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This book describes how the 4969 Magnetic Tape
Subsystem works. The information is designed to be
used in the classroom as a teaching aid, and in the
field as a recall document. It is intended for 4969
maintenance personnel who have received Series/1
CE training and are familiar with the Series/1
diagnostic programs. The sequence charts and
diagrams in this book are intended for instructional
purposes only and are not to be used in place of the
machine logic diagrams (MLDs) when diagnosing.
problenis.

How This Book is Organized
The material is presented in four chapters.

Chapter 1 introduces the reader to the general
characteristics and features of the various 4969
subsystems available. It also describes the magnetic
. recording modes, basic data flow, and required
maintenance.

Chapter 2 describes the functional units of the 4969.

Chapter 3 explains the circuit functions of the
attachment feature, controller feature, and the tape
unit.

Chapter 4 describes how the processor transfers data
to and from the tape units.
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IBM Series/1 4952 Processor and Processor
Features Theory Diagrams, SY34-0089

IBM Series/1 4953 Processor and Processor
Features Description, GA34-0022

IBM Series/1 4953 Processor and Processor
Features Theory Diagrams, SY34-0042

IBM Series/1 4955 Processor and Processor
Features Description, GA34-0021

IBM Series/1 4955 Processor and Processor
Features Theory Diagrams, SY34-0041

Additional 4969 information can be found in the
following publications:

IBM Series/1 4969 Magnetic Tape Subsystem
Description, GA34-0087

IBM Series/1 4969 Magnetic Tape Subsystem
Model 4 Maintenance Information, SY34-0093

IBM Series/1 4969 Magnetic Tape Subsystem
Model 4 Parts Catalog, S134-0037

IBM Series/1 4969 Magnetic Tape Subsystem
Model 7 Maintenance Information, SY34-0097

IBM Series/1 4969 Magnetic Tape Subsystem
Model 7 Parts Catalog, S134-0038
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publications listed in IBM Series/1 Graphic
Bibliography, GA34-0055.
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On-page connector

Indicates connection between two parts of the
same page. Arrow leaving symbol points to
correspondingly numbered symbol.

Off-page connector

Indicates connection between diagrams located
on separate pages. Location of correspondingly
lettered symbol shown adjacent to the connector.

Terminal block
Indicates beginning or end of event within a flowchart

Process block

Indicates a major function or event within a flowchart.

Annotation

Gives descriptive comment or explanatory note.

Decision block

Indicates a point in a flowchart where a branch to
alternate paths is possible.
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Tape Subsystem Description

The IBM 4969 Magnetic Tape Subsystem enables the
IBM Series/1 to handle applications that require
magnetic tape processing and additional offline
storage. The tape subsystem consists of one to four
4969 Magnetic Tape Units, a 4969 Tape Subsystem
Attachment Feature, and a controller feature. The
tape units function in the system as both input and
output devices. They transport the magnetic tape and

. read and write the information, as directed by the
processor. The different tape units are similar in
general appearance and operational use; the principal
differences are the speed at which the units transport
tape, and the rate and mode of recording information
on tape. The tape unit is available in six models,
providing a selection of recording modes—NRZI*,
PE**, or a combination of both called dual density.
The six tape unit models are:

4969 Recording Tape Speed

Model mode meters/sec | inches/sec
4N NRZI 1.1 45

4P PE

4D Dual density

TN NRZI 1.9 75

7P PE

7D Dual density

The Model 4 tape units use tension arms for
mechanical tape buffering; the Model 7 units use
vacuum columns.

* Non-return-to-zero change-on-ones recording. (Recording in
which the ones are represented by a change in the state of
magnetization and the zeros are represented by the absence
of a change.)

** Phase encoding. (Recording in which ones are represented
by a change in polarity from negative to positive and the
zeros are represented by a change in polarity from positive
to negative.)

Configurations

The first tape unit attached to the Series/1 processor
contains a controller feature and acts as an interface
between the other tape units and the attachment
feature card, which occupies an 1/0O slot in the
processor or 1/0 expansion unit. The controller
feature and attachment feature allow the maximum
configuration of four tape units to be connected in
serial fashion to the processor. Multiple attachments
can be installed in one Series/1 where there is a
requirement for more than four tape units. The
controller can operate in NRZI, PE, or dual-density
recording mode. All tape units connected to the
controller must operate at the same speed. If the
controller has the dual-density feature, connected
tape units may be NRZI, PE, or dual-density.

Attachment Feature
The attachment feature:

« Physically connects and logically adapts the tape
unit to the processor

« Interrupts and controls execution of tape unit
operations

o Transfers data from the processor to the tape
unit in cycle-steal mode

« Furnishes status information and reports
condition codes to the processor after executing
Operate I/0 instructions

« Supports the connection of NRZI/PE modes of
nine-track tapes at data densities to 1600
characters per inch and speeds to 1.9 meters (75
inches) per second

« Retries failing read operations

« Permits overlapping other operations with a
rewind operation

Controller Feature
The controller feature:

« Physically connects and logically adapts a
maximum of four tape units to the attachment
feature

« Supports the connection of tape units that use
NRZI/PE modes

o Operates at either 1.1 meters (45 inches) per

second or 1.9 meters (75 inches) per second tape
unit speed

IBM Series/1 processor
(or 1/0 expansion unit)

Two attachment features

Two IBM Series/1 4969 Magnetic Tape Subsystems
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Cabling

The primary tape unit (unit 0) is connected to the
attachment feature by two cables. Each expansion
unit (units 1-3) is connected into the subsystem by
three multiunit cables that contain control, read data,
and write data lines. The last unit in the subsystem
contains terminator cards. If the subsystem does not
include expansion units, the terminator cards must be
installed in the primary unit. The top pin of select
lines in control cable is used to select the tape unit
(as shown in the following diagram).

Ajdapter |
To ! I l I
attachment I gg:rtc;m
feature
| | l
card | T T
- b |
[ |
] ]
-1 ] -
|
— -
r |
| |
L4 -
_j L
| B
r I
L |
L -
Tape unit 0 Tape unit 1
=
- d
|
™
-
L
L
T 1
|
l 4
Tape unit 2
Multiunit Cables
Control 1
A
* |-
Write
1
*Terminator |
in last unit * I.__I
(Tape unit 0,1,2, or 3) Read
eac {
1 1

Tape unit 3
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Magnetic Tape

Tracks

Bits of information are written on magnetic tape in
parallel rows called tracks. One read coil and one
write coil are provided for each track. Although the
coils for all tracks-are located in the same physical
unit (the read/write head, which also contains an
erase coil common to all tracks), the coils for each
track are independent of all other tracks.

T1—(
12—
l/ T3—
T4—
T5 —
T6—
T7——
T8——
| ) | | 1 | 1

1 2

Tracks
Track

k-
4 (oo o 1 1 1 1 1
6 1111 1 0 1 1 0 0
o ,01 1 1 1 0 0 1 1
1110 1 1 o 1 0 1
2I1:1 o 1 0 1 1 0
Plo,o 1 0o 1 0 0 o0
3 11,0 0 1 0 1 0 1
710l 1 1 0 1 1 0 0
s 111 0o o 1 1 o0 1

N
TimeT1 T2 T3 T4 T5 T6 T7 T8

Magnetic tape tracks

Note: Heavy lines represent

bits (flux changes).

Format

Data is written on magnetic tape in groups of bytes
called tape records. The number of bytes in each
tape record depends on the number of bytes to be
written. Tape records are separated by an area of
erased tape called interblock gaps (IBG) which are
created between two write type operations because
tape cannot start or stop instantaneously. A period of
time (in milliseconds) is required to accelerate tape
to full speed and to stop tape after the record is
written. Start-stop times, which are adjustable in the
tape unit, have a direct bearing on the length of the
gap. The nominal gap between records is 0.6 inch.
Related tape records can be assembled on tape as a
data file. Because one tape may contain several data
files, tape marks are written between files to identify
the boundaries.

~

SY34-0092

Tape . Tape . Tape
F .
mark fle 1 mark File 2 mark File N
IBG Rec;ord IBG Rec;ord IBG Ret;ord IBG Record IBG
Byte Byte Byte Byte Byte Byte
1 2 3 4 5 6
7 7

*Cyclic redundancy check character
**Longitudinal redundancy check character

CRC* and LRC*¥
characters
(NRZI mode)
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PE Recording

In the PE mode of recording, both 1’s and 0’s are
represented by a change of direction of
magnetization. A “1” is represented by a change in
polarity from negative to positive; a “0” is
represented by a change in polarity from positive to
negative. In the PE mode, a special burst of
syncronization bytes is written on each end of all
data records. These bytes are generated by the

controller and enable the controller to synchronize its
read detection circuits when reading the data record.

40 character
tape mark

fe——>}-1BG—>|

I%-IBG-—I

Preceding the data record a preamble is written
consisting of 41 characters, of which the first 40
characters contain 0-bits in all tracks, followed by a
single character containing 1-bits in all tracks.
Following each data record a postamble is written
consisting of which the first character shall contain
1-bits in all tracks, followed by 40 characters
containing 0-bits in all tracks. The tape mark in PE
mode consists of 40 0-bits in tracks P, 0, 2, 5, 6, and
7. Tracks 1, 3, and 4 are erased.

LU :::::::::::::::::::::
i HiHnnmnn
x s I:::::I:I::::::::::::lll
IIII!I:IIIIIIIII"IIIII :II|II:I:[II|IIIIIIII

il
Post- | Last
amble | data
41 record
char- | of file
acters

Tape motion

LUV
i
LU
(LU THBTTTTT
U
s
LT
THIINIHIE s
LU G TTEE e (P TTTTETECTA

i
[T
LU
LU
(UG
i
s | w3 Load point marker
] s 7

VTN (T

[ 4
Hnnnm 6

i o PE identity
|||I!IIIIII|III|II 1

w2 burst S
T

i P

L
Pre-

amble
41
char-
acters

|

Post- | Data | Pre- \
amble | record | amble Initial gap

41 1
char- char-
acters |acters
< > —

Y

NRZI

In the NRZI mode of recording, a 1 is represented by
a change of magnetization, and a 0 is represented by
no change of magnetization. At the end of each data
record, the controller inserts a cyclic redundancy
check (CRC) character, a longitudinal redundancy
check (LRC) character, and an interblock gap (IBG).
The tape mark in NRZI mode consists of 1-bits in
tracks 3, 6, and 7 and is followed by its own LRC
character.

—{1BG |*=——>{IBG |«

| ] [ 1l 4
T 1 ] N [T
( | [ ni o
| | | "y 1
| | | (11T
| | | 1y »
| | | s
d1 1 | 1| fn 7
| | | it s
LRCC LRCC CRCC
\ Tape \
Firstdata  mark Last data
character record of file
if next
file

Tape motion >

Erasing

Tape is erased by magnetizing it continuously in one
direction. When the polarity of the tape does not
change for a period of time, no bits are recorded on
the tape; it is erased. When bits are recorded on
tape, the old bits are erased immediately prior to
recording the new bits.
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Basic Subsystem Data Flow Tape unit 0
During a write operation, data is transferred from the 4 I
processor I/0 channel to the tape unit; during a read |
operation, data is transferred from the tape unit to Parallel data Data byte
the channel. Data transfer is a parallel operation that I Data byte Tape unit
sends one full word (16 bits plus two parity bits) at a Bata bt
time. During a write operation: Series/1 Data bus Parallel data | A SPTeT
processor Control Attachment Control »| Adapt Control ata byte
1. The attachment transfers a full word to the 10 B Control —> car; € - Control 1 carfip er Command bus b°" (;0
adapter card. oar
channel | Controls I
2. The adapter card divides the word into two bytes K Address bus > Modifiers > Status bus
and transfers the data a byte at a time to the /1 | <tr Status Q
control board. X ) \ Modifiers Controls
3. The control board formats the data for transfer | :
to the tape unit and provides tape motion l /
control.
4. The selected tape unit accelerates the tape up to Recl/
speed and writes each byte of data including T . ee |
. 1 apsia
parity on the tape. T ransbort ey )
control motors
During a read operation: and OCP
1. The selected tape unit accelerates the tape up to
speed. Cycle-steal <————||

‘data path . .
2. The control board checks the parity of each byte ata pa [ Bidirectional < Read/write Read/write

it bus logi
of data as it is read from tape. U U us logic logic <—> head

3. The control board transfers each byte of data to
the adapter card. VAN
4. The adapter card assembles the bytes of data Controller %

into 16-bit words to transfer to the attachment
card

5. The attachment card transfers the data word into

the Series/1 main storage by ‘“cycle stealing”

storage cycles.

) Status K—————]
Maintenance /
Regular and proper preventive maintenance ensures a

maximum level of both mechanical and data
| r_:> 1o0f4

reliability. It is very important that the maintenance ’ ’
tasks be performed at the recommended intervals. - switch <:7_
The preventive maintenance routines may be found Bidirectional network -l___._‘>

e

in the 4969 maintenance information manual. bus logic Controller

A
{L < ™ Selector U

— Ta L] 64 byte
‘ dec?ode — > buffzr R— E:::

I\

Bidirectional data path
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Operator Control Panel

Power Switch/Indicator

This switch controls input power to the tape unit and
controller feature. Within the power switch is an
indicator that turns on when power is applied. The
rocker is red and white. The indicator is located
behind the white portion of the rocker.

File Protect Indicator

This indicator is on when the file tape reel does not
contain a write-enable ring. The absence of the
write-enable ring prevents writing on the tape. When
the write-enable ring is installed on the file reel, the
indicator is turned off and writing is allowed.

Load Switch/Indicator

Pressing the Load switch/indicator (after the tape is
threaded) moves the tape to the load point, turns on
the Load indicator, and puts the tape unit online.
After the 4969 is online, the Load switch is
functionally disabled. The Load switch is enabled
again if tape tension is lost (model 4) or if vacuum in
the vacuum chamber is lost (model 7).

On Line Switch/Indicator

Pressing the On Line switch/indicator turns on the
indicator and puts the 4969 online. (The unit
automatically goes online when initially loaded.)

Note: The On Line switch/indicator controls the
state of the 4969 as online or offline.

¢  When Online:
— The 4969 accepts system commands only and
disables all operator controls except Reset.
— The 4969 can be taken offline by a system
command, by breaking an interlock, or by
pressing Reset.

e« When Offline:
— The 4969 is controlled manually from the
operator control panel.
— The 4969 can be put back online (if tape
tension is present and interlocks are closed) by
pressing On Line.

Reset Switch
Pressing the Reset switch:
e Places the 4969 offline.

o Stops all tape motion unless an unload operation
is already in progress.

e Clears all read, write, and control functions
previously initiated.

Forward Switch/Indicator

Pressing the Forward switch/indicator (disabled
when the 4969 is online) turns on the indicator and
moves the tape forward at read/write speed until the
tape reaches the end-of-tape marker. (Tape motion
can be stopped by pressing the Reset switch.)

Reverse Switch/Indicator

This is a combination switch and indicator. The
reverse switch is enabled when the unit is offline.
Pressing the switch turns on the indicator and the
tape accelerates in the reverse direction. Tape motion
is stopped by pressing the Reset switch.

Rewind Switch

Pressing the Rewind switch causes the tape to rewind
at high speed. (Rewinding can be halted by pressing
the Reset switch.) Pressing the Rewind switch when
the tape is at load point initiates an unload operation
(the tape is drawn from the tape path).

Notes:

1. The Rewind switch is disabled when the unit is
online.

2. On a model 7, the Rewind switch is not disabled
when the front cover is open. Rewinding can be
accomplished by pressing and holding the Rewind
switch.

Emergency Push Switch (Model 7 only)

Pressing the Emergency Push switch turns off all
power to the unit. This switch should only be used
for emergencies. To reset this switch, open the front
cover and pull the button back out.

Tape unit access door

4969 Model 4

Power on/off switch/indicator
:{/ Reverse pushbutton/indicator
—___—— File Protect indicator
| 0ad pushbutton/indicator
Forward pushbutton/indicator
On Line pushbutton/indicator
Rewind pushbutton

Reset pushbutton

Reset pushbutton

Rewind pushbutton

On Line pushbutton/indicator

Forward pushbutton/indicator

Emergency Push

Load pushbutton/indicator

File Protect indicator

©
]
[0,

Reverse pushbutton/indicator
Power on/off switch/indicator

Tape unit access door

/

4969 Model 7

SY34-0092
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CE Panel

There is a CE panel in each 4969 tape unit. The CE
panel provides offline maintenance capability of each
unit by the CE. The tape unit must be in the On Line
mode to be able to perform any operations. Tapes
written by the CE panel can only be read by its own
CE panel.

Transport Control Status

Light-emitting diodes display status information.
Ready, rewinding, end of tape, file protect, beginning
of tape, NRZI, and online are displayed.

« Ready (RDY)-This indicator is turned on when
the tape unit is loaded and mechanically ready.

o Rewinding (RWD)-This indicator is turned on
for a rewind operation. After the tape has
returned to load point this indicator is turned off.

o End-of-tape (EOT)-This indicator is turned on
when the end-of-tape reflective marker is under
its photosensor. Forward tape motion generated
by the CE panel will stop when the end-of-tape
marker is sensed.

o Beginning-of-tape (BOT)-This indicator is
turned on when the beginning-of-tape reflective
marker is under its photosensor. Reverse tape
motion generated by the CE panel will stop when
the beginning-of-tape marker is sensed.

e« NRZI-This indicator is turned on when the tape
unit is NRZI only regardless of NRZI/PE data
mode switch position. A dual mode tape unit will
turn on this indicator when the data mode switch
is in the NRZI position.

« File protect (FILE PROT)-This indicator is
turned on when the file reel does not have a
write-enable ring installed.

e On Line-This indicator is turned on anytime the
online indicator is turned on at the operator
control panel.

Data Check

Tapes written by using the CE panel can be read
with error checking. A missing bit or extra bit will
turn on the error indicator. The dead track indicator
is turned on when there is no data present for a
single track. The tracks are sampled, for several bit
times, one at a time for a read or read after write
operation. :

Data Mode

The CE panel supports NRZI, PE, and dual-density
tape units. A switch selects the recording mode to
match the tape unit. A recording mode may also be
selected by a switch that will write an all -1’s pattern
or alternate 1’s and 0’s.

Run Mode

A run mode switch is provided to allow the tape unit
to write or read continuously (CONT), or to write or
read a record of predetermined length (PGM). A
delay is established between records to ensure a
correct IBG is written.

Start/Stop

This switch initiates all commands from the CE panel
to the tape unit. The command begins when the
switch is moved from Stop to Start. Tape motion is
stopped when this switch is moved to the Stop
position except for a rewind and read operation (read
operation will stop when an IBG is reached).

Command Input

Write

The Write command writes the selected data mode
and pattern in either continuous or fixed-length
records.

Read Forward (RD FWD)

The Read Forward command reads tape in the
forward direction and motion is stopped by placing
the Start/Stop switch in the Stop position and the
reaching of an IBG.

Read Reverse (RD REV)

The Read Reverse command reads tape in the
reverse direction and motion is stopped by placing
the Start/Stop switch in the Stop position and the
reaching of an IBG.

Servo Forward (SV FWD)

The Servo Forward command, along with the
program mode, sets up the required tape motion to
check and adjust the forward start-stop ramp. In
continuous mode, this command moves tape in the
forward direction for adjustment of forward speed.

Servo Reverse (SV REY)

The Servo Reverse command, along with the program
mode, establishes the required tape motion for
checking and adjustment of the reverse start-stop
ramp. With continuous mode set, tape motion in
reverse direction is established for reverse speed
adjustment.

Off Line
The Off Line command removes the tape unit from
online mode and all status indicators are turned off.

Rewind (RWD)

The Rewind command rewinds the tape to load
point. The stop switch will not stop this operation.

TRANSPORT CONTROL STATUS COMMAND INPUT
'e oo 0o000' ! .
RDY RWD EOT BOT NRZI FILE ON oC 08 oA
DATA CHECK PROT LINE o s 5
e o ! y
RUN MODE
| cB A
DEAD  ERROR 'ﬁ |
TRACK PGM START 001 WRITE
DATA MODE o O 010 RDFWD
NRZI  ALL1'S 011 RDREV
| 1 CONT sToP 100 svFWD
0 O 101 SVREV
PE ALT 1/0 110 OFF LINE
111  RWD
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Capstan Drive and Servo System

All tape motion is initiated by the capstan, which is
driven by a dc motor. When the motor is running, a
tachometer provides a dc voltage to the capstan servo
amplifier system to control the capstan speed and is
adjustable for either 1.1 or 1.9 meter per second (45
or 75 inches per second). The capstan servo offset is
adjusted to keep the capstan from turning until
receiving a motion operation. There are two ramp
generators used in the capstan servo system. One
controls the nominal forward and reverse speeds; the
other controls the rewind speed. Either a forward or
reverse command to the ramp generator establishes
tape motion in the appropriate direction. The
distances traveled during acceleration or deceleration
are such that an interblock gap (IBG) is generated.
Symmetry of the start times, stop times, and
distances traveled are achieved by adjusting the
forward and reverse inputs to the ramp generator.

Capstan
servo
amplifier

——> Forward >
Ramp
B >
genérator )
-1 Reverse »-
Rewind —»| Ramp
generator

Capstan
motor

Tachometer

Capstan drive and servo system

Tension Arm Unit (Model 4)

Two identical servo systems control the file and fixed
reels.

Tension Arm Position

A light-sensing circuit provides arm-position
information to the servo amplifier that drives the reel
motor. The tension arm position adjustment is made
to center the tension arm in its operating range. As
tape is delivered to the arm or taken from it, the arm
moves up or down, and the position of the mask
between the light source and the light-sensing
element changes. When the mask is at the neutral
position, the drive current to the reel motors is
removed. The arm sense photocell board is adjusted
to place the photocell in the center of its operating
range.

Reel Drive and Servo System

The reel servo amplifier gain is adjustable to establish
the amplifier range for both the file and fixed reel
servo amplifiers. During the rewind mode, the
reel-motor servo-amplifier gain maintains tension on
the tape. During the unload cycle, an offset signal is
fed to each servo amplifier to bias each servo swing
arm close to its respective stop. This ensures gentle
handling of tape as it unloads from the reels. Spring
tension on the tension arms is balanced by torque in
the reel motors. If the power fails or servo operation
is interrupted, the springs pull the arms out and into
contact with limit switches that turn off all reel servo
and capstan functions.

capstan

Servo
amplifier

SY34-0092

Reel
motor

Ready
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Vacuum Column Unit (Model 7)

With tape threaded on the tape unit, a portion of the
tape crosses the end of the vacuum column. A
vacuum source at the opposite end of the vacuum
column attempts to draw air in from the end of the
column. Since air is drawn from the column and no
more air can enter from the end, a vacuum is created
in the column. The vacuum causes the tape at the
end of the column to be positioned in the column.

Vacuum Blower

The vacuum blower consists of a centrifugal blower
which is belt-driven by a motor. Air is drawn into the
center of the blower from the vacuum column and
exhausted from the blower.

Vacuum Switch

The vacuum switches are connected to the end port
holes by hollow tubes. If vacuum is present at the
end port holes the diaphragm of the switch is pulled
toward the tube opening and the switch contacts are
transferred. If atmospheric pressure is present at the
end port hole, the diaphragm is in its normal position
and the switch contacts not transferred. If the tape is
not between the two ports, there is no pressure
difference across the switch and the switch opens,
breaking the tape interlock, stopping tape movement,
and removes vacuum from the vacuum columns.

Vacuum sensing holes in each of the vacuum columns
senses the position of the loops of tape.

Switch contacts o_jr
transferred |
|
Switch actuated !
|
Vacuum —_’\_‘i‘_/(

Diaphragm

Air flow
from vacuum
column

Switch contacts
not transferred

Switch not actuated

Blower

Air flow from
vacuum blower

Motor

Atmospheric -

pressure

Diaphragm

" (shown

Main Vacuum Valve

The main vacuum valve controls vacuum to the
vacuum columns and vacuum pocket. Vacuum is not

applied to the columns when the valve is closed. The

amount of vacuum is adjustable by the air bleed
located on the main vacuum valve.

Solenoid l

closed)

Bleeder valve

Intake side of
main vacuum valve

Vane
(shown

Bleeder valve

End view

Vacuum Pocket

The vacuum pocket is used to produce light tape
tension for a small length of tape so the capstan can
start with less load in the forward direction.

Tape

O )
) 0
(¢

Vacuum
pocket 3

Reel Drive and Servo System

Two identical servo systems control the file and fixed
reels.

Tape loop sensing holes cause a vacuum-operated,
light-sensing circuit, to provide tape loop information
to the servo amplifier that drives the reel motors. In
rewind mode, the amplifier gain is changed
electronically to maintain tension on the tape.

The servo amplifier gain is adjusted for full excursion
of tape within the vacuum columns. The transducer
alignment is performed with the tape loops located in
the center of each column to get proper transducer
output levels.

Reel motor

Ports for limit switch Q d

Tape loop sensing holes

Vacuum line r

Lamp ,

Transducer
assembly

Ready
relay (K1)

Servo
amplifier
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Read/Write Head Assembly

A dual-gap read-after-write head is used with a
full-width erase head located on the oxide side of the
tape. Head azimuth is adjusted by shimming one of
two fixed head guides. This adjustment ensures that
the tape path is properly aligned to the read head.
Also the write stack deskew adjustment (NRZI and
Dual units only) is made to electrically deskew the
write head to match the read head so that each byte
of data is written in a straight line.

Crossfeed Shield

During a write operation, magnetic lines of force
(flux) from the write gap pass through the oxide
coating on the tape. Some of these flux lines extend
beyond the tape and reach the read head, inducing
noise in the read head windings. The cross feed
shield prevents the extended flux lines (feed through)
from reaching the read head.

EOT/BOT Photosense

The EOT/BOT senses when either end of the tape
reached. The ends of tape are sensed by a light
source that reflects from markers on the tape to a
pair of photocells. These photosensors are adjusted
with tape present and no reflective markers present.

/ Head gate assembly

o

Forward
tape motion

head

Erase Write Read
head head

Crossfeed <hield

Read/write head assembly

__ End-of-tape signal

__ Load-point signal

End-of-tape photocell
M %/_ Light source

-

End of tape

A\

\ /, Beginning
%\\‘ /// of tape
y O

\ /

\

End-of-tape-x
marker
14 ft ,

R
.

\
1'% ) 1]
O oad-point
marker
Tape cleaner

10 ft

— Load-point photocell

Tape reference
edge

SY34-0092

Tape cleaner

‘ EOT/BOT photosense
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Crossfeed shield

Model 4 read/write head
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Power Supply

The power supply consists of transformer, rectifier,
filter, and regulators that supply power to the
capstan, reel motors, data electronics, and control
electronics. The ac power to the tape unit is
controlled by a switch on the power supply chassis
and a switch on the operator control panel. The
switch on the power supply chassis must be switched
on before the operator control panel switch can be
used to control power.

Fuses

10

Service switch \ Main line

Model 4 power supply circuit breaker

Model 4

The model 4 power supply provide all of the ac and
dc power used within the tape unit; it uses
single-phase ac power source to provide ac voltages
to the motors, cooling fan, controller feature (if
installed), and the following voltages:

o <413 volts, —13 volts, +19 volts, —19 volts, +5
volts, and +12 volts for the transport electronics

o +5 volts, —12 volts, and +12 volts for data
electronics

Also contained within the power supply is the ready
relay (K1) which provides transport ready and servo
motor controls.

3

s~

!
’\

O

S

N

Model 7 power supply

3

Model 7

The model 7 power supply provides all of the ac and
dc power used within the tape unit; it uses
single-phase ac power source to provide ac voltages
to the motors, cooling fan, controller feature (if
installed), and the following voltages:

o —44 volts, +44 volts, +24 volts, —24 volts, +5
volts, and +12 volts for the servo electronics

o —24volts, +24 volts, +5 volts, —12 volts, —5
volts, and +12 volts for the transport control
logic

o 45 volts, —12 volts, and +12 volts for data
electronics

Also contained within the power supply is the ready

relay (K1) which provides transport ready and servo
motor controls.

s a 68 68 6 8 6 B

Controller Feature

For tape units that contain the controller feature a
power supply is located on the rear of the tape unit
and supplies +5 volts for the adapter card and the
control board.

3l q G

[ee==°05]

o
—®_

(]
9

Sololelololo | I =l

Rear view showing controller feature power supply
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Tape Tracking

Correct tape tracking is the mechanical alignment of
the tape path elements so that tape passes from reel
to reel without damage, in parallel path to the
transport and perpendicular to the read/write head.

Model 4

Forward tracking is controlled by guides between the
file reel and capstan, which include the capstan,
upper tension arm roller guides B, and deck
mounting guides El.

Reverse tracking is controlled by guides between the
fixed reel and capstan, which include the capstan,
lower tension arm roller guides [, deck mounting
guideés B, and reverse tracking roller . The head
guides [l are used for adjusting the head azimuth.

Read/write
head plate
assembly

r\r\

s

:F:l

= [ 1

Tape

Ll

reference
f / edge

=

Read/write

%

Base
casting

Fixed
reel

head

Capstan

I

~a

|

4

:

Model 7

Tape tracking on the model 7 is adjusted with
reference to the vacuum column. Forward tracking is
controlled by guiding elements between the file reel
and capstan and include the capstan and deck
mounting guides (file-reel vacuum column) B
Reverse tracking is controlled by guiding elements
between the fixed reel and capstan and include the
capstan and deck mounting guides (fixed-reel
column) . The tape guides at | and | are used
for loading only and do not affect tape tracking.
Located at [} are the vacuum pocket rails which also
do not affect tracking. The head guides [ are used
for adjusting the head azimuth.

SY34-0092 2-8

File
reel

]
| >

Read/write

head plate
assembly
Tape
1 ___.ﬂ/ reference

edge

Read/write
head

;

Capstan

Base
casting

Fixed
reel



Chapter 3. Circuit Functions

Chapter 3. Circuit Functions 3-1 Read Bus (Bits 0—7, P, and Strobe) 3-7
Line Descriptions 3-3 Control Bus  3-7
Processor 1/O Channel to Attachment Card  3-3 Attachment Card 3-8

Data Bus (Bits 0—15, PO, and P1) 3-3 Command Mode 3-8

Address Bus (Bits 0—16)  3-3 Data Mode 3-8

Condition Code In Bus (Bits 0-2) 3-3 Data Transfer Sequence 3-8

Poll Identifier Bus (Bits 0—4) 3-3
Request-In Bus (Bits 0—3) 3-3
Address Gate  3-3

Address Gate Return  3-3
Cycle-Steal Request-In  3-3

Executing the Prepare Command 3-8
Fetching the DCB 3-8
Loading the Registers 3-8
Cycle Stealing the Data 3-8
Adapter Card  3-12

Data Strobe 3-3 Control Board 3-14

Halt or MCHK 3-3 Tape Unit  3-16

Initiate IPL  3-3 Load Sequence (Model 4) 3-18
IPL  3-3 Load Sequence (Model 7) 3-20
Poll 3-3 Rewind/Unload 3-22

Poll Return 3-3 File Protect Sensor 3-23

Poll Prime 3-3 Write Data (NRZI) 3-23

Poll Propagate  3-5 Read Data (NRZI) 3-24
Power-On Reset 3-5 Write Data (PE) 3-25 ,
Service Gate 3-5 Read Data (PE) 3-25

Service Gate Return  3-5 Tape Operation Flow Chart 3-26

Status Bus (Bits 0—-3) 3-5
System Reset 3-5
Cycle Input Indicator 3-5
Attachment Card to Adapter Card 3-5
Data Bus (Bits 0—15, PO, and P1) 3-5
Tag Bus (Bits 0—7 and P) 3-5
Request In  3-5
Request Out 3-5
Acknowledge Request In  3-5
Acknowledge Request Out  3-5
Write Data End  3-5
Record Length Counter 3-5
Strobe In  3-5
Strobe Qut  3-5
Power Good 3-5
System Reset 3-5
System Power-On Reset  3-5
Parity Check 3-7
Adapter Card to Control Board 3-7
CTL DBI/CMND Bus (Bits 0—7 and P)  3-7
CTL DBO Read Bus (Bit 0—7 and P) 3-7
Strobec  3-7
Data Flag 3-7
‘Read/Write Acknowledge 3-7
Halt Data Transfer 3-7
Staus Bus  3-7
Tape Address0 and 1 3-7
Mode Bus  3-7
Control Board to Tape Unit 3-7
Write Bus (Bits 0—7, P, and Strobe) 3-7

Circuit Functions 3-1



Processor
1/0 channel

r

T

“Bata bus (bits 0—15, p0, p1) M

Address bus (bits 0-16] )

LCondition-code-in bus (bits 0—2)!

Poll identifier bus (bits 0-4) )i

LRequest-in bus (bits 0—5)
Address gate |

~Address gate return

~ Cycle-steal request-in

Data strobe

Halt or MCHK

Initiate IPL

IPL

Poll

~_Poll return

Poll prime

Poll propagate

Power-on reset

Service gate

_Service gate return

Status bus (bits 0—3)

System reset

__Cycle input indicator

Attachment
card

Y

(' Data bus (bits 015, p0, pT)

Y
e\

LTag bus (bits 0—7, P)

_Request in

14

) .

Request out

Acknowledge request in

~ Acknowledge request out

~Strobe in

Strobe out

_Power good

System reset

System power-on reset

- Parity check

Adapter
card

CTL DBI/CMND bus

CTL DBO read bus

Strobec

Data flag

Read/write acknowledge

Halt data transfer

Status bus

Tape address O

Tape address 1

Mode bus

Control
board

SY34-0092 3-2

Write bus )
Y Read bus Cables to
pum —— | tape units
K Control bus N




Line Descriptions

The diagram on the previous page shows the signal
lines that connect the processor I/O channel,
attachment card, adapter card, control board, and the
tape unit. The following paragraphs describe these
lines; the diagram is repeated on succeeding pages
for ease of reference.

Processor 1/0 Channel to Attachment Card

Data Bus (Bits 0-15, P0, and P1)

The data bus is an 18-bit bidirectional bus that is
capable of carrying two eight-bit bytes of data (bits
0-15) and two parity bits (PO and P1); it transfers
data and control information between the processor
and the attachment. Parity bit PO is used to maintain
odd parity for bits 0—7; parity bit P1 is used to
maintain odd parity for bits 8—15.

During command sequences, data-bus bits 0-15
contain the same information as bits 1631 of the
IDCB.

During interrupt service sequences, the data bus
transfers the interrupt identification (ID) word to the
processor. Data bus bits 0-15, sent by the
attachment to the processor, are equal to bits 0—15
of the interrupt ID word.

When leaving the processor, bits 0—15 are the same
as the contents of the word at the main storage
location that is addressed by the attachment. The
attachment specifies that output is taking place by
not activating ‘cycle input indicator.” When entering
the processor, bits 0—15 are the same as the contents
of the cycle steal data register in the attachment. The
attachment specifies that an input word transfer is
taking place by activating ‘cycle input indicator’.

QOdd parity is maintained on the data bus during all
1/0 sequences.

Address Bus (Bits 0-16)

The address bus is used for direct program control
(DPC) selection of the 4969 and for storage address
presentation by the cycle-stealing tape unit. The
address bus is 17 bits wide; it is received by all
attachments installed on the processor I/O channel.
All I/0 devices that are capable of cycle-stealing
activate bits 0—15. The processor activates bits 0—16.

During DPC sequences, address-bus bits 0-15 are
equal to bits 0—15 of the first word of the immediate
device control block (IDCB). If bit 16 is active, it

indicates that a DPC sequence is taking place. During
a cycle-steal data transfer, the attachment places the
main storage address on the address bus, using bits
0-15.

During a main storage access, address bits 0—15
represent a main storage address. Bit 16 is'not used,
which indicates to the processor that a main storage
access is taking place.

Condition Code In Bus (Bits 0-2)

The condition-code-in bus is a three-bit bus used by
the attachment to send I/O instruction condition
codes, interrupt condition codes, or cycle-steal
address key information to the processor I/0
channel. Condition-code-in information is sent to the
channel with the appropriate inbound tag (either
‘address gate return’ or ‘service gate return’) during
command, interrupt, and cycle-steal sequences.

Information on the condition-code-in bus is valid
from the time that either ‘address gate return’ or
‘service gate return’ becomes active until the time
that either ‘address gate’ or ‘service gate’ becomes
inactive.

Poll Identifier Bus (Bits 0—4)

The poll-identifier bus is a five-bit bus that is used to
identify the type of poll occurring on the processor
I/0 channel. The channel places a value on the
poll-identifier bus prior to activating the ‘poll’ tag;
the value remains valid until the channel receives
‘poll return’.

The meanings of the poll-identifier bus bits are:

Bits

01234

00000 Poll for interrupt level O
00001 Poll for interrupt level 1
00010 Poll for interrupt level 2
00011 Poll for interrupt level 3
10000 Quiescent value
1XX11 Poll for cycle-steal

Request-In Bus (Bits 0-3)

The request-in bus is a four-bit bus used by the
attachment to either present an interrupt request or
to access main storage.

When the attachment detects an interrupt condition,
it turns on one of the request-in bus bits. The level
field of the Prepare command determines which bit is
activated.

The attachment can turn on an interrupt request bit
only when the I-bit (bit 31 of the IDCB for a
Prepare command) equals 1. The interrupt request
remains active until the attachment captures a poll,

receives ‘halt or MCHK,’ receives a device or system

reset, or receives ‘power-on reset.’

Address Gate
When ‘address gate’ (an outbound tag) is active, it

‘indicates that the attachment can now respond to

initial selection and can begin executing the
command specified by bits 0—7 on the address bus.

Address Gate Return

The attachment activates ‘address gate return’ to
indicate that it has received ‘address gate,’ that
immediate status is on the conditioncode-in bus, and
that data is on the data bus if bit 1 of the address
bus equals 0.

If ‘address gate return’ does not become active after
‘address gate’ becomes active, I/O instruction
condition code 0 (device not attached) is generated,
the sequence is terminated, ‘address gate’ becomes
inactive, and the address bus is reset.

Cycle-Steal Request-In

The attachment activates ‘cycle-steal request-in’ if a
tape unit must use cycle-steal mode to access main
storage. The line remains active until the attachment
feature receives a poll, ‘halt or MCHK,’ ‘system
reset,” or ‘power on reset.’

Data Strobe

‘Data strobe’ is an outbound tag to the attachment. It
is activated during command, interrupt, or cycle-steal
service sequences.

Halt or MCHK

‘Halt or MCHK’ is an outbound tag that indicates
that either a Halt command has been encountered in
the program or that a machine-check class interrupt
has occurred. This tag resets any error or busy
conditions that exist in the tape subsystem.

Initiate IPL

‘Initiate IPL’ is an outbound tag from the processor
I/0 channel to the IPL source on the system.
‘Initiate IPL’ is a signal to the IPL source that the
processor requires an IPL. It is held active until the
IPL source responds with ‘IPL.’ Bits 0 and 1 of the
status bus are used to select the primary or alternate
IPL source, respectively; the bit is turned on
concurrently with ‘initiate IPL.’

IPL
‘IPL’ is an inbound signal activated by the IPL

-source attachment either to respond to ‘initiate IPL’

or to indicate to the processor that another processor
is initiating the IPL. The IPL information is loaded
into storage using cycle-steal sequences.

The attachment activates ‘IPL’ and begins
transferring information to the processor after the
processor performs a system reset. ‘IPL’ remains
active until the IPL is complete.

Poll

‘Poll’ is generated by the processor I/O channel and
is sent serially to all attachments on the channel. The
purpose of this tag is to resolve any contentions that
exist between two or more attachments, on the same
level, that have interrupt requests or cycle-steal
requests pending.

Poll Return

‘Poll return’ is used to signal the channel control
logic that an I/O device has accepted a polling
sequence. ‘Poll return’ must remain active until ‘poll’
goes inactive.

Poll Prime

‘Poll Prime’ is a line that is connected to the same
back-panel pin as ‘poll’ but connects to a different
back-panel pin on the next I/0O attachment card
position.
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Poll Propagate

If an interrupt or a cycle-steal request is not pending,
the attachment relays ‘poll’ to the next device on the
1/0 channel by activating ‘poll propagate’.

When ‘poll’ and ‘poll prime’ are received by the
attachment, the attachment recognizes that a poll is
occurring. The attachment compares the poll ID bits
from the processor I/O channel with the ID bits in
the prepare level register. An equal compare of the
poll ID bits logically ANDed with ‘poll’ and ‘poll
prime’ is called a poll capture. Once the poll is
captured, the attachment responds with ‘poll return.’
If the poll capture does not occur, the ‘poll’ is
propagated to the next device on the channel and the
attachment takes no further action until the next poll
occurs.

Because of the serial nature of ‘polling’, the physical
position of the attachment on the channel determines
the priority for servicing contending cycle-steal and
interrupt requests that occur at the same interrupt
level. The attachments that are located in positions
closest to the processor are the first attachments in
the polling chain and, therefore, have the highest
priority.

However, if the attachment receives a power on
reset, a system reset, or a ‘halt or MCHK,’ ‘poll
propagate’ is deactivated regardless of the state of
the ‘poll’ tag.

Power-On Reset

‘Power-on Reset’ is a control line sent by the power
supply in the processor to all system components; it
holds them in a system reset state. ‘Power on reset’ is
activated during power-on or power-off sequences.

Service Gate

The outbound ‘service gate’ indicates to the
attachment that a cycle-steal or interrupt service
sequence can begin, if the attachment captured the
last poll.

Service Gate Return

‘Service gate return’ is sent by the attachment to the
I/0 processor channel to indicate that it has
recognized ‘service gate’ and that the inbound
information required by either the cycle-steal
sequence or the interrupt service sequence has been
placed on the condition-code-in bus.

Status Bus (Bits 0-3)

The status bus is a four-bit outbound bus used by the
processor I/0 channel to indicate to the attachment
that an error condition has been detected. The bits
have the following meaning:

Bit Meaning

0 Storage data check

1 Invalid storage address
2 Protect check

3 Interface data check

The attachment retries the specified operation one
time for these error conditions when the suppress
exception (SE) bit of the DCB control word equals
1. If the operation fails a second time, a hard error
condition is posted (condition code 2 or 6) and the
appropriate bit in the interrupt ID word is set to 1.

The attachment retains this information in the
interrupt status byte for presentation to the processor
I/0O channel by using the interrupt ID word at
interrupt presentation time. Bits 0-3 of the status bus
are equal to bits 4-7 of the interrupt ID word.

System Reset

‘System reset’ is sent by the channel to all I/O
devices. It resets any error or busy conditions that
exist in the tape subsystem.

Cycle Input Indicator

‘Cycle input indicator’ defines the direction of data
transfer over the data bus. ‘Cycle input indicator’ is
activated by either the attachment or by the
processor when a data transfer 0 main storage
occurs. When a data transfer from main storage
occurs, it is not activated. '

This line is valid from the activation of ‘service gate
return’ until the deactivation of ‘service gate’; it must
not change state during this period.

Attachment Card to Adapter Card

Data Bus (Bits 0-15, P0, and P1)

Two bytes of data (plus a parity bit for each byte)
are transferred in parallel either to or from the
attachment using the data bus. The bidirectional data
bus lines are gated to the tape adapter during write
operations and are gated to the attachment during
read operations.

Tag Bus (Bits 0-7 and P)

The tag bus lines define the type of operation that is
occurring between the attachment and the tape
adapter. Five lines (bits P, 0, 1, 2, 3) are
bidirectional; four lines (bits 4, 5, 6, 7) are outbound
lines. During an inbound sequence, only bits P, 0, 1,
2, and 3 are used. The parity bit is used to maintain
odd parity for these bits. During an outbound
sequence, bits P, 0, 1, 2, 3, 4, 5, 6, and 7 are used.
The parity bit, in this instance, is used to maintain
odd parity for all bits.

Regquest In

‘Request in’ is an inbound control line activated by
the adapter. It indicates to the attachment that the
tape unit either has data to transfer or requires an

interrupt request. This line gates the tag bus bits P,
0, 1, 2, and 3 to the attachment.

Request Out

‘Request out’ is activated by the attachment when it
has data to transfer to the adapter card. The nine
outbound tag bus lines are gated by ‘request out.’ If
‘request out’ and ‘request in’ become active
simultaneously, ‘request out’ takes precedence over
‘request in.” Under these conditions, ‘request in’ is
deactivated and inhibited by the adapter card;
however, ‘request out’ is not activated if ‘request in’
has been accepted by the attachment. The
attachment indicates that it has accepted ‘request in’
by activating ‘acknowledge request in.’

Acknowledge Request In

The attachment activates ‘acknowledge request in’ in
response to ‘request in’ from the adapter card. When
‘acknowledge request in’ becomes active, it indicates
that the attachment is ready to begin the type of
operation defined by the tag bus lines.

Acknowledge Request Out

The adapter card activates ‘acknowledge request out’
in response to ‘request out’ from the attachment,
indicating that the adapter is ready to begin the type
of operation defined by the ‘tag bus’ lines. If a parity
check occurs on the tag register bus, ‘parity check’ is
activated instead of ‘acknowledge request out.’

Write Data End

The attachment activates ‘write data end’ to
terminate a write record operation.

Record Length Counter

The tape unit controls activate ‘record length
counter’ to reduce the value in the record length
counter for each byte of data transferred to or from
the tape unit. On read operations, the counter value
is compared to the byte count to calculate the
overflow byte count.

Strobe In

‘Strobe in’ is an inbound line used to gate data from
the adapter into the attachment data register. Data is
gated into the register at the leading edge of ‘strobe
in’ and latched into the register at the trailing edge.

Strobe Out

‘Strobe out’ is an outbound line from the attachment
to the'adapter card. It is used by the adapter card to
latch the data into the data register. ’

Power Good

‘Power good’ is activated by the tape unit controls to
inhibit ‘strobe in’ and ‘request in’ lines going to the
attachment when a “power good” condition does not
exist in tape unit 0.

System Reset

‘System reset’ is an outbound line from the
attachment used to reset the tape unit controls to a
nonbusy, error-free, cleared state. The line is
activated when ‘halt or MCHK,’ ‘power-on reset,” or
‘system reset’ from the processor I/O channel
becomes active.

System Power-On Reset

During a system power-on reset, the attachment
sends ‘system power-on reset’ to the adapter to
initialize the tape unit controls to a known cleared
state. It performs the same functions as ‘system
reset.’ :
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Parity Check

‘Parity check’ is a bidirectional line that is activated
when an out-of-parity condition is detected on either
the data bus or the tag bus. The direction in which
‘parity check’ is sent is determined by the origin of
the previous request. If the previous request was a
‘request in,” the attachment activates the line; if the
previous request was a ‘request out,’” the adapter
activates the line.

Data parity is checked during the ‘strobe in’ or
‘strobe out’ pulses. The tape unit controls must reset
‘parity check’ before deactivating ‘acknowledge
request out’ or before activating the next ‘request in.

I

Adapter Card to Control Board

CTL DBI/CMND Bus (Bits 0-7 and P)

The CTL DBI/CMND bus is a nine-bit bus used to
transfer a byte of data from the adapter card to the
control board. Command information is also sent on
this bus when ‘strobec’ is active.

CTL DBO Read Bus (Bit 0-7 and P)

The CTL DBO Read bus is a nine-bit bus used to
transfer the nine-bit tape character from the control
board to the adapter card.

Strobec

‘Strobec’ is activated by the adapter card to indicate
to the control board that the CTL DBI/CMND bus
contains command information.

Data Flag

‘Data flag’ is activated by the control board for both
read and write operations. It is activated on a write
operation to indicate that a byte of data is needed by
the control board; it is activated on a read operation
to indicate that data is available on the CTL DBO
Read bus.

Read/Write Acknowledge

‘Read/Write acknowledge’ is activated by the
adapter cqrd in response to ‘data flag’ from the
control board.

Halt Data Transfer

‘Halt data transfer’ is activated by the adpater card
on write operations to terminate the data transfer
requests (‘data flag’).

Status Bus

The status bus is used to indicate the following
status:

« End of tape

o Command reject
« NRZI or PE

e Timing error

o Parity error

o Tape mark

e Ready
 Rewinding

« File protect

* Load point

» Identity burst detected

e« Corrected error

Tape Address 0 and 1

These lines are decoded by the control board to
select one of the four tape units.

Tape address | Tape address
0 1 Tape unit selected
0 0 0
0 1 1
1 0 2
1 1 3
Mode Bus

These lines are activated by the adapter card to
select read threshold low, PE (high density), and test
read mode.

Control Board to Tape Unit

Write Bus (Bits 0-7, P, and Strobe)

The write bus is used to transfer data to the selected
tape unit along with the write data strobe (WDS)
pulse. There is one write data line for each data bit
in a tape character.

Read Bus (Bits 0-7, P, and Strobe)

The read bus is used to transfer data to the control
board along with the read data strobe (RDS) pulse.
There is one read data line for each data bit in a tape
character.

Control Bus

The control bus is used to transfer control
information from the control board to the tape unit.
The following controls are sent:

o Forward
» Reverse
« Rewind
o Offline

o Tape unit select (0-3)
e  Write enable

o Read threshold low

e  Write amplifier reset
« PE (high density)

It is also used to transfer status information from the
tape unit to the control board. The following status is
reported

¢« Ready

e Online

« Rewinding

« File protect

¢ Load point

o End-of-tape

« Tape unit type (PE or NRZI)
o Density selected (PE or NRZI)

Circuit Functions
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Attachment Card

The attachment card physically connects and logically
adapts the processor I/O channel to the tape units.

It consists of the following components:
o A digital controller

« Two 16-bit (plus two parity bits) I/O data
registers that provide a cycle-steal data bypass
(with minimum controller intervention) between
the processor I/O channel and the tape unit
controls, using auto mode

o Interrupt status and control circuits for the
processor I/O channel and the tape unit controls

The attachment’s digital controller performs the
following functions:

o Interpfets the immediate device control block
(IDCB) of the Operate I/0 instruction

« Executes the IDCB command

» Fetches, in cycle-steal mode, the device control
block (DCB) specified by the IDCB

o Controls the starting and stopping of the
automatic cycle-steal data transfers in auto mode

o Monitors and checks the accuracy of all data
transfers

* Reports status information and condition codes,
and handles interrupt requests going to the
processor

« Performs error-recovery procedures

« Executes and monitors built-in diagnostic
programs

« Accommodates variable-length initial program
load (IPL) records (up to 64K bytes)

« Allows the attachment circuits to be tested
without disconnecting the cables between the
attachment and the tape unit controls

» Optimizes data transfers when instructions are
issued to more than one tape unit

Information is transferred from the processor I/0O
channel to the tape unit controls in either command
mode or auto mode. Command mode includes all
attachment-initiated transfers that are begun by
activating ‘request out.” In this mode, the data passes
through the controller that is in the attachment. In
the data mode, data is transferred using the
high-speed cycle-steal data bus. The data mode is the
normal mode of operation for data transfers. In this
mode, the controller acts as a supervisor and
intervenes only during the beginning of the data
transfers, during interrupt request servicing, and
during error handling.

Command Mode

When the controller is operating in command mode,
it requests data transfers by activating the ‘request
out’ line going to the tape unit controls. The
controller loads the data to be transferred to the tape
unit controls directly into the attachment data
register. If data is to be transferred from the tape
unit controls to the attachment, the data must be
loaded into the cycle-steal data register (after being
loaded into the attachment data register) before it
can be transferred to the controller. When data is
being transferred between the processor I/O channel
and attachment controller, the data passes only
through the cycle-steal data register.

Data Mode

When the controller is operating in data mode, it sets
or verifies the condition of the status latches that
apply to the high-speed cycle-steal data bus. The
tape unit controls initiate data transfers by activating
‘request in’; then, the data is transferred between the
processor 1/0 channel and the tape unit.

Data Transfer Sequence

A typical data transfer consists of executing a
Prepare command, foilowed by executing a Start
command. Executing the Start command includes
fetching a DCB, loading the attachment registers, and
cycle stealing the data.

The following paragraphs further describe this
sequence; the diagrams of the attachment feature
card are for instructional purposes only. The keys in
the text refer to keys in the diagrams.

Executing the Prepare Command

The first word of the IDCB is placed in the
command register and the device address
compare register EIfl. If the device address compares
with the attachment’s address jumpers, the controller
Bl analyzes and executes the command that is in the
command register KB

If the command initiates a DPC type of operation,
the immediate data field (second word of the IDCB)
is used for data. If the command initiates a
cycle-steal type operation, the immediate data field is
the address of the DCB.

When a Prepare command is issued to the
attachment, the prepare level register is loaded
with IDCB immediate data field bits 11 through 14.
The tape unit’s address is also set into the I-bit
flip-flops B} which set a tape unit request trigger
that corresponds to the tape unit address. This
operation designates the tape units that are permitted
to interrupt and on which level the units can
interrupt the processing operations.

Fetching the DCB

When a Start command is issued to the attachment,
the DCB address register is loaded with the
IDCB’s immediate data field. This is the address in
processor storage of the first word of the DCB. The
controller il reads the DCB address register and
sets the address counter [{ill, the byte counter
and the condition code/cycle-steal address key
register Y. The controller then sets the cycle-steal
input mode latch [EEB; the cycle-steal request latch
begins to cycle-steal eight DCB words to the
controller storage Bl using the cycle-steal data

register [

Loading the Registers

When the DCB fetch is complete, the controller
loads the address counter BN, the cycle-steal address
register [ERE, the byte counter EBY, and the condition
code/cycle-steal address key register [l. The
cycle-steal input mode latch is set during an
input operation and reset during an output operation.
The controller [{ll then gives control of the cycle-steal
data handling to the attachment’s data-bypass
circuits. This operation is initiated by setting the auto
mode latch EB.

SY34-0092 3-8

Cycle Stealing the Data

Cycle-stealing is placed under control of the
following automatic cycle-steal control triggers and
latches:

e Load data registers trigger

» Cycle-steal data register full trigger
» Attachment data register full trigger
o Cycle-steal request latch [EX}

The automatic circuits control the address counter
EEE, the byte counter BN, and the data register [EE}.

During an output operation, the cycle-steal data
register is gated to the attachment data register
using the cycle-steal data bus B The ANDing
of ‘write’ and the load data register trigger
signals provides the gate. The attachment data
register full trigger sets the load data register
trigger [EE. '

At the completion of an automatic cycle-steal data
transfer operation (byte count equals 0), the
controller [{ll resumes control by resetting the auto
mode latch . At this time, it also reports the
condition code, handles interrupt requests, and if
chaining is necessary, fetches additional DCBs.

The signal-line sequencing between the attachment
and the tape unit controls is controlled by the
controller [ll. The input and output lines to the tag
register [l define the type of data transfer operation
in progress to the tape unit controls. The request out
trigger [, the ‘request in’ line [, the ‘acknowledge
request out’ line [, and the ‘acknowledge request in’

"line B8 define the direction of data transfer between

the attachment and the tape unit controls. The
‘strobe in’ and ‘strobe out’ B signal lines strobe
the data being transferred into the attachment or the
tape unit controls, respectively. The attachment ‘data
bus’ is a bidirectional bus that functions as a
data path between the attachment and the tape unit
controls. The interrupt register [ is a four-bit
register (one bit for each unit) that allows interrut
requests to be posted during automatic cycle-steal
operation.
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Processor 1/0 Channel
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Adapter Card

The first word that is transferred from the
attachment card defines the operation to be
performed. The tag bus is loaded into decode register
EE and the data bus is loaded into the data register
EEB. The output of the data register is gated to the
1-of-4 switch 8, which divides the data into bytes.
The output of the 1-of-4 switch is gated to the 64
byte buffer . The output of the buffer is placed on
the bus [l with ‘strobec’ [}, that is generated by the
decode of register BH, which defines the operation to
be performed by the control board.

During an output operation each word of data is
placed into the adpater by activating ‘request in’ [H.
Each byte of data is transferred to the control board
by the activation of ‘data flag’ Ef by the control
board. With the last word that is transferred from the
attachment the ‘write last word’ line B is activated.
With the last byte of data that is transferred from the
buffer [} the ‘halt data TRF’ line B} is activated to
end the operation. During an input operation the
control board activates ‘data flag’ B} to load the
buffer . The AND gate at EB¥ loads data register
@Al one byte at a time; the AND gate at EE§ gates
the accumulated 18 bits from the data register to the
data bus for transfer to the attachment card. ‘Dec
SPCL byte ctr’ is pulsed for each byte of data
that is transferred in either direction. In order for the
attachment card to give an ending sequence to the
Series/1 processor, it checks the status of ‘data busy’
and ‘controller busy.’

SY34-0092
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Attachment card
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Control Board

The command register [El is loaded by ‘strobec’ and
one of the following CTL DBI/CMND bus bits.

Bit Operation

0 Offline

1 Rewind

2 Backspace

3 Forward space
4 Erase

5 Write tape mark
6 Read

7 Write

When performing an output operation, such as a
write, the operation is decoded |} and the forward
control lineffff] becomes active to cause the selected
tape unit Bl to accelerate. The control board
activates ‘data flag’ [l to request data from the
adapter card. Data is placed into the write register
by ‘read/write acknowledge’ from the adapter card.
The data is passed through the serializer [ to
generate parity for this data and placed into the write
data register . After a specified amount of time has
elapsed, which depends on the speed of the tape unit,
the write data is gated to the tape unit. The
activation of ‘halt data transfer’ [flj with the last byte
of data causes the control board to end the operation
by deactivating ‘data flag’ and the forward control
line.

When performing an input operation, such as a read,
the operation is decoded [l and the forward control
line becomes active to cause the selected tape
unit B} to accelerate. If the tape is recorded in PE
mode, the character is passed through the PE read
deskew logic [ and loaded into read data register B
If the tape character read is NRZI it is placed
directly into the read data register. The tape
character is then placed on the CTL DBO read bus
and the control board activates ‘data flag’ B

SY34-0092
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Tape Unit

There are electronics boards in each tape unit. The
electronics boards:

o Receive control information from the control
board

o Send status information to the control board
+ Send and receive data
o Control the tape position and motion
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Load Sequence (Model 4)

When power is applied to the tape unit, it activates
the arm retract motor and returns the tension arms to
the load position. With the arms in the load position,
the ready relay (K1) is de-energized, and all three
servo motors are shorted to ground. Interlock
switches S11 and S13 are also open preventing
latching of the ready relay. When the load switch is
pressed, with tape properly threaded, the load
sequence begins.

The retract motor is energized by activating the
retract motor relay K2 through the normally open
contacts of S16. The load cam begins to turn closing
S15 normally open contacts which holds K2
energized when the load switch is released. The
retract motor motion releases the tension arms from
their retract position, and the series string of
interlock switches (S10, S11, S12, S13) are in their
normally closed positions. As the retract motor
continues to turn, the load cam detent is sensed by
the load cam switch S14, and a momentary ground is
transmitted to ready-relay This energizes the ready
relay and provides power to the servo motors, which
then maintain tension on the tension arms. The
retract motor continues to turn 180° removing
mechanical linkage from the tension arms now under
servo control. The motor stops when S15 opens,
deenergizing K2, which removes ac power to the
motor. The series string of interlock switches provide
an unbroken circuit to ground for the ready relay
holding the ready relay energized. If any one of the
switches S10 through S13 is opened, the ready relay
is de-energized. When the ready relay is energized, it
sends a ground signal to the ready delay circuitry
which, after timing out, gives an internal ready signal.
(This signal does not reach the tape control board.)
If the tape is not already at load point, a set forward
and online operation is generated that sets the
forward and online flip-flops. The tape moves
forward until it reaches the load point marker.
(Ready status to the tape control board is still
inhibited.)

If the tape is already at load point (or when it
reaches load point):

1. Tape motion stops (or is not initiated if at load
point).

2. The Load and On Line indicators are turned on.
Note: If the tape unit door is open, two door

interlock switches inhibit all retract arm and motor
motion.

Press load '
switch

Transport
ready

No effect

Activate K2, start
retract motor, arms
move up

Load

cam switch
activated

Activate ready
relay (K1)

Tension arms
maintain tape
tension

S15 opens, K2 is
deactivated, re-
tract motor stops

A

Ready delay
timed out

Set forward and
online flip latches,

tape moves
forward

Reset
switch

Yes

pressed

BOT

Stop tape motion
and reset online
flip latch

sensed

Reset forward
flip latch, stop
tape

Start ready
delay

Ready delay No
timed out

Yes

<
-

End

Model 4 load sequence
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Load Sequence (Model 7)

Pressing the Load switch, with tape properly
threaded, begins the load sequence. Voltage detection
circuits sense for proper regulated voltages and +24
volts are present before the load sequence can
continue. The load flip-flop is set which will energize
the load relay (K2 on servo electronics board) and
the main valve solenoid. The main valve solenoid
energized applies vacuum to the vacuum columns.
Also activated is a 2.5-second timer and a
0.25-second timer through a set of K2 contacts by
‘activate servo’. The 0.25-second timer causes the
fixed reel to move counter clockwise to allow the
vacuum to form a tape loop in the fixed reel vacuum
column. The 0.25-second timer timing out will stop
the fixed reel and move the file reel clockwise for
approximately 0.5 second to allow the vacuum to
form a tape loop in the file reel vacuum column.

The vacuum switches transferred (enough tape in the
vacuum columns) energizes the ready relay (K1 in
power supply). If the 2.5-second timer times out
before transport ready becomes active, the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>