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Always observe the following when installing, operating, and maintaining this unit:

e This drive must be connected to a power distribution system that has a direct
connection to earth ground (TT network).

o When the drive is mounted in an equipment rack or cabinet, be certain that the
internal temperature of the rack or cabinet does not exceed the limits defined in
this manual. Where units are stacked vertically, pay special attention to the top
where temperatures are usually highest.

e To ensure the integrity of safety features built into the drive, installation and
maintenance must be performed only by qualified service personnel using designated
CDC/CPI parts.

e In case of fire or other emergency, isolate the drives from the main power by
disconnecting the drive power plugs from their site power receptacles. In
situations where pulling the plugs is not possible or practical, use the system
main power disconnect to isolate the drives from the main power.
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ACHTUNG

Folgendes ist bei Installation, Bedienung, und Wartung des Geraetes umbedingt zu beachten:

o Dieses Laufwerk muss an ein Spannungsversorgungssystem angeschlossen werden,
welches direkt nach Erde verbunden ist (IT Spannungsversorgungssystem).

o Wenn das Laufwerk in einem Geraeteeinschub oder Gehaeuse montiert ist, versichern
Sie sich, dass die Temperatur im Einschub oder Gehaeuse die in diesem Handbuch
festgelegten Werte nicht ueberschreitet. Sind Geraete uebereinander angeordnet,
achten Sie besonders auf das obere Geraet, da dort die Temperatur gewoehnlich am
hoechsten ist. ’

e Um die Zuverlaessigkeit der im Laufwerk eingebauten Sicherheitseinrichtungen zu
gewaehrleisten, darf die Installation und Wartung des Geraetes nur von
qualifiziertem Wartungspersonal unter Verwendung von Original-CDC/CPI-Ersatzteilen
durchgefuehrt werden.

o Bei Ausbrechen von Feuer oder in anderen Notfaellen ist die Verbindung zum
Hauptstromnetz durch das Ziehen des Netzsteckers aus der Steckdose zu
unterbrechen. Sollte dies nicht moeglich oder unpraktisch sein, so ist der
Hauptstromunterbrecher des Systems zu bedienen, um die Laufwerke vom Hauptstromnetz

zZu trennen,

\ J

~
WARNING

This equipment generates, uses, and can radiate radio frequency emergy and, if not
installed and used in accordance with the instructions manual, may cause interference to
radio communications. It has been tested and found to comply with the limits for a
Class A peripheral computing device pursuant to Subpart J of Part 15 of the FCC Rules
which are designed to provide reasonable protection against such interference when
operated in a commercial environment. Operation of this equipment in a residential area
is likely to cause interference, in which case, the user, at his own expense, will be
required to take whatever measures may be required to correct the interference.

_J

®




49763000

- @5) SONTROL DATA

CORPORATION

STREAMING TAPE UNIT
92185 - VERTICAL MOUNT

( A | | THEORY OF OPERATION
S - DIAGRAMS
MAINTENANCE
PARTS IDENTIFICATION

HARDWARE MAINTENANCE MANUAL




REVISION RECORD

EVISION DESCRIPTION

01 Preliminary Release.

A Released.
(08-01-84)

B This revision incorporates ECO's 51387, 51316,
(11-30-84) 51379, 51380, 51411, 51489, 51516, 51476, 51540,

Series Code
08

6-25,

and 51520 affecting pages: 5-1/5-2, 5-3 thru 5-11,
5-28, 5-29, 5-32, 5-34 thru 5-36, 5-38 thru 5-44,
5-46 thru 5-64, 5-66 thru 5-84, 5-87 thru 5-93,
5-95 thru 5-118. This revision also incorporates
technical changes to pages: vi, 4-2, 4-44, 6-7,
6-27, 6-28, 6-30 thru 6-35, 6-37, 6-39,
6-42, 6-43, 6-45, 6-49, 6-51, 6-53 thru 6-61, 6-63
thru 6-65, 6-67, 6-69, 6-70, 6-72, 6-74, 6-76,
6-79, 6-81 thru 6-85, 6-87 thru 6-95, 6-97 thruy
6-102, 6-115/6-116, 6-120, 6-168, 6-213, 6-214,
and 6-237.

c
(01-18-85)
(02-22-85)

Series Codg

This revision incorporates ECO's 51419C, 51520 and
51578 affecting page 7-19. This revision includes
technical changes affecting pages: 5-75, 6-41,
6-42, 6-106, 6-140, 6-175, 6-203 and 6-237.

Series Code
11

09, 10 ECO 51533A is N/A.
D This revision incorporates technical and editorial
(03-30-85) changes affecting pages: ii, iii/iv, v, vi, vii,

viii, ix, x, xi, xii, 4-5, 4-8 thru 4-11, 4-15,
4-18, 4-19, 4-20, 5-1/5-2, 6-69, 6-70, and 6-226.
ECO 51615 has no effect on this manual.

E
(05-20-85)
Series Code
12

This revision incorporates ECO 51664 and other
technical and editorial changes affecting pages:
6-4 thru 6-14, 6-25 thru 6-117, 6-123 thru 6-127,
6-129 thru 6-148, 6-150, 6-152 thru 6-170, 6-172
thru 6-178, 6-180, 6-181, 6-183 thru 6-183B, 6-185
thru 6-188.

UB. NO.
9763000

¢ 1984, 85, 86, 87
By Control Data Corporation
Printed in the United States

ii

Revision letters I, 0, Q, S, X, and Z are not used.

Address comments concerning this
manual to:

Lasar Magnetic Storage
Internacional Company
Technical Publications Dept.
2621 Van Buren aAvenue
Norriscown, 2a. 19403

of America

or use the comment sheet in the
back of chis manual.

n\&\'/ﬂ

}s:f%\
o S



REVISION RECORD

Series Code
12

REVISION DESCRIPTION
E.l This revision incorporates ECO 51700 and other
(06-24-85) technical and editorial changes affecting pages:

vii, viii, 6-25, 6-27, 6-28, 6-30 thru 6-37, 6-39,
6-41 thru 6-49, 6-51, 6-53 thru 6-61, 6-63 thru
6-65, 6-67, 6-69, 6-70, 6-72, 6-74, 6-76, 6-79,
6-81 thru 6-85, 6-87, 6-89, 6-91 thru 6-95, 6-97
thru 6-102, 6-115/116, 6-120, 6-121, 6-152, 6-167,
6-182, 6-183, 6-183C thru 6-183H, 6-203, 6-236,
6-237, 6-237A, 6-239.

F
(08-19-85)
Series Code

13

This revision incorporates ECO 51629 and other
technical and editorial changes affecting pages:
6-6A, 6-9, 6-10B, 6-47, 6-48, 6-52, 6-57, 6-58,
6-60 thru 6-63, 6-69 thru 6-71, 6-74, 6-76, 6-81,
6-92, 6-95, 6-96, 6-100, 6-152, 6-167, 6-168,
6-183, 6-183B thru 6-188B, 6-222, 6-226, 6-230.

F.l
(09-06-85)
Series Code

13

This revision incorporates technical and editorial
changes affecting pages: 7-3 thru 7-23.

F.2

-1(09=-27-85)

Series Code
13

This revision incorporates technical changes.
affecting pages: xi, 4-19, 4-31, 6-39, 6-42, 6-43,
6-45, 6-53, 6-63, 6-67, 6-70, 6-76, 6-79, 6-81,
6-82, 6-84, 6-85, 6-89B, 6-92, 6-95, 6-183C thry
6-183J, 6-185, 6-185B, 7-5, 7-11, 7-12, 7-13,
7-22, 7-23, 7-24.

G
(10-15-85)
Series Code

14

This revision incorporates technical changes
affecting pages: 6-152, 6-177, 6-203, 6-215.
ECO's 51629, 51751, 51776 have no effect on this
manual.

G.1l - |This revision incorporates ECO 51800 affecting
(11-19-85) |page: 7-13. '
Series Code
14
PUB. NO. Revision letters I, 0, Q, S, X, and Z are not used.
49763000

iia



REVISION RECORD

REVISION DESCRIPTION
G.2 This revision incorporates ECO 51850 affecting
(12-05-85) pages: 7-13, 7-22.°

Series Code
14

H
(12-16-85)
Series Code

15

J
(1-22-86)
Series Code

16

K .
(2-20-86)
Series Code

17

L
(3-21-86)
Series Code

18

M.
(4-25-86)
Series Code

18,19

This revision incorporates technical changeé
affecting pages: 6-182, 6-211, 6-212, 6-212A/B,
6-219, 6-222, 6-232, 6-233, 6-234, 6-236, 6-237,

7-237A, 6-239, 6-240, 6-242, 6-243, 6-245, 7-4,
7-5, 7-9, 7-11, and editorial changes affecting
pages: 1iii, iv, v, vi, vii, ix, x, xi, xii, xiii,

xiv, xv, xvi, 5-1, 5-92 thru 5-208, and 7-23.

This revision incorporates ECO's 51790 and 51570
affecting pages: 1iiv, vi, 7-13 and 7-22.

This revision incorporates ECO 51786, 51765, 51810,
51835 affecting pages: 1iib, iii, iv, vi, ix, xiii,
xiv, 4-4 thru 4-11, 5-3, 5-7 thru 5-27, 5-30, 5-31,
5-32, 5-34, 5-36, 5-39, 5-40, 5-41, 5-68, 5-69,
5-71, 5-72, 5-73, 5-75, 5-78 thru 5-83, 5-85, 5-86,
5-87, 5-90, 6-168, 6-183C, 6-183I, 6-183J, 6-185,
6-226, 6-226A, 6-226B,-

6-185E, 6-185F, 6-225,
6-227, 7-13, and 7-22.

This revision records ECO PB 51862 N/A to thié
manual.

This revision incorporates technical and editorial
changes affecting pages: 1iii; v, vi, 4-5, 4-25,
4-27, 4-46, 4-52, 6-123, 6-151, 6-183H, 6-183J,

6-212, 6-216, 6-217, 6-223, 6-226, 6-226A, 6«229,'

6-245, 7-6, 7-10 thru 7-13, 7-17, 7-18, 7-20, 7-21.
ECO's PB 51919 and 51924A N/A to this manual.

PUB. NO.
49763000

iib

Revision letters I, O, Q, S, X, and Z are not used.

4 : !
Niw S



REVISION RECORD

REVISION DESCRIPTION
N : This revision incorporates ECO PB 51951 and
(6-20-86) technical and editorial changes affecting pages:

Series Code
20

xv, xvi, 4-53, 5-100, 6-7, 6-25, 6-110, 6-152,
6-175, 6-183, 6-185D, 6-185F, 7-13, 7-22, and 7-23.
ECO PB 51955 N/A to this manual. Added page
6-100A/B. :

P
(09-19-86)
Series Code

21

This revision includes editorial changes affecting
pages: iic/iid thru vi, x, xiii, xvi, 4-55 thru
4-65/4-66, and technical changes affecting pages:
4-3, 4-23, 5-5, 5-6, 5-7, 5-15, 5-16, 5-17, 5-28,
5-29, 5-35, 5-36, 5-37, 5-42, 5-43, 5-44, 5-46,
5-47, 5-49, 5-51, 5-53, 5-55, 5-57, 5-59, 5-61,
5-63, 5-66, 5-67, 5-68, 5-71, 5-77, 5-79, 5-84,
5-88, 5-92, 5-93, 6-100A/B, 6-215, 6-216, 6-217.
ECO PB 51995 has no effect on this manual.

R
(10-24-86)
Series Code

22

This revision incorporates ECO 51935 and 51979 and
technical changes affecting pages: 7-7, 7-13, and
7-22.

T
(11-21-86)
Series Code

23

ECO PB 51938 has no effect on this manual.

U
(12-12-86)
Series Code

23

This revision incorporates technical and editorial
changes affecting pages: xiv, xvi, 6-12, 6-57,
6-88A, 6-92, 6-103, 6-183I, 6-184, 6-189, 6-196,
and 6-197.

\%
(01-23-87)
Series Code
24 and above

This revision incorporates ECO PB 52075 affecting
page: 7-13.

W
(03-20-87)
Series Code
25 and above

This revision incorporates ECO PB 52100 and
technical changes affecting pages: 1ii, iia, iib,
6-211, 6-212, 6-220, 6-227, 7-13, 7-22,

PUB. NO.
49763000

Revision letters I, 0, Q, S, X, and Z are not used.

iic-



REVISION RECORD

Series Code
26 and above

IREVISION DESCRIPTION
Y This revision incorporates ECO's PB 52113, 52135,
(05-29-87) 52127, 52081, 52152, 52153, 52155, 52116B, and

technical changes affecting pages: iic, iid, 6-2,
6-6, 6-6A, 6-6B, 6-7, 6-7A, 6-9, 6-9A, 6-60, 6-61,
6-76, 6-79, 6-86, 6-151, 6-152, 6-182, 6-211,
6-212, 6-222, 6-230, 6-233, 6-237A, 7-7, 7-13,
7-15, and 7-22.

AA
(07-24-87) -
Series Code
27 and above

This revision incorporates ECO's PB 52097 and 52197
and technical changes affecting pages: 6-247, 7-4,
7-7, 7-13, 7-18 thru 7-22. Editorial changes
delete pages: iii thru vi. Pages vii thru xvi are
re-paginated to iii thru xii.

PUB. NO.
49763000

iid

Revision letters I, O, Q, and X are not used.

SN

s
{
5



PREFACE

The purpose of this manual is to furnish to the customer
engineer information needed to maintain the 92185 STU. It is
assumed that the customer engineer has had training and/or
experience on the 92185 or similar tape units. Under no
circumstances should maintenance be attempted by any one w1thout
the prerequisite skills and experience.

Hardware reference/maintenance information is separated into two
publications on a task-oriented basis. This manual, publication
number 49763000, presents technical maintenance information in
the following sections:

4 - THEORY OF OPERATION
5 - DIAGRAMS

6 - MAINTENANCE

7

PARTS IDENTIFICATION

The other manual, publication number 49762900, presents routine
operation, maintenance, and installation instructions in the
following sections:

1 - GENERAL INFORMATION
‘ 2 - OPERATION
( 3 - INSTALLATION AND CHECKOUT

The manuals identified above are available through the nearest
Control Data Sales Office.

The revision level of each page 1is 1indicated by an alpha
character located adjacent to the publication number at the
bottom of each page. The revision level of a page will change
when the content of the page has been affected by deletions or
additions to the page. A bar in the margin indicates where the
change has occurred. A dot near the page number indicates the
entire page is affected, and a bar adjacent to the page number
indicates pagination rather than content has changed.

C
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WARNING

This equipment generates, uses, and can radiate
radio frequency energy, and if not installed and
used in accordance with the instructions manual,
may cause interference to radio communications. It
has been tested and found to comply with the limits
for a Class A peripheral computing device pursuant
to Subpart J of Part 15 of the FCC Rules, which are
designed to provide reasonable protection against
such 1interference when operated in a commercial
environment. Operation of this equipment in a
residential area is 1likely to cause interference,
in which case, the user, at his own expense, will
be required to take whatever measures may be
required to correct the interference.
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THEORY OF OPERATION 4

GENERAL INFORMATION

In this section of the manual, the principles of operation of
the streaming tape unit (STU) are discussed. Descriptions are
provided for the functions of the transport on a major component
basis. Major areas of discussion are as follows:

Power Supply

Pneumatic System

Servo/Control PWA

Power Driver PWA

Write Driver PWA

Read Amplifier PWA

Formatter PWAs

Interface PWA

System and Timing Considerations

000000 0OODO

Text is supported by diagrams, flowcharts and timing charts,
where required, to facilitate understanding of the description.
Diagrams contained in this section are condensed and simplified,
and in no way should be used for transport troubleshooting.
Logic diagrams and schematics contained in section 5 take
precedence over any diagrams contained in the theory of
operation. Refer to figure 4-1 for a block diagram of the STU.

A brief functional description of major functional areas of the
STU is given in succeeding paragraphs. A more detailed circuit
description then follows with accompanying block diagrams and
flowcharts.

PHYSICAL DESCRIPTION

The STU is a dual-speed reel-to-reel tape drive unit not
requiring conventional capstan drive, tension arms, or vacuum
columns. Tape is transported directly under electronic control,
with no tape buffers required. Tension is sensed electronically
by tension sensors built directly into the tape path. The major
equipment components or subsystems are control, formatter, and
interface PWAs, read/write head assembly and circuits,
pneumatics/cooling systems, and the power supply and
distribution circuitry. The following paragraphs give a brief
description of the overall transport functions.
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STU Functional Block Diagram
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POWER SUPPLY

The power supply is activated when the ON/OFF power switch (main
circuit breaker) is in the ON position. This allows the LOGIC
ON indicator on the control panel to illuminate, and also
supplies the ac power to operate the cooling fan motor.

Pressing the ON/OFF power switch generates all the necessary dc
voltages used throughout the STU logic circuits, as well as
initiating a MASTEK CLEAR pulse. This pulse is used to steer
the control logic functions to a starting or known state prior
to starting a Load operation.

An auto load feature built into the power supply allows the host
system to perform a power-on, automatic load operation of the
tape is threaded. At the conclusion of the autoload sequence,
an ON-LINE status is indicated.

TENSION/SPEED CONTRUL

The load function is initiated by the LOAD switch on the control
panel when off-line. The compressor is activated at this time,
causing air pressure to be gated to the air bearings. Air flow
gated through holes in .the bearings senses the tension of the
tape through sensors physically located on the air bearings.
The sensor output signals are applied to a tension servo
circuit, whereby the supply (file) reel is directed to drive so
that approximately 8 ounces of tension is maintained
consistently across the tape path.

Tape speed is maintained through the use of a 1000 line tach and
a one-line tach located on the rear of the reel motors. Tach
information is applied to an electronically controlled servo,
where a calculation is made of the linear velocity (inches per
second) and the radius of the take-up reel. The radius of tape
on the reel is always a known factor, therefore, linear velocity
can be compensated for without the use of a capstan drive
circuit.
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MAGNETIC HEAD

The magnetic head fulfills the objective of the STU; ie., to
read from or to write to magnetic tape. This assembly consists
of a sectionalized read/write head and an erase head. Selection
of the read or write modes of operation is made by the host
through the control logic circuits. Data is transferred from or
to the host via data lines that are gated to the individual read
heads by the read/write circuits. Read recovery circuits
convert the readback data to a digital format compatible with
the control and formatter logic. Write driver circuits convert
the logic- compatible write data to current levels required to
drive the write head coils.

LOGIC AND CONTROL CIRCUITS

The electronic components are divided physically into two sets;
each set is housed in a separate cage. One cage contains the
formatter/interface logic set consisting of the formatter write
PWA, formatter read PWA, and interface PWA. The other cage
contains the read/write/servo logic set consisting of the read
amplifier PWA, write driver PWA, and servo/control PWA.

Formatter/Interface Logic Set

The interface PWA serves as the transport link to the host. The
interface PWA receives commands and data from the host, checks
them for validity, and passes them onto the formatter PWAs.
Also, the interface PWA manages the flow of data and status
codes from the transport to the host during read operations.

The formatter write PWA receives commands and data from the
interface PWA, translates the commands for the tape drive, and
encodes the data into either PE or GCR format. The formatter
write PWA also generates tape control and identification
- signals, and error checking and correction codes.

The formatter read PWA decodes the data from the PE or GCR
format, and studs off the tape control an signal marks. The
data 1is checked for errors and, if detected, the errors are
corrected if possible, or the error condition is reported to the
interface PWA.

4=4 49763000 K
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kead/Write/Servo Logic Set

The read amplifier PWA amplifies the data signals detected by
the magnetic head, -and converts these analog signals to digital
logic levels usable by the formatter and interface logic.

The write driver PWA furnishes up to 140 mA of drive current to
the write head with write compensation and ac bias up to 80 mA.

The servo/control PWA receives, validates, and executes commands
from the formatter. The servo/control PWA also regulates the
tape motion and responds to manually initiated commands from the
control panel.

POWER SUPPLY

GENERAL DESCRIPTION

The power supply accepts regulated inputs of 120V or 220-240V
power, with the only change in configuration ©being the
positioning of the voltage select PWA on (P/N 7701896X) power

~supplies or positioning of the voltage select plug on (P/N

7702934X) power supplies. A functional description of this
change is discussed 1in succeeding paragraphs. The major
function of the power supply is to provide ac power to the
cooling fan and pneumatic pump, to generate dc voltages used
throughout the transport, and to provide shut-down capabilities
in the event of abnormal voltage conditions.

PHYSICAL DESCRIPTION

Power supply P/N 7701896X components consist of the ac input
receptacle, line filter, circuit breaker (mounted on the top
front of tape deck), voltage select PWA, main power supply PWA,
and power supply control PWA. Power supply P/N 7702934X
components are the same as power supply P/N 7701896X except a
voltage select plug is used in place of a voltage select PWA.

A simplified block diagram of major components 1is shown 1in
figure 4-2. A brief functional descripton of the three power
supply PWA's is as follows:
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Voltage Select PWA (7701896X Power Supplies)

This PWA consists of two connectors labeled JlA and J1B and
three fuses. Two fuses are used in the input ac lines to the
standby voltage supply, and the remaining fuse is used for
protection of components in the internal high voltage circuit.
The land layout of the PWA is such that the input lines from the
line filter are matched to the input transformer in a
configuration compatible with either 120V or 220-240V.
Connector J1A is inserted into the main PWA if 120V is provided;
connector J1B is used for the 220-240V requirement. Connector
keys are provided on the PWA edge connectors to eliminate the
possibility of incorrect insertion. The voltage select PWA 1is

mounted vertically into the main power supply PWA at connector
Je.

Voltage Select Plug (7702934X Power Supplies)

The voltage select plug consists of a 15-pin connector with a
cable strain relief mounted on top. The plug is hard-wired to
point E8 on the main power supply PWA. When 120V input is
provided, the voltage select plug is inserted in the 120V
receptacle (J11) on the main power supply PWA. When 220-240V
‘input is provided, the voltage select plug is inserted in the
200V receptacle (J12) on the main power supply PWA.

Power Supply Control PWA

The power supply control PWA consists of the low voltage and
over-voltage detect circuits, automatic power-on circuits, LOGIC
ON/LOGIC OFF control panel indicator circuits, master clear
circuit, and power-on latching circuit. Like the voltage select
PWA, the control PWA is mounted vertically into the main power
supply PWA at connector J8.

Main Power Supply PWA

The main power supply PWA is responsible for generating dc
voltages for all functions in the transport. A brief
description of the circuits comprising the main power supply PWA
is as follows:

o Standby Voltage Circuit
Standby voltages of +20, +15 and +5 volts are developed to
.provide a separate supply voltage for all other control

circuits associated with the power supply. The standby
voltages are used only within the power supply.

4-8 . 49763000 K
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o Pulse Width Modulator

This circuit monitors the +5 volt logic level and developes a
pulse train to drive the half bridge switching converter.
The pulse width modulator also provides the means by which
abnormal conditions cause the shut-down of the output
voltages.

o Half-Bridge Switching Converter

This circuit contains the pulse width modulator, totem-pole
driver circuits, high voltage rectifier, and transformers
coupling the converted energy to the regulated dc voltage
output circuits.

o Regulated dc Voltages

The regulated dc voltages generated on the main PWA include
+5v, =-5.2v, -6V, + 15V, +25V and +38V. The circuits consist
of output transformers, full wave rectifiers, filtering
networks and regulators.

POWER SUPPLY FUNCTIONAL DESCRIPTION

The following discussion of circuit operation is presented in
the sequence in which the power supply is activated. Reference
should be made to the accompanying block diagrams or to the
power supply schematics contained in the Logic Diagrams section
of this manual. ’

Input Power Selection

Input power (120V or 220-240V) is applied from the power line
cord connected to the power supply receptacle and into a line
filter for noise suppression. Power is then supplied to the
transport power switch (circuit breaker) located on the tape
deck. The switch portion of the circuit breaker is labeled 1

(ON) and O (OFF). With the circuit breaker placed in the 1

. position, input power is routed through connectors and into the

voltage select PWA on 7702896X Series power supplies or the
voltage select plug on 7702934X Series power supplies. It is,
at this point, that circuit selection is made for either 120V or
220-240 VAC. Refer to figure 4-4 for circuit differences.
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7701896X Series Power Supplies

If 120V input power is being applied, the voltage select PWA is
positioned so that connector J1A is plugged into the main power
supply PWA. If an overload condition is present at transformer
Tl, the F3 and/or F2, 1/8A fuses will blow. The fuses are
situated so that any external taps of the primary (i.e.,
pneumatic pump operation) do not affect the fuses which are used
only for detection of an overload condition at transformer T1.

If 220-240V input power is being applied, then the voltage
select PWA is positioned so that connector J1B is plugged into
the main power supply PWA. With this configuration, the two
primaries of transformer Tl are wired in series, with only the
F3 fuse applicable to the circuit.

7702934X Series Power Supplies

If 120V input power is being applied, the voltage select plug is
inserted in the 120V receptacle (J11) on the main power supply
PWA. If an overload condition is present at transformer Tl, the
Fl and/or F2, 1/8A fuses will blow. The fuses are situated so
that any external taps of the primary (i.e., pneumatic pump
operation) do not affect the fuses, which are used only for

- detection of an overload condition at transformer T1.

If 220-240V input power is being applied, then the voltage
select plug is inserted in the 220V receptacle on the main power
supply PWA. With this configuration, the two primaries of
transformer Tl are wired in series, with Fl and F2 fuses in
series to the circuit.

4-8B @ ' 49763000 K

A
G/

P



JIA TI
> 1 > > 5 Akl
F3
( VBA L aeNR 2
o >3 —\—> 7
F2
A oS ACLFI 3
>8> ACNI ‘%
A, 120 VAC Power Input
| Ji TI
S2 > S5y Ac |
3 7 S ACF! zg.
F3
Zsf 56 S ACLFL 3
Ve .
Sa> 38 SACN! 4

B. 220-240 VAC Power Input

Figure 4-4A. Voltage Select PWA
» (7701896X Series Power Supply)

49763000 K 4-8C @



acll 1M

. & .

Jll ;LA :% A ™
~ == R
| | ACNF1 2 a
—0 O -\~ s
114 15 .
I | F2
| | 1/8A

Lot - ACLFI 3

Lo _13 §
é ACN{ 4

A. 120 VAC Power Input

ACL! T

|
. Fi
JI2
oty 1784 ACFI 2 §
u3_ o
- F2
A ACLFI 3
ACNI ;% . -

B. 220-240 VAC Power Input
Figure 4-4B. Voltage Select Plug
(7702934X Series Power Supply)

Also, note that at this point (power applied, circuit breaker

ON), the ac line is applied to the cooling fan motor. The

cooling blower has a three-line input and is configured as shown

for either 120 or 220-240 volt application. Wiring to the

neutral line is determined in the voltage select PWA.
/‘f’ ‘"\“
AW
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Standby Voltage Generation

Standby voltages of +20, +15 and +5 volts are developed to
provide a separate supply voltage for all control circuits
associated with the power supply. These voltages are present
when input power is applied and the circuit breaker is placed in
the ON position. Development of the standby voltage 1is as
follows:

Input power 1is applied to the Tl standby transformer and
converted to a +20 standby voltage via a full wave rectifier and
filter network. The +20 VSB is used as a control voltage for
the half-bridge switching converter and is used to develop the
+15 standby voltage.
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The +15 standby voltage is developed by a LM317 voltage
regulator. The resistor divider network R3/R4 determines the
required output of this regulator. Plus 15 volts is used as a
supply voltage for the K-1 pump enable relay, K-2 current-on
relay, pulse width modulator, over and under voltage detect
circuits and master clear circuits, and is used as the source
voltage to develop +5 standby voltage.

The +5 standby voltage is developed by a LM317 voltage regulator
circuit similar to that used on the +15 VSB line. Plus 5 VSB is
used as the supply voltage to operate all of the TTL chips used
throughout the power supply. The Q3 transistor located between
the +5 and +15 volt circuits is used in the event of the +15V
supply being shorted to the +5 volt supply. If the +5V supply
increases above 6.2 wvolts, diode CR36 would forward bias
transistor Q3, causing a +5V potential at the resistor divider
network of the +15 VSB voltage regulator. The +15 VSB regulator
would then be regulated to approximately 6.2 volts, eliminating
any damage that would otherwise occur to the TTL circuits fed by
the +5V supply.

The only effect of the standby voltage outside the power supply
is the LOGIC OFF indicator on the control panel. The power-on
flip-flop (reset at this time) turns on the LOGIC OFF indicator

transistor and supplies current limited (20 ma) +20 VSB to the:

LOGIC OFF indicator.

While in the standby mode, the ION signal is a logic 1 (high),
keeping the pulse width modulator in a shut-down condition.

T RECT.
NPT :> 8 > +20vsB
XFMR FLTER
+i5V }
> +15vsB
> +5vsSB
CR36

Figure 4-6. STAND-BY VOLTAGE GENERATION
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Power-On Sequence (refer to figure 4-7)

The purpose of the power-on function is to provide the required
regulated dc voltages to the transport control, formatter, and
servo circuits. The power-on sequence also enables the abnormal
(low/over) voltage detect circuits within the power supply.

Power-on 1is initiated by pressing the main circuit breaker
switch. This action causes a momentary turn on of the power-on
transistor which triggers the POWER-ON flip-flop to the set
state. The set output of the flip-flop removes the ION (low)
signal from the pulse width modulator, enabling a 25 KHz pulse
train output (DRIVE A/DRIVE B). These outputs are the control
signals to develop the +5, -6, + 15, +25 and +38 volt logic
levels used throughout the transport. An explanation of the
pulse width modulator and dc circuits are discussed 1in
succeeding paragraphs.

Concurrent with the development of the dc voltages, the POWER-ON
flip-flop also initiates a power-on delay, which is used to
inhibit detection of 1low voltage until the dc voltages are
expected to attain their nominal voltage level. The reset
output of the POWER-ON flip-flop initiates a RC time delay of
approximately 300 ms. This delay prevents the ON DLY flip-flop
from setting which, in turn, forces the LVCHECK flip-flop to
remain reset. At the conclusion of the 300 ms delay, a
comparator triggers the ON DLY flip-flop. The LVCHECK flip-flop
is now primed to receive a Low Voltage signal, if that condition
is detected. Low voltage detection is discussed in succeeding
paragraphs.

The ON DLY flip-flop also removes one of three inhibits from the
master clear circuit.

The master clear (MCLR) circuit is provided to the transport
logic to steer the control functions to a starting or known
state during ON/OFF and other detected abnormal conditions. The
MCLR circuit contains a time delay circuit of approximately 150
ms, which is used to assure output voltage stability prior to
inactivating Master Clear. Three inputs are used to control
MCLR: PON (power-on flip-flop), LOWV (low voltage), and ONDLY
(on-delay flip-flop). The output of the MCLR is held low active
during transitional periods, and is allowed to de-activate to a
high level after all three controlling inputs are logic high.

At the conclusion of master clear, the ON LED transistor 1is

turned on which applies +5V to the LOGIC ON indicator on the
control panel.
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Switching Converter (Refer to figures 4-8 and 4-9)

The high voltage supply for the switching converter consists of
two electrolytic capacitors charged through a diode bridge
network. The output capacitors are configured so that during
120V operation the circuit functions as a voltage doubler, with
the output capacitors connected in series. During 220-240V
operation, the output capacitors are connected in series, and
the input line is full-wave rectified. The resulting effect is
that an output voltage of approximately 300V is supplied to the
switching converter, regardless of whether 120V or 220-240 VAC
is supplied. A simplified diagram of output capacitors and
bridge configuration is shown in figures 4-8 and 4-9.

+
120V T
INPUT \ I

A. 120 VAC Input

WL T UJ

B. 220-240 VAC Input

Figure 4-8. High Voltage Generation
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DRIVE A and DRIVE B (from the pulse width modulator) appear at
the input of two peripheral drivers. These drivers, in the on
state, positive input, provide a ground output. 1In the off
state, the output is an open collector circuit. An example of

circuit operation is as follows: As the signal level of DRIVE B
goes negative, driver output becomes an open collector. This
provides a circuit from R12, +20 VSB, through the primary of
transformer T2, to ground of the output of the opposite
peripheral driver. With terminal 2 of T2 at a positive
potential, an 1induced positive voltage 1is also present at
terminal 10 of the secondary of T2, causing transistor Ql to
turn on. With Ql turned on, a current path is now provided via
Ql, T2 windings 5 and 6, and through the primaries of
transformers T4 and T5. The induced voltage in the secondary of
T4 and TS5 1is rectified, as described in the dc Voltage
paragraph. During conduction of Ql, the current flow through T2
terminals 5 and 6 applies a ''load proportional" drive current to
base of Ql. ,

DRIVE B peripheral driver is turned on (ground out utE when the
DRIVE B signal returns to the high level. With both D and
DRIVE B in the on state, the primary of T2 1is essentially
shorted, causing Ql to turn off. The charge stored in capacitor
C10, during conduction of Ql, is applied as a back bias to Ql
when T2 is shorted. This ensures an immediate turn off of Ql to
produce the resultant waveform shown in figure 4-9.

When DRIVE A signal goes negative, the peripheral driver pin 3
outputs an open collector, and a current path is provided in the
opposite direction through transformer T2 primary winding.
Terminal 7 of T2 secondary now has a positive reference and Q2
is turned on. Current flow through T4 and T5 is now in the
opposite direction via Q2 and T2 windings 5 and 6.

Iy 300V SUPPLY

Qt +
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RI2 Rt +

DC RECT.
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Figure 4-9. Switching Converter Circuit
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DC Voltages

The dc voltages generated by the power supply, £for wuse
throughout the transport, are as follows:

VOLTAGE USED ON

+5V All PWAs as a supply voltage for TTL circuits
-6V ‘Read Amplifier Circuits

+15V Servos, Power Amplifier and Read Amplifier VFO
-15V Servos and Power Amplifier

+25V Write Driver Circuits

+38V Power Amplifier

All dc voltages are generated and regulated in a similar
manner. The output of the secondary windings of the Switching
Converter transformers T4 and TS5 are inputted to a full wave
rectifier and filtered by a choke/capacitor filter network.
Negative 6 volts and + 15 volts are regulated by LM317 and LM337
voltage regulators, with resistor divider networks providing the
required regulator programming. Plus 5 volts circuit does not
require a voltage regulator due to the compensation circuit
supplied by the pulse width generator discussed previously.

Low Voltage/Over-Voltage Detection

The detector circuits consist of the various dc input voltages,

~voltage divider resistor networks, +2.5 reference voltage and

LM339 voltage comparators. If any of the input dc voltages
exceed the circuit threshold set up by the resistor networks and
reference voltage, the comparator outputs a ground potential.
This output then initiates a shut-down of the transport power
supply. If the voltages are within the parameters listed below,
the comparators have open outputs.

NOMINAL LOW VOLTAGE OVER-VOLTAGE

VOLTAGE THRESHOLD DETECTION
+5V +4.53 +6.0

-6V -5-0 -6096
+15V +12.58 +17.25
-15v -12.58 -17.25
+25V +21.25 +28.13
+38V +25.25 +50.3

Power Supply Shut-Down

There are two circumstances which cause the transport to
power-down. They are an over-voltage —condition and a
low-voltage condition.
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o Over-Voltage

When an over-voltage condition occurs, the voltage
"comparators of the detection circuit output a ground
potential. This ground signal (labeled OFF) resets the
power-on flip-flop. Signal ION becomes a 1logic 1 (high),

causing the pulse width modulator to shut down. With no
output from the modulator, all dc voltages to the transport
are dropped. Concurrent with the shut-down of the pulse

width modulator, the MASTER CLEAR signal goes to a logic O
(low), thereby resetting affected circuits in the transport
logic. The LOGIC OFF indicator on the control panel is 1lit
by the shut-down condition.

o Low Voltage

When a low voltage condition occurs, the voltage comparators
of the detection circuit output a ground potential. This
ground signal (labeled LOWV) sets the low voltage check
flip-flop, if the ON DLY FF is set, causing LV FAULT FF to
set which results in the power-on flip-flop going reset.
With power-on flip-flop in the reset state, the power supply

is shut down in the same manner as described in the

over-voltage discussion above.

PNEUMATIC SYSTEM

FUNCTIONAL DESCRIPTION

The pneumatic system generates and distributes the air pressure
and vacuum requirements of the transport. The pneumatic system
consists of a carbon-vane centrifugal compressor, tape cleaner
intake port, filter/regulator assembly, and pressure ports of
the air bearings.

The compressor is enabled by the microprocessor during the load
sequence. A PUMPEN signal from the logic energizes K-1 relay
located in the power supply. The contacts of K-1 relay triggers
a triac which gates the single phase input power to the pump
motor. Motor wiring is configured for 120 or 220-240 volt input
via the voltage select PWA in the power supply.

With the compressor motor operating, the air intake (vacuum)
side of the pump is from the tape cleaner assembly. Refer to
figure 4-10 for a block diagram of vacuum and pressure
distribution. 1In addition to the tape cleaner intake, a small
bleeder hole exists on the elbow fitting between the compressor
and the plastic hose from the tape cleaner. The vacuum effect
at the tape cleaner is approximately 8.0 inches H30.
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Figure 4-10. Vacuum and Pressure Distribution

The regulator portion of this assembly is a spring-controlled
valve that causes any pressure above 2.3 PSI to be bled out of
the system. The air pressure is filtered by a a high efficiency
particle accumulator to clean the:.air prior to application to
the air bearings. Air is forced through the filter and a hollow
shaft. One end of the shaft is open and contacts the bleeder
valve so that pressure in excess of 2.3 PSI is removed. The
inside area of the filter (now regulated to 2.3 PSI) is applied
to the deck plenum which directs the air pressure to the air
bearings. ’ .

PNEUMATIC SYSTEM OPERATIONAL DESCRIPTION

Operation of the pneumatic system is obtained via the power
supply by the presence of 15 VSB and low active =-PUMP signals.
Together, these signals energize K-1 relay and trigger triac
CR8. The output of triac CR8 provides the pump with the single
phase operating voltage.

Figures 4-11A and 4-11B illustrate motor wiring configurﬁtions

for 120 or 220-240 volt inputs via the voltage select PWA in the
power supply.
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Figure 4-11A. Compressor Wiring 120 VAC Configuration
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Figure 4-11B. Compressor Wiring 220-240 VAC Configuration

In the 120V mode of operation,

single phase input power is

applied to the motor via pins 2 and 6 of connector 'P2. During

initial motor start-up,

to create

a phase difference. In this
capacitor is connected in series with the start motor winding.

an external 5 uF capacitor is utilized

configuration, the

In the 220/240V mode of operation, single phase input power is
applied to the motor via pins 5 and 6 of connector P2. During

initial motor start-up,

to create
capacitor
winding.

4-20

a phase difference. In this-

is connected in parallel

with

an external 5 uF capacitor is utilized

configuration, the

the

start motor

For both configurations, the pump motor contains a
self-recovering thermal sensor.
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SERVO-CONTROL PWA FUNCTIONAL DESCRIPTION

0Oo0o0oO0

GENERAL INFORMATION

The servo-control PWA has four main functions in the overall
operation of the transport. They are as follows:

Formatter Commands/Responses
Transport Control/Monitoring
Control Panel Command Execution
Tape Motion/Servo Control

Formatter Commands/Responses

The transport must accept, validate, and dispatch for execution
commands transmitted by the formatter. For commands such as
WRITE and READ REVERSE, the PWA must determine, sequence and
monitor the necessary tape motion to complete these commands.
Communication between the formatter and transport is controlled
by the respective servo/control and formatter write PWA
microprocessors.

Transport Control/Monitoring

The servo/control PWA must respond to each of the outputs
generated by the various sensors located throughout the drive.
Some of the responses include BOT/EOT, FILE PROTECT, updating of
the take-up reel radius dependent parameters, and the initiating
of a verification sequence for a potential fault condition.

Control Panel Command Execution

The servo/control PWA communicates with the operator or customer
engineer through the control panel to allow execution of
manually initiated commands. These commands include the loading
and unloading of tape or the executing of various diagnostic
tests.

Tape Motion/Servo Control

In addition to the global activity of overseeing tape activity,
the servo control logic becomes embedded in the take-up reel
motor servo during stoplock and tape acceleration/deceleration.
The servo/control PWA monitors tape speed and provides
compensation for under/overspeed conditions to ensure constant
speed during all tape motion operations.
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SERVO-CONTROL MICROPROCESSOR

The 6809 microprocessor 1is the controlling entity on the
servo/control PWA. The microprocessor features includée two
8-bit accumulators forming a 16-bit accumulator, two 16-bit
index registers, a user stack pointer, a hardware stack pointer,
and an 8-bit direct page register. The microprocessor has no
internal RAM, is operated off a 4 MHz crystal, and has
three-level priority interrupt inputs. All inputs and outputs
of the 6809 and all other devices on the microprocessor bus are
TTL compatible. Output or bi-directional devices connected to
the microprocessor bus have tri-state drivers which are enabled
only as a function of the microprocessor, E and Q clock outputs.

The input, output, and control lines extend out to the various
peripheral and memory devices. Device selection is obtained by
decoding a portion of the microprocessor address bus and gating
it with the E and Q clocks.

A 6821 peripheral interface adapter is used for communication
between the servo/control microprocessor and formatter write
microprocessor. The PIA's 16 bi-directional, peripheral data
lines (ports A and B), interrupt line (CAl), and peripheral
control (CBlL and CB2) are used to establish a hand-shake
communication between the two PWAs. The drive microprocessor
gains the attention of the formatter by use of the INTR 1line
which causes the formatter to interrogate the drive status/sense
to determine cause for the interrupt. '

In order for the processor to count servo tachs (forward and
reverse) for tape acceleration, to maintain positional
information during repositions, and to provide a real-time clock
for the processor, two 6840 programmable timer PWAs are attached
to the microprocessor bus and control lines. The PTM contains
three 16-bit counters which provide various modes of operation
including squarewave generation, gated delaying of signals,
digital single-shot pulse generation, and pulse width
modulation. The counters decrement on each clock period.

The functional and diagnostic programs for the processor reside
in two read-only-memory (ROM) chips. When the ROM is enabled by
the processor (through the address decoder), the data relative
to the current processor address is conveyed to the data bus by
the ROM within one microprocessor cycle time.

Various medium scale integration (MSI) devices are attached to
the processor data and address bus to allow the microprocessor
to interface to the servo, read, and write hardware. The MSI
devices consist of bit input multiplexers, bit output latches,
byte output latches, and related address decoding devices.
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Figure 4-12. Servo/Control Block Diagram

Single input data bits are passed through the bit input
multiplexers to the microprocessor data bus bit 7 (the most
significant bit), upon selection of an input multiplexer. The
selection of a given data bit and multiplexer is dependent on
the address conveyed by the microprocessor to the multiplexer
and address decoding devices.

Bit output latches are used to convey bytes of data from the
microprocessor to the hardware. No connection to the
microprocessor data bus is made. The selection of a given bit
output latch 1is dependent on the address conveyed by the
processor ~ to the 1latch and address decoding devices. All
latches are reset by the master reset line.

Byte output 1latches are used to pass bytes of data from the
processor to the hardware. Output data is derived from the
microprocessor data bus wupon a write operation to the byte
output latch address. The selection of a given byte output
latch is dependent on the address conveyed by the microprocessor -
to the address decoding devices.
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A non-volatile, 1K x 1 bit static RAM (E2 PROM 2201A) is
attached to the processor to provide both a means of storing the
read amplifier gain wvalues, velocity servo gain adjust
multiplexer and write driver current levels, and a means of
storage of flag bits used by the microprocessor to retain
transport status. A two-position jumper is provided to prevent
unintentional changes to the data contained in the E<4 PROM.
Data can be transferred to the E2 PROM only with the jumper in
the STORE position.

VELOCITY SERVO

The velocity servo consists of a digital-to-analog converter
(DAC), decode flip-flops connected to a digital tachometer,
operational amplifiers, and three presettable counters. The DAC
converts 8 bits of information labeled demand velocity (DMDVEL)
into a signal proportional to the desired velocity. The demand
velocity can vary from 0 to 255 with complete control at any
speed. The DAC output at 25 ips is 1/2 volt per radian per
second. A radian per second is derived from the 1linear tape
velocity (ips) divided by the radius of the take-up reel.

REV == VELOCITY
SUMMING (TAKE=-UP)
DEMAND
Loy PO‘NT MOTOR
[amP
uP | . _<z>—murea G = 2X
T
SPD E BUF
MODE 500 KHz
o db |
d .
Q’: CNTR ONEJ ANALOG TACH OUTPUT
g 12848 - o8
-REF
|
| FDCT FWO
DIREC-
TION '
l REV_CT | REV
+REF

Figure 4-13. Velocity Servo - Simplified
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At the beginning of tape (BOT), the radius is 2.56 inches. At
the end of tape (EOT), the radius is approximately 4.9 inches
when using a 2400 foot reel of tape. The voltage at the output
of the DAC is approximately 4.88 volts at 25 ips (speed divided
by 2.56 inches) at BOT and 2.5 volts at EOT. The voltage at the
DAC output will not change when 75 ips is selected, however, the
rotational speed will change accordingly. The signal REV
determines the polarity of the analog demand velocity signal for
rotation of the take-up motor in each direction.

Rotational velocity is generated and referred to as ''analog
tachometer'" (ANALOG TACH). The analog tach (TP9) is also
proportional to 1/2 volt in the 25 ips mode. In the 75 ips or
rewind mode, the analog tach is less than the rotational speed.
The analog tach 1is derived from the 2-phase, 1000-line
tachometer physically mounted on the rear of the velocity
motor. The output signals, phase A and phase B, are decoded
into direction and divided down (depending on the speed
selected). The divided tach triggers a 128 microsecond
one-shot. The decoded direction is logically ANDed with the 128
microsecond one-shot and then filtered to become the analog tach.

The analog tach is subtracted from the demand velocity and
compensated with a 1lag-lead filter. This signal 1is then
multiplied by 2 or 6, depending on the speed, and becomes the
take-up error (TUER). The take-up error is proportional to the
desired current in the velocity motor and is equivalent to- 1.0
volt per amp.

TENSION SERVO

Refer to logic diagrams located in section 5 and block diagrams
for circuit identification.

The tension servo system is comprised of two tension servo
transducers, input operational amplifiers, reference voltage
inputs, take-up motor error input, summing circuit, analog
switch circuit for mode selection, and above/below tension level
comparators for servo shut-down in the event of component
tailure.

The two tension sensors are located on either side of the
magnetic head. One sensor is located between the velocity servo
motor (take-up reel) and the magnetic head, and the second is
located between the tension servo motor (supply reel) and
magnetic head.

49763000 M 4-25



During a load sequence, prior to starting the pump motor, the
microprocessor sweeps TTENOFF and FTENOFF 1levels from their
maximum voltage to the minimum voltage. At the point at which
the TTENOFF and FTENOFF zero their respective operational amps,
the TTENZERO and FTENZERO signals toggle causing the
microprocessor to stop the changing sweep levels. The effect of
this action is to determine the point at which both tension
transducers have a zero offset. The microprocessor maintains
the TTENOFF and FTENOFF levels at the determined offset until
the next load sequence.

The 1inputs to the tension servo circuit are TTENTRANS,
FTENTRANS, + REF and TUER. The. TTENTRANS and FTENTRANS signals
come directly from the tension sensors with a signal input
proportional to the variance of tension felt by the sensor. The
tension reference is derived from a 6.9 volt supply and a 1.78M
ohm resistor. This reference voltage is equivalent to 16 ounces
of tape tension, and is used to bias the circuit so that 8
ounces of tension is developed. The fourth input is the TUER
signal and is proportional to the current in the take=-up motor
at any given time.

FILE
SENSOR

TAKE UP
SENSOR
MICROPROC
T-ZERO 1.8M
CONTROL 02A01-38

Figure 4-14. Tension Servo - Simplified
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At an optimum condition, where both sensors are sensing 8 ounces
of tension, the 16 ounce (+ REF) reference 1is effectively
neutralized. The only dynamic effect on the circuit, at this
time, would be the action of the take-up reel motor. With the
TUER being summed with the neutralized tension/reference voltage
inputs, the tension motor (supply) reacts proportionally to the
current in the take-up motor, as indicated by TUER.

Any variance in tape tension would cause a change in the sensor
op amps' outputs. This voltage output is subtracted from the
tension reference, with the result summed with TUER. The
difference of all these signals is multiplied by a high gain
amplifier when tape is in motion.

The PRKD input term to the tension servo is active during a
Parked or No Tape Motion condition. With PRKD active, the
operational amplifier used as a high gain multiplier, ‘after the
summing network, is switched to a low gain amplifier.

The above/below tension limit protection circuits consist of a
series of comparators, with inputs referenced to predetermined
voltage levels corresponding to high or low tension levels. If
above or below tension 1levels are sensed on either of the
tension sensors, the microprocessor is notified via signals
TAUTL, TBLTL, FAUTL or FBLTL and a shut-down of the servo is
initiated. Refer to figure 4-12 for a simplified presentation
of this circuit.

POWER DRIVER PWA

The function of the power driver PWA is to convert voltage error
values received from the servo/control PWA into proportional
currents driving the take-up motor and the supply (file) motor.
The torques created by the motors are applied as acceleration
and tension to the tape between the two motors. The power
driver electronics assembly consists of two identical
amplifiers. The operation of one amplifier is described below.

The driver has an H-bridge voltage switcher driven by a pulse
width modulation (PWM) converter contained within a current
feed-back 1loop. The resulting current 1is uninterrupted, but
varies with an average value proportional to the input voltage,
with a gain factor of 1 amp per volt. A soft dead-band of + 300
mv exists where the gain factor quickly approaches zero within
this region of input.
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An overall block diagram is shown in figure 4-15. The signal
flow proceeds from the differential error input through Ul with
unity gain summing, with the current feed-back voltage from U2.
The resulting difference is multiplied by five through U3 and
compared to two triangle voltages by comparators U4 and US.
These waveforms are shown in figure 4-16. Two quadrants of
input are shown to point out that only one of the negative-
active outputs from U4 and U5 exists at any given time. The
peripheral drivers U6 and U7 connect the PWM outputs from the
comparators to the appropriate transistors Ql through Q4. At
this point, it can be seen how the enabling to the H-bridge is
performed. The gating of SVPEN and allow diagnostic
control. The SW5 signal (Switched +5 Volts) is applied as the
source of drive to the lower bridge. It can be quickly removed
during Power On and Off sequencing or during a high over-current
condition.

The circuitry for providing SW5 is shown in figure 4-15. Motor
current is sensed through the appropriate resistor Rl or R2 and
connected to U2 through a low-pass filter. The filter removes
switch-over spikes caused by shorting currents through
commutating diodes CR1 through CR4 and non- aligned switching
times of the two transistors in any one diagonal. The filter
plays no part in compensation for loop stability or rejecting
the 20 KHz current ripple.
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Figure 4-15. Power Driver Block Diagram
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Figure 4-16. Power Driver Waveforms

Figure 4-17 shows a quadrant of the H-bridge and the states of
current flow for a given dc input. 1In state 1, current is
flowing in Ql and Q4|, 'charging' the motor. In state 2, the
motor is 'discharging' through CR1 and CR2 and through CR3, thus
charging Cl. Capacitor Cl is discharging during state 1; the
capacitor is charged by the power supply during state 2.
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A block diagram of the Switched 5-Volt 1line for biasing the
lower stages of the H-bridge, and also the peripheral drivers
for biasing the upper stage, is shown in figure 4-18. The
5-volt shut-down is needed because the peripheral drivers become
uncontrolled below 4 volts, thereby turning on both sides of the
bridge in the presence of 38 volts. The MASTER CLEAR signal

from the power supply and the 4.2 volt reference make use of
comparator U4 for shut-down.

us
5 -
$ v
MCLR 0

( DERIVED FROM
+38 VOLTS)

Figure 4-18. Switched +5 Volts
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WRITE DRIVER PWA

The function of the write driver PWA is to convert the digital
data received from the formatter to an analog write current for
writing data on tape. The write driver contains the necessary
contro% circuits for generating the required voltages and
currents used internally to perform the write data function.

WRITE CONTROL

The control circuits are enabled by the absence of both FILE PRO
and REWIND as shown in the write control block diagram (figure
4-19). The absence of these signals, along with a +24 volt
supply, turn on transistors E1/Ql, outputting a voltage greater
than +22 volts. This voltage is used along with ERASE to enable
erase head current and the erase current detect output at TP2.
The +22V is also an input to a voltage regulator for generation
of +15V. This voltage is used to enable the ac bias generator
and also develops, through F1/G3 transistors, the +15 WE and +5
WE supply voltages.

Write current is sensed by the voltage developed across a 10 ohm
resistor so that write current (-WR CURR) is a logic low when
write current is flowing through the head coils.

The erase circuit is enabled by ERASE when FILE PRO and REWIND
are not true. Fl transistor turns on allowing erase current to
flow through the erase head coil.

A +5V fault detect circuit consists of a differentiator with
inputs of +5V and +5VR. Any variance of the +5V input will
cause the collector output of Q1 to go from +22V to 0O volts,
thus removing the write driver supply voltages and shutting down
the write current.
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WRITE DRIVER LSI

The write driver is a large scale integrated (LSI) circuit
designed to output a write current with a step and ac bias. The
waveform of the write driver 1is the summation of ac bias
current, step current, and write current. The transistors used
on the drive 1 and 2 outputs of the LSI are voltage amplifiers
.used to amplify the relatively low voltage drive ouputs to the
write head coils.

The data pulse output of the LSI is used to trigger an external
timing circuit. The output pulse width of timer B4 is dependent
on the resistor selection through a multiplexer, which is gated
by high or low speed and PE or GCR operating modes. The output
pulse determines the write compensation times for the write
driver.
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STROBE ——————Pp CLK
CLRREG ——————R voLr
AMP
WR. DATA ————————— WRITE
I\ orner  OES4YUSS— oRiver . XISTOR WRITE
OTHER { = 3 OUTPUTS WRCUR— LST CENTER_3 HEAD
DATA INPUTS TO WR. STCUR— TAP coILs
DRIVERS glaSCUR— VOLT
.AC BIAS—] AmpP
CLOCK e XISTOR
™7
'§3!Eo I come ‘6219: TO
PE CLOCK F3 READ AMP
B4
ﬂi’s LooP —-T

Figure 4-20. Write Driver Block Diagram
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DEGAUSSING

During a write operation, current flow through the write head
causes residual magnetism to build up around the write coils.
If the residual magnetism 1is not neutralized, partial tape
erasure is possible during succeeding tape operations.

In order to prevent this unwanted magnetism, the transport
performs a degaussing operation at the conclusion of a write
function. See figure 4-21. When the write enable (-WR EN)
si%nal goes from a logic low to a logic high, the microprocessor
refreshes the write reference (+WR REF) signal to its maximum
voltage, charging Cl8 refresh capacitor. The microprocessor
then stops the refresh cycle, allowing the refresh degauss
capacitor to discharge. The write current operational
amplifiers see a decreasing positive voltage, the affect of
which results in an exponential decay of write current. At the
same time that the capacitor is allowed to discharge, the write
data input lines are switched at a 10 KHz rate. As the write
current 1is switched at 10 KHz, the exponential decay of the
current waveform causes any residual magnetism to be neutralized.

-WR EN

_______ - .= .= WR REF MAX.

WR REF

Q VOLTS

_T_.
IDEC
4

e 56 MS

Figure 4-21. Degaussing Waveform
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READ AMPLIFIER PWA

A read operation is initiated from the controller during any
read or write operation. As tape motion is initiated and tape

asses across the read head coils, recorded data on the tape
gnduces a voltage in the head coils. This voltage has to be
amplified, and circuit selection made, depending on tape speed
and recording mode. The entire read chain is responsible for
detection of data, amplification of the low amplitude readback
signal, and conversion of the analog signal to a digital TTL
logic level for use in the formatter and interface portions of
the transport. See figure 4-22.

READ RECOVERY

As data 1is detected when tape passes the read head, the induced
voltage is differentially coupled to a preamplifier to help reduce

common mode noise while amplifying the relatively weak read head-

signal. The amplification factor at this stage is determined by a
programmable gain control circuit that 1is selected by the
microprocessor. The amplified signal 1is then differentially
coupled to a second stage for an additional gain of 20.

The third stage in the read chain is a selectable gain, low pass
filter providing roll-off of the high and low end of the read
signal. Gain of this stage 1is dependent on the speed and
recording mode that the microprocessor selects.

The fourth stage is both a programmable bandpass filter and
differentiator. The bandpass filter, with a frequency selected
by the speed and recording mode, sets the upper and lower
frequency limits of the input signal.

The fourth stage output is connected to both the zero cross
detector and envelope threshold level detector. The threshold
circuit compares the single-ended output voltage of the fourth
stage with a clip level voltage labeled TH1 and TH2. The clip
levels are a percentage of the nominal input voltage and are
predetermined by the microprocessor, depending on the type of
operation being performed. The threshold detector turns on with
a delay of approximately 6.8 microseconds in high speed (75 ips)
or 27 microseconds in low speed (25 ips), and turns off with a
delay of approximately 12.3 microseconds in high speed or 48
microseconds in low speed. Envelope detection takes place only
when the processed read signal overcomes the microprocessor-
controlled clip 1levels. This microprocessor-controlled level
can be between 0 and 1007 of the read signal.

Output from the envelope detection/clip circuits is ANDed with

the output of the zero cross detector to enable the transfer of
read data from the read amplifier PWA.

4-36 49763000

{53
%

C

s

s



Low
WRITE
VAT ] °ASS
AND FILTER
g LOOP ~———ef .
. . ™
N BAND 9
PASS
READ READ OF AmP FILTER 0P AP
HEAD OP AMP NETWORK]
coiLs PRE AMP
1
i
FROM
AGC CKT
Low 2ERO i TP
] Pass cross I READ DATA
T
FILTER DETEC AND TO FORMATTER
€ CONTROL LOGIC
T
cuP T
PE —{ pE/GCR LEVEL %‘V;
25775 DETECT u
Low CONTROL
SPEED ~ .
DIGITAL :> DTOA
WORD FM
wP CONV.
REFRESH MUux WRITE REF.
REFADS
(TRACK SELECT) UNITY AGC
GAIN TO READ
_.05 OP AMP PREAMP
~

i
REFRESH

CAPAITOR =
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Automatic Gain Control (AGC)

AGC is designed to replace the potentiometer formerly used to
determine the readback amplitude of recorded data.

In PE mode, the circuit is activated through the use of field
service diagnostics when the PWA or magnetic head is replaced,
or if reported errors are such that the field service determines
the need to activate AGC. In GCR mode, the circuit is activated
every time tape is read from the BOT marker. When the formatter
recognizes the GCR ID burst, the AGC circuit is enabled so that
the first stage amplifier gains can be set during the ARA burst.

The AGC lines during normal operation are constant, and provide
the appropriate input to the first stage amplifiers to set a
nominal output of 2.0 volts peak-to-peak at the analog test
point. This output voltage may vary slightly due to magnetic
head wear or the type of magnetic tape being used.

Operation of the AGC circuit during the off-line field service
diagnostics in PE or during the ARA burst in GCR is as follows:
The readback signals are sampled through the ENV outputs of the
read chain, with an AGC clip level set at 95%. The test 1is
initiated with a binary bit count of 128 (80 Hex) applied to the
digital-to-analog converter (DAC). The output voltage of the
DAC 1is then applied to an analog multiplexer. The
microprocessor provides the. input gating to the multiplexer so
that the voltage conversion of the 128 count is applied to each
of the nine read circuits on an individual basis.

Using one read channel for discussion purposes, AGC voltages are
set up as follows: The voltage equivalent of the binary 128
count is gated through the analog multiplexer and charges a 0.01
uF capacitor to the value whereby, the read amplifiers have a
mid-point gain. As data is read from tape, the output of the
read ampli%ier is sampled by the envelope comparator. If the
ENV signal 1is 1low, the microprocessor uses a successive
approximation method of the binary count to the DAC so that an
optimum AGC voltage is applied to the read amplifiers. If the
ENV signal is low or inactive, the microprocessor lowers the
binary count by half (64) to the DAC. The DAC then outputs a
voltage equivalent to the 64 count to the AGC capacitors. The
read amplifier gain is increased and the ENV signal is again
sampled by the microprocessor. The microprocessor adjusts the
binary count either up or down by half of the previous count,
depending on whether the ENV signal is active or inactive.
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This method of successive approximation is continued until the
microprocessor determines, via the ENV signal, that the read
gain is optimum. In this manner, the count ''zeros in' on the -
point at which the ENV signal is active except for extraneous
pulses going inactive. At this point, it can be assumed that,
if the ENV signal is mostly active at the 95% AGC clip level,
then when the normal clip level is used, then ENV signal will be
a solid active level.

The binary count for each read channel is stored in memory.
During normal on-line operation, the microprocessor will access
memory every 11 milliseconds, and the AGC voltage charges the
0.01 uF refresher capacitor to maintain a constant gain of the
first stage read amplifier.

LOOP DATA

The LOOP signal is used to exercise the read/write circuits
without tape motion. In the read circuits, the signal LOOP
turns on a transistor and FET circuit so that the read chain is
effectively isolated from the read preamplifier and magnetic
head. This isolation allows the loop write data to be connected
to the read chain for diagnostic purposes.
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FORMATTER PWAs

The formatter PWAs, comprising the formatter read and formatter
write PWAs, are located functionally between the interface PWA
and the read/write/servo control logic set. The formatter PWAs
perform the following operations:

1'

Translate I/0 commands sent from the host system for the
tape drive.

Encode and decode data to and from PE format or GCR
format.

In write operations, generate tape control and
identification marks. In read operations, delete tape
control and identification marks.

Generate and monitor data error detection codes and
perform error correction "on-the-fly'".

Monitor and report Hard Error (HER) conditions.

Control reinstruct times when in streaming operation.

I/0 COMMAND TRANSLATION

The formatter PWAs serve as a link in the I/0 chain by accepting
commands sent by the host system, and translating these commands
into tape motion and data transfer instructions for the tape
drive (see figure 4-23).
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HOST

I. CONTROL TYPE COMMANDS
2. WRITE TYPE COMMANDS

3. READ TYPE COMMANDS

SYSTEM

1
CONTROL TYPE CUMMANDS

Sense

Rewind Tape

Unload Tape

Put Drive Online
Select Low Speed
Select High Speed
Select Auto Speed
Select PE Mode
Select GCR Mode
Diagnostic Commands

Figure 4-23.
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INTERFACE

FORMATTER

DRIVE COMMANDS

TRANSPORT

PWA

2

WRITE TYPE COMMANDS

Write a Record
Write a Record
with Long Gap
Write a File Mark
Write a File Mark
with Long Gap
Erase 3 Inches
Controlled Erase
Data Security
Erase

3

PWA

READ TYPE COMMANDS

Read a Record
Forward

Read a Record
Reverse

Read a File
Forward

Read a File
Reverse

Space a Record
Backspace a Record

Controlled Backspace

a Record
Space a File
Backspace a File

I/0 Command Translation

LOGIC SET

DRIVE COMMANDS

Write

Data Security
Erase .
Read Forward

Read Reverse
Sense Byte n
Rewind

Unload

Online

Change Speed
Select PE Mode
Select GCR Mode
Select Start/Stop
Select Start/Stop
Mode

Select Streaming
Mode

Clear Interrupt
Diagnostic
Commands
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DATA CONVERSION

The formatter PWAs are responsible for encoding and decoding
data to and from PE format and GCR format.

PE Data Conversion

In PE format, the data block must begin with a preamble and end
with a postamble. In the data format sent by the host system,
flux transitions in the middle of a cell define the 1's and
0's. A positive pulse (flux transition) indicates a 1; a
negative pulse indicates a 0. A cell is the time required to
transfer one data bit (see figure 4-24). 1In order to denote two
contiguous 1l's or 0's, a phase pulse must occur at the junction
of the two cells. A positive phase pulse occurs at the junction
when both cells contain 0; a negative phase pulse occurs when
both cells contain 1. The absence of a phase pulse at a cell
junction indicates that the cells contain opposite values.

GCR Data Conversion

GCR (Group Coded Recording) is a coding scheme rather than a
recording mode. The GCR scheme translates an 8-byte data group,
comprising two 4-byte subgroups, into a 10-byte recording group,
comprising two 5-byte subgroups. The first data subgroup
converted contains 4 data bytes; the second data subgroup

converted contains 3 data bytes and an error correcting code

(ECC) (see figure 4-25). Note that in the 5-bit GCR conversion
of the 4 data bits, there are no more than two contiguous 0's
and no more than a single 0 at either end of the 5-bit string
(see figure 4-26). This scheme yields a more narrow band-width
and better synchronization capability.

After conversion to the GCR code, the data is recorded on tape
using the NRZI method. 1In the NRZI method, a change in the
direction of flux indicates a 1 bit (see figure 4-27).

TAPE CONTROL AND IDENTIFIER MARK GENERATION AND DELETION

For both PE and GCR modes, the formatter PWAs generate the tape
control and identifier marks in write operation, and strip off
these marks during the read operation. The following paragraphs
detail the content and location of these marks.
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Phase Encoding

Figure 4-24,
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Figure 4-25. GCR Conversion

4 Bits Data
Value

RO 0000000
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Figure 4-26.
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GCR Translation Values
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Figure 4-27. NRZI Encoding

"PE Data Block Format

The PE tape (see figure 4-28) begins with the PE density
identification burst consisting of a series of alternate 1ls and
Os in track 4. The inter-block gap, which follows the density
identification burst, is nominally 0.6, but may be increased up
to 1.2 inches, depending on data availability.

The PE data block begins with a preamble (40 tracks with all Os

followed by 1 track of all 1s) and ends with a postamble (1
track of all 1ls followed by 40 track of all 0Os).

GCR Data Block Format

The GCR data format requires not only preamble and postamble
patterns, but also data conversion into groups, for each of
which an error correcting code (ECC) clearance is generated.
Also, cyclic redundancy checks (CRCs) and auxiliary cyclic
redundancy checks (ACRCs) are added to the data to facilitate
detection and correction of errors. Resynchronizing bursts are
added for transfers over 1106 bytes to enable the read detection
logic to resynchronize (see figure 4-29).
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2.0" ( APPROX.) .| 3.0" (APPROX. )
DATA BLOCK
/N
( N\

| -
2 L-8om__
3 1010 PATTERN = 600 FCI
41101010101010101010101010101010101010101 posT

PRE - -
s 186 AMBLE DATA £ 186
8 40 'r?t“
7 ALL OTHER TRKS D.C. ERASED I,_R,_‘ “uo‘-ss. M,fc,“','

ONE ONE
8 TRACK TRACXKS
9 ALL 1'S ALL O'S

- _J 0.8 INCH
v (NOMINAL)
PE IDENTIFIER TAPE MOTION

Figure 4-28. PE Format

The components of the GCR tape format are described below in the
sequence in which they are written on the tape.
o Density Identification
A burst in the PE frequency range on track 6. All other
tracks are erased.
o Interblock Gap (IBG)

A dc erased section of tape separating blocks of information.
Nominally 0.3 inch; may be varied up to 0.6 inch.
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13.0 -
4.0" 2.0"
2.0" : :I l' "
|
2 BOT
3
4 REAMBLE MARK | DATA GROUP
5 186 186 | PREAMBL "
600160100100 0011 #1
7
8
9
7 - v~ N
GCR ID ARA ARA
BURST 10
ATA GROUP ENDMARK RESIDUAL
DATA GROUP RESYNC DATA GROUP | DATA GROU ! (®)
# 158 # 159 #N [RRRR GROU
«-TAPE MOTION | 0.3" © DATA GROUP = 8 BYTES
e 7 BITS FROM HOST
® ECC BYTE
® RESYNC USED TO RESYNC VFO AND RESET TRACK POINTERS
RESIDUAL GROUP
® CONTAINS REMAINING BYTES IF HOST DATA WILL NOT
CRC MARK 2 ® FILL LAST DATA GROUP
GROUP 1ee POSTAMBLE 186 ® EXAMPLE - HOST SENDS 72 BYTES
® 72/7 = 10 GROUPS & 2 BYTES REMAINING
® RESIDUAL GROUP = 02 HOST BYTES + 4 BYTES ZEROS
@ ACRC + ECC BYTES
Figure 4-29. GCR Tape Format
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ARA (Automatic Read Amplifier) Burst

A string of all 1's in all tracks placed on the tape for the
purpose of setting up the read amplifiers.

ARA ID (Automatic Read Amplifier Identification)

A special control at the send of the ARA. When reading

backwards, the ARA ID denotes the appearance of the ARA burst.

PREAMBLE (see figure 4-304)

A group of signals recorded at the beginning of a block for
circuit synchronization. The preamble contains 16 subgroups,
the first of which is the terminator (TERM) control
subgroup. The terminator subgroup is the first (and 1last)
subgroup of a record. The next subgroup is the seconda
(SEC) control subgroup which is the second (and next to laszg
subgroup of a record. Next, 14 synchronization subgroups are
written which complete the preamble.

MARK 1

A control signal which separates control subgroups from
data. When the tape is moving forward, it denotes the
beginning of data.

Data Group

From 1 to 158 data groups may be written. Each data group
comprises 2 subgroups. The first contains 4 data bytes. The
second subgroup contains 3 data bytes and 1 error correcting
code (ECC) byte. Note that the tape format is shown before
the 4/5 conversion takes place.

RESYNC (See figure 4-30B)

The RESYNC burst is written following the 158th data group in
order to resynchronize the circuits and to clear dead-track

and phase error pointers. The first element of the RESYNC

burst is MARK 2, a signal which separates data from control
subgroups. Next, two sync subgroups are written, followed by
MARK 1, to separate the control signals from the data. After
RESYNC, another series of data groups may be written. :
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Figure 4-30A.
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Detail of GCR Tape Format
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END MARK (see figure 4-30C)

A control signal separating the last full data group from the
residual group.

Residual Group (see figure 4-30C)

Contains the remaining data characters from the host, and pad
characters if needed, to fill the first six positions in the
group. The 7th character is the auxiliary cyclic redundancy
check (ACRC); the 8th character is the error correcting code
(ECC) character.

Cyclic Redundancy Check (CRC) Group (see figure 4-30C)

The first character is either a pad character or the CRC
- character. Positions 2 through 6 are occupied by the CRC
character. The 7th position is occupied by the residual
character and the 8th position is occupied by the ECC
character.

MARK 2 (see figure 4-30C)
A control signal separating data from .control subgroups.

When tape is moving forward, it marks the beginning of other
control signals.

ECC
CHARACTER —
RESIDUAL
ACRC CRC OR PAD CHARACTER
CHARACTER CHARACTER
DATA OR : CRC ecc
PAD CHARACTERS CHARACTERS [‘C“ARACTER
r—-&-ﬂ V r——-&-ﬂ
p'p'o'ofo'otATEloTcTCTCTCTCTRTE
DD OOOOATE|OCC ClCCRE
pboolooacelocceclccnreE
ENDMARK [P P P P|P P A P|P C C C|C C P P
C’______, | DDOOOOAE|OC CCcCCRE ,C)
"'t IoppoolooaceloccclccnreE
DD oolooAEeloccclcCcRrRE
DD OO|0OOAE|OCCC|CCRE
DD OO0O,00AE|OCCC;CCRE
|l 2 345678 12345678
- J )
Y Y

GCR RESIDUAL GROUP GCR CRC GROUP

Figure 4-30C. Detail of GCR Tape Format
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o POSTAMBLE (see figure 4-30D)

A group of control signals at the end of the data block.
There are 16 subgroups, the first 14 of which are
synchronizing subgroups for the electronic synchronization of
the circuits. The next to last subgroup 1is the secondary
(SEC) control subgroup and the last is the terminator (TERM)
control subgroup.

Under control of the formatter logic, the preamble, postamble
and resynchronizing codes are generated in the correct sequence,
and the data is manipulated to produce a correctly coded data
block. After the preamble is generated, data from the interface
PWA is clocked through the formatter input circuitry to the 4/5
converter where 4 bytes are converted to 5 bytes. After every
seventh byte, an ECC character is generated by the logic from
the incoming data and sent to the 4?5 converter. At the end of
data transfer, with the LAST WORD signal from the interface PWA,
padding characters of zero value are added to the final group to
make a complete group. Cyclic redundancy check (CRC) and
auxiliary cyclic check (ACRC) characters are generated from the
incoming data and inserted in the data block in the appropriate
locations. At the termination of data transfer, a postamble is
generated and
4-30A, 4-30B, 4-30C, and 4-30D).

During a read operation, the control and error detection codes
are removed in the formatter PWAs before the data is transferred
to the host.

POSTAMBLE

— 0'3"
-

@ |  MARK 2 SYNC SYNC SEC 2 TERM 2 186
11100 i (RRNNI 111 19101

14 SYNC

i
. .

Figure 4-30D. Detail of GCR Tape Format
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ERROR DETECTION AND CORRECTION

When operating in PE mode, single track, ''on-the-fly'" parity
error detection and correction is performed. In GCR mode,
single and 2-track, ''on-the-fly'" error detection and correction
are performed by means of cyclic codes.

The read. detection circuit performs best when the incoming
signal level from the track is between 300 mV and 900 mV; the
optimum level is 500 mV. When the signal level drops below a
specified value, a warning latch is set for that track to denote
the presence of a marginal signal. The latch remains set until
resynchronization or the end of the data block. Setting the
latch is called ''dead tracking'.

In PE mode, when a parity error is found in a byte, the warning
latches for all 9 tracks are checked to see if any track is
'"dead tracked'. 1If a track is, it is assumed that the bit in
the dead track is in error, and that bit is reversed before the
byte is sent to the interface PWA.

For proper data detection in PE mode, the flux reversal denoting
a bit should occur approximately in the middle of the bit cell.
If the flux reversal takes place outside a window of + 257 of
center (see figure 4-31), a phase error signal is generated to
indicate that the data detected on that track may be in error.
In GCR mode, the limit of the window in a write operation is +
37.5% of center; in the read operation, the window limit is #+
43.75% of center (see figure 4-32). The phase error indication
lasts only as long as the time required for the bit cell to
traverse the read head. the data correction is similar to that
described in dead tracking - when a parity error is found, the
phase error field is scanned to see if a track is reported in
error; if so, the bit in that track is reversed.

The limitations to the PE methods are that, if more than 1 track
is dead tracked, or if a dead track error and phase error occur
in the same byte, an unresolved bit error conditon exists.
Also, parity checking does not detect an error if both bits are
wrong. Or, if only one bit is wrong, there is no way to
determine which of the two tracks is in error.

The lack of perfect perpendicularity between the tape track and
the read/write heads is known as ''skew'. This condition causes
the bits comprising a byte to be read at slightly different
times.

Skew compensation is implemented by transferring read data from
the tape over nine separate detection circuits (one for each
track). The detected bits are gated independently into a skew
buffer. When the skew buffer has received all of the bits in
the byte, the byte is gated out as a unit.

4-52 | 49763000



C

In GCR mode, three check characters based on cyclic codes are
used in error detection and reporting. These check characters
are:

o Error and Correcting Code (ECC) Character

o Cyclic Redundancy Check Character (CRC)
o Auxiliary Cyclic Redundancy Check Character (AUX CRC)

The ECC character, which contains 8 bits, is generated as the
8th byte of a data group (see figure 4-30). By means of the ECC
character, single track errors can be detected and corrected
"on-the-fly" without the need of track pointers. The ECC
character also detects double track errors, but requires the aid
of dead track pointers and phase error pointers to correct the
errors. These pointers use the same methods to identify the
tracks as in PE error detection.

‘410N

‘MOpulMs Y67 +

UTY3ITM UOIIISUBI] BIEp OU UBym pejeiauald s1 10138 @SEBYJ

ONE CELL

-F
- A

DATA BERORE A
ENCODING _ 1 1

!

PHASE
ENCODED
DATA

VFD ‘
CLOCK I

25% 25%
WINOOW WINDOW

o e,

¥ 25%

PHASE
ERROR _I
WINDOW

— e G w— —— —m— —
— v ane e o w— — o —— —

Figure 4-31. Phase Error Window - PE Mode
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The CRC character and AUX CRC character are generated from the A %
data structure and written into it so that the validity of the A
data can be checked after it is read. These characters indicate

only the occurrence of one or more errors; they do not identify

the location of the error(s), nor are the error(s) corrected.

However, the host system is informed of the error occurrence so

that the host can initiate its retry procedure.

'|= ONE CELL ——————~|
DATA
BEFORE
ENCODING 1 A
| |
| |
NRZI ! ¥ /
ENCODED ! | o
DATA | ) NS
' |
|
VFO
cLOCK
| |
| |
t 43.73% T e 3. 75% —je— {43.75% —» |
PHASE ERROR. 1 |
WINDOW{ READ) |
: |
| |
+37.5% t -37.8 % 5% — ?
PHASE ERROR . 8% T s I
WINDOW (WRITE) i |
] ]
|
' |
Figure 4-32. Phase Error Window - GCR Mode @:”
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- INTERFACE PWA

Detailed descriptions of the interface PWAs for the STU are
contained in the following manuals:

Pub. No. Title A

49763010 Supplemental Hardware Maintenance Manual, OEM
Interface

49763020 Supplemental Hardware Maintenance Manual,

Buffered Pertec Interface

49763025 Supplemental Hardware Maintenance Manual,
Buffered Pertec Enhanced Interface

49763045 Supplemental Hardware Maintenance Manual,
Buffered STC Enhanced Interface

49763050 Supplemental Hardware Maintenance Manual, Small
Computer Interface System

Switch and jumper settings for the above interfaces are

contained in Appendices A thru E in the Hardware Maintenance
Manual, Publication No. 49762900.

SYSTEM ANLU TIMING CONSIDERATIONS

MOTION CHARACTERISTICS

The STU has two operating speeds: 25 ips and 75 ips. Selection
of either speed is made at the STU interface, with 25 ips being
the default speed. Following a rewind operation, the STU
automatically reverts to 25 ips.

In the following discussions, read operations represent all
read-type operations such ' as READ, SPACE, and SEARCH.

Similarly, write operations represent all write-type operations
such as WRITE DATA, ERASE, and WRITE FILE MARK.

C
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'START/STOP MODE

In the start/stop mode, STU operation is similar to that of a
conventional 1/2 inch tape unit. It accelerates the tape when a
command is received, and stops the tape within the IBG. A long
IBG of 1.2 inch nominal in PE or 0.6 inch in GCR may be
commanded as well as the normal or 0.7 inch nominal IBG in PE or
0.4 inch in GCR.

Read Operations

After a block has been successfully traversed, the tape 1is
brought to a complete stop to await the next command.

NOTE

In start/stop mode, tape is stopped between
records regardless of reinstruct timing.

Write Operations

Tape control 1is the same as described above for the read
operation. The nominal IBG written in this mode is 0.7 inch in
PE and 0.4 inch in GCR.

Other Start/Stop Motion Characteristics

Whenever a change from read to write mode 1is experienced
(forward direction), a "jog' operation is performed in order to
position the erase within the IBG. When changing from WRITE to
READ REVERSE or REWIND, a forward jog to erase a full gap is
inserted by the transport. This insures that there will be no
glitch in the initial gap when the write head is turned off.
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STREAMING MODES (25 ips and 75 ips)

The streaming modes are high performance operating modes
designed to accommodate transfers of many contiguous data blocks
to or from tape. Unlike the start/stop mode, tape acceleration
and deceleration cannot be accomplished within the interblock
gap (IBG). 1In order to efficiently utilize the streaming mode,
tape motion must be sustained by commanding successive data
operations. This is accomplished by issuing subsequent commands
to the STU during the time the STU is traversing the IBG. This
command window is referred to as the command reinstruction time
internal. Should a follow-up command not be received during the
reinstruction interval, a repositioning cycle is required.

(A REVERSE command can be received during the initial down ramp
and reverse ramp up, and will be executed without going through
the complete repositioning cycle.) By way of illustration,
consider this 75 ips case: Assume that the STU is in PE mode
and has just completed a write data operation; if the normal
IBG length of 0.6 inch is commanded by the system, then the
system has 6.0 ms to respond with a subsequent WRITE command in
order for streaming mode to be sustained. If the subsequent
WRITE command is not received by the end of the reinstruction
interval, the STU will reposition itself in anticipation of the
next streaming mode command.

The following three sequences of events generally describe the
motion characteristics of the STU in the streaming mode:

o Case 1 - Command received during reinstruction interval
o Case 2 - command received during repositioning cycle
o Case 3 - Command received following repositioning cycle

These three sequences are applicable to both forward and reverse
operations and are described on the following pages
individually. First, a more general discussion of streaming
mode motion characteristics is presented.

(See Figure 4-33) In order for the STU to perform a data
operation on Block N + 1 from a stopped position (point E), it
must first accelerate and be up to speed at point F as
referenced to the read head in the case of a read-type
operation, or erase head in the case of a write-type operation.
For the case where the STU has just completed a data operation
on Block N and a repositioning cycle is required, the STU begins
the repositioning cycle at point B and traverses path BCDE. The
STU then positions itself at point E in anticipation of the next
operation. The STU presumes the next operation to be a
streaming mode operation on Block N + 1. A sequence chart is
presented in table 4-1 which identifies STU streaming mode
motion sequences for combinations of previous and present
command issuances. In all cases, the next command is received

. during the reinstruct time.
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Table 4-1. STREAMING MODE MOTION SEQUENCE CHART

NEXT COMMAND
PREVIOUS FORWARD REVERSE
COMMAND [READ-TYPE READ-TYPE WRITE-TYPE
Forward Read-Type Path ABF Paths ABC, Path ABCDEF
CHDG
Reverse Read-Type Paths HDE, EABF Path HDG Paths HDE,
EABF
Write-Type [Not Recommended Paths ABC, Path ABF
CHDG
Case 1 (Non-Stop)
Command Received During Reinstruction Interval - A command 1is

received sometime during the command reinstruct period following
the data operation on Block N. Note that the velocity profile
at the bottom of figure 4-34 indicates that full velocity is
maintained without interruption through the processing of Block
N and N + 1 (refer to figure 4-34).

Case 2 (Momentary Stop)

Command Received During Repositioning Cycle - A command is not
received during the Command Reinstruct period, but rather is
received during the Repositioning Cycle. The diagram
illustrates, in the distance domain, the sequence of events with
respect to the STU motion and the command transfer (refer to
figure 4-36).
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The velocity profile illustrates,
velocity characteristics. Looking at figure 4-36,

in the time domain,
it can be

tape

seen that the tape stops only momentarily to change direction.
The velocity profile identifies the time 'sequence of events.
The correspondence between the time and distance portrayals in

sequence is as follows:

EVENT

Steady Speed Period
Forward Motion Deceleration
Tape Motion Stopped Momentarily
Reverse Motion Acceleration
Full Speed Reverse Motion
Reverse Motion Deceleration
Tape Motion Stopped Momentarily
Forward Motion Acceleration
Steady Speed Forward Through
Data Block N + 1

250r 781N
PER

Velocity Profile Position

Up to Point A

Point F and On

. .
VELOCITY PROFILE
E

N

Figure 4-35. Case 2 - Velocity Profile
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Figure 4-36.
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Case 3 (Wait For Command)

Command Received Following Repositioning Cycle - This case is
very similar to case 2 except that the subsequent command is not
received until the tape has come to rest at point El. The tape
is then not accelerated until time E2 when the new command is
received. Other than for this delay in receiving the next
command, the correspondence between the time and distance domain
portrayals is the same for cases 2 and 3 (refer to figure 4-38).

EVENT Velocity Profile Position
Steady Speed Period Up to Point A
Forward Motion Deceleration A-B
Tape Motion Stopped Momentarily B
Reverse Motion Acceleration B-C
Full Speed Reverse Motion Cc-D
Reverse Motion Deceleration D-El
Tape Motion Stopped While
Awaiting New Command E1-E2
Forward Motion Acceleration E2-F
Steady Speed Forward Through
Data Block N + 