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Preface

This manual describes the operation of the IBM 3410/3411 Magnetic Tape
Subsystem. It contains four sections covering the Tape Unit, the Tape Control, the
microprocessor operation when the host system is a System/3, and microprocessor
operation when the host system is a System/360/370.

This manual assumes the reader is host system trained. Previous tape subsystem
training is helpful but not a prerequisite for using this manual.

Machine specifications are subject to change at any time and without prior notice by
IBM. This manual does not necessarily reflect these changes or represent any
specific machine. For information at the engineering change level of a specific
machine, refer to the logic diagrams, microprogram listing, and the 3410/3411
Integrated Maintenance Manual shipped with each machine.

Second Edition (April 1973)

This is a major revision of, and obsoletes, SY32-5028-0. Two new sections, ‘‘Microprogram
System/370 Mode! 125’ and “Microprogram Seven-Track,'” have been added. Other changes
or additions to the text and illustrations are indicated by a vertical line.

Specifications contained herein are subject to change from time to time and will be reported in
revisions to this manual or in FE supplements.

Requests for copies of IBM publications should be made to your IBM representative or to your
local IBM branch office. '

This manual was prepared by the IBM General Products Division, Half-inch Tape Writing,
Dept. 26T, P.O. Box 1900, Boulder, Colorado 80302. A form is provided at the back of this

publication for the reader's comments. If the form has been removed, comments may be sent i o
to the above address. . ) S

© Copyright International Business Machines Corporation 1973
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ABI attachment bus in
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atthmnt attachment
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introduction To Magnetic Tape Subsystems

A magnetic tape subsystem consists of a tape control
and one or more tape units. Each tape unit can record
(write) information on tape, or sense (read) information
from tape.

The tape control communicates with each of the tape
units and with a data processing system. In operation,
the tape control receives an instruction from the system,
prepares a specific tape unit to execute the instruction,
and passes information which is read from tape, or is to
be written on tape, between the tape unit and the
system. j

Magnstic Tape

Magnetic tape is widely used as an input/output
medium because it rapidly stores large amounts of
information in compact, easily handled form. Since tape
can be reread repeatedly without destroying the
recorded data, the information stored on magnetic tape
can be retained as a permanent record. Since old data’
is erased automatically as new information is written on
tape, magnetic tape can also be used as a temporary
storage medium.

Construction

Magnetic tape consists of a flexible plastic strip coated
with a thin layer of ferromagnetic material. The coating
is a mixture of ferromagnetic particles and a binder
solution. The binder is used only to hold the
ferromagnetic particles to the plastic strip. The particles
are narrow and are oriented lengthwise on tape. They
are held in position by the binder and do not move
when the polarity of tape is changed.

The oxide particles on tape are magnetized by applying
an external magnetic source to the tape. The direction
of the magnetic flux from the source determines the
polarity in which the oxide particles are magnetized. An
area of tape with all particles magnetized in one
direction is considered polarized in that direction.

Each section of magnetic tape polarized in one direction
simulates a single bar magnet, with a south pole at one
end and a north pole at the other. When a tape is
polarized continuously in one direction, the entire tape
forms a single bar magnet. If half the tape is polarized
in one direction (north pole at the left) and half polarized

in the other direction (north pole at the right), the tape
has the form of two bar magnets, with the south pole
for each in the center. If the direction of polarization
changes often along the length of tape, the tape has the
form of a series of shorter bar magnets.

To write on tape, the direction of polarization of tape is
changed by altering the direction of externally applied
magnetic flux. When reading from tape, the change in
polarization is detected.

Writing

The oxide on tape is polarized by passing the tape
through magnetic flux generated by a write head. The
direction of current flowing through the coil of the write
head determines the direction of the flux through which
the tape- passes. When current flow through a write coil
changes direction, the direction in which tape is
magnetized also changes. The points on tape where
polarity changes represent the recorded data.

Reading

Reading from magnetic tape uses the principle that a
voltage is induced in a coil whenever there is a change
in the direction or number of flux lines crossing the
turns of the coil. Reading is performed by moving
recorded tape across a read head.

As tape is moved across the read head, a point on tape
is reached where the polarization of the oxide changes.
At this point, the flux crossing the turns of the read
head coil changes from maximum in one direction, to
maximum in the other direction. This change in flux
direction induces a pulse in the read coil. The direction
of current in the coil is determined by the direction of
polarity change on tape.

Bit

A bit is the smallest unit of information stored on
magnetic tape. In the binary system, a bit represents
one of two states: on and off, or active and inactive.
The logical 1 and O are terms used to represent the

binary on and off states; the 1 indicates on, the O
indicates off.

A bit is stored on magnetic tape by changing the
l direction of polarization of the tape oxide. In the NRZI

system of recording, only the one bits are stored on
tape; a change in polarity at a given time represents a 1
bit, and no change in polarity at a given time represents
a 0 bit. In the phase encoded system of recording, both
1 and O bits are stored on tape. The direction of polarity
change determines whether the bit is a 1 or O.

Erasing

Tape is erased by magnetizing it continuously in one
direction. When polarity of tape does not change for a
period of time, no bits are recorded; it is erased.
Although old information is destroyed automatically as
new information is written, physical differences among
the read/write heads on different tape units may cause
interchangeability problems when tape is written on one
tape unit and then rewritten on another unit. An erase
head applies a strong magnetic field to erase the entire
width of tape during a write operation, to reduce
interchangeability problems, and to reduce the possibility
of leaving extraneous bits between data blocks on tape.

The erase head is located just below the read/write
head in the tape path. When tape is moving forward in
write status, it passes over the erase head before it
crosses the write head, and flux lines pass through the
tape and saturate the oxide to magnetic zero before new
bits of information are written.

Tracks

Bits g:if information are written on tape in parallel rows
called tracks. One read coil and one write coil are
provided for each track. Although the read and write
coils for all tracks are located in the same physical unit
(read /write head), the coils for each track are
independent of all other tracks. There are nine (seven)
tracks across the tape, allowing nine (seven) bits of
information to be written or read simultaneously.

Byte

The bits present in all nine (seven) tracks at any one time
comprise a byte of information. One byte consists of
eight data bits and one parity bit which were recorded
on tape at the same time. The eight data bits of a byte
may represent a letter, number, symbol, or special
character. The ninth, or parity (P) bit is used for error
checking.

CCCCCUCCCCCCCCCCC ¢

The P position of a byte can contain a 1 or O, depending
on the number of 1's in the rest of the byte. For parity
checking, the tape control uses odd parity; thus, the
total number of 1’s in a byte, including the P bit, should
be odd. If the data portion of a byte contains an odd
number of 1’s, the P bit should contain a 0. If the data
portion of a byte contains an even number of 1's, the P
position should contain a 1, to make the total odd. If a
byte with an even number of 1's is detected, an error is
indicated.

Recording Area

‘Magnetic tape is available in a variety of lengths. On
any reel of tape, all but a small length at each end may
be used for recording. The recording area of tape.is
physically identified at each end by reflective markers
adhered to the back of tape.

The markers are sensed by a system of lamps and
photocells which signal the tape unit when the
beginning or end of the recording area is reached. The
markers are small strips of transparent plastic with a
thin film of aluminum on one side. Pressure sensitive
adhesive covers the aluminum film. The markers are
applied to the base (uncoated) side of tape. New reels
of magnetic tape have the markers in position. The load
point marker is mounted on the plastic surface of tape
about 15 feet from the physical beginning of tape. The
marker is placed parallel to and about 1/32 inch from
the front edge of tape. Sensing this marker identifies
load point, where reading or writing should begin.

The end-of-tape marker is mounted on the plastic
surface of tape about 25 feet from the physical end of
tape. The marker is placed parallel to and about 1/32
inch from the rear edge of tape. Sensing this marker
signals that the physical end of tape is near, and that
writing should stop after the block being written.

Vacuum Columns

Two vacuum columns provide buffer storage areas for
tape. A loop of tape is retained in each of these
columns. As tape movement causes tape to be
withdrawn from a column, the tape is replenished by the
corresponding tape reel. As tape is placed in a column
by tape movement, a tape reel withdraws the excess.
This buffering action allows the tape reels to operate
independently.
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Besides acting as buffer storage ai;eas for tape, vacuum
columns use atmospheric pressure to exert gentle,
uniform tension on tape while it is passing over the
read/write head. This tension keeps tape in contact
with the read and write heads and prevents buckling or
stretching while starting or stopping tape. ' ’

Vacuum columns are rectangular in cross-section; their
tops are open to receive a loop of tape, while a
manifold at the bottom is connected to a vacuum pump.
A loop of tape hangs in each column. The vacuum
pump maintains vacuum below each tape loop, and
atmospheric pressure presses tape downward and
against the sides of the column. It is the tension caused
by downward atmospheric pressure that holds tape in
contact with the read and write head surfaces.

When tape is moving, the position of the tape loop in
each vacuum column is sensed by sensing units
attached to the columns. These sensing units control
the starting and stopping of the tape reels as needed to
maintain a constant supply of tape in each vacuum
column.

Tape Guiding

To maintain interchangeability of tape reels, the
alignment of the tape path must be closely controlled
among different tape units. Tape guides establish the
tape path through the tape transport. One edge of tape
is the reference edge, and all tape units use this edge
for guiding. On.a 3410/3411 tape unit, this is the front
edge, which is held in continual contact with a fixed
reference flange on each of the tape guides in the
transport. Since tape width varies slightly, the lower
flange of a tape guide is spring loaded. The spring
action exerts a light, though constant, pressure on the
lower edge of tape. This pressure causes the reference

edge of tape to remain in constant contact with the
reference flange regardless of tape width.

Skew

Skew is the misalignment of bits within a byte, and can
occur during the reading or writing process.

during a write operation and should be detected (read)
at the same instant as the byte passes over the read
head during a gi:bsequent read operation. Unfortunately,

Ideally, all bil’a\ of a byte should be perfectly aligned

this ideal condition is difficuit to achieve because of
write and read head manufacturing tolerances, small
differences in head assembly mounting between tape
units, and slight variations in circuit delay between
tracks. These factors are further aggravated if tape
swerves slightly as it passes over the heads during
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either the write operation or any subsequent read
operation.

In the misalignment of bits within a byte, skew means a
slanting or staggering of bits relative to the edge of
tape. If skew is excessive, bits of adjacent bytes might
mix and cause read errors.

Skew is either mechanical or electrical. Mechanical
skew is usually caused by miéalignment of the
read/write head on the tape unit. Electrical skew is
caused by head manufacturing tolerances or
track-to-track circuit differences.

No Mechanical Electrical Combined
Skew Skew Skew Skew
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The example shows exaggerated write skew. It is write
skew because the bytes are actually written on tape
with the bits misaligned. However, bits written on tape
in perfect alignment can be skewed during the read
operation. Read heads and/or read circuits can cause
the bits to be misaligned electrically; that is, some bits
delayed longer than others.

Mechanical skew is corrected by physical alignment of
the read/write head assembly. Electrical skew cannot
be corrected since it is “’built in”" the heads and circuits.
Two means of compensation for electrical skew are
provided; one is used for each of the recording modes.
Special buffer registers, capable of compensating for
large amounts of skew, are used in Phase Encoded
mode. In NRZI mode, adjustable single-shots allow all
tracks to be electrically aligned. '

Master Skew Tape

A master skew tape is a field tool for adjusting skew. It
is manufactured to extremely rigid specifications since it
is a standard used to obtain optimum tape unit
performance. Master skew tapes have a density of 800
flux changes per inch and are written with one solid bit
across the width of tape at each flux change. These
tapes are written at the factory on a special tape unit
designed to produce tape with a minimum of skew.

Thekmastef skew tape is used to adjust mechanical
skew, then electrical skew while reading in both a

. forward and backward direction. With read electrical

skew aligned in this manner, a normal tape is written
and electrical skew is adjusted while writing. Read skew

‘must be adjusted prior to measuring write skew since

the read circuits are used in adjusting write skew.

Common Terminology

Feedthrough: A form of noise appearing on the read
signal (during a write operation) whenever a write circuit
switches polarity. Feedthrough is caused by some of
the flux lines generated by the write head crossing the
read head coils. If not eliminated through shielding or
cancellation, feedthrough can cause errors in a write
operation although the written data is correct.

Crosstalk: The unwanted transfer of energy from one
track to another during a read or write operation.
Crosstalk is caused by coupling of the read signal
between tracks. Components in the read/write head,
and cables throughout the subsystem are shielded to
hold crosstalk to a minimum.

Read Signal: The voltage induced in a read coil as a
polarity change on tape passes. This voltage is
amplified and shaped by read circuits, and passed to the
tape control as information read from tape.

Write Signal: The signal applied to the write coil to
cause a polarity change to be written on tape as it
passes.

File Protect: A method of preventing the inadvertent
destruction of data on magnetic tape. Removal of a
write-enable ring found in the back of the tape reel
protects that reel from accidental rewrite. A tape reel
with the write-enable ring removed is file protected. A
write-enable ring must be inserted in any reel before
writing on that reel can take place.

Tape Cleaner: A device in the tape path of most tape
units to remove loose particles of dust or oxide as the
tape passes. If not removed, these particles can cause
head-to-tape separation at the read/write head,
resulting in a greatly reduced read signal amplitude and
errors. :

The tape cleaner is positioned so that tape moving
forward passes the cleaner before reaching the surface
of the read/write head.

Error Recovery Procedure (ERP): A routine in the
system program which is entered whenever a read or
write error occurs. An ERP contains a sequence of
instructions designed to recover from an error condition
without major interruption of the customer’s job.

There are separate ERP routines for each type of error,
and each involves a predetermined number of retries of
the failing operation. If recovery is successful (the °
operation is performed without error on one of the
retries), the error is classified as temporary, and the

™ Y N o £ '

. customer job continues. If recovery is unsuccessful, the

error is classified as permanent.

Write Skip: A procedure commonly used in write
error ERP’s. The tape unit is instructed to backspace
over the block on which the write error occurred. An
Erase Record Gap (ERG) instruction then causes 3.75
inches of tape to be erased. The block is again written.
The write skip is intended to skip over a defective area
of tape should it be the cause of the wrdjte error.

File Reel: The tape reel which is mounted and
dismounted on the tape unit. The tape is normally
resident on this reel and leaves only when a forward
operation is in progress on the tape unit.

Machine Reel: The tape reel which remains on the
tape unit at all times. This reel receives tape transferred
from the file reel during a forward operation.

Loaded/Unloaded: Separate states of the transport
portion of the tape unit. When a tape unit is loaded,
tape is in the vacuum columns and the tape reels are
under automatic control of the tape unit. When a tape
unit is unloaded, tape is out of the columns and the
reels must be manually operated.

Rewind: The process of returning tape to the file reel
following a forward operation. A rewind can be initiated
manually, using a pushbutton on the tape unit, or under
program control. Since data is not recorded nor read,
rewind normally occurs at a tape speed much higher
than normal.
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Data Format

' A block is a group of data bytes separated from other
groups of bytes. The amount of data in one block (the
number of bytes) is variable, and is determined by the
system before the data is sent to the tape control.

B The block sent to the tape unit for recording in phase
encoded mode has a burst of bytes added to each end
by the tape control. The added bursts are necessary for
the tape control to synchronize the read detection
circuits when reading tape in either direction‘\

(forward /backward). The block recorded by the tape
unit contains: 40 bytes of all zeros (including parity bit),
1 byte of all ones (including parity bit), the data bytes
received from the system, 1 byte of all ones, and 40 .
bytes of all zeros. When transferring data from the tape
unit to the channel, the tape control discards the added
bursts.

A tape that contains phase encoded data is identified by
a recorded burst at the load point marker. This is the
phase encoding identification burst, and consists of
1600 flux changes per inch recorded in the P track,
while all other tracks are erased. The burst begins
before, and extends beyond the load point marker.

No beginning or ending burst is used when red;';
data in NRZI mode. The NRZI block recordedé n tape
has two check characters added at the end. These
check characters are discarded by the tape control
during a read operation. ;

A tape that contains NRZI data is identified by the
absense of a phase encoding identification burst.
Instead, the first 6 inches of an NRZI tape are erased,
beginning before, and ending after the load point
marker. This erased area at the beginning of tape is the
load point delay, and causes actual recorded data to
begin away from the load point marker, where tape
damage is most likely to occur.

Check Characters

In NRZI mode, the two check characters written at the
end of each block are the Cyclic Redundancy Check
(CRC) character, and the Longitudinal Redundancy
Check (LRC) character. :

The CRC character is developed in the tape control

during each NRZ! write operation and represents an
accumulation of all bits in the block. The CRC character
is written on tape four byte spaces after the last data
byte, and is used for single-track read error correction.

The second, or LRC, check character is an odd/even

parity count of all the bits in each track of a block. The
total number of 1's in any track of a block is made an
even number by placing a 1 or O in the LRC position for
that track. The LRC character is written four byte
spaces after the CRC character, or a total of eight byte
spaces from the last data byte.

1 All-Ones Byte 1 All-Ones Byte
‘ )
. 40 40
Data All-Zero Data All-Zero Phase Encoded
Z /| Bytes Bytes
Beginning Ending
Burst Burst

%

Data NRzZI
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Inter-Block Gap (IBG)

A gap, or blank area of erased tape, is used to separate
individual blocks on tape. The nominal length of the IBG
is 0.6 inches. The IBG length of 0.6 inches is standard
for all 9-track tape units and is sufficient to allow tape
to come to a stop after the end of a block is sensed,
and upon restart, to reach full speed before the
beginning of the next block is sensed.

Two delays, generated by the tape unit when writing,
create the IBG and determine its length. These delays
govern:

« The time between writing the last byte of a data
block, and actually stopping tape. *

+ The time between starting tape motion and writing
the first byte of the next block.

When the tape unit is in write status, moving tape over
the write head without writing data causes that tape to
be erased. Together, the two delays cause 0.6 inches of
tape to be erased between data blocks.

There are occasions when a customer job may require
backspacing over a data block on tape, and writing a
new block in its place. If, after the backspace, tape is
not positioned at exactly the same point as before
writing the original record, the new IBG length will be
different. A tape unit which, in this type of operation,
would shorten the IBG is said to have “backward
creep.”’ If the IBG is lengthened, the tape unit has
“forward creep.”” Since backward creep, and the
resulting short IBG may cause errors on subsequent
read operations, a tape subsystem is designed so that
stopping tape moving backward is quicker than stopping
tape moving forward, causing forward creep.

File

A file is a group of related blocks recorded on tape.
Several files may be written on a tape, and to allow the
system to recognize the end of one file and the start of
another, a special block, or tape mark, is written at the
end of each file.

Tape Mark Configuration

In phase encoded mode, the tape mark is a burst
containing zeros in tracks P, 0, 2, 5, 6, and 7 with
tracks 1, 3, and 4 erased.

In NRZI mode, the tape mark is two bytes, eight byte
spaces apart, each containing ones in tracks 3, 6, and 7
with zeros in all other tracks.

( (CCcCccCcccccccccccccctccecc ( ( « C C C C «(

Data Blocks {Vary in Length with Amount of Data)
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Inter-block Gaps (IBG) —— 0.6 inches long

Track Arrangement

A byte consists of eight data bits and a parity bit. The
bits are identified as P, 0, 1, 2, 3, 4, 5, 6, 7 and each is
recorded in a separate track on tape. The tracks are
arranged such that those most likely to contain one bits
in NRZI mode are located in the middle of tape, and the
least used tracks are on the outside edges where most
tape defects occur. :

The nine tracks are divided into zones, or groups, of
three tracks each. The tracks of a zone are non-adjacent
(separated by two tracks from other zones). In phase
encoded mode, the tape control uses the zone
configuration to distinguish between the start of a data
block, and noise which may be sensed between blocks.
A read signal must be sensed in all tracks of at least
one zone for data block recognition.

Magnetic Coating
(Oxide)
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Data Recording

Phase Encoding And NRZI Recording Methods

The phase encoded method of recording on tape uses
the direction of flux change to distinguish between
binary ones and zeros. The NRZI method uses a flux
change in either direction to represent a one and no flux
change to represent a zero.

Phase Encoded Write

The time required to write a single binary bit is called a
bit cell. The write clock in the tape control determines
the timing of a bit cell and controls the generation of
flux reversals (reversals of magnetic polarity) on tape.
During the write process, a flux reversal is created in the
middle of each bit cell (bit shift time). If this reversal is
plus-to-minus (negative), the bit is a zero; if
minus-to-plus (positive), a one.

When two consecutive one bits are written, both

requiring a positive reversal at bit shift time, an extra,

negative reversal must be written between the one bits.

Also, when two consecutive zero bits are written

(negative reversals), an extra positive reversal must be

written between the zero bits. These extra flux reversals

occur at bit cell boundary time and are not regarded as

data.

o |1

Bit Pattern On Tape 0 0 | 1 | 1 |

Flux Reversals at Bit

|
|
|
|
Shift Time (Always) |

Flux Reversals at Bit Cell
Boundary Time (Between

|
I
I
I
|
I
!
I
|
Like Bits) |
I

NRZI Write

In NRZI recording, a flux reversal in either direction
represents a binary one bit. If the bit to be written is a
one, a flux reversal is created at data time, determined
by a write clock in the tape control. If a zero is to be
written, no flux reversal is created at data time.

Bit Pattern On Tape
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No Transition Represents a Binary Zero
ol 11

Bit Cell
(Bit Period)

-

1 Bit

i

Polarity of Flux
Saturaticn on Tape A

| | | |
| | |
| | |
I
I I

I | |

.i_ |

I

|
Phase Encoding Write
Waveform | |

"

i

|
|
gicel  liccell  pitcel

| T ogiccell 3 it Cell|
N

Bit Cell Boundaries

ST D00 YOO 00
Y \I}\ PR C: F 2N \j) s N N

PP H |

1 R —
| L
' BIt Shift
iBit Cell | BitCell  Time Bit Cell
Bit Cell 7 IBIt CeII| Boundary Boundary

[

P Y
AN /\» (/‘ > AN s A ~ » VN
N A O NN Y, /N

Bit Pattern On Tape
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Phase Encoded Data m
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Degate

Phase: Encoded Read

In phase gncoded mode, each bit cell contains a flux
reversal at bit shift time. If this reversal is positive, the
bit is a one. If the reversal is negative, the bit is a zero.

At the boundary between bit cells containing like bits
(consecutive ones, consecutive zeros), an extra reversal
occurs. To prevent recognition of these extra reversals
as data, the read detection circuits are degated for
approximately 70% of the period between bit shift
times. This degating begins with the sensing of a flux
reversal and ends as a function of a predetermined
time-out.

1 1 0 1 0 1

o o
|
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ERRIR NI

[ I |

A B2 2 =
IBit Celll Bit Cell| |git Cell Bit Cell I
| vV Igitcen|] 3 itcell 5 IBitcel 7 Igit Cell
2 4 6 8
NRZI Read

In NRZI mode, all flux reversals sensed from tape are
one bits; therefore, no discrimination between positive
and negative reversals is required. If a reversal in either
direction is sensed, the bit is a one. If no reversal
occurs, the bit is a zero.
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Tape Problems

One of the major factors affecting the quality of an operating system is the quality
of the magnetic tape. During use, it is stretched, flexed, and rubbed, causing its
oxide to crack, or to be eroded. Eroded particles of oxide, fingerprints, and dust
contaminate its surface, multiplying erosion and breaking contact between the
tape and the read/write station. Improper handling by the operator can also
damage tape.

There are some tapes that cause degradation of performance of the tape
transport. These tapes are called inhibitor tapes. Such tapes will: (1) glaze or
coat the capstan, (2) stick to the read/write head or cause other tapes-to stick,
(3) generate particles and debris that cause read, write, or motion control failures.

In order to trace the history of the tape, adequate records must be maintained.
The primary objective of good housekeeping is the ability to quickly find the
device or tape associated with a tape error.

Write Errors

The most common causes for write errors are tape lift, tape velocity, oxide voids,
or a combination of all. Usually, tape lift is caused by physical distortion; that is,
curvature, wavy or rippled edge, or cupped tape. There are many tape parameters
which may cause these problems. Unfortunately, most are impossible to measure
in the field. However, some common parameters which may be at fault are
thickness, drag, and stiffness. These, and other tape characteristics, can cause a
difference in performance between brands of tape.

Tape velocity or motion problems due to actual tape media are relatively rare.

Read Errors

Some of the parameters causing tape write errors can also cause tape read
errors. One major difference is that the tape, during a write operation, may have
experienced a stress or distortion that is aggravated when the tape is placed in

. storage. When this occurs, the CE can expect to see blocks on tape which have
a high skew content, usually caused by tracking or packing/unpacking of bytes.

Permanent read or write errors cannot be ignored. Every effort and resource must
be used to resolve this type of probiem.

Damaged Tape

The cause of damaged tape is one of the most difficult problems to analyze.
However, there are some causes which are common by the nature of their form
and location in the reel. Two pieces of information are needed to properly resolve
a tape damage problem: the reel for examination, and the tape units on which the
reel was processed.

Usually, the damaged tape is discovered in a read operation, as a permanent read

~error. The reading tape unit is generally not at fault; however, if the tape is
machine-damaged, chances are good that the tape unit which last processed the
reel is at fault.

mm INTRO K )

Edge Creases: Short creases (2 to 6 inches) at any point in the reel can be the
result of uneven winding or rough handling. An uneven wind can be caused by
the tape, reel, or the tape unit. Tapes with a high degree of curvature tend to
wind unevenly. A lack of constant rewind tension by the machine will also
contribute. The width of the reel flange spacing is a controlling factor. With the
best conditions of tape unit and tape, the tape will still tend to wind unevenly if
the width of the flange is not correct.

Tape wound with only a few protruding edges on a reel can be creased by
squeezing the flange. This is usually done when mounting or removing the tape
reel.

Protruding =
Tape Edge

Uneven Wraps of Tape

™,
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Cross Crease: The cross crease usually comes in pairs; one crease toward the
coating, and one away from the coating, a foot or less apart. This type of crease
is created by a backward wrap and can be due to tape becoming slack at some
point during rewind, or to a severely warped tape reel affecting tape during a
motion reversal.

v

— Backward Wrap

AN\

Reel

/‘/N/W/‘—;—"
- Cross Crease /

Cross Crease”
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Reel

Indentations: Any foreign or tape particle causes an indentation in the coating
surface when tape is wound tight on the reel. When tape is wound extremely
tight, the end-of-tape marker often embosses the tape surface.




‘ Pleat Creases: The pleat crease begins when one or more loose wraps are - Edge Shavings: Many times, a small edge nick becomes caught on the cleaner
blade and causes the edge of tape to be shaved. A-worn, rough cleaner blade

placed in the tape reel during a rewind. During subsequent processing of the reel,
the outer mass of tape shifts on the loose wrap, causing it to pleat. can also cause the tape edge to be shaved. This condition can continue for
several hundred feet, causing the tape to track incorrectly on subsequent passes.

Wear on Cleaner Blade ~QQ0 =
\ é\%@\\
)

Loose Wrap Pleat Crease p= 000 00=
. e
Edge Nicks: In most cases, edge nicks are operator inflicted. The open-flanged S oo™
reel with uneven wraps is very subject to edge damage. Fingernails, or stacking
tapes out of their containers are the most prevalent causes.
(QQ Shaving Cleaner Blade
Edge Nicks
All in a Line
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Environmental Problems

Temperature

Temperatures within the specified operating range have little effect on
performance of magnetic tape. However, extremely high temperature during
storage, along with heavy winding tension, can cause oxide voiding.

Humidity

Relative humidity up to 80% has little effect on tape performance. Low humidity
has two pertinent effects:

1. The tape backing becomes stiff and the coating less flexible. Thus, wear
particles build up faster.

2. Static charges build up faster at low humidity. Applications which shoe-shine
over small sections of tape are very sensitive in low humidity. A combination
of static charge and the smoothness of tape causes clinging in the tape
transport. This results in poor tape start and stop times, and if the condition
is severe, read or write failures.

Contamination

Prolonged or unnecessary exposure of tape to dust and dirt can contaminate the
tape surface and result in signal loss and errors. The following basic rules will
help reduce the risk of tape contamination:

1. Maintain recommended temperature and humidity conditions in areas where
tape is used or stored.

2. Thoroughly clean the entire floor area daily using a damp mop. Avoid
sweeping, dry mopping, or dusting in areas where tape is used or stored.

3. Floor waxing should be kept at a minimum. When necessary, the floor should
be machine buffed to remove excess wax, damp mopped with cold water to
harden the surface, then machine buffed again when dry. Steel wool, or
other metal abrasives should never be used for buffing.

4. Periodically inspect and clean tape units to remove particles accumulated
during normal use.

Tape Handling

There are only two places that can be considered proper for a tape reel; in use on
the tape unit, or in its container. Adequate procedures should be established to
protect magnetic tape from contamination which will undoubtedly result in
decreased tape unit performance. Some common rules are:

1. Never leave tape reels or containers exposed. In addition to the possibility of
tape damage, dust in the air can accumulate on the tape or in the container,
and eventually contaminate the tape.

2. Erasing a tape reel identification label is a primary source of contamination.
Select a label with an adhesive backing that does not leave a residue and
that can be applied and removed easily.

3. Never allow a loose end of tape to trail on the floor, even though the end of
tape does not contain data. Dirt picked up can be deposited in the transport
areas of the tape unit and be passed on to other sections of the tape.

4. Smoking should not be permitted in areas where tape is in use. Ashes are a
source of contamination. Live ashes can produce permanent tape damage if
they contact the tape surface.

5. Mount reels carefully. When a reel is improperly seated on the tape unit reel
hub, the tape edge receives undue wear and becomes burred. This burred
edge winds to a larger diameter than the undamaged tape. Eventually, the
center of the tape collapses, and the burred edge of tape is permanently
stretched.

Avoid physical contact with the tape through the reel openings or excessive
pressure on the reel flanges. Such pressure will compress the tape and
damage its edges.

6. Use extreme care when removing the write enable ring. Never remove the
ring while tape is loaded on the tape unit.

Tape Storage

To prevent tape contamination and damage during storage, follow these
procedures:

1. Before a tape is stored, secure the loose end of tape with a tape end retainer
to prevent the tape from unwinding in the container.

2. Always store tape in an upright position. Never store tapes flat or in stacks;
accidental damage or reel warpage may resuit.

3. Store tapes in a cabinet or shelf elevated from the floor and away from
sources of paper and card dust. This minimizes the transfer of dust from the
outside of the container to the reel during loading and unloading operations.
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Tape Subsystem Description

General Description

The 3410/3411 Magnetic Tape Subsystem consists of a tape control and as
many as six tape units. A tape unit is an electromechanical device that transports
magnetic tape across a read/write head, and either records (writes) data on the
tape or senses (reads) data previously recorded on the tape. The tape control is
an electronic device that controls the operation of several tape units. The tape
control selects a specific tape unit, initiates the proper status conditions for an
operation, provides timing signals and delays, and controls the transfer of data
between the tape unit and host system. ,

To write on tape, the tape control sends tape-motion control commands, write
control commands, and data to the tape unit. The tape unit then transports the
tape across the read/write head and writes the received data on tape. To read
from tape, the tape control sends tape-motion control commands and read control
commands to the tape unit. The tape unit then transports the tape across the
read/write head, reads the data from the tape, and sends it to the tape control.
The tape unit also rewinds and unloads tape upon command from the tape
control.

Up to six tape units may be included in an IBM 3410/3411 tape subsystem. The
tape control and power supplies for the subsystem are located in one of the tape
units. This unit is the 3411 and functions as a tape unit and tape control. The
remaining units in the subsystem are 3410’s and function only as tape units under
complete control of the 3411. The tape unit portion of a 3411 is identical to the
3410 in function and appearance.

There are three models of the IBM 3410/3411 subsystem. The differences
between models are 1) the speed at which tape is moved across the read/write
head, which determines data rate, and 2). the maximum number of tape units
which may be included in the subsystem.

Tape units of a Model 1 subsystem move tape at 12.5 inches per second (ips)
resulting in @ maximum data rate of 20,000 bytes per second. A maximum of four
tape units may be included in-the subsystem.

Tape units of a Model 2 subsystem move tape at 25 ips resulting in a maximum
data rate of 40,000 bytes per second. A maximum of six tape units may be
included in the subsystem. *

Tape units of a Model 3 subsystem move tape at 50 ips resulting in a maximum
data rate of 80,000 bytes per second. A maximum of six tape units may be
included in the subsystem. * ‘

*  No more than four tape units, of any model, may be attached to System/3
because of input/output device addressing limitations.
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Recording Method

The IBM 3410/3411 writes and reads nine tracks of phase encoded information
at 1600 bytes per inch (BPI). With the Dual Density feature, the subsystem will
also write and read nine tracks of NRZI information at 800 BPI. With the
seven-track feature, the subsystem will write and read NRZI at 200, 556, and 800
BPI.

Interfaces

The tape control must communicate with both the channel of the host system and
with individual tape units of the subsystem. A means for this communication is
provided by two interfaces; a subsystem mterface and a tape control to tape unit
interface.

The subsystem interface allows information to be passed in both directions
between the system and tape control. All commands, tape unit selection, and
read and write data are passed over this interface.

The tape control to tape unit interface connects the selected tape unit to the tape
control. This interface carries the signals required to execute any tape unit

-operation, as well as data to or from the selected tape unit.

Radial Connection

Each tape unit attached to a tape control is connected with an individual interface
cable. This is known as radial connection and allows a tape unit to be
disconnected from the tape control without affecting other tape units of the
subsystem.

The address of a given tape unit is determined by the socket location, in the tape
control, into which its cable is plugged. When the tape control communicates
with a tape unit, switching circuits route the interface signals only to the selected
tape unit. These circuits are the tape unit switch, and are in the tape control.

Subsystem Control

The system instructs the 3410/3411 subsystem to perform specific tasks. The
tape control receives, decodes, and executes the instructions. To execute an
instruction, the tape control issues, to the selected tape unit, the commands
required to perform the desired operation. Commands from the tape control
direct the tape unit to:

« Read tape

«  Write tape

« Space forward or backward over sections of previously written tape

« Erase a section of tape

« . Write special tape mark characters identifying the end of an information
section on tape

« Write a special identification burst at the beginning of tape mdlcatmg that the
tape is written in phase encoded mode

« Rewind tape to the beginning of tape
» Rewind tape to the beginning of tape and unload the tape unit

Metering

A time meter is present on the 3411 and on each 3410 tape unit. The meters
record the time that each individual device is in use. The meters are disabled by a
switch (ENABLE/DISABLE) on the 3411, but when metering is disabled, the
subsystem is automatically placed in an off-line status and no subsystem
operations may be performed under system control.

Power Supplies
All power supplies for the subsystem are contained in the 3411. The required dc

voltages are provided to the individual tape units through interconnecting cables
from the 3411 to each 3410.

N
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System Attachment

The 3410/3411 subsystem is attached to the host
system in one of two ways, depending on the system.

On a System/3 Model 8, 10, 12, or 15, or System/370
Model 125, the subsystem is connected to a native

Tape Control

The tape control, under direction of the attached
system, controls tape unit operation (writing, reading,
motion control, etc.). It passes write data to the tape
unit and read data to the attached system, testing data
parity and correcting when possible. A microprocessor

Page of SY32-5028-1
Revised 10/27/75 by TNL SN26-0323

Tape Unit
The tape unit receives commands from the tape control

and conditions the various areas of the tape unit to
respond appropriately for the desired operation.

SYSTEM/3 or SYSTEM/370 I_- _( A ‘ " directs the various functions of the tape control. A The read/write package is attached to the read/write
MODELS 8, 10, MODEL 125 [ -——Q attachment. The native attachment occupies logic panel microprogram is permanently stored in Read Only head and contains (1) the driving circuits which supply
:;,'UAND 15I_ —_— — — | 01ii€o§the System//?é(ézl;%(féi})% 5412682d3541f5), Storage (ROS) within the tape control. It consists of current to the write coils whqn yvriting, and (2) the
| 01 of the System ( ) and 01 1 of the instructions arranged in groups, or routines. Each circuits for sensing and amplifying data stored )
| System/370 CPU (3125). The attachment contains the routine causes the tape control to perform a specific magnetically on tape when reading. The tape unit logic
'30:|> ABO BUS ouT | ) circuitry required to adapt the system input/output task. The instructions of a routine are executed, one at conditions the read/write package for either a read or
| | £ controls to the 3410/3411 subsystem. a time, until the task is completed. write operation and for the desired recording mode
- Communication from the tape control to the tape unit is (phase encoded or NRZI). In NRZI mode, data entering
| l Communication from the System/3 to the subsystem, on TAPE UNIT BUS OUT and from the tape it to the or leaving the read/write package is electronically
ncluding instructions, trol signals, and write data, . ; oui
| BUS IN ) g INSTTUCtons, contro’ Sig ne tape control on TAPE UNIT BUS IN. Since several tape aligned by deskew circuits to compensate for
) enter the native attachment on DATA BUS OUT (DBO) X . . i b k
N differences between tracks.
ABI - { and are sent to the subsystem on ATTACHMENT BUS units are connected to a tape control, a tape unit switch
| ubsysten in the tape control must be conditioned to activate only . L
Bl OUT {(ABO). Information entering the system from the . . . o A motion control board contains driving circuits for the
bsystem. including subsystem and tape unit status the signal lines to and from the tape unit specified by :
| Native Attachment | subsystem, | g subsy p : . the system. reel and capstan motors. The motion control board
| error indications, and read data, enter the native The TAPE UNIT BUS IN lines bring read data from the receives timing pulses and control signals from the tape
| Panel: attachment on ATTACHMENT BUS IN (ABI) and are sent . unit logic and regulates the speed and direction of the
01A-A2 = 5408 tape unit to the tape control. In phase encoded mode, . Rl
to the System/3 on DATA BUS IN (DBI). For Model 125 A . . ’ h | board are circuits
| 018-82 = 5410 i ; data signals are present on these lines for both “ones motors. Also on the motion control boz-d are circ
B2= 5410, information, refer to the System/370 Model 125 and 20108~ The phase encoded detection cireuite for detecting the beginning and end of tape
¢ Magnetic Tape Adapter Maintenance Librar s ; o ;
| 5415 | Ma;gtual Sy3p3_1064p Y determine which is present. The ““ones” are then loaded (photosense) and for sensing the position of tape in the
- | ’ ’ into the skew buffers which assemble the bits from vacuum columns (column sense).
each track into bytes. In NRZI mode, data signals are .
| “-—-( For use on a System 360 or 370 (except Model 125), sresent on TAPE YJNIT BUS IN only for ones: ?herefore The tape unit logic receives signals from manual controls
the subsystem is connected directly to the input/output p o . ! ’ ‘ | and the proper t unit
L o no detection is necessary before loading the read data on the operator's panel and causes the proper tape
- —'( channel of the system. Communication from the channel ) ) : Th it logic also t n and off the
into the skew buffers. When a byte is assembled in the response. The tape unit logic also turns on a
to the subsystem uses CHANNEL BUS OUT and from the o ) > d the indicator: the operator’s
OR skew buffers, it is sent through the microprocessor to vacuum system and the indicators on p
subsystem to the channel, CHANNEL BUS IN. the system . panel. )
:_- _\2 \ 3410/3411 TAPE SUBSYSTEM —:
1 (
| TAPE CONTROL Tape Unit Switch TAPE UNIT l
| |
BUS OUT MICRO TAPE UNIT
sus out | [omne] Bus BUS oUT | S coR BUS OUT WRITE RV
—BuUs ouT :D? > & J‘> TAPE &EF?;I)E W
I Read UNIT READ/ ‘
| Only Other LOGIC . WRITE |
BUSIN | BUS IN BUS IN Storage - Tape lptvinll EAD PACKAGE |
CHANNEL A A ase nits
360/370 @ —, K— Encoded DESKEW
CHANNEL N | BUSIN Buffers Detection (NRZI) |
NRZI Other '
(Except 370 MODEL 125) I Tape AF |
ll Units MACHINE FUNCTIONS: |
Pushbuttons
| S Ié\dicator:_ X . |
] MOTION Capstan Motor apstan Tachometer I
[ conTroLl Reel Motors Vacuum System Control |
BOARD Column Sense File Protect
| Photosense |
! ) ) - |
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INTRO 10

Commands

Purpose of Commands

The subsystem is urder control of an attached system which can be a System/3,
System/360, or System/370. The system and subsystem are connected through
an attachment which converts interface signals so the two can communicate.

A Start /0 instruction from the system initiates a tape operation. The system
also sends a command which designates the operation the subsystem is to
execute. If the subsystem is attached to System/3, the command is part of the
Start 1/0 Q" byte. An explanation of the individual commands follows.

Read Forward

A read forward command causes the selected tzcpe unit to move tape forward. and
read one block of data. The tape unit sends the data to the tape control which
interprets the data as ones and zeros. The tape control checks the parity of each
data byte as it is received and puts it in a buffer. Single track errors detected by
the parity check are corrected. Tape control sends the buffered bytes to the
system, through the attachment. When the tape unit reaches the end of the data
block, the tape control stops sending data to the system and stops the tape unit.

Read Backward

A read backward command causes the selected tape unit to move tape backward
and read one block of data: Read Backward is identical to Read Forward with
one exception. When reading a NRZI tape backward, the first two. bytes read are
check characters and are not sent to the system. ‘

Write

The selected tape unit moves tape forward and writes one block of data. The
write data comes from the system, through the attachment. The parity of each
byte is checked in the attachment, and again in the tape control. If a parity error
occurs, it cannot be corrected during a write, so a Data Check error is set. The
tape control sends data bytes to the tape unit, timed to coincide with proper write
time. The tape unit writes each byte as it is received.

The tape unit reads back each byte after it is written and sends it to tape control
where parity is checked. Tape control sets an error if bad parity is found.

The write operation ends when the system sends no more data and the
subsystem finishes the read back check. )

YYD DO
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Request Track In Error (System/360 and 370 Only)

This command transfers the Track-ln-Error (TIE) byte from the system to the

subsystem. The tape control uses the data to correct the next data block to be

read. This command is effective only during nine-track NRZI operations and when
correcting single-track errors.

Control Commands

‘Control commands do not transfer data between the system and subsystem. On

System/3, a Control command is part of the Start I/0 ‘R byte.

Rewind

The selected tape unit winds tape onto the file reel until the beginning-of-tape
(load point) marker is sensed. The tape unit then positions the tape at load point
and stops. Any subsequent command which causes forward tape motion or no
tape motion can be issued from beginning of tape.

‘Rewind-Unload

The selected tape unit winds tape onto the file reel until the load-point marker is
sensed, then unloads tape. Only the sense command can: be successfully
completed from the unloaded state. Before the tape unit can execute another
command, the operator must load tape and make the tape unit ready.

Erase Gap

The selected tape unit erases tape for approximately 3.6 inches. When the
selected tape unit is in.phase-encoding (PE) mode and is positioned at load point,
a PE identification burst is written before the erased portion of tape.

Write Tape Mark

The selected tape unit writes a-block of special “‘non-data’” bytes called a tape
mark, preceded by a three-inch interblock gap. When the tape unit is in PE and
positioned at load point, a PE identification burst is written before the interblock
gap .and tape mark. No data is transferred to the subsystem from the system.
The tape mark format is predetermined-and the tape control generates the bytes
to-be. written.

The tape unit reads back the tape mark and sends it to-tape control for checking.
If an error is found, tape control initiates a retry. After 15 unsuccessful retries,
the subsystem erases approximately 45 inches of tape and sets EQUIPMENT
CHECK and TAPE MARK CHECK in sense bytes.

e
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Space Block {(Forward/Backward)

The selected tape unit moves tape in the direction specified, past one block of
data. No data is transferred.

Space File (Forward/Backward)

The selected tape unit moves tape in the direction specified until a tape mark or
load point is detected. No data is transferred and interblock gaps are ignored.

Data Security Erase

The selected tape unit erases tape from its present position to the end-of-tape
marker.

Mode 1 Set (Seven-Track Feature)

This command establishes the operating conditions in tape control for subsequent
seven-track operations. Mode 1 set determines the density, turns the data
converter and translator on or off, and sets subsystem operations to odd or even
parity. The subsystem retains the mode set until reset or until another mode set
command is received.

Mode 2 Set (Dual Density Feature)

The subsystem, if the dual density feature is installed, is capable of writing and
reading in PE or nine track NRZI. The Mode 2 set commands are used in

nine-track operation to select either 1600 bits per inch (PE), or 800 bits per inch
(NRZ1). . .
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Diagnostic Commands
On System/3 the diagnostic commands are part of the Start 1/0 R byte.

Diagnostic Write

When the system issues this command, special patterns and records can be
written. Data from the system is written as sent, except when two or more
successive ones are written. Two or more ones cause the track they are written
in to be erased.

Loop Write to Read

This command connects the write and read circuits together within the tape unit.
Write data from the system is sent back through the read circuits and checked.
Tape does not move and data is not written on tape.

Skew Check

The tape unit reads two bytes from a Master Skew Tape and sends them to tape
control. Tape control measures the time between two tracks of the two bytes and
places the result in a sense byte.

Crosstalk Check

The tape unit reads data previously written in all tracks but one. Tape control
checks the blank track for data. Any data in the blank track indicates exeessive
crosstalk.

Diagnostic Measure

The tape control starts the tape unit moving and measures the time between
tachometer pulses. The time between tachometer pulses indicates the speed at
which the tape unit is moving tape. This data is sent to the system to be
analyzed by the diagnostic program.

IBG Timing Test

The tape control starts the tape unit moving and measures the time between the
detection of “interblock gap’* and the next “‘beginning of block.”” This time
represents the length of the interblock gap, and is placed in a sense byte.

Load Byte

The tape control requests two bytes of data from the system. The data is for use
by a subsequent diagnostic measure command.
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Read/Write

Write Operation

In a write operation, a byte of information is sent from
the tape control to the tape unit logic over nine parallel
interface lines (bus out). The tape unit logic sends the
byte to the read/write package where it is used to
switch the state of a write driver for each track. The
state of the write driver determines the polarity of the
magnetic field written on tape.

Current is passed through the write coils of each track
whenever the tape unit is in write status. The direction
of current flow in a given write coil is determined by the
state of the write driver for that track. Switching of the
write driver causes a reversal of current flow in the coil
and a corresponding reversal of its magnetic field (flux
change). This reversal writes the byte on tape.

Read Operation

Bits, or magnetic reversals on tape, are sensed by the
read coils as the tape is drawn across the read/write
head and are sent to the read/write package as
low-amplitude pulses.

' The read/write package amplifies and generates a
digital signal which is then gated to the tape unit logic
by an-amplitude sensing circuit. Signals below a voltage
threshold selected by the tape control are rejected as
noise and are not sent to the tape unit logic.

The tape unit logic receives read signals from all nine
tracks and sends the byte of data to the tape control
over nine parallel interface lines (bus in).

D . . Unit 2 |
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(Read Head Output)

Feedthrough Compensation

During a write operation, magnetic lines of force are
generated at the write gap to magnetize bits on tape.
Because the write and read heads are so close, some of
the lines of force reach the read head and induce noise
in the read head windings. If amplified, this noise could
cause write error indications during the read back check.
To prevent amplification of this type of noise to a level
sufficient for read circuit detection, a feedthrough
compensation signal is applied to the read circuits.

A portion of the signal applied to the write coils is
inverted and fed as an out-of-phase voltage to the read
circuits to cancel feedthrough. The amplitude of the
feedthrough compensation signal is set at the factory
and is matched to the feedthrough characteristics of
individual read/write heads and circuits.

Read Back Checking

During any write operation, the read circuits are enabled -

to allow read back checking. When writing, tape first
crosses the write gap where bits are written. A few
milliseconds later, the freshly-written bits are sensed at
the read gap and sent through the normal read data
path to the tape control. In the tape control, each byte
is checked for validity and then discarded.

Deskew

When writing or reading in NRZI mode, the write pulses
going to the read/write package, or the read pulses
coming from the read/write package, are passed
through the deskew circuits. These circuits electronically
compensate for physical misalignment of tracks across
the read/write head, and for variation between tracks in
electrical characteristics.

Read Deskew

Because of track-to-track differences, all bits of a byte
are not sensed in the read/write package at the same
instant. Read deskew is accomplished by delaying the
early tracks with adjustable single-shots so that the read
signals in all tracks arrive simultaneously at the tape unit
logic.

Since tape does not follow exactly the same path in
both directions over the read/write head, separate sets
of deskew single-shots are used during forward and
backward read operations.

Write Deskew

The switching of individual write drivers must be timed
by the write deskew circuits so that all bits of a byte are
written in a straight line across tape. Write deskew is
accomplished by delaying the write pulses which switch
the individual write drivers in the read/write package. A
deskew single-shot for each track is adjusted such that
all bits of a byte are written in a straight line across tape
rather than simultaneously.

C ( CCCCCCCCCCCcCcceccococo

DIRECTION OF TAPE TRAVEL DURING WRITE

Read/Write Head
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Write Gap Read Gap
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Auto-Degaussing

An auto-degaussing circuit demagnetizes the read/write
head each time the tape unit is switched from write to
read status and tape motion is stopped. During a write
operation, current through the write coils partially
magnetizes the read/write head. If this magnetism was
not removed before a subsequent read operation, it
would partially erase the information on tape and distort
the read signal waveform.

At the end of every write operation, when tape unit
status changes to read, a degauss burst.is applied to
the write circuit for each track. The degauss burst is a
series of write pulses which decrease from a maximum
amplitude to zero. This produces ever-diminishing
current reversals through each write coil which
neutralize, or degauss, the magnetism of the read/write
head. The degauss circuit is located on the motion
control board.

Sense

The tape unit logic stores, as sense data, information
relative to the state of the tape unit, including unusual
conditions resulting from the last operation.

Sense data is transferred from the tape unit to the tape
control ' when requested by the tape control. When the
tape unit receives a request for sense data, it sends a
byte of the stored sense information to the tape control
on the bus in lines.
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Operator's Panel

Usage Meter

A time meter on the 3411 records the time that the tape
control is in use. The meter runs whenever the
subsystem is enabled (online) with the
ENABLE/DISABLE switch, and the system METER OUT
line is active.

A time meter on each 3410 records only the time that
the tape unit is in use. The meter runs whenever the
subsystem is enabled, tape is away from load point, and
the system meter out line is active.
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SELECT

This lamp is turned on when the tape unit is addressed
by the tape control. The tape unit must be ready before
it can execute commands from the tape control.

o

»

READY

This lamp indicates that the tape unit is capable of

executing commands from the tape control. FILE PROTECT

This lamp indicates that the tape unit is not capable of
executing a write or erase command from the tape
control.

To turn on the READY lamp, the tape unit must be
loaded, the START key must be pressed, and tape must
not be in motion, as in a load or rewind operation.
Pressing the START key while tape is in motion causes
the READY lamp to turn on after the operation is

The FILE PROTECT lamp is turned on when the tape
complete and tape motion stops.

unit is not ready or when a file-protected tape reel is
mounted. A file-protected reel is one from which the
write-enable ring has been removed. Removal of this
ring (which fits into the back of the tape reel) is required
when information on the tape must be protected from
accidental erasure or rewrite.

Tape Unit Address Decals

TAPE INDICATE

This lamp is turned on when the end-of-tape reflective
marker is sensed with tape moving in a forward .
direction. The lamp is turned off when the end-of-tape
marker is sensed with tape moving in a backward
direction.

LOAD REWIND

If the tape unit is not loaded, this pushbutton causes
the tape to load into the vacuum columns and to be
moved forward to load point (the load point reflective
marker is sensed at the photosense block).

«—— Indicators (Lamps)

RESET

This pushbutton causes the tape unit to become not
ready, turns off the READY lamp, stops tape motion,
and removes the tape unit from the control of the tape
control.

If the tape unit is loaded, not ready, and tape is not
positioned at load point, the LOAD REWIND pushbutton
causes tape to move backward (rewind) to load point.

Pressing LOAD REWIND has no effect if the tape unit is

ready or if tape is already positioned at load point.
Switches (Pushbuttons)

UNLOAD REWIND

This pushbutton causes the tape unit to rewind tape to
load point and then unload. If the tape is at load point
when you press UNLOAD REWIND, the tape unit
unloads immediately. The UNLOAD REWIND
pushbutton is disabled when the tape unit is ready.

START

If the tape unit is loaded, this pushbutton places the
tape unit under control of the tape control, turns on the
READY lamp, and disables all other pushbuttons except
RESET.

The START pushbutton has no effect if the tape unit is
ready or not loaded.

« -
. ‘
N = S oy ™ i > N h i B ’
o O O OO0 C COO0CO OO0 > O O C C O
- N IE A . A A W O NS N g

R



« ( c CcC CCCCCCCCCcCCCcCcCCcCcCcCCccec ( ( « C € C C (

Tape Transport
Reel Drive Tape Drive Capstan

« A single tape drive capstan is used to move tape

+« Each e reel is dri by a separate dc tor.
ach tape reel is driven by P motor forward and backward.

« The motors are servo controlled by the position of

the tape loop in the vacuum column. « The capstan is driven by a reversible dc motor.

« In a loaded condition the tape, which wraps
approximately 170 degrees around the capstan, is
held firmly against the capstan surface by the pull
of vacuum on the tape loops in the vacuum
columns.

+«  When tape is moved by the capstan, the reel
motors rotate the reels to feed and take up tape;
but they allow enough slack to maintain a sensing
loop in each vacuum column.

«  When the capstan rotates in either direction, tape
movement is positive because of the large area of
contact between the capstan and the tape surface.

Read/Write Head

« A single two-gap head is used.

Vacuum Columns

« Nine separate write coils write data on nine tracks.
« Two vacuum columns are used as tape loop buffer

« Nine separate read coils read data from nine tracks. areas.

« A vacuum is developed at the bottom of each

Erase Head column. This vacuum is used to:

1. Attract tape into the vacuum columns during a
load operation.

« A single-gap head erases old information from tape
before new information is written.

2. Provide a gentle, uniform tension on tape in a
loaded condition.

o Erasure is accomplished by passing dc current
through the erase head coil.

3. Operate a tape loop position sensor located
behind each vacuum column and activated
through a series of small ports in the column
surface.

« The erase head is always active during a write
operation, and never active during a read operation.

Photosense Block « Tape loop buffering allows the capstan to turn

intermittently without the tape reels having to turn
simultaneously.

« The photosense block detects the ends of tape.

« Reflective markers, at each end of tape, reflect light
from a lamp to a photocell.
Vacuum Ports

. i inni Vacuum Column Switches
The load point mgrker (15 feet from' the :egmnmg . Each vacuum column has a vacuum port through
of tape) reflects light to the load point photocell. « Vacuum switches are connected to each column to which air is exhausted from the column by a
indicate the presence of tape in the column. vacuum pump.

¢« The end-of-tape marker (25 feet from the end of

tape) reflects light to the tape indicate photocell. . The vacuum pump runs whenever the tape unit is

loaded (tape is in the columns) or is in the process

+ A tape cleaner blade within the photosense block of loading.

removes particles of dust and loose oxide from the
tape surface.




Reel Motor Control/Capacitive Sense

Tape Loop Positioning

The position of the tape loop in the vacuum column is
sensed through a series of small holes in the rear wall
of the column. For each direction of tape movement,
there is an optimum, or null, position for the tape loops
within the column. When a loop drops below, or rises
above this position, the corresponding reel drive circuit
is activated. The power applied to the motor is in
proportion to the distance of the tape loop from its null
position.

Tape Loop Too High —
Drive Left Reel cw.

Tape Loop Too Low — —"]
Drive Left Reel ccw.
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Push-Pull

Reel Motor\ Reel Latch

Tape Reel

Reel Motor

Separate reversible dc motors drive each tape reel.
When tape is moved by the capstan, the reel motors
rotate the reels to feed and take up tape; but they allow
enough slack to maintain a sensing loop in each vacuum
column.

Reel drive circuits control the speed and direction of the
reel motors. These circuits respond to the position of
the tape loop in the vacuum column and drive the reel
motor either clockwise or counterclockwise to properly
locate the tape loop.

Capacitive Sense

A capacitive sense unit, attached to the back of each
vacuum column, senses the position of the tape loop in
the column and supplies this information to the reel
drive circuits.
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Atmospheric pressure above and vacuum below the tape
loop are sensed through the small holes (sensing ports)
in the rear wall of the column. The sensing ports allow
vacuum to act upon a long, flexible diaphragm which is
part of a capacitor whose capacitance varies as the
diaphragm is shifted. For any position of the tape loop,
this capacitance modulates an oscillator signal applied to
the center plate. The modulated signal forms the input
to the reel drive circuits, where a change in capacitance,
caused by tape loop movement, is detected.

Atmosphere Front and Rear Perforated Plates

Pushes
Tape Down

Magnetic Tape in
Vacuum Column \
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Capstan/Capstan Control

Capstan

A single tape drive capstan moves tape forward and
backward. The capstan is driven by a reversible dc
motor designed with high torque and low inertia
characteristics for quick starts and stops.

The capstan is coated with a thin layer of rubber.

Grooves are cut in the rubber coating for maximum
traction on the tape surface.

Capstan

O
Mounting Fixture/

(Attaches to Underside of Transport)

In a loaded condition, the tape is held firmly against the
capstan surface by the pull of vacuum on the tape loops
in the vacuum columns. This tension is equal on both
sides of the capstan and is constant regardless of tape
loop fluctuations. This results in minimum load to the
capstan motor when initially accelerating in either
direction.

Capstan

\r

Tape Guides Vacuum Column

Capstan Control

The capstan rotates when the tape control instructs the
tape unit to move tape. The direction the capstan is to
turn (forward/backward) also comes from the tape
control. A capstan speed feedback system governs the
speed at which tape is moved. A tachometer (tach) disk
is attached to the capstan motor armature. As the disk
turns, a beam of light from a lamp to a photocell is
interrupted by a mask of darkened lines in the disk.
Since these lines are equally spaced around the disk, the
photocell output represents capstan speed. During tape
movement, the frequency of tachometer output pulses is
measured and used by the capstan control circuits to
regulate capstan speed.

The capstan control circuits supply drive current to the
capstan motor. The control circuits vary the current level

Lamp Photocell

to maintain correct capstan speed. To provide the
proper current to the motor, the control circuits measure
the duration of each tach cycle. If a tach cycle is long
(motor running slow), the drive current is increased
during the next tach cycle, causing the motor to speed
up. If the tach cycle is short (motor running fast), the
drive current is reduced to cause the motor to slow
down. This process is repeated each tach cycle during
capstan operation, with the drive current being shifted
when required to maintain accurate capstan speed.

During rewind, the control circuits apply a dc current to
the motor to cause continuous high speed rotation. At
the beginning and end of a rewind, this current is
applied and removed slowly. This allows the reel motors
time to respond to the changing rate of tape movement.

Tach Output Pulses

JLight Dark Light Dark L

Etched Lines (500j)

Ve,

Tach Disk
{Mounted on Capstan Armature)

|Tach Cycle I
Forward/Backward
Pulse Shaping gzﬁf::l" Drive Capstan
Circuits - Circuits Current Motor
Motor Motor Slowing
Speed Down
Increasing

Tach
Pulses

gpe— |

}

Drive

Current " Drive Current

¥

Drive Current
Increased

. Reduced
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Photosensing/Tape Cleaner

Photosense Block

The photosense block senses the ends of tape. It is
located in the left vacuum column below the read/write
head. T

The load point is indicated by a reflective marker
(attached to the tape with adhesive) adjacent to the.
front edge of tape, 15 feet from the beginning of tape.
When this marker passes through the photosense block,
light from a lamp directed at the front edge of tape is
reflected to the load point photocell. An output from the
load point photocell indicates that the beginning of tape
has been reached.

The end of tape is indicated by a reflective marker
adjacent to the back edge of tape, 25 feet from the end
of tape. When this marker passes through the
photosense block, light from a lamp directed at the back
edge of tape is reflected to the tape indicate photocell.
An output from the tape indicate photocell indicates that
the end of tape has been reached.

Photosense Block Load Point Photocell

Tape Iindicate Photocell

Load Point Reflective Marker

Filters = End-of-Tape Reflective Marker
’
'
y Note: Markers are actually placed
/4 at opposite ends of the tape. They are
" shown near each other for purposes of
() explanation only.
()
O S S l\
O LS N\ .
e N \" Recording Surface
Magnetic Tape
Lamp Voltage S Photosense Outputs
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Photosense Block

N\ Vacuum

Tape Cleaner Blade

The blade is perforated with small holes. As tape moves
across the surface of the blade, the edges of these
holes scrape loose oxide and other particles from the
tape recording surface.

Vacuum is present behind the cleaner blade to attract
the tape to the blade surface and to carry off whatever
debris is removed by the blade.
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Erase Head/File Protect

Erase Head

The erase head is located between the photosense
block and the read/write head. During write or erase
operations, dc current is passed through the windings of
the erase head to erase the entire width of tape.

Tape passes the erase head before passing over the
write gap. In a write operation, the erase head
generates a magnetic field which saturates the tape to
magnetic zero as it passes. New information is then
written at the write gap.

Read/Write Head

Erase Head

Photosense Block

Tape Cleaner Blade

File Protect Assembly

The back of all tape reels has a groove that accepts a
write-enable ring. Mounting a reel with this ring
installed partially displaces the file protect plunger.
Partial transfer of the plunger causes vacuum to further
displace and hold the plunger. As the plunger is pushed
by the write-enable ring into the file protect assembly,
two file protect switches are closed. Closing these
switches allows the erase head and write circuits to be
activated when write status is enabled. When vacuum is
up, the plunger is pulled away from the write-enable
ring.

When no reel is mounted, or when a reel is mounted
without a write-enable ring, the file protect plunger
remains extended and writing cannot take place.

File Protect Switches

File Protect Assembly

Tape Reel

Plunger

Groove for Write-Enable Ring

Write-Enabie Ring

Vacuum
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Amplitude Sense

. C |
Read/Write Package ontro
The reaq/ wr.lte package consists of a read/write head, a The circuits for eacI'! tr.ack are ac_ijus_tgd at the factorY to Read/Write Circuits (One Track) Phase Encoded
read/write circuit board, and an erase head. match the characteristics of the individual read or write ~— Amp. Sense =
) heads. Fpr this reason, thg read/write h'ead and PE/NRZI PE/NRZI and Gating
Read/Write Head read/write board are considered one unit, and must be Select Select A
. . . . removed or replaced as a unit. »
The read/write head contains a write section and a read P
. . . . . . .. Data |n
segtlon. The Wltlte section |§ composed of nine individual Erase Head =
write heads which record nine parallel tracks of 1 wWrite Circui Write Read Pre-amp
information. Write current is supplied to the write heads The erase head is mounted on the support bracket for — rite Circuits Coil Coil and Filter - Amplitude Sense Y
by circuits on the read/write board. the read/write head. In a write operation, tape passes Control
the erase head, and is erased, just before passing the | *
The read section has nine individual read heads which ’ write head, where new information is recorded. 1 write S Y
sense information recorded on tape. The read heads . rite Status NRZI
provide low-amplitude signals to read circuits on the Read/Write Head Alignment Data In (Loop Il > Amp. Sense >
read/write board, which amplify the signal to a useable . . . Write to Read) | | and Gating
level. The read/write head must be physicaily aligned so that | |
all bytes are written in a straight line, perpendicular to Y
: the edge of tape. The mechanical skew adjustment A Y
Read/Write Board g€ - 'he ] L]
screw shifts the position of the read/write head to Data Out
The read/write board contains the read/write circuits. achieve this alignment.
The read circuits are separate from the write circuits and —=__| ReadDriver - -
each functions independently of the other. Each track in
the read/write head has one set of read, and one set of
write circuits.
Read/Write Circuits produced reading Phase Encoded data. For this reason,
Mephanical Skew separate amplitude sense and gating circuits are used for
Adjustment Screw Writ the two modes. The read signal is routed to the proper
Read/Write Head o re circuit by the PE/NRZI Select line at the pre-amp and
) Read Circuit . . o fi A
(Bottom) Ay Power (+6, +15) Write data enters the write circuits in digital form. The ilter circuit.
write circuits, when conditioned by the write status line,
convert the input data into a waveshape suitable for Amplitude Sense Control

driving the write coils. The amplitude threshold used to gate the read signal is

controlled by the tape control. Amplitude sense control
signals enter the read circuits over the read cable, and
are used to set the threshold to one of several levels.

Recording in NRZI mode uses higher write current than
recording in Phase Encoded mode. The current to the
write coils is determined in the write circuits by the
status of the PE/NRZ| Seiect line.

Erase Head/

During a write operation, the threshold is always at a
higher level than during a read operation. This causes

Read the readback check (reading freshly written data during a
o o ) write operation for validity checking) to be more
The read circuits receive input signals from the read head stringent, resulting in confidence that the written data
coils in the form of low amplitude sinusoidal pulses. The may be read at a later date.
pre-amp and filter circuit removes unwanted noise and
Write Circuit amplffies the read signal.. The signal is passed to jan Loop Write-to-Read (LWR)
Power (+6V +15V) . amplitude sense and gating stage where the amplitude of
’ ’ Read Cable: the read signal is sensed. Only signals of a To assist in isolating read or write failures in the field,
PE/NRZI Select predetermined amplitude are gated beyond this stage. the LWR function is provided. LWR is under diagnostic
Amp. Sense Control The gated signal is again amplified, converted to square program control and causes write data to be looped
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