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I. ' INTRODUCTION

A.

B.

Objectives

1.

This course is intended to be at level four—hundred (400).

2. Individuals completing this course will be trained to the
Technical Suppert Engineer (TSE) level, and will be capabie
of training customer engineers (CE's) to the two-hundred
(200) level.

Overview

1. General overall block diagram
a. Indicate on the block diagram the functional groupings

such as transport electronics, read electronics,
write electronics, etc. |
b.  Discuss I/0 and signal flow:
2. Examine course outline and content

IT. MAGNETIC TAPE

A.

Reasons  for favoring magnet{c tape

1
2
3.
4.
5
6

Large storage capacity

Low cost

Reusable

Medium record/reproduce speed
Stability (temp.)

Only interchangeable media

Disadvantages

1.
2.

STow access time compared to disc
Serial access

Environmental limitations

1.

Dirt, lint and dust

a. - Causes dropouts

b.  Reduction in signal output

c. Food, drink and smoking should be prohibited in
tape areas (smoking due to ashes).
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WHY MAGNETIC TAPE?

ADVANTAGES

© LARGE STORAGE CAPACITY

© LOW COST |

© REUSABLE (/8000 ?/4:‘»565)

© RECORD/REPRODUCE SPEED

© STABILITY B

® GOOD INTERCHANGEABLE MEDIA

DISADVANTAGES

@ SERIAL ACCESS ONLY o
@ SLOW ACCESS COMPARED TO DISCS



ENVIRONMENTAL LIMITATIONS

© EASILY CONTAMINATED BY DIRT

© DETERIORATION QF OXIDE, BINDER, OR BASE MATERIAL WHEN
EXCEEDING TEMPERATURE AND HUMIDITY RANGES:

TEMPERATURE RANGE 40° TO 90°F
HUMIDITY RANGE 20 TO 80%



2.

Deterioration of oxide, binder or base

a.

Temperature

1)

Should remain as constant as possible ( + 57F)

2)  Range of 40° to 90°F ‘
a) Brittle at lower temperatures
b) Soft and stretches at highef temperatures
Humidity
1)  Should be constant to within + 10%
2) Range of 20 to 80 %

a) Lower humidity causes few problems
b) Higher humidity causes binder between oxide
and mylar to get sticky.



II-D REASONS FOR TAPE FAILURE

Tape failure may be caused by problems other than tape unit or electronic errors.
Not meeting the critical physical requirements of tape or tape handling may be
the cause of some tape errors. A minute section of tape, for instance, may

Tose its oxide coating. This dropout will cause the magnitude of the output to
decrease significantly and may produce a tape error. The particle of oxide

Tost may be re-deposited elsewhere on the tape causing self contamination. This
self contamination may cuase the tape to 1ift when passed over the head due to
the double thickness of oxide, causing a second error.

Wrapping tension around the capstan and head assembly is also critical.
Excessive tension may cause the tape to stretch or "take a set" if left in one
position too Tong. It can also cause separation between the oxide and backing.
This in turn alters the dimensions of tape causing instability as it is guided
over the head. Low wrapping tension may allow the tape to 1ift off the head or
allow tape to slip on the capstan.

Edge damage may be caused by improper tape storage, poor operator handling or
scraping the edge of tape on some object in the transport. This damage may
alter the tape width and allow it to "snake" over the head causing excessive dy-
manic skew.

A poor or unclean environment may decrease tape efficiency. Digital magnetic

tape is susceptible to tape errors caused by minute particles of dirt. Poor
atmosphere, unclean transport and not properly storing tapes are a few ways J(ﬂ’
tape can become contaminated and unfit for use. : O
II-F SPECIFICATIONS

A major consideration of magnetic recording is the physical dimensions and
tolerances of the recording media. Digital tape is typically 1/2 inch wide and

2 mils thick. The thickness is the sum total of 1-1/2 mil mylar backing and

1/2 mil1 oxide coating which is used to magnetically store data.

Longitudinal variations or cut skew is related to the way the original mylar
sheet is cut and handled during the manufacturing process. The cross—sectional
cupping tendency is caused by the difference in the co-efficient of expansion
between the mylar and oxide coating.



REASONS FOR TAPE EAILURE

o DROPOUTS

o SELF CONTAMINATION

o LOW WRAPPING TENSION
o HIGH WRAPPING TENSION
o EDGE DAMAGE

o POOR ENVIRONMENT



TAPE

‘WIDTH

.CUPPING
0.498 +0.002" ’ TENDENCY

o.oo:sli 0.0003"

0.0006" CROSS SECTION

LENGTH
CUT SKEW (; \\{ T OF TAPE

(OXIDE FACE: uP)




NINE TRACK NUMBERING

ANSI ASCIH IBM//'/

TRACK NOS. BIT DESIGNATIONS TRACIKK NOS.
1 b, 5
2 b, 7
3 bs 3
4 P pe
5 by 2
6 b, 1
7 Z 0
8 b, 6
9 bs 4

o NUMEBERING BEGINS AT THE TOP OF THE TAPE WITH THE BOT MARKER TO
THE RIGHT AND OXIDE SURFACE TOWARD VIEWER

© MOST SIGNIFICANT BITS ARE TOWARD CENTER OF TAPE
o IBV SCHEME HAS TRACK NUMBERING INVERTED TO ASClI BIT SIGNIFICANCE.



Design of a digital tape transport must take all ‘physical characteristics of
tape into consideration in order to pass it accurately over the head assembly.

Errors are more likely to occur at the edge of the tape than near the center,
This is true because tape skew prob]ems and edge damage effect the outer
tracks to a greater extent than the inner tracks.



II-H - MAGNETIC TAPE LIFE

A new reel of magnetic tape may exhibit a number of temporary errors due to
dirt or imperfections in the oxide coating. Passing the tape over a ‘tape cleaner
or head a few times cleans or po]tshes the tape and achieves optimum performance.

After some number of passes over the head, a tape may begin to exhibit an
excessive number of errors. When a user experiences some number of errors
(typicé]]y 15 to 30), the tape is no longer economical for use. At this time
the tape is removed from service to be cleaned and verified. If this is not

successful, the front or used portion of tape must be removed and a new load
point tab installed. ’



MAGNETIC TAPE
PERFORMANCE
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/ {REMOVE TAPE
{FROM SERVICE

TEMPORARY
ERRORS —

FULL REEL PASSES ¢
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IIT  NRZI RECORDING

The method most used for recording digital magnetic tape is called Non Return to

Zero Invert (NRZI). NRZI represents a logic one by inverting the magnet1c saturation
of the oXide. That is,. NRZI record1ng is accomplished by a change in flux to

write a "one" and no change in flux to write a "zero".

As tape passes over the head assembly it first contacts the erase head which
magnetically saturates it to the reset flux state. After passing over the erase
head it then contacts the write stack which saturates each track separately
starting at the beginning of the record in the reset flux state. Each 1og1ca1
“one in a track then inverts the magnetic saturation causing a concentration of flux
at that point.

The tape output is used to gemerate a read clock. For "0" locations it is
~necessary to write a "1" in at least one channel each bit time. In nine track
tape drives, odd parity is used for lateral error checking. Thus, if the tape
unit is provided with an all zeros byte (8 bits of data) the parity circuits will
generate a "one" bit in the ninth channe]



NRZI RECORDING
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THE RECORDING PROCESS

- DATA IS RECORDED ON TAPE AS IT PASSES A HEAD WHICH IS
POLARIZED IN EITHER A NORTH OR SOUTH DIRECT’IONk

WRITE CURRENT
] 1 -0

1
{'-—-j 300 mV

90 mA
MAGNETIZED TAPF

N N S S

20 m'v

10 mA




ITI-B ~ TAPE FORMAT
A. Industry compatibility
If digital tapes are to be interchanged between tépe units, standards
of industry compatibility must be observed. Five basic requirements
of compatibility are: ,
Physical dimensions and magnetic properties of the tape being used.
The format of the data records being stored on tape. '
The density or characters per inch at which data is being recorded.
The method of magnetically representing data bits on tape.
The coding format of the data characters being stored on tape.
USA standards have provided guidelines covering all aspects of digital
recording that must be observed if interchangeability is a product
goal.

G & W N —
s e e e

B. Format ; .
Tape format is a consideration of industry compatibility. It establishes
standards for placement of the load point (beginning of tape) and EOT
(END OF TAPE) reflective tabss first record placement, and inter-ré?EFH

ap size.
g,Bf’“‘

The Toad point tab is placed on the reference (operator) edge of the
mylar side of tape, approximéte]y 20 feet from the physical beginning
of tape. The first record beginhs no less than 1/2 inch from the
tkai1ing edge of the load point tab (1BM specifications). Record
length is dependent on software. However, standards suggest record
length be between 18 and 2048 characters. The inter-record gap (IRG)
for a nine track system is nominally 0.6 inch.

edge of the mylar side of tape approximately 14 feet from the physical
R et et
end of tape. This tab is used to signal the end of tape is near.

v
B drives have an IRG of 0.67 in, and E drives have IRG of 0.62 in,

4@4 The end of tape reflective tab is placed on the transport (back)

C. Records .
Recording format is defined by the programmer and the capabilities of
the computer/controller. The single record format employs one logical

record followed by an inter-record gap. These records may be either
fixed or variable length.



TAPE FORMAT
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RECORDS
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Blocked records merge two or more Togical records into one Tong

block. Each individual record within the block is separated by a
unique character.

o .

A tape mark {file mark) is a one character record used by software
to indicate the logical end of a file or group of records. It's
format consists of a single character followed by a check character
called a longitudinal redundancy check character. The tape mark

is normally preceded by a 3 to 4 inch gap of erased tape although the
gap is not a requirement.



ITI-C

PARITY

Lateral Parity

Lateral (or vertical) parity checking is a method of detecting read or
write errors. Seven track character format uses even or Qdd lateral
parity depending on application. However, when using even parity 7
track format, each character including a data blank must be coded. A
blank must be a coded character rather than a blank space on tape.

0dd parity is typically used for scientific applications and even
parity is used for commercial data processing applications. Nine
track tape units always employ odd lateral parity.

CRCC / o

Nine track tape units employ odd lateral parity checking, logitudinal
parity checking and cyclic redundancy checking. The Cyclic Redundancy
Check Character (CRCC) is a one character representation of all bytes
in'a data record. It is developed by exclusive-"0Ring", each byte with
a shifted CRC register. The result is a character that somewhat re-
presents a diagonal parity check character which is written 4 character
times after theigﬁ%%zL The LRCC is then written 4 character times

after the CRcC.

The 7970 generates the CRCC but does not test it.

Channel scrambling is performed in the 7970 to maintain industry
compatibility. The purpose of channel scrambling is to place the most
used channels on the center of tape, which decreases the possibility
of tape error. .

Longitudina] Parity

Longitudinal parity is maintained by the use of the LRCC (Longitudinal
Redundancy Check Character). The LRCC is written on tape 4 character
times after the CRCC and maintains even Tongitudinal parity per track
in each record. It is written by returning all write heads to the
reset flux state. '

Lateral parity is not maintained on the LRCC although the 9 track
LRCC will always be odd parity. This is because of the formulation of

“a Cyclic Redundancy Check (CRC) character.
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Error Correction Philosophy Q? .iﬁ(

Error correcfion circuits provide the ability to Correct the majority
of errors encountered in, normal tape operations. Tape control error
correction assumes that the data on tape was written correctly and
any errors detected are a result of tape damage or read failure.

No attempt is made to correct the tape. Correction is performed only
on the data sent to the channel interface. Corrected bytes are auto-
matita]ly checked to be sure the correction is done properly.

Not all errors are correctable. Error correction circuits can correct
almost any combination of errors as long as they all occur in the

same track within a nine-track block. If a block contains errors in
more than one track, they cannot be corrected. The key to error
correction is determination of which track contains the errors. Once
the track in error has been located, actual correction becomes a simpie
matter.



IT1-D

Records on Tape

Density

There are three common bit densities for NRZI digfta] magnetié
recording. They are 200, 556 and 800 bits per inch (BPI), Bit-to-
bit spacing therefore ranges between 0.005 and 0.00125 inches.

Most NRZI HP tape drives record at 800 BPI. However, HP does
provide options for the other two densities.

The bit spacing for PE drives can be either 0.000625 in, or
0.000312 in. The spacing of 0.000312 in. exists when either all
ones or all zeros occur. It is the difference between a data
bit and a phase transition (See VIII-A). The data bit-to-bit
spacing is 0.000625 1in.

NRZI tape is capable of storingAabout 23 megabytes of data on one
reel of tape. Typically it is more 1ike 15 megabytes due to IRG,

check characters etc.

PE is about twice these amounts.
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NINE TRACK 860 CPI NRZI FORMAT
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ITI-E

Start/Stop (Ramp) Time

The tape unit is specified to ramp the tape up to synchronous tape speed,
and ramp it down to a complete stop in a very precise distance, of 0.187

+ 020 inches. If the tape unit stop/start distance is in error when

writing a tape, the tape IRG (Inter-Record-Gap) distance will be in error.
Data can also be undetected when reading a previously recorded correctly
formatted tape if the tape unit stop/start distance is in error. Because
the start and stop ramp distances are both 0.187, the total ramp up and ramp
down distance is 0.374 inches. The tape unit controller timing must add

to this stop/start distance, the timing necessary to make a tota] correct
length of the. IRG of greater than 0.50 inches. The distance tape travels is
a product of tape speed and time (TS x Time = d). Hence the ramp distance
can be measured as a function of time for a given tape speed. Stop/Start
time and distance can be determined by observing the ramp time on the capstan
PCA.
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IV-A

~ Tape Heads/Errors

Since accurate tape guiding over the read/write head is imperative, all
components in the head assembly tape path are mounted on a base plate.
Tape guiding through the head area is accomplished by two tape guides.

The edges of the tape are contacted by two ceramic washers, one fixed
position (reference) and one spring loaded to allow for slight variations
in tape width. In the forward direction, tape first contacts a slotted
tape cleaner which scrapes any foreign articles from the tape prior to

its reaching the head stacks. Tape then contacts a full width, high
density erase head used to saturate tape in the reset flux state. After
contacting the erase head it reaches first the write head stack then the
read stack. A head gate near (but not contacting) the tape and over the
read/write stack is used to reduce write to read stack crosstalk. A
laminated intra-stack shield is p]aced between the stacks to further
reduce the crosstalk. FEach track in the head assembly has its own
Taminated read and write pole, including a coil winding'and read/write
gap. Separating the tracks are intra-pole shields to eliminate channel to
channel crosstalk. As the tape passes over the write head it is magnetically
saturated at the write gap. As it passes over the read head, a change in
flux polarity induces a current in the read co11 which is transmitted to
the read electronics.

As a head wears, the smooth curve flattens on the top forming a porch . If
the porch reaches the edge of the pole, read or write errors may result.

At this time the head may be refurbished or re-contoured. This may be
accomplished only once since the re-contouring extracts approximately 0.005
inches from the total surface.

Wear grooves are cut into the read/write stacks at the point where the
tape edges contact the stack. Their purpose is to decrease tape edge curl
due to uneven wear across the head.

The wraﬁ angle around the head stacks, erase head, and tape cleaner is
extremely critical. Any alteration of the position of a component may
cause characteristic changes in the entire head assembly.
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IV-B }Gap Scatter

Gap scatter is a measure applied to the tolerances which prevent either 7

or 9 tranducers from being perfectly aligned. In spite of the fact that the
tranducers are optically aligned the drying epoxy pushes the transducers

out of line because of its différentia] drying action. This gap scatter

is generally a parabolic contour. Standards in use today specify that gap
scatter is less than 120 microinches. Some mathatturers specify gap
scatter as low as 80 microinches. Aside from the problem of eliminating

gap scatter during the production process, gap scatter produces problems

in attempting to record bits of data on tape that are perfectly aligned.

IV-C Skew
When a digital magnetic tape head stack is constructed, slight variations
may occur in gap alignment. Consider the misalignment (called gap scatter)
of read gaps. As tape passes over the head the character (assuming good
Qg/ bit alignment) contacts the read gaps at different times depending on
/C?' gap scatter. This time differential is called static skew.

/ Static skew is the angular error between the axis of the tape and the
ﬁé QP ead gap line. It is the result of manufacturing. '
To compensate for the effects of static skew, the outputs from the read

head afe(presented to skew delay circuits. These delay circuits are ad-
justable-and are used to electrically align all data bits of a character.

namic skew is a variable angular error between the head gap-line and the
horizontal axis of the tape. It is caused by friction in the tape path. Any
component in the tape path can contribute to total dynamic skew. Some
examples follow:

1) Tape-edge damage

2)  Head assembly worn or damaged

3) Guides poorly aligned or damaged

4)  Capstan assembly worn or damaged
correcting these problems will reduce or eliminate dynamic skew.
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IV-D

IV-E

IV-F

Pulse Crowding _
Pulse crowding is the name of an effect which occurs during the record
;;E—;EE?EEGEE-Brocesses. When flux transitions at a given rate are
recorded and reproduced they;tend to be pushed together. When the transition
rate changes to a lower rate, the last pulse at the high f%equénty tends
to drift out in time. Certain data patterns will cahse shifts of a bit cell
of a hundred microinches or more. This effect is most pronounced at 800
characters per inch using the NRZI code. Since a random pattern using
1600 cpi phase encoding results in only 2 fundamental frequencies the
problem of pulse crowding is greatly reduced. This fact is inherent in
hardware. In spite of attempts to minimize the effect, some tape transports
become known as "data pattern" sensitive.

Write Time Asymmetry
The coii on the head is actually a center-tap coil. Current flowing in
one half will produce a flux in one direction while current flowing in the
other half will produce a flux in the opposite direction. This switching
action cannot be perfectly balanced because of the impedance varijation
between the two different halves of the coil. .The ideal spacing between
bits shown in the accompanying figure, therefore,will be modified. The
spacing between every other bit can be accurately set to conform to
the 2500 microinch spacing; however, the intervening bit which is written by
the other half of the coil will have a tolerance variation of + 38 micro-
inches. The exact amount of the variation as well as the direction can be
measured on any specific head, but because the shift takes place on every
other bit, compensation is not possible.

Summary of Four Problems
The effect of the four problems, previously described, on individual bit
displacements is shown in the table. 1In spite of the fact that initially
the theoretical spacing between pulse flux transitions was 1250 microinches,
one can see that total displacement may vary on individual tracks up to 1/3
of the total distance. To help compensate for these inherent problems, a
number of techniques either mechanical or electrical have been designed to
overcome or circumvent the problems.
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WRITE TIME ASYMMETRY
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SUMIMARY CF FOUR PROBLEMS

PROBLEM TYPICAL EFFECTIVE ON TOTAL  *
ERROR WRITE | READ POSSIBLE
GAP SCATTER | 1204 IN YES YES 240 u IN
TAPE SKEW 50 u IN YES "I YES | 100, IN
WRITE TIME '
ASYMMETRY | 75 4 IN YES NO 75 u IN
PULSE _ '
CROWDING 50 u IN YES YES 100 u IN
515 4 IN**

*THISMEASURE IS TO BE TAKEN FOR ILLUSTRATION PURPOSES ONLY'
""APPROXIMATELY 1/3 OF DISTANCE BETWEEN RECORDED BITS



V-A

V-B

NRZI simplified Overall Block Diagram

The overall simplified block diagram of the 7970 Tape Un1t functionally

represents the transport read electronics, write electronics, gnd interface
or controller.

Note that all motion and status (except write status) lines enter or leave
the control/status PC board. This is the heart of the 7970 transport which
controls tape motion. A1l tape motion is provided by the capstan and

its associated servo control. Tape storage is provided by the reel servo
system. Mass tape storage is handled by the reels and Tow volume
immediate access storage is provided by tension arm assemblies. Reel
motion is controlled by photosense assemblies mounted on the tension arms
which provide input to the reel servo relative to the position of the
tension arms.

The write electronics circuits are controlled by the combined effort of the
control/status board and the direct input from the interface. Data is
received by the write ampTifiers directly from the interface. The read
electronics circuits are controlled by the control/status board. During a
read operation, data is presented to the interface along with a read clock
for interface timing.

Simplified Tape Movement Electronics

The tape transport controls the movement of magnetic tape, provides power for
read and write data circuits, and supplies status signals to the interface.
Off-1ine commands (Reset, Rewind, Load, and On-Line) are initiated by front
panel switches. On-line commands (High-speed, Reverse, Forward, Rewind, and
Off-Line) are generated by the interface. The off-line and on-line

commands are processed by the control and status circuits and result in
controlling signals for the capstan servo, reel servo, and data circuits.
Status signals for the interface and front panel indicators are also

provided by the control and status circuits.

At initial power on, the capstan motor circuit is open, and the reel servo
motors are shorted. When the load switch is depressed the tension command

is initiated. At the same time the capstan motor and reel motor circuits are
completed.
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When tape tension is established the tension arms swing‘away from the tension
limit switches. With tape tensioned, the capstan and reel motor returns are
maintained. When the LOAD switch is released, the control and status
circuits initiate a load poiq; search. During load point search, the

reel servo circuit operates with voltage feedback and the capstan servo

pulls tape forward at 20 IPS.

When the load point tab is'detected by the photosense assembly, the

control and status circuits terminate the load point search, and tape motion
'stops. The control and status circuits provide a load point status to the
interface, and the front panel LOAD indicator illuminates.

Pressing the ON-LINE switch establishes interface control of the tape
unit. At that time, except for RESET, the front panel controls have no
control of the tape unit. Depressing RESET releases the interface control
and allows front. panel control of the tape unit. Depressing REwLNU
rewinds the tape onto the supply reel, should the tape break or run off
the reel, tension arms would open the 1imit switches at the extreme ends
of the tension arm swing. This would break the capstan motor circuit

and short the reel motors providing dynamic braking of the reel motors.



V-C Power Supply

The power supply voltages can be divided into two major sections: the
unregulated, and the regu]ated voltages. Primary input power must be
115 or 230 volts + 10% at 48 %o 66 Hz. Maximum power requiremen& is
400 VA at high line. ’

Output from 3 diode bridge networks in the unregu]ated power supply provide
+ 40 volts for the reel servo, + 20 volts, and + 10 volts. The unregulated
+ 20 volts supplies the + 12 volt regulator which employs adjustable
feedback for varying the output level. This output goes throughout the
transport for utility use as well as to a voltage divider network on the
regulator board. Taps from the voltage divider network are fed to the - 12
and + 5 volt regulator as a reference voltage. Consequently, as the + 12
volt output is varied, the -12 and + 5 volt outputs also vary.

During high speed operations the voltage switch on the regulator monitors

the reel servo motor voltage. If the voltage from the servo amplifier
exceeds 11 volts (indicating that the tension arm swing is approaching its
Timits) the voltage switch turns on, supplying 40 volts to the appropriate
amplifier. Once the motor voltage returns to less than 11 volts, the voltage
switch turns off and removes the 40 volt supply.

The feedback control circuit presents a signal to the reel servo board that
causes the reel servosto operate on voltage feedback during normal operations
and allows current feedback for high speed operations.

‘The 1 second delay is provided to prevent a false tape brake from being
sensed when going from High Speed Forward or High Speed Reverse to another
tape motion mode.

The primary circuit of the power supply transformer includes a switch that
allows selection of 115 or 230 Vac operation, a power on-off switch, and a
line filter/power connector.



UN. REG
POWER
SuPPLY

REG

+5 VOLT

REG. ADJ,
J_.._.__¢>

=12 VOLT
REG

+12 VOLT

REG )

+10 -
-20 % a3 ' \7_
+20 o By ﬁjﬁ Q2 i‘ ;
= -o—> w
-40
® > Y >
y >
>

+20 Vv

+40 v

REGULATED
POWER SUPPLY

~__ NOT +160
-~
REVERSE
TENSION
> VOLTAGE e P +20/40
160 SWITCH
Y ?
REEL
v SERVO
REEL MOTOR | VOLTAGE
FEEDBACK
> VOLTAGE & FEED BACK CONTROL
FROM REEL CONTROL
SERVO BD. iy DELAY
\(1 SEC)
-
~__H160 )
7 TENSION FORWARD
> VOLTAGE e & _20/-40
~_ NOT - 160 SWITCH
/

-20v >—__.

—anv Syl

~

+5 VOLT

-12voLT

+12 VOLT

+20 VOLT

-20 VOLT

S



When 115 Vac power is selected, the two primary windings of the power trans-
former are in parallel and fuse FI prdvides overload protection. When 230
Vac power is selected the two primary windings of the power transformer are
in series, and fuse F2 is placed in series with the primary winding to

e

provide overload protection.

Diodes CR3 and CR4 of the power distribution PCA are for protection in fhe
event a short circuit takes place between the plus and minus 22.5 dc Iines
(on the reel servo for instance). They prevent any possibility of reversal

of the + 5, + 12, and - 12 volt dc polarity caused by the type of short
mentioned.

The heat sink-mounted power transistors are on the power distribution PCA.
The 7970E power distribution PCA has additional transistors to provide more
current drive for the + 5 volt output. (NRZI drives do not require the
higher current).

The power regulator PCA contains regulator circuits for the + 5, + 12, and
- 12 volt outputs. It also contains the reel servo voltage switching circuit
and delay circuit.

The + 12 volt regulator uses an integrated circuit voltage regulator with

an internal temperature compensated voltage reference. Regulation is
obtained by dividing the output voltage (R3, R4, and R5) and comparing

the divided voltage with the internal reference. The output voltage of the
+ 12 volt regulator is adjustable by variable resistor R4. Series regulator
transistor Q2 (located on the heatsink external to the regulator) is
protected by current limiting. The current foldback knee is set to
approximately 2.8 amperes by Rl and R2. Short circuit current is set to
approximately 1.3 amperes by current sense resistors R7 and R8 located on
the heatsink external to the regulator).

The + 12 volt regulator has the only adjustment for all three regulators.
The variable resistor R4 is adjusted to establish the value of the + 5

volt supply. When the + 5 volt output is adjusted to its correct value, the
+ 12 volt regulators will also be adjusted'correct1y. The test points for

+ 5, + 172, and - 12 volts are located on the power regulator PCA.



The -12.volt regulator uses an integrated circuit voltage regulator. The
reference for the -12 volt regulator is derived from the regulated +12 volt

source. Current limiting of the -12 volt regulator is set at 1.2 amperes
as determined by R9.

The +5 volt regulator uses an integrated circuit voltage regulator. The
reference for the +5 regulator is the +12 volt regulator output using R23,

R25, and R26. Current Timit of the +5 volt regulator is approximately 4.0
amperes (8.0 amperes on 7970E)'contro11ed by current sense resistor R6, located
external of the regulator on a heatsink. In the event of an over-voltage
condition, silicon controlled rectifier CR1 conducts and shorts the +5

volt supply. The 4 ampere short circuit current will blow fuse F5 which is

in series with the +10 volt unregulated supply.

When the high speed logic inputs from the control and status PCA are present
the output of Q18 switches the reel servo amplifier to high gain. As

the drive signal at the output of the servo amplifier reaches a sufficient
amplitude to break down CR4 and CR6 (REV or FWD) the plus or minus 20 VDC is
switched to plus or minus 40 VDC. (plus = Reverse, minus = forward).

During a high-speed reverse operation (rewind), the HSREV Signa] from the
control and status circuits is gated with the tension signal. When either
tension arm deflects enough both reel motors approach full RPM. When the
motor VOltage exceeds the breakdown voltage of CR4 (approx 11V) the
condition established by the gating of the HSREV and TENSION signals allows
current thfough CR4 to forward bias Q5. Transistors Q6 and Q7 conduct
placing 40V on the 20/40 volt line.

During a high-speed forward operation, the voltage switching circuits
function the same as in the fast reverse operation except that CR6 is

used instead of CR4. The HSFWD signal is gated with the Tension signal to
allow motor Vo1tage to switch the -40 volt switch (Q12/Q13).

The delay circuit is located on the power regulator printed-circuit assembly.
The delay circuit provides an additional one-second delay following the

end of a high-speed command. The one-second delay prevents further motion
commands from the interface from being processed during the one-second

period. The one-second delay is also used to swjtch the reel servo

operating mode from high gain back to normal. The switching takes p]ace.after

reels are slowed.



During normal operation, U5A-3 and USB-4 are at zero volts. A HSREV or
HSFWD signal from the control and status circuits will put sufficient.
positive voltage on the base of Q15 to turn it on. Base current for

Q15 is supplied by R28 or R29 When Q15 conducts capacitor C8 1mmed1ate1y
discharges through Q15 caus1nq Q16 and Q18 to be cut off. reedback
control to the reel servo changes from approximately +8 volts to
approximate]y}-B volts. The negative potential also reverse biases

Q17 and the delay output line switches to +5 volts.

IIWhen the high-speed command (HSFWD or HSREV signal) is removed and Q15
loses base current, capacitor C8 is then charged through R33 (one-second
time constant). When C8 is charged to +5V, Q16 and Q18 conduct and

the feed-back control changes from -8V to +8V. The delay output switches
to 0 volts.

Transistor Q17 has a high failure rate. The symptoms are that the unit
won't go into load point, usually after high speed rewind.



VI - A Reel Servo Block Diagram and Schematic

The reel servo board provides drive current for the reel motors relative
to the tension arm position. Photosense assemblies on the tension arms
provide 1nput to the Drem011f1er proportional to the amount and direction
of tension arm movement. The preamp simulaneously feeds two complimentary
power amplifiers. The appropriate power amplifier drives the ree] motor

causing the tension arm to return to its center position.

Synchronous tape speeds utilize voltage feedback which allows the tension
arms more travel and decreases the motor duty cycle. However, when a high
speed operation takes place in a tape unit, the reel servo feedback control
Tine goes negative and current feedback is gated into use. This provides
more restrictive feedback and causes the motors to react more per change

in tension arm position, thus keeping the tension arm more nearly centered.
Supply voltage to the power amplifier is controlled by the voltage switch

on the power regulator. The motor voltage is fed to the voltage switch

which senses an excess of approximately 11 volts fndicating the tension

arm is approaching its 1imits. When this voltage is reached and the unit

is in a high speed operation, the appropriate polarity 40 volt supply is
gated to the servo amplifier. This allows the reel motors sufficient voltage
to maintain the high speed operation. R104 and 106 are used at synchronous
tape speeds to compensate for the non-linearity of the tension arm deflection.

When power is initially turned on, the tension arms are against the limit
switches disabling the 5V TAPE TENSION Signal. The LOAD pushbutton
is in the N.C. position applying a ground to the bases of Q19 and Q13.
With Q19 off, Q20 conducts applying OV on the TAPE TENSION signal. With
Q]Q off, Q18 is also off as well as Q16 and Qi17. Therefore, Q16 and
Q17 ground the inputs to the power amplifiers of the reel servo motors.
With a ground at the base of Q13 through both diode CR11 and CR2 paths, Q13
is off and relay K1 remains deenergized keeping a short across both motors.

Depressing LOAD pushbutton turns on Q13 energizing K1 and Q19 which turns
~off Q20, Q16 and Q17. Relay K1 stays energized through R109 and CR11. The
grounds are removed from the inputs to the power amplifiers since Q16 and

Q17 are now off. The reel servo motor circuits are now enabled allowing
the tape to be tensioned. As the tape is tensioned, tension limit switches
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close, enabling 5V to the base of Q19 through R46 keeping Q19 conducting.
TAPE TENSION also maintains a constant forward bias on Q13 through CR11.

The voltage switching circuit (see power regulator) switches from
+ 20V to + 40V during a high-speed forward or reverse opprafioﬁ. These

=ras

voltages supply the power for the reel servo power émplifiers.

The FEEDBACK CONTROL signal from the power regulator PCA supplies a
+ 8V or -8V signal to the FET switches Q15 and Q6.

When operating in a normal mode (synchronous or load speed), the servo
operates with voltage feedback. The +8 volts from the feedback switching
network (feedback control) back-biases the feedback FET switch. Feedback
is then provided through R47 and R105. During a high-speed operation, the
feedback control changes to -8 volts. The feedback FET switch is forward
biased and the current feedback path is through the FET switch.

The reel servo tension arm assemblies contain dual element photd—
conductors that are illuminated by a Tamp shining through a slotted

disc. The slot is in the form of a spiral attached to the tension arm.

As the arm movés, the slot exposes different areas of the photo-conductor.
As a result, the output of the photo-conductor is proportional to the
position of the tension arm.

The reel servo preamplifer is an integrated operational amplifier that
amplifies the position error of the tension arm. The tension arm photo-
conductor output is single-ended, therefore, an off-set is provided by R39
or R41. The preamplifier drives a class B motor drive amplifier. The
motor power amplifier has a gain of 10.



VI-C

Capstan Servo Block Diagram and Schematic

The capstan servo consists of a capstan motor/tachometer and printed circuit
assembly. The capstan is the only device on the 7970 transporq used for

drivihg tape. Therefore, the capstan drive servo amplifier must be capable

of moving tape at 5 different speeds; forward/reversé synchronous, high-

speed forward/reverse (160 IPS) and load point search speed (20 IPS).

Capstan servo command lines enter the servo board from the control and

status PCA and are applied to one of five réference voltage sources. Output
from the high-speed forward and high-speed reverse voltage sources are adjustable
and provide an input to a summing junction. Output from the forward and

‘reverse synchronous sources is adjustable and provides input to the bi-polar

ramp generator. The slope of the ramp generator output is adjustable to permit
changing the start/stop distance; and provides synchronous speed input to the
summing junction. The load point search voltage source provides a non-adjustable
20 IPS drive source to the summing junction.

An offset potentionmeter is used to compensate for any component leakage and
to "zero" the summing junction.

The summing junction provides input to a preamp which simultaneous1y feeds
two complimentary power amplifiers. The appropriate power amplifier drives
the capstan motor causing tape motion. Velocity feedback voltage relative

to capétan speed is developed by a tachometer and is presenfed to the summihg
junction along with motor current feedback which is developed across the
current sense resistor. These two feedback voltages oppose the applied drive
voltage to maintain a uniform tape speed.

A connector (J-6) is placed in one of 6 pdsitions to allow correct operation
of the capstan servo motor assembly. Damage to the PCA or capstan motor
may result if J-6 is missing or incorrectly installed.

The capstan motor is driven by current generated by integrating preamplifier
U4 and motordrive amplifiers Q1 through Q6 on the capstan servo PCA. The
direction and speed of the tape motion is controlled by the polarity and
magnitude, respectively, of the current supplied to the motor by motor-drive
amplifiers Q1 through Q6. Transistors 02, Q4 and Q6 supply current for
forward tape motion and Q1, Q3, and Q5 supply current for reverse tape motion.
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The polarity and magnitude of the current supplied to the capstan motor is
determined by the polarity and magnitude of the algebraic sum of currents at
the input {pin 2) to integrating preamplifier U4. This current-summing
junction has four current sources; the bipolar ramp>generator (v,

U3 and R66), the high-speed %orward ramp circuit (U1B, Q8, C25: and Q9), the
high-speed reverse ramp circuit (Q13, Q10, C26, and-QTI), and the load point
search voltage source (Q12). Clipping diodes CR17 and CR18 limit the input
voltage to preamplifier U4 to a relatively low value.

" The bipolar ramp generatdr consists of high-gain amplifier U2 and integrating
amplifier U3. It converts the step voltage inputs from the forward and
reverse voltage sources to positive-going (forward) and negative-going (reverse)
ramp voltages. A clipping network (CR7 through CR]]) Timits the voltage at
the point common to R39 and R40 to a maximum of approximately 7.5 volts,
regardless of its polarity. Amplifier U2 is a saturating amplifier (with

a voltage gain of approximately 100) with no phase inversion. Integrator

U3 inverts its input, converting a positive step input to a negative-going
ramp and a negative step input to a positive-going ramp. Negative feedback
from the output of U3 to the input of U2 through R66, combines U2 and U3 into
a single ramp generator. The feedback through R66 helps linearize the

ramp voltage output supplied to the summing junction. The slope of the

ramp is controled primarily by C28, R40, R41 and RA3. Adjustment of the ramp
slope is enabled by variable resistor R42.

With both the HSFWD and FWD signals inactive (high) and both the +160 and
FWD switches in the off position, both inputs to UID are high, Q7 is on,
and zero Vo]ts is present at the junction of CR5, CR6, and R34. This
leaves the voltage at the input to the bipolar ramp generator dependent on
the input voltage supplied by the reverse voltage source,

When either the HSFWD or FWD signal is active (low) or one of the two switches
is closed, Q7 is off. With Q7 off, a voltage of -6.2 volts is present at the
junction of CR5, CR6, and R34. Assuming the output of the reverse voltage
source (at the point common to CR1, CR2, and R28) is at zero volts, this
applies a negative voltage to the bipolar ramp generator. This results in
forward tape motion at synchronous speed. Variable resistor R34 adjusts the
ramp generator input voltage to produce the desired forward synchronous

tape speed. '



With both the HSREV and REY signals inactive (Tow and high, respectively) and
the REV switch in the open position, UIC applies zero volts to the point
common to CRY, CR2, and R28. 1In this condition the vo1tage at the input

to the bipolar ramp generator is dependent on the voltage supp11ed by the
forward voltage source. If both the forward and reverse vo]taae sources

supply zero volt outputs, the input voltage to the bipolar ramp generator
will be zero volts and no tape motion will result.

If either the HSREV or REV signal is active (high and low, respectively) or
the REV switch is closed, +6.2 volts will be present at the point common

to CR1, CR2, and R28. With +6.2 volts present at the junction of CR1,

CRZ, and R28, a positive voltage is supplied to the bipb]ar ramp generator
input. This results in reverse tape motion at synchronous speed. Variable
resistor R28 is used to adjust reverse synchronous tape speed by adjusting
the input voltage to the bipolar ramp generator.

When the HSFWD signal is inactive (high) and the +160 switch is in the open
position, the output of UIB is zero volts, Q8 is on, C25 has 1ittle or no
charge, and Q9 is off, supplying zero volts output to the summing jundtion
through R52 and R53. When the HSFWD signal becomes active (Tow) or the
+160 switch is closed, Q8 is cut off and C25 starts to charge toward a
voitage somewhere near +3 volts (depending on the setting of variable
resistor R53). This draws current through the base-emitter diode of Q9.
This current increases as the charge on C25 increases, supplying a
positive-going ramp voltage to the summing junction. At the same time, the
bipolar ramp generator is supplying a second positive-going ramp voltage to
the summing junction because the forward voltage source is activated whenever
the high-speed forward ramp circuit is activated. Currents from these two
ramp voltages are summed at the summing junction to produce a forward tape
speed df greater magnitude than the synchronous speed. The high-speed
forward tape speed is adjusted to 160 inches per second by adjusting R53.

Operation of the high speed reverse ramp circuit is similar to that of the

high speed forward ramp circuit except that the active level of the HSREV
signal is the high level and the ramp voltages supplied to the summing junction
by the high speed reverse ramp circuit and the bipolar ramp generator are
negative-going ramps.



When the Load Point Search signal is inactive (high), Q12 is on and zero
volts is applied to the summing junction. When the Load Point Search
signal is active (Tow), Qi2 is off and a positive voltage, sufficient to
produce a forward tape speed of approximately 20 inches per second, is
applied to the summing junct{on through R61 and R63. .

A notch filter in the velocity feedback circuit from the tachometer is
selected to attenuate the mechanical response of the motor-tachometer
combination. A compensating network in the current feedback circuit is
also selected, depending upon synchronous speed of the tape unit. When
power is removed or tape tension is lost, the return from the capstan
motor to the current sense resistor is opened by a relay located on the
reel servo printed-circuit assembly.



‘REEL
I SERVO

+20V
)

e ————— — — ——— ——— — —— = s

-
I
I
I
I
I

SIMPLIFIED LOAD OPERATION

A

LOAD
P.B.

e iy s ) ——  — — — — — —— — t— —— a— — —— — —t — —

(r,_ |

RESET

LOAD COMPLETE '
LATCH

ON
LINE

T T CAPSTAR ASSY. |
I CAPSTAN e I
I SERVO P.C. |
| BOARD |
|
I— ________________ L
| 5V CONTROL & STATUS
l PC BOARD
: a4
| +5V '
I % TENSION
P.
3 LIMIT
' SWITCHES
| s
.._1
| D Q D
L.P. SEARCH
I LATCH -
1 —y C a ¢ 6
I R
[ REWIND ' ¢
| + 5V
I
{
% TENSION
I REW L —
I

LOAD
COMPLETE

e i — —— —— —— —— — —— W—— r— ——— — —— — —— ——— w—— — —— —— p— — S——  —



VI-E

Simplified Load Operation

The diagram representing a load operation inciudes portions of the reel
Sérvo, capstan servo, and the control and status PC assemblies. Pressing
the 1oad'pushbuttoh initiates a load operation by turning on Qf3 which
energizes relay K1 on the reel servo board. Energiiing K1 transfers

control of the capstan and reel motors to their respective servo amplifiers.
Since, at this time the tension arms are at rest, the supply reel drives
reverse and the take-up reel drives forward pulling the tension arms to
their center poistion. This allows the tension arm 1imit switches to

close and provide a holding path for relay drive transistor Q13. Transferring
the 1imit switches also allows transistor Q4 to turn on which provides a
"tension" indication to the L.P. search latch. Releasing the load
pushbutton "clocks" the L/P. search latch to the set condition, initiating

a L.P. search command for the capstan servo. Reaching the L.P. reflector
tab or pressing the reset pushbutton generates a direct reset for the L.P.
latch dropping the L. P. search command and clocking the load complete

latch to the set state. This generates a load complete signal which is

“anded’with ON LINE and sent to the interface as READY status. A second method

of generating READY status is providing a rest signal to the direct set input
of the load complete Tatch while tension is true. This-directﬁy sets the load
complete latch. If the H/S FORWARD switch on the capstan servo PCA is

placed in the true position K-1 will not energize. Hence the tape will not
load.



VI-G

Simplified Rewind Operation

A rewind operation is initiated by a REWIND command from the interface or by
pressing the REWIND pushbutton Both methods prov1de a direct reset to the
rewind latch which generates a REW signal. The REW signal initiates high
speed reverse, sends rewind status to the interface, and resets the load
complete latch which drops ready status.

With the tape unit rewinding (HS reverse), passing the load point clocks the
rewind latch and negates REW command. Dropping the REW command, negates
rewind status and clocks the L.p. search latch. Setting the L.p. search
latch gates a load point search command to the capstan board if "delay" from
the power regulator is positive. This delay is to insure that the rewind
command is completely negated prior to starting the L.P. search. Completing
the L.P. search (reaching the L.P. tab or pressing reset) sets the load -
complete latch which gates ready status to the interface.
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VII-A NRZI Write Electronics

The Write electronics is primarily contained on the Write Control and
dual or single channel write data PCAs.

WSW and FWD signals are activated for approximately 20MS at the same

time. WSW establishes the S-R inputs for the Write latch. FWD is delayed
by the forward integrator to allow the write command to settle, and then
clocks the write latch. The Q and Q outputs of the write latch enables
CLAMP and WRITE PERMIT to all write data channels. CLAMP arrives at the
write toggle FF slightly behind WRITE PERMIT because of an additional

gate delay.

The write toggle FF is on the write data PCA. Initially, CLAMP and WRITE
PERMIT are both false causing both the Q and Q outputs of the write toggle

FF to be true, degating both Write drivers. Since CLAMP is delayed slightly
with respect to WRITE PERMIT, the write toggle FF is forced into the reset
state. Transistor Q1 turns on enabling current to flow through the write reset
head resetting flux at the tape. | A

Write clocks (WE) from the interface enter the write clock integrator which
delays the clock to allow the data to settle before clocking the write skew
delay one-shot. The output of the write ciock integrator is‘‘anded ‘with data
in each channel and sent to the write skew delay one-shot. The one-shot is
triggered by the‘anded output of data and write clock delayed. The one-shot
output triggers the write toggle FF. Each one-shot pulse changes the state of -
the write toggle FF which alternately causes the reset and set drivers to
~conduct. After all data characters have been written, WRITE RESET (WRS) is
sent from the interface to the write control PCA. WRS is "anded" with the Q
output of the write toggle FF which generates one more flux reversal if an odd
number of bits was written in the channel. A1l write toggles are therefore left
in the reset state. The LRC character is written on tape as a result of returninc
all write toggle flip-flops to the reset state.

The center tap on the write head received +12 volts. The +12V is enabled by
the write enable solenoid whenever a tape is mounted equipped with a write
enabie ring.



The Q output of the write latch turns on Q4 enabling the drive current in the
erase head and WRITE STATUS to the interface. The Q output of the Write
latch enables WRITE LATCH to the read electronics. '

The skew delay one-shot a110@s delaying data in the channel iH which it is
located so that the data bits will be written at the same time as the data
bits in the channel with the greatest lag time due to skew. The skew
adjustment (R11) on the one-shot provides the adjustment required to align
each channel so that the data bits for all channels will be written at

the required time to correct for write head static skew.
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VII-B NRZI Read Electronics '
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The function of the read e is to receive an analog signal from
the head assembly and convert it to a digital output. The assoc1a+ed read

electronics b]ock diagram represents the read preamp, the read contro1, and
one channel of a dual-channel read PC board.

Tape moves across the read head inducing flux changes in the read head

which become analog signals. These analog signals are preamplified by

an adjustable single stage operational amplifier. The operational amplifier
output signal is inverted and detected on the read data PCA (the zero crossover
point is much more precisely detected than the sine wave peak). A threshold
voltage generated on the read control PCA guards against noise triggering.

The threshold input to the read data PCA establishes bias for this thres-

hold detector diode covering approximately 40% base 1ine clipping during write
operations and 20% clipping during read operations. This clipping is
accomplished to elim{nate write to read crosstalk during write operations

and provide noise immunity during read operations. The purpose of the

peak detector is to represent the peak of the input signal with a sharp
positive going edge of a square wave. This edge triggers the skew delay
circuit which is used to compensate for static skew. Forward and reverse
adjustments are provided for compensating for skew in both directions. When
the skew delay ramp times out, a short duration negative going pulse directly
resets the input register. Resetting the input register puts a "low" on

the NOR bus (A11 nine channels are‘“wire-ored” to the NOR bus).

This "low" triggers the clamp circuit in the read control board, which in
turn, starts the character gate time-out. The character gate ramp is coupled
to the strobe one-shot through a Schmitt trigger. At the fall of the
adjustable character gate ramp, the strobe one shot is fired, which sends a
strobe pulse to the input and output registers as a clock. This strobe
clocks the input register to its initial set condition and clocks the
output register set for a logic zero and reset for a logic one. The
trailing edge of the strobe triggers the clock one shot. This output is
"“anded”with READ ENABLE and presented to the interface as READ CLOCK. The
READ ENABLE signal is used to enabie the read ciock, input register, output
‘register, and output gate.
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During high speed read operation the threshold bias level is changed to
maintain approximately 40% baseline clipping for proper noise immunity.

If a "0" occurs at the input of the read data PCA, the full wave rectifier,
buffer, peak detector, high—ééin amplifier, skew delay RC circu'its threshold
generator, and input register will remain inactive. Since the input
register has not stored a "1" when the Read Strobe occurs, a "0" will be
stored in the output register and clocked out to the interface. The

read control circuits operate as previously described to produce the Read
Strobe because a"1" must occur on at least one of the nine channels for
every byte. If no data bits occur, parity is set.

‘The first of nine data channels to arrive at the NOR bus triggers it.

The other bits of a given character will appear within the NOR bus window
after it has been triggered. The character gate determines the NOR bus
window time. The window is adjusted to 46% of the bit spacing time. The
adjustment is accomplished by varying R29 on the read control PCA.



VIII.

PE Tape Drives
PE Recording

In NRZI recording, a chan ange in flux was required to write a “one” while
no change in flux was required to write a "zero".

4 .

r

To accomplish phase encoded recording, a change of flux is required to
write a "one" or a "zero". A change of flux in one given direction
writes a "one" and a change of flux in the other direction writes a
"zero". Since the polarity (phase) of flux determines whether we write
a "one" or a "zero", a correction (phase correction) must be inserted
between 1ike data bits to establish the correct reference state (set or
reset) for the next bit to be written. By monitoring the present state
and the next bit to be written, the interface or optional write data
formatter will determine if a phase correction is required. The drive
write electronics contains no look ahead electronics.

The write head is similar to the primary windings of a transformer with
a center tap. By providing current to one side (set) or the other side

(reset) the magnetic polarity of poles will change at the gap.

A change in flux on the tape from set to reset is either a logic “"one"

or a phase correction. A change from reset to set is either a logic "zero"

or a phase correction. A phase correction occurs only between consecutive
"ones" or "zeros". Phase corrections are both set and reset transitions.
Their purpose is simply to occur as needed to place the tape in the

current flux state so that the next lTogic "one" or "zero" can be written.

From the previous, it becomes apparent that there are on]y two possible

rates of change of flux in PE recording. These rates are 1600 FRPI and
3200 FRPI.
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VIII-C

PE Format
PE tape information consists of three types of information blocks;
identification burst blocks, data blocks, and tape (file) mark blocks.
The identification burst (IQﬁ) consists of flyx reversals in the parity
channel only. 1t begins slightly ahead of the beginning of tape (BOT)
marker and ends slightly after the BOT marker. The first data block

follows the IDR after a gap of a lTeast 3 inches. & data block consists

of three parts of sections; a preamble, data section, and a postamble,
The preamble consists of 4] bytes; 40 Togic "0" bits in every channe]
followed by one Togic 1 bit in every channel. The data section normally
consists of 18 to 2048 bytes. However, it can be of any desired Tength.
The postamble is a 41 byte section which consists of one logic 1 in
every channel followed by 40 logic 0's. Data blocks are separated by
inter-block 9aps greater than 0.5 inch Tong. Tape marks are used to
Separate data blocks intg groups or files. A tape mark consists of
from 64 to 256 flux reversals-in channels two, Six, and seven. (IBM
channel numbers), or channels p, zero, and five. However, at the same
time channels one, three, and four (IBM) must be without flux reversals.

Tape formats for NRZI and PE fecording are similar. The PE tape format
requires eighty-two bytes for the preamble and postamble.

The space between adjacent flux transitions determines the density. PE
drives record at 1600 characters per inch (CPI) while NRZ1 recording is
Timited to 800 CPI.
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IX.

PE Read/Write Electronics
Write Electronics

The write electronics are similar for NRZI and PE recorders. Both PE
and NRZI use the same write control PCA. The write reset circuitry is
not required for the PE drive.

The write data PCA is similar for PE and NRZI. The write clock frequency
from the interface is at twice the data frequency of that for NRZI. The

function of the write toggle FF and write skew delay one-shot is the

same for PE as previously described for NRZI. The circuitry ensures that
current intially flows through the reset winding when a write command is

received.

 Variab1e"resistor R4 controls the write skew delay. If R4 is set such

that the entire 50K resistance is in the circuit, each succeeding clock

will retrigger the one-shot before it has timed out. Thus, there will be
no flux transitions recorded on tape.
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Skew buffer operation

The illustration represents the skew buffer method of handling skew.
Each buffer has a four-bit data shift register and a four-bit pointer
shift register. The data register stores up to four byte times of
data. The pointer register sets a bit in the location corresponding
to the next data bit to be transferred from the skew buffet and keeps
track of this bit until it is transferred out.

For simplicity, assume a three-channel tape drive which is moving

tape across the head assembly:

- During the first DF, channel one receives data and sets the
pointer in the "A" position since this is the next data to
be transferred out. Channel two and three have not yet
‘received data because of the effects of skew.

- During the second DF period, channel one again receives
data shifted into its data register. The pointer shifts to
position "B" along with the first data bit. Channel three
also receives data shifted into its data register and sets
the pointer to the "A" position. Channel two still has
not received data (possibly due to extreme head gap skew).
A complete byte has not yet occurred.

~ -~ During the third DF period, channel one shifts in additional
data. Its pointer also shifts to keep track of the first data
bit. Channel three shifts in additional data and its pointer
shifts to the "B" position. Channel two finally receives data
shifted into its data register and sets its pointer in the

"A" position. Simultaneously to setting the last pointer,

the read control logic is notified that a complete byte is
ready to transfer.

- During the next one 40th of a DF time period, the data in the
register location corresponding to its poiﬁter location is
transferred to the data PCA. Then each pointer is shifted

‘one position to the left so that it points to the next data
bit in its data register. Since channel two only had one data
bit stored, the pointer is removed.

- During the next DF period, each channel shifts in additional
data. The pointers of channels one and three shift along with
the data. Channel two sets its pointer when the data is
shifted into its data register. Again, a complete byte is
detected.
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[X-B,2. Window Principle

When reading from the tape, phase correction transitions ook
the same as data transitions. If these phase correction
transitions were allowed to enter the skew buffer,'they would
be interpreted as data. .These transitions must, therefore  be
blocked out before they reach the buffer. Phase correction
transitions take place at approximately the 50% point of the

| byte time and data transitions occur at the zZero or 100% point
of the byte time. If the skew buffer is enabled only between
the 75% and 125% points of the byte time, the data transitions
will enter the buffer but the phase corrections will be
effectively blocked.
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IX-B,3.

Phase Encoded Read Block Diagram

The PE read electronics is primarily contained on the decoder,
data and status and read contro] PCA's.

- .

The nine decoder cards are similar to nine input/output devices.
They operate as nine independent devices to the read control
electronics. Each card contains four storage registers which
operate to provide electronic deskewing. FEach receives signals
from the preamplifier and read control electronics, decodes tape

unit inputs and sends both level and data to the read contro]
PCA. '

In addition to the read control PCA, the read control electronics
includes the data and status PCA. They provide error detection
and correction, sixteen state hardware programming for data control,
timing and decoding of Tevel data (for either tape mark, IDB or
any channel level), They also provide buffered outputs for

nf L o

signal conditioning of the read data Tines and clock; and the

outputs and buffering to the interface of MTE, STE, tape mark, EOB,
and ID burst.

The PE read electronics block d1agram contains six individual
blocks:

The master unit preamplifier PCA.

The slave unit preamplifier PCA (identical to the master),

The slave PE read PCA.

- One of nine decoder PCAs (the one for parity).

The data PCA.

The read control PCA

The data PCA contains the level logic, track-in-error logic, other
miscellaneous Togic and the data transfer registers, The read
control PCA contains the combining and control logic for the read
control sixteen-state decoding,

1

From the read head the signal from tape is applied to the input
of the preamplifier. The preamplifier gain is adjustable. The
output of the preamplifier feeds the decoder PCA.
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The slave ZX and AC Tines represent the zero crossing and
amplitude comparator signals from a slave unit. The ZX
and AC signals for the master unit are derived on each of
the nine decoder PCAs. The ZX and AC signals from the
master and slave units are "ored" in the decoder PCA.

The control Togic contains logic for several functions
including the window logic, window generator, pointer register
enable latch, amplitude detector and error detection logic.
There are two shift registers, one for the input pointer and
another for the skew buffer. This input pointer points to
the data bit in the skew buffer that is ready to be trans-
ferred out. The skew buffer can store up to four characters
of data. The control logic causes the pointer to point at
~the correct skew buffer position keeping track of the data
bits as they are being transferred out into the data PCA.

The five input "or" gate at the top right hand corner of the
decoder printed circuit boards provides a data ready output
signal which is "nor" tied with the nine other ready lines

- from the nine other decoder PCAs. A1l nine data ready signals
must be true for a system data ready to occur. DATA READY is
true when any of the four input pointer positions of the input
printer shift register is activated and pointing at a data bit.
The fifth input into the same "or" circuit is provided so

that when any decoder channel goes to Track-in-Error, data
ready is true but the skew buffer output to the data PCA from
the decoder PCA is also set to a zero data state, regardless
of the data that was stored in the Skew Buffer. Later it will
be shown that setting the Skew Buffer to zero with a Track-in-
Error allows calculating the correct data if only one track is
in error.

ENABLE WINDOW LOGIC (EWL) will become true when the control logic
for the PE System decides that the block being decoded is a data
block. This command tells the decoder PCA to begin decoding
“ones" and "zeros".



The window circuitry is the electronics which distingushes
data from phase transistions. ‘When the window is open the
ZX transitions that are allowed to pass through have to be
data transitions. The ZX transitions are blocked when the
window is closed becausedthey are phase transitions.

There are three conditions for a track-in-error (TIE) tobe set
by the decoder PCA:

- during the time EL is asserted if no ZX transition
occurs.

- Whenever a loss of Tevel (AC) occurs for a count of from
two to three data character times.

- When a skew buffer overflows. If the maximum storage
lTocations of the electronics deskewing buffers are being
utilized (ie, the fourth position) and another data "one"
or "zero" is ready to be transferred in, an overflow would
result. Thus, TIE would be asserted.

Even though it is not shown on the block diagram, any time TIE
occurs, the output of the skew buffer on that particular track
will go high or to the zero data condition and that data ready
will go true.

INCREMENT POINTER ADDRESS (IPA) is asserted true each time a data
bit has been transferred out of the decoders into the error
correction register of the data PCA. The purpose for IPA is to
increment the skew pointer address and pick up the next byte
being constructed in the skew buffers. When all nine decoder

PCA skew pointers are pointing to the next logic "one" or "zerg"
DATA READY will occur again. TIE also sets DATA READY.

SYNC PULSE is available on all nine decoder PCAs but it is only
utilized in channels two and parity. This signal is proportional
to the frequency of data coming from the tape. SYNC PULSE is
used during a read only mode to ensure that system clock is ,
proportional to the average input frequency derived from tape.

It is not used during the mode of read-after-write.



Refer to the data and status PCA. WRITE is an output signal from
the miscellaneous Togic block. WRITE is asserted during a read-
after-write mode of operation.

o .

The level logic inputs are the nine level signals from the decoder
PCAs. The outputs are as follows:

- ANYL which indicates an input on any of the nine levels.

- TML indicates active tape mark level and all other levels
are inactive.

- IDL indicates that the ID channel level is active and all
other levels are inactive.

- ALL indicates all data channel levels are active.

put (GE2) indicates an error in two or more tracks. EVEN i

when even parity occurs with no track-in-err

wit o

Inputs for the TIE logic are the same as for the level logic. Out-
S

when one and only one TIE occurs. FLIP is asserted when E1 is
active and there is an even vertical parity detected at the output
of the error correction register.

Due to the operation of the decoder card, whenever TIE is set it
Cwill stay set’ throughout the remainder of the data block in which
TIE occurred. The skew buffer output of the decoder card will
always go to zero whenever TIE occurs. During a STE, flip will
be set true only when even parity occurs and it will correct

only that track which is in error. Hence, there is a closed

Toop for a single TIE of vertical parity. Flip will only be true
when there is an even vertical parity detected, even though the
status is true.

The input to the detect all zeros block is the output of the
skew buffers of each of the nine deboder PCAs. Whenever all the
skew buffers are high or at their zero state, skew buffer (SB)
will be asserted. SB implies that all zeros are present for a



particular data byte at the output of the error correction logic
and the gating of the detect all ones is set so that it will be
true whenever an all ones byte, error corrected, is fed into

the detect all ones logic block. Another input into the detect
all ones block is SB. Nete that the output of the detect al]
ones block is end-of-data (EOD). Recall on the -tape format

that EOD occurs at the first two characters of the postamble.

- The first two characters of the postamble 1is an all onescharacter
followed by an all zeros characters. Anytime a detected all
ones character is followed by an all zeros character, EOD will
be true. EOD is fed into the control Togic of the read control
PCA to stop data transfer.

Next, note the error correction register, error éorrection Togic, -
data output register, and data output inverters. These four
blocks are the means by which the data is transferred from the
decoders, corrected when required, and transferred to the out-put
of a controller by means of the read clock. The input in the
error correction register is all nine channels of the decoder

card skew buffers. Whenever a system data ready occurs the out-
put of the skew buffer is loaded into the error correction
register by a XEC command. XEC means load the error correction
register. Since data ready cannot occur during the preamble

time no preamble characters will be loaded into the error correction
register. Upon completion of the XEC command vertical parity is
examined on the data bit. If necessary, during a single TIE
condition, flip will be set to make a correction through the

error correction logic. »

The first DATA READY causes the error correction register to be
lToaded. No data is transferred to the interface. After the
second data byte is constructed, READY goes true aga1n Upon
receipt of this second READY status, LOAD QUTPUT REGISTER

(XOR) goes true. The contents of the error correction register
(the first data logic) is passed through the error correction
logic, corrected if necessary, and on to the output register.
Shortly after the output register is loaded by the XOR command,
READ CLOCK fires and transfers the data to the interface. At



~the same time, the DATA READY command that caused the XOR causes
a new XEC command to load a second byte into the error correction
register. This sequence continues until all the data bits have
been transferred through the output register into the interface
by means of the READ CLOCK until EQD goes true. .

- When EOD occurs, there are no more XOR commands, hence the first
postamble character will not be transferred out to the interface.
That completes the data cycle. There will always be two more DATA
READY pulses than there are data bits transferred out in order to
complete the data transfer cycle.

A false EOD could occur if there is one TIE. It is possible to
have a corrected detected all ones byte through the error
correction logic to the detect all ones gate, and have the skew
buffer output equal to zero on all channels because of the one
TIE condition. Hence, if this STE occurs in a read-only mode,
postamble verification takes place. Postamble verification also
takes place in read-after-write mode on every block of data.
During postamble verification, SB equals zero. Status is looked
at for each of the first 36 characters of the postamble, DATA
READY occurs on each of fhese characters but XOR does not come
true. Hence, postamble will not be transferred to the interface.
Data transfer stops if EOD is detected whether it was really

EOD or not. If at any time during postamble verification the
skew buffer does not equal zero on all channels, a multiple-
track-error (MTE) status would be set and the data block would
either have to be considered invalid, reread or ignored. During
the read-only mode, if a single TIE occurs, besides postamble
verification, EWL command would stay true until the end of post-
amble instead of EOD time in order to verify that all the skew
buffers equal zero. This will be covered in more detail later
in the text.



The Tast block in the Tower lefthand corner is a block that
represents system clock. The output .of system clock is DF
which is data fréquency and 40 DF which is 40 times the data
frequency rate. The input to the system clock is SYNC from
channels two and "P" decdder cards during read only mode.
Channel two has priority. If, for some reason, channel 2
sync becomes inaccurate channel "P" is Togically switched

in to take over. During a read-only mode, the system clock,
DF and 40 DF is an output which is proportional to the average
of the input frequency coming from tape. During read-after-
write mode, system clock, DF and 40 DF are a function of a
crystal contained on the data PCA and are not controlled by
SYNC.

The last large block is the read control PCA. It contains the
-combining logic, a general purpose counter, status outputs for
MTE/STE tape mark, ID burst, EOB pu]ses and read clock pulses.

The combining logic contains the binary to octal decoding which
provides sixteen unique outputs. These outputs are conditioned
by four JK flip-flops. These sixteen outputs provide sixteen
unique states. The PE read circuits are state controlled. When
the machine is in any given state it is given certain directions
and makes certain decisions. The results of the decisions
advance the machine to another operation or another state. State
control logic sequences the activities of the data path circuits
dufing any PE read operation. The final decision is made when

the proper conditions exist to generate output signals.

The PE read circuits operate in two modes; read-only and read-
after-write.. Signals read off tape in read-after-write mode are
required to meet more stringent requirements, before being
recognized as valid than read-only mode signals. This ensures
reliability and compatability to industry standards. The state
decoding outputs are combined to give various commands, such as
EWL, XOR, READ CLOCK, and EOB. Other status outputs include
MTE, STE, TAPE MARK, and ID BURST.



The basic clock for the combining logic is DF and 40 DF. The
general purpose counter will either count at a DF or 40 DF
rate, depending on what conditions are required.‘ At the
appropriate time, MTE STE, TAPE MARK, or ID BURST status

will be set. At the end’of the particular block for !
which status was set, EOB pulse will fire sending that
particular status to the interface controller. READ CLOCK
will occur at the end of each data byte.

A clear register (CLRG) signal occurs at EOB time. This is a
master reset to clear out the error correction register and

the data output register on the data PCA. If the output
register was set true by the last data bit in a data block,
that logic "one" will not be cleared out of the output register
until EOB is detected.



IX-B,4. PE State Control Flow Diagram

Refer to the simplified flow diagram for the PE read data
electronics. After following the discussion through the
swmp11f1ed flow diagram,-repeat using the PE state control:
flow diagram (figure 4-11 of the service manual).

There are two modes of operation; the read-only and read-after-
write modes. The read- only mode and the d1fference between

the read-only and read-after-write modes will be presented.

In the read-only mode, the decoding electronics is not as
critical of format since it is simply trying to recover the
data. In read-after-write, a more extensive verification of
the preamble, the postamble, the tape mark blocks and the ID
blocks is performed; because while generating the tape, a more .
accurate check of tape format is required. The program
sequence includes the following in the read-only mode:

Block detection of 20 characters.

Block identification of a tape mark, ID burst or data block.

Data transfer

The end-of-block detection

Gap detection of 20 characters

EOB pulse

Note the block detection of twenty characters. In order for any
block to be a valid block, regardiess of whether it is a data
block, a tape mark block, or an ID block, it must be more than
20 characters long. A block of less than 20 characters is
considered to be noise and will be ignored. Once it has been
decided that the block is at least twenty characters 1ong, a
block identification mode takes place at the first qualifier;
tape mark, ID burst, or neither. Assume that ID burst is the
block decoded. If the IDB block was present for at lease 20
characters, the ID burst status will be set.
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Nothing else will happen until the end of this block has been
detected. When there is an absence of ]eve] for at least twenty
character times it is assumed to be the end of the ID block and
the EOB pulse will be fired which will take the state back to

the start and transfer the IDB status out. The same thing would
happen if a tape mark block were detected. If the tape mark block
had been decoded the status would be set. When the end of the
tape mark block occurred, there would then be a gap detection of
20 character times and the EOB pulse would again fire and trans-
fer out the tape mark status.

Assume the block is not a tape mark block or an IDB block, but a
data block. Twenty characters into the data block, data trans-
fer would be established and the decoder card would be enabled

to start decoding data "ones" and "zeros". Data Transfer would
begin after the last preamble character. During the transfer of
data to the controller, if no errors oCcur, data will continue
until the End-of-Data detection occurs. Then, at the end of the
postamble and after the postamble has been absent for 20 character
times, an EOB pulse will be generated by the system. If a
multiple-track-error (MTE) occurs during data transfer, data
transfer wiil immediately cease, and the read control

electronics will go into an EOB -detection mode and fire the EOB
pulse, once again, 20 characters into the gap. If, during read-
only mode an STE occurs, data transfer will continue and the
track that was in error will be corrected for by examining
vertical parity. Because it is possible to sense a false end-
of-data, a 36 byte postamble verification and then a 12 character
delay, followed by a 20 character gap verification will take
place prior to firing the EOB pulse. This is to give thorough
verification that the postamble was in fact a valid postamble.

Notice the qualifier STE following the postamble detection. When
STE is true, the exit is to a 36 byte postamble verification
block which is in the read-after-write sequence according to

the biock diagram. . In the read-only mode, if an STE occurs



a 36 byte postamble verification will occur. If at any time
during this 36 byte postamble verification, all of the skew
buffers do not equal zero; MTE will be set, end-of-block
detection will take place, a 20 character gap verification.
will take place and EOB will be fired sending MTE status to

the controller. If, however, the test for a 36-byte post-
amble verification is passed and each of the characters are all
zeros, a 12 character delay time will be generated. At the end
of that time, a twenty character gap verification takes place.
If it fails, an MTE will be set once again. However, if it
passes, an EOP pulse occurs, and even though there was a single-
track-error, it will be a good postamble verification and the
record will not have to be re-read.

Consider now the read-after-write mode. During the read-after-
write mode a block detection of only five characters is required
before a block identification occurs. As in the read-only mode,
there is a qualifier for data, tape mark or ID burst also. The
data transfer and postamble detection is very much the same as
in the read-only mode when an STE occurred. Additionally, the
read-after-write mode has a verification, a twelve character
delay and a twenty character gap verification. A more ,
thorough test of the tape mark block and the ID burst block, and
much closer examination of the preamble is accomplished during the
read-after-write mode. The PE fead-afterfwrite electronics is
designed to ensure correct format. During a read-after-write
operation, only a five character block detection is done so that
the block can be more closely examined.

Next, a block identification occurs. Assume the first character
is an IDB block. After the first five characters of block
detection it would set the IDB status. It would then verify that
the IDB is at least 4096 characters long. If the block were not
4096 Eharacters Tong, MTE would be set and then wait until the
end—of-b1ock. After EOB, it would do a twenty character gap
verification and fire EOB pulse. The EOB pulse should be used to
clock the IDB status and MTE status, if it occurred, and pass it

to the controller. The same thing would happen if the block were a
tape mark block.



If the block being detected is five characters Tong and it is
not a TM block, an IDB block, or a data block, it would be
considered an unrecognizable block. MTE would be set, the
status of which would be transferred out at EOB time to the
controller. |

If a block is five characters long in read-after¥write mode and

it is a recognizable data block, preamble verification would
begin. Five characters into a data block preamble, the EWL
window logic is set turning on the decoder cards to start decoding
"zeros" and "ones". DATA READ first occurs at the end of the
preamble verification and data transfer begins. Data transfer
will continue until the End-of-Data.

Automatically, then a 36 character postamble verification takes
placée Next, a twelve character delay and a 20 gap verification
takes place. If all the above tests are not passed, MTE would be
set and that MTE status would be transferred at EOB time to the
controller. During the read-after-write mode the EWL is turned
off at the end of the postamble verification.



IX - B, 5, 6 Read Control PCA Schematic Through One Decision State

The PE read circuits are state controlled. When the machine is in
any given state, it is given certain directions and makes certain
decisions. The results of the decisions advances the machihe to.
another operation or another state. State control logic sequences
the activities of the data path circuits during any PE Read
operation. This data path consists of the decoder, data and status,
and the read control PCAs. The final decision is made when the
proper conditions exist to generate output signals.

As noted previously, the PE read circuits operate in two modes: read-
only and read-after-write. Signals read off tape in read-after-write
mode are required to meet more stringent requirements, before being
recognized as valid than read-only mode signals. This ensures
reliability and compatability to industry standards.

The flow diagram is laid out and itemized to show the direct cor-
ela T the state decisions to the Togic shown on the schematics
of the PCAs (refer to figure 4-11 of the Parts and Diagrams Manual).
Each decision block within each state has a notation showing which
PCA makes that decision, often the area on the PCA schematic is

included.
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When power is applied to the PE read circuits, most sequencing and
Voutput circuits are reset (state counter is reset at 0000). When

a signal is detected in any of the nine channels, a check is made

to determine if the PE read circuits are operating in read-only or
read-after-write mode (state 00, refer to figure 4-11).

To show the use of the flow diagram in conjunction with the diagrams
manual, let's say in the above decision we are in the read-after-write
mode. The state counter advances from 00 to 04. Once in state 04
(S04), the next decision is: are there 5 consecutive byte times with

a signal present on any channel? As shown on the flow diagram, this
decision is made on the Read Control PCA and specif ically in the state
control Tlogic. Now refer to the read control PCA schematic, the out-
put of U27C nor gate is S04, count 5 (cnt 5), and signal present

any channel, ANYL (SO4+CNT5+ANYL). If either CNT 5 or ANYL is a



false or Tow signal, then this would correspond to a "NO" decision
on the flow diagram. "Noring" this output (false) at U44A with the
term CNT36 puts two Tow signals on the input and a high on the
output. The high output ;esets Ul1l1B (22FF) (through NAND éate
U49A) and the state count goes from 4 (0100) to zero (0000).

Now note U310A of the read control PCA. [ts output is CNT5 and

S04.  This output goes to NAND GATE U39A and is gated with

- Identification signal (IDL). If this output is true, the U111A
(23FF) is set. This is a yes decision for the first two decisions
on the flow diagram in state 04. Thus, the true output (U111A)
causes the counter to go from S04 (0100) to S14 (1100), as indicated
on the flow diagram.

The discussion above relates the method of using the flow diagram
and the schematics for detailed circuit troubleshooting.



IX-B,7 PE Read Preamplifier PCA
There are nine identical circuits for the nine channels on the
read preamplifier PCA. The signal is received on Pin 5 of Ul.
Pin 1 of Ul is the amplified output. The gain is adjustable by
-a 50K variable resistor.

The amplified output is differentiated by the R-C network, and
amplified by U1B. Differentiation shifts the phase of the

signal by 90°. Refer to the figure of PE preamp digital signals.
At the peak of the preamplifier signal (UI1A), the output of U1B
is passing through zero. The top of the figure shows the flux
on tape. The next two signals are the preamplifier and dif-
ferential outputs, respectively.

The output of the differentiator is fed through a zero crossing
detector called the (ZX) zero crossing data output. The output

of the zero crossing detector changes state each time the dif-
ferentiator passes through zero. Since the differentiated signal
passes through zero at the peak of the preamplifier output, it

will always occur at the peak of the preamplifier output regardless
of the amplitude, hence, amplitude instability has no effect on the
zero crossing output. The output of the zero crossing detector is

a digital signal representing the data one and zero, and the phase
pulses.

At the differentiator observe a dotted line which representé the
threshold level of 15%, which is a typical threshold for read-only
mode. The read-after-write threshold is 354%.

The last two outputs amplitude comparator (AC) are digital signals
proportional to the amount of the differentiator output which is
above the threshold level. The negative portion of the AC pulse
is prcportiona] to that amount of signal which is above the thres-
hold at the differentiator output. The first amplitude comparator
signal is well above the threshold, hence, a very long duration of
negative pulse.



The Tower amplitude output represents a very narrow negative pulse
indicating a very s]ignt (above threshold) condition at the dif-
ferentiator output. The amplitude comparator signal is used by the
PE read control electronigs. For data block, ID block, and, ™M
block information. '

The preamplifier gain is set by adjusting R66 while monitoring the
DIFF test point with the tape drive writing at 1600 FRPI density.
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IX-B,8 Slave PE Read PCA
The purpose of the slave PE read PCA is to provide digital signals
for zero crossing data (ZX) and amplitude compare (AC). It also
provides slave tape unit ;tatus, write mode (WST), tape mot%on

-J3 ~

synchronous reverse (REV1), and slave unit PCA selcted (SPE).

A11 nine data channgels from the slave preamp are fed to the slave

'PE read PCA." Each data channel has its own circuitry. That is,

there are nine unique amplifier/gate combinations that are independent
from each other. Each data channel is fed through a comparator to
provide a digital signal (AC) whose low duration represents the

amount at the differentiated signal which is above threshold. The
threshold is either 15% in read-only mode or 35% in read-after-

write mode. Read-after-write mode is activated by WRITE LATCH status
(WL). Both ZX and AC are anded with tape motion.

DENSITY 1600 is "anded" with SOLB to provide SPE status to the
master PE read control electronics. SPE enables the master read
electronics to be used by the slave. As Tong as power is applied
to the master, it can be used by the slave even if it is off-line.



IX - B. 9 Decoder

For the following discussicn, refer to page 2 - 96A in the Diagrams
and Parts Manual.

v .

There are nine decoder PCA'S in the 7970E read logic (one PCA for each
channel). The differentiated output from each channel's associated pre-
amplifier is routed to the read data input of that channel's decoder by the
read mother board. This differentiated signal is applied to the inputs of
the zero crossing detector and the threshold comparator.

The negative input voltage of the threshold comparator is set by the data
and status PCA. This voltage will be + 0.3 Vdc during a read-only operation
and + 0.78 Vdc during a read-after-write operation. The positive input line
of the threshold comparator is presented with the differentiated input signal.
The threshold comparator will provide a high level output during the time

the differentiated signal level exceeds the + TH level set by the data and
status PCA. If MASTER READ ENABLE (MREN) from the data and status PCA is
active, the threshold comparator's output is inverted and applied to the

MR input of the amplitude detector. MREN will be active if the master tape
drive is selected, on-line, and has motion. If a slave is selected, on-line,
and has motion; MREN will be inactive and the AMPLITUDE COMPARISON (AC)
signal from the slave PCA will be applied to the MR 1nput of the amplitude
detector from pin 1X of this decoder PCA.

The amplitude detector functions as a shift-register and is clocked by a
clock pulse from the data and status PCA. This clock is running at data
frequency (DF). In other words, it clocks at byte time intervals. During
normal operation the AMPLITUDE COMPARISON (AC) will be low during the DF
clock pulse providing a Tow level signal at the Q2 output of the amplitude
detector. This signal is inverted to present a high level true signal at
the LVL test point, then again inverted and sent to the data and status
PCA as LEVEL (LV). In the data and status PCA it is used to decode ALL,
TML, IDL, or ANYL for use in the read control algorythm. On channel two
it is also used to switch the clock sync to "P" channel in the event that
channel two has Tost level. If the AC signal is not active during the DF
clock, a high level will be clocked into the first position (Qo) of the
amplitude detector. Each DF clock pulse will shift this level one position




until at the third DF clock pusle the high level will be present at Q2.

If AC becomes active before the third DF clock pusle it will clear this high
Tevel signal before it reaches the Q2 output. However; if AC remains inactive
for three consecutive DF clock pusles the high level signal present at the

Q2 output of the amplitude detector will signal loss of level to the data and
status PCA. Also it will set the track in error f1ad (TIE) through the error

detection latch if enabled. Error detection will be considered later in
this section.

The zero crossing detector will output a level change for each zero crossing
at its input. If MREN from the data and status PCA is active, the zero
crossing detector output is applied to one input of an exclusive-or gate.
MREN will be active if the mater tape drive is selected, on-line and has
motion. If a slave is selected, on-line, and has motion; MREN will be
inactive and the zero crossing detector output fromithe slave PCA will be
presented to the exclusive-or gate from pin 2 of this decoder PCA.

The exclusive-or circuit works as a selective inverter so that if the tape
unit MASTER REVERSE (MREV) from the data and status PCA becomes active,
the output from the exclusive-or circuit (which is the DAT test point)
will be inverted. This inversioms compensated for lines of flux being
crossed in the opposite direction during reverse tape motion. Both master
and slave, if selected, have the capability of activating MREV.

At the DAT test point a high level to low level transition will represent
either a "one" or a phase correction transition. Conversely, a Tow level

to high level transition will represent either a "zero" or a phase correction
transition. This information is presented to the level change register.

The Tevel change register is comprised of two stages of "D" type flip-flops.
The second stage follows the first by 1/40th DF. The Q output of stage one
is the data Tine to the "SR" input of the skew buffer data register. The
level of this line will be shifted into the data register, if the data
register's "S0" input is'high. The "Q" output of both stages is fed to an
exclusive-or gate. This pulse is inverted and routed to pin 5 X as SYNC
PULSE. If this decoder PCA is in channel 2 or P position the SYNC PULSE
signal will be routed to the clock circuits on the data and status PCA by
the read mother board. This allows the clock to sync to the average data



frequency during read-only mode. This is done only if the read control
algorythm enters state (01) as discussed earlier. The Q and Q outputs of
both stages of the Tevel change register are fed as qualifiers to the "ones"
and "zeros" gates in the window logic circuit.

Notice in the window generator, pointer register enable latch and error
detection circuits a. signal called enable window logic (EWL). These
circuits are all inactive until EWL becomes true. From the read algorythm
for the read control PCA note that this signal.is activated 20 characters
into the preamble during read-only or 5 characters into the preamble during
read-after-write. EWL is turned off in the read-only mode when the post-
amble is detected if there is no track in error. If a single track is in
error (STE), EWL turns off after the first 36 bytes'of the postamble is
verified. In the read-after-write mode, the first 36 bytes of the post-
amble are verified before deactivating EWL. In both modes, multiple track-
in-error flags (MTE) will immediately disable EWL.

If the byte time starts with a data transition and ends with the next data
transition, then any phase correction transition would take place at the
50% point of the byte time. Looking at the skew buffer data register, note
that data present at the "SR" input is only shifted into the data register
if the "SO" input is high. The "S0" input can only be activated by a high
Tevel output from either the "ones" or "zeros" gate. If these gates are
deactivated during the 50% point of a byte time, it will effectively block
phase. correction transitions from entering the skew buffer. Notice that
one qualifier for each of these gates in the window logic circuit comes
from the window generator.

The window generator is a preset counter. The first stage is a decade
counter being clocked at a 40 DF rate. The overflow of the decade counter
clocks the binary counter with a 4 DF clock. - Since the binary counter is
clocked 4 times during a data period, each count on the binary counter
represents 25% of a byte time. If the window generator were to start with

a count of 5, count 5 would represent 0% of the present byte time, count 6
would occur at 25% of the byte time, count 7 at 50%, count 8 at 75%, count 9
at 100%, and count 10 would be 25% of the next byte time.



Using this couht sequence, observe the Q2 and Q3 outputs of the binary
counter in the window generator. These outputs allow activation of the
"one" and "zerc" gates in the window logic circuit during counts 8, 9,
and 10. They also hold these gates inactive during counts 5, 6, and 7.
It was stated earlier that the window logic gates are first allowed to
activate with a count of 8 and that a count of 8 corresponds to the 75%
point of a byte time. Since no shift was allowed to occur during the
502 point, any phase correction transition was not shifted into the

skew buffer data register. Data transitions are normally expected to
occur at the 100% point of the byte time. This corresponds to count 9
on the window generator. Count 9 will allow a shift to occur. Whether
it comes from the "one" or "zero" gate, shift will be active at the "S0O"
input of the data register causing what ever level is present at the
"SR" input to be shifted into the data register. Notice that when shift
occurs, SHIFT is fed back to PARALLEL ENABLE (PE) on both counters.

This will preset the counters back to a count of 5 when the data transition
occurs. The normal count sequence is 5, 6, 7, 8, 9; then SHIFT returns
the count to 5. If the data transition occurs late in the byte time

it will also allow count 10 to occur. Optimumly, the data transition
and count 9 bccur simultaneously. Even if the data doesn't cause the
shift to occur until count 10, the window would still be closed for 259
before and after a phase correction transition.

The window follows the above sequence with the exception that the count

is altered slightly to compensate for timing considerations and com-
patability with marginal tape drives. If the preset count is changed

to 5.2 instead of 5, the window still opens at count 8. It will remain
open until a count of 10.3 is reached. If no data transitions occur prior
to count 10.3 a track-in-error (TIE) flag is set.

The two signal Tines "nanded" together at the inputs to integrated
circuit U358 in the lower right-hand corner of the schematic are decoded
counts. One line represents count 8.3 and the other line represents
count 2. Combined they represent count 10.3.

For the window to function properly, it must be synchornized with the
beginning of the byte time. Initially, both counters are held to a



count "0" because EWL signal from the read contro] PCA is not active.
Notice that when the binary counter is set to "0", the "ones" gate in
the window logic circuit is held closed. However the "zeros" gate is
allowed to pass transitions which will shift zeros into the skew buffer
and develop PE through SHIFT. * PE will not preset the counters to 5.2
because EWL is not active and the counters are held to zero. The counters
will first start counting when EWL becomes true and PE presets them to

a 5.2 count. EWL comes true 20 characters (read-only) into the preamble
and the next "0" character of the preamble activates PE. The counters
will then start counting synchronized to the beginning of the 21st byte
of the preamble and read-only mode or the 6th byte of the preamble in
read-after-write mode.

The window logic is now blocking phase correction transitions and allowing
'zeros in the preamble to be shifted into the skew buffer data register.
These zeros have no data significance since a pointer has not yet been
set in the skew buffer pointer register. Notice that the shift signal
("S0") at the data registers input is also applied to the "S0" input of
the pointer register. However, the pointer register is held cleared
because the enable latch has not yet been set. The pointer register
enable latch will set when the first "one" bit passes through

the window. This occurs in the last byte of the preambie. Notice that
the pointer register enable latch is clocked by 40DF. The short delay
between 40DF and Z0DF allows us to set the latch, removing the clear
from the ‘pointer register after the shift signal has been removed from
the "SO" input of the pointer register. This means the last byte of

the preamble will set the latch but will not set a po1nter The pointer
register enable latch once set, will remain set as long as EWL remains
active. '

The last byte of the preamble enabled the pointer register. The next
data bit that passed through the window, (this will be the first data
bit of the record) will cause a shift signal which will shift the "SR"
input of the data register into position "A" and simultaneously set a
pointer in position "A" of the pointer register. Notice that all
positions of the pointer register are "NOR" connected to the LRDY test
point. A pointer set in any position will cause the LRDY test point
for this decoder PCA to remain Tow. A Jow level on the LRDY test point



signifies that this channel has data in its skew buffer. LRDY is passed
through a nand gate to the data ready (DRDY) buss. This buss is a "wire-
or" connection to the same point on all nine decoder PCA's. Any one
decoder PCA which does not have a pointer set (no data in its skew buffer)
will hold the DRDY signal low. If this is the case, the next data bit
which passes through the window on this decoder PCA wi]] shift into the
data register and cause the pointer to shift to position "B" in the
pointer register to keep track of the first data bit. When all nine
channels have set their pointers the data ready bus (DRDY) will go high,

- signaling the read control PCA that a cdmp]ete byte is ready to pass on
to the data and status PCA.

Notice that the comparator located between the data and pointer registers
is configured such that, the data corresponding to the pointer position is
inverted and always present as 3B. 3B can be observed at the LSB test
point. This line will be high for a zero bit and low for a one.

When DRDY becomes true, signifying that all nine channels have data ready,
the read control PCA will activate a line on the data and status PCA

which will cause the error correction register to latch in the data
presented on each SB line. The read control PCA will then activate

the increment pointer address (IPA) signal. IPA is routed to the "SI"
input on the pointer register of all nine decoders. IPA will cause the
pointers to shift left and point to the next data bits in their respective
data registers. The process repeats as earlier described, with SHIFT
causing data and pointer to shift right and IPA causing the pointers

to shift left. In the event that IPA and SHIFT are coincident, both

the "S0" and "SI" inputs of the pointer register would be active, causing
the pointer to remain where it is and allowing the data to shift right

to match the pointer. Also notice that position "D" of the pointer
register and SHIFT are nanded together. A shift while the pointer is

in position "D" would cause unused data to be shifted out of the data
register. This would be a skew buffer overflow which would flaq TIE.

The error detection circuit is the last part of Logic to be considered
on the read decoder PCA. This latch is first enabled by EWL, which
becomes active during the preamble. Once enabled, TIE can be set by



three conditions we have already discussed. In summary these conditions
are as follows:

Loss of Tevel for three consecutive byte times,
Window generator reaches a count of 10.3, and
Skew buffer overflow. '

Once TIE is set, it will remain set for the rest of the data block or
until EWL is deactivated. Setting the TIE latch will cause the "Q" output
to send a high level true TIE signal to the data and status PCA, signi-
fying that this channel is in error. The ﬁ'output of the latch will

clear the skew buffer data register and hold it clear for the rest of

the data block, causing this decoded PCA to pass bn]y zeros for the

rest of the record. The Q output of the latch also causes this decoder
PCA to always signal it has data in its buffer by acitvating DRDY for

this channel.



IX - B, 10 Data and Status

For the follwoing, refer to the schematic diagram on page 2-97 of the
Diagrams and Parts manual. )

'During initial power-on reset the read control PCA will activate the
CLEAR REGISTERS (CLRG) 1ine at P2, pin 4X on the left side of the diagram.
CLRG being activated, clears the error correction and output registers.
During each inter-record gap the read control PCA will agin clear these
registers coincident to signaling end of block (EOB) to the interface,
(state 11 count 20 in the read algorythm).

On the right of the schematic diagram, notice the output gates. The
qualifier for these gates to present data on the interface lines is
TRANSFER ENABLE (XEN). It will be shown later where this signal is
developed. = XEN is also used as a qualifier for the flags passed to the
interface from the read control PCA. Anytime the master or any slave
is on-Tine and selected, XEN will be active (true).

On the left side of the diagram notice that the 3B outputs from all skew
buffer data registers are always presented to the inputs of the error
correction register. When the read control PCA receives DTRDY on the
nine decoder bus, it activates transfer-to—error correction register
(XEC) at P1, pin 6X on the left side of the diagram (XEC occurs the first
time in state 07 and thereafter in state 02 of the read algorythm). XEC
causes the error correction register to latch what is present on its
input Tines. ' '

The contents of the error correction register is presented to the error
correction circuits and the parity checker. If parity checks. good, the
AGREEMENT line will be high. AGREEMENT is inverted by the nor gate

to present all the nand gates at the bottom of the error correction
circuits with one low level qualifier. The other input to each nand
gate will also be low because its respective TIE line has not been set.
Each nand gate will then hold one input of its associated exclusive-or
gate high. This causes the contents of the error correction register to
be inverted as it is presented to the data test points and the output
register's input. At the "P" and "0" through "7" test points a high



level represents a "1" bit and a Jow level represents a "zero" bit.

The exclusive-or circuits in the error correction circuit function as
selective inverters which normaly invert. On the lower right side of the
diagram is the single and multiple track-in-error decoder. If any
decoder PCA sets a TIE flag, the high level TIE signal will be passed

by the or gate string to the STE nor gate. If only 6ne TIE is set,

the E1 signal will be set Tow, this notifies the read contro] PCA that

a single track error was detected. If more than one TIE exists the nor
gate associated with the highest numbered track-in-error will set the GE2

Tine Tow and prevent E1 from going low. This will signal the read control
PCA that a MTE occurred.

Consider now the automatic correction of a STE. Recall that when a read
decoder PCA sets its TIE flag that it also holds its data register cleared
and holds DTRDY active. Recall also that one TIE is set, it remains

set for the rest of the data block. Looking at the nand gates which
control one input of the exclusive-or circuits in the error correction
circuits, note that one input of the nand gate associated with the channel-
in-error will be set high by the TIE signal coming from that channel. If
E1 is active Tow and AGREEMENT is also low (verticle parity error),

the other input of all nand gates will be set high. The nand gate
associated with the track-in-error will then have both inputs high and
drop its output Tow. This allows the data on that channel to pass through
the exclusive-or circuit without being inverted while all others are

- inverted. If AGREEMENT had been high (good verticle parity), the line
connecting to one input of all the nand gates would have been low and

the output of the nand gate associated with the channel which set TIE
would have been high. This would cause that channel's data to be

inverted along with the others. Once a channel sets TIE, that channel's
data will be passed through the exclusive-or gate as determined by the
parity checker.

If AGREEMENT from the parity checker is low (parity error), yet no
channel has set TIE, and ET is not active; EVEN is sent to the read
control PCA to indicate an uncorrectable error or malfunction in either
the parity checker or STE-MTE decoder.



Note that the corrected contents of the error correction register is
always presented to the inputs of the'output register. The next data
control signal from the read control PCA is transferred into output
register (XOR). This occurs 1n state 12 of the read algorythm. Once
data is in the output reg1ster, it is presented to the 1nte"fafe +hrdugh
the inverting output gates. When this data is ready to be latched into
the interface the read contfol will issue a read clock (RC) to the
interface. This causes the interface to latch the data. TRC is set by
the read control PCA in state 16 of'the read algorythm. The continuing
data movement sequence is as fo]]ows, RC, wait for DTRDY, XOR, XEC, RC,
etc. The cycle will continue to repeat until the end of the data block
is detected. Note that XOR and XEC are synchronized to 40DF.

Recall that the postamble format is one all "ones" byte followed by forty
all "zeros" bytes. Recall also that the inputs to the error correction
register is low-level true and the inputs to the output register are
high-level true. The SB lines, while waiting to be transferred to the
error correction register, are presented to the skew buffer output
sensing circuit. If these SB lines are all set to zero (all high)

SKEW BUFFERS EQUAL ZERO (SBGZ) will be activated and sent to the read
control PCA. Also one qualifier is sent to the end- of -data logic which
is also monitoring the inputs of the output register. If (at the same
time) the error correction register contains an all ones byte, the inputs
to the output register will all be set to high Tevels, and EOD will be
set active to the read control PCA. A1l ones in the error correction
register with all zeros on the next byte corresponds with the first

two bytes of the postamble.

For the discussion below, refer to page 2-98 in the Diagrams and Parts
Manual.

Note on the left Side of the page that DENSITY 1600 (DI6) from the
preamp is anded with SELECTED and ON-LINE (SOLB) from the control and
status PCA. The output of this and gate is inverted twice and sent to
the read control PCA as XEN to qualify the flags from the read control
PCA to the interface. XEN is also routed to the data output gates on
"the data and status PCA as seen on the previous diagram. If the

slave were selected instead of the master, XEN would be activated by



SLAVE PHASE ENCODED (SPE) from the slave read PCA.

Recall that MASTER READ ENABLE (MREN) was used on the decoder PCA's to
select the amplitude comparator and zero crossing detector outputs in
the master drive. Note here that MREN is active if the master drive is
ready, selected on-1ine and has any motion command. Otherwise, MREN

is inactive.

MASTER REVERSE (MREV) 1is used in the read decoders to invert data during
reverse tape motion. Note here that MREV can be set active either by a
reverse synchronous motion command from the master control and status
PCA or REVI from any slave read PCA. It is otherwise inactive.

On the top 1eft side of page 2-98 is the master drive's threshold generator.
The + TH line is routed to one side of the amplitude comparator in each

of the read decoder PCA's. In earlier versions of the read decoder PCA's
the - TH is also used. In normal synchronous read-only mode the threshold

Teun'le an
i Yyci1o Q

re set to + and - 0.3 Vdc. Any highspeed motion command will
cause the threshold levels to raise to 1.2 Vdc by turning off Q1. During
read-after-write mode WL will be set active low by the write control

PCA in the master write card cage. This signal will pass through nand
gate U28 and raise the voltage level at the junction of R25 and R26

in the threshold generator causing the threshold levels to be set to
 0.78 Vdc. Since WL and WSI from the slave can never both be active

at the same time, WL will also pass through and gate U27 setting WRITE
active to the read control PCA, and to the clock control circuit on the
data and status PCA. The read control algorythm tests the WRITE signal
during state 00 and again in state 17. The clock control circuit uses
the WRITE signal to insure that SYNC is disabled during write mode.

If WS1 from the slave read PCA were active instead of WL, the WRITE
signal would be set active in the same manner. WS1 would also raise

the master threshold levels, but this serves no useful purpose since

the slave uses its own amplitude comparators.

The right side of page 2-98 shows the active channel logic. Level signals
are being applied to the active channel logic from the amplitude detectors
of all nine read decbder PCA's. The active channel logic can decode

four signals which are not passed through the skew buffers. These



signals are described below.

ANYL - will be active if any channel has a low true LV
signal. This signal is passed to the read control PCA
and used in the read 51gorythm. '
ALL - will be active if all channels have a low true TV
signal. This signal is passed to the read control PCA
and used in the read algorythm.
TOL - will be active if only the parity channel has a
Tow level true LV signal. This signal is passed to
the fead.contro] PCA to be used in the read algorythm.
It is also passed from the read control PCA to the
interface as an ID burst flag.
TAL will be active if a TAPE MARK (TM) signal is
decoded. This signal is passed to the read control
PCA to be used in the read algerythm. It is also passed
from the read control PCA to the interface as a TAPE
. MARK flag.

There are two options for the tapé marks. With the jumper installed
in position 1 to 2, the TAPE MARK occurs in channels 2, 6, and 7.

If the jumper is installed in position 1 to 3, the TAPE MARK occurs
in channesl 0, 2, 5, 6, 7 and P (all HP systems are strapped 1 to 3).
For either case, channels one through four must be inactive.

Refer to page 2-99 in the Diagrams and Parts manual for the discussion
below.

In the Tower left corner of the diagram is the clock control circuit.
If WRITE is inactive high and SYNC ENABLE from the read control PCA
becomes active high (this occurs upon entering state 01 in the read
algorythm), SYNC PULSE 2 will be inverted and allowed to act as SYNC

to the clock circuits. This will synchronize the clocks to the average
data frequency on channel two. Should channel two lose level or set
its track in error flag, the synchronization will switch to the parity
channel. During read-after-write mode, WRITE is active low and SYNC
ENABLE is inactive low thereby defeating synchronization.



The basic clock is a 17 MHz crystal oscillator which is divided down by

a series of decade and binary counters. Since a 1600BPI density recorded
tape has a lower data rate at lower capstan speeds, a dip jumper is
prbvided and must be inserted.jn the position corresponding to that
capstan speed. An illustration of the jumper position for each capstan
speed is provided at the bottom of the diagram. The division of the
basic clock is determined by the position of the jumper. The 45 IPS
position provides the least amount of division. Each slower speed
provides progressively more division. To make these clock cables compatible
with all speeds, the clock outputs have been labled DF and 40DF. Note
that DF is always synchronized to 40DF. These clocks are routed to

the read control PCA and to all nine decoder PCA's. Also, 40DF is routed
to other circuits on the data and status PCA. The 45 IPS tape drive is
by far the most numerous 7970E in the field. The DF clock frequency

for 45 1PS is 72 KHz with 40DF being 288 KHz.
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PE Test Tape v

The PE read data test tape (HP part number 5080-4555) is a 1200-
foot prerecorded tape which can be used for performance testing and
troubleshooting of the PE”read circuits. It is divided intd four
sections by BOT and EOT reflective tabs. Section one is the only
section that will be considered here.

Section one is a 450-foot section of nine-byte single-rotating
bit pattern blocks. That is, each byte contains eight "0" bits
and one "1" data bit. The "1" data bit occurs once in each
channel per block. The primary purpose of this section is to
verify data recovery, data transfer, and data block detection.

Install the control and sfatus PCA, HP part number 13191-60010,

and read data test PCA, HP part number 13196-60000, in the tape

drive. Install PE data test tape, HP part number 5030-4555, in

the tape unit and position the tape at the load point of section
one.

Use the CF switch on the control and status test PCA to set the
tape in forward motion and check (on the read data test PCA) that
the RC, EOB, and SD16 indicators are on and the MTE, STE, IDB, and
TM indicators are off. Connect the oscilloscope channel A probe to
the parity channel preamplifier DIFF test point and adjust the
sweep rate so that the block occupies 8cm. Connect the trace B
probe to the EOB test point on the read display test PCA. A

single pulse should be present within $0.3cm of the 10cm line
(approximately 22 to 24 byte times from the end of the data block)
on the scope. Set the sweep rate to lms and the mode to chop.

Connect the channel A oscilloscope probe to the RC (Read Clock).

test point on the read data test PCA. Adjust the oscilloscope

sweep as necessary to verify that nine RC pulses occur for each

zero volt line crossing of the signal on trace B. The RC pulse

should be a negative pulse (RC) with a duration of 2.550.5ms
 (use delayed sweep). ' '



Connect the channel B oscilloscope probe to the P data bit test
point on the read data test PCA. Adjust the scope so that the
spacing between the RC pulses is lcm and the negative-going edge
of the RC pulse is at the- first scope graticule line. The wave-
form at the P test point should be a negative pulse lcm wide.

It should begin at the same time as the RC pulse and be active
(Tow) during the first centimeter on the graticule.

Connect the channel B scope probe to the read data test PCA test
points for data channels zero through seven in turn. The pulse
present at test points O through 6 should be the same as for test
point P except that the channel zero pulse appears on the second
centimeter of the graticule, the channel one pulse appears on the
third centimeter, etc. The channel seven pulse should go low and
remain low until the EOB pulse occurs.

Set the tape in reverse motion and check that the RC and EOB
indicators on the read data test PCA are on, and the MTE, STE, and
EVEN indicators are off.

The next section of the tape checks the abiiity of the error detection
circuits to detect a skew buffer overflow, poisition the tape at the
load point of section one. Use the CE switch on the control and
status test PCA to set the tape in forward motion and, temporarily
short the DRDY test point on the master PE read control PCA to

ground. The STE and MTE indicators on the read data test PCA should
Tight and the RC indicator should be off.

The next test checks the threshold detector, low amplitude detector
and error detection circuits on the decoder PCA for each channel, the
TIE decoder logic, and the single-track error and multiple-tract
error circuits in the state control Togic. These circuits should
1ight the STE indicator when a single track error is.simulated on
any channel. Also, the MTE indicator is checked to see that it does
not light erroneously under single-tract error conditions.

Position the tape at the load point of section one. Use the CF switch



on the control and status test PCA to set the tape in forward
motion and tembor rily short the DIFF test point, on the pre-
amplifier PCA for channel P, to ground. The STE indicator on the
read data test PCA should”light and the MTE indicator should
remain off (although it may flicker while the ground connection
is made). Repeat this for clannels one through seven.

The next test verifies that the threshold detector, low amplitude
detector, and error detection circuits on the decoder PCA for each
channel and the TIE decoder logic and the MTE circuit in the state
control logic are capable of detecting a low amplitude condition
of the input'signal on two channels from the preamplifiers. Also,
the ability of the TIE decoder logic and MTE circuit to discrim-
inate between a single-track error and a multiple-track error is
checked. Position the tape at the load point of section one.

Short the DIFF test point on the P channel preamplifier to ground.
Use the CF switch on the control and status test PCA to set the
tape into forward motion and temporarily short the DIFF test point
on the zero channel preamplifier to ground. The MTE indicator on
the read PCA shouid be on only while both DIFF test points are
grounded. Repeat this procedure for channels one through seven

in turn (any two can be grounded at the sametime).

The next test checks that the error correction circuits generate
an active EVEN signal when the required conditions exist. It also
checks that the state control logic passes through a1l read-only
states (00, 01, 03, 07, 17, 12, 02, 16, 13, and 11) while reading
a data block. This is done by determining that the RC signal be-
comes active during the reading of each data block. Since the RC
signal is initiated in state 02, RC signals occurring in two
successive blocks indicate the state control Togic has passed from
state 00, through the data Toop (status 17, 12, 02, and 16),
through state 11 and back through state 02. Position the tape at
‘the load point of section one.

Short the LSB test point for the P channel decoder PCA to ground



and use the CF switch on the control and status test PCA to set the
tape into forward motion. The EVEN and MTE indicators on the read
data-test PCA should light.

Connect one oscilloscope probe to the RC test point on the read data
test PCA. Connect the other oscilloscope probe to the DIFF test
point on the P channel preamplifier and verify that-two RC pulses
occur for each block.

Remove the short on the P channel LSB test point and short, to
ground, the LSB test point on the decoder PCA for each of channels
zero through seven, in turn. For each channel, the EVEN and MTE
indicators should Tight but only one RC pulse should occur per block.

The last test checks that the state control.logic will detect an
improper preamble while passing through states 00, 04, and 05 in
read-after-write mode. Position the tape at the load point of
section one.

Short the DIFF test point on the P channel preamplifier PCA to ground
and set the tape into forward motion. The STE indicator on the read
data test PCA should light. Now short the LWRITE test point on the
data and status PCA to ground. The STE and MTE indicator on the read
data test PCA should be on and the RC indicator off.



XI.

Interfaces

A.

13181A Block Diagram

The 13181A 1nterface_provides the connecting 1ink betwqen
21XX CPU's and 7970B tape drive. The interface is comprised
of two PCA's and one interconnect cable. The PCA's are

Mag Tape 1 and Mag Tape 2 PCA's.

Mag Tape 1 PCA receives the interrupt and command signals from
the CPU and generates the appropriate command signals to the
tape drive. It also receives status signals from the tape drive
and converts these to interrupt and status signal for the CPU.

Mag Tape 2 PCA routes the read/write data signals between the
CPU and tape drive.
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BRIEF DESCRIPTION OF HOW THE
13181A CONTROLLER OPERATES

COMPUTER INITIATES OPERATION WITH ISSUANCE OF AN STC.

AFTER TAPE HAS COME UP TO SPEED, AND IS PROPERLY POSITIONED, DATA
IS WRITTEN TO OR READ FROM TAPE:

AT CONCLUSION OF THE OPERATION, THE TAPE ENTERS THE /86 AND STOPS.
A FLAG BIT IS SET TO NOTIFY THE COMPUTER THAT THE OPERATION IS
" COMPLETE.

NE R INVOLVING READING OR WRITING POSITION THE
ADING OR WRITING WILL HAPPEN AT THE PROPER POINT



13181A CONTROLLER FEATURES

AUTOMATIC UNPACKING OF 16-BIT WORDS INTO TIWO 8-BIT BYTES TO BE
WRITTEN ON TAPE.

AUTOMATIC PACKING OF TWO 8BIT BYTES INTO ONE 16-BIT WORD WHEN
READING FROM TAPE. : ‘ ‘ .

AUTOMATIC GENERATIO'\I AND CHECK!NG OF THE VERT?CAL PARITY BIT
AND THE LRCC.

AUTOMATIC GENERATION (NO CHECKING) OF THE CRCC.
CAPABLE OF DRIVING UP TO FOUR MAG TAPE UNITS.

AUTOMATIC GENERATION (ON COM MAND) OF THE FILE MARK, AND AUTO-
MATIC DECODING OF FILE MARK WHEN READ.

7970 MAINT 191
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MAG TAPE #1 PCA

MASTER CLOCK. -
TIMING CIRCUITS.

INTERRUPT CIRCUITS FOR BOTH /O CHANNELS

A. DATA CHANNEL (HIGH PRIORITY)
B. COMMAND CHANNEL (LOW PRIORITY)

TAPE UNIT SELECT LOGIC.
COMMAND OUTPUT BUFFER.

-~ —~

ECODING Ci

T

:CUITS:

N AR A A RS
Cuwm’lf—\!.\iu

STATUS ENCODING CIRCUITS. '
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MAG TAPE #2 PcA

WRITE CIRCUITS:

mo o o »

T AL

READ TIMING CIRCUITS,.

UNPACKING BUFFER (ONE WORD - TWO TAPE BYTES)
CRCC GENERATING CIRCUITS AND REGISTER.
VERTICAL PARITY GENERATOR.
FILE MARK GENERATING CIRCUITS,
WRITE TIMING CIRCUITS.
READ CIRCUITS: ‘
VERTICAL PARITY CHECK.
B. LRCC CHECK
C. FILE MARK RECOGNITION CIRCUIT,
D. FILE SPACING CIRCUITS.
E. PACKING BUFFER (TWO TAPE BYTES - ONE WORD)
F.

7970 MAINT-123



13183A Block Diagram

The 13183A is the interface between 21X CPU's and 7970E tape
drives. The interface consists of Mag Tape 1, Mag Tape 2
PCA's and one interconnect cable. .

Mag Tape 1 PCA provides most of the control and timing for the
interface and the tape drive. It receives and decodes tape
commands from the CPU, and 1t provides status and time to

the Mag Tape 2. |

Mag Tape 2 PCA provides the data transfer path between the CPU
and tape drive. During write operations, it unpacks 16-bit
words from the CPU and transfers them to the tape drive as
two 8-bit bytes. During read operations it packs data bytes
from the tape drive into 16-bit words. These 16-bit words are
transferred to the computer under control of Mag Tape 1.
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HP-1B
The HP-IB interface provides the capability to connect a 7970F
tape drive to a Hewlett-Packard interface bus system. It is

a factory installed eption only and is not available for field
instailation.

The HP-IB consists of a control PCA, write formatter PCA, back
panel/switch PCA, and cables. For the 7970FE tape drive to
operate with the HP-IB, a modification to the read mothekboard
is required. The interface will not function if used with
read control PCA's numbered 07970-62040. It uses a sixteen
line bus comprised of these handshake 1ines, five control
lines and eight data transfer lines.
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79708 ADJUSTMENT FOR READ/WRITE UNITS
VM 32 WP 0

TOOLS REQUIRED:

13191A Control & Status Test Card
13192A . Write Test Card

HP 180A Oscilloscope or equivalent

HP 3476A Digital Voltmeter or equivalent
HP 5245L Counter or equivalent

Transport test tape HP P/N 5080-4525 or 5081-9401
IBM master skew tape HP P/N 9162-0027
‘Scratch tape

POWER SUPPLY CHECKS & ADJUSTMENT ' 4
+5, ¥, 05vdc (adjust to 5, - £.01 vdc when adjustment is required 80! SE "'SV o./v
+12, .36 Vdc - & +5vadtpeit o ol ¢ St W ke ard /&4 PeA.

-12, *.36 Vdc + 500y —I-n O

e /\ (’“’j“'w =0 7‘_,& s
o‘*«uu\

Final reel servo adjustments must be made after the a,umu:f &
capstan servo adjustments. The capstan speed must be
within tolerance in order to properly adjust the reel Ck‘*~o@ut . £
servo. However, tension must be maintained in order d*’Q

et Yoo

*

to make the capstan servo adjustments. If the tape
unit does not maintain tension, perfrom the reel servo
adjustments initially, complete the capstan servo
adjustments, and repeat the reel servo adjustments.

CAPSTAN MOTOR OFFSET CURRENT ADJUSTMENT

Prior to making the capstan motor offset current adjustment, verify the the
power supply voltages have been adjusted. See figure 1 for location of
switches and adjustment.

Connect a suitable dc voltmeter (capable of resolution to *5 mv dc) across
a 3-ohm resistor (R21 or R22) connected in series with the capstan motor.

The common side of the resistance is associated with pin 2 or CJ1 and the

high or motor side is associated with pin 2 of CJ2.

Load the tape transport and be sure tape is stopped. Adjust OFFSET contro@
until voltmeter reading is minimum. An acceptable minimum is any value which
is between 40.100 Vdc and -0.100 Vdc. Typ1ca1 adjustment at room ambient

s

#Am«a\n fn «.a 11 -~ -~ [o] A~
emperature ﬁ5 €) will be in the order of 10.080 Vdc.

A-1



CAPSTAN SLRVO FORWARD AND REVERSE DRIVE SPEED ADJUSTMENTS (Countcr required)

Connect counter to preamp Chan 3 for 9 track units
Chan 6 for 7 track units

Place unit in forward drive mode using FWD Switch (S2) on Capstan PCBA.
See figure 1 for location of switches.

-
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Adjust the FWD syn. control (R34) until counter reads as follows: . ,
Stk 2o Pk 4 L /00 H=

FOR: 45 ips 15 KHz, *30 Hz
37.5 ips 12.5 KHz, 125 Hz
25 ips 8,333 Hz, ¥16 Hz

O ExcyRsion S 7

. . o 2 GO%L
Place unit in reverse drive mode wsing REV switch (SI) on Capstan PGBA.
Adjust the REV. Syn. Control (R28) until counter reads the same as forward speed.

HIGH SPEED REVERSE (Rewind)

Place unit in rewind mode by using the local rewind swtich on control panel.
ﬁdjust -160 (R60) on capstan PCBA for a counter reading of 53.333 KHz,
=100 Hz.

CAPSTAN SERVO RAMP SLOPE ADJUSTMENT .

. Operate the tape unit in a forward-stop-forward mode. The 13191A test card
can be used. Place the MANUAL/PROGRAM switch in the PROGRAM mode. Place the
FWD switch in the ON position.

Connect an oscilloscope to the FWD/REV test point on the capstan servo PC
assembly. Sync the oscilloscope with the negative going edge of the forward
command. (Test point 9 of the control and status PCA assembly or test point
CF of the control and status test board.)

Adjust the capstan servo PC assembly RAMP control (see figure 1) to obtain
the time listed in table 1 for tape unit synchronous speed. Use the vertical
gain vernier control of the oscilloscope to expand the waveform so that the
90% point may be conveniently measured. :

NOTE

On HP 180 oscilloscopes, the vertical spacing
is a special horizontal time scale at 7.2
divisions which may be used to measure the time
at the 90% level. See figure 2.

Table 1 Capstan Servo Start/Stop Time

SPEED (ips) TIME (90%) : NOTE
25 12.6 ms Tolerance for 90% time using the forward
7.5 8.1 ms command is 0.2 ms. Stop ramp time should

be within 0.5 ms of the applicablie start

45 : 6,6 ms ramp. .
REEL SERVO ADJUSTMENTS

Load a short length of tape onto the transport and bring to load point. The
following adjustment determine the peak deflections of the tension arms. The
amount of deflection desired is a function of the synchronous speed. At the
highest speed (45 ips) the deflection is set so the tension arms deflect to

the outer marks located on the back side of the casting, both in forward and
reverse drive modes. At lower speeds the amount of deflection is smaller
(i.e., at 25 ips the deflection is about half (25/45) the amount at 45 ips).
Due to non-linearity of the tension arm transducer the swing of the tension arm
may be unsymmetrical in the forward and reverse drive modes. (This will mean
the tension arm will not be centered when there is not tape motion and is normal).
With the supply reel loading with approximately 200 feet of tape, rotate the
supply (lower) variable resistor counterclockwise for the proper deflection.
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Stop tape motion and put in reverse drive and make sure the amount of

deflection is the same in forward drive. If not, readjust the mask position
until symmetrical swings of the proper amount are achieved. Repeat procedure
for the take-up reel with approximately 200 feet of tape on the take-up reel.

PREAMPLIFIER GAIN ADJUST

Install 13191A Control & Status Test PCBA in unit. Place the MANUAL/PROGRAM
slide switch in MANUAL position.

Install 13192A Write Test PCBA in unit. Place the BLOCK/CROSSTALK switth in
GROSSTALK position.
On 13191A Control & Status Test PCBA, place the WSW switch in up position.

Place the FWD switch in the up and down position. The tape unit should stop
and LED on 13192A write test PCBA should be on.

Connect oscilloscope to the WC test point on write control PCBA. Adjust
variable resistor on 13192A for the following bit to bit spacing:

FOR: = 45 ips 111 psec NOTE
37.5 1ips 132 psec This will provide
25 ips 200 psec all "1's" at 200

ips.
On the 13191A test PCBA, place the FWD switch in up position.

Using the oscilloscope, monitor TP's on preamplifier, adjust the preamplifier
gains to 6.4 vdc +.2, -.4.
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FORWARD STATIC SKEW COMPENSATION ADJUSTMENTS

The techniques for rapid adjustment and for evaluating the need for adjustment
differ. Figure 3 shows poor skew alignment and proper skew alignment. To
adjust static skew componsation proceed as follows:

Load the master alignment tape, HP P/N 9162-0027, and place the tape unit
in synchronous forward mode the adjustment operation.

Adjust the FWD skew delay control of channel 2 until resistor is approximately

1/4 turn from CCW position. Channel 2 will be reference channel for remaining
adjustments. S

~ Connect the oscilloscope channel A probe to the SKEW test point of the refer-
ence channel (2). Connect the oscilloscope channel B probe to each SKEW
test point in succession and algebraically add oscilloscope channels A and B.

Adjust each channel skew delay variable resistor for a maximum displayed
amplitude.

REVERSE STATIC SKEW COMPENSATION ADJUSTMENTS

Reverse static skew compensation is accomplished in exactly the same manner as
that used for forward skew except for the use of reverse drive mode and adjust-
ment of reverse skew controls. The same SKEW test points are used for both

adinicdm

4
agjustiments.

READ CHARACTER GATE ADJUSTMENTS

Load the tape unit with the master alignment tape, HP P/N 9162-0027, place the
unit in synchronous forward operation, and select 800 ips operation (seven-
track units only).

Synchronize the oscilloscope (negative slope) to the NOR test point on the
read control card. (The first data bit of a character will start the gate
tiem when this line goes to ground.)

Observe the bit-to-bit time (negative-going edge to negative-going edge).
The Tow (or ground) portion of this signal represents the character gate
time.

Adjust R29 on the read control PCBA so that negative portion of square, wave
represents 46% of the bit-to-bit time. 1In actual time it can be adjusted
for the following times: ‘

45  ips 12 to 13 usec
37.5 ips 15 to 16 usec

25 ips 22 to 23 usec
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WRITE ADJUSTMENT PROCEDURES

Load the tape transport with a reel of scratch tape equipped with a write enable

ring. Place the unit in synchronous forward write mode and write a data pattern
consisting of all "ones", at 800 cpi. :

NOTE

To obtain 800 bpi all 1's, use the
procedure outline in PREAMP
ADJUSTMENTS. However, this time
set the bit-to-bit spacing as
follows:

FOR: 45 ips 27.9 usec
37.5 ips 33  usec
25 ips 50 usec
Adjust the write skew delays as follows:

Adjust the chamnel 2 write skew delay until channel 2 resistor is approximately
1/4 turn from CCW position. Channel 2 will be used as a reference channel.

Connect the oscilloscope channel A probe to tape unit channel 2 read SKEW

test point, and connect the oscilloscope channel B probe to the SKEW test

point corresponding to the write data channel being adjusted. Set the
oscilloscope controls to algebraically sum channels A and B. Adjust oscilioscope
sweep to display at least one full bit time (leading edge of one bit to the
leading edge of the next).

Adjust the skew delay variable resistor of the channel under adjustment to
obtain a maximum amplitude on the oscilloscope display.

Repeat step "c" for all remaining channels excépt the reference channel
(channel 2).

NOTE

Under no circumstances are any of the
read skew adjustments to be changed
during the write skew compensation
process.



7970E ADJUSTMENT FOR READ/WRITE UNITS

TOOL REQUIREMENT:

13191Aa Control and status test card
13195A Write formdtter PCA

13196A, Opt 1 PE write test PCA

HP 180A Oscilloscope or equivalent

HP 3476A Digital voltmeter or equivalent
HP 5246L - Counter or equivalent

~HP P/N 5080-4525 (2400 feet)

HP P/N 5081-9401 (1200 feet) :

NOTE: 7 track works both for 7/9 track drives
IBM master skew tape, HP P/N 9162-0027
Scratch tape - :

PREALIGNMENT

CLEAN HEAD AND TAPE GUIDES. 1Install the 13191a (Fig. 1) vertically
into the upper left of the control and status board and set all
switches down, including the PROG/MAN slide switch. Install the
13195A (Fig. 3) horizontally above the write card cage. Make

sure that the jumper U23 is correctly placed to match the speed of
the machine (Fig. 4), and the parity jumper goes to Pin 3. Install
the 13196A option 1 (Fig. 2) vertically into the 13195A board and

set all switches to the left. Place the 2 switches on the capstan
servo PCA down. This will be the reset position of all the switches.
Be sure all +5V are connected. : :

POWER SUPPLY CHECKS AND ADJUSTMENT -

+5V Adjust port on power regulator board to .obtain +5 Vdc
(£0.01 vdc) on the +5 Vdc. test point of the power regulator
card. '

+12v Verify +12 vdc (%0.36 vdc) on the +12 Vdc test point of
the power regulator card.

-12v . Verify -12 vdc (*0.36 Vdc) on the -12 Vdc test point of
the power regulator card. :

NOTE: Reel servo adjustment may have to be adjusted here to main-

tain tension, however, it must also be checked in the order in

which it appears in. this alignment procedure. ‘

CAPSTAN MOTOR OFFSET CURRENT ADJUSTMENT

Connect a suitable dc voltmeter (capable of %5 nvdc resolution)
across one of the two 3 ohm resistors (Fig. 5, R21 or R22). The
common side is to pin 2 of CJ1 and the high motor side is to pin
2 of CJ2. Load transport test tape (speed tape) to the BOT tab.
Adjust offset (Fig. 5, R9) such that voltage across resistor is

© 0.0 vdc (+0.09 vdc).
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TENSION ARM AND REEL SERVO ADJUSTMENT

Load a short length of scratch tape on the transport and brin
the tape to load position. Have approximatecly 200 feet or tape
on the supply reel, proceed to adjust the supply renstion arm.

If the deflection of the terfsion arm is not centered betWween the
limit switches during forward and reverse movement, lightly
loosen the allen screw in the center of the tension arm and )
slowly turn the mask in the appropriate direction. ‘While holding
the tension arm girm, tighten the allew screw. Besure that the
mask does not rub on 'the tension arm hood. The peak deflection
of ‘the arm should also be adjusted by R106 on the reel servo amp
shown in Figure 6, below. On a 45 ips machine, the swing should
come approximately 1/4 inch from the limit switches. If this is
not possible, make sure the filament in the tension arm lamp is
parallel to the mask. 1If you still cannot get proper deflection,
check the tension arm assembly for slower machines, the arm
swing is proportionate to the speed. (Example, a 25 ips machine
should swing 25/45 of a 45 ips machine.) Now have 200 feet of
tape on the take-up reel and repeat the above using the take-up
mask and R104 of Fiture 6. ’
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CAPSTAN SERVO FORWARD/REVERSE/REWIND DRIVE SPEED ADJUSTMENTS

- There are two test points available for cach preamp. Use the ones
marked "DIFF". . Connect counter to preamp channel 3 test point for
9 track or preamp channel 6 test point for 7 track. Place drive
in forward mode using forwagd test switch (Fig. 5, 52).  Speed

- versus frequency is given in the chart below:

45 15 kiiz ¥301z
37.5 ips 12.5 kHz *25H2
25 ips - 8.33 kHz *16Hz

Adjust forward pot (Fig. 5, R34) to obtain the above specifications.
Place S2 off and S1 (Fig. 5, Reverse Test Switch) up and adjust
reverse pot (Fig. 5, R28). Place Sl off and S3 (Fig. 5, High Speed
Forward) on. Adjust high speed forward (Fig. 5, R53) to 53.33 kHz
(100 Hz). Place S3 off and push the front panel rewind push
button, adjust high speed reverse (Fig. 4, R60) to obtain 53.33 kHz
(¥100 Hz). Reset switches. ' '

CAPSTAN SERVO RAMP SLOPE ADJUSTMENT

Place the PROG/MAN switch (Fig. 1, S6) in the PROG position and ;*in
the CF switch (Fig. 1, S4) up. Connect channel A to the forward/

e -

reverse test point (Fig. 5, TP3). Sypnc the scope on the negative
edge of the oykaw ub TP9 of the control and status PCA. Adjust
the ramp pot (Fig. 5, R42) such that 90% of the rise time of the

ramp is within the following specifications:
45 ips 6.6 *0.2ms
37.5 ips 8.1 *0.2ms
25  ips 12.6 *0.2ms

See Figure 8 for illustration. The stop ramp should be varified
to be within 0.5 mS of the start ramp. This can be done by
changing the polarity of the scope syce from negative to positive.
Reset switches when ramp slope adjusted.

b !
l, ' laagvnsxo»m
C—— — g m
{12 01IVISIORS?
FIGURE 8. RAMP
. ILLUSTRATION (REVERSE
**"““mmﬂ?;gmm, . RAMP IS MIRROR IMAGE).
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PREAMP GAIN ADJUSTMENT

Place the WSW switch up and the CF switch up (Fig. 1). Place the
DATA SELECT and WRITE DATE BLOCKS switches in the right position.
(The tape drive should now be writing in all channels.) Monitor.
the DIFF test points on the preamp and adjust the gains., to 4.5
volts (¥0.3v) with the pots directly to the rear of the test
points. Reset switches.

WRITE SKEW DELAY

Mount a master skew tape. Place the CF switch up, determine the
amount of skew in each of the read decoder cards by placing probe.
"A" on the DAT test point of the read decoder card channel 2

(4th card over from left in read card cage), and probe "B"
sequentially on the other 8 DAT test points. Set the scope to A
chop B. The amount of skew to be recorded is the distance in mS
from the trailing edge of channel 2 to the trailing edge of the
other channel being measured. It may be plus or minus. See
Figure 7 below. After the amount of read head static skew is noted,
‘remove the master skew tape and mount a scratch tape with a write ‘
enable ring. Place the WSW and CF switches up. Place the DATA

- SELECT and WRITE DATA BLOCKS to the right. Set the channel 2
write slew adjustment 1/4 of the way from the full counterclock-
wise position. Place channel "A"™ of the scope on channel 2 of

the write card cage and sequentially monitor the other 8 channels
with probe "A". Set the trailing edges to reflect the same amount
of skew as noted while reading the master skew tape for each in-
dividual channel. ’

CHANNEL 2

.-

—XmS OTHER CHANNEIL SHORTER.

+XmS |  OTHER CHANNEL LONGER

FIGURE 7



BOT/EOT ADJUST

The BOT/EOT test points are located on the bottom of the control
switch assembly. Put the drive on a BOT tab and measure the

BOT test point. If the voltage is less than 1.0 vots, make sure
the filament in the lamp is perpendlcular to the transport. 1t
the voltage is still less than 1,0 volt, change the photosence
lamp. Manually rotate the capstan pulley until the load point
tab is no longer under the photosence assembly. The voltage
should now measure -.4V Performs the same measurements for

the EOT tab. -




PN TER-OFFICE SERVICE M E MO

T0: "MAILS"
FROM: Boise Division Product Support

SUBJECT: 7970A/8/C/E ASSEMBLY PART NUMBERS
AND EXCHANGE PART NUMBERS .

The standard configuration of the 7970A/B/C/E tape units
contain many assemblies which are common. The fo]]owlng is
a list of assemblies which are used in the 7970A/B/C/E. This
list includes the original new part number, the exchange part
number if one has been assigned, current replacement part
number and parts usage by tape unit model number.

NOTE

The current replacement part number
is for the new assembly. Consult
that part number to determine if
the current part number has an
exchange part number assigned. For
example, 07970-61060 new part
number - exchange part number is
07970-61061; however, the current
replacement part number is 07970-
62173. Looking up 07370-62173, the
exchange part number for it is 07970-
62244.
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NOTE
NOTE
NOTE

NOTE
NOTE
NOTE

*  Now obsole

+
07970-62205

Serial prefix 1208 and below.
Used only with 07970-062031 head.
Used only with the following heads:
07970-60534
*07970-60535
07970-605656
07970-60527
Used in P.E. Slave.

Multiformat 7970E only.

: Use only on 7970's with either 48 or 60 VDC supply.

ed.
head.
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7970B/C-3-76
7970E-4-76

PRODUCT!ION MEMO

TO: "MATLS"
FROM: BOISE DIVISION PRODUCT SUPPORT
SUBJECT: HEAD GATE ASSEMBLY REPIACEMENT ON 7970 READ AFTER WRITE HEADS

The head gate assemblies, (see figure 1) on most of the early 7970 heads can
be replaced if the existing head gate is damaged. This will eliminate the need
to send the entire assembly to Mt. View for repair of the head gate.

The head assemblies that may be field repaired are:

HP P/N DESCRIPTION TAPE DRIVE MODEL,
07970-60580 9 Tr NRZI 21-45 IPS 79708, 7970B & 7970C
07970-60581 7 Tr NRZI 21-45 IPS 7970, & 79708
07970-60584 7 Tr NRZI 10-20.9 IPS 79702, & 79708
07970-60585 9 Tr NRZI 10-20.9 IPS 79707, & 79703
07970-62028 9 Tr P.E. 21-45 IPS 79708

07970-62031 9 Tr P.E. 10-20.9 IPS 7970E

Replacanent Part Ordering.

Compare the face of the head gate assemblies shown in figures 2 thru 6 to the
assembly on 7970 head under repair,to find the correct part number. Do not
change the style of head gate.

INSTATLATION

1. Remove the 7970 head assembly framn the tape drive.

2. Remove the head gate assembly from the head assembly .
NOTE: Use extreme caution when removing the headgate to prevent
: scratching the face of the head. Any hard part or tool may
cause severe damage. Tape a small piece of punch card across
the face of the Read/Write head to prevent scratching the
head and provide a distance gage for headgate clearance.

3. Install the new head gate assembly.

4. Re-install the head assambly in the tape drive.

5. ILoad a scratch tape on the tape drive.
Install both the 13191A Control & Status test PCA and 13192 Write Test PCA.
Place all switches on the 13191A in the down position.

BG/11/WN

HEWLETT A\:pj PACKARD

b



10.

11.

12.

13.

14.

Place the switches on the 13192 in the following position:

xtalk/Block -  xtalk position
odd/even - odd position .
7tr/9tr = in 7tr or 9tr depending upon tape drive.

Apply power and place the tape drive ON-LINE.

Place the WSW and CF switches on the 13191A Control Status Test PCA in the
up position, until the WS IED on the 13192A Write Test PCA cames on. Place

the CF switch on the 13191A in the down position to stop tape. NOTE: The
WS LED on the 13192A should remain on.

Connect an oscilloscope to the WCD test point on the Write Control PCA

and adjust the potentiometer on the 131927 PCA for the appropriate bit to
bit time to write 200 BPI. The formula is as follows:

1
Density x Speed = Clock Rate
Example’ - ,
1 1 ~ = 200uscc Bit to Bit for
200 x 25 ) 5000 25 IPS machine

Move the oscilloscope probe to test point P on the preamp PCA and place
the CF switch on the 1319127 in the up position (tape should move forward),
Adjust the voltage to 6.4 volts peak to peak. Check and adjust the

remainder of the preamp test points to the same amplitude.

Stop tape motion by placing the CF switch in the down position.

NOTE: Write head current remains on when the CF switch is in the

off position. Write current will be turned off under the following
conditions: .

1. Tape drive is issued a motion command other than CF.

2. WSW camand is turned off and a CF camand is given.
In this situation, just twmn off CF because in order
to check the crosstalk in step 13 current must be
flowing in the write heads. :

With the oscilloscope, check the signal anplitude on the preamp test points
and ensure it does not exceed 5% of the peak to peak amplitude set in step
11 ( or 320 millivolts). If the amplitude exceeds the specification, remove
the Read/Write hecad assembly and adjust the head gate closer to the face

of the head. NOTE: DO NOT allow the head gate to come nearer than two (2)
thicknesses of mylar tape. :

Install the head assembly and repeat steps 11 thru 13.
Verify the complete alignment of data electronics
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Figure 1 Headgate assemblies
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Figure 3
07970-62339

Figure 2
07970-62338
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Figure 5
07970-62341
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