversion
at programmed intervals, and for providing an input frequency to
clock A. Clock B operates in one mode only: repeated interval mode.
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Clock B can be program-selected to operate at one of the following
seven clock rates: one of five crystal-controlied frequencies (1 MHz,
100 kHz, 10 kHz, 1 kHz and 100 Hz), an external input (Schmitt trigger
three), line frequency, and stop frequency.

OPERATION

The KW11-K dual-programmable realtime clock has six registers: the
A Status register, the A Preset/Buffer register, the A Counter register,
the B Status register, the B Buffer register, and the B Counter register.
(Refer to the register section at the back of this book for applicable
register diagrams and bit definitions.)

Clock A is program-controlied by the A status register and clock Bis
program-controlled by the B status register. The A and B Counter
registers keep track of the number of clock pulses that have elapsed
since the clock was initiated. The A Preset/Buffer register and the B
Buffer: register store the timing data for the A and B clocks respective-
ly.

The KW11-K has three Schmitt trigger inputs with threshold and slope
control. An external ST1 (Schmitt trigger one) input is used 1) to start
clock A, 2) as a counting function for clock A, and 3) to generate an
interrupt. An external ST2 (Schmitt trigger two) is used by clock A on
overflow to transfer the contents of the A Counter register into the A
Preset/Buffer register. An external ST3 (Schmitt trigger three) is used
1) to start clock B,and 2) as a counting function for clock B.

INTERRUPTS
The KW11-K can generate an interrupt only if either the MODE FLAG
INTERRUPT ENABLE bit in the A Status register, the B OVERFLOW
ENABLE bit in the B Status register, or the ST1 INTERRUPT ENABLE
bit in the A Status register is set. Once the MODE FLAG INTERRUPT
ENABLE bit is set, an interrupt request is generated whenever clock A
overflows. Once the B OVERFLOW ENABLE bit is set, an interrupt
request is generated whenever clock B overflows. Once the ST1 EN-
- ABLE INTERRUPT bit is set, an interrupt request is generated when-
ever an ST1 (Schmitt trigget one) event occurs.

The KW11-K uses floating interrupt vector address assignments. The
interrupt priority level is 6 and the interrupt vector address is 344. Note
that the priority level can be changed with a priority plug and the
vector address can be changed by jumpers in the interrupt control
logic. However, any DIGITAL programs or other software referring to
the priority level or interrupt vector address must also be changed if
the priority plug or the vector address is changed.

-259-



SENSOR I/0 DEVICES

SPECIFICATIONS

Mounting code 1 hex slot (UNIBUS or LPA11-K
bus)

Current drawn 3 Aat +5Vdc maximum

ENVIRONMENTAL
The KW11-K conforms to the individual system’s environmental speci-
fications.

Operating temperature 50°F—104°F (10°C—40°C)

Operating relative humidity 10%—90%
(non-condensing)
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LPA11-K

The LPA11-K is an intelligent, high-speed, direct memory access
(DMA) subsystem designed for use with DIGITAL's laboratory data
acquisition 1/0 devices. Itis intended to be used in a variety of labora-
tory applications where /O rates are in excess of 2-5 KHz and when
there is a requirement for concurrent data processing. The LPA11-K
transfers data directly between main memory and the UNIBUS or UBA
to and from the 1/0 devices connected to it.

FEATURES
e Microprocessor-controlled

e Direct Memory Access (DMA) data transfers
e Software support of up to eight concurrent tasks
e Supported by FORTRAN-and MACRO-callable subroutines

e Silo (first-in/first-out) memory internal to the LPA11-K subsystem
allows data to be transferred continuously

e Automatic buffer switching eliminates data loss

DESCRIPTION

The LPA11-K subsystem consists of an intelligent controller with two
micrprocessors, a UNIBUS interface, and a library of FORTRAN- and
MACRO-callable subroutines. The LPA11-K transfers 16-bit data
between main memory and the UNIBUS or UBA to specified analog-
to-digital converters, digital-to-analog converters, and digital input
and output interfaces. Any of the devices connected to the LPA11-K
may be shared by multiple users. Because data transfers are con-
trolled by the microprocessor within the LPA11-K, interrupt service
routines are not required, allowing more efficient use of the central
processor.

In situations where high data throughput is required, multiple LPA11-
Ks can be configured on a system. Although up to four LPA11-Ks are
usually supported by a UNIBUS PDP-11 system, the total number
depends on the individual application. VAX-11/780 systems support
two LPA11-K subsystems and VAX-11/750 systems supportone
LPA11-K subsystem.

OPERATION

The LPA11-K subsystem has two independent microprocessors which
allow it to sample and transfer data between the host processor’s main
memory and laboratory data acquisition 1/0 devices without involving
the host processor. The first microprocessor is the master and the
second microprocessor is the slave. The host processor may be either
a PDP-11 UNIBUS system or a VAX system and is responsible for
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initializing the LPA11-K, sending requests to start and stop sampling
of data, and handling errors and other status conditions. The master
microprocessor connects directly to the UNIBUS and communicates

“with main memory by DMA. It is responsible for all transactions
between the host processor and the LPA11-K. These include control
information as well as storage and retrieval of all data from main
memory. The slave microprocessor controls the laboratory data ac-
quisition 1/0 devices. When a START DATA ACQUISITION command
is received from the master microprocessor, the slave microprocessor
then sends or receives a continous stream of data until a STOP com-
mand is received or a fatal error condition occurs.

The master and slave microprocessors are connected by the
intermicroprocessor buffer (IPB) module. This module buffers all
transactions between the microprocessors with two 64-byte, first-
in/first-out silo registers. This allows the two microprocessors to oper-
ate asynchronously and independently. The IPB also provides the
necessary control signals for the slave microprocessor to communi-
cate with the laboratory data acquisition 1/0 devices.

All input or output data transfers are driven and sychronized by the
programmable realtime clock required by the LPA11-K subsystem. If
the clock is not running, data transfers cannot occur. Note that the
programmable realtime clock must be ordered separately from the
LPA11-K.

OPERATIONAL MODES . _

The LPA11-K can operate in two exclusive modes: dedicated mode
and multirequest mode. In dedicated mode, the LPA11-K performs
high-speed input or output for a single user. In multirequest mode, the
LPA11-K allows up to eight simultaneous tasks to be performed at
independent rates from any combination of the supported devices.
Each user programs the LPA11-K as if they had sole access to it.
Starting and stopping one user’s requests does not affect the other
active LPA11-K requests.

In dedicated mode, one user at a time can sample from an analog-to-
digital converter or output to a digital-to-analog converter. Two ana-
log-to-digital converters can be controlled simuitaneously. Sampling
is initiated by overflow of the programmable realtime clock or by an
external event. Two sampling algorithms are implemented. The first
algorithm, at each overflow, samples both analog-to-digital converters
in parallel, allowing two channels to be sampled simultaneously. The
maximum single channel rate per analog-to-digital converter is 75,000
samples per second or an aggregate of 150,000 samples per second
for two analog-to-digital converters. The maximum multiple channel
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rate is 40,000 samples per second per channel (80,000 aggregate).
The second algorithm samples the two analog-to-digital converters on
an interleaving basis, beginning with the first, whose sampling begins
on alternate clock overflows. One four-channel digital-to-analog
converter can be controlled as well. Sampling is initiated under micro-
code control by an overflow of the programmable realtime clock.

DEDICATED MODE ANALOG-TO-DIGITAL SAMPLING
AGGREGATE THROUGHPUT RATES (IN KHZ2)

AD11-K AD11-K AR11
with
AM11-K
SINGLE A-TO-D
Single 75 75 35
Sequential 40 23 30
Random 40 23 30
DUAL A-TO-D
SERIAL MODE
Single 100* 100* N/A
Sequential 80 46 N/A
Random 70 46 N/A
DUAL A-TO-D
PARALLEL MODE
Single 2X75 2X75 N/A
Sequential 2X 40 2X 23 N/A
Random 2X40 2X 23 N/A

Multirequest mode supports sampling from all device types. Up to
eight user tasks can be active simultaneously. Each task’s sampling
rate is a user-specified multiple of the common programmable real-
time clock rate. Independent rates can be maintained for each task.
Each task requests a specific device type or combination of device
types. When the DR11-K is used with the LPA11-K, sampling can be
synchronized with an external event or through internal hardware con-

* Obtained by wiring user signal to same channel on both A-to-Ds.
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trol lines. This capability allows 16-bit parallel data to be transferred at
a rate determined by the external device.

Each user task sampling analog or digital channels can request that
the data be time-stamped with a value from an internal clock. This
allows an application program to mark when each sample was taken.
Event-marking mode marks each sample with a one-bit flag indicating
whether a user-supplied external event has occurred. This allows a
user to examine data at positive or negative time in relation to the
external event.

In multirequest mode, the throughput of data is determined by the
number and type of requests. The aggregate throughput rate for all
user tasks is 12-15,000 samples per second depending on the sam-
pling mode.

CHANNEL ADDRESS SELECTION

In both dedicated and multirequest modes, there is a need to specify
the address of the next channel to be sampled. In the case of analog
input, the channel address specifies which multiplexer channel to en-
able. In the case of digital 1/0, the channel address specifies which
digital 1/0 word to access. The LPA11-K uses three types of channel
address selection: single-channel mode, sequential-channel mode,
and random-channel mode.

In single-channel mode, the LPA11-K repeatedly samples the same
channel. This is the simplest mode and allows the highest throughput.

In sequential-channel mode, the LPA11-K calculates the address of
the next channel by adding a user-supplied positive or negative incre-
ment to the current channel. When the last channel is sampled, the
LPA11-K resets the current channel to the starting channel. This al-
lows the user to scan a preselected range of channels.

In random-channel mode, the LPA11-K determines the address of the
next channel by accessing a user-supplied table in the host proces-
sor's main memory. This is the most general of the channel address
selection modes since channels can be sampled in any sequence, but
results in a lower aggregate throughput rate.

STORAGE OF DATA IN MAIN MEMORY

In dedicated mode, and for each of the possible eight user’s tasks in
multirequest mode, up to eight independent buffer addresses can be
specified for each user. The LPA11-K maintains each user’s buffers
separately and the size of each set of buffers for a given user is the
same (specified at the beginning of each request). When one buffer is
full, the LPA11-K automatically switches buffers without any interac-
tion with the user’s program.
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OPERATING MODE SUMMARY
FEATURES DEDICATED MODE | MULTIREQUEST
MODE
Number of indepen- 1 request 8 requests
dent user-opera-
tions (requests)
Aggregate through- 100 KHz with 12-15 KHz
put to memory two A-to-Ds maximum
in serial
2 X 75 KHz
with two A-to-Ds
in parallel
(aggregate 150 KHz)
Supported options 1KW11-K All options under
2 AD11-Ks dedicated mode.
2 AM11-Ks plus 5 DR11-Ks
1AR11
1 AA11-K
Operations High-speed Simultaneous

Rate selection

A/D conversions
or D/A conversions

Single rate
triggered by
programmable

clock or
external event
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FORTRAN-CALLABLE SUBROUTINES

A library of FORTRAN-callable subroutines included with the LPA11-K
subsystem provide functions for request initialization, 1/0 control,
buffer control, utilities for floating point conversions, computing clock-
rate and preset, and converting an unsigned integer to a real constant.
Each FORTRAN call contains arguments that specify the request par-
ameters. Note that these FORTRAN-callable subroutines are also MA-
CRO-callable.

FORTRAN-CALLABLE SUBROUTINES FOR THE LPA11-K

ADSWP Initiates synchronous A/D sweep

CLOCKA Sets clock A rate

CLOCKB . Controls clock B

CVADF Converts A/D input to floating point

DASWP Initiates synchronous D/A sweep

DISWP ’ Initiates synchronous digital input sweep

DOSWP Initiates synchronous digital output sweep

FLT16 » Converts unsigned integer to a real con-
stant

IBFSTS Gets buffer status

IGTBUF Returns buffer number

INXTBF Sets next buffer

IWTBUF Waits for buffer

LAMSKS Sets mask buffer

RLSBUF Releases data buffer

RMVBUF Removes buffer from device queue

SETADC Sets channel information

SETIBF Sets array for buffered sweep

STPSWP Stops sweep

XRATE Computes clock rate and preset
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HANDSHAKING

MEMORY CONTROL/STATUS
INFORMATION
RSX
LPA11-K
LPA DRIVER

1/0 CONTROL
BUFFER CONTROL
UTILITY

FORTRAN SUPPORT RTNS
REQUEST INITIALIZATION!

@

1. SUPPORT ROUTINES BUILD PARAMETER
LIST IN MEMORY DESCRIBING REQUEST
NEEDS.

BUFFERS

®

RBQ

cBQ

TASK < °

°
APPLICATION
PROGRAM

L

2. DEVICE DRIVER MANAGES HAND-
SHAKING PROTOCOL BETWEEN THE
SUBSYSTEM AND THE HOST COMPUTER.
STATUS/CONTROL AND ERROR
INFORMATION PASSED BACK AND
FORTH TO FORTRAN SUPPORT
ROUTINES. -

@ 3. SUPPORT ROUTINES INITIATE LPA11-K

BY TRANSFERRING REQUEST PARA-
METERS.

4. SUPPORT ROUTINES MANAGE TWO
QUEUES OF BUFFERS; THE RELEASED
BUFFER QUEUE (RBQ) AND THE

COMPLETED BUFFER QUEUE (CBQ).

RBQ CONTAINS INDEX OF AVAILABLE
BUFFERS FOR EMPTYING/FILLING BY
THE SUBSYSTEM. CBQ CONTAINS INDEX
OF BUFFERS THAT HAVE BEEN FILLED
OR EMPTIED BY THE SUBSYSTEM.

5. DATA TRANSFER BETWEEN LPA11-K
SUBSYSTEM AND APPLICATION ISBY
DIRECT MEMORY ACCESS.

Figure 6-12 LPA11-K SUBSYSTEM SOFTWARE STRUCTURE
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1/0 BUS DEVICE/CLOCK ADDRESSES

DEVICE TYPE I/0 BUS INTERRUPT
CSR VECTOR
ADDRESS ADDRESS

AD11-K Analog- 770400 340

to- Digital

Converter No. 1

AD11-K Analog- 770440 400
to-Digital
Converter No. 2

KW11-K 770404 344
Programmable
Clock A

KW11-K 770432 364
Programmabie
Clock B

AA11-K Digital- 770416 360
to-Analog*
Converter

DR11-K Digital I/0 767770
Interface No. 1

In 767772 310
Out 767774 324

DR11-K Digital I/0 767760
Interface No. 2

* Digital-to-analog CSR address is at 770416 for AA11-K and 1/0
BUS CSR address is at 770410 for AR11. Note that the address of the
digital-to-analog data buffer register,channel 0, must be specified in
the device address table field of the Initialize RDA (770420 for AA11-K
and 770412 for AR11).
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In
Out

DR11-K Digital I/0
Interface No. 3

In
Out

DR11-K Digital I/0
Interface No. 4

In
Out
DR11-K Digital I/0

" Interface No. 5
In

Out

SPECIFICATIONS

MECHANICAL
Mounting code

SENSOR I/0 DEVICES

767762 320
767764 314
767750

767752 330
767754 334
767740

767742 350
767744 354
767730

767732 370
767734 374

One hex slot in the system backplane be-
fore a UNIBUS repeater or a UNIBUS
switch, one SU in the LPA11-K backplane.
The first quad and hex slots in the LPA11-K
backplane are used by the controller. The
remaining slots are used for mounting the
KW11-K clock and laboratory I/0O devices.
The LPA11-K backplane may be expanded
as necessary for additional mounting
space. NOTE: The one or two LPA11-K
backplanes must mount in the same expan-
der box or CPU box as the hex module.
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"ELECTRICAL
Current drawn

Master microproces- 5Aat+5Vdc
sor

Slave microprocessor 3Aat+5Vdc
Interprocessor buffer 5Aat +5 Vdc,

1Aat-15Vvdc

PERFORMANCE ‘

Buffer management Multibuffered, up to eight buffers per re-
quest. Minimum size of 257 words per buff-
er.

Maximum channels

A/D converters 128 channels

D/A converters 4 channels

Digital 170 5 channels

Realtime clocks 2 clocks

ENVIRONMENTAL
The LPA11-K conformsto the individual system’s environmental
specifications.
Operating temperature 41°F—122°F (5°C~50°C)
Operating relative humidity 10%—90%

(non-condensing)
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CHAPTER 7
REGISTERS

DISK DRIVE REGISTERS

RX211 REGISTERS AND EXTENDED STATUS WORDS

The RX211 disk subsystems described in Chapter 2 have two regis-

ters: the Command and Status register and the Data Buffer register.
The Data Buffer register is used to perform five different functions,

and thus acts as five different registers. When an error is detected, a

READ ERROR CODE command will cause the controller to write four

extended status words into memory. These extended status words

contain detailed error and status information. Following are the appli-

cable register and extended status word diagrams and bit definitions:

COMMAND AND STATUS REGISTER (RX2CS) 777170

15 14 13 12 n 10 09 08 07 06 05 04 03 ol 00

UNTBUS i
A tousl.s TRANS | INTER UNIT
ER"OR’ INIT l TSN | R0 NOTUSED  Ioensiry] REQ [ENABLE SELECT

IDONE

T T
FUNCTION CODE l GO

(L]

——\ I [ S u—— L

READ WRITE READ READ/ READ READ/ READ WRITE ONLY
ONLY ONLY ONLY WRITE ONLY WRITE  ONLY

Bit Name

15 ERROR

When set, indicates that an error has occurred while executing a com-
mand.

The error is specified by bits in the error and status register.

Cleared by loading FUNCTION CODE <03-00> with a new command
or by setting INITIALIZE <14>.

Also cleared by INIT.

14 INITIALIZE

When set, causes the RX211 to initialize.
1312 UNIBUS ADDRESS EXTENSION

Loading these bits loads UNIBUS address bits <17,16>. Refer to the
bus address register for more detalil.
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1 RX02

This bit is set when using an RX211 subsystem and clear when using
an RX11 subsystem.

10-09 NOT USED
08 DOUBLE DENSITY

When this bit is loaded with a 1, double density mode is selected.
When this bit is loaded with a 0, single density mode is selected.

07 TRANSFER REQUEST

When set, indicates that the controller needs a word of control infor-
mation.

06 INTERRUPT ENABLE

When set, allows an interrupt to occur if DONE <05> is also set.
Cleared by loading with a 0.
Also cleared by INIT.

05 DONE

When set, indicates that a function has been successfully executed.
Generates an interrupt if INTERRUPT ENABLE <06> is also set.

04 UNIT SELECT

When set, selects drive 1.
When clear, selects drive 0.

03-01 FUNCTION CODE

Loading these bits with one of the function codes listed below causes
the controller to perform the corresponding operation.

01, FILL BUFFER
Causes the controller to transfer the specified
number of words from memory into the
internal data buffer.

03, EMPTY BUFFER
Causes the controller to transfer the specified
number of words from the internal data buffer
to memory.
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07,

114

13,

154

17,

00 GO
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WRITE SECTOR

Causes the controller to write the contents of
the internal data buffer onto the specified track
and sector.

READ SECTOR

Causes the controller to read the contents of
the specified track and sector and load the da-
ta into the internal data buffer.

SET MEDIA DENSITY

Causes the controller to change the density of
the diskette in the selected drive and rewrite
the entire diskette with zeros.

READ STATUS

Causes the controller to load the error and
status register information into the data buffer
register.

WRITE DELETED DATA SECTOR

Causes the controller to flag the datain the
selected sector as deleted by writing a deleted
data address mark.

READ ERROR CODE

Causes the controller to transfer the four ex-
tended status words into memory. The con-
troller first requests the starting memory ad-
dress by setting TRANSFER REQUEST <07>,
and the processor responds by loading the
bus address into the data buffer register.

This bit resets at the end of each operation specified by FUNCTION
CODE <03-01>.

DATA BUFFER REGISTER (RX2DB) 777172
The data buffer register has five different functions, which cause it to
act as the following five different registers at different times during
program sequences.

BUS ADDRESS REGISTER (RX2BA)

15
T

T T T
BUS ADDRESS

00
‘j
—

WRITE ONLY
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This register is loaded with the starting address where data is to beread
from or written into memory.

The bus address is 18 bits. The low-order 16 bits are loaded by this
register and the high-order two bits are loaded by ADDRESS EXTEN-
SION <13,12> in the commmand and status register.

TRACK ADDRESS REGISTER (RX2TA)

15 07 06 00
T T T T ™ T T T T T T T T T
l NOT USED 1 TRACK ADDRESS
) L L L

“

.

WRITE ONLY

This register specifies the diskette track (0-76,,) on which the opera-
tion is to be performed.

SECTOR ADDRESS REGISTER (RX2SA)

T T T T T
NOT USED SECTOR ADDRESS
L 1 L

WRITE ONLY

This register specifies the diskette sector (1-26,,) in which the opera-
tion is to be performed.

WORD COUNT REGISTER (RX2WC)

™ T T —r T
L NOT USED
s

T T
WORD COUNT
L

WRITE ONLY

This register specifies the number of data words (128,, in double
density mode and 64,, in single density mode) to be transferred.

ERROR AND STATUS REGISTER (RX2ES)

NOT USED

W
NoT | uNIT DELETD UBLE
Ex'“ |C°° USED snscr|“‘°" DATA DENSITY

READ ONLY

DENSI AC INIY NOT CRC
ERROR USED | ERROR

This register is loaded with error and status information at the comple-
tion of each operation.
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Bit Name
15-12 NOT USED
11 NON-EXISTENT MEMORY

Set when the controller attempts to transfer data into or from a
memory address which does not exist.

10 WORD COUNT OVERFLOW

When set, indicates that the specified word count is larger than 128,,
(64, in single density mode)-

09 NOT USED
08 UNIT SELECT

When set, indicates that drive 1 has been selected.
When clear, indicates that drive 0 has been selected.

07 READY

When set, indicates that the selected drive has a diskette loaded and is
ready to perform an operation.

06 DELETED DATA

When set, indicates that the data in the sector specified by the READ
SECTOR command has been deleted.

05 DOUBLE DENSITY

When sét, indicates that the diskette on the selected drive is written in
double density mode.

04 DENSITY ERROR

When set, indicates that the density of the diskette does not match the
density mode of the selected drive.

03 ACLO

When set, indicates that the RX02 floppy disk drives have lost AC
power.

02 INITIALIZE DONE
When set, indicates that the RX211 has been initialized.
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Set by INITIALIZE <14> in the command and status register, by turn-
ing on the RX02s, or by INIT.

01 NOT USED
00 CRC ERROR

When set, indicates that a data error has been detected.

EXTENDED STATUS WORD 1
15 . . . . . . . 08 07 . . . . . . - 00 ‘
WORD COUNT ERROR CODE
- * * ! * * : : -/
READ ONLY
Bit Name
15-08 WORD COUNT

These bits contain the word count used during the last operation.
07-00 ERROR CODE

These bits are loaded with one of the following error codes:

010, Drive 0 failed to see home on initialize.
020, Drive 1 failed to see home on initialize.
040, The processor loaded the track address regis-

ter with a number greater than 76,,.

050, Home was found before the desired track was
reached.
070, The microprocessor controller did not find the

desired sector after looking at 52 headers (2
revolutions).

110, The microprocessor controller found not SEP
clock after 40us.

120, Preamble not found.

130, Preamble found but no ID burst found within

allowable time span.
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150, The track reached does not match the header
track address.

160, The microprocessor controller made too many
attempts for an IDAM (identifies header).

170, Data AM not found within allowable time span.
200, CRC error detected while reading the sector

from the disk. No code appears in the error

register.
220, Read/write electronics failed Maintenance

mode test.
230, Word count overflow.
240, Density error.
250, Wrong key word for Set Media Density com-

‘mand.
EXTENDED STATUS WORD 2

15 . . . . . . . 08 07 . . . . . . . 00
CURRENT TRACK OF DRIVE 1 CURRENT TRACK OF DRIVE 0 —|
\ * * . " * § * ! * * * J
READ ONLY

Bit Name
15-08 CURRENT TRACK OF DRIVE 1

These bits contain the address of the track at which drive 1’s head is
positioned.

07-00 CURRENT TRACK OF DRIVE 0

These bits contain the address of the track at which drive 0's head is
positioned.
EXTENDED STATUS WORD 3

15 08 07 00
T T T T T T T T T T T T
L DESIRED SECTOR ADDRESS DESIRED TRACK ADDRESS
L ' L : 1 1
—

READ ONLY
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Bit Name

15-08 DESIRED SECTOR ADDRESS

These bits contain the sectpr address specified by the last operation.
07-00 DESIRED TRACK ADDRESS

These bits contain the track address specified by the last operation.

EXTENDED STATUS WORD 4
15 08 07 06 05 04 03 [+]] 0
s o e e o 3 [ e e | o
h READ ONLY —
Bit Name
15-08 TRACK ADDRESS FOR HEADER TRACK ADDRESS ERROR

These bits contain the track address when the error code in the ex-
tended status word 1 equals 1505.

07 UNIT SELECT

When set, indicates that drive 1 is selected.
When clear, indicates that drive 0 is selected.

06 DRIVE 1 DENSITY

When set, indicates that drive 1 is in double density mode.
When clear, indicates that drive 1 is in single density mode.

05 HEAD LOADED

When set, indicates that the head of the selected drive is in contact
with the diskette.

04 DRIVE 0 DENSITY

When set, indicates that drive 0 is in double density mode.
When clear, indicates that drive 0 is in single density mode.

03-01 NOT USED
00 DOUBLE DENSITY

When set, indicates that the diskette on the selected drive is written in
double density mode.
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RLO1/RL02 REGISTERS

The RL11 and RL211 subsystems described in Chapter 2 use the
same controller. The controller has four registers: the Control and
Status Register, the Bus Address Register, the Disk Address Register,
and the Multipurpose Register. Following are the applicable register
drawmgs and bit definitions. These register diagrams and bit defi-
nitions refer to both PDP-11 and VAX configurations, unless noted.
Refer to the VAX Hardware Handbook for register diagrams and bit
definitions for the UNIBUS adapter registers.

CONTROL AND STATUS REGISTER (RLCS) 774400

14 11 10 09 08 07 06 05 04 03 01 00
T

DATA D CRC/ i UN
comp [ DRIVE NON—EX op (conTr [ iNTER DRIVE
LRROR ERROR '-,,ANTE/ hw l inc | ORIVE SELECT|Reapy |enasLE EX[‘:’EZES?SN READY

T
FUNCTION CODE ‘

I\ J
READ ONLY READ/WRITE
Bit Name
15 COMPOSITE ERROR

When set, indicates that one or more of bits <14-10> is set.
Generates an interrupt if INTERRUPT ENABLE <06> is also set.

14 DRIVE ERROR

When set, indicates that the selected drive has detected an error.
Additional status information can be obtained by executing a GET
STATUS command and then reading the multipurpose register.

13 NON-EXISTENT MEMORY

When set, indicates that the controller attempted to transfer data ito
or from a memory address specified by the bus address register which
does not exist.

12 DATA LATE or HEADER NOT FOUND

When set and OPERATION INCOMPLETE <10> is also set, indicates
that the correct sector header was not yet found after 200 ms.

When set and OPERATION INCOMPLETE <10> is not set, indicates
that the controller was unable to supply a data word during a WRITE
operation or accept a data word during a READ operation at the time
that the drive requested a transfer.
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11 DATA CRC or HEADER CHECK or WRITE CHECK

When set and OPERATION INCOMPLETE <10> is also set, indicates
that a header check error has been detected.

When set, and OPERATION INCOMPLETE <10> is not set during a
READ operation, indicates that a data error has been detected (DATA
CRC).

When set, and OPERATION INCOMPLETE <10> is not set during a
WRITE CHECK operation, indicates that the data on the disk did not
match the data in memory.

10 OPERATION INCOMPLETE

When set and bits <11-12> are clear, indicates that the current opera-
tion was not yet completed after 200 ms.

09-08 DRIVE SELECT

These bits select drives 0-3.

07 CONTROLLER READY

When set, indicates that the controller is ready to accept a command.
Generates an interrupt if INTERRUPT ENABLE <06> is also set.
When loaded with a 0 causes the controller to execute the command in
FUNCTION CODE <03-01>.

06 INTERRUPT ENABLE

When set, generates an interrupt if CONTROLLER READY <07> or
DRIVE READY <00> is also set.

05-04 UNIBUS ADDRESS EXTENSION

Loading these bits loads UNIBUS address bits <17, 16>. Refer to the
bus address register for more detail.

03-01 FUNCTION CODE

These bits specify the following operations to be performed by the
selected drive. CONTROLLER READY <07> must be loaded with a 1
to cause the drive to execute the command.

54 WRITE DATA
1, WRITE CHECK DATA
64 READ DATA
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4y READ HEADER
74 READ DATA WITHOUT HEADER CHECK
3, SEEK

2, GET STATUS

05 NO OPERATION

00 DRIVE READY

When set, indicates that the selected drive is ready to accept a com-

mand.
Generates an interrupt if INTERRUPT ENABLE <06> is also set.

BUS ADDRESS REGISTER (RLBA) 774402

4

15 T T T T T T T T T T T T T T o1 00
BUS ADDRESS 0
— . - N
READ/WRITE READ
ONLY
Bit Name
15-01 BUS ADDRESS

This register is loaded with the starting address where data is to be writ-

ten from or read intomemory .

The bus address is 18 bits. The low-order 16 bits are loaded by the bus
address register and the high-order 2 bits are loaded by bits <05-04>
in the control and status register. During READ and WRITE operations
the bus address is incremented by two for each word transferred to or
from memory.

00 BUS ADDRESS

This bit is always 0.

DISK ADDRESS REGISTER (RLDA) 774404

The disk address register is loaded with control information before
each of the following operations: SEEK, READ or WRITE, and GET
STATUS. The register diagrams and bit definitions for each of the
operations are as follows:
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DISK ADDRESS REGISTER DURING A SEEK OPERATION

15

T T T T T T
HEAD DIR
CYLINDER ADDR?SS DIFFERENCE NOT USED SELECT L I —,
- "

—
READ/WRITE
Bit Name
15-07 CYLINDER ADDRESS DIFFERENCE

These bits specify the number of cylinders the drive is to move the
heads during a SEEK operation.

- 06-05 NOT USED
04 HEAD SELECT

These bits specify which head is to be used (track select).
03

This bit is always 0.
02 DIRECTION

When set, causes the drive to move the heads toward the spindle
during a SEEK operation (higher cylinder addresses).

When clear, causes the drive to move the heads away from the splndle
during a SEEK operation (lower cylinder addresses).

01

This bit is always 0.
00

This bit is always 1.

DISK ADDRESS REGISTER DURING A READ OR WRITE
OPERATION

15 - 07 06 05 00
T T T T T T T T T — — T T
HEAD
CVLINDER] ADDREISS lSELECT ) ?ECTOR ADDRESS
“ _J
READ/WRITE
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Bit Name

15-07 CYLINDER ADDRESS

These bits specify the cylinder address (0-511,, for the RL02, 0-255,,
for the RLO1) of the desired sector.

06 HEAD SELECT

These bits specify which head is to be used (track select).
05-00 SECTOR ADDRESS

These bits specify the sector address (0-39,,) of the desired sector.

DISK ADDRESS REGISTER DURING A GET STATUS OPERATION

T T T T
NOT USED { ] l 0 0 ] RESET ] 1 1
L L .

READ ONLY READ/ READ ONLY
WRITE

Bit Name
15-08 NOT USED
07-04

These bits are always 0.
03 RESET

When set, causes the drive to clear its-error register before sending a
status word to the controller.

02

This bit is always 0.
01-00

These bits are always 1.

MULTIPURPOSE REGISTER (RPCS2) 774406

The multipurpose register is loaded with control information before a
READ or WRITE operation. It also provides additional status informa-
tion after a GET STATUS operation and contains the header field data
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after a READ HEADER operation. The register diagrams and bit defi-
nitions for each of the operations are as follows:

MULTIPURPOSE REGISTER AFTER A GET STATUS OPERATION

15 14 13 12 1 10 09 08 07 06 [+}] 04 03 02 00

WRITE | HEAD SEEK WRITE DRIVE
WRITE SPIN VoLume DRIVE | HEAD | COVER | HEADS | BRUSH
Rk CU""""J Lock | DME JERROR SATE, | CHECK |SEREST| TYPE | SELECT| OPEN | OUT | HOME STATE
READ ONLY

ERROR | ERROR
“

Bit Name

15 WRITE DATA ERROR

When set, indicates that no transitions were detected on the write data
line when Write Gate was asserted.

14 HEAD CURRENT ERROR

When set, indicates that write current has been detected in the heads
when Write Gate was not asserted.

13 WRITE LOCK

When set, indicates that the selected drive is write-protected (write
protect switch on front panel is set).

12 SEEK TIME OUT

When set, indicates that the drive did not completed a SEEK operation
within the allowable time span.

11 SPIN ERROR

When set, indicates that the disk spindle is spinning too fast or too
slowly.

10 WRITE GATE ERROR

When set, indicates that Write Gate is asserted and 1) the drive is not
"ready to read/write”, 2) the drive is write-protected, 3) Sector Pulse is
occurring, or 4) the drive has another error.

09 VOLUME CHECK
When set, indicates that a disk cartridge has been mounted and the
disk is up to speed.

Cleared by executing a GET STATUS command when RESET <03> in
the disk address register is set.
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08 DRIVE SELECT ERROR

When set, indicates that more than one drive has been selected.
07 DRIVE TYPE

When set, indicates that the drive selected is an RL02.
When clear, indicates that the drive selected is an RLO1.

06 HEAD SELECT

This bit indicates which head has been selected.
05 COVER OPEN '

When set, indicates that the drive access cover is open or the dust
cover is not in place.

04 HEADS OUT

When set, indicates that the heads are on the disk.
03 BRUSH HOME

When set, indicates that the brushes are retracted and not over the
disk.

02-00 STATE

These bits indicate the status of the drive.

04 LOAD CARTRIDGE
1, SPIN UP

2, BRUSH CYCLE

3 LOAD HEADS

4y SEEK

5, LOCK ON

65 UNLOAD HEADS
7s SPIN DOWN
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MULTIPURPOSE REGISTER AFTER A READ HEADER OPERATION
After a READ HEADER operation, the multipurpose register provides
header field data from the specified sector. The header field data is
contained in three words, which are read sequentially from the multi-
purpose register. The diagrams and bit definitions of these three
words are as follows:

15 _— . - . . . . . 07 06 05 . . . . . 00
L CYLINDER ADDRESS [S:LEEACDT! SECTOR ADDRESS
C * * * § —
READ ONLY
Bit Name
15-07 CYLINDER ADDRESS

These bits contain the cylinder address read from the sector header.
06 HEAD SELECT

This bit contains the head select (track address) read from the sector
header.

05-00 SECTOR ADDRESS

These bits contain the sector address read from the sector header.

READ ONLY,

This register contains all zeros.

15
T

00
T T T
HEADER CHECK WORD
L s 4 ' N L
L B )
READ ONLY

This register contains the header CRC.

MULTIPURPOSE REGISTER DURING A READ OR WRITE
OPERATION

T T v
| 1 | 1 | 1 l WORD COUNT

L

READ/WRITE
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Bit Name

15-13

These bits are always 1.
12-00 WORD COUNT

These bits must be loaded with the two’s complement of the number of
words (1-5120,,) to be transferred during a READ or WRITE operation.
Successive sectors can be read or written, but only up to the end of the
current track. A SEEK command must be issued to change heads
(tracks) or cylinders.

RKO07 REGISTERS

The RK711 subsystems described in Chapter 2 have 16 registers.
Following are the applicable register drawings and bit definitions.
These register diagrams and bit definitions refer to both PDP-11 and
VAX configurations, unless noted. Refer to the  VAX Hardware
Handbook for register diagrams and bit definitions for the UNIBUS
adapter registers.

CONTROL AND STATUS 1 REGISTER (RKCS1) 777440

B 12 10 09 o8 07 06 05 08 oL o0
_ [cONTR]  uN1BUS Y i
ERROR/ | DRIVE |PARITY [ CONTR | TIME coNTR [ INTER | NOT
CLEAR | INTER | ERROR [Format| out [ORIVE | (RPRREDS |READY [enaBLE USED[ ) FUNCTION CODE 0
< D
READ ONLY READ/WRITE READ READ/WRITE
ONLY

Bit Name
15 COMBINED ERROR/CONTROLLER CLEAR

When set, indicates that one or more of the error bits in this register,
the control and status 2 register, or the error register is set.

Generates an interrupt if INTERRUPT ENABLE <06> is also set.

When loaded with a 1, clears error bits in the controller and initializes
the controller but does not affect the drives.

14 DRIVE INTERRUPT

When set, indicates that one or more of the ATTENTION bits <07-00>
in the attention summary register are set.
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13 DRIVE TO CONTROLLER PARITY ERROR

When set, indicates that the controller detected a data parity error
during a READ operation.

12 CONTROLLER FORMAT

When set, the controller uses 18-bit word format.
When clear, the controller uses normal 16-bit word format (this bit
should-always be clear).

11 CONTROLLER TIME-OUT

When set, indicates that the GO <00> bit has been set for more than
800 ms and that the operation has not yet been completed.

10 CONTROLLER DRIVE TYPE

When set, indicates that the controller is configured to connect to
RKO7 disk drives.
When clear, indicates that the controller is configured to connect to
RKO06 disk drives.

09-08 UNIBUS ADDRESS EXTENSION

Loading these bits loads UNIBUS address bits <17, 16>.
Refer to the description of the bus addess register for more detail.

07 CONTROLLER READY

When set, indicates that the controller is ready to accept a command.
Generates an interrupt if INTERRUPT ENABLE <06> is also set.

06 INTERRUPT ENABLE (PDP-11 only)

When set, generates an interrupt if CONTROLLER READY <07>,
DRIVE INTERRUPT <14>, or COMBINED ERROR <15>'is also set.

05 NOT USED
04-01 FUNCTION CODE

Loading these bits with one of the function codes listed below causes
the selected drive to perform the corresponding operation.

01, SELECT DRIVE
234 WRITE DATA
31, WRITE CHECK
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27, WRITE HEADER
21, READ DATA

25, READ HEADER

17, SEEK

13, RECALIBRATE

15, OFFSET

31, SEARCH

07, UNLOAD

11, START SPINDLE

03, PACK ACKNOWLEDGE
05, DRIVE CLEAR

00 GO

This bit resets at the end of each operation specified by FUNCTION
CODE <04-01>.

WORD COUNT REGISTER (RKWC) 777442

15 00
T T T T T T T T T T T T T T

T
[ WORD COUNT

2 L L L
C - J
READ/WRITE

This register is loaded with the two’s complement of the number of
data words to be transferred to or from memory.

BUS ADDRESS REGISTER (RKBA) 777444

BUS ADDRESS o
.

READ/WRITE READ
ONLY
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Bit Name

15-01 BUS ADDRESS

This register is loaded with the starting address where data isto be writ-
ten from or read intomemory.

The bus address is 18 bits. The low-order 16 bits are loaded by the bus
address register and the high-order 2 bits are loaded by bits <09-08>
in the control and status 1 register. During READ and WRITE opera-
tions the bus address is incremented by two for each word transferred
to or from memory.

00 BUS ADDRESS
This bit is always 0.

DISK ADDRESS REGISTER (RKDA) 777446

15 r . . . 10 10 . . 08 07 . . 05 04 . - . r 00
L NOT USED I:RACK ADDRESS I NOT USED SECTOR ADDRESS 4'
« ! ' : )
READ/WRITE
Bit Name
15-11 NOT USED
10-08 TRACK ADDRESS

These bits are loaded with a number (0-2) which specifies the track on
which the data transfer is to start.
The number is incremented by the drive at the end of sector 21.

07-05 NOT USED
04-00 SECTORADDRESS

These bits are loaded with a number (0-21,,) which specifies the sec-
tor in which the data transfer is to start.

The number is incremented by the drive after each sector has been
transferred. ‘

"CONTROL AND STATUS 2 REGISTER (RPCS2) 777450

15 14 13 12 11 10 09 08 07 06 0s 04 03 02 - 00
WRITE |{UNIBUS MULTI=[ UNIT ADDR T
DATA NON-EX [NON-EX| PROG JOUTPUT| INPUT [SUBSYS
CHECK | PARITY DRIVE | FIELD INCR  [RELEASE] DRIVE SELECT
LATE IERROR ERROR D’“VEJ MEM | ERROR | 5¢| ECT| ERROR IREADV INHIB | ,
_J

READY |CLEAR
v

READ ONLY READ/WRITE
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Bit Name

15 DATA LATE

Set when the controller is unable to supply a data word during a
WRITE operation or accept a data word during a READ operation at
the time that the drive requests a transfer.

14 WRITE CHECK ERROR

Set when the controller is performing a WRITE CHECK operation and
a word on the disk does not match the corresponding word in memo-

ry.
13 UNIBUS PARITY ERROR

Set if a UNIBUS data parity error is detected during a WRITE opera-
tion.

12 NON-EXISTENT DRIVE

Set when the processor’s attempt to load a register fails because the
drive selected by DRIVE SELECT <02-00> does not exist or is turned
off.

11 NON-EXISTENT MEMORY

Set when the controller attempts to transfer data into or from a
memory address specified by the bus address register which does not
exist. The bus address register will contain the address +2 of the
memory location that does not exist.

10 PROGRAM ERROR

Set when the program attempts to load a new command into FUNC-
TION CODE <04-01> in the control and status 1 register when CON-
TROLLER READY <07> in the control and status 1 register is not set,
i.e. when the controller is not ready to accept a command. The new
command will not be loaded.

09 MULTIPLE DRIVE SELECT

When set, indicates that more than one drive has been selected at the
same time.

08 UNIT FIELD ERROR
When set, indicates that more than one drive has been selected.
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07 OUTPUT READY

This bit is usedonly for testing the controller.
When set, indicates that the data buffer register contains a word and
may be read.

06 INPUT READY

This bit is used only for testing the controller.
When set, indicates that the data buffer register is not full and may be
loaded.

05 SUBSYSTEM CLEAR

When set, clears all error bits and initializes the controller and all of the
drives. ’

04 BUS ADDRESS INCREMENT INHIBIT

When set, prevents the controller from incrementing the bus address
register during a data transfer. Therefore, all data words are read from
or written into the same memory location.

03 RELEASE

This bit is used for dual-access drives.
When set, deselects the drive to allow it to be selected by the other
controller.

02-00 DRIVE SELECT

These bits are loaded to select the disk drive (0-7). This address is set
by the numbered address plug in the drive. '

DRIVE STATUS REGISTER (RKDS) 777452

15 M 13 12 111009 08 07 08 05 04 03 02 01 _ 00
CURR [ POS T DISK DRIVE
STATUS NOT | WRITE DRIVE [VOLUME| SPEED | DRIVE NOT | DRIVE
[VALID ORIVE | pibe | UsED LOCKI NOT USED [°f\',‘}’,§ READY [VALID |{2ab | LOSS [ac Lo|O ' >C'| USED | AVAIL
.
C —
READ ONLY
Bit Name

When set, indicates that the bits in the drive status register and the
error register have been updated.
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14 CURRENT DRIVE ATTENTION

When set, indicates that one of the drives that is not currently selected
has a status change to report.

13 POSITIONING IN PROGRESS

‘Set when the selected drive is performing a positioning operation.
12 NOT USED

11 WRITE LOCK

When set, indicates that the selected drive is write-protected (write
protect switch on front panel is set).

10-09 NOT USED
08 DISK DRIVE TYPE

When set, indicates that the selected drive is an RK07.
When clear, indicates that the selected drive is an RK06.

07 DRIVE READY

Set when the selected drive is ready to execute acommand.
06 VOLUME VALID

When clear, indicates that the drive has been put off-line and then on-
line and that the disk cartridge may have been changed.

Cleared by the drive coming on-line.

Set by PACK ACKNOWLEDGE command.

05 DRIVE OFF TRACK

When set, indicates that the drive was not centered on the track during
a WRITE operation.

04 SPEEDLOSS

When set, indicates that the disk cartridge is spinning too slowly.
03 DRIVE ACLO

When set, indicates that the AC power in the selected drive has failed.
02 OFFSET

When set, indicates that the selected drive is in Offset mode.
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01 NOT USED
00 DRIVE AVAILABLE

When set, indicates that the selected drive is available and not being
used by the other controller in a dual-access system.

ERROR REGISTER (RKER) 777454

15 14 13 12 n 10 09 08 07 06 05 04 03 02 01 00
DATA | DRIVE| Op [DRIVE |WRITE |y p | ADDR [HEADER| BAD [ ECC [DRIVE froRmar NON-EX| SEEK | ILL
TIMING| LOCK OVER- | CHECK | SECTOR| HARD | TYPE EARITY
CHECK [UNSAFE INC ERROR | ERROR | ADDR | Elow ERROR | ERROR | ERROR | ERROR | ERROR ERROR | FUNC INC FUNC
[ -

READ ONLY
Bit Name

When set, indicates a data error has been detected during a READ
operation, i.e. that the ECC generated does not match the ECC read
from the sector.

14 DRIVE UNSAFE

When set, indicates that the drive has detected a hardware fault and
unloaded the heads.

13 OPERATION INCOMPLETE

When set, indicates that the drive positioned the heads to the desired
cylinder but' was not able to find the specified sector.

12 DRIVE TIMING ERROR

Set when a failure has been detected in the clocking or timing circuits
of the drive.

1 WRITE LOCK ERROR

When set, indicates that the processor attempted to write on a write-
protected drive (write protect switch on front panel switch is set).

10 INVALID ADDRESS

When set, indicates that the sector address specified by the desired
cylinder register and the disk address registers is invalid.
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09 ADDRESS OVERFLOW

When set, indicates that the desired cylinder register has reached a
count of more than 814.

08 HEADER CHECK ERROR

When set, indicates that the header check word generated does not
match the header check word read from the sector.

07 BAD SECTOR ERROR

When set, the sector header field indicates that the sector is bad.
06 ECC HARD ERROR

When set, indicates that the data error cannot be corrected by the
Error Correction Code (ECC) circuitry.

05 DRIVE TYPE ERROR

When set, indicates that the controller is not configured (RK06 or
RKO07) to match the drive, i.e. CONTROLLER DRIVE TYPE <10> in the
control and status 1 register does not match DISK DRIVE TYPE<08>
in the drive status register.

04 FORMAT ERROR

When set, indicates that the format (16-bit or 18-bit) of the disk car-
tridge does not match the format of the controller.

The format of the controller is set by loading CONTROLLER FORMAT ~
<12> in the control and status 1 register and the format of the car-
tridge is written into the header field when the cartridge is formatted.

03 CONTROLLER TO DRIVE PARITY ERROR

When set, indicates that the drive has detected a data parity error in
the information received from the controller.

02 NON-EXECUTABLE FUNCTION
When set, indicates that a SEEK or DATA TRANSFER operation was

attempted while VOLUME VALID <06> in the drive status register was
clear.

01 SEEK INCOMPLETE

When set, indicates that a SEEK operation has failed.
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00 ILLEGAL FUNCTION

When set, indicates that an invalid function code has been loaded into
FUNCTION CODE <04-01> in the control and status 1 register.

ATTENTION SUMMARY/OFFSET REGISTER (RKAS/OF) 777456

15 08 07 00
T T T T T T T T T T T T

L ATTENTION BITS OFFSET

- " ! I\ - ! J
READ ONLY READ/WRITE

Bit Name

15-08 ATTENTION BITS

These bits <15-08> are the attention interrupt lines for disk drives 7-
0.

07-00 OFFSET

These bits specify the direction and amount to shift the heads off the
center of the track during an OFFSET operation.

DESIRED CYLINDER REGISTER (RKDC) 777460

15 10 09 00
T T T T T T

L N NOT USED l DESI;ED CVII.INDER :QDDRESS.
[N ; : J
READ/WRITE
Bit Name
15-10 NOT USED
09-00 DESIRED CYLINDER ADDRESS

These bits select the cylinder address (0-814,,) at which the heads are
to be positioned.

DATA BUFFER REGISTER (RKDB) 777464
15 . . . ; . . ; . . . - . . . . 00
DIAGNOSTIC DATA 4'

READ/WRITE
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Bit Name

15-00 DIAGNOSTIC DATA

This register is used for testing the controller. Words can be loaded
into the silo and read back from the silo with this register.

The silo is not full and words may be loaded when INPUT READY
<06> in the control and status 2 register is set.

The silo has words to be read when OUTPUT READY <07> in the
control and status 2 register is set.

MAINTENANCE 1 REGISTER (RKMR1) 777466

15 14 3 12 10 09 08 07 06 05 04 03 . . . 00
PRE- PRE- | MAINT | MAINT MAINT
(oo [ s [ | i A0 v [ 360 s | wessnoe smuecr
[N )
READ/WRITE
This register is used for diagnostic testing.
ECC POSITION REGISTER (RKECPS) 777470
15 . 13 12 . . . . . . . . 00
NOT USED BURST LOCATION J
N _J
READ ONLY
Bit Name
15-13 NOT USED
12-00 BURST LOCATION

These bits specify the location in the record of the first bit of the error
burst in the error pattern register.

ECC PATTERN REGISTER (RKECPT) 777472

NOT USED | ERROR BURST
. L

LF

READ ONLY
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Bit Name
15-11 NOT USED
10-00 ERROR BURST

These bits are the 11-bit error correction burst that the software uses
to correct the bad data in the record. The starting bit position is speci-
fied by the ECC position register.

MAINTENANCE 2 REGISTER (RKMR2) 777474

15 9 08 07 06 05 04 03 02

00
RETURN | START y y
NOT DRIVE RECA'—] SEEK DRIVE SELECT
—

TO [SPINDL
USED CLEAR CENTER| COMPL COMPL [ COMPL

PARITY RELEASE|

HEAD SELECT UME EDIUM SECTOR
VALID [OFF-LN JFORMAT

READ ONLY

This register is used for diagnostic testing.

MAINTENANCE 3 REGISTER (RKMR3) 772476

MESSAGE B8O -B83

READ ONLY

This register is used for diagnostic testing.

RMO02/RM03, RM05, AND RM80 REGISTERS

The RJMO02 subsystems described in Chapter 2 have 20 registers, the
RWMO03 and RWMO05 subsystems have 22 registers, and the REMO03,
REMO05, REM80, RGM03, and RGM80 subsystems have 16 registers
plus the MASSBUS adapter registers. Following are the applicable
register drawings and bit definitions. These register diagrams and bit
definitions refer to both PDP-11 and VAX configurations unless
noted. Refer to the VAX Hardware Handbook for register diagrams
and bit definitions for the MASSBUS adapter registers.

Device registers on VAX MASSBUSes are located in a floating space
starting at byte offset 400 from the base and extending to byte offset
7FC from the same base. Each of the up to eight devices supported by
an MBA has a 128 byte space assigned to it. For example, the space
for unit 0 would be from byte offset 400 to 47F and the space for unit 1
would be from byte offset 480 to 4FF. The byte offset bases are as-
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signed according to the unit plug on the device. The range of byte
offset bases for each of the up to eight devices supported by an MBA
are as follows: 400, 480, 500, 580, 600, 680, 700, and 780. The VAX
byte offsets shown here are relative to the base of the device registers.

CONTROL AND STATUS 1 REGISTER (CS1)
776700 (PDP-11)
BYTE OFFSET=0 (VAX)

15 4 13 12 n 10 09 08 07 06 05 ol 00

—
SPEC |TRANS NOT [DRIVE UNIBUS INTER

NOT
ADDRESS
COND |ERROR USED |AVAIL | USED | EXTENSION ENABLE|

MCB
PARITY
ERROR

READY G0

T T T
FUNCTION CODE

[N "7 C I I\ J
3%‘13 SIE'GTDE/ READ ONLY READ/WRITE gme READ/WRITE

Bit Name

15 SPECIAL CONDITION (PDP-11 ONLY)

Set by TRANSFER ERROR <14>o0r MASSBUS CONTROL BUS PARI-
TY ERROR <13> in the control and status 1 register, or ATTENTION
<15> in any of the drive status registers.

Generates an interrupt if INTERRUPT ENABLE <06> is also set.
Cleared by resetting the error bit that caused SPECIAL CONDITION to
set.

14 TRANSFER ERROR (PDP-11 only)

Set by any of the following bits in the control and status 2 register:

DATA LATE <15>, WRITE CHECK ERROR <14>, PARITY ERROR
<13>,NON-EXISTENT DRIVE <12>, NON-EXISTENT MEMORY

<11>, PROGRAM ERROR <10>, MISSED TRANSFER <09>, or

MASSBUS DATA PARITY ERROR <08>.

Sets SPECIAL CONDITION <15>.

Cleared by setting CONTROLLER CLEAR <05> in the control and
status 2 register or by loading a DATA TRANSFER command into
FUNCTION CODE <05-01> in the control and status 1 register.

Also cleared by INIT.

13 MASSBUS CONTROL BUS PARITY ERROR (PDP-11 ONLY)

Set when a parity error is detected while reading a drive register. A
parity error detected while writing a drive register sets MASSBUS
CONTROL BUS PARITY ERROR <03> in the error 1 register.

Sets SPECIAL CONDITION <15>.
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Cleared by setting CONTROLLER CLEAR <05> in the control and
status 2 register or by loading a DATA TRANSFER command into
FUNCTION CODE <05-01>in the control and status 1 register.
Also cleared by INIT.

12 NOT USED
1 DRIVE AVAILABLE (PDP-11 only)

When set, indicates that the selected drive is present, turned on, and
not being used by the other MASSBUS port.

10 NOT USED
09-08 UNIBUS ADDRESS EXTENSION (PDP-11 only)

Loading these bits loads UNIBUS address bits <17, 16>. In the PDP-
11/70 these bits can also be loaded by the bus address extension
register.

Refer to the bus address register for more detail.

Cleared by loading with zeros.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

07 READY (PDP-11 only)

When set, indicates that the controller is ready to accept a command.
Generates an interrupt when the READY bit is set if INTERRUPT EN-
ABLE <06> is also set.

Cleared while the controller is executing a command.

06 INTERRUPT ENABLE (PDP-11 only)

When set, generates an interrupt if READY <07> or SPECIAL CONDI-
TION <15> is also set.

In the PDP-11/70 this bit is the same as INTERRUPT ENABLE <06> in
the control and status 3 register.

Cleared when the interrupt is serviced by the processor.

Aiso cleared by INIT.

05-01 FUNCTION CODE

Loading these bits with one of the function codes listed below causes
the selected drive to perform the corresponding operation.

61, WRITE DATA
51, WRITE CHECK DATA
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63, WRITE HEADER AND DATA
53, WRITE CHECK HEADER AND DATA
71, READ DATA

73, READ HEADER AND DATA

05, SEEK

07, RECALIBRATE

17, RETURN TO CENTERLINE

15, OFFSET

31, SEARCH

13, RELEASE MASSBUS PORT

21, READ-IN PRESET

23, PACK ACKNOWLEDGE

11, DRIVE CLEAR

01, NO OPERATION

00 GO

This bit resets at the end of each operatlon specified by FUNCTION
CODE <05-01> -

WORD COUNT REGISTER (WC) 776702 (PDP-11 ONLY)

15 00
T T T T T T T T T T T T T T T

WORD COUNT

— J
READ/WRITE

This register is loaded with the two’s complement of the number of
data words to be transferred to or from memory.

BUS ADDRESS REGISTER (BA) 776704 (PDP-11 ONLY)

15 . . [ 00

- T T T T T T T T T T an

BUS ADDRESS "]
L

READ/WRITE READ
ONLY
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Bit Name

15-01 BUS ADDRESS

This register is loaded with the starting address where data is to be
written from or read into memory.

For PDP-11 systems, except the PDP-11/70, the bus address is 18
bits. The low-order 16 bits are loaded by the bus address register and
the high-order 2 bits are loaded by bits <09-08> in the control and
status 1 register. During READ and WRITE operations the bus address
is incremented by two for each word transferred to or from memory.
For PDP-11/70 systems only, the bus address is 22 bits. The low-order
16 bits are loaded by the bus address register and the high-order 6
bits are loaded by bits <05-01> in the bus address extension register.
The PDP-11/70 uses double word transfers, i.e. two words at a time.
During READ and WRITE operations the bus address is incremented
by four for each double word transferred to or from memory.

Cleared by loading with zeros.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

00 BUS ADDRESS
This bit is always 0.

DESIRED SECTOR/TRACK ADDRESS REGISTER (DA)
776706 (PDP-11)
Byte Offset=14 (VAX)

15 3 12 08 07 05 04 00
T T T T T T T T T T T T

l’ NOT USEB TRACK ADDRESS NOT USED I SECTOR ADDRESS J
N * * * —
READ/WRITE
Bit Name
15-13 NOT USED
12-08 TRACK ADDRESS

These bits are loaded with a number (0-13,, for the RM80, 0-18,, for
the RMO05, and 0-4,, for the RM02/03) which specifies the track on
which the data transfer is to start.

The number is incremented by the drive at the end of the last sector of
a track.
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Cleared by setting CONTROLLER CLEAR <05> in the control and
status 2 register or loading a DRIVE CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register.

Also cleared by INIT.

07-05 NOT USED
04-00 SECTOR ADDRESS

These bits are loaded with a number (0-31,,) which specifies the sec-
tor at which the data transfer is to start.

The number is incremented by the drive after each sector has been
transferred.

Cleared by setting CONTROLLER CLEAR <05> in the control and
status 2 register or loading a DRIVE CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register.

Also cleared by INIT.

CONTROL AND STATUS 2 REGISTER (CS2) 776710 (PDP-11 ONLY)

15 14 13 12 n 10 09 08 07 06 05 04 03 02 00

UNIBUS M DATA N T
DATA [WRLLE |RARI TYINON-EXINON-EX| PROG | MiSS ¥ amiy [OUTPUT|INPUT [conTR [PARITY MRl omve séLecr
LATE |ERROR [ERROR|DRIVE | MEM |ERROR [TRANS |ERROR|READY | READY|CLEAR | TEST |inmis N

(————l —— I _J
READ READ/ READ READ/ READ ONLY WRITE READ/WRITE
ONLY WRITE ONLY WRITE ONLY

Bit Name

15 DATA LATE

Set when the controller is unable to supply a data word during a
WRITE operation or accept a data word during a READ operation at
the time that the drive requests a transfer.

Sets TRANSFER ERROR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE «<05-01> in the control
and status 1 register.

Also cleared by INIT.

14 WRITE CHECK ERROR

Set when the controller is performing a WRITE CHECK operation and
a word on the disk does not match the corresponding word in memo-
ry.

Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.
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Also cleared by INIT.
13 UNIBUS PARITY ERROR

Set if a UNIBUS data parity error is detected during a WRITE
operation. The bus address register will contain the address +2 (ad-
dress +4 for PDP-11/70 systems) of the memory word with the parity
error unless BUS ADDRESS INCREMENT INHIBIT <03> is not set.
Sets TRANSFER ERROR <14> in the contr9l and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

12 NON-EXISTENT DRIVE

Set when a READ or WRITE operation attempt fails because the drive
selected by DRIVE SELECT <02-00> does not exist or is turned off.
Sets TRANSFER ERROR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

1 NON-EXISTENT MEMORY

Set when the controller attempts to transfer data into or from a memo-
ry address specified by the bus address register which does not exist.
The bus address register will contain the address +2 (address +4 for
PDP-11/70 systems) of the memory location that does not exist.

Sets TRANSFER ERROR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

10 PROGRAM ERROR

Set when the program attempts to load a new command into FUNC-
TION CODE <05-01> in the control and status 1 register when READY
<07> in the control and status 1 register is not set, i.e. when the
controller is not ready to accept a command. The new command will
not be loaded.

Sets TRANSFER ERROR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.
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Also cleared by INIT.
09 MISSED TRANSFER

Set if the drive does not respond to a DATA TRANSFER command,
usually because ERROR SUMMARY <14> in the drive status register
is set.

Sets TRANSFER ERROR < 14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

08 MASSBUS DATA PARITY ERROR

Set when a MASSBUS data parity error is detected during a READ
operation. A parity error detected during a WRITE operation sets
PARITY ERROR <03> in the error 1 register.

Sets TRANSFER ERROR < 14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-00> in the control
and status 1 register.

Also cleared by INIT.

07 OUTPUT READY

This bit is used only for testing the controller.

When set, indicates that the data buffer register contains a word and
may be read.

Cleared by reading the data buffer register or setting CONTROLLER
CLEAR <05>.

Also cleared by INIT.

06 INPUT READY

This bit is used only for testing the controller.

When set, indicates that the data buffer register is not full and may be
loaded.

Cleared when the data buffer is fully loaded.

05 CONTROLLER CLEAR

When set, clears all error bits and initializes the controller and all of the
drives.

04 PARITY TEST

When set, causes the controller to generate and check for even parity
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on the MASSBUS control bus and to generate even parity but check
for odd parity on the MASSBUS data bus.

When clear, the controller generates and checks for odd parity on
both the MASSBUS control bus and the MASSBUS data bus.

Cleared by loading with a 0.

Also cleared by setting CONTROLLER CLEAR <05> or INIT.

03 UNIBUS MEMORY ADDRESS INCREMENT INHIBIT

When set, prevents the controller from incrementing the bus address
register during a data transfer. Therefore, all data words are read from
or written into the same memory location.

Cleared by loading with a 0.

Also cleared by setting CONROLLER CLEAR <05> or INIT.

02-00 DRIVE SELECT

These bits are loaded to select the disk drive (0-7). This address is set
by the numbered address plug in the drive.

DRIVE STATUS REGISTER (DS)
776712 (PDP-11)
BYTE OFFSET=4 (VAX)

15 14 13 12 1 10 09 08 07 06 0S 04 03 02 o1 00

FOS CAST | DUAL DIFF

ERROR MED |WRITE DRIVE | DRIVE |VOLUME| DIFF GO |GUARD| 20 5
ATT
[ Nl SUM L,‘{c‘,e |ON~UNE Lock [SECTOR é&;ﬁgtms 'READV VALID’EQI Ltfsbs‘ REV | BaND | IN/s | INvs
—

READ ONLY

Bit Name
15 ATTENTION (ATTN, ATA)

When set, indicates that an error or some unusual condition exists in
the drive.

Sets SPECIAL CONDITION <15> in the control and status 1 register.
Cleared by loading any command into FUNCTION CODE <05-00> in
the control and status 1 register if ERROR SUMMARY <14> is not set.
Cleared by loading the DRIVE CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register or by loading a 1
int\o the appropriate bit position in the attention summary register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

14 ERROR SUMMARY

Set by any bit in the error 1 or error 2 registers.
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When set, the drive will accept no commands other than DRIVE
CLEAR.

Sets ATTENTION <15>.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register or setting CONTROLLER
CLEAR <05> in the control and status 2 register.

Also cleared by INIT.

13 POSITIONING IN PROGRESS

Set when the selected drive is performing a positioning operation
(SEEK, OFFSET, RETURN TO CENTERLINE, RECALIBRATE, UN-
LOAD, and SEARCH).

Cleared at the end of the operation.

12 MEDIUM ON-LINE

Set when the selected drive has a disk pack mounted, is on-line, and
ready to execute a command.

A change in the state of MEDIUM ON-LINE sets ATTENTION <15>
and generates an interrupt.

1" WRITE LOCK

When set, indicates that the selected drive is write-protected (the write
protect switch on the front panel is set). B

10 LAST SECTOR TRANSFERRED

When set, indicates that cylinder 822, track 18, sector 31 (the last
addressable sector) has been read or written.

09 DUAL-ACCESS ENABLED (PROGRAMMABLE)
When set, indicates that the port select switch on the selected drive is

in the A/B position and that the drive is available to both MASSBUS
ports.

08 DRIVE PRESENT

When set, indicates that the selected drive is turned on.
07 DRIVE READY

Set when the selected drive is ready to execute a command.
06 VOLUME VALID

When clear, indicates that the drive has been put off-line and then on-
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line and that the disk pack may have been changed.
Cleared by the drive coming on-line.
Set by PACK ACKNOWLEDGE or READ-IN PRESET command.

05-01 NOT USED
00 OFFSET MODE

When set, indicates that the drive is in Offset mode.
Refer to the description of OFFSET DIRECTION <07> in the offset
register for more detail.

ERROR 1 REGISTER (ER1)
776714 (PDP-11)
BYTE OFFSET =8 (VAX)

i
15 14 13 04 03 i 02 01 00.

12
DRIVE WRITE INVLD DDR HEADERHEADER ECC WRIYE REG
Sitamswee 2r (R 1K g romarloanry | h | e |
ERROR ERROR ERROR ERROR RROR ERROR ERROR FAIL RFSD | REG FUNC

READ ONLY

Bit Name

15 DATA CHECK

When set, indicates that a data error has been detected during a
READ operation, i.e. that the ECC generated does not match the ECC
read from the sector.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> 'in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

14 UNSAFE

When set, indicates a condition exists that prevents proper operation
such as low AC power or DEVICE CHECK <07> in the error 2 register
is set.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also. cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.
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13 OPERATION INCOMPLETE

When set, indicates that the operation was not completed.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

12 DRIVE TIMING ERROR

Set when a failure has been detected in the clocking or timing circuits
of the drive.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

11 WRITE LOCK ERROR

When set, indicates that the processor attempted to write on a write-
protected drive (front panel switch set to write protect).

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
‘Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

10 INVALID ADDRESS ERROR

When set, indicates that the sector address specified by the desired
cylinder and the desired sector/track address registers is invalid.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01>in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

09 ADDRESS OVERFLOW ERROR

When set, indicates that the desired cylinder register has reached a
count of more than 822,,.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
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and status 2 register or INIT.
08 HEADER CRC ERROR

When set, indicates that the header CRC generated does not match
the CRC read from the sector.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

07 HEADER COMPARE ERROR

When set, indicates that the sector reached by the drive did not match
the address of the sector read from the header.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

06 ECC HARD ERROR

When set, indicates that the data error cannot be corrected by the
Error Correction Code (ECC) circuitry.

Sets ERROR SUMMARY < 14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01>in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

05 WRITE CLOCK FAIL

When set, indicates that the drive did not receive MASSBUS write
clock signals from the controller during a WRITE operation.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

04 FORMAT ERROR

When set, indicates that the format (16-bit or 18-bit) of the disk pack or
disk head assembly does not match the format of the drive.
The format of the drive is set by loading 16-BIT FORMAT <12> in the
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offset register and the format of the pack or disk head assembly is
written into the header field when the pack or disk head assembly is

formatted.
Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

03 PARITY ERROR

When set, indicates that a MASSBUS data parity error has been de-
tected during a WRITE operation or a MASSBUS control bus parity
error has been detected while writing a drive register.

A MASSBUS data parity error detected during a READ operation sets
MASSBUS DATA PARITY ERROR <08> in the control and status 2
register. A MASSBUS control bus parity error detected while reading
a drive register sets MASSBUS CONTROL BUS PARITY ERROR <13>
in the control and status 1 register.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading aDRIVE CLEAR command
into FUNCTION CODE «<05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

02 REGISTER MODIFICATION REFUSED

When set, indicates that an attempt has been made to write any drive
register except the attention summary register while the drive is per-
forming an operation, i.e. the GO bit <00> in the control and status 1
register is set.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

01 ILLEGAL REGISTER

When set, indicates an attempt has been made to read or write a non-
existent drive register.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a drive CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.
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00 ILLEGAL FUNCTION

When set, indicates that an invalid function code has been loaded into
FUNCTION CODE <05-01> in the control and status 1 register.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a drive CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

ATTENTION SUMMARY REGISTER (AS)
776716 (PDP-11)
BYTE OFFSET=10 (VAX)

15 08 07 00
T T T T T

[ . ' lNO\’ USIED ' 1 ATTE‘NTION 'BITS
* T * . —
READ ONLY
Bit Name
15-08 NOT USED
07-00 ATTENTION BITS

These bits correspond to ATTENTION < 15> in the status register of
disk drives 7-0.

Individual bits are cleared by loading them with a 1 or by clearing
ATTENTION <15> in the status register of the corresponding drive.
Also cleared by INIT.

LOOK-AHEAD REGISTER (LA)
776720 (PDP-11)
BYTE OFFSET=1C (VAX)

15 . . . . 1 10 ., . . . 06 0s i . § § . 00
[ NOT USED [ SECTOR COUNT J NOT USED J
L . . . .

READ ONLY
Bit Name
15-11 NOT USED
10-06 SECTOR COUNT

These bits indicate the sector (0-31,,) at which the heads are currently
positioned.
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05-00 NOT USED

DATA BUFFER REGISTER (RMDB) 776722 (PDP-11 ONLY)

15 . . . 00
DIAGNOSTIC DATA
. . - . A >
READ/WRITE
Bit Name
15-00 DIAGNOSTIC DATA

This register is used for testing the controller. Up to eight words can be
loaded into and read back from this register.

This register is not full and words may be loaded when INPUT READY
<06> in the control and status 2 register is set.

This register has words to be read when OUTPUT READY <07> in the
control and status 2 register is set.

MAINTENANCE 1 REGISTER (MR1)
776724 (PDP-11)
BYTE OFFSET=C (VAX)

15 14 13 12 n 10 09 08 07 06 05 04 03 02 01 00
LOOK [ENABLE ENABLE] LAST
occ | RUN/| g | exc [ENABLE| o’ [FURE | DATA HEADER| copy | PROM [FECc™| WRITE | LAST lopcrog| DIAG.
GO SEARCH| synC | OUT | AREA | AREA STROBE| GUT | DATA |SECTOR|sTRACK| MODE
—
WHEN READ
15 14 13 2 n 0 09 08 07 06 05 04 03 02 0 00
DEBUG |DEBUG | DIAG [SEARCH [maINT [MAINT MA,N,|MA|NY I'MAnNr MAINT [MAINT [ ot [MAINT [MAINT MAIN1[D|AG
TMOUT READ SEEK [ DRIVE |SECTOR WRITE | INDEX [SECTOR
CLOCK | ENABLE|ENABLE| pisaBL |CLOCK | pata |READY| cyi |ERROR [FAULT [PULSE | USED | PROT | PULSE | cCOMP | MODE
)

AN

WHEN WRITTEN

This register is used for diagnostic testing.

DRIVE TYPE REGISTER (DT)
776726 (PDP-11)
BYTE OFFSET=18 (VAX)

1S 14 3 12 n 1009 08 07 06 05 04 03 02 _ 01 00
NOT | TAPE [MOVIN DUAL- ! j i ) ' T ! " "
8L0¢K | puive |'eap | SPARE | access NOT USED ] DRIVE TYPE

) ) L
C >
READ ONLY
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Bit Name

15 NOT BLOCK ADDRESSED

This bit is always 0.
14 TAPE DRIVE

This bitis always 0.
13 MOVING HEAD

This bit is always 1.
12 SPARE

This bit is always 0.
11 DRIVE REQUEST REQUIRED (DUAL-ACCESS)

When set, indicates that the selected drive is dual-ported.
When clear, indicates that the selected drive is single-ported.

10-09 NOT USED

08-00 DRIVE TYPE

These bits indicate the drive type of the selected drive. Equal to 026,
for an RM80, 047, for a single-ported RM05, 027, for a dual-ported
RMOS5, and 024, for RM02/03.

SERIAL NUMBER REGISTER (SN)
776730 (PDP-11)
BYTE OFFSET=20 (VAX)

15 . . 12 n_ . —08 07 — 04 03 . —~00
L MOST SIGNIFICANT l SERIAL NUMBER l SERIAL NUMBER LEAST SIGNIFICANTJ
DIGIT DIGIT N . DiGIT N DIGIT
- h L 1 n -~

READ ONLY
-]

This register contains the four Least Significant Digits in binary coded
decimal (BCD) of the selected drive.

OFFSET REGISTER (OF)
776732 (PDP-11)
BYTE OFFSET=24 (VAX)

15 13 12 11 10 09 08 07 06 . . 00
T T

i T T T
| ERROR [HEADER] SKIP
16-81T NOT |OFFSET
NOT usED RMAT NOT USED
JFO ‘Jm’; e | nes | usep [oirect ) ‘
N

INHIB

READ/WRITE
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Bit Name
15-13 NOT USED
12 16-BIT FORMAT

When set, causes the drive to use 16-bit word format.
11 ERROR CORRECTION CODE INHIBIT

When set, prevents the drive from performing error correction.
10 HEADER COMPARE INHIBIT

When set, prevents the drive from verifying that it has reached the
proper sector.

09 SKIP SECTOR ERROR INHIBIT (RM80 only)

When set, prevents the drive from setting SKIP SECTOR ERROR
<05> in the error 2 register.

08 NOT USED
07 OFFSET DIRECTION

This bit does not apply to the RM80.

When set, causes the drive to offset the heads 250 microinches toward
the spindle.

When clear, causes the drive to offset the heads 250 microinches away
from the spindle.

06-00 NOT USED
DESIRED CYLINDER REGISTER (DC)

776734 (PDP-11)
BYTE OFFSET=28 (VAX)

15 10 09 . —20

T T T T T
I NOT USED | DESIRED CYLINDER ADDRESS
L s

(.

-

READAWRITE

Bit Name

15-10 NOT USED
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09-00 DESIRED CYLINDER ADDRESS

These bits select the cylinder address (0-560,, for the RM80 or 0-822,,
for the RM05, RM02/03) at which the heads are to be positioned.

HOLDING REGISTER (HR)
776736 (PDP-11)
BYTE OFFSET=2C (VAX)

15 00
T T T T -7 T T T T T T T T —T T
L DIAGNOSTIC DATA
i N A I !

4 L N .
“ J
READ/WRITE

This register is used for diagnostic testing.

MAINTENANCE 2 REGISTER (MR2)
776740 (PDP-11)
BYTE OFFSET=30 (VAX)

15 4 13 12 1 10 09 00
T T T T T

PORT [Pon Test [CONTRUJCONTRL
A 8 BT |seieer
N

SELECT
This register is used for diagnostic testing.

T T T
TAG CYLINDER ADDRESS/HEAD SELECT/CONTROL SELECT
1 L

READ ONLY

ERROR 2 REGISTER (ER2)

776742 (PDP-11)

BYTE OFFSET=34 (VAX) |
: ,

‘ | i
12 n m o0 | o8 o7 o6l os oa 03| o . 00
oA DRIVE LOSS ! DEVICE| NOT Jsx 1P | nOT M DATA
SEEK INVALD NOT USED
SECTOH s¥stem |OF iT | NOT USED SECTOR| ;sgp |PARITY
trror |_INC_| drda | CMD [TISER | ok CHECK | USED |ERROR ERROR
L - /

READ ONLY

Bit Name

15 BAD SECTOR ERROR

When set, the sector header field indicates that the sector is bad.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

14 SEEK INCOMPLETE
When set, indicates that a SEEK operation has not yet been completed
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after 500 ms or that the heads have moved outside the recording field
on the disk surface.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

13 DRIVE PLUG ERROR

When set, indicates that the drive number plug on the front panel has
been removed.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared after replacing the plug by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by INIT.

12 INVALID COMMAND

When set, indicates that DRIVE READY <07> or VOLUME VALID
<06> in the drive status register are clear and that the processor
issued a command other than READ-IN PRESET or PACK ACKNOWL-
EDGE.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

11 LOSS OF SYSTEM CLOCK

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

10 LOSS OF BIT CLOCK

When set, indicates that there have been no transitions in the bit clock
for more that 400 ns.

Sets ERROR SUMMARY < 14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

09-08 NOT USED
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07 DEVICE CHECK

When set, indicates a dc power supply failure or a head select fault.
Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

06 NOT USED
05 SKIP SECTOR ERROR (RM80 only)

When set, the sector header field indicates that the sector has been
moved because it had a bad section. 7

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

04 NOT USED
03 MASSBUS DATA PARITY ERROR

When set, indicates that a MASSBUS data parity error has been de-
tected during a READ operation.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

02-00 NOT USED
ECC POSITION REGISTER (EC1)

776744 (PDP-11)
BYTE OFFSET=38 (VAX)

15 13 12 . . . . . 00

l F;OT USE’D BUR’ST LOC’A‘I‘ION
- READ ONLY

Bit Name

15-13 NOT USED

12-00 BURST LOCATION

These bits specify the location in the record of the first bit of the error
burstin the error pattern register.
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ECC PATTERN REGISTER (EC2)
776746 (PDP-11)
BYTE OFFSET=3C (VAX)

15 1 10 00
T T T T T T T T T T T T

ERROR BURST

" i

NOT USED

-

READ ONLY

Bit Name
15-11 NOT USED
10-00 ERROR BURST

These bits are the 11-bit error correction burst that the software uses
to correct the bad data in the record. The starting bit position is speci-
fied by the ECC position register.

BUS ADDRESS EXTENSION REGISTER (BAE) 776750 (PDP-11/70

ONLY)
15 . . . . . . . . . 06 05 . . . . 00

r NOT USED J BUS ADDRESS EXTENSION J

\ . L , -
READ/WRITE

Bit Name

15-06 NOT USED

05-00 BUS ADDRESS EXTENSION

These bits contain the high-order six bits of the bus address.
Refer to the bus address register for more detail.

CONTROL AND STATUS 3 REGISTER (CS3) 776752 (PDP-11/70
ONLY)

15 VS < B . n 10 07 06 05 04 _ 03 00

ADDR DAIA WRITE DOUBLE ' y INTER ) : . .

PARITY | PARITY CHECK NOT USED NOT USED | INVERTED PARITY CHECK !
ERROR ERROR I ERROR WORD ENABLE .

N “ _

READ ONLY READ/WRITE
Bit Name
15 ADDRESS PARITY ERROR

When set, indicates that memory has detected a parity error on the
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address and control lines during a data transfer.

Cleared by loading a DATA TRANSFER or DRIVE CLEAR command
into FUNCTON CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

14-13 DATA PARITY ERROR

When set, indicates that a parity error has been detected on data from
memory when the RH70 is performing a WRITE or WRITE CHECK
command.

Cleared by loading a DATA TRANSFER or DRIVE CLEAR command
into FUNCTON CODE -<05-01>in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

12-11 WRITE CHECK ERROR

Set when the controller is performing a WRITE CHECK operation and
a word on the disk does not match the corresponding word in memo-

ry.
Cleared by loading a DATA TRANSFER or DRIVE CLEAR command
into FUNCTON CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

10 DOUBLE WORD

When set, indicates that the last memory transfer was a double word.
Cleared by loading a DATA TRANSFER or DRIVE CLEAR command
into FUNCTON CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

09-07 NOT USED

06 INTERRUPT ENABLE

Setting this bit sets INTERRUPT ENABLE <06> in the control and
status 1 register.

05-04 NOT USED

03-00 INVERTED PARITY CHECK

These bits are used to control the parity circuits in the controller for
diagnostic testing.
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RP06 REGISTERS

The RJP06 subsystems described in Chapter 2 have 20 registers, the
RWPO06 subsystems have 22 registers, and the REP06 and RGP06
subsystems have 16 registers plus the MASSBUS adapter registers.
Following are the applicable register drawings and bit definitions.
These register diagrams and bit definitions refer to both PDP-11 and
VAX configurations unless noted. Refer to the VAX Hardware Hand-
book for register diagrams and bit definitions for the MASSBUS adap-
ter registers.

Device registers on VAX MASSBUSes are located in a floating space
starting at byte offset 400 from the base and extending to byte offset
7EC from the same base. Each of the up to eight devices supported by
an MBA has a 128 byte space assigned to it. For example, the space
for unit 0 would be from byte offset 400 to 47F and the space for unit 1
would be from byte offset 480 to 4FF. The byte offset bases are as-
signed according to the unit plug on the device. The range of byte
offset bases for each of the up to eight devices supported by an MBA
are as follows: 400, 480, 500, 580, 600, 680, 700, and 780. The VAX
byte offsets shown here are relative to the base of the device registers.

CONTROL AND STATUS 1 REGISTER (CS1)
776700 (PDP-11)
BYTE OFFSET=0(VAX)

15 u 13 2 1 W 09 08 07 06 05 ol 00
MCB T uniBus T T T N
SPEC | TRANS NOT [DRIVE | NOT INTER
l:OND ERROR | FRaON USEDJ AVAIL | USED E)GDE?LRSE,-‘;)-“N READY [[NTER | . FUN.CTION CcopE eoJ
- —— - < > C D
READ  READ/
ONLY  WRITE READ ONLY READ/WRITE  READ READ/WRITE
Bit Name
15 SPECIAL CONDITION (PDP-11 ONLY)

Set by TRANSFER ERROR <14> or MASSBUS CONTROL BUS PARI-
TY ERROR <13> in the control and status 1 register, or ATTENTION
<15> in any of the drive status registers.

Generates an interrupt if INTERRUPT ENABLE <06> is also set.
Cleared by resetting the error bit that caused SPECIAL CONDITION to
set.

14 TRANSFER ERROR (PDP-11 only)

Set by any of the following bits in the control and status 2 register:
DATA LATE <15>, WRITE CHECK ERROR <14>, PARITY ERROR
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<13>,NON-EXISTENT DRIVE <12>, NON-EXISTENT MEMORY

<11>, PROGRAM ERROR <10>, MISSED TRANSFER <09>, or

MASSBUS DATA PARITY ERROR <08>. ’

Sets SPECIAL CONDITION <15>.

Cleared by setting CONTROLLER CLEAR <05> in the control and
status 2 register or by loading a DATA TRANSFER command into
FUNCTION CODE <05-01> in the control and status 1 register.

Also cleared by INIT.

13 MASSBUS CONTROL BUS PARITY ERROR (PDP-11 ONLY)

Set when a parity error is detected while reading a drive register. A
parity error detected while writing a drive register sets PARITY
ERROR <03> in the error 1 register.

Sets SPECIAL CONDITION <15>.

Cleared by setting CONTROLLER CLEAR <05> in the control and
status 2 register or by loading a DATA TRANSFER command into
FUNCTION CODE <05-01>

Also cleared by INIT.

12 NOT USED

11 DRIVE AVAILABLE (PDP-11 ONLY)

When set, indicates that the selected drive is present, turned on, and
not being used by the other MASSBUS port.

10 NOT USED
09-08 UNIBUS ADDRESS EXTENSION (PDP-11 ONLY)

Loading these bits loads UNIBUS address bits <17, 16>. In the PDP-
11/70 these bits can also be loaded by the bus address extension
register.

Refer to the bus address register for more detail.

Cleared by loading with zeros.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

07 READY (PDP-11 ONLY)

When set, indicates that the controller is ready to accept a command.
Generates an interrupt when the READY bit is set if INTERRUPT EN-
ABLE <06> is also set.

Cleared while the controller is executing a command.

-326-




DISK REGISTERS

06 INTERRUPT ENABLE (PDP-11 ONLY)

When set, generates an interrupt if READY <072 or SPECIAL CONDI-
TION <15> is also set.

In the PDP-11/70 this bit is the same as INTERRUPT ENABLE <06> in
the control and status 3 register.

Cleared when the interrupt is serviced by the processor.

Also cleared by INIT.

05-01 FUNCTION CODE

Loading these bits with one of the function codes listed below causes
the selected drive to perform the corresponding operation. The GO bit
<00> resets at the end of each operation.

61, WRITE DATA

51, WRITE CHECK DATA

63, WRITE HEADER AND DATA
53, WRITE CHECK HEADER AND DATA
71, READ DATA

73, READ HEADER AND DATA
05, SEEK

07, RECALIBRATE

17, RETURN TO CENTERLINE
15, OFFSET

31, SEARCH

03, UNLOAD

13, RELEASE MASSBUS PORT
21, READ-IN PRESET

23, PACK ACKNOWLEDGE

11, DRIVE CLEAR

01, NO OPERATION
00 GO

This bit resets at the end of each operation specified by FUNCTION
CODE <05-01>-
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WORD COUNT REGISTER (WC) 776702 (PDP-11 ONLY)

15 00
T T T T T T T T T T T T

T T T
WORD COUNT

READ/WRITE

This register is loaded with the two’s complement of the number of
data words to be transferred to or from memory.

BUS ADDRESS REGISTER (BA) 776704 (PDP-11 ONLY)

15 01 00
T T T T T T T T T T T T T
BUS ADDRESS
A

—
READ/WRITE READ
ONLY
Bit Name
15-01 BUS ADDRESS

This register is loaded with the starting address where data is to be
written from or read into memory.

For PDP-11 systems, except the PDP-11/70, the bus address is 18
bits. The low-order 16 bits are loaded by the bus address register and
the high-order 2 bits are loaded by bits <09-08> in the control and
status 1 register. During READ and WRITE operations the bus address
is incremented by two for each word transferred to or from memory.
For PDP-11/70 systems only, the bus address is 22 bits. The low-order
16 bits are loaded by the bus address register and the high-order 6
bits are loaded by bits <05-01> in the bus address extension register.
The PDP-11/70 uses double word transfers, i.e. two words at a time.
During READ and WRITE operations the bus address is incremented
by four for each double word transferred to or from memory.

Cleared by loading with zeros.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

00 BUS ADDRESS
This bit is always 0.
DESIRED SECTOR/TRACK ADDRESS REGISTER (DA)

776706 (PDP-11)
BYTE OFFSET=14 (VAX)

15 13 - 12 08 07 05 04 . 00
T T T

T T T T T T
TRACK ADDRESS l NOT USED | SECTOR ADDRESS

T T
l NOT USED

READ/WRITE
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Bit Name
15-13 NOT USED
12-08 TRACK ADDRESS

These bits are loaded with a number (0-18,,) which specifies the track
on which the data transfer is to start.

The number is incremented by the drive at the end of sector 21.
Cleared by setting CONTROLLER CLEAR <05> in the control and
status 2 register or Idading a DRIVE CLEAR command into FUNCTION
CODE <05-01 > inthe control and status 1 register.

Also cleared by INIT.

07-05 NOT USED
04-00 SECTOR ADDRESS

These bits are loaded with a number (0-21,,) which specifies the sec-
tor in which the DATA TRANSFER is to start.

The number is incremented by the drive after each sector has been
transferred.

Cleared by setting CONTROLLER CLEAR <05> in the control and
status 2 register or loading a DRIVE CLEAR command into FUNCTION
CODE <05-00> in the control and status 1 register.

Also cleared by INIT.

CONTROL AND STATUS 2 REGISTER (CS2) 776710 (PDP-11 ONLY)

06 [ 04 03 02 00

INPUT [cONTR [PARITY| AR2F
READY| CLEAR | TEST |inHIB
~——\

11 10 9 08 o

15 14 0 7
ATA|
PROG | MISS |'wamiry [OUTPUT
TRANS | ERROR
—

DATA
LATE

— I

13 2
WRITE [UNIBUS ! '
waLTe UNIBUS Non-Ex|Non-Ex DRIVE SELECT

ERRor [erROR | DRIVEJ MEM

ERROR READY

READ READ/ READ READ/ READ ONLY WRITE READ/WRITE
ONLY WRITE ONLY WRITE ONLY

Bit Name

15 DATA LATE

Set when the controller is unable to supply a data word during a
WRITE operation or accept a data word during a READ operation at
the time that the drive requests a transfer.

Sets TRANSFER ERROR < 14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.
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Also cleared by INIT.
14 WRITE CHECK ERROR

Set when the controller is performing a WRITE CHECK operation and
a word on the disk does not match the corresponding word in memo-
ry.

Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

13 UNIBUS PARITY ERROR

Set if a UNIBUS data parity error is detected during a WRITE
operation. The bus address register will contain the address +2 (ad-
dress +4 for PDP-11/70 systems) of the memory word with the parity
error unless BUS ADDRESS INCREMENT INHIBIT <03> is not set.
Sets TRANSFER ERROR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

12 NON-EXISTENT DRIVE

Set when a READ or WRITE operation attempt fails because the drive
selected by DRIVE SELECT <02-00> does not exist or is turned off.
Sets TRANSFER ERROR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

11 NON-EXISTENT MEMORY

Set when the controller attempts to transfer data into or from a memo-
ry address specified by the bus address register which does not exist.
The bus address register will contain the address +2 (address +4 for
PDP-11/70 systems) of the memory location that does not exist.

Sets TRANSFER ERROR < 14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE «<05-01> in the control
and status 1 register.

Also cleared by INIT.
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10 PROGRAM ERROR

Set when the program attempts to load a new command into FUNC-
TION CODE <05-01> in the control and status 1 register when READY
<07> in the control and status 1 register is not set, i.e. when the
controller is not ready to accept a command. The new command will
not be loaded.

Sets TRANSFER ERROR < 14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

09 MISSED TRANSFER

Set if the drive does not respond to a DATA TRANSFER command,
usually because ERROR SUMMARY <14> in the drive status register
is set.

Sets TRANSFER ERROR <14>> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

08 MASSBUS DATA PARITY ERROR

Set when a MASSBUS data parity error is detected during a READ
operation. A parity error detected during a WRITE operation sets
PARITY ERROR <03> in the error 1 register.

Sets TRANSFER ERROR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

07 OUTPUT READY

This bit is used only for testing the controller.

When set, indicates that the data buffer register contains a word and
may be read.

Cleared by reading the data buffer register or setting CONTROLLER
CLEAR <05>.

Also cleared by INIT.

06 INPUT READY

This bit is used only for testing the controller.
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When set, indicates that the data buffer register is not full and may. be
loaded.
Cleared when the data buffer is fully loaded.

05 CONTROLLER CLEAR

When set, clears all error bits and initializes the controller and all of the
drives.

04 PARITY TEST

When set, causes the controller to generate and check for even parity
on the MASSBUS control bus and to generate even parity-but check
for odd parity on the MASSBUS data bus.

When clear, the controller generates and checks for odd parity on
both the MASSBUS control bus and the MASSBUS data bus.

Cleared by loading with a 0.

Also cleared by setting CONTROLLER CLEAR <05> or INIT.

03 UNIBUS ADDRESS INCREMENT INHIBIT

When set, prevents the controller from incrementing the bus address
register during a data transfer. Therefore, all data words are read
from or written into the same memory location.

Cleared by loading with a 0.

Also cleared by setting CONROLLER CLEAR <05> or INIT.

02-00 DRIVE SELECT

These bits are loaded to select the disk drive (0- -7). This address is set
by the numbered address plug in the drive.

DRIVE STATUS REGISTER (DS)
776712 (PDP-11)
BYTE OFFSET=4 (VAX)

4 13 12 n 10 09 08 07 06 05 . 01 00
LAST [DUAL- T ’ i
ATTN ERROR [POS IN| MED |WRITE ECTOR|ACCESS DRIVE | DRIVE [VOLUME NOT USED ’0':(FDSDEE'I'
SUM | PROG [ON-LINH LOCK [TRANS |[ENABLD| PRES |READY | VALID

READ ONLY

Bit Name

15 ATTENTION (ATTN, ATA)

When set, indicates that an error or some unusual condition éxists in
the drive.
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Sets SPECIAL CONDITION <15> in the control and status 1 register.
Cleared by loading any command into FUNCTION CODE <05-01> in
the control and status 1 register if ERROR SUMMARY <14> is not set.
Cleared by loading the DRIVE CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register or by loading a 1
into the appropriate bit position in the attention summary register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

14 ERROR SUMMARY

Set by any bit in the error 1, error 2, or error 3 registers.

When set, the drive will accept no commands other than DRIVE
CLEAR.

Sets ATTENTION <15>.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register or setting CONTROLLER
CLEAR <05> in the control and status 2 register.

Also cleared by INIT.

13 POSITIONING IN PROGRESS

Set when the selected drive is performing a positioning operation
(SEEK, OFFSET, RETURN TO CENTERLINE, RECALIBRATE, UN-
LOAD, and SEARCH).

Cleared at the end of the operatlon

12 MEDIUM ON-LINE

Set when the selected drive has a disk pack mounted, is on-line, and
ready to execute a command.

A change in the state of MEDIUM ON-LINE sets ATTENTION <15>
and generates an interrupt.

11 WRITE LOCK

When set, indicates that the selected drive is write-protected (write
protect switch on front panel is set).

10 LAST SECTOR TRANSFERRED

When set, indicates that cylinder 814, track 18, sector 21 (the last
addressable sector) has been read or written.

09 DUAL-ACCESS ENABLED (PROGRAMMABLE)

When set, indicates that the port select switch on the selected drive is
in the A/B position and that the drive is available to both MASSBUS
ports.

-333-



DISK REGISTERS

08 DRIVE PRESENT |

When set, indicates that the selected drive is turned on.
07 DRIVE READY

Set when the selected drive is ready to execute a command.
06 VOLUME VALID

When clear, indicates that the drive has been put off-line and then on-
line and that the disk pack may have been changed.

Cleared by the drive coming on-line.

Set by PACK ACKNOWLEDGE or READ-IN PRESET command.

05 DIFFERENCE EQUALS 1

Set when the drive has detected a value equal to 1 in the difference
counter during a head load sequence.
Cleared by file ready at the completion of a head load sequence.

04 DIFFERENCE LESS THAN 64

Set when the drive has detected a value less than 64 in the difference
counter during the reverse seek of the head load sequence.
Cleared by file ready at the completion of a head load sequence.

03 GO REVERSE

Set when the drive has detected a go reverse signal during a head
load sequence.
Cleared by file ready at the completion of a head load sequence.

02 DRIVE TO INNER GUARD BAND

Set when the drive has detected the drive-to-inner-guard-band signal
during a head load sequence.
Cleared by file ready at the completion of a head load sequence.

01 DRIVE FORWARD 20 IN/S

Set when the drive has detected a DF20 signal during a head load
sequence.
Cleared by file ready at the completion of a head load sequence.

00 DRIVE FORWARD 5 IN/S

Set when the drive has detected a DF5 signal while in head load mode
after a sequence start pulse was recognized.

Cleared by file ready at the completion of a head load sequence.
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ERROR 1 REGISTER (ER1)
776714 (PDP-11)
BYTE OFFSET=8 (VAX)

15
DATA
CHECK
—

03 02 01 00

PARITY [ REG | ) )
MOD
erroR | MOD [ Rec

FUNC

09 08 07 06
ADDR |HEADERJHEADER| ECC
OVFL CRC | COMP | HARD
ERROR | ERROR [ERROR | ERROR

READ ONLY

04
FORMAT]
ERROR

05
WRITE
CLOCK

FAIL

10
INVLD
DDR

14 13 12 11
op DRIVE |WRITE
UNSAF| TIMING| LOCK | Al
INC | ERROR | ERROR

ERROR

Bit Name

15 DATA CHECK

When set, indicates that a data error has been detected during a
READ operation, i.e. that the ECC generated does not match the ECC
read from the sector.

Sets ERROR SUMMARY <14> in the drive status register. _
Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

14 UNSAFE

Set when any of the unsafe bits in the error 1 or error 2 registers is set.
Sets ERROR SUMMARY < 14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

13 OPERATION INCOMPLETE

When set, indicates that the operation was not completed, i.e. that
there was no data detected for three or more index pulses.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

12 DRIVE TIMING ERROR

Set when a failure has been detected in the clocking or timing circuits
of the drive.
Sets ERROR SUMMARY <14> in the drive status register.
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Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

11 WRITE LOCK ERROR

When set, indicates that the processor attempted to write on a write-
protected drive (front panel switch set to write protect).

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

10 INVALID ADDRESS ERROR

When set, indicates that the sector address specified by the desired
cylinder and the desired sector/track address registers is invalid.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

09 ADDRESS OVERFLOW ERROR

When set, indicates that the desired cylinder register has reached a
count of more than 814,,.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

08 HEADER CRC ERROR

When set, indicates that the header CRC generated does not match
the CRC read from the sector.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT. ’
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07 HEADER COMPARE ERROR

When set, indicates that the sector reached by the drive did not match
the address of the sector read from the header.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE «<05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

06 ECC HARD ERROR

When set, indicates that the data error cannot be corrected by the
Error Correction Code (ECC) circuitry.

ets ERROR SUMMARY <14> in the drive status register.
Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

05 WRITE CLOCK FAIL

When set, indicates that the drive did not receive MASSBUS write
clock signals from the controller during a WRITE operation.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

04 FORMAT ERROR

When set, indicates that the format (16-bit or 18-bit) of the disk pack
does not match the format of the drive.

The format of the drive is set by loading FORMAT 22 <12> in the
offset register and the format of the pack is written into the header
field when the pack is formatted.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

03 PARITY ERROR

When set, indicates that a MASSBUS. data parity error has been de-
tected during a WRITE operation or a MASSBUS control bus parity
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error has been detected while writing a drive register.

A MASSBUS data parity error detected during a READ operation sets
MASSBUS DATA PARITY ERROR <08> in the control and status 2
register. A MASSBUS control bus parity error detected while reading
a drive register sets MASSBUS CONTROL BUS PARITY ERROR <13>
in the control and status 1 register.

Sets ERROR SUMMARY < 14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

02 REGISTER MODIFICATION REFUSED

When set, indicates that an attempt has been made to write any drive
register except the attention summary register while the drive is per-
forming an operation, i.e. the GO bit <00> in the control and status 1
register is set.

Sets ERROR SUMMARY < 14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

01 ILLEGAL REGISTER

When set, indicates an attempt has been made to read or write a non-
existent drive register.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a drive CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

00 ILLEGAL FUNCTION

When set, indicates that an invalid function code has been loaded into
FUNCTION CODE <05-01> in the control and status 1 register.

Sets ERROR SUMMARY < 14> in the drive status register.

Cleared by loading with a 0 or by loading a drive CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.
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'ATTENTION SUMMARY REGISTER (AS)
776716 (PDP-11)
BYTE OFFSET=10 (VAX)

15 08 07 00
T T T T T T T T T T T T

T T
[ NOT USED ‘ ATTENTION BITS
L L L

READ ONLY

Bit Name
15-08 NOT USED
07-00 ATTENTION BITS

These bits correspond to ATTENTION <15> in the status registerof
disk drives 7-0.

Individual bits are cleared by loading them with a 1 or by clearing
ATTENTION <15> in the status register of the corresponding drive.
Also cleared by INIT.

LOOK-AHEAD REGISTER (LA)
776720 (PDP-11)
BYTE OFFSET=1C (VAX)

15 1 10 06 05 04 03 00
T T T T

L NOIT USED‘ l ) SECTIOR COl;NT E)EPFE‘E?[IE)%N ' NOT L!SED j

b READ ONLY ’
Bit Name

15-11 NOT USED

10-06 SECTOR COUNT

These bits indicate that sector (0-21,,) at which the heads are currently
positioned.

05-04 ENCODED EXTENSION FIELD

These bits indicate the section of the current sector at which the heads
are currently positioned.

A value of 0, indicates that the heads are positioned at the first fifth of
the sector, 1, indicates the second fifth, 2, the third fifth, and 3, indi-
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cates that the heads are positioned more that four fifths of the way
through the sector.

03-00 NOT USED

DATA BUFFER REGISTER (DB) 776722 (PDP-11 ONLY)

15

T T T
DIAGNOSTIC DATA

—

{5

~

READ/WRITE

Bit Name

15-00 DIAGNOSTIC DATA

This register is used for testing the controller. Up to eight words can be
loaded into and read back from this register.

This register is not full and words may be loaded when INPUT READY
<06> in the control and status 2 register is set.

__This register has words to be read when OUTPUT READY <07> inthe
‘control and status 2 register is set.

MAINTENANCE REGISTER (MR)
776724 (PDP-11)
BYTE OFFSET=C (VAX)

15 10 09 08 07 06 05 04 03 02 01 00

RS DATA | ECC [MAINT [MAINT |[MAINT | MAINT | MAINT] DIAG
ENVLPE [ENVLPE|WRITE | READ INDEX |CLOCK | MODE
_

READ/WRITE

DET CLOCK
AN

ZERO
DET

\7 NOT USED

This register is used for diagnostic testing.

DRIVE TYPE REGISTER (DT)
776726 (PDP-11)
BYTE OFFSET=18

I 15 N 3 12 n o 09 o8 07 % 05 o4 03 02 01 00

NOT | TAPE |MOVIN DUAL- ' ' ' '

lﬁ,ﬁ'{ oRIVE | HEAD | STARE |access| NOTIUSED’ DRIVE TYPE

N _J
READ ONLY

Bit Name

15 NOT BLOCK ADDRESSED

This bit is always 0.
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14 TAPE DRIVE

This bit is always 0.
13 MOVING HEAD

This bit is always 1.
12 SPARE

This bit is always 0.
11 DRIVE REQUEST REQUIRED (DUAL-ACCESS)

When set, indicates that the selected drive is dual-ported.
When clear, indicates that the selected drive is single-ported.

10-09 NOT USED
08-00 DRIVE TYPE

These bits indicate the drive type of the selected drive. Equal to
020022, for a single-ported RP06 and 024022, for a dual-ported RPOB.

SERIAL NUMBER REGISTER (SN)
776730 (PDP-11)
BYTE OFFSET=30

15 . . . 12 11 . . . 08 07 . . . 04 03 . . . 00
MOST SIGNIFICANT SERIAL NUMBER SERIAL NUMBER LEAST SIGNIFICANT
I DI.GIY J | D|GII DLGIT N DIGIT
- J
READ ONLY

This register contains the four Least Significant Digits in binary coded
decimal (BCD) of the selected drive.

OFFSET REGISTER (OF)
776732 (PDP-11)
BYTE OFFSET=24 (VAX)

s a3 2 n o 09 08 o7 00
T T Al T T
SIGN FORMAj ERROR [HEADER

COMP
CHANGE| 22 | INHIB [ INHIB
.

NOT USED NOT USED

T T
OFFSET
s

L

READ/WRITE
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Bit Name

15 SIGN CHANGE

This bit is used by the diagnostic that verifies head alignment with a CE
pack mounted.

14-13 NOT USED
12 FORMAT 22

When set, causes the drive to use 16-bit word format (22 sectors per
track).

11 ERROR CORRECTION CODE INHIBIT

When set, prevents the drive from performing error correction.
10 HEADER COMPARE INHIBIT

When set, prevents the drive from verifying that it has reached the
proper sector.

09-08 NOT USED
07-00 OFFSET

These bits select how far off the center of the track the heads are to be
set by the next OFFSET command.

DESIRED CYLINDER REGISTER (DC)
776734 (PDP-11)
BYTE OFFSET=28 (VAX)

15 10 09 00
T T T T ™ T T T T T

‘ NOT USED ‘ DESIRED CYLINDER ADDRESS
" L

L C — L
READ/WRITE
Bit Name
15-10 NOT USED
09-00 DESIRED CYLINDER ADDRESS

These bits select the cylinder address (0-814,,) at which the heads are
to be positioned.

-342-




DISK REGISTERS

CURRENT CYLINDER REGISTER (CC)
776736 (PDP-11)
BYTE OFFSET=2C (VAX)

15 10 09 00
T v T T - T v v T T T T T v

l NOT USED | CURRENT CYLINDER ADDRESS
L. : ' J
READ ONLY
Bit Name
15-10 NOT USED
09-00 CURRENT CYLINDER ADDRESS

When the heads are not moving, these bits indicate at which cylinder
the heads are positioned.

ERROR 2 REGISTER (ER2)
776740 (PDP-11)
BYTE OFFSET=20 (VAX)

R VR ¢ 12 n 09 08 07 06 05 04 03 ___02 01 _ 00
NO MULTI- [WRITE TRANS | MOTOR|CURRNT | WRITE [CURRNT|WRITE
onsace] 020 | o] Vo s | IoEx | MEAD | HEAD [ReADY | FALT | RARS | DET™ | 'SEQ " [SwiTCH SELECT | SINK |CURRNT
ONSALE SELECT|SELECE [UNSARE FAIL | ERROR [UNSAFE|UNSAFE| FAIL |UNSAFE
)
READ/WRITE
Bit Name

When set, indicates that the drive has detected loss or interruption of
AC power.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01 > in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

14 NOT USED
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13 PHASE-LOCKED OSCILLATOR UNSAFE

When set, indicates that the drive has detected loss of synchronization
of the read/write phase-locked oscillator (PLO).

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

12 30 VOLTS UNSAFE

When set, indicates that the drive has detected loss of the 30 voltDC
power supply.

Sets ERROR SUMMARY < 14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

11 INDEX ERROR

When set, indicates that the drive has detected a missing or invalid
index pulse.

Sets ERROR SUMMARY < 14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

10- NO HEAD SELECTION

When set, indicates that a READ or WRITE command has been issued
but that no head has been selected.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

09 MULTIPLE HEAD SELECT

When set, indicates that the drive has detected that more than one
head has been selected at the same time.

Sets ERROR SUMMARY < 14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.
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08 WRITE READY UNSAFE

When set, indicates that the drive has received a WRITE command
and the heads are not positioned at the cylinder.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

07 FAILSAFE ENABLED

When set, indicates that the drive has detected that the circuit breaker
in the 48 volt power supply has been turned off.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

06 TRANSITIONS UNSAFE

When set, indicates that the drive has detected the absence of write
transitions during a WRITE operation.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

05 TRANSITIONS DETECTOR FAILURE

When set, indicates that the drive has detected write transitions while
performing an operation other than a WRITE operation.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

04 MOTOR SEQUENCE ERROR

When set, indicates that the drive has detected a Solid State Relay
(SSR) failure, power sequence failure, or brush-in-pack error during a
disk start-up sequence.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by manually restarting the drive.
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03 CURRENT SWITCH UNSAFE

When set, indicates that the drive has detected an incorrect write
current level during a WRITE operation.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared.by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01 > in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

02 WRITE SELECT UNSAFE

When set, indicates that both even-side and odd-side heads are en-
abled for a WRITE operation.

Sets ERROR SUMMARY < 14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

01 CURRENT SINK FAILURE

When set, indicates that the current sink is operating but the drive is
not performing a WRITE operation.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

00 WRITE CURRENT UNSAFE

When set, indicates that the drive has detected write current while
performing an operation other than a WRITE operation.

Sets ERROR SUMMARY < 14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.
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ERROR 3 REGISTER (ER3)
776742 (PDP-11)
BYTE OFFSET=34 (VAX)

15 14 13 07 06 05 04 03 02 ol 00

OFF | SEEK ' j DC | AC | NOT [UNSAFEl o1 | veL | PACK

‘TVL INC NOT UsED ow | ow | useo [GEATY | useo |unsare| SREED,

C J
READ/WRITE

Bit Name

15 OFF CYLINDER

When set, indicates that the drive has detected that the heads are not
properly positioned at the cylinder.

Sets SEEK INCOMPLETE <14>.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

14 SEEK INCOMPLETE

When set, indicates that a SEEK operation has not yet been completed
after 100 ms.

Causes the drive to perform a RECALIBRATE operation and clear the
current cylinder address register.

This bit cannot be reset until the drive completes its recovery pro-
cedure, approximately 1 s.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

13-07 NOT USED
06 DCLOW

When set, indicates that loss of 5 volt DC power in the device control
logic (DCL) of the drive has been detected.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
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Also cleared“By-setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

05 ACLOW

When set, indicates that a loss of-AC input power to the device control
logic (DCL) of the drive has been detected.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

04 NOT USED
03 UNSAFE READ/WRITE

When set, indicates that the heads have been retracted and prevents
execution of READ, WRITE, or any positioning commands.

Sets ERROR SUMMARY < 14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

02 NOT USED
01 VELOCITY UNSAFE

When set, indicates that the drive has detected excessive head po-
sitioner velocity.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

00 PACK SPEED UNSAFE

When set, indicates that the disk pack speed is 80% less than normal
and that the heads have not yet been retracted.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading with a 0 or by loading a DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.
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ECC POSITION REGISTER (EC1)
776744 (PDP-11)
BYTE OFFSET =38 (VAX)

15 13 12 00

I NOT USED ‘ l BURST LOCATION
__
READ ONLY
Bit Name
15-13 NOT USED
12-00 BURST LOCATION

These bits specify the location in the record of the first bit of the error
burstin the error pattern register.

ECC PATTERN REGISTER (EC2)
776746 (PDP-11)
BYTE OFFSET=3C (VAX9

15 . n 10 . . . . - . . . . . 00
I NOT USED ‘ ' ERROR BURST J
— . . - L . -
READ ONLY
Bit Name
15-11 NOT USED
10-00 ERROR BURST

These bits are the 11-bit error correction burst that the software uses
to correct the bad data in the record. The starting bit position is speci-
fied by the ECC position register.

BUS ADDRESS EXTENTION REGISTER (BAE) 776750 (PDP-11/70
ONLY)

15 06 05 00
T T T T

T T T T T T
NOT USED
L L

T T T
BUS ADDRESS EXTENSION
s

READ/WRITE
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Bit Name
15-06 NOT USED
05-00 BUS ADDRESS EXTENSION

These bits contain the high-order six bits of the bus address.
Refer to the bus address register for more detail.

CONTROL AND STATUS 3 REGISTER (CS3) 776752 (PDP-11/70
ONLY)

14 . B 12 . n 009 07 06 05 04 03 00

ADDR DATA WRITE bOUBLE y ’ INTER : i ; :

PARITY PARITY CHECK NOT USED NOT USED INVERTED PARITY CHECK

ERROR ERROR I ERROR WORD ENABLE X ERTE cHEc

- J - J
READ ONLY READ/WRITE

Bit Name

15 ADDRESS PARITY ERROR

When set, indicates that memory has detected a parity error on the
address and control lines during a data-transfer.

Cleared by loading a DATA TRANSFER or DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

14-13 DATA PARITY ERROR

When set, indicates that a parity error has been detected on data from
memory when the RH70 is performing a WRITE or WRITE CHECK
command.

Cleared by loading a DATA TRANSFER or DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

12-11 WRITE CHECK ERROR
Set when the controller is performing a WRITE CHECK operation and

a word on the disk does not match the corresponding word in memo-
ry.
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Cleared by loading a DATA TRANSFER or DRIVE CLEAR command
into FUNCTON CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

10 DOUBLE WORD

When set, indicates that the last memory transfer was a double word.
Cleared by loading a DATA TRANSFER or DRIVE CLEAR command
into FUNCTION CODE <05-01> in the control and status 1 register.
Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

09-07 NOT USED
06 INTERRUPT ENABLE

Setting this bit sets INTERRUPT ENABLE <06> in the control and
status 1 register.

05-04 NOT USED
03-00 INVERTED PARITY CHECK

These bits are used to control the parity circuits in the controller for
diagnostic testing.

RP07 REGISTERS

The REPO7 disk subsystems described in Chapter 2 are supported by
VAX-11/780 systems only. Following are the applicable register draw-
ings and bit definitions. Refer to the VAX Hardware Handbook for
register diagrams and bit definitions for the MASSBUS adapter regis-
ters.

Device registers on VAX MASSBUSes are located in a floating space
starting at byte offset 400 from the base and extending to byte offset
7FC from the same base. Each of the up to eight devices supported by
an MBA has a 128 byte space assigned to it. For example, the space
for unit 0 would be from byte offset 400 to 47F and the space for unit 1
would be from byte offset 480 to 4FF. The byte offset bases are as-
signed according to the unit plug on the device. The range of byte
offset bases for each of the up to eight devices supported by an MBA
are as follows: 400, 480, 500, 580, 600, 680, 700, and 780. The VAX
byte offsets shown here are relative to the base of the device registers.
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CONTROL AND STATUS 1 REGISTER (RPCS1) BYTE OFFSET=0

15 12 Al 10 06 05 01 00
T T T T

NoT UseD e NoT UsED ' FUNCTION CODE 60
— . - * =
READ READ/WRITE
Bit Name
15-12 NOT USED
11 DRIVE AVAILABLE

When set, indicates that the selected drive is present, turned on, and
not being used by the other MASSBUS port.

10-06 NOT USED
05-01 FUNCTION CODE

Loading these bits with one of the function codes listed below causes
the selected drive to perform the corresponding operation.

614 WRITE DATA

51, WRITE CHECK DATA

63, FORMAT TRACK

53, WRITE CHECK HEADER AND DATA
65, WRITE TRACK DESCRIPTOR

71, READ DATA

73, READ HEADER AND DATA

754 READ TRACK DATA DESCRIPTOR
05, SEEK

07, RECALIBRATE

31, SEARCH
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134 RELEASE MASSBUS PORT
21, READ-IN PRESET

11,4 DRIVE CLEAR

354 MICRODIAGNOSTIC

Initiates the microdiagnostic routine specified
inthe maintenance register.

23, NO OPERATION

15, OFFSET

’ Only sets OFFSET MODE <00> in the drive
status register. The RP07 cannot perform OFF-
SET operations.

174 RETURN TO CENTERLINE
Generates an interrupt and clears OFFSET
MODE <00> jn the drive status register but
does not actually return the heads to the cen-
terline of the track because the RP07 cannot
perform OFFSET operations.

01,4 NO OPERATION
00 GO

This bit resets at the end of each operation specified by FUNCTION
CODE <05-01>.

DRIVE STATUS REGISTER (RPDS) BYTE OFFSET=4

15 14 13 12 n 10 09 08 07 06 0s 03 02 01 00
ERROR [POS IN| MED | WRITE DUAL- 1 brivE | DRIVE [VOLUME . : INTER | earLy |OFFSET

ATTN |"SUM | PROG [ON-LINE| LOCK ACCESS ':OT ”SElD MODE
\— 7

LAST
BLOCK

LEAVED
PRANS [ENSELD| PRES | READY [ VALID SECIRs| WARN

READ ONLY

Bit .Name

i5 ATTENTION (ATA)

When set, indicates that an error or some unusual condition exists in
the drive.
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Cleared by loading any command into FUNCTION CODE <05-00> in
the control and status 1 register if ERROR SUMMARY <14> is not set.
Cleared by loading the DRIVE CLEAR command into. FUNCTION
CODE <05-01> in the control and status 1 register or by loading a 1
into the appropriate bit position in the attention summary register.

14 ERROR SUMMARY

Set by any bit in the error 1, error 2, or error 3 registers.

When set, the drive will accept no commands other than DRIVE
CLEAR.

Sets ATTENTION <15>.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

13 POSITIONING IN PROGRESS

Set when the selected drive is performing a positioning operation.
Cleared at the end of the operation.

12 MEDIUM ON-LINE

Set when the selected drive is on-line and ready to execute a com-

mand.
A change in the state of MEDIUM ON-LINE sets ATTENTION <15>
and generates an.interrupt.

11 WRITE LOCK

When set, indicates that the selected drive is write-protected (the write
protect switch on the front panel is set).

10 LAST BLOCK TRANSFERRED

When set, indicates that cylinder 629, track 31, sector 49 (the last
addressable sector) has been read or written.

09 DUAL-ACCESS ENABLED

When set, indicates that the port select switch on the selected drive is
in the A/B position and that the drive is available to both MASSBUS
ports.

08 DRIVE PRESENT

When set, indicates that the selected drive is turned on.

-354-




DISK REGISTERS

07 DRIVE READY

Set when the selected drive is ready to execute acommand.
06 VOLUME VALID

This bit is always a 1.
05-03 NOT USED

02 INTERLEAVED SECTORS

When set, indicates that the non-interleaved sectors jumper on J26 is
not installed on the backpanel.

01 EARLY WARNING

When set, indicates that the drive has detected insufficient air flow or
is almost overtemperature. If the drive gets any hotter, it will turn itself
off.

00 OFFSET MODE

Set by executing an OFFSET command (the only function of the OFF-
SET command in the RP07).

ERROR 1 REGISTER (RPER1) BYTE OFFSET=8

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

DRIVE TWRITE [INVLD [ ADDR HEADERHEADER| ECC WRITE REG
DATA |nsAF PG| LOCK. | ADDR | OVEL | CRC. | COM: CLoCK|ORMAT| PARITY L f o
CHECK 'NC ERROR | ERROR ERROR ERROR | ERROR ERROR £RROR | FAIL

ERROR | ERROR | prop | ReG | FuNC
.

READ ONLY

Bit Name

15 DATA CHECK

When set, indicates that a READ operation has detected a data error,
i.e. that the ECC generated does not match the ECC read from the
sector.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

14 UNSAFE

Set when any unsafe condition is detected including READ/WRITE
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UNSAFE 3 <13>, READ/WRITE UNSAFE 2.<12>, READ/WRITE UN-
SAFE 1 <11> in the error 2 register, or DC UNSAFE <05> in the error
3register.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

13 OPERATION INCOMPLETE

When set, indicates that the drive did not find the correct sector within
three revolutions or that it failed to detect an index pulse for three
revolutions.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

12 DRIVE TIMING ERROR

Set when a failure has been detected in the clocking or timing circuits
of the drive.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

11 WRITE LOCK ERROR

When set, indicates that the processor attempted to write on a write-
protected drive (front panel switch set to write protect).

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

10 INVALID ADDRESS ERROR

When set, indicates that the execution of a command was attempted
when the sector address specified by the desired cylinder or the de-
sired sector/track address registers is invalid.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> inthe control and status 1 register.

Also cleared by INIT.
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09 ADDRESS OVERFLOW ERROR

When set, indicates that the desired cylinder register has reached a
count of more than 629,,.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

08 HEADER CRC ERROR

When set, indicates that the header CRC generated does not match
the CRC read from the sector.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

07 HEADER COMPARE ERROR

When set, indicates that the desired address did not match the
address read from the header.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

06 ECC HARD ERROR

When set, indicates that the data error cannot be corrected by the
Error Correction Code (ECC) circuitry.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

05 WRITE CLOCK FAIL

When set, indicates that the drive did not receive MASSBUS write
clock signals from the controller during a WRITE operation.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> inthe control and status 1 register.

Also cleared by INIT.
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04 FORMAT ERROR

When set, indicates that the format (16-bit or 18-bit) of the disk head
assembly does not match the format of the drive.

The format of the drive is set by loading 16-BIT FORMAT <12> in the
offset register. The format of the disk head assembly is written into the
header field when the disk head assembly is formatted.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01>in the control and status 1 register.

Also cleared by INIT.

03 PARITY ERROR

When set, indicates that a MASSBUS data parity error has been de-
tected during a WRITE operation or a control bus parity error has been
detected while writing a drive register.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

02 REGISTER MODIFICATION REFUSED

When set, indicates that an attempt has been made to write any drive
register except the attention summary register while the drive is per-
forming an operation, i.e. the GO bit <00> in the control and status 1
register is set.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> inthe control and status 1 register.

Also cleared by INIT.

01 ILLEGAL REGISTER

When set, indicates an attempt has been made to read or write an
illegal drive register.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

00 ILLEGAL FUNCTION

When set, indicates that an invalid function code has been loaded into
FUNCTION CODE <05-01> in the control and status 1 register.

Sets ERROR SUMMARY <14> in the drive status register.
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Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and.status 1 register.
Also cleared by INIT.

MAINTENANCE REGISTER (RPMR1) BYTE OFFSET=C

15 14 08 07 oo
T T T

a‘o“&[ MICRODIAGNOSTIC ROUTINE SELECT i PARAMETER PASSED TO MICRODIAGNOSTIC
. L . \

READ/WRITE

This register is used for diagnostic testing.

ATTENTION SUMMARY REGISTER (RPAS) BYTE OFFSET=10

15 . . . 08 07 . 00
NOT USED ’ ATTENTION BITS J
— . L \ — . ! —
READ ONLY
Bit Name
15-08 NOT USED
07-00 ATTENTION BITS

These bits correspond to ATTENTION <15> in the status registerof
disk drives 7-0.

Individual bits are cleared by loading them with a 1 or by clearing
ATTENTION <15> in the status register of the corresponding drive.
Also cleared by INIT.

DESIRED SECTOR/TRACK ADDRESS REGISTER (RPDA) BYTE
OFFSET=14

15 14 13 08 07 06 00
T T T T T T T T T T
NOT
T SECTOR ADDRESS
RACK /;lDDRESS. USED ) EC F DD J

READ/WRITE

NOT USED
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Bit Name
15-14 NOT USED
13-08 TRACK ADDRESS

These bits are loaded with a number (0-31,,) which specifies the track
on which the data transfer is to start.
The number is incremented by the drive at the end of sector 49.

07 NOT USED
05-00 SECTOR ADDRESS

These bits are loaded with a number (0-49,,) which specifies the sec-
tor in which the data transfer is to start.

The number is incremented/ by the drive after gach sector has been_
transferred. '

DRIVE TYPE REGISTER (RPDT) BYTE OFFSET=18

15 14 13 12 n 10 09 08 07 06 05 04 03 02 01 00

35 [ove fonomac [ votoo | 7 owerwe ]
N y - - 0
READ ONLY

Bit Name
15 NOT BLOCK ADDRESSED

This bit is always 0.
14 TAPE DRIVE

This bit is always 0.
13 MOVING HEAD

This bit is always 1.
12 SPARE

This bit is always 0.
11 DUAL-ACCESS

When set, indicates that the selected drive is dual-ported.
When clear, indicates that the selected drive is single-ported.

10-09 NOT USED
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08-00 DRIVE TYPE

These bits indicate the drive type of the selected drive. Equal to 042,
for the RPO7.

LOOK-AHEAD REGISTER (RPLA) BYTE OFFSET=1C

s T . 13 12 . ' . . . . 06 05 . . . . 00
NOT USED SECTOR COUNT J NOT USED '
— I A —
READ ONLY
Bit Name
15-13 NOT USED
12-06 SECTOR COUNT
These bits indicate the sector (0-49,,) at which the heads are currently
positioned.
05-00 NOT USED

SERIAL NUMBER REGISTER (RPSN) BYTE OFFSET=20

15 . . 12 1 . . . 08 07 . . 04 03 . . 00
T T T
MOST SIGNIFICANT SERIAL NUMBER SERIAL NUMBER LEAST SIGNIFICANT
DIGIT N DIGIAT DIGIT DIGIT
. e — N

(\ S

READ ONLY

This register contains the four Least Significant Digits in binary coded
decimal (BCD) of the selected drive.

OFFSET REGISTER (RPOF) BYTE OFFSET=24

00

15 14 13 12 1 10 09 . . . . . .
MOVE ERROR [HEADER T i T

cMp rnAcxI NOT |'°'B” CORR | COMP NOT USED J
|7M°D Ioescao USED [FORMAT! |NH|B | INHIB . ; X
.

READ/WRITE
Bit Name
15 COMMAND MODIFIER

When set, the READ TRACK DESCRIPTOR, WRITE TRACK DESCRIP-
TOR, and FORMAT TRACK commands can be executed.
When clear, the execution-of these commands is inhibited.
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14 MOVE TRACK DESCRIPTOR

When set, a WRITE TRACK DESCRIPTOR command causes the drive
to write the track descriptor an additional 216 bytes (past the usual 128
bytes) after the index pulse.

13 NOT USED
12 16-BIT FORMAT

When set, causes the drive to use 16-bit word format.
11 ERROR CORRECTION INHIBIT

When set, prevents the drive from performing error correction.
10 HEADER COMPARE INHIBIT

When set, causes the drive to transfer the complete data field (512
bytes) when HEADER COMPARE ERROR <07> in the error 1 register
is set.

09-00 NOT USED

DESIRED CYLINDER REGISTER (RPDC) BYTE OFFSET=28

15 . . - — 10 09 - . . . . - . . . 00
[ NOT USED [ DESIRED CYLINDER ADDRESS _l
. L . . —
READ/WRITE
Bit Name
15-10 NOT USED
09-00 DESIRED CYLINDER ADDRESS

These bits select the cylinder address (0-629,,) at which the heads are
to be positioned.

CURRENT CYLINDER REGISTER (RPCC) BYTE OFFSET=2C

15 10 09

00
T T T T T T T T T T T T T
‘V NOT USED I CURRENT CYLINDER ADDRESS
s L 1
/)

[N

READ ONLY '
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Bit Name
15-10 NOT USED
09-00 CURRENT CYLINDER ADDRESS

When the heads are not moving, these bits indicate at which cylinder
the heads are positioned.

ERROR 2 REGISTER (RPER2) BYTE OFFSET=30

15 14 13 ¥ 1 10 09 . 00

o8
PROG | CROM [ pip R/W | R/W [ R/W [WRITE [ WRITE T T T
PARITY UNSAFE [UNSAFE |UNSAFE| OVER- | READY ERROR CODE
ERROR | ERROR |UNSAFE 2 1 RUN  |UNSAFE| - ) )
_J
READ ONLY
Bit Name
15 PROGRAM ERROR

When set, indicates that the processor issued a WRITE TRACK
DESCRIPTOR, READ TRACK DESCRIPTOR, or FORMAT TRACK
command when COMMAND MODIFIER <15> in the offset register
was not set.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

14 CROM PARITY ERROR

When set, indicates that the microprocessor formatter has detected a
Control ROM parity error.

Sets DEVICE CHECK <07> in the error 3 register and ERROR SUM-
MARY <14> in the drive status register.

Cleared by the microprocessor or by loading a DRIVE CLEAR com-
mand into FUNCTION CODE <05-01> in the control and status 1

register.
Also cleared by INIT.
13 MICROPROCESSOR UNSAFE

When set, indicates that the 8080 microprocessor has stopped or is
hung in a program loop.
Sets ERROR SUMMARY <14> in the drive status register.
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Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.
Also cleared by INIT.

12 READ/WRITE UNSAFE 3

When set, indicates that the drive has detected write current when no
write operation is in progress.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-00> in the control and status 1 register.

Also cleared by INIT.

11 READ/WRITE UNSAFE 2

When set, indicates that more than one head has been selected.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

10 READ/WRITE UNSAFE 1

When set, indicates that no write transitions have been detected dur-
ing a WRITE operation.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

09 WRITE OVERRUN

When set, indicates that the drive has detected write current at both
the leading and trailing edges of an index pulse.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> inthe control and status 1 register.

Also cleared by INIT.

08 WRITE READY UNSAFE

When set, indicates that the drive has detected write current when the
heads are not centered on the track.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.
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07-00 ERROR CODE

These bits contain the microdiagnostic error code from the 8080 mi-
croprocessor. This same code is diplayed on the display panel.

ERROR 3 REGISTER (RPER3) BYTE OFFSET=34

15 i 3 12 " 1009 08 07 06 05 04 03 02 01 00
BAD EFECT WRITE [CONTRL| LOSS [ LOSS | mp SERDES| DATA [ SYNC [ SYNC. [ RUN
secTOR| SEEK " sip” (CURRNTIIOGIC JOF BIT | cvi | HAND-| DEVICE| INDEX | DC_[SEERES) DOTA | SN | SVOC | RUN.
ERROR ERROR| FAIL | FAIL |CLOCK |gRROR |SHAKE [CHECK [UNSAFEJUNSAFEl FAjl |eRRoOR |ERROR| FAIL | OUT
- )
READ ONLY
Bit Name
15 BAD SECTOR ERROR

When set, the sector header field indicates that the sector is bad.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register.

Also cleared by INIT.

14 ) SEEK INCOMPLETE

When set, indicates that the drive has detected one of the following
error conditions. The error conditions are specified by ERROR CODE
<07-00> in the error 2 register.

When set, causes the drive to perform a RECALIBRATE operation and
clear the current cylinder address register.

Sets ERROR SUMMARY <14> in the drive status register.

Cleared by loading a DRIVE CLEAR command into FUNCTION CODE
<05-01> in the control and status 1 register. )

Also cleared by INIT.

0A SEEK operation too long.

0B Guard band detected during SEEK operation.
0C SEEK operation overshoot.

44 Guard band detection failure during

RECALIBRATE operation.

45 ’ Reference gap or guard band pattern detec-
tion failure during RECALIBRATE operation.

-365-



DISK REGISTERS

46 Seek error during RECALIBRATE operation.

4A Heads have attempted to land in guard band
during RECALIBRATE operation.

13 DEFECT SKIP ERROR

When set, indicates that the a defect skip calculation has produced an
invalid value.

12 WRITE CURRENT FAILURE

When set, indicates that the drive failed to detect write current after
Write Gate was enabled.

11 CONTROL LOGIC FAILURE

When set, indicates that an attempt has been made to write the 8080
communications register when the register is full or a 2901 interrupt
failure has been detected.

10 LOSS OF BIT CLOCK

When set, indicates that an END branch signal has not been detected
within a specific time interval or that an END branch signal failed to
negate after a new value was loaded into the 2901 byte count register.

09 LOSS OF CYLINDER ERROR

When set, indicates that movement of the head positioner has exceed-
ed the cylinder boundary limits in Track Following mode.

08 MICROPROCESSOR HANDSHAKE FAILURE

When set, indicates that the 8080 microprocessor has failed to re-
spond to a command.

07 DEVICE CHECK

>

When set, indicates that one or more of bits <15-08> in the error 2
register or bits <15-00> in the error 3 register are set.

06 INDEX UNSAFE

When set, indicates that an index error has been detected during a
FORMAT TRACK or WRITE TRACK DESCRIPTOR operation.

05 DC UNSAFE
When set, indicates that the drive has detected low DC voltage.
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04 SERDES DATA FAILURE

When set, indicates that a timing failure relating to the drive data
buffer has been detected.

03 DATA PARITY ERROR

When set, indicates that a data parity error has been detected during a
WRITE operation.

02 SYNC BYTE ERROR

When set, indicates that the sync byte associated with a data field or
defect skip has not been found.

01 SYNC CLOCK FAILURE

When set, indicates that the sync clock counter has not reached zero
within the time allowed for the function.

00 RUN TIMEOUT

When set, indicates that the drive has not detected a RUN signal on the
MASSBUS within 30 ms from when GO <00> was set in the control
and status 1 register. )

ECC POSITION REGISTER (RPEC1) BYTE OFFSET=38

NOT USED BURST LOCATION
N : ' - * _J
READ ONLY
Bit Name
15-13 NOT USED
12-00 BURST LOCATION

These bits specify the location in the record of the first bit of the error
burst in the error pattern register.

ECC PATTERN REGISTER (RPEC2) BYTE OFFSET=3C

15 n 0 . . , . . 20

ERROR BURST
s

]’ NOT USED

READ ONLY
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Bit Name

15-11 NOT USED

10-00 ERROR BURST i
|

These bits are the 11-bit error correction burst that the software uses
to correct the bad data in the record. The starting bit position is speci-
fied by the ECC position register.

MAGNETIC TAPE REGISTERS

TU58 REGISTERS

The TU58 cartridge tape subsystem described in Chapter 3 uses a
DL11-E or a DL11-W to interface to the UNIBUS. Following are the
applicable register drawings and bit definitions of the DL11-E and

DL11-W registers when used with the TU58.
RECEIVER STATUS REGISTER (RCSR) 776500
lJ : os I 07 06 0s o:l
l ' NOT \’JSED ‘ ' ‘ rec | (N5Eq ' ) NOT ‘ussu ' '
o sl

READ READ/
ONLY WRITE

Bit Name

15-08 NOT USED

07 RECEIVER DONE

When set, indicates that a byte of data from the TU58 is in the receiver
data buffer register and is ready to be read.

Generates an interrupt if RECEIVER INTERRUPT <06> is also set.
Cleared by reading the receiver data buffer register.

Also cleared by INIT.

06 RECEIVER INTERRUPT ENABLE

When set,allows an interrupt to occur when the RECEIVER DONE
<07> bitis also set.

Cleared by loading with a 0.

Also cleared by INIT.

05-00 NOT USED
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RECEIVER DATA BUFFER REGISTER (RBUF) 776502

ISR - N S . — o 07 . . . . . ,
IERROR [0,:{5} leaEAx NOT USED | READ DATA
A . . A
C —
READ ONLY
Bit Name
15 ERROR

Set if either the OVERRUN <14> or BREAK <13> bit is set.
Cleared by resetting either the OVERRUN <14> or BREAK <13> bit.

14 OVERRUN

Set when a byte of read data is loaded into READ DATA <07-00>
(overwriting the prewous byte) before the last byte has been read by
the processor.

13 BREAK

When set , indicates that the TU58 is sending a continuous BREAK
signal.
12-08 NOT USED

07-00 READ DATA

These bits contain one byté (8 bits) of data to be read from the tape.
Data can be read only when RECEIVER DONE <07>in the receiver
status register is set.

TRANSMITTER STATUS REGISTER (XCTSR) 776504

13 - 08 07 06 [) 1 Q

o ' ' NoOT vussl) : i ;“E:';i E:rﬁ;& NOT USED MAINT | NOT [ BREAK
' READ READ/WRITE g
ONLY
Bit Name
15-08 NOT USED
07 TRANSMITTER READY

When set,indicates that the transmitted data buffer register is ready to
accept a byte of WRITE DATA <07-00> from the processor.
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Generates an interrupt if TRANSMITTER INTERRUPT ENABLE <06>
is also set.
Also set by INIT.

06 TRANSMITTER INTERRUPT ENABLE

When set, allows an interrupt to occur when the TRANSMITTER
READY <07> bit is also set.

Cleared by loading with a zero.

Also cleared by INIT.

05-03 NOT USED
02 MAINTENANCE

When set,causes data loaded into WRITE DATA <07-00> of the trans-
mitted data buffer register to appear in READ DATA <07-00> of the
receiver data buffer register.

Cleared by loading with a zero.

Also cleared by INIT.

01 NOT USED
00 BREAK

When set,causes a BREAK signal to be sent to the TU58. When the
TU58 receives the signal it immediately stops the current operation.
Cleared by loading with a zero.

Also cleared by INIT.

TRANSMITTED DATA BUFFER REGISTER (XBUF) 776506
15 . . 08 07 T 00

T T T T ™ T T T T
NOT USED WRITE DATA
S— L L — L '

L

W

WRITE ONLY

Bit Name
15-08 NOT USED
07-00 WRITE DATA

These bits contain one byte (8 bits) of data to be written on the tape.
Data can be loaded only when TRANSMITTER READY <07> in the

transmitter status register is set.
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TS11 REGISTERS AND EXTENDED STATUS WORDS

The TS11 magnetic tape subsystems described in Chapter 3 have two
registers: the Status Register and the Bus Address/Data Buffer Regis-

ter. The TS11 also references five extended status words, which func-

tion like registers, and are stored in memory locations. Following are

the applicable register and extended status word diagrams and bit

definitions. These register diagrams and bit definitions refer to both

PDP-11 and VAX configurations unless noted. Refer to the VAX Hard-

ware Handbook for register diagrams and bit definitions for the

UNIBUS adapter registers.

BUS ADDRESS REGISTER (TSBA)
772520 (Transport 0)
772524 (Transport 1)
772530 (Transport 2)
772534 (Transport 3)

ik T T T T T T T T T T T T T T T 00
BUS ADDRESS ,
— . . . . A
Z

READ ONLY

Bit Name

15-00 BUS ADDRESS

These bits contain the address of the last word the TS11 read from or
wrote into memory. Bits <17-16> of the bus address may be read
from BUS ADDRESS <09-08> in the status register.

DATA BUFFER REGISTER (TSDB)
772520 (Transport 0)
772524 (Transport 1)
772530 (Transport 2)
772534 (Transport 3)

15 02 o1 00
T T T T T

[COMMARD ADDR
<17,16>

T T T
[ COMMAND ADDRESS
. '
AN

J

WRITE ONLY

Bit Name

15-02 COMMAND ADDRESS
Loading these bits with the starting address of the control program
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causes the TS11 to read the program from memory and to execute it.
01-00 COMMAND ADDRESS

These bits correspond to bits <17-16> of the Command Address.
Note that bits <01-02> of the Command Address are always 0.

STATUS REGISTER (TSSR)
772522 (Transport 0)
772526 (Transport 1)
772532 (Transport 2)
772536 (Transport 3)

15 4 13 12 n 10 09 08 o7 06 05 04 03 4] 00
T y y y
spEC [UNBUSTSERIALT REG | NON- | Necer| BUS ADDR [peapy | OFF- | FATAL ERROR TERMINATION NOT
cOND |PARDY| Bus. | MOP | St [Abor | <17.1e> LINE | cLass CLAsS USED
C D

READ ONLY

Bit Name

15 SPECIAL CONDITION

Set by UNIBUS PARITY ERROR <14>, SERIAL BUS PARITY ERROR
<13>, REGISTER MODIFICATION REFUSED <12>, NON-EXISTENT
MEMORY <11>, NEED BUFFER ADDRESS <10>, or TERMINATION
CLASS <03-01> ifitis equal to 14-7.

Generates an interrupt if INTERRUPT ENABLE <07> in the last Com-
mand Word is also set.

Cleared by writing this register or by executing a TRANSPORT INI-
TIALIZE command.

Also cleared by INIT.

14 UNIBUS PARITY ERROR

When set, indicates that the controller has detected a parity error ina
word read from memory. ’
Sets SPECIAL CONDITION <15>.

Sets TERMINATION CLASS <03-01> to 44 or 5.

Cleared by writing this register or by executing a TRANSPORT
INITIALIZE command.

Also cleared by INIT.

13 SERIAL BUS PARITY ERROR
When set, indicates that the controller has detected a parity error in
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data received from the transport.

Sets SPECIAL CONDITION <15>.

Sets TERMINATION CLASS <03-01> to 7,.

Sets FATAL ERROR CLASS <05-04> to 2.

Cleared by writing this register or by executing a TRANSPORT INI-
TIALIZE command.

Also cleared by INIT.

12 REGISTER MODIFICATION REFUSED

When set, indicates that the bus address register is loaded but that
READY <07> is not set.

Sets SPECIAL CONDITION <15>.

Cleared by writing this register or by executing a TRANSPORT INI-
TIALIZE command.

Also cleared by INIT.

11 NON-EXISTENT MEMORY

When set, indicates that the TS11 has attempted to read a word from a
non-existent address in memory.

Sets SPECIAL CONDITION <15>.

Cleared by writing this register or by executing a TRANSPORT INI-
TIALIZE command.

Also cleared by INIT.

10 NEED BUFFER ADDRESS

When set, indicates that the TS11 needs a message buffer address to
write status information into memory.

Sets SPECIAL CONDITION <15>.

Cleared by executing a SET' CHARACTERISTICS command.

Also cleared by INIT.

09-08 BUS ADDRESS

These bits contain bits <17-16> of the bus address.
07 READY

When set, indicates that the TS11 is not busy and is ready to execute a

command.
Generates an interrupt if INTERRUPT ENABLE <07> in the last Com-
mand Word is also set.

06 OFF-LINE

When set, indicates that the transport is off-line.
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When SPECIAL CONDITION <15> is set and TERMINATION CLASS
<03-01> is equal to 7, these bits are valid. Error class codes are as

follows:
00,

01,

10,

11,

03-01

When SPECIAL CONDITION <15> is set these bits are valid. Termina-

MAGNETIC TAPE REGISTERS

FATAL ERROR CLASS

Indicates that the microdiagnostics have
detected a failure. MICRODIAGNOSTIC ER-
ROR CODE <15-08> in the Extended Status 3
Word specifies the failure.

Cleared by executing a TRANSPORT INITIAL-
IZE command.

Also cleared by INIT.

Indicates that an 1/0 sequencer CROM parity
error has been detected.

Cleared by executing a TRANSPORT INITIAL-
IZE command.

Also cleared by INIT.

Indicates that a microprocessor CROM parity
error, an I/0 silo parity error, or a serial bus
parity error has been detected.

Cleared by INIT.

Indicates that a loss of AC power has been
detected.
Cleared by INIT.

TERMINATION CLASS

tion class codes are as follows:

0s

Normal When set, indicates that the
operation has been sucessfully
completed.

Attention Set by a change in OFF-LINE

<06> or a microdiagnostic failure.
MICRODIAGNOSTIC ERROR
CODE <15-08> in the Extended
Status 3 Word specifies the failure.
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24 Tape Status
Alert

3 Function
Reject

4, Recoverable
Error

54 Recoverable
Error

6g Unrecoverable
Error.

7s Fatal Error

00 NOT USED

COMMAND WORD

Set by TAPE MARK <15>, SHORT
RECORD <14>, LONG RECORD
<12>, or EOT <00> in the Ex-
tended Status 0 Word.

Set by OFF-LINE <06>, WRITE
LOCK ERROR <11>, ILLEGAL
COMMAND <09>, ILLEGAL AD-
DRESS <08>, STATUS CHANGE
<04> (VCK on the front panel), or
BOT <01>, all in the Extended
Status 0 Word.

When set, indicates that an error
has been detected and that the
tape is positioned one record be-
yond where it was at the start of the
operation.

When set, indicates that an error
has been detected and that the
tape position has not changed.

When set, indicates that an error
has been detected and that the
tape position is unknown.

When set, indicates that an error
has been detected. FATAL ERROR
CLASS <05-04> specifies the er-
ror.

ADDRESS IN THE BUS ADDRESS REGISTER

15 4 3 12 1R 08

07 06 0s 04 00
T T

BYTES

: T .
Swap I COMMAND CODE
. A

CLEAR
ACK |STATUS| OPP
[CHAN
N

T T T
INTER |
eNABLE 0 | CIOMMAND CODE

READ/WRITE
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Bit Name

15 ACKNOWLEDGE

When set, enables the TS11 to write status words in memory locations
into the status address specified by the last SET CHARACTERISTICS
command.

14 CLEAR STATUS CHANGE

When set, clears STATUS CHANGE <04> (VCK on front panel) in the
Extended Status 0 Word.

13 OPPOSITE

When set, causes the TS11 to reverse the execution sequence of the
reread commands.

12 SWAP BYTES

When set, causes the TS11 to reverse the order in which bytes are
packed into or unpacked from 16-bit words during READ and WRITE
operations.

11-08 COMMAND CODE

Refer‘to the description of COMMAND CODE <04-00>.
07 INTERRUPT ENABLE

When set, generates an interrupt when either SPECIAL CONDITION
<15> or READY <07> in the status register is set.

06-05

These bits are always 0.
04-00 COMMAND CODE

Loading bits <11-08> and <04-00> specifies the operation that the

TS11 is to perform. The operation codes (with INTERRUPT ENABLE
<07> set) are as follows:

0201, READ

0601, READ BACKWARD

-376-




MAGNETIC TAPE REGISTERS

1201, REREAD (SPACE BACKWARD, READ FOR-
WARD)

1601, READ BACKWARD NEXT (SPACE FORWARD,
READ BACKWARD)

0205, WRITE

1205, WRITE RETRY (SPACE BACKWARD, ERASE
GAP, WRITE)

2210, REWIND

0612, REWIND/UNLOAD

The following four commands use a two-word control program instead
of the usual four-word control program. The first word is the Com-
mand Word and the second word contains a count of the number of
blocks or files to be skipped.

02104 SPACE BLOCKS FORWARD
0610, SPACE BLOCKS BACKWARD
12104 SPACE FILES FORWARD
Skips a specified number of tape marks.
1610, SPACE FILES BACKWARD
Skips a specified number of tape marks.
0211, WRITE TAPE MARK
1211, WRITE TAPE MARK RETRY (SPACE BACK-
WARD, ERASE GAP, WRITE TAPE MARK)
0611, ERASE GAP
Erases 3.2 inches of tape.
0213, TRANSPORT INITIALIZE
0204, SET CHARACTERISTICS

Causes the TS11 to read the Characteristics
Word and the status address from memory.
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0217, GET STATUS
Causes the TS11 to write the five extended
status words into memory starting at the status
address specified by the last SET CHARAC-
TERISTICS command. A GET STATUS com-
mand needs only a one-word control program.

1212, CLEAN

0206, WRITE MICROPROCESSOR MEMORY
Used only for diagnostic testing.

0212, STATUS BUFFER RELEASE
Enables the TS11 to write the five extended
status words into memory whenever there is a
change in OFF-LINE <06> in the status regis-
ter or a microdiagnostic failure is detected.

CHARACTERISTICS WORD
ADDDRESS SPECIFIED BY THE LAST SET CHARACTERISTICS

COMMAND

15 08 07 06 05 04 03 00

T i T T T SPACE | SPACE [ENABLE[BUFFER ’ N !
NOT USED FILES | STOP | ATTN | RLSE NOT USED
X STOP | BOT | INTER | INTER X X
N _
READ/WRITE

Bit Name
15-08 NOT USED
07 ENABLE SPACE FILES STOP

When set while the TS11 is executing a SPACE FILES command,
causes the TS11 to stop when it detects two tape marks in a row
(logical end of tape).

06 ENABLE SPACE FILES STOP AT BOT

When set, causes the TS11 to stop and set LOGICAL END OF TAPE
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<13> in the Extended Status 0 Word if 1) the transport is at BOT, and
2) a SPACE FILES FORWARD command is executed, and 3) the first
record is a tape mark.

05 ENABLE ATTENTION INTERRUPT

When set, the TS11 generates an interrupt if the transport goes on-line
or off-line, i.e. STATUS CHANGE <04> in Extended Status 0 Word is
set, or a microdiagnostic failure has been detected and the last com-
mand sent was a STATUS BUFFER RELEASE command.

04 ENABLE STATUS BUFFER RELEASE INTERRUPT

When set, the TS11 will not generate an interrupt after a STATUS
BUFFER RELEASE command is executed.

03-00 NOT USED

STATUS HEADER WORD
ADDRESS SPECIFIED BY LAST SET CHARACTERISTICS
COMMAND

15 14 12 n 08 07 05 04 00
T T T T T T L T T T T
ACK L NOT USED ERROR CLASS 0 0 0 COMPLETION CODE
L . , . )
READ ONLY
Bit Name
15 ACKNOWLEDGE

When set, indicates that the TS11 is no longer using the control pro-
gram words so that the processor may rewrite them if desired.

14-12 NOT USED
11-08 ERROR CLASS

These bits contain codes which specify the type of error detected by
the TS11. Error class codes are as follows:

00, If COMPLETION CODE<04-00> is equal to
23,4, the interrupt was caused by the transport
going off-line or coming on-line.
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If COMPLETION CODE<04-00> is equal to
21,, a parity error has been detected, i.e. SERI-
AL BUS PARITY ERROR< 13> in the status
register is set. !

04, If COMPLETION CODE<04-00> is equal to
23,, a microdiagnostic failure has been detect-
ed.

If COMPLETION CODE<04-00> is equal to
21,, the TS11 was unable to execute the com-
mand, i.e. ILLEGAL COMMAND <09> or
ILLEGAL ADDRESS <08> in Extended Status
0 Word or NEED STATUS ADDRESS< 10> in
the status register is set.

10, If COMPLETION CODE<04-00> is equal to
21, the TS11 was unable to execute the com-
mand, i.e. WRITE LOCK ERROR <11> or
NON-EXECUTABLE COMMAND <10> in Ex-
tended Status 0 Word s set.

14, If COMPLETION CODE<04-00> is equal to
21,, a microdiagnostic failure has been detect-
ed.

07-05

These bits are always 0.
04-00 COMPLETION CODE

These bits contain codes which indicate whether or not the operation
has been completed with or without error. The completion codes are
as follows:

20, Indicates the the operation has been complet-
ed without errors. However, TERMINATION
CLASS<03-01> in the status register may be
equal to 2, indicating an unusal condition, not
necessarily an error.

21, Indicates that the operation has failed to exe-
cute.
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22, Indicates that the operation has been complet-
ed with one or more errors.

23, Indicates that the interrUpt was caused by an

Attention condition, specified by ERROR
CLASS<11-08>.

RESIDUAL FRAME COUNT WORD

STATUS ADDRESS +4
15 - . . . - . § i 00
RESIDUAL FRAME COUNT
— _J
READ ONLY
Bit Name

15-00 RESIDUAL FRAME COUNT

After a READ operation, these bits contain the actual number of bytes

in the record.
After a SPACE BLOCKS operation, these bits contain the actual num-

ber of blocks skipped.
After a SPACE FILES operation, these bits contain the actual number

of files skipped.

EXTENDED STATUS 0 WORD (XSTATO)
STATUS ADDRESS +6

15 14 13 12 11 10 09 05 04 03 02 01 00

TAPE [ SHORT | LOG | LONG |WRITE INONT rie | 11t on- [ inrer [ vou [ P Twrire

[MARK lnscoaol 0T RECORD|ERROR GXo | cmb | Aoor MOTION| | iNg [enaBLE|CHECK ”cn’xl,‘jg Lock | BoT | EOT

= J
READ ONLY

Bit Name

When set, indicates that the TS11 detected a tape mark during the last
operation.
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14 SHORT RECORD

When set, indicates that 1) during a READ operation the record was
shorter than the specified byte count, 2)a SPACE BLOCKS operation
stopped after detecting a tape mark or BOT before skipping the speci-
fied number of blocks, 3) a SPACE FILES operation stopped after
detecting BOT or two tape marks in a row if ENABLE SPACE FILES
STOP<07> in the Characteristics Word is set.

13 LOGICAL END OF TAPE

When set, indicates that a SPACE FILES operation stopped after de-
tecting two tape marks in a row or that a SPACE FILES FORWARD
operation 1) started from BOT, and 2) the first record was a tape mark,
and 3) ENABLE SPACE FILES STOP AT BOT <06> in the Character-
istics Word is set.

12 LONG RECORD

When set, indicates that the record read was longer than the specified
byte count.

11 WRITE LOCK ERROR

When set, indicates that the processor attempted a WRITE operation
on a write-locked transport. Refer to the description of WRITE LOCK
<02>.

10 NON-EXECUTABLE COMMAND

When set, indicates that the command could not be executed because
1) a backwards operation was attempted at BOT, 2) a tape motion
operation was attempted when STATUS CHANGE<04> was set,3) a
tape motion operation was attempted when the transport was not on-
line, ie. ON-LINE <06> is set or,4) a WRITE operation was attempted
on a write-locked transport.

09 ILLEGAL COMMAND

When set, indicates that the TS11 attempted to execute an invalid
command.

08 ILLEGAL ADDRESS _

When set, indicates that the address specified by the control program
qontains more than 18 bits or is odd (an even address is required).
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07 MOTION

When set, indicates that the capstan is moving.

06 ON-LINE

When set, indicates that the transport is on-line.

.05 INTERRUPT ENABLE

When set, indicates that INTERRUPT ENABLE <07> in the last
Command Word is set.

04 VOLUME CHECK

When set, indicates that the transport has gone off-line or come on-
line (VOL VALID or VCK on front panel).

Generates an interrupt if ENABLE ATTENTION INTERRUPT <05> in
the Characteristics Word is set.

Cleared by setting CLEAR STATUS CHANGE <14> in the Command
Word.

03 PE ONLY TRANSPORT

This bitis always 1.
02 WRITE LOCK

When set, indicates that the tape reel does not have a file-protect ring.
7] BOT

When set, indicates that the tape is at BOT (Beginning Of Tape).
00 EOT

When set, indicates that the tape transport has passed the EOT (End
Of Tape) marker.

EXTENDED STATUS 1 WORD (XSTAT1)
STATUS ADDRESS +8

15 14 13 12 1 10 09 08 07 04 03 02 01 00

DATA [ NOT | CORR [CREASE | TRASH IDESKEW speep | NOT |MNVALD | sync TWAD INVALD| SHORT | LONG | 1ncoR| MULT
IN " [BUFFER PRE- POST- POST- | POST DEAD
LATE | USED | DATA [DETECT| gap [TFare " [CHECK | USED | afnaie| FAIL |ambLE| EOD |ambLE | AMBLE| DATA TRACK

AN

READ ONLY

Bit Name

15 DATA LATE
When set, indicates that the 1/0 silo has become full during a READ
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operation or empty during a WRITE operation.
14 NOT USED

13 CORRECTABLE DATA

When set, indicates that a data error was detected during a READ
operation but was corrected on-the-fly.

12 CREASE DETECTED

When set, indicates that eight of the nine tracks went dead for a short
distance (less that 0.1 in) while reading a record.

11 TRASH IN THE GAP

When set, indicates that extraneous data was detected in the interre-
cord gap. ’

10 DESKEW BUFFER FAIL

When set, indicates that one of the deskew buffers failed to set output
ready within 20 us after being enabled. DEAD TRACK <08-00> in
Extended Status 2 Word specifies which buffer failed.

09 SPEED CHECK

When set, indicates that the tape speed varied more that £5% during
a WRITE operation.

08 NOT USED

07 INVALID PREAMBLE

When set, indicates that the preamble was shorter than 36 characters
or longer than 44 characters or incorrectly encoded.

06 SYNCHRONIZATION FAILURE

When set, indicates that the formatter was unable to synchronize with
the data rate in the preamble during a READ operation.

05 INVALID POSTAMBLE

When set, indicates that the postamble was not read or written cor-
rectly.
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04 INVALID END OF l\)ATA

When set, indicates that eight or the nine tracks went dead while
reading a record.

03 SHORT POSTAMBLE

When set, indicates that the postamble on a record is less than 38
characters long.

02 LONG POSTAMBLE

When set, indicates that the postamble'on a record is more than 42
characters long.

01 INCORRECTABLE DATA

When set, indicates that a data parity error was detected during a
READ operation but there was no dead track to allow on-the-fly error
correction or that a data parity error was detected during a WRITE
operation.

00 MULTIPLE DEAD TRACK ERROR

When set, indicates that more than one dead track was detected dur-
ing a READ operation.

. EXTENDED STATUS 2 WORD (XSTST2)
STATUS ADDRESS +10

15 14 13 12 11 10 09 08 07 00

T r T T T
OP | SILO [ SERIAL [CAPSTN] (o1 [wriTE] NOT |DEAD ! ' T
IN_ [PARITY ACCEL TRACK| DEAD TRACK/MICROCODE REVISION/CAPSTAN STOP ERROR
PROG ERRR|0R PEI\lJISTY Kail -] useo | FaiL 1”55‘3 PARITY . — ) L R

N B

READ ONLY
Bit Name
15 OPERATION IN PROGRESS

When set, indicates the tape is in motion.
14 SILO PARITY ERROR

When set, indicates that the microprocessor formatter has detected an
error in its internal data silo.

13 SERIAL BUS PARITY ERROR

When set, indicates that the formatter detected a parity error in data
received from the controller.
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12 CAPSTAN ACCELERATION FAIL

When set, indicates that after 0.5 in (45 tachometer puises) of tape
acceleration the capstan speed was off by more than +10%.

11 NOT USED
10 WRITE FAIL

When set, indicates that the write circuit board did not empty the 1/0
silo, perhaps because the write circuit board clock was turned off.

09 NOT USED
08 DEAD TRACK PARITY

When set, indicates that the parity track went dead during the last data
transfer operation.

07-00 DEAD TRACK/MICROCODE REVISION/CAPSTAN STOP ERROR

After a SET CHARACTERISTICS command, these bits contain the
microcode revision level of the formatter microcode.

After a GET STATUS command, these bits contain the residual
capstan tachometer count (the number of tachometer pulses from the

ideal stopping point).
After other operations, these bits indicate which tracks went dead

during the last data transfer operation.

EXTENDED STATUS 3 WORD (XSTAT3)

STATUS ADDRESS +12
15 08 07
T e et 2 [ @
h READ ONLY
Bit Name
15-08 MICRODIAGNOSTIC ERROR CODE

There is one operational error, 337 or left justified to 157400 in a 16-bit
register (capstan runaway), which is displayed here. This means that
the capstan was commanded to stop but exceeded the allowable stop-
ping window. The drive must be initialized to be used for tape motion
again.
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07 LIMIT EXCEEDED

When set, indicates that the tension arm or arms moved too far during
a tape motion operation. The tape must be reloaded manually.

06 OPERATION INCOMPLETE

When set, indicates that 25 feet of tape has been read or skipped
(spaced) without detecting any data.

05 REVERSE

When set, in'dicates that the last command executed included a BACK -
WARD TAPE operation.

04 CAPSTAN RESPONSE FAIL

When set, indicates that the formatter detected no tachometer pulses
within 5 ms after signaling the capstan to move.

03 DENSITY CHECK

When set, indicates that an invalid identification burst (IDB), indicating
that the tape was not written in PE, was sensed at BOT (DENS ERROR
or DCK on front panel). However, the tape can still be read if IDB is
incorrect and the tape is actually written in PE.

02 NOISE RECORD

When set, indicates that data too short to be a record has been detect-
ed during a SPACE operation.

01 LIMIT EXCEEDED STATICALLY

When set, indicates that the tension arm or arms moved too far when
the TS11 was idle. The tape must be reloaded manually.

00 REVERSE INTO BOT
When set, indicates that a backward operation past BOT has been
attempted. :

TU77/TE16 REGISTERS

The TJU77 and TJE16 subsystems described in Chapter 3 have 20
registers, the TWU77 and TWE16 subsystems have 22, and the TEU77,
TGU77, and TEE16 subsytems have 16 plus the MASSBUS adapter
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registers. Following are the applicable register drawings and bit defi-
nitions. These register diagrams and bit definitions refer to both PDP-
11 and VAX configurations unless noted. Refer to the VAX Hardware
Handbook for register diagrams and bit definitions for the MASSBUS
adapter registers.

Device registers on VAX MASSBUSes are located in a floating space
starting at byte offset 400 from the base and extending to byte offset
7FC from the same base. Each of the up to eight devices supported by
an MBA has a 128 byte space assigned to it. For example, the space
for unit 0 would be from byte offset 400 to 47F and the space for unit 1
would be from byte offset 480 to 4FF. The byte offset bases are as-
signed according to the unit plug on the device. The range of byte
offset bases for each of the up to eight devices supported by an MBA
are as follows: 400, 480, 500, 580, 600, 680, 700, and 780. The VAX
byte offsets shown here are relative to the base of the device registers.

CONTROL AND STATUS 1 REGISTER (MTCS1)

772440 (PDP-11)
Byte Offset=0 (VAX)

15 13 13 12 m 10 09 08 07 06 05 ol 00

SPEC |TRANS NOT UNIBUS INTER ) ) . j
COND |ERROR ADDRESS nTER FUNCTION CODE Lso
A R

USED | EXTENSION

NOT
USED

MCB
PARITY DRIVE
ERROR AVAIL

READY

e ) ¥ J
gehﬁe 3/5'5%/ READ ONLY READ/WRITE 3&‘}‘3 READ/WRITE
Bit Name
15 SPECIAL CONDITION (PDP-11 only)

Set by TRANSFER ERROR <14>, MASSBUS CONTROL BUS PARITY
ERROR <13>, or ATTENTION <15> in the formatter status register.
Generates an interrupt if INTERRUPT ENABLE <06> is also set.
Cleared by resetting the error bit that caused SPECIAL CONDITION to
set.

14 TRANSFER ERROR (PDP-11 only)

Set by any of the following bits in the control status 2 register: DATA
LATE <15>, UNIBUS PARITY ERROR <13>, NON-EXISTENT FOR-
MATTER <12>, NON-EXISTENT MEMORY <11>, PROGRAM ER-
ROR <10>, MISSED TRANSFER <09>, or MASSBUS DATA PAR-
ITY ERROR <08>.

Sets SPECIAL CONDITION <15>.
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Cleared by setting CONTROLLER CLEAR <05> in the control and
status 2 register or by loading a DATA TRANSFER command into
FUNCTION CODE <05-01>

Also cleared by INIT.

13 MASSBUS CONTROL BUS PARITY ERROR (PDP-11 only)

Set when a parity error is detected while reading a formatter register.
A parity error detected while writing a formatter register sets
MASSBUS CONTROL BUS PARITY ERROR <03> in the error register.
Sets SPECIAL CONDITION <15>.

Cleared by setting CONTROLLER CLEAR <05> in the control and
status 2 register or by loading a DATA TRANSFER command into
FUNCTION CODE <05-01>.

Also cleared by INIT.

12 NOT USED
1 DRIVE AVAILABLE (PDP-11 only)

When set, indicates that the selected formatter is present and turned
on.

10 NOT USED
09-08 UNIBUS ADDRESS EXTENSION (PDP-11 only)

Loading these bits loads UNIBUS address bits <17, 16>. In the PDP-
11/70 these bits can also be loaded by the bus address extension
register.

Refer to the bus address register for more detail.

Cleared by loading with zeros.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

07 READY (PDP-11 only)

When set, indicates that the controller is ready to accept a command.
Generates an interrupt when the READY bit is set if INTERRUPT EN-
ABLE <06> is also set.

Cleared while the controller is executing a command.

06 -INTERRUPT ENABLE (PDP-11 only)

When set, generates an interrupt if READY <07> or SPECIAL CONDI-
TION <15> is also set.

In the PDP-11/70 this bit is the same as INTERRUPT ENABLE <06> in
the control and status 3 register.
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Cleared when the interrupt is serviced by the processor.
Also cleared by INIT.

05-61 FUNCTION CODE

Loading these bits with one of the function codes listed below causes
the formatter to perform the corresponding operation.

614 WRITE

71, READ
77, READ BACKWARD
07, REWIND
03, REWIND/UNLOAD
27, WRITE TAPE MARK
25, ERASE GAP
31, SPACE FORWARD
33, SPACE BACKWARD
11, FORMATTER CLEAR
01, NO OPERATION
00 GO

This bit resets at the end of each operation specified by FUNCTION
CODE <05-01> .

WORD COUNT REGISTER (MTWC) 772442 (PDP-11 ONLY)

15

00
T T T T T
WORD COUNT |

READ/WRITE

This register is loaded with the two's complement of the number of
data words to be transferred to or from memory.

BUS ADDRESS REGISTER (MTBA) 774444 (PDP-11 ONLY)

is i ol 00
T r T r T T v v r r T T

T T
BUS ADDRESS
"

"
READ/WRITE READ
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Bit Name

15-01 BUS ADDRESS

This register is loaded with the starting address where data is to be
written from or read into memory .

For PDP-11 systems, except the 'PDP-11/70, the bus address is 1¢&
bits. The low-order 16 bits are loaded by the bus address register and
the high-order 2 bits are loaded by bits <09-08> in the control and
status 1 register. During READ and WRITE FORWARD operations the
bus address is incremented by two for each word transferred to or
from memory. During a READ BACKWARD operation the bus address
is decremented by two for each word transferred to memory.

For PDP-11/70 systems only, the bus address is 22 bits. The low-order
16 bits are loaded by the bus address register and the high-order 6
bits are loaded by bits <05-01> in the bus address extension register.
The PDP-11/70 uses double word transfers, i.e. two words at a time.
During READ and WRITE FORWARD operations the bus address is
incremented by four for each double word transferred to or from
memory. During a READ BACKWARD operation the bus address is
decremented by four for each double word transferred to memory.
Cleared by loading with zeros.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

0 BUS ADDRESS
This bit is always 0.

CONTROL AND STATUS 2 REGISTER (MTCS2) 772450
(PDP-110NLY)

15 14 13 12 n 10 09 08 07 06 05 04 03 02 00

pata | not [INIBUSk on-ex/non-ex| PROG | Miss | p,outry [ouTPUT|INPUT [CONTR [PARITY
LATE | USED | FRROR | FMTER | MEM TRANS | PARoR |READY | READY | CLEAR | TEST
X

ERROR

T T
‘I'SICR [ FORMATTER SELECT J

- I\ O
READ READ/ READ READ/ READ ONLY WRITE READ /WRITE
ONLY WRITE ONLY WRITE ONLY
Bit Name
15 DATA LATE

Set when the controller is unable to supply a data word during a
WRITE operation or accept a data word during a READ operation at
the time that the formatter requests a transfer.
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Sets TRANSFER ERROR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

14 NOT USED
13 UNIBUS PARITY ERROR

Set if a UNIBUS data parity error is detected during a WRITE opera-
tion. The bus address register will contain the address +2 (address +4
for PDP-11/70 systems) of the memory word with the parity error
unless BUS ADDRESS INCREMENT INHIBIT <03> is not set.

Sets TRANSFER ERROR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

12 NON-EXISTENT FORMATTER

Set when a READ or WRITE operation attempt fails because the for-
matter selected by FORMATTER SELECT <02-00> does not exist or
is turned off.

Sets TRANSFER ERROR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

11 NON-EXISTENT MEMORY

Set when the controller attempts to transfer data into or from a memo-
ry address specified by the bus address register which does not exist.
The bus address register will contain the address +2 (address +4 for
PDP-11/70 systems) of the memory location that does not exist.

Sets TRANSFER ERROR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

10 PROGRAM ERROR
Set when the program attempts to load a new command into FUNC-
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TION CODE <05-01> in the control and status 1 register when READY
<07> in the control and status 1 register is not set, i.e. when the
controller is not ready to accept a command. The new command will
not be loaded.

Sets TRANSFER ERROR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

09 MISSED TRANSFER

Set if the formatter does not respond to a DATA TRANSFER
command, usually because ERROR SUMMARY <14> in the formatter
status register is set.

Sets TRANSFER ERROR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

08 MASSBUS DATA PARITY ERROR

Set when a MASSBUS data parity error is detected during a READ
operation. A parity error detected during a WRITE operation sets
MASSBUS DATA PARITY ERROR <05> in the error register.

Sets TRANSFER ERRCR <14> in the control and status 1 register.
Cleared by setting CONTROLLER CLEAR <05> or loading a DATA
TRANSFER command into FUNCTION CODE <05-01> in the control
and status 1 register.

Also cleared by INIT.

07 OUTPUT READY

This bit is used only for testing the controller.
When set, indicates that the data buffer register contains a word and

may be read.
Cleared by reading the data buffer register or setting CONTROLLER

CLEAR <05>.
Also cleared by INIT.

06 INPUT READY

This bit is used only for testing the controller.
When set, indicates that the data buffer register is not full and may be
loaded.
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Cleared when the data buffer is fully loaded.
05 CONTROLLER CLEAR

When set, clears all error bits and initializes the controller and the
formatter.

04 PARITY TEST

When set, causes the controller to generate and check for even parity
on the MASSBUS control bus and to generate even parity but check
for odd parity on the MASSBUS data bus.

When clear, the controller generates and checks for odd parity on
both the MASSBUS control bus and the MASSBUS data bus.

Cleared by loading with a 0.

Also cleared by setting CONTROLLER CLEAR <05> or INIT.

03 MEMORY ADDRESS INCREMENT INHIBIT

When set, prevents the controller from incrementing the bus address
register during a data transfer. Therefore, all data words are read from
or written into the same memory location.

Cleared by loading with a 0.

Also cleared by setting CONTROLLER CLEAR <05> or INIT.

02-00 FORMATTER SELECT

These bits are loaded to select the formatter (only one formatter per
controller). The usual formatter address is 0;. This address is set by
the numbered address plug in the formatter.

FRAME COUNT REGISTER (MTFC)

772446 (PDP-11)
Byte offset=14 (VAX)

T T T T
FRAME COUNT J

READ/WRITE

Before a WRITE operation can begin,this register must be loaded with
the two’s complement of the number of data bytes to be written. Dur-
ing the WRITE operation the frame count is incremented each time a
byte is written onto the tape. The operation ends when the frame count
reaches zero.

At the start of a READ operation, the formatter clears this register.
During a READ operation,the frame count is incremented each time a
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byte is read from the tape. At the end of the READ operation the frame
count register contains a count of the number of bytes read.

Before a SPACE operation can begin, this register must be loaded with
the two's complement of the number of records to be skipped. During
the SPACE operation, the frame count is incremented each time a
record is skipped. The operation ends when the frame count reaches
zero.

FORMATTER STATUS REGISTER (MTFS)

777 452 (PDP-11)
Byte offset=4 (VAX)

15 4 3 12 n 10 08

ERROR POS IN| MED |WRITE EOT NOT |FMTER
UM | PROG -LINE| LOCK USED | PRES

01 [']]

SLAVE
ATTN

PE

TA
mark | BOT

06
FMTE l
READY wsmrus Sown

READ ONLY

ATTN BURST

«

Bit Name

15 ATTENTION (ATTN, ATA)

When set indicates an error or some unusual condition in the format-
ter or tape transport.

Set by ERROR SUMMARY <14>, SLAVE STATUS CHANGE <06>, or
EOT <10>.

Also set at the completion of the following operations: REWIND,
REWIND/UNLOAD, ERASE GAP, WRITE TAPE MARK, SPACE FOR-
WARD, and SPACE BACKWARD.

Sets SPECIAL CONDITION <15> in the control and status 1 register.
Cleared by loading any command into FUNCTION CODE <05-00> in
the control and status 1 register if ERROR SUMMARY <14> is not set.
Cleared by loading the FORMATTER CLEAR command into FUNC-
TION CODE <05-01> in the control and status 1 register or by loading
a 1 into the appropriate bit position in the attention summary register.
‘Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

14 ERROR SUMMARY

Set by any bitin the error register.

When set, the formatter will accept no commands other than FOR-
MATTER CLEAR.

Sets ATTENTION <15>.

Cleared by loading the FORMATTER CLEAR command into FUNC-
TION CODE <05-01> in the control and status 1 register or setting
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CONTROLLER CLEAR <05> in the control and status 2 register.
Also cleared by INIT.

13 POSITIONING IN PROGRESS

Set when the selected transport is performing a SPACE or REWIND
operation.
Cleared at the end of an operation.

12 MEDIUM ON-LINE

Set when the selected transport has a tape loaded and is on-line and
ready to execute a command.

A change in the status of MEDIUM ON-LINE sets SLAVE STATUS
CHANGE <06>.

1 WRITE LOCK

Set when the tape loaded on the selected transport does not have a
* file-protectring.

10 END OF TAPE (EOT)

Set when the selected transport has detected the EOT marker during
forward tape motion.

Cleared when the transport has detected the EOT marker during
backward tape motion.

The program should check to see if the EOT bit is set to avoid writing
off the end of the tape.

09 NOT USED
08 FORMATTER PRESENT

When set, indicates that the selected formatter is connected to the
processor.

07 FORMATTER READY

Set when the formatter is ready to accept a command.
If the selected transport is ready to accept a command, MEDIUM ON-
LINE <12> is also set. ’

06 SLAVE STATUS CHANGE

When set indicates that one of the transports has gone on-line or off-
line or has completed a REWIND operation.

Set by a change in the status of MEDIUM ON-LINE <12>.

Sets ATTENTION <15>.

-396-




MAGNETIC TAPE REGISTERS

Cleared by setting CONTROLLER CLEAR <05> in the control and
status 2 register.

05 PE STATUS

When set, indicates that the selected transport is in PE mode (1600
b/in).

During a WRITE operation, set by DENSITY SELECT <10-08> in the
tape control register.

When set during a READ operation, indicates that the formatter’s auto
density select circuit has detected a PE identification burst at BOT.
Clear when the selected transport is in NRZI mode (800 b/in).

04 SLOWING DOWN

When set, indicates that FORMATTER READY <07> is set but that the
selected transport has not yet stopped the tape:motion.
Cleared when the transport stops and MEDIUM ON-LINE <12> is set.

03 IDENTIFICATION BURST

When set, indicates that a PE identification burst was detected during
the last operation.

02 TAPE MARK

When set, indicates that a tape mark was detected during the last
operation.

Cleared by loading a TAPE MOTION or FORMATTER CLEAR com-
mand into FUNCTION CODE <05-01> in the control and status 1
register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

01 BEGINNING OF TAPE (BOT)

When set, indicates that the tape on the selected transport is at BOT.
00 SLAVE ATTENTION

When set, indicates that the selected transport is on-line.

Sets MEDIUM ON-LINE <12>.

Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.
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ERROR REGISTER (MTER)

772454 (PDP-11)
Byte Offset=8 (VAX)

15 14 13 2 1 o 09 08 07 08 05 04 03 02 01 00
CORR CONTR CORR NON- | PE _|INCORR[M DATA MCB | REG
Saras |unsarg] 9P [TiminG|NONEX|skcews |FRAME | STAND [roRmaT/| DATA/ [PARITY |FORMAT PARITY| moD | JLtb | ILL J
CRC‘ EIINC ERROR | FUNC | L TM |COUNT |"Gap_ | LRC |PARITY |ERROR|SELECT [ERROR| RFSD | REG |FUNC
C —
READ ONLY
Bit Name
15 CORRECTABLE DATA/CRC ERROR

In PE mode, this bit is set when an error is detected during a READ
operation and the error was corrected on-the-fly and correct data sent
to memory.

In NRZI mode, this bit is set when the CRC character read from the
tape during a READ operation does not match the CRC character
generated from the data read off the tape.

Sets ERROR SUMMARY < 14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01>in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

14 UNSAFE

When set, indicates that a READ or WRITE operation has been at-
tempted on a transport that is off-line, i.e. MEDIUM ON-LINE <12>in
the formatter status register is not set.

Sets ERROR SUMMARY < 14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

13 OPERATION INCOMPLETE

When set, indicates that the end of the record was not detected within
seven seconds after the start of an operation.

Sets ERROR SUMMARY < 14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.
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12 CONTROLLER TIMING ERROR

When set, indicates that the formatter has not received a byte of data
from the contoller in time to write it in the proper location on the tape.
Sets ERROR SUMMARY <14> in the formatter status register.

Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT. .

1 NON-EXECUTABLE FUNCTION

When set, indicates 1) that a WRITE operation has been attempted on
a write-locked transport, i.e. WRITE-LOCK <11> in the formatter stat-
us register is set, 2) that a READ BACKWARD or SPACE BACKWARD
operation has been attempted on a transport at BOT, i.e. BOT <01> in
the formatter status register is set, 3) that a WRITE or SPACE opera-
tion has been attempted when the frame count register contains 0,or 4)
that an attempt to write a NRZI record shorter than thirteen bytes has
been made, i.e. that DENSITY SELECT <10-08> in the tape control
register is equal to 011, and the frame count register contains less
than 13,,.

Sets ERROR SUMMARY <14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

10 CORRECTABLE SKEW/ILLEGAL TAPE MARK

In PE mode, this bit is set when excessve but correctable skew has
been detected in the data read from the tape but correct data has
been sent to memory.

In NRZI mode, this bit is set when the data read from the tape is similar
to a NRZI tape mark, even when it is not actually a tape mark.

Sets ERROR SUMMARY <14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

09 FRAME COUNT ERROR

When set, indicates that a SPACE operation has ended and that the
frame count register is not at zero, i.e. the transport has not skipped
the correct number of blocks.
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Refer to the description of FRAME COUNT STATUS <14> in the tape
control register for more detail.

Sets ERROR SUMMARY <14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01>in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

08 NON-STANDARD GAP

When set, indicates that the read-after-write circuitry detected
extraneous data written in the interrecord gap during a WRITE opera-
tion.

" Sets ERROR SUMMARY < 14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register. '

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

07 PE FORMAT ERROR/LRC ERROR

In PE mode, this bit is set when an invalid preamble or postamble has
been detected.

In NRZI mode, this bit is set when the LRC character read from the
tape does not match the LRC character generated from the data read
off the tape.

Sets ERROR SUMMARY < 14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION -
CODE <05-01> in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

06 INCORRECTABLE DATA/VERTICAL PARITY ERROR

When set, indicates that a data error has been detected during a DATA
TRANSFER operation and that incorrect data has been transferred to
memory or onto the tape.

Sets ERROR SUMMARY <14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

05 MASSBUS DATA PARITY ERROR

When set, indicates that a MASSBUS data parity error has been de-
tected during a WRITE operation.
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A MASSBUS parity error detected during a READ operation sets
MASSBUS DATA PARITY ERROR <08> in the control and status 2

register.
Sets ERROR SUMMARY <14> in the formatter status register.

Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

04 FORMAT SELECT ERROR

When set, indicates that a DATA TRANSFER operation has been at-
tempted with a invalid code in FORMAT SELECT <07-04> in the tape
control register.

Sets ERROR SUMMARY <14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <00-05> in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

03 MASSBUS CONTROL BUS PARITY ERROR

When set, indicates that a parity error has been detected while writing
aformatter register.

A parity error detected while reading a formatter register sets
MASSBUS CONTROL BUS PARITY ERROR <13> in the control
and status register.

Sets ERROR SUMMARY <14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

02 REGISTER MODIFICATION REFUSED

When set, indicates that an attempt has been made to write any for-
matter register except the maintenance register or the attention sum-
mary register while the formatter is performing an operation, i.e. the
GO bit <00> in the control and status 1 register is set.

Sets ERROR SUMMARY <14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01> in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.
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01 ILLEGAL REGISTER

When set, indicates an attempt has been made to read or write a non-
existent formatter register.

Sets ERROR SUMMARY <14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01>in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

00 ILLEGAL FUNCTION

When set, indicates that an invalid function code has been loaded into
FUNCTION CODE <05-01> in the control and status 1 register.

Sets ERROR SUMMARY <14> in the formatter status register.
Cleared by loading a FORMATTER CLEAR command into FUNCTION
CODE <05-01 > in the control and status 1 register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

ATTENTION SUMMARY REGISTER (MTAS)

772456 (PDP-11)
Byte Offset=10 (VAX)

T T T T T T T T T
NOT USED ATTENTION BITS
L L

N

READ ONLY

Bit Name
15-08 NOT USED
07-00 ATTENTION BITS

On VAX systems that mix tape transports and disk drives on the same
MBA, these bits correspond to ATTENTION <15> in the status regis-
ters for disk drives 7-0 or the tape formatter.

Individual bits are cleared by loading them with a 1 or by clearing
ATTENTION <15> in the status register of the corresponding drive or
formatter.

Also cleared by INIT.
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CHECK CHARACTER REGISTER (MTCC)

772460 (PDP-11)
Byte Offset=1C (VAX)

15 09 08 07 00
T T T T T T T

T T T T T
NOT USED PARITY l DEAD TRACK/CRC

| - - J
READ ONLY
Bit Name
15-09 NOT USED
08 DEAD TRACK PARITY/CRC PARITY

In PE mode, this bit is set when data syncronization of the parity track
is lost during a READ operation.
In NRZI mode, this bit is the parity bit for the CRC character.

07-00 DEAD TRACK/CRC

In PE mode, these bits are set to indicate the tracks that lost data
syncronization during a READ operation. The formatter will perform
on-the-fly data correction on one track. If more than one track of data
is lost, the formatter sets INCORRECTABLE DATA ERROR <06> in
the error register.

In NRZI mode, these bits contain the CRC character.

DATA BUFFER REGISTER (MTDB) 772462 (PDP-11 ONLY)

T T T
DIAGNOSTIC DATA

. L L — s L L —

— )
READ/WRITE
Bit Name
15-00 DIAGNOSTIC DATA

This register is used for testing the controller. Up to eight words can be
loaded into and read back from this register.

INPUT READY <06> in the control and status 2 register indicates
when the register is not full and words may be loaded.

OUTPUT READY <07> in the control and status 2 register indicates
when the register has words to be read.
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MAINTENANCE REGISTER (MTMR)

772464 (PDP-11)
Byte Offset=C (VAX)

o

15 08 07 06 05 04 01 0
T T T T T T T

T v T
maInT | JAPE IMAINT MAINT
[ LRC/MAINTENANCE ‘DATA PariTy | FEER | clock MAIINT OP CODE WODE
“ )
READ/WRITE READ ONLY READ/WRITE
Bit Name
15-8 LRC/MAINTENANCE DATA

In NRZI mode, these bits contain the LRC character.
In MAINTENANCE mode, i.e. when MAINTENANCE MODE <00> is
set, these bits buffer data during checks of the formatter data paths.

07 MAINTENANCE DATA bARITY BIT
06 TAPE SPEED CLOCK

“This bit toggles at the 200 b/in rate of the tape transport (40 us for the
TU77, 66.7 us for the TU45, and 111.1 us for the TE16).

05 MAINTENANCE CLOCK
This bit toggles each time a byte of data passes through the formatter.
.04-01 MAINTENANCE OPERATION CODE

This bit controls command execution when MAINTENANCE MODE
<00> is also set.

00 MAINTENANCE MODE

When set, enables MAINTENANCE OPERATION CODE <04-01>.

DRIVE TYPE REGISTER (MTDT)

772466 (PDP-11)
Byte Offset=18 (VAX)

15 4 13 12 1 10 09 08 . . 06 05 04 . . . . 00
NOT DRQ ™03
TAPE \OV ING] 7 [ - SLAVE | NOT o TRANSPORT TYPE
l;f\%{,%“ DRIVE h—«EAD TRACK D05 PrES | USED [ 0 0 FMTER ) N

« J
READ ONLY
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Bit Name

15 NOT SECTOR ADDRESSED

This bit is always 0.
14 TAPE DRIVE

This bitis always 1.
13 MOVING HEAD

This bit is always 0.
12 7 TRACK

This bit is always 0.
11 DRIVE REQUEST REQUIRED (DUAL-ACCESS)

This bit is always 0.
10 SLAVE PRESENT

Set when the selected transport is turned on.
09 NOT USED
08-06

These bits are always 0.
05 TMO3 FORMATTER

This bit is set when using a TM03 formatter and clear when using a
TMO2 formatter.

04-00 TRANSPORT TYPE

These bits contain 14, when the transport is a TU77, 12, when the
transport is a TU45, 11, when the transport is a TE16, and 10; when the
selected transport is not turned on (SLAVE PRESENT <10>).

SERIAL NUMBER REGISTER (MTSN)

772470 (PDP-11)
Byte Offset=20 (VAX)

15 . 12 n_ . 08 07 . 04 03 . —00
T T
MOST SIGNIFICANT SERIAL NUMBER SERIAL NUMBER LEAST SIGNIFICANT
DIGIT | beir DIGIT L . biait

- _J
READ ONLY
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‘This register contains the four Least Significant Digits in binary coded
decimal (BCD) of the transport selected by TRANSPORT SELECT
<02-00> in the tape control register.

TAPE CONTROL REGISTER (MTTC)

772472 (PDP-11)
Byte Offset=24 (VAX)

15 14 13 12 1 10 08 07 04 03 02 00
EVEN

FRAME [ SLAVE | ENABLE T
ACCL [COUNT| ADDR | ABORT oS | DENSITY SELECT FORMAT SELECT PARIY Saeer
A N
=

“ J
READ ONLY READ/WRITE
Bit Name

15 ACCELERATION

When set, indicates that the tape transport is not up to speed.
14 FRAME COUNT STATUS

This bit is automatically set when the frame count register is loaded.
Cleared when the frame count register becomes zero.

13 SLAVE ADDRESS CHANGE

When set, indicates that TRANSPORT SELECT <02-00> has been

changed.
Cleared when a command is executed.
12 ENABLE ABORT ON DATA TRANSFER ERROR

When set, a READ or WRITE operation is immediately terminated
when any of the following bits in the error register is set: CORRECTA-
BLE DATA/CRC ERROR <15>, PE FORMAT ERROR/LRC ERROR
<07>,and INCORRECTABLE DATA/VERTICAL PARITY ERROR
<06>.

11 NOT USED

10-08 DENSITY SELECT

These bits set the density for WRITE operations. When loaded with
011, the density is 800 b/in NRZI and when loaded with 100, the
density is 1600 b/in PE.

Density can only be set when the transport is at BOT.

The formatter automatically selects density on READ operations.
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07-04 FORMAT SELECT

These bits set the mode in which the formatter maps tape bytes into
memory words.

Normal Mode code 1100, maps two tape bytes to each memory word.
The first tape byte maps to bits <7-0> and the second byte to bits
<15-08>.

Core Dump Mode code 1101, maps four tape bytes to each memory
word. Only the four low order bits <3-0> of each tape byte map to
memory, bits <7-4> of each byte are discarded. The first tape byte
maps to memory bits <05-00>, the second byte to bits <07-04>, the
third byte to bits <11-08>, and the fourth tape byte maps to memory
bits <15-12>.

Loading these bits with an unused format select code sets FORMAT
SELECT ERROR <04> in the error register.

03 EVEN PARITY

When set, NRZI operations read and write even parity on the tape.
PE operations always read and write odd parity.

02-00 TRANSPORT SELECT

These bits specify the tape transport to be used.

BUS ADDRESS EXTENSION REGISTER (MTBAE) 772474
(PDP-11/70 ONLY)

15 06 05 00
T T T T T T T

I' l NOT’ USED l N BUS A'DDRESSl EXTEN;ION J

= * “ * - J
READ/WRITE

Bit Name

15-06 NOT USED

05-00 BUS ADDRESS EXTENSION

These bits contain the high-order six bits of the bus address.
Refer to the bus address register for more detail.

CONTROL AND STATUS 3 REGISTER (MTCS3) 772476
(PDP-11/70 ONLY) -

15 1 n 0o 07 __o0s 05 04 03 | . 00
ADDR ) j j BLE : N INTER
?‘%g‘yl NOT USED r’wowm NOT USED enasLe| NOT USED INVERTED PARITY CHECK
e «
READ ONLY READ/WRITE
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Bit Name

15 ADDRESS PARITY ERROR

When set, indicates that memory has detected a parity error on the
address and control lines during a data transfer.

Cleared by loading a DATA TRANSFER or FORMATTER CLEAR com-
mand into FUNCTION CODE <05-01> in the control and status 1
register.

Also cleared by setting CONTROLLER CLEAR <05> in the control
and status 2 register or INIT.

14-11 NOT USED
10 DOUBLE WORD

When set, indicates that the last memory transfer was a double word.
Cleared by loading a DATA TRANSFER or FORMATTER CLEAR com-
mand into FUNCTION CODE <05-01> in the control and status 1

register.
Also cleared by setting CONTROLLER CLEAR <05> in the control

and status 2 register or INIT.
9-7 NOT USED

06 INTERRUPT ENABLE

Setting this bit sets INTERRUPT ENABLE <06> in the control and
status 1 register.

05-04 NOT USED
03-00 INVERTED PARITY CHECK

These bits are used to control the parity circuits in the controiler for
testing.

TU78 REGISTERS

The TEU78 magnetic tape subsystems described in Chapter 3 are
supported by VAX-11/780 systems only. Following are the applicable
register drawings and bit definitions. Refer to the VAX Hardware
Handbook for register diagrams and bit definitions for the MASSBUS
adapter registers.

-408-




MAGNETIC TAPE REGISTERS

Device registers on VAX MASSBUSes are located in a floating space
starting at byte offset 400 from the base and extending to byte offset
7FC from the same base. Each of the up to eight devices supported by
an MBA has a 128 byte space assigned to it. For example, the space
for unit 0 would be from byte offset 400 to 47F and the space for unit 1
would be from byte offset 480 to 4FF. The byte offset bases are as-
signed according to the unit plug on the device. The range of byte
offset bases for each of the up to eight devices supported by an MBA
are as follows: 400, 480, 500, 580, 600, 680, 700, and 780. The VAX
byte offsets shown here are relative to the base of the device registers.

CONTROL REGISTER BYTE OFFSET=0

15 06 05 01 00

o e e | e |
/)
READ/WRITE
Bit Name
15-06 NOT USED
05-01: DATA TRANSFER FUNCTION CODE

Loading these bits with one of the function codes listed below causes
the formatter to perform the corresponding operation.

614 WRITE PE
Writes the specified number of records and
sets PE mode if tape is at BOT.

63; WRITE GCR
Writes the specified number of records and
sets GCR mode if tape is at BOT.

71, READ
77, READ BACKWARD
51, WRITE CHECK FORWARD

Causes the TU78 to read forward one record
and check the data for errors.
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57, WRITE CHECK BACKWARD
Causes the TU78 to read backward one record
and check the data for errors.

73g EXTENDED SENSE
Causes the TU78 to write 60 bytes of status
information into memory.

00 GO

This bit resets at the end of each operation specified by DATA
TRANSFER FUNCTION CODE <05-01>.

DATA TRANSFER ERROR REGISTER BYTE OFFSET=4

15 10 09 08 07 06 05 00

|7 DATA TRANSFER LR cooe Ny D:;;’:l NOT USEDJ DATA TRANSFER INTERRUPT CODE
* : : =
A READ ONLY
Bit Name
15-10 DATA TRANSFER FAILURE CODE

These bits, in conjunction with the DATA TRANSFER INTERRUPT
CODE <05-00>, specify data transfer status at the end of an opera-
tion.

09 NOT USED

08 DRIVE PRESENT

When set, indicates that the selected formatter is present and turned
on.

07-06 NOT USED

05-00 DATA TRANSFER INTERRUPT CODE

These bits, in conjunction with the DATA TRANSFER FAILURE CODE
<15-10>, specify data transfer status at the end of an operation. DA-
TA TRANSFER FAILURE and INTERRUPT CODES are as follows:
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RUPT
CODE

01,

02,

03,

04,

104

MAGNETIC TAPE REGISTERS

FAILURE DESCRIPTION
CODE

DONE
READ or WRITE operation com-
pleted successfully.

00,4 EXTENDED SENSE data not up-
dated.

01, EXTENDED SENSE data updated.

TAPE MARK
Tape mark detected during a
READ operation.

BOT
BOT detected during a READ
BACKWARD operation.

01, Command issued when tape at
BOT.

02,4 BOT detected after tape motion
started.

03,4 GCR automatic read amplification
(ARA) ID burst detected.

EOT
Tape has been moved past EOT
marker.

00,4 EXTENDED SENSE data not up-
dated.

01, EXTENDED SENSE data updated.
WRITE LOCK ERROR

WRITE operation attempted on a
file-protected tape.

-411-



INTER-
RUPT
CODE

11,

124

13,

14,4

154

MAGNETIC TAPE REGISTERS

FAILURE DESCRIPTION
CODE
NOT READY
Transport is performing a REWIND
or LOAD operation.
01, Transport is on-line but not ready.
02, Fatal error has been detected. Op-

eration cannot be executed until
TM CLEAR <14> in the hardware
control register is set.

03, Transport performing a REWIND
operation, executing a DATA SE-
CURITY ERASE command from
another MASSBUS, or executing a
KEYPAD command.

NOT AVAILABLE
Transport is on-line but not en-
abled for this MASSBUS port.

OFF-LINE
Transport is off-line.

NON-EXISTENT TRANSPORT
Selected transport is non-existent
or is turned off.

NOT CAPABLE

The operation cannot be per-
formed. Reason for failure speci-
fied by the following codes:

01, No data found in 25 ft of tape.
02, ID burst is neither PE nor GCR.
03, GCR ARA ID burst not detected.
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RUPT
CODE

20,

214

22,

MAGNETIC TAPE REGISTERS

FAILURE DESCRIPTION
CODE
04, No gap detected after PE ID burst

or GCR ARA ID burst.

LONG RECORD
The last record read was longer
than the byte count.

00, EXTENDED SENSE data not up-
dated.

01, EXTENDED SENSE data updated.
SHORT RECORD

The last record read was shorter
than the byte count.

00, EXTENDED SENSE data not up-
dated.

01,4 EXTENDED SENSE data updated.
RETRY

Data error detected and the tape
postioned for retry. Operation
must be repeated.

01,4 CRC error, ACRC error, pointer
mismatch, incorrectable error, or
two-track error setin ECCSTA
register (WRITE GCR).

02, CRC error, ACRC error, or incor-
rectable error setin ECCSTA
register (READ GCR).

03, Incorrectable error setin ECCSTA
register (READ PE).
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CODE

23,

24,

MAGNETIC TAPE REGISTERS

FAILURE DESCRIPTION
CODE
04, AMTIE, pointer mismatch, incor-

rectable error, two-track error, or
single-track error setin ECCSTA
register (WRITE PE).

05,4 At least one bit setin ECCSTA
register. )

06, At least one write fail bit setin
RPFAIL and RPATH registers
(WRITE PE).

07, More than one write fail bit setin
RPFAIL and RPATH registers
(WRITE GCR).

10,4 RSTAT register contains bad code.

11, CRC characters from WMC and
RMC do not match (WRITE PE).

124 MASSBUS data bus parity error.

13, Record length incorrect during re-
try opposite attempt. Invalid data
transferred.

READ OPPOSITE

Read error detected and the tape
positioned for retry. The READ op-
eration must be performed in the
opposite direction.

Same as code 22;.
UNREADABLE
READ operation retries have failed

to read the record.

Same as code 22,.
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INTER- FAILURE
RUPT CODE
CODE
25,
26,
27,
30,
j 01,
|
| 02,

DESCRIPTION

ERROR

An error has been detected which
requires a retry. SUPPRESS ER-
ROR REPOSITIONING <15> in the
tape control register is set. The
tape is positioned at the beginning
of the record.

Same as code 22;.

EOT ERROR

An error has occurred during a
WRITE operation past the EOT
marker. SUPPRESS ERROR RE-
POSITIONING <15> in the tape
control register is set. The tape is
positioned at the beginning of the
record.

Same as code 22.

BAD TAPE

Tape position has been lost or
write retries have failed to write the
record.

Same as code 22;.

TMFAULTA
Hardware has failed or software
bug has been detected.

Invalid command code.

Data transfer command issued
while a non-data transfer operation
was in progress on the same trans-
port.
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RUPT
CODE

MAGNETIC TAPE REGISTERS

FAILURE
CODE

03,

04,

05,

06,
07,

10,

11,4

124

134

DESCRIPTION

WMC error detected. Specified in
encode register. Error may be
caused by INVALID FORMAT <14-
12> or SKIP COUNT <11-8>
codes in the tape control register.

Run signal not received from MBA.

Command read from RMC register.
RCMLP did not match command
loaded into RCMD register (select-
ed function routine).

ECC ROM parity error.
XMC ROM parity error.

Command read from RMC regis-
ter. RCMLP did not match com-
mand loaded into RCMD register
(Verify ID burst during WRITE op-
eration from BOT).

Command read from RMC
register. RCMLP did not match
command loaded into RCMD
register (Verify ARA burst during
WRITE operation from BOT).

Command read from RMC regis-
ter. RCMLP did not match com-
mand loaded into RCMD register
(Verify ARA ID burst during WRITE
operation from BOT).

Command read from RMC regis-
ter. RCMLP did not match com-
mand loaded into RCMD register
(Verify Gap during WRITE
operation from BOT).
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FAILURE DESCRIPTION
CODE
14, Command read from RMC regis-

ter. RCMLP did not match com-

mand loaded into RCMD register

(Read ID burst during READ oper-
ationfrom BOT).

15 Command read from RMC regis-
ter. RCMLP did not match
command loaded into RCMD
register (Verify ARA ID burst dur-
ing READ operation from BOT).

164 Command read from RMC regis-
ter. RCMLP did not match com-
mand loaded into RCMD register
(Verify Gap during READ operation
from BOT).

17, Command read from RMC regis-
ter. RCMLP did not match
command loaded into RCMD
register (Find Gap during ERASE

GAP operation).
20, WMC LEFT failed to set during EX-
TENDED SENSE operation.
21,4 XL PE setin INTSTA register.
22, XMC DONE did not set.
23, WMC ROM PE or RD PE setin
WMCERR register.
TUFAULTA
Transport has failed.
01g TU Status parity error.
02, TU Command parity error.
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FAILURE DESCRIPTION
CODE
03, Transport went off-line during

REWIND operation.

04, Transport became ready during
DATA SECURITY ERASE opera-
tion.

05, TU CMD status changed during
DATA SECURITY ERASE opera-
tion.

06, Transport velocity never came up
to speed.

07, Transport velocity changed after it
was up to speed and a WRITE op-
eration started.

10, TU CMD did not load correctly to
start tape motion in the selected
function routine.

11, TU CMD did not load correctly to
set drive density.

12, TU CMD did not load correctly to
start tape motion to write BOT ID
burst.

134 TU CMD did not load correctly to

backup tape to BOT after failing to
write BOT ID burst.

14, Failed to write density ID burst cor-
rectly.

154 Failed to write ARA burst correctly.

164 Failed to write ARA ID burst cor-
rectly.
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INTER- FAILURE
RUPT CODE

CODE

17,

21,

22,

23,

24,

25,

26,

27,

30,

31,

32,

33,

|

DESCRIPTION

ARA error bit setin MTA status B
register.

Gap after correct ID burst not de-
tected during a WRITE operation.

TU CMD did not load correctly to
start tape motion to read ID burst.

Time-out looking for BOT after de-
tecting ARA ID burst.

Failed to write tape mark correctly.

Tape never came up to speed
while trying to reposition for retry
of WRITE TAPE MARK.

TU CMD did not load correctly to
start tape motion in Erase Gap rou-
tine.

Gap in Erase Gap routine not de-
tected.

Gap after a WRITE operation not
detected.

Read path terminated before entire
record was written.

Gap after a WRITE operation not
detected and read path terminated
early.

TU CMD did not load correctly to
backup for retry of WRITE TAPE
MARK.
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INTER- FAILURE
RUPT CODE
CODE

34,

35,

36,

37,

40,4

41,

42,

434

DESCRIPTION

Transport velocity changed after it
was up to speed while trying to re-
position for retry of WRITE TAPE 1
MARK.

TU CMD did not load correctly to
backup to retry reading BOT ID
burst.

Time-out looking for BOT after fail-
ing to write BOT ID burst.

Transport velocity changed while
writing PE gap before starting to
write record.

TU CMD did not load correctly to
set PE tape density at start of write
BOT ID burst.

TU CMD did not load correctly to
set GCR tape density after writing
Density ID burst.

TU CMD did not load correctly to
set PE tape density at start of
READ operation from BOT.

TU CMD did not load correctly to
set GCR tape density after reading
a GCR Density ID burst.

TAPE CONTROL REGISTER BYTE OFFSET=8

15 4 12 n

07 02 01 co
T T

REP

TRANSPORT
SELECT

T T T
RECORD COUNT

SUP T T T T
LERR | FORMAT SELECT SKIP COUNT
L s L

_J

READ/WRITE
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Bit Name

15 SUPPRESS ERROR REPOSITIONING

When set, prevents the TU78 from backing the tape up to the begin-
ning of the record when it detects a data error.

14-12 FORMAT SELECT

These bits specify the method by which 8-bit bytes will be packed into
or unpacked from 16-bit words during DATA TRANSFER operations.
Code 000, selects Normal mode and code 001, selects Reversed mode.

11-08 SKIP COUNT

During a READ operation, these bits specify the number of bytes to be
loaded with zeros before the first byte of data is read from the tape.

07-02 RECORD COUNT

These bits specify the number of records to be read into or written
from the tape.

01-00 TRANSPORT SELECT

These bits specify the address of the transport that is to perform the
DATA TRANSFER operation.

REGISTER 3 BYTE OFFSET=C

15 14 13 08 07 00

T T T T

IPRINT ‘FLAGST ' ERRIOR MESS‘AGE N\IJMBER ' ‘DIAGNOSTIC TEST NUM‘BER
[N - " : - )
WRITE ONLY
This register is used for diagnostic testing.
ATTENTION SUMMARY REGISTER BYTE OFFSET=10
15 . . . . . ; . 08 07 . § . . . 00
r NOT USED ATTENTION  BITS
. - A -

READ ONLY
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Bit Name
15-08 NOT USED
07-00 ATTENTION BITS

On VAX systems that mix tape transports and disk drives on the same
MBA, these bits correspond to ATTENTION <15> in the status regis-
ters for disk drives 7-0 or the tape formatter.

Individual bits are cleared by loading them with a 1 or by clearing
ATTENTION <15> in the status register of the corresponding drive or
formatter.

BYTE COUNT REGISTER BYTE OFFSET=14

BYTE COUNT

READ/WRITE

This register specifies the number of bytes to be written in each record
or the number of bytes to be read. Even if the record read is longer
than the byte count, all of the data bytes are sent to the MBA. After the
operation the byte count register will contain the actual number of
bytes in the record.

DRIVE TYPE REGISTER BYTE OFFSET=18

15 14 13 12 n 10 09 08

NOT

TAPE |MOWVI 7
!f{%'é’,{‘ ‘ DRIVE T HEA'SGI TRACK
N

T
NOT USED [
N

DUAL-
ACCESS

T T T
TRANSPORT TYPE
L L

4P

READ ONLY

Bit Name

15 NOT SECTOR ADDRESSED

This bit is always 0.
14 TAPE DRIVE

This bit is always 1.
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13 MOVING HEAD

This bit is always 0.
12 7 TRACK

This bit is always 0.
11 DUAL-ACCESS

When set, indicates that the dual MASSBUS port option has been
installed.
10-09 NOT USED

08-00 TRANSPORT TYPE

These bits are equal to 101,.

STATUS REGISTER BYTE OFFSET=1C

15 1 13 12 n 10 09 08 07 06 05 04 03 00
T

DATA ! r
ReADY | TRANS o ingjRewin| PE | BoT | EoT |WRITE[AVAIL [SHARED| MAINT| SCRTY NOT USED
PRES Lock BRASE
C D
READ ONLY
Bit Name

When set, indicates that the selected transport is on-line and ready to
perform an operation.
14 TRANSPORT PRESENT

When set, indicates that the selected transport is turned on.
13 ON-LINE

When set, indicates that the selected transport is on-line.
12 REWIND

When set, indicates that the selected transport is rewinding.
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i1 PE

When set, indicates that the selected transport is set to operate in PE
mode.

When clear, indicates that the selected transport is set to operate in
GCR mode.

10 BOT

When set, indicates that the selected transport is at BOT.
09 EOT

When set, indicates that the selected transport has passed the EOT
marker.

08 WRITE LOCKED

When set, indicates that the tape reel on the selected transport does
not have a file-protect ring, i.e. the transport is write-protected.

07 AVAILABLE

When set, indicates that the selected transport is available to this
MASSBUS port.

06 SHARED

When set, indicates that the selected transport is available to both
MASSBUS ports.

05 MAINTENANCE

When set, indicates that the selected transport is in Maintenance
mode and cannot be used.

04 DATA SECURITY ERASE

When set, indicates that the selected transport is performing a DATA
SECURITY ERASE operation.

03-00 NOT USED

SERIAL NUMBER REGISTER BYTE OFFSET=20

15 . . 12 n_ . —08 07 : 04 03 . —00
MOST SIGNIFICANT SERIAL NUMBER SERIAL NUMBER LEAST SIGNIFICANT
N DIlGIT L DlGilf E‘GIT ) . DIGIT

— J
READ ONLY
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This register contains the four Least Significant Digits in binary coded
decimal (BCD) of the selected transport.

REGISTER 11 BYTE OFFSET=24

15 13 12 o8 07 06 0s 04 03 00
v T T T T T T T
AUXILIARY
[ PRINT NUMBER ’ DATA PATTERN NUMBER lt,oop | av I 0 |CcomP DIAGNOSTIC‘REQ
L L
)

AN

WRITE ONLY

This register is used for diagnostic testing.

REGISTER 12 BYTE OFFSET=28

00

1 . 08 07
T T T T T T T T T T T
EXPECTED DIAGNOSTIC DATA ACTUAL DIAGNOSTIC DATA
L L " n L s "

AN

WRITE ONLY

This register is used for diagnostic testing.

NON-DATA TRANSFER ERROR REGISTER BYTE OFFSET=2C

15 10 09 08 07 06 05 00
T T T

T T T T T

ATTENTION -

ADDRESS ‘ NOT USED NON lI)MA TRlANSFER INTERRUPT CODE J
_J

[ NON-DATA TRANSFER FAILURE CODE
\
u

READ ONLY

Bit Name

15-10 NON-DATA TRANSFER FAILURE CODE

These bits, in conjunction with the NON-DATA TRANSFER INTER-
RUPT CODE <05-00>, specify data transfer status at the end of an
operation.

09-08 ATTENTION ADDRESS

These bits specify the transport that generated the interrupt.
07-06 NOT USED

05-00 NON-DATA TRANSFER INTERRUPT CODE

These bits, in conjunction with the NON-DATA TRANSFER FAILURE
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CODE <15-10>, specify non-data transfer status at the end of an
operation. NON-DATA TRANSFER FAILURE and INTERRUPT CODES
are as follows:

INTER- FAILURE DESCRIPTION

RUPT CODE
CODE

01,4 DONE
Operation completed successfully.

004 EXTENDED SENSE data not up-
dated.

01, EXTENDED SENSE data updated.

02, TAPE MARK
Tape mark detected.

03, BOT
BOT detected during a backward
operation.

01, Command issued when tape at
BOT.

02, BOT detected after tape motion
started.

03,4 GCR automatic read amplification
(ARA) ID burst detected.

04, EOT
Tape has been moved past the
EOT marker.

00, EXTENDED SENSE data not up-
dated.

01, EXTENDED SENSE data updated.

054 LOGICAL END OF TAPE
Two tape marks in arow have been
detected.

-426-




MAGNETIC TAPE REGISTERS

INTER- FAILURE

RUPT CODE

CODE

06,

07,

10,

11,
01,
02,
03,

12,

13,

DESCRIPTION

NO OP
A NO OPERATION command has
been executed.

REWIND
The transport has started a
REWIND operation.

WRITE LOCK ERROR

A WRITE TAPE MARK, ERASE
GAP, or DATA SECURITY ERASE
operation has been attempted ona
file-protected tape.

NOT READY

Transport is performing a REWIND
or LOAD operation or a DATA SE-
CURITY ERASE operation from the
other MASSBUS port.

Transportis on-line but not ready.

Fatal error has been detected. Op-
eration cannot be executed until
TM CLEAR <14> in the hardware
control register is set.

Transport performing a REWIND
operation, executing a DATA SE-
CURITY ERASE command from
another MASSBUS, or executing a
KEYPAD command.

NOT AVAILABLE
Transport is on-line but not en-
abled for this MASSBUS port.

OFF-LINE
Transport is off-line.
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14,

15,

27,

MAGNETIC TAPE REGISTERS

FAILURE
CODE

01,
02,
03,

04,

01,

02,

03,

04,

05,

DESCRIPTION

NON-EXISTENT TRANSPORT
Transport is non-existent or turned
off.

NOT CAPABLE

The operation cannot be per-
formed. Reason for failure speci-
fied by the following codes:

No data found in 25 ft of tape.
ID burst is neither PE nor GCR.
GCR ARA ID burst not detected.

No gap detected after PE ID burst
or GCR ARA ID burst.

BAD TAPE
Tape position has been lost.

CRC error, ACRC error, pointer
mismatch, incorrectable error, or
two-track error set in ECCSTA
register (WRITE GCR).

CRC error, ACRC error, or incor-
rectable error setin ECCSTA
register (READ GCR).

Incorrectable error setin ECCSTA
register (READ PE).

AMTIE, pointer mismatch, incor-
rectable error, two-trdck error, or
single-track error setin ECCSTA
register (WRITE PE).

At least one bit setin ECCSTA
register.
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FAILURE DESCRIPTION

CODE

06, At least one write fail bit setin
RPFAIL and RPATH registers
(WRITE PE).

07, More thap one write fail bit set in
RPFAIL and RPATH registers
(WRITE GCR).

10, RSTAT register contains bad code.

11,4 CRC characters from WMC and
RMC do not match (WRITE PE).

124 MASSBUS data bus parity error.

13, Record length incorrect during re-
try opposite attempt. Invalid data
transferred.
TM FAULT A

Hardware has failed or software
bug has been detected.

01, Invalid command code.

02, Data transfer command issued
while a non-data transfer operation
was in progress on the same trans-
port.

03, WMC error detected. Specified in
encode register. Error may be
caused by INVALID FORMAT <14-
12> or SKIP COUNT <11-8>
codes in the tape control register.

04, Run signal not received from MBA.

05, Command read from RMC register.
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FAILURE DESCRIPTION
CODE

RCMLP did not match command
loaded into RCMD register (select-
ed function routine).

06, ECC ROM parity error.
07, XMC ROM parity error.
104 Command read from RMC regis-

ter. RCMLP did not match com-
mand loaded into RCMD register
(Verify ID burst during WRITE op-
eration from BOT).

11, Command read from RMC
register. RCMLP did not match
command loaded into RCMD
register (Verify ARA burst during
WRITE operation from BOT).

12, Command read from RMC regis-
ter. RCMLP did not match com-
mand loaded into RCMD register
(Verify ARA ID burst during WRITE
operation from BOT).

134 Command read from RMC regis-
ter. RCMLP did not match com-
mand loaded into RCMD register
(Verify Gap during WRITE
operation from BOT).

14, Command read from RMC regis-
ter. RCMLP did not match com-
mand loaded into RCMD register
(Read ID burst during READ com
ation from BOT).

154 Command read from RMC regis-
ter. RCMLP did not match
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INTER- FAILURE DESCRIPTION
RUPT CODE
CODE

command loaded into RCMD
register (Verify ARA ID burst dur-
ing READ operation from BOT).

164 Command read from RMC regis-
ter. RCMLP did not match com-
mand loaded into RCMD register
(Verify Gap during READ operation
from BOT).

174 Command read from RMC regis-
ter. RCMLP did not match
command loaded into RCMD
register (Find Gap during ERASE

GAP operation).
20, WMC LEFT failed to set during EX-
TENDED SENSE operation.
21, XL PE setin INTSTA register.
22, XMC DONE did not set.
23, WMC ROM PE or RD PE set in
WMCERR register.
31, TUFAULTA
Transport has failed.
01, TU Status parity error.
02, TU Command parity error.
03, Transport went off-line during

REWIND operation.

04, Transport became ready during
DATA SECURITY ERASE opera-
tion.

-431-



INTER-
RUPT
CODE

MAGNETIC TAPE REGISTERS

FAILURE DESCRIPTION

CODE

05, TU CMD status changed during
DATA SECURITY ERASE opera-
tion.

06, Transport velocity never came up
to speed.

07, Transport velocity changed after it

was up to speed and a WRITE op-
eration started.

10, TU CMD did not load correctly to
start tape motion in the selected
function routine.

11, TU CMD did not load correctly to
set drive density.

124 TU CMD did not load correctly to
start tape motion to write BOT ID
burst.

134 TU CMD did not load correctly to

backup tape to BOT after failing to
write BOT ID burst.

14, Failed to write density ID burst cor-
rectly.

154 Failed to write ARA burst correctly.

16,4 Failed to write ARA ID burst cor-
rectly.

17, ARA error bit setin MTA status B
register.

21, Gap after correct ID burst not de-

tected during a WRITE operation.
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INTER- FAILURE
RUPT CODE

CODE

22,

23,

24,

25,

264

27,

30,

31,

32,

33,

34,

35,

DESCRIPTION

TU CMD did not load correctly to
start tape motion to read ID burst.

Time-out looking for BOT after de-
tecting ARA ID burst.

Failed to write tape mark correctly.

Tape never came up to speed
while trying to reposition for retry
of WRITE TAPE MARK.

TU CMD did not load correctly to
start tape motion in Erase Gap rou-
tine.

Gap in Erase Gap routine not de-
tected.

Gap after a WRITE operation not
detected. .

Read path terminated before entire
record was written.

Gap after a WRITE operation not
detected and read path terminated
early.

TU CMD did not load correctly to
backup for retry of WRITE TAPE
MARK.

Transport velocity changed after it
was up to speed while trying to re-
position for retry of WRITE TAPE
MARK.

TU CMD did not load correctly to
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INTER- FAILURE DESCRIPTION
RUPT CODE
CODE

backup to retry reading BOT ID
burst.

364 Time-out looking for BOT after fail-
ing to write BOT ID burst.

37, Transport velocity changed while
writing PE gap before starting to
write record.

40, TU CMD did not load correctly to
set PE tape density at start of write
BOT ID burst.

41, TU CMD did not load correctly to

set GCR tape density after writing
Density ID burst.

42, TU CMD did not load correctly to
set PE tape density at start of
READ operation from BOT.

43, TU CMD did not load correctly to

— set GCR tape density after reading
a GCR Density ID burst.

NON-DATA TRANSFER CONTROL REGISTER BYTE OFFSET=30

15 08 07 06 05 ol 00

COIMMANII) COUN; ) | NOT .USED NON-D‘ATA TRAINSFER FLIJNCTION' CODE GOJ
Bit Name
15-08 COMMAND COUNT

These bits specify the number of times the operation corresponding to
the code loaded into NON-DATA TRANSFER FUNCTION CODE
<05-01> is to be performed on transport 0.
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07-06 NOT USED
05-01 NON-DATA TRANSFER FUNCTION CODE

Loading these bits with one of the function codes listed below causes
the formatter to perform the corresponding operation on transport 0.

07, REWIND
Causes'the tape transport to rewind to BOT.

05, UNLOAD
Causes the tape transport to rewind to BOT
and unload the tape.

154 WRITE TAPE MARK PE
Writes a tape mark.
Sets PE mode if tape is at BOT.

174 WRITE TAPE MARK GCR
Writes a tape mark.
Sets GCR mode if tape is at BOT.

41, CLOSE FILE PE
Writes two tape marks and then backs up one
tape mark. ‘
Sets PE mode if tape is at BOT.

43, CLOSE FILE GCR
Writes two tape marks and then backs up one
tape mark.
Sets GCR mode if tape is at BOT.

35, ERASE GAP PE
Erases 3.2 in of tape.
Sets PE mode if tape is at BOT.

37, ERASE GAP GCR
Erases 3.2 in of tape.
Sets GCR mode if tape is at BOT.

21, SPACE BLOCKS FORWARD
Spaces forward the specified number of
blocks.
Tape marks are ignored.
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23,

25,

47,

27,

454

31,

33,

13,

11,

03,
00

MAGNETIC TAPE REGISTERS

SPACE BLOCKS BACKWARD

Spaces backward the specified number of
blocks.

Tape marks are ignored.

SPACE FILES FORWARD
Spaces forward the specified number of files.

SPACE FILES FORWARD/STOP IF LOGICAL
EOT

Spaces forward the specified number of files
but stops if two tape marks in a row are detect-
ed.

SPACE FILES BACKWARD
Spaces backward the specified number of
files.

SPACE TO LOGICAL EOT

Spaces forward until two tape marks in arow
are detected and then backs up one tape
mark.

SPACE FORWARD EITHER
Spaces forward the specified number of
blocks and counts tape marks as blocks.

SPACE BACKWARD EITHER
Spaces backward the specified number of
blocks and counts tape marks as blocks.

DATA SECURITY ERASE
Erases the remainder of the tape to 10 ft past
the EOT marker and then rewinds the tape.

SENSE
Causes the formatter to update the status in-
formation in the registers.

NO OPERATION

GO

This bit resets at the end of each operation specified by FUNCTION
CODE <«05-01>.
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NON-DATA TRANSFER CONTROL REGISTER BYTE OFFSET=34

15 08 07 06 05 o1 00

T T T T T T T T T T T T
COMMAND COUNT | NOT USED NON-DATA TRANSFER FUNCTION CODEJ GOJ
— I L " ' L

Bit Name

15-08 COMMAND COUNT

These bits specify the number of times the operation corresponding to
the code loaded into NON-DATA TRANSFER FUNCTION CODE
<05-01> is to be performed on transport 1.

07-06 NOT USED

05-01 NON-DATA TRANSFER FUNCTION CODE

Loading these bits with one of the function codes listed under the Non-
Data Transfer Control Register for transport 0 causes the forrnatter to
perform the corresponding operation on transport 1.

00 GO

This bit resets at the end of each operation specified by FUNCTION
CODE <05-01> .

NON-DATA TRANSFER CONTROL REGISTER BYTE OFFSET=38

15 08 07 06 05 ol 00
T T T T T T

[ I I C(;MMANI‘D COUN; I NOT IUSED JNON'DATA TRANSFER FUNCTION CODEl GL‘
Bit Name
15-08 COMMAND COUNT

These bits specify the number of times the operation corresponding to
the code loaded into NON-DATA TRANSFER FUNCTION CODE
<05-01>is to be performed on transport 2.

07-06 NOT USED
05-01 NON-DATA TRANSFER FUNCTION CODE

Loading these bits with one of the function codes listed under the Non-
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Data Transfer Control Register for transport 0 causes the formatter to
perform the corresponding operation on transport 2.

00 GO
This bit resets at the end of each operation specified by FUNCTION
CODE <05-01> -

NON-DATA TRANSFER CONTROL REGISTER BYTE OFFSET=3C

15 08 07 06 0S5 ol 00
T T T T

-

COMMAND COUNT ’ NOT USED INON-DATA TRANSFER FUNCTION CODE GO
Bit Name
15-08 COMMAND COUNT

These bits specify the number of times the operation corresponding to
the code loaded into NON-DATA TRANSFER FUNCTION CODE
<05-01> is to be performed on transport 3.

07-06 NOT USED
05-01 NON-DATA TRANSFER FUNCTION CODE

Loading these bits with one of the function codes listed under the Non-
Data Transfer Control Register for transport O causes the formatter to
perform the corresponding operation on transport 3.

00 GO

This bit resets at the end of each operation specified by FUNCTION
CODE <05-01> .

HARDWARE CONTROL REGISTER 0 BYTE OFFSET=40

15 00
T T T T T T T T T T T

T T T T
l INTERNAL ADDRESS
L

s L L
\ J
READ/WRITE

This register is used for diagnostic testing.

HARDWARE CONTROL REGISTER 1 BYTE OFFSET=44

15 14 3 12 1] 10 09 08 07 00

. : . . . v :
M IR l cPE [Pi"n HLDA LHOLD] INTERNAL DATA
A . A

™ MC

READY |CLEAR | PE

[N J
READ/WRITE

This register is used for diagnostic testing.
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LINEPRINTER REGISTERS
LXY11/LXY21 SERIES REGISTERS

The LXY11/LXY21 printer/plotter systems described in Chapter 4 use
the same controller. Following are the register drawings and bit defi-
nitions of the controller’s two registers: the Control and Status Regis-
ter and the Data Buffer Register.

CONTROL AND STATUS REGISTER (LXCS) 777514

15 " 08 07 06 05 00
T T

INTER
[ENABLE

T T T T T
NOT USED |READV NOT USED
L s X

C J\ J
READ ONLY READ)WRITE

Bit Name

15 ERROR

Set whenever an error condition exists in the printer/plotter. Error
conditions are power off, printer/plotter off-line, no paper, torn paper,
or form thickness adjustment lever left up.

Generates an interrupt if INTERRUPT ENABLE <06> is also set.
Cleared by correcting the error condition.

14-08 NOT USED
07 READY

Set when the printer/plotter is ready for the next character to be load-
ed into the data buffer register.
Generates an interrupt if INTERRUPT ENABLE <06> is also set.

06 INTERRUPT ENABLE

When set allows an interrupt to occur when either the ERROR
<15> or READY <07> bitis also set.

Cleared by loading with a 0.

Also cleared by INIT.

05-00 NOT USED
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DATA BUFFER REGISTER (LXDB) 777516

15 08 07 . 06 00
T T T T T T T T T T T

L ' NOT l;SED PI I DATA
N - : . J
WRITE ONLY
Bit Name
15-08 NOT USED
07 PAPER INSTRUCTION (Pi)

Used to advance the paper up to 15 lines when data bit <04> is also
set. Data bits <03-00> contain the number of lines to be advanced.
NOTE: When the PLXY-11 plot software is used with some operating
systems the Pl is disabled by installing jumper W5 on the controller
logic board “A’.

06-00 DATA

7-bit ASCIl character buffer. Characters are transferred to the li-
neprinter by loading this buffer.

LP11 SERIES REGISTERS

The LP11 lineprinter systems described in Chapter 4 use the same
controller. Following are the register drawings and bit definitions of the
controller’s two registers: the Control and Status Register and the Data
Buffer Register.

CONTROL AND STATUS REGISTER (LPCS) 777514

15 u 08 07 06 05 00

E —
INTER

ENABLJ ) ) NOT USED J
- A J
READ ONLY READ/WRITE

READY

T T T
ERROR [ NOT USED
L
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Bit Name

15 ERROR

Set when an error condition exists in the lineprinter. Error conditions
are power off, no paper, torn paper, lineprinter drum gate or band
gate open, over-temperature alarm, or lineprinter off-line.

Generates an interrupt if INTERRUPT ENABLE <06> is also set.
Cleared by correcting the error condition.

14-08 NOT USED
07 READY

Set when the lineprinter is ready for the next character to be loaded
into the data buffer register.
Generates an interrupt if INTERRUPT ENABLE <06> is also set.

06 INTERRUPT ENABLE

When set allows an interrupt to occur when either the ERROR
<15> or READY <07> bit is also set.

Cleared by loading with a 0.

Also cleared by INIT.

05-00 NOT USED

DATA BUFFER REGISTER (LPDB) 777516

15 07 06 00
T T T T T T T T

T T T T
DATA J

WRITE ONLY

T T
NOT USED
A

15-07 NOT USED
06-00 DATA

7-bit ASCII character buffer. Characters are transferred to the
lineprinter by loading this buffer.
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CARD READER REGISTERS
CR11 & CME11/CMS11 SERIES REGISTERS

The CR11 and CMS11/CME11 card reader systems described in
Chapter 5 use the same controller. Following are the register drawings
and bit definitions of the controller’s four registers: the Status Regis-
ter, the two Data Buffer Registers, and the Maintenance Register.

STATUS REGISTER (CRS) 777160

00

15 14 13 12 1 10
TRANS
2 INTER

ERROR | CARD [HOPPER [MOTION[TIMING
DONE [CHECK [CHECK |ERROR [ON-UINE ENABLE|
AN AN J

READ ONLY ' READ/WRITE

CcoL

BUSY READY

READY

l EJECT | READ I

T T
NOT USED
. L

Bit Name

15 ERROR

Set by card reader going off-line (READY <08>) or set by TIMING
ERROR <11>.

Generates an interrupt if the INTERRUPT ENABLE <06> bit is also
set.

When set, ignores READ commands.

Cleared by loading status register bits <00-06> when the error has
been corrected.

Also cleared by INIT.

14 CARD DONE

When set, indicates that the card reader has finished reading a card
and is ready to accept another READ <00> command.

Clears READ <00> bit.

Generates an interrupt if the INTERRUPT ENABLE <06> bit is also
set.

Cleared by loading status register bits <00-06>.

Also cleared by INIT.

13 "HOPPER CHECK

When set, indicates that either the input hopper is empty or that the
output stacker is full.
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Causes the card reader to go off-line and sets the READER READY
STATUS <08> bit.
Cleared by correcting the error condition.

12 MOTION CHECK

When set, indicates either of the following error conditions: the card
reader feed mechanism failed to feed a card into the reader station
when requested (PICK CHECK) or a card was not delivered to the
output stacker indicating a card jam (STACK CHECK).

Causes the card reader to go off-line and sets the READER READY
STATUS <08> bit.

Cleared by correcting the error condition.

11 TIMING ERROR

When set, indicates that a new card column of data has been loaded
into the data buffer register before a previously loaded column was
read by the program and sets the ERROR <15> bit.

Cleared by loading status register bits <00-06>.

Also cleared by INIT.

10 READER TRANSITION TO ON-LINE

When set, this bit indicates that the card reader has gone on-line and
now is'under program control.

Generates an interrupt if the INTERRUPT ENABLE <06> bit is also
set.

Cleared by loading status register bits <00-06>.

Also cleared by INIT.

09 BUSY

When set, indicates that a card is in the process of being read.
Cleared when card has been read (CARD DONE <14>).

08 READER READY STATUS

When set, this bit indicates that the card reader is off-line and sets the
ERROR <15> bit.

Set by HOPPER CHECK <13> or MOTION CHECK <12>.

Cleared by operator intervention.

When clear, indicates the card reader is on-line and ready to accepta
READ command.

07 COLUMN READY

When set, indicates that one column of data has been loaded into the
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data buffer register and is ready for transfer to the UNIBUS.

Cleared by reading either of the controller data buffer registers (CRB1
or CRB2).

Also cleared by INIT.

06 INTERRUPT ENABLE

When set, allows an interrupt to occur if one of the following bits is also
set: CARD DONE <14>, READER TRANSITION TO ON-LINE <10>,
COLUMN READY <07>, or ERROR <15>.

Cleared by loading with a 0.

Also cleared by INIT.

05-02 NOT USED
01 EJECT

When set, causes the remaining columns of a card to be skipped by
inhibiting COLUMN READY <07>, although data transfers from the
card reader to the data buffer registers still take place.

TIMING ERROR <11> can occur if the data that was in the data buffer
register when the EJECT bit was setis notread. .

When set and followed by a READ command, causes an entire card to
be skipped.

Cleared by INIT.

00 READ

When set, this bit causes the card reader feed mechanism to feed a
card into the read station.

Cleared by CARD DONE <14>.

Also cleared by INIT.

DATA BUFFER REGISTER (CRB1) 777162

15 . . 12 n 10 09 08 07 06 05 04 03 02 01 00

ROW | ROW ROW | ROW | ROW | ROW | ROW | ROW ROW | ROW | ROW | ROW
\rd n 10 1 2 3 4 5 & 7 8 9 .

\ J
READ ONLY

NOT USED

Bit Name

15-12 NOT USED
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11-00 DATA

These bits contain a 12-bit data character read directly from rows 1-12
of the card column.

DATA BUFFER REGISTER (CRB2) 777164

15 . . . . . . 08 07 06 0s 04 03 02 . . 00
[ NOT USED I R(‘szJ R?;NJ ROW RC;W R(:W ] OCR%S?_(;DE
READ ONLY g
Bit Name
15-08 NOT USED
07-03 DATA

Data read directly from rows 8-12 of card column.
02-00 3-BIT OCTAL CODE

Encoded 3-bit octal representation of rows 1-7.

MAINTENANCE REGISTER (CRM) 777166

15 14 13 12 11 10 09 08 07 06 0s 04 03 02 01 00

[MOT I ROW ROW ROW | ROW ROW | ROW ROW ROW ROW ROW | ROW ROW
l"““"’ READY Imowg 2 n 10 [ 1 I 2 I 3 4 5 I ) ’ 7 I 8 9
[ o
WRITE ONLY

BUSY

NOTE: This register is used to perform diagnostics on the card reader
controller. The card reader need not be connected to the controller.

Bit Name

15 MAINTENANCE

When set, enables the functions of bits <14-12> and the transfer of
diagnostic data from bits <11-00> to data buffer register, CRB1.
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14 BUSY

When set and the MAINTENANCE < 15> bit is also set, sets the BUSY
<09> bitin the controller status register.

13 READY

When set and the MAINTENANCE < 15> bit is also set, sets the READ-
ER READY STATUS <08> bit in the controller status register.

12 MOTION/HOPPER

When set and the MAINTENANCE <15> bit is also set, sets the HOP-
PER CHECK <13> bit and the MOTION CHECK <12> bit in the con-
troller status register.

11-00 DIAGNOSTIC DATA

When the MAINTENANCE <15> bit is set, bits <00-11> are loaded
into the data buffer register, CRB1.

SENSOR I/O DEVICE REGISTERS

AA11-K REGISTERS

The AA11-K digital-to-analog converter described in Chapter 6 has
five registers: the Display Status Register and four Data Buffer Regis-
ters. Following are the register drawings and bit definitions of the
AA11-Kregisters. ’

The AA11-K has a floating address which allows the use of more than
one AA11-K on a system and avoids address conflicts with other op-
tions.

DISPLAY STATUS REGISTER (DSR) 770416

15 13 12 n 10 09 07 06 0S 04 03 02 (1]
WRITE BIT INTER EXT FAST
NOT USED ERASEJ THRU SYOREl 9 kNUSED READY ENABLE JUNUSED DELAY MODE IINTEN INTEN
— -
N —— —
T READ/WRITE READ READ/ READ/WRITE WRITE
gn‘LvE WR ONLY  WRITE ONLY
Bit Name
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12 ERASE

When set, this bit sets the erase line to the oscilloscope causing it to
erase the screen.

11 WRITE THRU

When set, this bit sets the write thru line to the oscilloscope inhibiting
dot or intensified point positions from being stored on the screen even
though the user is doing a STORE operation.

10 STORE

When set, this bit sets the store line to the oscilloscope causing it to
store all subsequent dot postions until cleared. It also increases the
INTENSIFY pulse width from 2 us to 6 us.

09 BIT9

When set, this bit sets the bit 9 line in the 1/0 connector.
08 NOT USED

07 READY

Set after the INTENSIFY pulse is sent to the oscilloscope or when the
oscilloscope sets the erase return line indicating that an erase opera-
tion is complete.

When set, indicates that the oscilloscope is ready for new data to be
loaded into the data buffer registers and sets the ready line to the
oscilloscope unless EXTERNAL DELAY <04> is also set.

Generates an interrupt if INTERRUPT ENABLE <06> is also set.

06 INTERRUPT ENABLE

When set, generates an interrupt if READY <07> is also set.
05 NOT USED

04 EXTERNAL DELAY

When this bit is equal to 1, all internal timing stops and the READY
signal at the 1/0 connector goes low. When the external device (oscil-
loscope or X/Y recorder) returns a DELAY RET signal, an INTENSIFY
pulse will be generated and READY <07> will be set.
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03-02 MODE

Loading these bits selects the mode-in which the AA11-K will generate
the INTENSIFY pulse.
00, The INTENSIFY pulse is sent to the oscilloscope when INTENSIFY
<00> is set.
01, X MODE The INTENSIFY pulse is generated by loading Data Buffer
Register, Channel 0 (X-DACO0).
10, Y MODE The INTENSIFY pulse is generated by loading Data Buffer
Register, Channel 1 (Y-DAC1).
11, XY MODE The INTENSIFY pulse is generated by loading either
Data Buffer Register, Channel 0 (X-DACO) or Data-
Buffer Register,Channel 1 (Y-DAC1).

01 FAST INTENSIFY

When set, changes the settling delay to 3 ps. When cleared, the
settling delay is returned to 20 us or 80 us (jumper-selectable).

00 INTENSIFY

When set, sends an INTENSIFY pulse to the oscilloscope on the inten-
sify line if MODE <03-02> is set to 00,.

DATA BUFFER REGISTER, CHANNEL 0 (X-DACGQ) 770420

15 . - . 12 1 . . . . . i, . . . . . 00
L NOT USED DATA l
Bit Name
15-12 NOT USED
11-00 DATA

12 bits of data to be converted to an analog voltage.

DATA BUFFER REGISTER, CHANNEL 1 (Y-DAC1) 770422

T T T T T T T T
NOT USED J DATA
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Bit Name
15-12 NOT USED
11-00 DATA

12 bits of data to be converted to an analog voltage.

DATA BUFFER REGISTER, CHANNEL 2 (DAC2) 770424

15 12 n

00

T T T T T T T T T
L NOT USED DATA
L s

Bit Name
15-12 NOT USED
11-00 DATA

12 bits of data to be converted to an analog voltage.

DATA BUFFER REGISTER, CHANNEL 3 (DAC3) 770426

15 12 1

NOT USED i DATA

00

Bit Name
15-12 NOT USED
11-00 DATA

12 bits of data to be converted to an analog voltage.

AD11-K REGISTERS

The AD11-K analog-to-digital converter described in Chapter 6 has
two registers: the Status Register and the Analog-to-Digital
(A/D)/Digital-to-Analog (DAC) Buffer Register. Following are the
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register drawings and bit definitions of the AD11-K registers.

The AD11-K has a floating address which allows the use of more than
one AD11-K on a system and avoids address conflicts with other op-
tions.

STATUS REGISTER 1704000

15 14 13 08 o7 06 0s 04 03 01 00

. . . . . ST Ex . .
NOT INTER E A/D

ERROR MULTIPLEXER CHANNEL SELECT DONE FLOW | START NOT USED

' USED ] ) ) | ENABLE]| ENABLE | ENABLE lSTARLI
“ I

READ/WRITE READ READ/WRITE
ONLY

Bit Name
15 ERROR

When set, indicates that a second A/D conversion has ended before
data from the previous A/D conversion has been read or that a second
A/D conversion has been initiated before the first conversion has been
completed.

14 NOT USED
13-08 MULTIPLEXER (MUX) CHANNEL SELECT

These bits define which A/D input channel is to be sampled.
07 DONE

When set, indicates the completion of an A/D conversion.

Generates an interrupt if INTERRUPT ENABLE <06> is set.

Cleared when the interrupt is serviced or when the buffer register is
read.

06 INTERRUPT ENABLE

When set, causes an interrupt if DONE <07> is also set.
05 OVERFLOW ENABLE

When set, overflow from a KW11-K realtime clock initiates A/D con-
version.

04 EXTERNAL START ENABLE
When set, external events initiate A/D conversion.
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03-01 NOT USED
00 A/D START

When set, initiates any A/D conversion.
Cleared at end of the conversion.

ANALOG-TO-DIGITAL (A/D) BUFFER REGISTER

15 12 n
T T

00
T

[ NOT :)SED I l l ' ' i (.‘d\TAl
[— * ]
READ ONLY
Bit Name
15-12 NOT USED
11-00 DATA

These bits contain the digital value of the analog signal after an A/D

conversion has been completed.

DIGITAL-TO-ANALOG (DAC) BUFFER REGISTER

00

T T T T T T T T T T
[ NOT USED l DATA
L . L 2 \ L L L L

WRITE ONLY

Note that 1 Least Significant Bit equals 19.4 mV.

Bit Name
15-08 NOT USED
07-00 DATA

These bits contain the digital value to be converted into an analog

signal.

DR11-C REGISTERS

The DR11-C general-purpose, digital interface described in Chapter 6
has three registers: the Control and Status register, the Output Buffer
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register, and the Input Buffer register. The DR11-C has a floating ad-
dress which allows the use of more than one DR11-C on a system and
avoids address conflicts with other options. Following are the standard
register addresses selected for the DR11-C and the applicable regis-
ter drawings and bit definitions:

CONTROL AND STATUS REGISTER (CSR) 767770

15 14 08 07 06 05 04 02 o1 00
T T T T

N N INTER | INTER T T
REQ NOT USED [ REQ ENABLE ENABLE NOT USED csr1 csnil
READ READ  READ/ READ/
ONLY ONLY  WRITE WRITE
Bit Name
15 REQUEST B

This bit is under control of the user’s device and may be used to
initiate an interrupt sequence or to generate a flag that may be tested
by the program.

When used as an interrupt request, this bit is set by the external device
and generates an interrupt provided that INTERRUPT ENABLE B
<05> is also set.

When used as a flag, this bit can be read by the program to monitor
external device status.

When the maintenance cable is used, the state of this bit is dependent
on the state of CSR1 <01>. This permits checking the interface oper-
ation by loading a 0 or 1into CSR1 and then verifying that REQUEST B
is the same value.

Cleared by INIT.

14-08 NOT USED
07 REQUEST A

This bit is under control of the user’s device and may be used to
initiate an interrupt sequence or to generate a flag that may be tested
by the program.

When used as an interrupt request, this bit is set by the external device
and generates an interrupt provided that INTERRUPT ENBABLE A
<06> is also set.

When used as a flag, this bit can be read by the program to monitor
external device status.

When the maintenance cable is used, the state of this bit is dependent

-452-



SENSOR I/0 DEVICE REGISTERS

on the state ¢f CSR0 <00>. This permits checking the interface oper-
ation by loading a 0 or 1 into CSR1 and then verifying that REQUEST B
is the same value.

Cleared by INIT.

06 INTERRUPT ENBABLE A

When set, generates an interrupt if REQUEST A <07> is also set.
Cleared by INIT.

05 INTERRUPT ENBABLE B

When set, generates an interrupt if REQUEST B <15> is also set.
Cleared by INIT.

04-02 NOT USED
01 CONTROL AND STATUS 1 (CSR1)

This bit may be loaded or read under program control from the
UNIBUS and used as a user-defined command to the external device.
It appears only on Connector No. 1.

When the maintenance cable is used, setting or clearing this bit
causes an identical state in REQUEST B <15>. This permits checking
the operation of REQUEST <15>, which cannot be loaded by the

program.
Cleared by INIT.
0 CONTROL AND STATUS 0 (CSR0)

This bit may be loaded or read under program control from the UNI-
BUS and used as a user-defined command to the external device. It
appears only on Connector No. 2.

When the maintenance cable is used, setting or clearing this bit
causes an identical state in REQUEST A <07>. This permits checking
the operation of REQUEST <07>, which cannot be loaded by the
program.

Cleared by INIT.

OUTPUT BUFFER REGISTER (OUTBUF) 767772

15 00
T T T T T T T

T \ T T ™ T T T
L DATA
L L

— * N J
READ/WRITE

This register is a 16-bit read/write register that may be read or loaded
from the UNIBUS under program control.
Cleared by INIT.
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INPUT BUFFER REGISTER (INBUF) 767774

00
T T T T T T T T
DATA
L N —

READ ONLY

T

This register is a 16-bit read-only register that receives data from the
user’s device to be transferred to the UNIBUS.

DR11-K REGISTERS

The DR11-K general-purpose, digital interface described in Chapter 6
has the following three registers: the Status register, the Input register,
and the Output register. The DR11-K has floating addresses to allow
the use of more than one DR11-K on a system and to avoid device
address conflicts with other options. Following are the standard regis-
ter addresses selected for the DR11-K and the applicable register
diagrams and bit definitions:

STATUS REGISTER 167770

15 4 13 12 08 07 06 05 _ 04 00
ouTPUT|[OUTPUT] SET T N T T \NpUT| INPUTT SET
INTER | INTER INTER | INTER
FLAG [ENABLE ouT N|°T USE"’ N FLAG |ENABLE| IN N NoT usen
—

READ/ WRITE READ/ WRITE

WRITE ONLY WRITE ONLY
Bit Name
15 OUTPUT FLAG

Set when an EXTERNAL DATA ACCEPTED signal has been received
by the DR11-K from an external device.
Cleared under program control.

14 OUTPUT INTERRUPT ENABLE
When set, generates an interrupt when an EXTERNAL DATA ACCEPT-

ED signal has been received by the DR11-K from an external device.
Cleared when the interrupt is accepted by the UNIBUS.

13 SET INTERRUPT OUT

This bit is used for maintenance only.

-454-



SENSOR I/0 DEVICE REGISTERS

When the DR11-K receives this bit, an output interrupt to the UNIBUS
is generated.

12-08 NOT USED
07 INPUT FLAG

Set when an EXTERNAL DATA READY signal has been received by
the DR11-K from an external device.
Cleared under program control.

06 INPUT INTERRUPT ENABLE

When set, generates an interrupt when an EXTERNAL DATA READY
signal has been received by the DR11-K from the external device.
Cleared when the interrupt is accepted by the UNIBUS.

05 SET INTERRUPTIN

This bit is used for maintenance only.
When the DR11-K receives this bit, an input interrupt to the UNIBUS is
generated.

04-00 NOT USED

INPUT REGISTER 167772

DATA

READ/WRITE

This register is a 16-bit read/write register that receives data from an
external device to be transferred to the UNIBUS.

OUTPUT REGISTER 167774

T T T T T T T T
l DATA
N "

READ/WRITE

This register is a 16-bit read/write register that may be read or loaded
from the UNIBUS under program control.
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DR11-W REGISTERS

The DR11-W general-purpose, direct memory access (DMA) interface
described in Chapter 6 has the following six registers: the Control and
Status register, the Error and Information register, the Word Count
register, the Bus Address register, the Input Data register, and the
Output Data register. The DR11-W has a floating address which allows
the use of more than one DR11-W on a system and avoids address
conflicts with other options. Following are the standard register ad-
dresses selected for the DR11-W and the applicable register drawings
and bit definitions:

CONTROL AND STATUS REGISTER (CSR) 772414

15 4 13 2 n 09 08 07 06 0s 04 03 [o]] 00

T T T T T

STATUS INTER FUNCTION

MAIN'll A B c CVCLEIREADV]ENABLE XBA <17,16> 3 2 ) GO
n . L

ATTN

NON-
ERROR | EXIST
MEM

&eq‘l) READ/WRITE \g:‘ ;.TVE
Bit Name
15 ERROR

When set, sets READY <07> and prevents further DMA cycles.
Generates an interrupt if INTERRUPT ENABLE <06> is also set.
Cleared by removing the conditions that caused the bit to set, i.e.
ATTENTION <13> and NON-EXISTENT MEMORY <14> in the con-
trol and status register, ACLO <11> and MULTI-CYCLE REQUEST
<12> in the error and information register. These bits are automati-
cally cleared at the start of the next DMA transfer.

ATTENTION <13> and NON-EXISTENT MEMORY <14> may also be
cleared by loading with a 0.

14 NON-EXISTENT MEMORY (NEX)

When set, indicates that the DR11-W has attempted a transfer to or
from a non-existent bus address.

Set when the DR11-W asserts MSYN, but does not receive SSYN with
18 us.

When set, sets ERROR <15>, terminates DMA operation, and gener-
ates an interrupt if INTERRUPT ENABLE <06> is also set.

Cleared by loading with a 0 during INIT or by starting the next DMA
transfer.

13 ATTENTION (ATTN)

The user’s device controls the Attention signal. When asserted, it indi-
cates that a device is on-line.
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When set, sets ERROR <15>, generates an interrupt if INTERRUPT
ENABLE <06> is also set, and, if a DMA transfer is in progress, stops
the transfer at the completion of the current cycle.

Cleared by INIT or at the start of the next DMA transfer.

GO <00> may be set while this bit is set.

12 MAINTENANCE

This bit is used for diagnostic testing of the DR11-W.

When set, and CYCLE <08> and GO <00> are also set, the DR11-W
starts data transfers that continue until the word count register over-
flows.

This bit may also be used for software reset.

When set, the DR11-W is in Maintenance mode.

When clear, the DR11-W is initialized.

Cleared by INIT.

11-09 STATUSA,B,C

These bits are user-defined and indicate the status of the user’s
device.

08 CYCLE

Set under program control to initiate one NPR operation if GO <00> is

also set.
Cleared by INIT and at the start of a bus cycle.

07 READY

When set, indicates that the DR11-W has completed the previous op-
eration and is ready to accept a new command.

ERROR <15> must be checked to determine whether or not the trans-
fer was successful. Any error condition must be cleared before a new
command can be executed.

C eared by setting GO <00> or by INIT.

06 INTERRUPT ENABLE

When set, generates an interrupt in any of the following conditions: 1)
a GO pulse is generated after an error has been detected, 2) the word
count register overflows at the end of a data transfer, 3) an error
condition signal is detected, i.e. ERROR <15>, NON-EXISTENT MEM-
ORY <14> or ATTENTION <13> in the control and status register,
ACLO <11>, MULTI-CYCLE REQUEST <12>, or PARITY ERROR
<10> in the error and information register is set during an NPR trans-
fer, or 4) a user device error signal, i.e. ATTENTION <13> is set, is
sent to the DR11-W.

Cleared by INIT.
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05-04 EXTENDED BUS ADDRESS (XBA) 17,16

Loading these bits loads UNIBUS address bits <17, 16>.
These bits are incremented when the bus address register overflows.
Cleared by INIT.

03-01 FUNCTION 3, 2,1

These bits are user-defined and specify the operation to be
performed.
Cleared by INIT.

00 GO

This bit is written under program control and is always read to the
UNIBUS as a 0.

If this bitis a 1, the error and information register is being read.

Setting this bit causes the DR11-W to begin a data transfer.

ERROR AND INFORMATION REGISTER (EIR) 771414

15 14 13 12 n 10 09 08 07 o1 00
T

ERROR %X?:{ ATTN %EE AcLo [ PRI a%%sg hﬁgﬁ Nor useo FLad
L =
READ ONLY
Bit Name
15 ERROR

This bit is functionally the same as bit 15 in the control and status
register. It is displayed again here forimmediate access.

14 NON-EXISTENT MEMORY

This bit is functionally the same as bit 14 in the control and status
register. It is displayed again here forimmediate access.

13 ATTENTION

This bit is functionally the same as bit 13 in the control and status
register. It is displayed again here for immediate access.

12 MULTI-CYCLE REQUEST

Set when a user’s device sends a CYCLE REQUEST (A or B) signal to
the DR11-W while the DR11-W is still processing the previous transfer.
Sets ERROR <15>.

Cleared at the start of the next DMA transfer.
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11 ACLO

When set, indicates that a power failure occurred during a DMA trans-
fer.

Sets Error <15>.

Cleared at the start of the next DMA transfer.

Also cleared by INIT.

10 PARITY ERROR

Set whenever the DR11-W detects a memory parity error during a
memory read.
Cleared at the start of the next DMA transfer.

09 BURST DATA LATE

When set, indicates that the user’s device has not supplied or removed
data within the established time limit and that the UNIBUS has been
relinquished.

The DR11-W is still ready to accept further bus cycle requests.

08 N-CYCLE BURST

When set, indicates that the N-Cycle/2-Cycle burst mode switch is set
to the N-Cycle position.

When the DR11-W is set to operate in burst mode, the N-Cycle LED
lights to indicated that a burst mode operation is now in progress.

07-01 NOT USED
00 REGISTERFLAG

If this bit is a 1, it confirms that the error and information register,
rather than the control and status register, is being read.

WORD COUNT REGISTER (WC) 772410

15 00
T T

T T T
WORD COUNT

I\ _J

READ/WRITE

Before a data transfer, this 16-bit register is loaded with the two’s
complement of the total number of words to be transferred to or from
memory. During subsequent transfers, this register is incremented by
one for each word transferred. After transfer of the last word, this
register overflows and sets READY <07> in the control and status
register, indicating to the user that the data transfer has been complet-
ed. If INTERRUPT ENABLE <06> in the control and status register is
set, an interrupt occurs after the completion of the last data operation.
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BUS ADDRESS REGISTER (BAR) 762412

15 T T T T T T T T T T T T T T T
I BUS ADDRESS
A S 1 L i 1

\.

READ ONLY

This 16-bit register is loaded with the starting address where data is to
be written from or read into memory .

The low-order 16 bits of the bus address are loaded by the bus ad-
dress register and the high-order 2 bits are loaded by bits <05-04> in
the control and status register.

This register is normally incremented by two after an NPR data trans-
fer, so that subsequent transfers are made to consecutive words, i.€
the bus address is advanced by two byte-address increments after
each transfer.

When this register overflows to all zeros, EXTENDED BUS ADDRESS
17, 16, <04-05> in the control and status register is incremented.
Cleared by INIT.

INPUT DATA REGISTER (IDR) 762416

15
T T T T T T T T T T T T T T T l
I DATA
" " L "
— i

READ ONLY

This register is a 16-bit read-only register that receives data from the
user’s device to be transferred to the UNIBUS.

After completion of a data transfer, the processor can examine the last
word transferred by reading this register. This can only be done by
writing a 1 into ERROR <15> in the control and status register to set
the EIR ENABLE flip-flop in the control logic.

If this register is read when the EIR ENABLE flip-flop is cleared, new
data will be sampled from the user’s device and clocked into this
register. The processor then reads this new data.

Note that EIR functionality is available in DR11-W mode only (it is
inhibited in DR11-B mode to provide compatibility).

OUTPUT DATA REGISTER (ODR) 762416

T T T T T T T
DATA

WRITE ONLY
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This register is a 16-bit write-only register that may be loaded from the
UNIBUS under program control or during NPR transfers whenever the
DR11-W reads from memory.

Cleared by INIT.

IB11 REGISTERS

The IB11 instrument bus interface described in Chapter 6 communi-
cates with devices connected to the IEEE standard instrument bus
under program control. The 1B11 has two registers: the Instrument
Bus Status (IBS) register and the Instrument Bus Data (IBD) register.
The IB11 has a floating address which allows the use of more than one
IB11 on a system and avoids address conflicts with other options.
Following are the standard register addresses selected for the IB11
and the applicable register drawings and bit definitions:

INSTRUMENT BUS STATUS REGISTER 160152

14 13 12 N 10 09 08 07 06 05 04 03 02 01 00

INTER- END | JAKE
ljs:g lm;onlsal‘aoal NOT USED ]com ravker|uisten | pata [inTer [Tacker]uisten REMOTH or |

DONE | READY | READY | ACCEPT|ENABLE| ON ON TclEar | ON | poL

J

READ/WRITE

Bit Name

15 SERVICE REQUEST (SRQ)

This bit always indicates the status of the instrument bus SRQ line. It
may be set and cleared if the ER1 inhibit switch is set to the ON
position.

14 ERROR 2 (ER2)

Set when the IB11 tries to send a data or command byte while there is
no active listener or command accepter on the instrument bus.
Cleared by clearing TALKER ON <05> or TAKE CONTROL SYN-
CHRONOUSLY <00>.

13 ERROR 1 (ERT)

Set whenever a conflict occurs between the instrument bus Attention,
IFC, or REN lines and their control hardware.

When set, ATN H is cleared and cannot be set. This condition can only
be cleared by eliminating the error condition.

This bit may be set when another system controller is connected to the
instrument bus. This error may be suppressed by setting the ER1
inhibit switch on the IB11 module to the ON position. If the IB11 is the
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only system controller, the ER1 inhibit switch should be set to the OFF
position.

11-12 NOT USED
10 COMMAND DONE (CMD)

When set, indicates to the processor that the IB11 is ready for the next
command byte to be transmitted to the DIO lines via the low-byte of
the Instrument Bus Data register.

Set by a successful completion of TAKE CONTROL SYNCHRONOUS-
‘LY to indicate that the Attention line was asserted and that the next
command byte may be transferred over the instrument bus.

Also set when the DAC line is asserted after the command has been
accepted by the addressed device on the instrument bus.

Cleared by BINIT L or IFC signals, by writing a command byte into the
low-byte of the Instrument Bus Data register, or when TAKE CON-
TROL SYNCHRONOUSLY <00> is cleared by the program.

09 TALKER READY (TKR)

When set, indicates to the processor that the IB11 is ready for the next
data byte to be transmitted to the DIO lines via the low-byte of the IBD
register.

Set when TALKER ON <05> is set, TAKE CONTROL
SYNCHRONOUSLY <00> is clear, and when listeners are ready for
data. :

Cleared by BINIT L or IFC signals, by writing a command or data byte
into the low-byte of the Instrument Bus Data register, when TALKER
ON <05> is cleared by the program, or when TAKE CONTROL SYN-
CHRONOUSLY <00> is set by the program.

08 LISTENER READY (LNR)

When set, indicates that the IB11 has a data or command byte that is
ready to be read from the low-byte of the Instrument Bus Data register.
Set when LISTENER ON <04 > is set and the DAV line is asserted.
Cleared by reading the low-byte from the Instrument Bus Data register
if ACCEPT DATA <07> is clear or by clearing the low-byte of the
Instrument Bus Data register if ACCEPT DATA <07> is set.

Also cleared when LISTENER ON <04> is cleared by the program.
Also cleared by BINIT L and IFC signals.

07 ACCEPT DATA (ACC)

Set and cleared under program control.
When clear, reading a data byte from the Data Input/Output (DIO)
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lines will automatically assert the DAC line and clear LISTENER
READY <08>.

When set, the program must clear the low-byte of the Instrument Bus
Data register in order to clear LISTENER READY <08> and assert the
DAC line.

Also cleared by BINIT L or IFC signals when LISTENER ON <04>,
TALKER ON <05>, and TAKE CONTROL SYNCHRONOUSLY <00>
are clear.

May be set to assert the NRFD line.

06 INTERRUPT ENABLE (IE)

Set and cleared under program control to enable or disable 1B11
interrupts.

When set, enables interrupts.

When clear, disables interrupts.

Also cleared by BINIT L signal.

05 TALKER ON (TON)

Set or cleared under program control to enable or disable the IB11
talker function.
Also cleared by BINIT L or IFC signals.

04 LISTENER ON (LON)

Set or cleared under program control to enable or disable the 1B11
listener function.

When set and the DAV line is asserted, LISTENER READY <08> is set.
When clear, the IB11 ignores the DAV line.

Also cleared by BINIT L or IFC signals.

03 INTERFACE BUS CLEAR (IBC)

When set, the leading edge of the IBC signal produces an IFC signal
for approximately 125 us.

At the end of the IFC signal (125 us), TAKE CONTROL SYNCHRO-
NOUSLY <00> is automatically set and this bit is automatically
cleared.

Also cleared by BINIT L signal.

02 REMOTE ON (REM)
Set or cleared under program control to assert or unassert the RE-

MOTE ENABLE (REN) line.
Also cleared by BINIT L or IFC signals.
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01 END OR POLL (EOP)

Set or cleared under program control to assert or unassert the End Or
Identify (EOI) line.
Also cleared by BINIT L or IFC signals.

00 TAKE CONTROL SYNCHRONOUSLY (TCS)

Set or cleared under program control to enable or disable the IB11
controller-in-charge function by taking control synchronously or by
negating the Attention (ATN) control line in the instrument bus.

When set, causes the Not Ready For Data (NRFD) line to be asserted
for at least 500 ns before Data Valid (DAV) is checked.

If DAV is not asserted, the instrument bus Attention line is asserted.

if NRFD is not asserted, then whenever the Attention line is asserted,
COMMAND DONE <10> will be set 500 ns after the Attention line is
asserted.

Also cleared by the Bus Initialize Signal (BINIT L) and the Interface
Clear (IFC) signal.

INSTRUMENT BUS DATA REGISTER 160150

15 08 07 00
™ T T T

— T T T T T T T T
INSTRUMENT BUS CONTROL LINE STATUS INSTRUMENT BUS DATA INPUT/OUTPUT
L s L L

WRITE ONLY READ/WRITE

15-08 INSTRUMENT BUS CONTROL LINE STATUS

These eight bits correspond to the eight instrument bus control signal
lines. The program can monitor the status of all eight control signal
lines by reading this byte. Note that DAC <08> and RFD <10> are
inverted with respect to the actual instrument bus signal lines.

07-00 INSTRUMENT BUS DATA INPUT/OUTPUT

These eight bits correspond to the eight instrument bus data lines. The
program can read or write via this register byte to receive or transmit
command or data bytes over the instrument bus.

KW11-K REGISTERS

The KW11-K dual-programmable realtime clock described in Chapter
6 has the following six registers: the A Status register, the A Pre-
set/Buffer register, the A Counter register, the B Status register, the B
Buffer register, and the B Counter register. The KW11-K has a floating
address which allows the use of more than one KW11-K on a system
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and avoids address conflicts with other options. Following are the
standard register addresses selected for the KW11-K and the applica-
ble register drawings and bit definitions:

A STATUS REGISTER 770404

15 u 13 2 n o 09 o8 07 a 05 04 03 01 00
MAINT Y oo N i ENABLE|
sT MAINY MAINT MODE NOT
INTER [ERABLE SIMUL MODE T RATE lcumn
[FU\G ENABLE|COUNTR] Jmn sT2 FLAG |ENABLE fYRG | useo A
;_W__J _

READ/WRITE 'WRITE ONLY READ/WRITE
Bit Name
15 ST1 FLAG

When set, indicates that a ST1 event or a maintenance ST1 event has
occurred.

14 ST1 INTERRUPT ENABLE

When set, generates an interrupt if an ST1 event has occurred.
13 ST1 ENABLE COUNTER

When set, sets ENABLE COUNTER A <00> when an ST1 event has
occurred.

12 MAINTENANCE ST1

This bit is used for maintenance only.
When set, generates an ST1 event.

1 MANTENANCE SIMULATION 1 MHz

This bit is used for maintenance only.
When set, generates a 1 MHz clock pulse in clock A.

10 MAINTENANCE ST2

This bit is used for maintenance only.
When set, generates an ST2 event.

09-08 MODE

These bits are loaded to select the mode of operation of clock A.
Following are the modes of operation which may be selected:
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Bit 08
0

Mode of Operation

Single Interval Mode

The counter in clock A counts from
preset value to overflow, sets
MODE FLAG <07> and A OVER-
FLOW FLAG <05> (if jumper W2

is installed) in the A Status register,

transfers the A Preset/Buffer
register contents to the A Counter
register and stops. Overflow gen-
erates an A Event Output signal to
an external device.

Repeated Interval Mode

The counter in clock A counts from
preset value to overflow, sets
MODE FLAG <07> and A OVER-
FLOW FLAG <05> (if jumper W2

is installed) in the A Status register,

transfers the A Preset/Buffer
register contents to the A Counter
register and begins again. Over-
flow generates an A Event Output
signal to an external device.

External Event Time Mode

The counter in clock A is free-run-
ning at the selected rate and a
pulse from ST2 transfers the con-
tents of the A Counter register to
the A Preset/Buffer register, sets
MODE FLAG <07> in the A Status
register, and continues counting.

External Event Time Mode From
Zero Base

The counter in clock A is free-run-
ning at the selected rate and a
pulse from ST2 transfers the con-
tents of the A Counter register to
the A Preset/Buffer register, sets
MODE FLAG <07>, clears the A
Counter register, and continues
counting from zero.
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07 MODE FLAG

Sets on overflow or when a Counter-to-Buffer Transfer operation oc-
curs.

06 MODE FLAG INTERRUPT ENABLE

When set, generates an interrupt if MODE FLAG <07> is set.

05 A OVERFLOW FLAG

Sets on overflow from A Counter register (if jumper W2 is installed).
04 NOT USED

03-01 RATE

These bits are loaded to select the rate at which clock A operates.
Following are the rates which may be selected:

Bit 03 Bit 02 Bit 01 Clock A
0 0 0 No rate or
clock B overflow
0 0 1 1 MHz
0 1 0 100 KHz
0 1 1 10 KHz
1 0 0 1KHz
1 0 1 100 Hz
1 1 0 STP1
1 1 1 Line frequency

00 ENABLE COUNTERA

When set, enables clock A to count at the selected rate.
Set either by program-control or by ST1 INTERRUPT ENABLE <14>.

B STATUS REGISTER 770432

15 12 n 10 09 o8 o7 06 05 04 03 o1 0o
T T T [DISABLE[MAINT [MAINT [ o B OVFL[ cggp [AUTO- NABLE|
NOT USED OSC | INTER | INTER OVFL | INTER INCR RATE INTR
IMHz | A B | USED | FLAG [ENABLE|BTO A | mODE [
A - J
READ/ WRITE READ/WRITE
WRITE ONLY
15-12 NOT USED
1" DISABLE OSCILLATOR 1 MHz

When set, disables the 1 MHz oscillator in clock A that is used to
generate the other crystal-controlled frequencies for clock A.
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10 MAINTENANCE INTERRUPT A

This bit is used for maintenance only.
When set, generates a clock A interrupt.

09 MAINTENANCE INTERRUPT B

This bit is used for maintenance only.
When set, generates a clock B interrupt.

08 NOT USED
07 B OVERFLOW FLAG

Sets on overflow from clock B.
06 B OVERFLOW INTERRUPT ENABLE

When set, generates an interrupt on overflow from clock B.
05 FEEDBTOA

When set and clock A is selected for rate 0, the overflow from clock B
is used as the clocking frequency for clock A.

04 AUTO-INCREMENT MODE

When set, the A Preset/Buffer register is decremented by two’s com-
plement on overflow from clock A.

When set and an ST2 occurs, the internal KW11-K clock timing is
synchronized to it.

03-01 RATE

These bits are loaded to select the rate at which clock B operates.
Following are the rates which may be selected:

Bit 03 Bit 02 Bit 01 Clock B

0 0 0 No rate

0 0 1 1 MHz

0 1 0 100 KHz

0 1 1 10 KHz

1 0 0 1 KHz

1 0 1 100 Hz

1 1 0 STP3

1 1 1 Line frequency
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00 ENABLE COUNTERB

When set, enables clock B to count at the selected rate.
A COUNTER REGISTER 770430

15

00
T T T T T T T
DATA
" L
—

READ ONLY

This register is a 16-bit (word-oriented) counter that keeps track of the
number of clock pulses that have elasped since the clock was initiated.
Itis a read-only register and may be read while clock A is in operation.

B COUNTER REGISTER 770436
15 . . v — . r 08 07 . . . . - . . []
o o o o o o [} 0 | DATA _L‘

(. ]
READ ONLY

This register is an 8-bit (low-byte) counter that keeps track of the
number of clock pulses that have elasped since the clock was initiated.
It is a read-only register that may be read only while clock B is not in
operation.

A PRESET/BUFFER REGISTER 770406

T
DATA

READ/WRITE

This register is a 16-bit (word-oriented) register that stores the timing
data for the A clock. It is a read/write register that may be written into
or read while clock A is in operation.

B BUFFER REGISTER 770434

— T T T T T T T 08 07 T T T T T T T 00
[ o o o o o o o o | 1
L . . . . —

READ/WRITE

This register is an 8-bit (low-byte) register that stores the timing data
for the B clock. It is a read/write register that may be written into or
read only while clock B is not in operation.
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LPA11-K REGISTERS

The LPA11-K intelligent, direct memory access (DMA) subsystem de-
scribed in Chapter 6 has the following three registers: the Control
In/Maintenance register, the Control Out/Status Out register, and the
Command Address register. The LPA11-K has a floating address
which allows the use of more than one LPA11-K on a system and
avoids address conflicts with other options. Following are the standard
register addresses selected for the LPA11-K and the applicable regis-
ter drawings and bit definitions:

CONTROL IN/MAINTENANCE REGISTER 170460

06 05 04 03 02

09 o o0
32 . .
l READY BUS ADDRESS | NOT
RUN LESE' Ime USED rAlllf Ja)rrutl NOT USED I oNAER| ot useD 17,16 USED l GOJ

Bit Name

15 RUN

When set, starts the master microprocessor.
When cleared, stops the master microprocessor.

14 RESET

When set; initializes the LPA11-K subsystem including all I/0 devices.
13 CRAM WRITE

This bit is used in loading the microcode.
12 NOTUSED
11 ENABLE ARBITRATION

When set, enables the LPA11-K intermicroprocessor buffer (IPB) to
arbitrate nonprocessor (NPR) requests and bus requests (BR)
between the slave microprocessor and the devices.on the 1/0 bus.
When clear, the normal arbitration logic is inhibited.

Cleared by INIT.

10 ROM OUTPUT

This bit is used in loading the microcode.
09-08 NOT USED
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07 READY IN

~ When set, the LPA11-K is ready to accept a new command from the
host processor.
Cleared when RDA processing is initiated by the LPA11-K.

06 IN INTERRUPT ENABLE

When set, allows interrupts to be generated when READY IN <07> is
set.

05-04 NOT USED
03 BUS ADDRESS 17

This bit contains extended memory address bit <17> of the command
address. It is used in' conjunction with BUS ADDRESS 16 <02> and
the bus address regis{er (which contains the low-order 16 bits of the
bus address) to specify the address of the next command for the
LPA11-Kin main memory.

02 BUS ADDRESS 16

This bit contains extended memory address bit <16> of the command
address. It is used in conjunction with BUS ADDRESS 17 <03> and
the bus address register (which contains the low-order 16 bits of the
bus address) to specify the address of the next command for the
LPA11-Kin main memory.

01 NOT USED
00 GO

When set, indicates that a new command address is now available for

processing by the LPA11-K.
Cleared by the LPA11-K during the user request initiation.

CONTROL OUT/STATUS OUT REGISTER 170462

) Wo_ww 08 07 08 05 03 02 .
[sTaTUs/T" epor sTATUS l T ERROR CODE IREADV out
ERROR R INTER NOT USED USER INDEX
INDIC l 0 AND 1 04 OUT |enasLe N .

-471-



SENSOR /0 DEVICE REGISTERS

Bit Name

15 STATUS/ERROR INDICATOR

When set, indicates that an error condition has been detected by the
LPA11-K.
When clear, indicates a status condition.

14-13 ERROR STATUS 0 and 1

These bits indicate the conditions which caused the error or status
condition specified by STATUS/ERROR INDICATOR <15>.

12-08 ERROR CODE 0-4

These bits indicate the error or status condition of the LPA11-K.
07 READY OUT

When set, indicates that the LPA11-K has status information to report
to the host processor.

Cleared by the host processor to acknowledge the reception of the
status information.

06 OUT INTERRUPT ENABLE
When set, allows an interrupt to be generated when READY OUT
<07> is set.

05-03 NOT USED
02-00 USER INDEX

These bits contain a 3-bit octal code assigned by the LPA11-K to
associate the status condition to one of the eight user requests.

COMMAND ADDRESS REGISTER 170464

T T T T T T T T T T T T T T T
[ BUS ADDRESS J
"

This register contains the low-order 16 bits of the bus address and is
used in conjuction with BUS ADDRESS 17 <03> and BUS ADDRESS
16 <02> to specify the address of the next command for the LPA11-K
in main memory.
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STANDARD AND COMPRESSED HOLLERITH CODE

ROWS STANDARD | COMPRESSED
CHARACTER | b NCHED | CODE (OCTAL) | CODE (OCTAL)

Space None 0000 000
0 10 1000 040
1 1 0400 001
2 2 0200 002
3 3 0100 003
4 4 0040 004
5 5 0020 005
6 6 0010 006
7 7 0004 007
8 8 0002 010
9 9 0001 020
& 12 4000 200
- 11 2000 100
A 12, 1 4400 201
B 12,2 4200 202
c 12.3 4100 203
D 12,4 4040 204
E 12,5 4020 205
F 12,6 4010 206
G 127 4004 207
H 128 4002 210
| 12,9 4001 220
: 12,11 6000 300
{ 12.10 5000 240
) 11.10 3000 140
J 1.1 2400 101
K 12 2200 102
L 1.3 2100 103
M 14 2040 104
N 1.5 2020 105
0 1.6 2010 106
P 1n7 2004 107
Q 1.8 2002 110
R 1.9 2001 120
/ 10, 1 1400 051
s 102 1200 042
T 10.3 1100 043
U 10,4 1040 044
Y, 105 1020 045
W 106 1010 046
X 107 1004 047
Y 10.8 1002 050
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STANDARD AND COMPRESSED HOLLERITH CODE (Cont.)

ROWS STANDARD | COMPRESSED

CHARACTER | ' pNCHED | CODE (OCTAL) | CODE (OCTAL)
10,9 1001 060
v 8. 1 0402 011
: 8 2 0202 012
# 8 3 0102 013
@ 8 4 0042 014
/ 8 5 0022 015
= 8 6 0012 016
" 8 7 0006 017
a 12,10, 1 5400 241
b 12,10, 2 5200 242
¢ 12,10, 3 5100 243
d 12,10, 4 5040 244
e 12,105 5020 245
f 12.10.6 5010 246
g 12.10.7 5004 247
h 12,10, 8 5002 250
i 12.10.9 5001 260
i 12,111 6400 301
K 12112 6200 302
| 12.11.3 6100 303
m 12,11, 4 6040 304
: 12,115 6020 305
o 12,116 6010 306
b 12117 6004 307
q 12118 6002 310
r 12,119 6001 320
[ 12,82 4202 212
: 12.8.3 4102 213
< 12,84 4042 214
( 12,85 4022 215
+ 12,8 6 4012 216
Lor t 12,87 4006 217
~ 11,10, 1 3400 141
s 11,10 2 3200 142
t 11.10.3 3100 143
y 1110, 4 3040 144
v 11.10.5 3020 145
w 11,10, 6 3010 146
X 1107 3004 147
y 11.10.8 3002 150
2 11109 3001 160
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STANDARD AND COMPRESSED HOLLERITH CODE (Cont.)

ROWS STANDARD | COMPRESSED
CHARACTER |  pyNCHED | CODE (OCTAL) | CODE (OCTAL)
] 11,8,2 2202 112
$ 183 2102 113
. 1,84 2042 114
) 18,5 2022 115
; 11.8.6 2012 116
Aor— 187 2006 117

\ 1082 1202 051
, 108 3 1102 052
% 10.8,4 1042 054
- 10.8.5 1022 055
> 10.8,6 1012 056
? 10.8,7 1006 057
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APPENDIX B

EXAMPLES OF LXY11/LXY211 PRINT COPY
AND GRAPHICS

2>?@ABCDEFGHI JKLMNOPQRSTUVWXYZ L\
¥ ‘abcdefghijklmnopqrstuvwxyz{i}
t+, = /0123456789 ; <=>2@ABCDEFGHI
Li¥™ ‘abcdefghijklmnoparstuvwxyz
»?@ABCDEFGHIJKLMNOPQRSTUVWXYZLN.

~ v ‘abcdefohijklmnopgrstuvuryz{i}
1> 7RABCDEFGHI JKLMNOPGRSTUVWXYZ (N

({1} ‘abcdefqhikimnopgrstuvuy

l

il
!

0.0  50.00 100.0¢ 150.00 200.00 250.00 309.08 350.09 €09.00 430.C
DATE: 14-SEP  TIME: 13:33:21:00 NORMAL
SAHPLE INTERVAL: 8.1 MICRO ALTERNATE: 2.8 MICAO
60 HZ SAMPLE: 0.5 MILLI 60 HZ ALTEANATE: @.5 HILLI

‘ TRIGGER DELAY: 1506 TRIGGER LEVEL: .91 SLOPE: - CGUFLING: OC

| -B1-



-B2-



S

Octal
Code

000
001
002
003
004
005
006
007
010
011
012
013
014
015
016
017
020
021
022
023
024
025
026
027
030
031
032
033
034
035
036
037

Char

NUL
SOH
STX
ETX
EOT
ENQ
ACK
BEL
BS
HT
LF
VT
FF
CR
S0
s
DLE
DC1
DC2
Dc3
DC4
NAK
SYN
ETB
CAN
EM
SUB
ESC
Fs
GS
RS
us

Octal
Code

040
041
042
043
044
045
046
047
050
051
052
053
054
055
056
057
060
061
062
063
064
065
066
067
070
071
072
073
074
075
076
077

7-BIT ASCIl CODE

Char

SP
!

=
=

|~+‘,v/\ ‘mo\O“#

O OONONE WN = ON "

=VIAT

-Ci-

Octal
Code

100
101
102
103
104
105
106
107
110
111
112
113
114
115
116
117
120
121
122
123
124
125
126
127
130
131
132
133
134
135
136
137

Char

CHO DO UVOZECX=""IOMMOODP[H

N

l>-—d/r—\N-<><§<

APPENDIX C

Octal
Code

140
141
142
143
144
145
146
147
150
151
152
153
154
155
156
157
160
161
162
163
164
165
166
167
170
171
172
173
174
175
176
177

lV—AN<xi<:~wano=3—rmmzmmmnowm’ g
)
=

=}
m
—
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APPENDIX D

UNIBUS 1/0 PAGE DEVICE
ADDRESSES AND VECTOR ASSIGNMENTS

Size in Number of

Device Address Words Devices

AA11 776750 8 1 (first unit)

AA11 776400 8 4 (extra units)

ADO1 776770 4 1

ADF11 770460 8 1

AFC11 772570 4 1

AR11 770400 8 1

BM792-YA 773000 32 1

BM792-YB 773100 32 1

BM792-YC 773200 32 1

BM792-YH 773300 32 1

BM873-YA 773000 128 1

BM873-YB 773000 256 1

BM873-YC 773000 256 1

CD11 777160 4 1

CM11 777160 4 1

CR11 777160 4 1

Customer 764000 1024 1

DC11 774000 4 32

DC14-D 777360 8 1

Diagnostics 760000 4 1

DL11-A 777560 4 1 (console)

DL11-A 776500 4 16

DL11-B 777560 4 1 (console)

DL11-B 776500 4 16

DL11-C 775610 4 31

DL11-D 775610 4 31

DL11-E 775610 4 31

DL11-W 777546 1 1 (line clock, first
unit only)

DL11-W 777560 4 1 (console)

DL11-W 776500 4 16

DM11 775000 4 16

DM11-BB 770500 4 16 (modem control
for DM11)

DN11-AA 775200 4 16
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Size in Number of

Device Address Words Devices

DN11-DA 775200 1 64

DP11 774400 4 -32 (assigned
backwards)

DR11-A/C 767600 4 —-16 (assigned
backwards)

DR11-B(1) 772410 4 1

DR11-B(2) 772430 4 1

DS11 775400 67 1

DT11 777420 1 8

DV11 775000 16 4

DX11 776200 16 2

Floating CSRs 760010 1020 1

FP11 772160 8 1

GT40 772000 4 4

ICR/ICS 11 771000 256 1

IP11/1P300 771000 128 2

KE11 777300 8 2

KG11 770700 4 8

KL11 776500 4 16

KL11 777560 4 1 (console)

KT11 772200 64 1

KT11-SR3 772516 1 1

KU116-AA 777540 1 1

KW11-L 777546 1 1

KW11-P 772540 4 1

KW11-W 772400 4 1

LP11 777514 2 1 (LPO)

LP11 764004 2 1 (LP1)

LP11 764014 2 1 (LP2)

LP11 764024 2 1 (LP3)

LP11 764034 2 1 (LP4)

LP11 764044 2 1 (LP5)

LP11 764054 2 1 (LP6)

LP11 764064 2 1 (LP7)

LP20 775400 32 2

LPA11-K 770460 8 1

LPS11 770400 16 1

LS11 777514 2 1

LV11 777514 2 1

M792 773000 32 8

o)
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Size in Number of

Device - Address Words Devices
M9301-XX 765000 256 1
M9301-XX 773000 256 1
MM11-LP 772100 1 16
MR11-DB 773100 64 1
MS11-K 772100 1 16
MS11-LP 772100 1 16
NCV11 772760 8 1
OSsT 772500 6 1
PA611_readers 772600 32 1 (2 per PA611)
PA611_punches 772700 32 1 (2 per PA611)
PCi1 777550 4 1
PDP-11/04 777570 68 1
PDP-11/05 777570 68 1
PDP-11/10 777570 68 1
PDP-11/15 777570 68 1
PDP-11/20 777570 68 1
PDP-11/24 777570 68 1
PDP-11/34A 777570 68 1
PDP-11/35 777570 68 1
PDP-11/40 777570 68 1
PDP-11/44 777570 68 1
PDP-11/45 777570 68 1
PDP-11/55 777570 68 1
PDP-11/60 777570 68 1
PDP-11/70 777570 68 1
PR11 777550 4 1
RC11 777440 8 1
Reserved 770100 32 1
Reserved 770440 8 1
Reserved 772150 4 1
Reserved 772420 4 1
Reserved 772514 1 1
Reserved 772550 8 1
Reserved 775606 1 1
Reserved 777000 56 1
Reserved 777200 32 1
Reserved 777510 2 1
Reserved 777520 4 1
Reserved 777540 3 1
RF11 777460 8 1
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Size in Number of

Device Address Words Devices

RH70/11_alt 776300 32 1 (Alternate
RS/RP/RM/TJ)

RK611 777440 16 1

RK11 777400 8 1

RL11 774400 4 1

RMO03/04/05 776700 22 1 (RH70/RH11)

RP04/05/06 776700 22 1 (RH70/RH11)

RP11 776700 16 1 (RH70/RH11)

RS04 772040 16 1 (RH70/RH11)

RX11/RX211 777170 4 1

TA11/DIP11-A 777500 4 1

TC11 777340 8 1

Testers 770000 32 1

TM11/TMB11 772520 8 1

TR79 764000 4 1

TS11 772520 2 4

TU16/45/77 772440 16 1 (RH70/RH11)

TU58 776500 4 4

UDC-Units 771000 1 256

ubDC11 771774 2 1

UET 772140 4 1

Unibus-Map 770200 64 1

VSV11 772000 4 4

VT48 772000 16 1

VTVO1 772600 112 2

XY11 777530 4 1

PDP-11 INTERRUPT AND TRAP VECTORS

000 PDP-11 Reserved

004 PDP-11 CPU Errors (lllegal instructions, Bus Errors,
Stack Limit, Illegal Internal Address, Microbreak)

010 PDP-11 Reserved Instructions

014 PDP-11 Breakpoint/Trace traps

020 PDP-1110T Trap

024 PDP-11 Power Fail

030 PDP-11 EMT Trap

034 PDP-11 TRAP Trap

040 Reserved for System Software
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044
050
054
060
064
070
074
100
104
110
114
120
124
130
134
140
144
150
154
160
164
170
174
200
204
210
214
220
224

230
234
240
244
250
254
260
264
270
274
300

APPENDIX D

Reserved for System Software
Reserved for System Software
Reserved for System Software
DL11(1), KL11(1)

DL11(1), KL11(1)

PC11, paper tape reader

PC11, paper tape punch

KW11-L, line clock

KW11-P, programmable clock
Reserved for System Software

CPU

XY 11, Plotter

DR11-B, DMA interface

ADO1, A/D subsystem

AFC11, analog subsystem

AA11, display

AA11, RSTS/E (crash-dump)
alternate RS/RP/RM/TJ

UNUSED - Reserved for Digital
RL11, disk .

UNUSED - Reserved for Digital
LP/LS/LV11 (#1), USER RESERVED
LP/LS/LV11 (#2), USER RESERVED
LP/LS/LV11 (#0), LP20 (1), lineprinter
RF11, RS03/04 (RH11/RH70), MASSBUS fixed head disk

-LP20(2), RC11, RK611/RK711

TC11, DECtape

RK11, disk

TM11, TS11, TU16/45, TE16, TU77, MASSBUS
Magnetic tape

CD11,CM11, CR11

ICS/ICR11, IP11/1P300, UDC11

PDP-11-PIRQ

Floating Point exception

Memory Management error

RMO02/03/50 (RH11/RH70), RP04/5/6 (RH11/RH70), RP11
DIP11, TA11

RX11, floppy disk

LP/LS/LV11 (#3), USER RESERVED
LP/LS/LV11 (#4), USER RESERVED

Floating Vectors
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APPENDIX D

FLOATING VECTORS

There is a floating vector convention used for communications and
other devices that interface with the PDP-11. These vector addresses
are assigned in order starting at 300 and proceeding upwards to 777.
The following Table shows the assigned sequence. It can be seen that
the first vector address, 300, is assigned to the first DC11 in the sys-
tem. If another DC11 is used, it would then be assigned vector address
310, etc. When the vector addresses have been assigned for all the
DC11s (up to a maximum of 32), addresses are then assigned conse-
cutively to each unit of the next highest-ranked device (KL11 or DP11
or DM11, etc.), then to the other devices in accordance with the priori-
ty ranking.

Priority Ranking for Floating Vectors

(starting at 300 and proceeding upwards)

Decimal Octal

Size Modulus
Rank Option (words) (address)
1 DC11 4 10
1 TUS58 4 10 (See Note 1)
2 KL11(extra) 4 10
2 DL11-A(extra) 4 10
2 DL11-B(extra) 4 10
3 DP11 4 10
4 DM11-A 4 10
5 DN11 2 4
6 DM11-BB 2 4
7 DH11 modem control 2 4
8 DR11-A 4 10
9 DR11-C 4 10
10 PA611(reader+punch) 8 10
11 LPD11 4 10
12 DT11 4 10
13 DX11 4 10
14 DL11-C 4 10
14 DL11-D 4 10
14 DL11-E 4 10
15 DJ11 4 10

o
?



APPENDIX D

Decimal Octal

Size Modulus
Rank Option (words) (address)
16 DH11 4 10
17 GT40 8 10
17 VSV1i 8 10
18 LPS11 12 10
19 DQ11 4 10
20 KW11-W 4 10
21 DU11 4 10
22 DUP11 4 10
23 DV11+modem control 6 10
24 LK11-A 4 10
25 DWUN 4 10
26 DMC11 4 10 A
26 DMR11 4 10 (DMC before DMR)
27 DZ11 4 10
28 KMC11 4 10
29 LPP11 4 10
30 VMV21 4 10
31 VMV31 4 10
32 VTVO1i 4 10
33 DWR?70 4 10
34 RL11/RLV11 2 4 (after the first)
35 RX02 2 4
36 TS11 2 4 (after the first)
37 LPA11-K 4 10
38 IP11/1P300 2 4
39 KW11-C 4 10
40 RX11 2 4 (after the first)
41 DR11-W 2 4
42 DR11-B 2 4 (after the first)

1 There is no standard configuration for systems with both DC11 and TU58.
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FLOATING CSR ADDRESS DEVICES

There is a floating address convention used for communications and
other devices interfacing with the PDP-11. These addresses are as-
signed in order starting at 760 010 and proceeding upwards to 763
776. Floating addresses are assigned in the following sequence:

Decimal Octal
Size Modulus

Rank Option (words). (address)

1 DJ11 4 10

2 DH11 8 20

3 DQ11 4 10

4 DU11 4 10

5 DUP11 4 10

6 LK11A 4 10

7 DMC11/DMR11 4 10 (DMC before DMR)

8 DZ11'and DZV11 4 10

9 KMC11 4 10
10 LPP11 4 10
11 VMV21 4 10
12 VMV31 8 20
13 DWR70 4 10
14 RL11 and RLV11 4 10 (extra only)
15 LPA11-K 8 20 (extra only)
16 KW11-C 4 10
17 Reserved 4 10
18 RX11 4 10 (extra only)
19 DR11-W 4 10
20 DR11-B 4 10 (after second)

1 DZ11E and DZ11F are dual DZ11s and are treated by the algorithm as two
DZ11s.

DEVICE ADDRESSES

776 000
Diagnostics
760 006
760010 (Start of floating addresses)
763776 (Top of floating addresses)
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764000
764 004
764 066
765 000
765776
767 600
767776

770000
770 076
770100
770176
770200
770376
770400
770416
770436
770440
770456
770 460
770476
770500

770676

APPENDIX D

TR79

LP11(#0-7)
} Customer

M9301

DR11-A/C

Testers

Reserved

UNIBUS Map

AR11
LPS11

Reserved

ADF11/LPA11-K

#1
DM11-BB
#16
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770700
770776
771000

771776

771774
771776
772 000
772 036
772040
772076
772100
772136
772140
772 146
772150
772 156
772160
772176
772 200
772216
772 220

772 236

APPENDIX D

#1
KG11
#8
ICR/ICS11
UDC Functional I/0 Units
IP11/1P300
ICR/ICS11
UDC11
IP11/1P300
GT40 (#1-#4)
VSV11 (#1-#4)
VT48
RS04
MM11-LP #1

UNIBUS Memory Parity

MS11-LP #16

UNIBUS Tester

Reserved

FP11 Registers

Supervisor Instruction Descriptor PDR, reg 0-7

Supervisor Data Descriptor PDR, reg 0-7
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772240
772256
772260
772276
772300
772316
772320
772336
772340
772 356
772360
772 376
772 400
772 406
772 410
772 416
772 420
772 426
772430
772 436
772 440

772476

APPENDIX D

Supervisor Instruction PDR, reg 0-7

Supervisor Data PAR, reg 0-7

Kernel instruction PDR, reg 0-7

Kernel Data PDR, reg 0-7

Kernel Instruction PAR, reg 0-7

Kernel Data PAR, reg 0-7

KW11-W

DR11-B (#1)

Reserved

DR11-B (#2)

TU16/45/77
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772500

772512

772514

772516

772520

772 536

772540

772546

772550

772 566

772570

772 576

772600

772 676

772700

772776

772760

772776

773476

APPENDIX D

OST

Reserved

Memory Mgt. reg (MMR3)

TM11/TMB11/TS11

KW11-P

Reserved

AFC11

PA611 Typeset Readers

PA611 Typeset Punches } VTVO1

NCV11 }
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773000
773076
773100
773276
773 376
773776
774000
774 376
774 400
774 406
774776
775000
775176
775 200
775376

775 400

775576
775604

775 606

775610

776 176

776 200

776 276

APPENDIX D

BM792-YA

MR11-DB

DC11,

RL11

DM11,

BM873-YA
( BM873-YB
BM873-YC
M792
) M9301-XX
#1
#32
#1
DP11,
#32
#1
DV11, #1-#4
#16
#1

DN11-AA/DN11-DA

LP20
DS11

Reserved

DL11-C,-D,-E

DX11

#16

#

#31
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776 300

776 376

776 400

776 476

776 500

776676

776 700

776736

776752

776 750

776 766

776770

776776

777 000

777 156

777 160

777 166

777170

777176

777 200

777276

APPENDIX D

alternate RH70/RH11

#2
AA1T,
#5

KL11, #1

TUS8
DL11-A,-B,-W #16

RP11
RMO03/04/05,
RP04/05/06

AAT1, #1

ADO1

Reserved

CM11, CD11

CR11

RX11/RX211

Reserved

-D14-




APPENDIX D

777 300
KE11, #2
777 336
777 340
TC11
777 356
777 360
DC14-D
777 376
777 400
RK11
777 416
777 420
DT11
777 436
777 440
RC11
777 456
RK611
777 460
RF11
777 476
777 500
TA11/DIP11-A
777 506
777 510
Reserved
777 512
777 514
LP11/LS11/LV11
777 516
777 520
Reserved
777 526
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777 530
777 536
770 540
777 544
777 546
777 550
777 556

777 560

777 566
777570
777572
777574
777576
777 600
777 616
777 620
777 636
777 640
777 656

777 660

777 676

APPENDIX D

XY1i

KV116-AA

DL11-W/KW11-L, line clock

PC11/PR11

DL11-A/DL11-B
Console Terminal
DL11-W/KL11

Console Switch & Display Register

(MMRO)

Memory Mgt. reg (MMR1)

(MMR2)

User Instruction PDR, reg 0-7

User Data PDR, reg 0-7

User Instruction PAR, reg 0-7

User Data PAR, reg 0-7
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777700 RO

777 701 R1

777702 General registers, R2

777703 Set0 R3

777704 R4

777 705 R5

777 706 Kernel R6 (SP)

777707 R7 (PC)

777710 RO

777711 R1

777712 General registers R2

777713 Set 1 R3

777714 R4

777715 R5

777716 Supervisor R6(SP)

777717 User R6 (SP)

777740 Low Error Address (PDP-11/70)

777742 High Error Address (PDP-11/70)

777744 Memory System Error (PDP-11/70)

777 746 Cache Control

777750 Maintenance

777752 Hit/Miss

777754

777 756

777760 Lower Size (PDP-11/70)
System Size

777762 Upper Size (PDP-11/70)

777764 System I/D (PDP-11/70)

777 766 CPU Error

777770 Microprogram Break (PDP-11/70)

777772 Program Interrupt Request (PIR)

777774 Stack Limit (SL) (PDP-11/70)

777776 Processor Status Word (PS)

NOTE: All presently unused UNIBUS addresses are reserved
by Digital.
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EXPANSION BOXES
BA11-KE (KF) BA11-KW (KX) BA11-LE (LF)
MOUNTING | 105in(267cm) | 105in(267cm) | 5.25in (133 cm)
CODE PANEL SPACE PANEL SPACE PANEL SPACE
Mgglege 5 SYSTEM 5 SYSTEM 2 SYSTEM
P UNITS UNITS UNITS
ngzﬁw 12 A @ 120 Vac 12 A @120 Vac 5A @120 Vac
CURRENT | 50A@+ 5Vdc | 50A@+ 5Vdc | 32A@+ 5Vdc
SURRENT | 4 A@+15Vdc | 4 A@+15Vdc | 2 A@-+15Vdc
10A@-15Vde | 10A@-15Vde | 2 A@ - 15Vdo
PDP-11/24,
i H960 H9640 SERIES PDP-11/34A,
ARETR) SERIES H9600 SERIES & PDP-11/44
SYSTEMS
CABLE.
| NatobED BCHA BC11A BC11A
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6/8 lines per inch switch,
182,185

8 LPI switch, 168

40/80 column switch, 209

800 lamp, 144

1600 lamp, 144,156

6250 lamp, 156

8080 microprocessor, 363

A status register, 259, 465-467
A switch, 30, 43,54,78

AA11-K, 214-219, 257, 268, 271
registers, 446-449
specifications, 218-219

access A, A/B, access B switch, 88
ACLO bit, 248, 459
A counter register, 259, 469

AD11-K, 220-224, 227, 228,
229, 230, 231, 268, 271
registers, 449-454
specifications, 223-224

A/D START bit, 221,451
Aindicator, 89

alarm indicator, 185
alarm/clear indicator, 181
alarm/clear switch, 181, 184

AM11-K, 221,226-231, 268
specifications, 230-231

analog-to-digital (A/D)
buffer register, 221, 222, 451

analog-to-digital (A/D) converter,
221, 227, 257, 265, 266, 449

analog-to-digital (A/D) conversion,
221, 257, 268, 450, 451

ANSII standard deviation,
191, 203

A preset/buffer register,
259, 469

AR11, 268

ASCIl code chart, 2,164, 178;
see also Appendix C

INDEX

T1-

ASCll set, 175,176
attention (ATN) line, 253

attention summary/offset register,
300

attention summary register (AS),
316, 339, 359, 402, 421-422

automatic read amplification (ARA)
burst, 150

BA11-K box, 251

B buffer register, 259, 469

B counter register, 259, 469

Bindicator, 89

B OVERFLOW INTERRUPT ENABLE
bit, 259, 468

B status register, 259, 467-469

B switch, 30, 43, 54,78

binary coded decimal (BCD),
341, 361

bootstrap message packet, 95,
98, 104

BOT (Beginning Of Tape), 111,
116, 125, 139, 150

BOT lamp, 117,129, 144, 156
BREAK signal, 103, 104
BURST DATA LATE bit, 247, 459

bus address/data buffer register,
112, 371-372

bus address extension register
(BAE), 323, 349-350, 407

bus address register (BAR), 7, 27,
39, 63, 75, 112, 126, 140, 141,
245,247, 277-278, 285, 293-294,
305-306, 371-372, 390-391, 460

bus request (BR) interrupt, 166,
179, 216, 223

BUSY bit, 192, 204, 443

busy line, 247

byte count register, 153, 422

CARD DONE bit, 194, 195, 206, 442



INDEX

card reader comparison chart, 212

card reader registers, 442-446

carriage return (CR) code, 164,178

CHARACTERISTICS WORD, 378-
379

check character register, 403

check indicator, 169

check switch, 168

CME11-K, 202-211
registers, 442-446
specifications, 209-211
CMS11-K, 202-211
registers, 442-446
specifications, 209-211
COLUMN READY bit, 194, 204,
206, 443-444

COMBINED ERROR bit, 29, 291
command address register, 470,472

command and status register,
7,8,9,275-277

COMMAND message packet,
95, 96, 98-100

COMMAND WORD, 375-378
COMPOSITE ERROR bit, 19,283

CONTINUE message packet, 95, 96,
98, 103

control A/control B switch, 67

control and status register (CSR),
17,18, 162, 176, 179, 233, 235,
245, 247, 248, 283-285, 439,
440-441, 452-453, 456-458

control and status 1 register (CS1),
27, 29, 40, 41, 51, 63, 65, 75, 76,
126,128, 142, 291-293, 303-305,
325-327, 352-353, 388-390

control and status 2 register (CS2),
27, 40, 63, 75, 294-296, 307-310,
329-332, 391-394

control and status 3 register (CS3),
323-324, 350-351, 407-408

control in/maintenance
register, 470-471

-12-

control out/status register, 471-472
CONTROLLER READY bit, 18,19,
29, 284, 292
control register, 153, 409-410
copies control, 182
Coulter Model “S” Blood
Counter, 242

CR11(-A), 190-201
registers, 442-446
specifications, 199-201

CR11-B), 190-201
registers, 442-446
specifications, 199-201

CRT, 215

current cylinder register (CC),
343, 362-363

Computer Special Systems (CSS)
group,1, 176

cyclic redundancy check (CRC), 7,9,
17, 18, 39, 40, 51, 52, 63, 64,
72,75, 76, 85, 86, 125, 127,
128, 139, 141, 142, 150, 154

data buffer register (DB), 7, 8,
9,112, 162, 164, 166, 176, 178,
179, 192, 194, 195, 204, 206,
207, 216, 277, 300-301, 317,
340, 371-372, 403, 439, 440,
441,442, 444, 445, 446,
448-449

data input/output (DIO) lines, 253

DATA message packet, 95,98, 102

data transfer error register, 410

DATA TRANSMITTED control
signal, 235

Data Valid (DAV) line, 253

dedicated mode, 265, 267, 268

delete control code character, 164

DENSity error lamp, 117

desired cylinder register (DC),
51, 63, 75, 300, 319-320, 342,
362



INDEX

desired sector/track address
register (DA), 51,63, 75,
306-307, 328-329, 359-360

device control logic (DCL), 347-348

digital-to-analog (DAC) buffer
register, 221, 222, 451

digital-to-analog (D/A) conversion,
268

digital-to-analog converter (DAC),

215, 216, 222, 257, 265, 266, 449,

451

direct memory access (DMA), 5, 15,
25, 35, 49, 59, 71, 83, 109, 121,
135, 149, 245, 248, 263, 265

disk address register, 17, 27,
285-287, 294
disk drive comparison chart, 91
disk drive registers, 275-368
display status register (DSR),
216, 446-448
DL11-E, 93,95, 96, 105, 106, 368
DL11-W, 93, 95, 96, 105, 106, 368
DONE bit, 9, 276
double density plot mode (DDPM)
code, 165
double density mode, 5
DR11-B, 245
DR11-C, 233-236, 257

registers, 451-454
specifications, 236
DR11-K, 238-243, 257,
266, 268, 271, 272
registers, 454-455
specifications, 242-243
DR11-W, 244-250, 257
registers, 456-461
specifications, 250
drive adapter, 71,72,77,
79, 80

DRIVE INTERRUPT bit, 29

drive number receptacle, 20, 30,
43,54,67,78

DRIVE READY bit, 18,19, 285

drive status register (DS),
296-298, 310-312, 332-334,
353-355

drive type register (DT), 317-318,
340-341, 360-361, 404-405, 422-
423

DRV11-B, 248, 249

ECC pattern register, 301-302,
367-368, 323, 349

ECC position register, 301,
367, 322, 349

elongate code, 164

end or identify (EOI) line, 253

END message packet, 95, 96,
98, 99, 100-102, 104

EOT lamp, 117

ERASE GAP operation, 115, 127,
141,154

error and information register (EIR),
245, 247, 458-459

error and status register, 7,
9, 278-280

ERROR bit, 9, 105, 166, 179,
206, 248, 275, 369, 439,
440, 442, 450, 456, 458

error correction code (ECC),
27,28, 39, 40, 51, 52, 63,
64,72,76, 85, 86, 152,
154, 299, 357
error register (ER), 398-402,
298-300
error 1 register (ER1), 64, 76,
86, 312-316, 335-338, 355-359
error 2 register (ER2),
363-365, 343-346, 320-322
error 3 register (ER3),
347-348, 365-367
event-marking mode, 267

expansion box comparison chart,
see Appendix E



381-383
383-385
385-386
386-387
280-281
281

281-282
extended status word 4, 282

EXTERNAL DATA ACCEPTED
signal, 241, 242

EXTERNAL DATA READY signal,
241,242

EXTERNAL START ENABLE bit,
221, 450

extended status 0 word,
extended status 1 word,
extended status 2 word,
extended status 3 word,
extended status word 1,
extended status word 2,
extended status word 3,

failure codes, 411-420, 426-434
fault clear switch, 43,78
faultindicator, 20, 30

fault switch, 54

file protect lamp, 144, 156

format fault indicator, 184
formatter status register, 395-397
form feed (FF) code, 162,178
forms length selector, 182

forms reset switch, 185

forms thickness adjustment,
169, 185

FORTRAN-callable subroutines,
251, 263, 269

frame count register (FC), 126,
127, 141, 394-395

gate fault indicator, 184, 185
GO bit, 247,277, 293, 305,
327, 353, 390, 410, 436, 437,
438, 458, 471
group coded recording (GCR)
mode, 1, 150, 152, 154

INDEX

H960 series cabinets, 25, 121
H9600 series cabinets, 25

H9602 series cabinets,
109, 121, 149

halt switch, 209
hammer fault indicator, 184
hardware control register, 438

head disk assembly (HDA),
49, 83, 87,358

HEADER CRC ERROR bit, 86, 357
holding register (HR), 320

Hollerith code, 2, 191,192,
195, 203, 207
Hollerith code chart,
see Appendix A

hopper check lamp, 198, 199,
208

horizontal form position adjustment,
169, 182

horizontal paper adjustment, 185

IB11, 251-254
registers, 461-464
specificatons, 254

IEEE Standard, 251, 461

INITIALIZE message packet, 95,
98, 103-104

input buffer register (INBUF),
233, 235, 454

input data register (IDR),
245,247, 460

INPUT INTERRUPT ENABLE bit,
241,242,455

input register, 239, 241, 455

instrument bus data register,
251, 464

instrument bus status register,
251, 461-464

INTENSIFY pulse, 215,216,218



INDEX

interblock gap (IBG), 111, 125,
139, 152

interface clear (IFC) line, 253

internal clock/clock track
(INT CLK/CLK TRK) switch, 209

INTERNAL HIGH DATA READY
pulse, 241

INTERNAL LOW DATA READY
pulse, 241

interprocessor buffer (IPB),
239, 245, 265

interprocessor link, 248

interrecord gap (IRG), 111, 125,
139, 152

interrupt codes, 411-420, 426-434

interrupt control logic, 10, 19,
29, 41, 65,76, 105, 115, 128,
142, 166, 179, 195, 207, 216,
223, 235, 242, 248, 254, 259

INTERRUPT ENABLE bit, 9, 18,
29, 41, 65,76, 115, 128, 142,
166, 179, 194, 206, 216, 223,
235, 242, 248, 253, 259, 276,
284, 292, 303, 324, 327, 383,
389, 408, 439, 441, 444, 447,
450, 453, 457, 463

interrupt priority level, 29, 41,
65, 76, 105, 115, 142, 166, 179,
195, 206, 216, 223, 235, 242,
248, 253, 259

interrupts, 9-10, 18-19, 29, 41,
53, 65,76, 87, 105, 115, 128, 142,
155, 166, 179, 194-195, 206-207,
216, 223, 235, 242, 248, 253-254,
259

interrupt vector address, 29, 41,
65,76, 105, 115, 128, 142, 166,
179, 195, 207, 216, 223, 235,
242, 248, 253, 254, 259

KW11-K, 215, 221, 256-260,
268, 271, 450

clock A, 257,259, 271
clock B, 257, 259, 271
registers, 464-469
specifications, 260

lamp test switch, 199

light-emitting diodes (LEDs),
196, 207

line feed (LF) code, 162, 164,
166, 178

lineprinter comparsion chart, 189
lineprinter registers, 439-441
load fault lamp, 143, 144, 156
load/rewind/unload switch, 116
load/rewind switch, 143, 156
load switch, 20, 130

longitudinal redundancy check
(LRC),125, 127, 128, 139, 141,
142

look-ahead register (LA),
316-317, 339-340

LPA11-K, 262-273
registers, 470-472
specifications, 272-273

LPA11-Kbus, 215, 221, 257
LP11-A, 172-188

LP11-B, 172-188

LP11-C, 172-188

LP11-D, 172-188

LP11-E, 1,172-188

LP11 series, 172-188
registers, 440-441
specifications, 185-188

LP11-Y, 172-188
LP11-Z, 172-188
LPOSK-LL interface, 176

LXY11, 160-170
registers, 439-440
specifications, 169-170



INDEX

LXY21, 160-170
registers, 439-440
specifications, 169-170

MACRO-callable subroutines, 263,
269

magnetic tape comparison
chart, 159

magnetic tape registers, 368-438

maintenance register (MR), 192, 204,
359, 404, 442, 445-446

maintenance 1 register (MR1), 301,
317,340

maintenance 2 register (MR2), 302,
320

maintenance 3 register (MR3), 302

mark/punch switch, 209

MASSBUS adapter (MBA), 49, 51,
52, 53, 83, 85, 86, 149, 150, 152,
153,154, 155, 302, 325, 351, 388,
409

MASSBUS adapter (MBA)
registers, 39, 51, 63, 72, 85, 126,
142, 152,302, 325, 351, 387-388,
408

MASSBUS cable, 35, 49,59, 71, 83,
121, 135, 149

MASSBUS controller/adapter, 35,
59,71,72,121,135

MASSBUS port, 43, 44, 54, 55, 67,
68,78,79, 89, 144, 155

MBA byte counter register, 51, 85,
153

MBA virtual address register, 51,52,
85, 86, 153

Micro OKlamp 117

MODE FLAG INTERRUPT ENABLE
bit, 259, 467

mode switch, 199

modified frequency modulation
(MFM), 15,27, 39, 49, 59,72

motion check error, 196, 208

MULTI-CYCLE REQUEST bit, 248,
458

multipurpose register, 289-291

multirequest mode, 265, 266, 267,
268

NEW DATA READY control
signal, 235

non-data transfer control
register, 434-438

non-data transfer error register, 425-
434

NON-EXISTENT MEMORY bit, 248,
458

NON-STANDARD GAP bit, 125, 139,
400

Not Data Accepted (NDAC) line, 253
Not Ready For Data (NRFD) line, 253

NRZI (Non-Return to Zero Inverted)
mode,121, 125, 127, 135, 139,
141,144

OFFSET POSITIONING
operation, 29, 41,
65,76

offset register (OF), 318, 319, 361,
362, 341, 342

online/offline switch, 183

online switch, 88,117, 132, 143,
144, 156, 169

oscilloscope, 215,216

output buffer register
(OUTBUF), 233,
235, 239, 451, 453

output data register (ODR), 245,
247, 455, 456, 460, 461

OUTPUT FLAG bit, 241, 454

OUTPUT INTERRUPT ENABLE
bit, 241, 242, 454
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output register, 239, 241, 454, 455
OVERFLOW ENABLE bit, 221, 450

paper advance switch, 168
paper step switch, 184
parity error bit, 248, 459

PE (phase-encoded) mode, 109, 111,
121,125, 127, 128, 135, 139, 141,
142, 144, 150, 152, 154, 156

phase control, 181, 185

pick check lamp, 198, 199

plot mode code, 164, 165

port select switch, 155

POSITION operation, 98

power cord, 93

power (PWR) lamp, 129, 143, 156

power switch, 168, 181, 184, 196,
198, 208

programmable vertical forms unit
(PVFU), 161, 164, 166, 168, 178,
185

radial serial protocol (RSP)
format, 95

READ BACKWARD operation, 115,
127,141,154

read check lamp, 198, 199

READ command, 111, 152, 192, 204

READ FORWARD operation, 141

READ operation, 7,17, 18, 27, 28, 39,
40, 51, 52, 63, 64, 75, 85, 86, 95,
98, 99, 100, 102, 103, 104, 105,
112,121, 126, 127, 128, 135, 140,
141,142, 149, 153, 154

READER READY STATUS bit, 192,
198, 199, 204, 208, 209

READY bit, 29, 41, 65,76, 115, 128,
142, 162, 166, 178, 179, 216, 304,
326, 373, 389, 439, 441, 446, 447,
457

ready indicator, 30, 54

ready lamp, 43,78

ready/on/off line switch, 184

RECALIBRATION operation, 29, 41,
65,76

receiver data buffer register, 95, 369

RECEIVER INTERRUPT ENABLE
bit, 105, 368

receiver status register, 95, 368
register 3, 421

register 11, 425

register 12, 425

REMB80 subsystem, 49, 51, 55, 302
remote enable (REN) line, 253
REMO03 subsystem, 35, 39, 44, 302
REMOS subsystem, 71,72, 79, 302
REPO06 subsystem, 59, 63, 68, 325
REPO7 subsystem, 83, 85, 89, 351
REREAD operation, 29, 41, 65,76
reset switch, 143, 144, 156, 199, 208

RESIDUAL FRAME COUNT
WORD, 381

REWIND operation, 114,127, 141,
152, 154

REWIND/UNLOAD operation,
115, 127, 143, 154

RGMB80 subsystem, 49, 51, 55, 302
RGMO03 subsystem, 35, 39, 44, 302
RGPO06 subsystem, 59, 63, 68, 325
ribbon fault indicator, 184, 185
RJMO2 subsystem, 35, 39, 44, 302
RJP06 subsystem, 59, 63, 68, 325
RKO05, 251
RKO06, 297,299
RKO7, 24-32
registers, 291-302
specifications, 31-32
RK711 subsystem, 25, 27, 291
RL11 subsystem, 15,17, 283

RLO1, 14-22, 251
registers, 283-291
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specifications, 20-22 service request (SRQ) line, 253

RLO2,‘ 14-22 SET CHARACTERISTICS command,
registers, 283-291 112, 114, 373, 376, 377, 378,
specifications, 20-22 386

RL211 subsystem, 15,17, 18, 283 shiftin code, 165

RM80, 48-56, 318, 320 shift out code, 165

registers, 302-324
specifications, 55-56

RMO02, 34-46, 318, 320

shiftto 8 LPl code, 165
shutdown switch, 199

registers, 302-324 single-channel mode, 267
specifications, 44-46 single density mode, 5

RMO03, 34-46, 318, 320 SPACE BACKWARD operation, 115,
registers, 302-324 127,141, 154

specifications, 44-46

RMOS5, 1,70-81,318,320
registers, 302-324

space control code character, 164
SPACE FILES operation, 152

specifications, 79-81 SPACE FORWARD operation, 114,
RPO6, 58-69 127,141,154

registers, 325-351 special address mode, 99

specifications, 68-69 SPECIAL CONDITION bit, 41,65, 76,
RPO7, 1, 82-90 115,128, 142, 303, 325, 372, 388

registers, 351-368 stack check lamp, 198, 199

specifications, 89-90
run/stop switch, 30, 54
RWMO03 subsystem, 35, 39, 44, 302 start load code, 166
RWMO5 subsystem, 71,72, 79, 302 Start Load command, 178
RWPO06 subsystem, 59, 63, 68, 325 start/stop switch, 66, 88

START DATA ACQUISITION
command, 265

RX11 subsystem, 5,276 start switch, 43,78
RX01/RX02 diskette, 251 STAT 1lamp, 54
RX211 subsystem, 4-12,275-276 STAT 2lamp, 54

registers, 275-282 )
specifications, 10-12 status display, 182
STATUS HEADER WORD, 379-381

status register, 112, 192, 204, 206,

Schmitt trigger input, 257, 259 221, 220, 239, 372-375, 423-424,

sector address register, 7,78 442-444,450-451, 454-455

SEEK operation, 28, 40,51, 64,75, ST1INTERRUPT ENABLE bit, 259,
85 465

select lamp, 129 stop load code, 166

sensor I/0 device registers, 446-472  gtop Load command, 178

sequential-channel mode, 267 stop switch, 198

serial number register (SN), 318, strip chart recorder, 215,216

341,361, 405-406, 424-425
.I8-
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tape control register, 126, 127, 140,
141, 153, 406-407, 420-421

tape fault, 185
tape mark, 111, 126, 411, 426

TAPE MARK bit, 111, 126,
140, 152, 381, 397

TEE16 subsystem, 121, 126,
130, 387

Tektronix oscilloscope, 215

TE16, 120-132
registers, 387-408
specifications, 130-132

test switch, 182

TEU77 subsystem, 135, 140,
144, 387

TEU78 subsystem, 149, 152,
157, 408

TGU77 subsystem, 135, 140,
144, 387

TIMING ERROR bit, 206, 443

TJE16 subsystem, 121, 126,
130, 387

TJUT77 subsystem, 135, 140,
144, 387

top of form switch, 168, 181,
182, 184

track address register, 7,278

TRANSFER REQUEST bit, 7,8, 9,
276

TRANSITION TO ON-LINE bit, 194,
195, 206

transmitted data buffer register, 95,
96, 370

TRANSMITTER INTERRUPT ENABLE
bit, 105, 370

transmitter status register, 95, 369-
370

transport select receptacle, 129

transport select switch, 143

TS11, 108-119

registers, 371-387
specifications, 117-119

TUS58-K tape cartridge, 93

TU58, 92-107
registers, 368-370
specifications, 105-107

TU77, 134-146
registers, 387-408
specifications, 144-146

TU78, 148-158
registers, 408-438
specifications, 157-158

TWE16 subsystem, 121, 126,
130, 387

TWU77 subsystem, 135, 140,
144, 387

underline control code
character, 164

UNIBUS, 1,5, 15, 25, 35,
59, 93, 109, 121, 135, 161,
166, 175, 179, 191, 194, 195,
203, 206, 207, 215, 216, 221,
223, 227, 235, 239, 241, 242,
245,247, 248, 253, 257, 263,
283, 291, 304, 308, 368, 371,
372, 388, 389, 392

UNIBUS adapter (UBA), 245
UNIBUS address, 2, 192, 204

UNIBUS 1/0 page device addresses
and vector assignments, see
Appendix D

unload switch, 143, 156

VAX-11/750 systems, 5, 15, 25, 35,
49, 59, 109, 135, 161, 263
VAX-11/780 systems, 1, 25, 35,
49, 59,71, 83,109, 121,
135, 149, 150, 161, 263,
351, 408
VAX MASSBUS, 351, 409

VAX systems, 1,175, 191, 203, 215,
257

vertical form position adjustment,
169, 182
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vertical forms unit (VFU) error, 185
vertical tab stop, 164, 166, 178
VOLume VALID lamp, 117

Winchester technology, 1, 49, 53,
83,87

word count register (WC), 7, 27,
39, 40, 63, 75, 126, 127,
140, 141, 245, 247, 278,
293, 305, 328, 390, 459

WRITE CHECK command, 28, 40, 52,
64,76, 86

WRITE command, 17, 27, 40, 63,
75, 85, 153

write lock lamp, 117,129

-I10-

WRITE operation, 8,17, 18, 20, 27,
28, 30, 39, 40, 51, 52, 55, 63,
64,67,75,78, 85, 86, 88, 95,
96, 99, 100, 102, 103, 105, 111,
112, 115, 125, 126, 127, 128,
139, 140, 141, 142, 153, 154,
242

write protect indicator, 88

write protect switch, 20, 30, 43, 54,
78,88 -

WRITE TAPE MARK operation, 115,
127,141,152, 154

XOFF message packet, 95,98, 103
X/Y recorder, 215
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