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FOREWORD

This manual discusses the basic functions of the IBM Tape Adapter Unit (TAU).
Because TAU can be used by several systems, no attempt i made to tie TAU to any
particular system. Instead, "external system'' or "external system control unit" are
used to refer to an outside control.

This manual has been prepared for teaching and as an aid for learning, Engineering
changes may alter timings, logic, and other information presented here; therefore,
the reader should not use this information alone as a reference manual or servicing
aid.

Section 1. 0. 00 of the manual covers general information and logic of TAU, In-
cluded in the general information section is an introduction to TAU and bri_ef_explana—
tions of TAU operation.

Section 2.0, 00 explaing in general terms the basic timing and controls used in
TAU.

Section 3.0, 00 is a more detailed description of the functional units used in TAU,
Included in the functional units are the final amplifier, error checking circuits and

timing cirouits.

Bection 4, 0. 00 explains, in detail, TAU operations. Logic flow diagrams, block
diagrams and sequence charts are included to aid the reader.

Section 5, 0, 00 describes diagnostic controls included in TAU circuits.

IBM TAPE ADAPTER UNIT
1.1.00 GENERAL INFORMATION

1.1,00 INTRODUCTION

The IBM Tape Adapter Unit (TAU) is a standard assemhly used to control the oper-
ation of 729 II and IV tape units. TAU by itself is not a complete tape control unit, hut
containg all the common features found in all previous tape contrel units. To make TATU
compatible with any particular system, the user must supply the additional control cir-
cuits specific to the operation of his system. By adding the necessary control circuits
to TAU, a compiete tape control unit for any system using 729 II or IV tape units can be
achieved. h

The commeon circuits contained in TAU are controls for writing, reading, backspac-
ing, rewinding and checking. 'TAU has complete control of the tape unit (except for
seleetion) and initiates all control and data flow functions from system to tape and fape
to system.

Besides the basic functions mentioned ahove, TAU also can read and write at a high
density or a low density rate on either the 729 II or IV tape units, The high density rate
is 500 hits per inch and the low density is 200 bits per inch. TAU has the necessary
oscillators and control circuits to switch to either density under an external command
signal.

Figure 1, 1-1 illustrates the relationship of TAU to an over-all system. As can be
seen, TAU has the only direct communication link with the tape unit. To perform any
particular tape operation, the external system makes the request to TAU. TAU per-
forms the operaticn and returns the results to the zé?ystem. All data are also relayed
threugh TAU between tape and system.,

Because it is notknown what systems will use TAU, timing and data lines are made
available for use by the external system. These timing and data lines logically tie TAU
into any added control circuits to achieve the complete tape control,
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1.2,00 PIYSICAL DESCRIPTION

TAU is an assembly of internally cabled gates. The unit is made in two forms to fit
either the standard large module {sliding gate) or the standard small module (swinging
gate). The card chassis agssembly for the sliding gate is designed for mounting in gate
poesitions B or . The card chassis assembly for the swinging gate module is designed
for mounting in gate positions 1, 2, 3, and 4 of the lower module,



The names given to the two different packages are TAU 1 for the sliding gatc module
and TAU 2 for the swinging gate module ., TAU 1 (sliding gute) containg all the basic
TAU functions plusg the added circuits for the dual density operation for both 729 II and
729 IV tape units. TAU 2 (swinging gate) alsc includes all the necessary cireuits for
4ll basic TAU functions, but becausge of space limitations, there are two TAU 2's.

Each TAU 2 ig packaged in the swinging gate module. One package is for 729 II opera-
tion at both densities and the other is for 728 IV operation at both densities. There are
other minor dilferences between TAU 1 and TAU 2, hut they are identical as 1o logic.
Any minor variations belween the two will be noted when the operations are explained
in the later sections of the manual,

When the system designer mounts TAU in an availabie {rame, he must provide the
power supply, CFE test panel, and external cables necessary for the efficient operation
and maintenance of the unit.

The circuits used in TAU are the standard alloy junction transistor current switching
circuits,

1,3.00 DMACHINE LANGUAGE

All data registers in TAU use binary coded decimal (BCD) form, TAU operates on
one character at a time. A character in TAU is made up of a 6-bit combination (B, A,
8, 4, 2, 1) and a check hit (C). The check hit can be written or read to make the bit
structure either odd or even, depending upon the operation being performed, Ina
system not using the BCD system, the bit arrangement for the TAU registers must be
performed in the external control area becauge information is not alter in TAU, but
simply routed through in the form in which it was received.

1.4.00 GENERAL MACHINE LOGIC

Except for selection eircuits, tape units are under complete contrel of TAU., Any
tape aperation called for by an external systcm must make the request of TAU. Upon
receiving the request for operation signal, TAU will startand control the timing and
data transfer from beginning to end. TAU circuits provide all nceessary timings for
initiating and stopping tape movement, developing all necessary delays for any read
or write operation and for all data transfer and checking procedures. TFollowing is a
logical description of TAU operations,

L.4.01 Write

To perform a write operation in a tape unit (Figure 1.4-1), TAU must first re-
ceive a write request signal from the system. This signal is called "write call" and
initiates the proper circuits in TAU. TAU sends a ''go' signal to the tape unit and tape
starts moving. Beeause it takes time for the tape to reach its proper speed, TAU
initiztes a write delay before the writc circuits become active. When the write delay
is completed, TAU starts a write clock fo control writing. Input data lines {rom the
system are active to TAU, The write clock pulses set the data into a read-write (R-W)
register in TAU. As soon as the information is in the R-W register, it becomes
available to the tape unit. Another write clock pulse is developed info a write pulse and
sent to the tape unit, where it initiates the writing action. The write clock, when
started, is in repetitive cycles, and the writing action continues until stopped by
another request signal from the system. This request signal, called "'disconnect call, "
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initiates ecireuits in TAU to complete the operation. The operation is completed by
writing a check character and stopping the tape, under TAU timing conirol,

Ag data flow through TAU, error checking circuits are active to insure proper op-
eration, These error cirecuits are cxplained in Section 3. 3. 00.

1.4.02 Read

A read operation (I"igure 1. 4-1) is staried when TAU receives a '"read call' signal
from the system. As in the write operation, TAU develops a '"go" signal fo start tape
moving. A read delay is initiated before the read circuits become active, to allow the
tape to attain proper speed. When the read delay is completed, final amplifiers are
conditioned to accept information from tape. When a character is read from the tape,
it is sent to TAU through the final amplifier, and set into two registers called read
register A and read register B. The two read registers have different acceptance levels
to discriminate against noige pulses (read register A) and low output levels (read regis-
ter B). The first character set inte the read registers starts a read clock for one cycle,
The read cleck controls the data flow through TAU. During the read clock eyecle, read
register A is checked for errvor. If read register A is in error, a read clock pulse sets
the read-write {(R-W) register to read register B. If read register A has no-error, the
read clock pulse sets the R-W register to read register A. Once the character is set
into the R-W register, it becomes available to the system. The read clock stops after
the R-W register ig set. The next character set into the read registers starts the
clock again for one more eycle and so on, until the complete record is read. In each
read clock cycle, a timing cirouit is activated to try to stop the read operation, but
48 long as characters arrive in specified time intervals, it is reset before it can
complete ite function. Because the check character time is greater than the normal
character time interval, the timing circuit activated during the last normal character
cycle is allowed to run long enough to initiate the stopping action. The end operation
circuits process the check character, perform read cireuit resets, complete error
checking procedures, and stop the tape.

During the read operation, error detection eircuits are active to insure proper read
operation. The checking procedures during a read operation are covered in Section
4.1.02,

Read During Writing \

The two-gap head on the tape unit makes it possible to read the record being written,
The read portion of the write operation is used to check the record on tape for error,
The write control circuits initiate a read operation. This read operation operates the
same as a normal read cperation, except that the data being read are never set into the
R-W register, All checking of the record read is done with the data in the read regis-
ters. The write operation is pot completed until the read operation is finished. The
error conditions in the read check during writing are covered in Section 4, 1. 02,

1.4,03 Backspace

A hackspace operation is essentially a read operation in a backward direction. The
only difference is that, in a backspace operation, no data are transferred from the tape
to the system. The operation consists only of getting from the end of a record back to
its beginning,

When the ""backspace call” request signal is received in TAU, the operation is started.
All tape motion in a backward direction must be done with the tape unit in read status.
TAU first cheeks the status of the tape unit. If the tape unit is in write status, TAU
inttiates forward tape movement for a short time belore setting read status to insure
that noise, created in changing to read status, will be far enocugh out on the tape to be
erased in the next write operation. Once the tape unit is in read status, TAU will set
backward status and then start the tape moving. Characters arve set inlto the read regis-
ters and start the read clock as in any read operation. A timing circuit is started from
each read clock eyele and, provided characters arrive in timed intervals, the timing
cireuit is reset on the next character cycle. When the hegimming of the record is reached,
the timing circuit stops the operation and rescts the tape unit to forward status, The
R-W register is not set during the hackspace operation and no error cheeking eircuits
are active.

1.4,04 Write Tape Mark

A write tape mark operation is a cne-character write operation. On recelving the
write tape mark call signal, TAU activates the normal write operation circuits, Be-
cause this is a write tape mark operation, the R-W register ig conditionad within TAU
to set to 8, 4, 2, and 1, the bit structure of a tape mark. A write clock pulse then sets
the character into the R-W register, making it available to the tape unit write circuits.
Ancther cleck output is developed into a write pulse and sent to the tape unit initiating
the writing action. At the same time the write operation is started, a disconnect oper-
ation is also started to end the operation. This insures a one-character record (tape
mark}, and a check character is written on tape. All normal checking cirecuits are
active,

In a read operation, TAU recognizes a tape mark and makes the recognition available
to the system. In every read operation a first character trigger is turned on for the
first read cycle. If the character that sets into read register A is a tape mark, a '"first
character tape mark" line is made available to the system.

1,4.06 Rewind

Two rewind operations are included in TAU, One is a normal rewind operation,
and the other is a rewind-unlead operation., Both operations are identical for the actual
rewind operation, but the rewind-unload operation causes the tape to unload.

A rewind call signal turns on a rewind trigger in TAU. The cutput of the rewind
trigger is sent to the fape unit, where it initiates the rewind. As soon asg the tape unit
gocs into rewind status, TAU resets the rewind trigger and the TAU operation is
complete.

A rewind-unload call signal turns on a rewind unlead trigger in TAU., The output
of the trigger initiates the rewind action in the tape unit and, in addition, sets control
circuits for unloading the tape when the rewind ig completed. As soon as the tape unit
ig in rewind status, the rewind-unload trigger is turned off and TAU operation is
complete,



1.4,.06 Erase

An erase call signal to TAU turns on an crase trigger. With the erase trigger on,
the next write operation is forced to take a longer write delay before allowing writing
to begin, In effect, it causcs a tape unit to skip over a seclion of tape.

1,4.07 Error Checking

In all operations where data are being transferred from TAU to either the system or
tape unit, the infoermation, while in TAU, is checked for various errors, The error
checks porformed in TAU congist of vertical redundancy checks, write echo checks,
write compare checks, and a longitudinal redundancy check. Any of these errors turns
on a TAU error trigger. The output of the trigger is available to the system, and is the
only indication of an error to the external system. Besides the TAU error trigger, a
read register A vertical redundancy crror, a R-W register vertical redundancy error,
and an echo error will turn on triggers in the TAU that are used only to light indicator
lamps. Iollowing is a description of each type of error condition.

Vertical Redundancy Check

The vertical redundancy checker (VRC) determines the vertical bit structure of a
character for either an odd or even bit count. Normally the VRC is sel to check for an
oven bit count, but an "odd redundancy call” signal from the system turns on an odd
redundancy trigger that conditions the VRC for an odd bit count. Whenever a character
bit structure count does not agree with the type of vertical redundancy check called for,
a VRC error line becomes active, There are two VRC's in TAU, The outputs of read
register A condition one VRC and the outputs of the R-W register condition the other.
Any time data appear in the R-W register they are checked. If the bit count is differcnt
from the type of check called for (odd or even), a clock pulse samples the error line
and turng on the TAU error trigger and the R-W register VRC error trigger., The R-W
register YIRC error trigger is used only as a neon indication on the TAU wiring panel.

In any read operation, the ocutput of read register A is checked. I a vertical redun-
dancy error exists in a read check during writing cperation, the TAU error trigger and
read register A VRC error trigger are turned on. If the error exists in a normal read,
the read register A VRC error trigger is turned on but the TAU error trigger is not,
The VRC error line in 2 normal read is used to gate the outputs of either read register
A (no error ) or read register B {error ) to the R-W register.

Echo Check

To insure that something is being written on tape during a write operation, TAU
checks for return echoes fromthetapeunit. During the write operation, a no~echo
trigger is turned on. When writing takes place in the tape unit, the tape write circuits
develop an echo and return it to TAU. Any echo return will reset the no-echo trigger.
I the tape writing circuits are not active, no echoes arce developed and the no-ccho

trigger remains on. At the end of the write eyele, the no-echo trigger output is sampled.

If the trigger is on, the echo error and the TAU error triggers are turned on,

10

Write Compare

While read checking during a write operation, the character in read register A is
compared against the character in read register 13. If they are not alike, the TAU
error frigger is turned on,

Skew Error

A skew error trigger is turned on whenever bits appear after a normal character
gate time, The read clock allows a definite amount of time to read all bits of any one
character. After this time, all bits of any character should have been read. I any
bits appear after this time, the skow ervor and TAU error triggers will be turned on,

Longitudinal Redundancy Check Register (LRCH)

The LRCR is a seven-trigger binary register which keeps an odd-even count of each
bit track. The count of bits in a horizontal track in a write operation should always he
even, Assuming no crror, the record that is read should also have an even count for
each bit track. Before completing any read operation, the LIACR output is sampled.

If any trigger is on at this time, the TAU error trigger will be turned on.

1.4.08 Dual Density

The dual densityv feature of TAU allows TAU to write and read either the 729 II or IV
tape units at a high density rate (556 bits/inch) or a low density rate (200 bits/inch).

TAU 1 contains all the necessary circuits to operate both 720 Il and IV tape units at
either density. Because of space limitations, TAU 2 is packaged to operate on 729 II
at either density and another TAU 2 is necessary te operate 729 TV tape units at either
density, '

TAU 1

A request signal from an external system is received by TAU and sent to the tape

unit hi-lo density trigger. The status of the density trigger, returned to TAU, together

with the select and ready line of either the 729 II or IV tape unit, conditions the proper
oscillators in TAU., The conditioned oscillators feed the read and write clocks and
other timing circuits necessary to time TAU to the correct density.

TAU 2

The dual density operation for TAU 2 is identical {o that of TAU 1 except that the
"'sel and ready mod" tape unit is not used to condition the oscillators, This line is not
necessary becausce there is a scparate TAU 2 for cach tape unit. On TAU 2 the density
line from the tape unit serves only to condition the proper oscillator for either density
whereas in TAU 1 the proper oscillator for 729 II or IV operation, as well as the dual
density condition, had to be met.

11



2.0.00 TIMING AND CONTROL

2.1.00 TIMING

All the necessary timings and delays required by TAU are generated by oscillator
driven binary counters. The timing circuits included in TAU consist of a read clock,
a write clock and a delay counter. Because TAU can operate with 729 Il and IV tape
unite at either density, the timings of the various control circuits must vary. By
selecting different oscillators, the output of the timing cireuits can be varied, Figure -
2.1-1 lists the timings and clock pulses for the two different tape speeds at both
densities.

2.1.01 Iead Clock

The read clock is a four-stage modified binary counter, The clock triggers are
labeled RC1, RC2, RC4 and RC8. By gating combinations of the four triggers, pulses
from RC1 through RC11 can be obtained. All timings from the read clock will he
referred to as RC1, RC2, RC3, and so on to RC11.

Each first bit of a character read during a read operation allows oscillator drive
pulses to start stepping the clock. All necessary timings required for data flow and
checking on any read operation are obtained from the read clock.

2,1.02 Write Clock

The write clock is a four-stage modified binary counter. Write clock triggers are
labeled WC1, WC2, WC4, and WCB8. As in the read clock, by gating combinations of the
triggers, pulses from WCI1 through WC15 can be obtained. All write clock pulses will
be referred to as WC1, WC2, WC3, and =0 on,

Early in a write operation, TAU turns on a control trigger (write condition) which
gates oscillator drive pulses to the clock., Since the clock is a binary counter , 16
drive pulses are necessary for one complete cycle., As long as write condition remains
on, the clock is in repetitive cycles. When the write operation is ending, write condi-
tion is turned off and the clock stops. The clock input is gated also with the WC8 trig-
ger, which insures that all clock triggers are off when the clock stops. All timing
pulses for data flow through TAU during a write operation are obtained from the write
clock.

2,1,03 Delay Counter

The delay counter is a 9-stage modified binary counter. The delay counter triggers
are labeled in binary order from DC1 to DC256, Since the delays required by TAU
range from microseconds to milliseconds, the delay counter can count in both the
microsecond mode and the millisecond mode. It also has facilities for starting and
stopping at any specified point in 2 cycle. The outputs of the delay counter are obtained
by gating combinations of the triggers. Because the delay counter is widely used in all
TAU applications, the outputs are labeled according to the gating lines and the count at
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DELAY COUNTER USEC CTRL

729 I Le 7220 Hi 72V La 729 Iy HI
Cre 240K C &ETRC 36IKC It
ROD3S 150usec 54 Qusec 100usec 35, dusec
RO 28 532usan 172 ysar 355usec 125, Dusec
ROD134 Sébusec 204usec 377usec 136. Dusec
ROD144 50Cusec 216usec 400usec 144 . Jusec
WEDED 250usec Pusec 166usec &0, Quses

DELAY CTR MILLISEC CTRL

72200 79 IV

Crc GETEC 1K
ROD4 fms 0.4ms
RCD26 + 2DD3Y 5.7ms (ADD38) 2.4ms (RDD26)
RCDEO* 4, 5ms 3 .Oms
RODe4 9 .6ms & dms
ROCD152 22 . Erng 15.2ms
WOR20 3.0ms 2 . Oms
AREE) &.5ms 4. dms
RD140 24.0ms 14, 0ms
WhE2 _F.Bms 5.2ms
WEHG 12ms _"- 8 .0ms
Wh320 48ms 32ms
050 7. Sms 5.0ms
D94 14 . dms 9.4ms
[ 24 O 14.0ms

| Blsp 180 77 .0ms TE.0ms
5t Rd Cond 32 4 .8ms _ [ 3.2ms
* TAUZ only

READ CLCCK OUTEUT
Timing fef
Rise of 1st Bit 72?2 1l Lo 729 11 Hi 729 IV La 729 IV Hi
Qs 240K SETH 30K Imeg
RC3 12, 8usec 4, Busen 3.6usec 3, dusac
RC4 16, Fusec 6. 3usec TT Ausec 4. Jusec
RCS 21 1usec 7 .Busec 14 . Tuses 5. Jusec
RCH 25, Jusec 2. 3ysec 17 .0usec & .Jusec
RC7 29.8usec 10.8usec 19.7usec 7 dutec
RC7 : .
Reset (Rd) 31.8usec 11, busec 21, Juses i 7.Buseg
RE7
Feset (W ELIE 1a. Tuson 29 Jysac 10, 8usec
WRITE CLOCK QUTPUT
Timing Ref
Rise of Tst Bit 729 |l Lo 729 11 Hi 729 IV Lo 72 IV OHI
Csg 240K 667 X .C A50KC Tmeg
Wl deference Reference Reference Reference
W3 d.32usec 3.00uzec 5. Bhussc 2 .00usec
WS 16 Susec & D0usec 11. lusec 4 . 00usec
WY 31, 5usec 11 . 5usec 21 . Tuses 7 .7husec
W14 54 . lusec 19, 5ysec 36 luses 13 . Cusec
WIS 46 . buses 24 . Dusec 44, 5usec 14, Qusec
FIGURE 2.1-1. TIMING RELATICNSHIPS




the culpul cirecuit.

ation,

Listed in Figure 2.1-1 are the timing outputs for 729 II and IV oper-

The counter operation is controlled from control triggers turned on during specific

TAU operations,

are ohtained from outputs of zix oscillators.
eration for the millisecond and microsecond mode, and three oscillators arc used for

729 II operation in the millisecond and microsecond mode.
conditioned by a "gel and rdy Mod II" from the tape unit.

Depending upon the timing neccssary, cither millisecond or micro-
sceond control is conditioned by the contrelling trigger.
ond control gates the proper oscillator drive pulses to the counter,
Three oascillators are used for 728 IV op-

The millisecond or microsec—

The drive pulses

The correct osceillators are
All outputs of the delay

counter are used to obtain all the delays for tape motion and for completing TAU oper-

ations.

2.2.00 INPUT-GUTPUT CONTROLS

Input dats and control lines to TAU from the externul system are listed in Figure

2.2-1. Also listed are all output lines from TAU to the tape unit,

The timing and con-

trol duta lines required by the external system from TAU are made availahle at cdge
conncetors. Figure 2. 2-2 lists all the lines that are available at the edge connectors.

2.2.01 Interrupts

The pulses and control lines listed in Figure 2. 2-3 are interrupt lines madeavailable

by TAU. These lines are normally jumpered clused at edge connecters with no change
However, when an external system wishes, the inferrupt line may be
broken and used for a control purpose in the external system. The result of the logic

in function.

circuit in the external system must be tied back to TAU and complete the function which

the interrupt line normally completed, as illustrated in Figure 2, 2-4. The basic logic
of TAU that is controlled by interrupt lines can be altercd by an external system. Be-
cause it is impossible to cover all cases when the interrupts are used, the line names

in TAU are always labeled ag if the line were not interrupted,

It is recommended that

in study of TAU, in any particular system, the reader familiarize himself with the

interrupt lines and their related functionandtimingin TAU. Al illustrations in the man-

ual are treated with the understanding that none of the interrupt lines have been inter-

rupted.
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FROM COMNTROL UNIT

FROM TAPE UNIT
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3.0.00 FUNCTIONAL UNITS

3,1.00 FINAL AMPLIFIER

Each of the seven final amplifiers is fed from the 7-bit read bus channel from the
tape unit. The inpuis to the amplificrs are peak amplitude sensed. The [inal amplifiers
have two outputs, a high level and a low level, Seven high and seven low outpul signals
are developed for input to the read registers.

3.1.01 _Amplifier Description

The basic TAU final amplifier consists of three SMS cards, Each card serves a
specific function in the operation hetween the input read bus and the output pulse used
to set the read registers.

Two more cards are added to each of the basic amplifiers to make the second channel
of the dual channel system.

The first card (AFC} is used to perform the five functions listed below,

1. Amplify the input signal 2, 2 to 2. 4 times (transformer).

2, Provide two signals 180% out of phase (transformer),

3. Impress a DC bias to provide a noise clipping level {transformer plus external
: control cards).

4. Rectify out-of-phase signals to provide in~phase signals (first transistor stage -
emitter followers). ¥
Provide two outputs, cnc of which is impressed with additional noise clipping
(high and low clipping channels).

[w) ]

The normal read signal input is eight volts peak-to-peak and all acceptance level
percentages are based on this figure. The sine wave frequency range for proper oper-
ation is T.5ke to 32ke. This range of frequencies is designed to provide maximum
reliability for operating 729 If and 729 IV Tape Units.

The neise clipping applied to the first card is provided by three external cards
which can be varied over a wide range of values., The clipping value is switched be-
tween read and write operations to the values shown below.

Clipping Level (-12v Reference)

Write Read

-2.4v B - .,6v B

+1.2v A +2.2v A Additional clipping provided to channel A
+2, 4v 0. 6v + inverse channel B clipping voltage
+3.6v A +2.8y A Effective elipping for channel A

The output of the firet card is the half wave of the input amplified twice.
The second card (FC) provides two functions for the final amplifier system:
Differentiation and clamping

Amplification and integration
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The time constant of the differentiation is selected to provide a flat response over
the frequency range mentioned. After differentiation, the negative portion of the signal
is clamped out. The positive porvtion is amplificd about 20 times and integrated in the
emitter follower output stage. This provides a signal output that has a fall time coin-
eident with the input peak and, as such, is an effective pcak senser. The integration
provides a sharp cul-off to [requencies above the band pass to protect the system from
noise.

The third card (FD) provides two functions:

DC sensing
Pulse generation

The input cirecuit to this card is essentiully a Schmidt trigger. The input signal will
charge the integrator of the previous card from -12 volts towards -6 volts. When the
signal rises to about -10 volts, the trigger will turn on. Bcceause the rise of the inte-
grator is slow and the fall fast, the time difference between the input peak and the fall
of the irigger is more consgistent. Tt is for this reason that the fall of the input signal
is used to torm the output pulse. The pulse is generated in an LC timing network and
has a duration of ahout 0.6 usec.

3.1.02 Clipping lLevcl Description
Four cards are used to establish the various clipping levels used in TATU.

The basic card (WU--) affects the clipping level of both the A and B channels. This
eirouit containg a voltage divider and a transistor switch which can be activated, when
required, to alter the divider output. As presently used, the switch is turned on when
TAU is in "not write status. " This results in less clipping voltage at the output.

A second card {(ABP-) is connected in parallel with the basic card to further contrel
the clipping voltage, The card has a number of outmit voltage pessibilities and can be
switched independently of the basic clipping card.

Because the two cards previously explained affect both channels equally, a second
set of cards is necessary to control the relationship between the A and B channels,

These cards (AB@- and ABR-) impress a positive bias on the output of the A¥ C-
amplifier card in order to produce additional clipping on the A channel when the B
channel ig operating at a very high sensitivity, As in the case of the previous cards,
these cards are switched when not in write status.

3.2.00 REGISTERS
3.2.01 Read Registers

TAU has two read registers; one, read register A, is sct from the high level out-
put signals from the final amplifier, and the other, read register B, is set from the
low level output signals from the final amplifier. Each read register containg seven
triggers, one for each bit of the 7-bit code. Because of skew on the tape, the character
bits remain in the read registers for a length of time determined by the read clock
cycle. This is done to insure that all the bits of a particular character have been re-
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ceived by TAU, hefore the character is placed in the R-W register. The length of time
the character bits are allowed to remain in the read vegisters is a little less than half
of the normal character time interval. If the full character is not in the read registers
by this time, an error is indicaled in the read eycle.

In a normal read, the character in either read register A or read register I3 is
gated to the R-W rogister. If the character in read register A is correct {no vertical
redundaney error) it is sent to the R-W register: however, if the character in read
register A is not correct (read register A vertical redundancy error), the character in
read register B is unconditionally sent to the R-W register. When the B-W register
ig sct, the LRCR is also set. The operation is the same for a read check during

writing operation, except that the character is sent only to the LRCR and not to the R-W

register,
3.2.02 Read-Write Register (R-W)

The R-W register is 4 group of seven friggers, one for each bit of the 7-bit code.
All data passing between the external system and a tape unit pass through the R-W
register., The R-W register is the swinging door through which the data are allowed
to flow either way, During writing, the input data lines are set into the R-W register,
and the register ouiput is the duta output of TAU to the tape unit. During reading, the
R-W register s set from the read register and the R-W register output is again the
output of TAU, only this time to the cxternal system.

3.3.00 ERROR CHECKING
3.3.01 Vertical Redundancy Checker (VRQ)

The outputs of read register A and the R-W register feed VRC's, Both VRC's are
conditioned by an odd redundancy trigger that can be turned on and off by the external
system. The VRC's are a combination of plug and minus OR ecircuits that determine the
vertical bit structure of a character. The ouiput of the VRC is an error line. By use
of the odd redundancy trigger, the VRC error line can be conditioned to be active for
either odd or even redundancies,

Figure 3.3-1 shows the VRC circuit used in TAU. The inputs to the checker are
the seven bit lines of the 7-bit code and the odd redundancy conditioning line. Tho bits
are compared in pairs for even or odd cutputs. The results of two group comparisons
are then comparcd in pairs for even or odd outputs, to give two final groups which arc
also compared for the odd-even result. The final result of the last comparison is the
output of the VRC,

Figure 3. 3-2 shows the second-level logic of the TAU VRC. The labels above the
input lines show the condition of the lines when the input is active. The names helow
the line represent the condition of the line when the input is inactive, The outputs of
the AND blocks are considered odd if only one of the inputs is present, and even if none
or hoth of the inputs are present. The status (plus or minus) is the level of the line
when the given cendition is present, The oddredundancy input is used to condition the
C bit input to check for either the odd or cven redundaney check.
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3.3.02 Longitudinal Redundancy Check Register (LRCR)

The LIRCR is a pgroup of seven iriggers, one for each bit of the 7-bit code. All the
triggers are binary triggers. At the start of any read operation all triggers arve off.
As character bits are set into the LRCR, each trigger being set will he turned on with
the lirst bit, off with the second, on again with the third, and so on throughout the record.
Since a record, when written, is always made even when the check characier is written,
the LRCR, afler setting to the check character, should finigh with all triggers off (even
count). If this is the case, no error is indicated. Ilowever, if any trigger is on after
the check charaecter sets, the active trigger output will indicate an LRCR error,

Irigure 3. 3-3 illustrates the LRACR action with a simple record, on tape, as shown
at the upper left. When the record is read, each character is checked for a VRC error
as well ngy the LECR error. All bits have an even count both vertically and horizontally.
The wetion i3 noted in the sequence chart helow the tupe. In the A track, as an example,
the first A bit read will turn on the A trigger in the LRCRR, The second bit read will
turn the trigger off, the third A bit will turn the trigger on, and sc on through the record.
At the end of the record the trigger in the LRCR will contain an odd or even ¢ount of each
hit track just read, When the check character is read, any iriggers which were on will
lie turned olf.

The dotted circles note the hits which are dropped to indicate an LRCR error. Two
bits are shown being dropped to indicate that the character is still even vertically and a
VRC will not oceur. The dotted lines represent the error condition in the seguence
chart. Notice that when the LRCR sample is active the B and A triggers are on and an
error will occur. If only one bit had failed to read, the record would indicate a VRC
as well as the LIZCIL.  With only one bit dvropped, the sceond character would have an
odd bit count causing the VRC error. The LRCR would still show an error because the
bit track in which the bit was dropped would have an odd horizontal count,

The logic diagram at the right of Figure 3.3-3 shows the LRCR register and the
sample., T any ‘trigger has an output when the register is sampled, the A circuit will
have an cutput to turn an ¢rror trigger on, The LRCR is always sampled well atier the
check character is read, to insure that all characlers have been entered.

3.3.03 IEcho Error

In each write cycle, a no-echo trigger is turned on before sending a write pulse to
the tape unit, When any writing takes place on the tape unit (from a TAU generated
write pulse), the active write circuits develop an echo pulse and send them to TAT.
Any echo pulse received by TAU resets the no-echo trigger. Late in the write eycle
the status of the no-echo trigger is sampled. If the no-echo trigger is on, the TAU
error trigger and a no-echo error trigger will be turned on. I the lrigger is off {echo
return), ne error will be indicated.

3.3.04 Write Compare

In every read during a write operation, read register A und read register B are
compared with each other. Any uneven comparison will indicate an error by turning on
the TAU error frigger. The compare circuit is a group of -AND circuits conditioned by
the outputs of both registers. By allowing the read circuits to become active earlier
than normal, a compare check is used to detect inter-record gap noise.
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3.3.05 B8Skew Error

As a check against any excessive speed variation of tupe movement between the write
and read heads, a skew error circuit is used, A momentary slow-down of the moving
tape al the Lime of writing will cause the written churacters to be spaced closer together,
I the tape is traveling al normal speed when the characlers are read, a skew error

T A y Ck Char will result, The momentary slowing down of the moving tupe arises if the tape driving
C A *a mechanism should momentarily glip or bind. During this period when tape is traveling
B J’\R_{l Xp at a slower rate, less tape is passing under the write head. With the write pulse
R X; (—-5} %, X, ' frequency remaining constant, the magnetized areas on the tape become clescer together.
- The spacing of the characters on tape is a [unclion of the tape speed and writing fre-
8 guency. - When the tape unit is back at its normal speed, the closer spaced characters
4 %, X Cln | B;niry | will have a sma_[ler time interval between them, 'l‘he reading civcuits were designed
Trigger " to accept charaecters at the normal time inferval., I any characters appear earlier than
2 *q X2 ' the normal time interval, the skow crror circuit will hecome active.
] X X2 B
- Ble ?_ifwy — ’ . Figure 3. 3-4 illustrates the action. In graph A is a lypical tape envelepe (ignoring
we e start time). The tape speed is constant until T6 time, where the slowing down takes
- place. At TS time the tape ig traveling at its normal specd.
Aln .
O"I__OFF E:T:gir 1 Graph B is the speed line, Speed is a function of distance traveled, divided by the
¢ 1 ZOn o i : time, Any point on the graph up to T5H shows the distance tape travels with respect to
5 Sy — 1 R A — _ 8 time and is directly proportional. The ratio is a constant dencting that the tape is
| —> ?'r'::grir -4 travelling at 4 constant speed. I'rom TH to T9, however, is the slowing down point.
A r T p— vy I — The graph illustrates that, for a given time, the distance travelled is much less at the
[ - ' T5 to T9 time. If characters are writien at timed intervals and plotted on the graph,
8 : 41n -Br[?w | the character spacing would be as illustrated on the right end of the graph,
rigger
4 H__zl——! Chart C shows the error circuit action when these characters are read. Only char-
, | 4 E acters 4, b, and 6 are shown in the sequence chart. When the first character is sensed,
- 2— — ?:[‘:;L’r — 4 read clock cycle is started. A portion of the read clock cycle is allotted to allow
| — I time for all bits of a character to be read. At the completion of this time the character
LRCR REG | : is placed in the R-W register. Also, at this time, a skew gate trigger is turned on to
LRCR Sample = M n thw - check for the error condition. Since characters 4 and 5 are spaced correctly apart,
Trigger A ErorTor . a skew error is not indicated, However, characters 5 and 6 are spaced closer than
LRCR Error normal. Character 6 will be read when the skew gate ig active and turn on the skew
[ % ) . error and TAU error triggers. Character 68 was written when the tape had slowed down
Dtted Unes Indicate : and the condition has been notcd by the skew error condition. Characters 6, 7, and 8
Darted Circles Represent are shown packed together. Thisg is referred te as bit or character packing.
the Bits Drepped Causing
FIGURE 3.3-3. LRCR LOGIC the Errer

This ecircuit is active only when a momentary slow-down of tape occurs. There
must be an excessive speed change in tape movement between the write head and the
read head,

3.4.00 CLOCKS AND COUNTER
3.4.01 Read Clock

The read clock in TAU consists of four binary triggers separdated by a 400 nano-
gsecond delay line. The high-low density line and the selected tape unit ( II or IV)

determines one of four oscillators used to obtain the drive pulses, The oscillator cut-
put is fed to a 400 nanosecond* single shot where the drive pulses are developed. The

* One nanosecond equals one milli micro-second,
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400 nanosecond drive pulscs feed all four triggers in parallel. Because of the 400 nanoc-
second delay between each clock trigger, the only trigger conditioned when the drive
pulse arrives will be the only 6ne set. The previous trigger will be reset by the same
pulse, When any one trigger is set, the next trigger in the ring is conditioned after the
400 nanvsecond delay. DBy this time, the drive pulse has disappeared and ancther drive
pulse is necessary to set the next trigger. By this method, then, the first drive pulse
will turn on the RC1 trigger, the second drive pulae will reset RCI1 and turan on RC2, the
third will turn RC1 back on (RCL and RC2 both on will give RC3 {ime), the fourth drive
pulse will reset both RC1 and RC2 and turn on RC4, and so on through the read clock
cycle. Atthe completionof each read clock eyele all triggers are resect off,

The osecillator used to drive the clock is normally clamped off until reading is to he-
gin, Because there is no way of lknowing just when characters will start being sent from
tape, the read clock cycle is not started until the arrival of the first bit of cach charac-
ter read, By starting the read clock with the first bit line, a timing relationship for
each character of a record can be realized. The read clock will run through one com-
plete cycle for each character of a record,

The length of the read clock cycle is dependent upon the type of rcad operation to he
pertormed. The normal read clock cycle is shorter than that of a read check operation.
In a normal read operation the clock will run from RC1 time to RC7 time, One output
of the RCT7 timing circuit is fed through a 400 nanosecond delay line and is then used to
trigger a 1000 nanosecond (1 usec) single shot used to reset the read clock triggers,

A read check operation runs from RC1 through RC11 time, The exira time required on
a read check operation is used as a further check of the data just read.

In a read check operafion the read cleck timings are slightly different than a normal
read. Specifically, RC7 time is actually RC5 time. A write operution control line
conditiong the RC7 timing circuit to allow an output with the RC1 and RC4 triggers.

The reason for this timing change is an added mafginal check for the record heing read.
Also, the RCY reset line is actually at RC11 time. Again a write operation control
line conditions the circuit to chtain the added time.

It is extremely important to realize these variations because the system line names
are not so labeled, The RCT and RCT reset lines are labeled in the system, but, as
mentioned, during a write operation the RCY7 time is RC5 and the RC7 reset time is
actually RC11. The clock operation otherwise is the same as in a normal read, The
RC7 reset line (RC11 when writing) flips a 1000 nanosecond (1 usec) single shot to
reset all the read clock triggers at the completion of the read clock cycle.

3.4.02 Write Clock

The write clock consists of four binary triggers separated by a 400 nanosecond delay
line, The triggers are driven in parallel by a 400 nanogsecond timing pulse derived
from a crystal osecillator, A control trigger (write condition) comcs on carly in a write
operation and gates oscillator pulses to the clock. The cloek operates in a binary
fashion similar to the read clock (1 on, 2 on, 1 and 2 on, and so¢ on), After the fifteenth
drive pulse the WC1, 2, 4, and 8 triggers will be on. The sixteenth drive pulse resets
all the triggers to normal, and one cyele is complete. Since write condition is still on,
the oscillator continues driving the clock and ancther write cycle is started. Aslongas



write condition is on, the clock remains in repetitive cycles, The WCB trigger also
conditions the oscillator drive pulses to insure that the write clock will complete its
cvele when write condition goes off,

3.4.03 Delay Counter

The delay counter consists of nine binary triggers. The DCI1 trigger is driven
directly from the selected oscillator, forming the drive timing pulse and sample pulse.
The next four triggers are driven in parallel by a 400 nanosecend timing pulse, while
the next four are driven in series by the output of the previous trigger.

The drive pulses to the clock are conditioned from a speed control circuit. This
circuit has either a millisecond control output or a microesecond control output. Since
the operation of the counter is so varied, each operation needing the delay counter out-
puts has a control trigger to start the delay counter at the proper time and in the proper
mode., Whenever an cperation using the delay counter is complete, the control trigger
resets the counter in preparation for the next operation.

The frequency of the drive pulses to the counter is determined by either 729 II or IV
operation and the high-low density status. )
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4.0.00 INTERNAL OPERATIONS
4.0, 01 TFigure Relerences
Flow Diagrams

To elarify TAU operation, flow diagrams have been included for write, read, read
check, backspace, andrewind, The flow diagrams show the word sequence of the way
TAU performs an operation, and in no way show how the operations have been performed.
With TAU operating correetly, the flow charts tell the sequence of events TAU uges in
completing an operation from heginning to end. The diagrams use a S-block notation,
The oval block is used at the beginning to indicate the operation to be performed, It is
also used at the end when the operation is complete, The rectangles indicate the event
TAU is performing. The diamond blocks are decision blocks with the outputs laheled.
The write-up that follows in this scetion hag a brief explanation of each block of the
flow diagram,

Block Diagrams

Included for read, write, crror while writing, and hackspace are block diagrams for
each of the operations. The block diagrams represent all the necessary timings, condi-
tions, and writing lines TAU usges to perform the operation, '

Sequence Charts

A timing sequence chart is also included for read, write, backspace and error con-
ditions while writing. The sequence chart shows the timing relationships for existing
eonditions of an operation during the operating cycle.
4,1,00 BASIC TAU OPERATIONS
4,1.01 Write Operation

To initiate a writc operation, the exfernal system must gencrate a write call and
gend it to the TAU. The TAU directly controls all fape movement, develops the write

pulses, and controls the data flow from the system through TAU to the tape, The
complete write operation of TAU is shown in Figures 4, 1-1 through 4.1-5. Following

im a brief explanation of each block of the flow diagram.

Write Call

This ¢all is a request signal generated within the external system and sent to the
TAT to start the operation.

Busy

I the TAU were performing ancther operation at the time of the request signal, the
busy line would be active and prevent the write call from performing its function. If
the TAU were idle, however, the write call signal would initiate action in TAT.
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Write Trigger ‘

The write call signal turns on the write trigger in TAU. With the write trigger on,
the busy line becomes active and prevents another operation until writing is complete.
The write trigger signals the tape unit to set the unit in write status.

Write Delay Trigger (WD)

At the same time the write trigger is turned on, the write delay trigger is also turned
on, The write delay trigger controls the starting of the tape and the necessary time
delay before the actual writing cireuits become active,

Tape Unit File Protected

If the tape unit is in a file protect status, the set write signal from TAU is blocked.
TAU is dependent on write status signal from the tape unit, I the tape unit cannot go
to write status, the TAU operation is blocked and no operation will resuit, If the tape
unit is not in file protection the set write status signal from TAU sets the tape unit in
write status, The tape unit then returns the signal ''sel and write" to TAU.

Go Trigger

With the wrile delay trigger on and "sel and write status' active [rom the tape unit,
the go trigger in T'AU is turned on. The go trigger output is sent to the tape unit and
initiates tape movement.

Millisecond Delay Counter

With the tape unit in write status, the write delay trigger starts the dclay counter,
The write delay trigger conditions the countcr fér millisecond control and the counter
starts stepping. The counter drive pulscs arce determined by the oseillator, selected

by either 729 II or IV operation. The reason for the delay is to allow the tapé to reach
its proper speed before initiating the active wrile cireuits.

Load Point

T the tape unit is al load poinl when it is selected, the load point trigger in TAU will
be on, The load point trigger condilions the write delay ecounter output,

Delay Counter Output

If the load point trigger is off, the delay counter WD32Z pulse will turn on write con-
dition. If the load point trigger is on, the delay counter must count to WD320 before an
output is available to turn on write condition. The added delay, if at load point, is
necessary to insure thal the load point reflective spot is well beyond the R-W head be-
fore writing is allowed to take place, In either casc the tape is up to speed before write
condition is turned on., The same delay pulse used to turn on write condition also resets
the writc delay trigger and the delay counter.

Write Condilion

This trigger is turned on upon completion of the write delay. Writc condition has
the direct conlrol of the actual writing by controlling the write clock. The flow of data
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through TAU and the timing relationships for control are originated with the write clock.

Write condition allows oscillater drive pulses to start stepping the clock. As long as
write condition remains on, the write clock will be in repetitive cycles. When write
condition comes on, the write trigger release trigger is turnced on, This trigger is
used at the end of the write operation to write the check character.

Read Condition

If the tape unit is at load point, read condition is turned on at the completion of the
write load point delay. If the tape unit is not at load point, read condition is turned on
when the delay counter reaches D32, which is before the write delay timing. Read con-
dition ig turned on in order to read the information as a check of the write operation,

The early turn-on allows the read circuits to become active soon enough to detect possible

inter-record gap noise,
Write Clock
This clock produces basic timing pulses for actual writing, The actual timing of the

pulses is listed in Figure 2.1-1, All clock cutputs are listed with a WC designation; for
example, WC1 time, WC3 time, and so on,

Reset R-W Register

At WC1 time of any write clock cycle, the R-W register is reset. This clears out the
last character in the R-W register in preparation for setting it to the input data lines
for a new character.

Set R-W Register

At WC3 time of the write clock eyele, the input data lines are sampled. All lines
that are azctive are set into corresponding triggers in the R-W register with the WC2
pulse, With data in the R-W register, the output lines to the tape are active,

No Echo Trigger

Unconditionally, at every WCS5 time, a no echo trigger is turned on, This trigger is
sampled later in the write cycle as an echo check for writing.

Write Pulse

Powered from the clock at WC9 time, the write pulse is sent to the tape unit to
initiate the writing action., Since the data lines are already active to the tape (output
of R-W register), the arrival of the write pulse causes the character to be written.

R-W Register VRC Sample

Also at WC9 time the R-W register output is sampled for a vertical redundaney
check, Whenever data appear in the R-W register, its output, besides being available
on the output tape bus, is zlso sent through o VRC. Depending upon the type of vertieal
redundancy check called for {odd or even), thec VRC error line will be active from the
wraong type hit strueture. At WC9 time the VRC error line is sampled.

34

R-W Register VRC

If the VRC error line is attive at WC9 time, the R-W register VRC error trigger
will be turned on. This trigger gives only & neon indication of the error, In addition
to the R-W register VRC trigger being turncd on, the TAU error trigger is turned on.
The output of the TAU error trigger is availahle to the external system and is TAU's
only method of indicating any write or read error.

In TAU 1, the first error character is placed in a R-W check register. The output
of the check register is fed to indicator when the bit structure of the error character
is digplayed.

Echo

When writing action takes place in the tape unit, the write circuits develop an echo
pulse. The echo pulse is immediately sent to TAU, When any echo is received from
the tape unit, the no echo trigger is resel. Note: It takes only one echo from the tape
to reset the no echo trigger. H the write circuits in the tape unit are not activated for
any bits, no echos are develped and the no echo trigger remains on, This check insures
that something was written, but does not indicate what.

No Echo Error Sample

At WC14 time, the no echo trigger ontput is sampled. If the no echo trigger is off,
no action tukes place. However, if the no ccho trigger is on {no echoes from tape), an
echo error trigger and the TAU error trigger will be turned on with the WC14 pulse.
The echo error trigger is a neon indicuting trigger only. The TAU error trigger out-
put is the only error indication fo the external system.

Disconneet {Disc) Trigger On

This trigger is turned on by a request from external system control to end the oper -
ation. If an end-of-write operation is not requested with dise call, the write operation
continues to repeat. The next elock pulse W(C1 resets the R-W register and so on
through the complete writc cycle again.

The write operation continues until the information trom the external system is
written. To end the write operation, the system must generate a disc call signal and
send it to TAU. This signal arrives sometime during the last write character cycle.
Upon receiving the disc call, TAU writes a check character, stops the tape, and pro-
vides the necessary resets for the write circuits. The disc operation is shown in
Figure 4, 1-1,

Dise Call

This cull is a signal generaled within the external system control lo end the write
operation. '

Disc¢ Trigger

This trigger is turned on when the disc call line to TAU is activated.



Disec Trigger On

If the disc trigger is on when the write clock output is at WC14, the write delay disc
trigger is turned on {Figure 4. 1-1).

Write Delay Dise (WDD)

This trigger is the controlling trigger in TAU thal initiates the end-of-write opera-
tion, It is turned on at WC14 time of the last character cycle when the TAU dise trig-
ger is on.

Reset Write Condition

Write condition is reset at WC14 also if the WDD trigger is on, When write condition
goes off, it blocks further oscillator drive pulses to the write clock, The clock stops
with all triggers off,

Mierosecond Delay Counter

The WDD trigger starts the delay counter by initiuting microsecond contrel. The
oscillator drive pulses are detecrmined by 729 II or IV operation, Figures 2.1-1 and
2,1-2 show the drive pulse for each type operation. The delay counter, while in the
microsecond mode, gives the necessary time delay and then causes the check character
to be written.

Resct Write Trigger Release

When the delay counter output is WDD&O (refer to Figures 2.1-1 and 2. 1-2 for timing),
the write trigger releasce ig reset, causing 'reset wr trigger" to reset the write iriggers
in the tupe unit, When the write trigpers in the iape unit are reset, a check character
will be written. All write triggers thal were on wrile a bit when they are reset. The
WDDE0 pulse also resets the delay counter,

Millisccond Delay Counter

With the WDD trigger on, the write trigger release trigger going off causes milli-
second control to condition the delay counter, The delay counter now begins stepping
in a millisecond mode. (Refer to Figures 2.1-1 and 2. 1-2 for timings.) This delay
conditions the tape unit to stopat the proper time and perform the necessary write circuit
resets.

Reset WDD and Go Triggers

When the delay counter output reaches WDDZ20, the go trigger, the WDD trigger, and
the delay counter are reset. DRecause the tape is still-reading after the writing has
finighed (physical location of 2-gap head), the tape iz allowed to run to complete the
read cheek. This is the reason for the WDD20 delay., When the go trigger is reset after
the delay, the tape starts to stop, but there is still the normal mechanical stop delay
which further insures the time necessary to complete the read check operation,

a6

Reset Write Tripper

The complete write operation is not completed until all operations, including the read
check, are finished (I'igure 4.1-7C). Since the read portion of the write operation is
the last to finish, the write trigger remains on to keep the TAU in a busy status. At the
completion of the read checking operation, the write trigger is reset and "busy" becomes
inactive. The write operation is complete,

Figure 4. 1-6 ghows a sample tape record with representative timings for both tape
units at both densities. All character timings are figured by using the formula T =1/F
where T is time and F the oscillator frequencies, The oscillator timings are figured
to three decimal places,

4,1,02 TRead Operation

To initiate a read operation, the external system must generate a read call signhal
and send it to the TAU, The TAU conirols all f{ape movements and controls the flow of
data from tape through the TAU to the external system. In all operations performed
during a read operation, TAU performs necesgsary checks for error conditions. The
diagrams for reading are Figures 4, 1-7, 4, 1-8, and 4.1-9. Included in these flow
diagrams is the read check during a write operation. Since a normal read and a read
check during a write operation are similar in many instances, both have heen included.
Any deviation from a normal read is represented by a decision block labeled "read
check of write operation.' The outputs of the decision blocks are correspondingly label-
ed to cover the individual cases. During a read check operation the RC7 line is actually
at 5 time. The RC7 reset line is actually at 11. 5 time, Refer to Section 3. 4. 01,

A brief cxplanation follows,

Read Call

This call is a request signal generated within the external system and used fo start
the read operation,

Busy

If TAU were performing ancther operation at the time of receiving the read call, the
busy line would be active and prevent any operation on the read call signal until the
other operation is completed. £ "busy" were inactive, the read call signal would
initiate action in TAU,

Read Only Trigger

The read only trigger is turned on with the read call signal. The cutput of the read
only trigger activates the busy line, which prevents any other operation until reading is
complete. The read only trigger cutput is also sent to the tape unit where read status
is set. When the tape unit is in read status, it refurns "seland rd" to TAU.

Itead Delay Trigger (RD)

At the same time that the read only trigger is turned on, the read delay (RD) trigger

is also turned on. The RD trigger controls the starting of tape and necessary delay
hefore the actual reading circuits become active.
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Go Trigger

With the RD trigger on and "sel and rd" active from the tape unit, the go trigger in
TAU is turned on. The cutput of the po trigger is sent to the tape unit and staris the
tape moving.

Millisecond Delay Counter

At the same time the go trigger is turned on, the read delay trigger siartz the delay
counter. The RD trigger conditiong the counter for millisecond contrel and the counter
starts stepping, The counter drive pulses are determined by the oscillator, selected
by either 729 II or IV operation (Figures 2,1-1 and 2,1-2). The necessary delay is
to allow the tape to reach its proper speed before the actual reading circuits become
conditioned,

Load Point

If the tape unit is at load point when it is selected, the load peint trigger in the TAU
is turned on. The load point trigpger conditions the delay counter output.

Delay Counter Output

If the load peint trigger is off when the read operation is started, the RD44 output
turns on the read condition trigger. If the load point trigger is onh at the start of the
read operation, the read condition trigger cannot be turned on at RD44, but must wait
for the RD160 output of the delay counter. The reason for the longer delay, if at load
point, is to insure that the load point reflective spot is away from the R-W head hefore
reading begins. Notice that the delays taken for a read operation are shorter than those
of 2 write operation, The shorter delays when i;,eading are to insure that the read cir-
cuits become active soon enough to read the first bit of the written record. If the read
and write delays were the same, there will be the chance that the first character when
reading might be missed.

Read Condition

Normal Read, This trigger ig turned on when the read delay operation is complete.
With read condition on, the actual read cireuits are conditioned for operation.

Read Check During Writing. If at load point this trigger is turned on by the same
pulse that turns on write condition. If not at load point, the trigger is turned on with
a DC32 pulse (write condition turned on with D50). The early turn-on when in read
check is to detect inter-record gap noise hy conditioning the read circuits earlier than
normal, Read condition in this case is limited to its function of conditioning the read
circuits,

Gate Final Amplifiers
Read condition activates a read gate line which conditions the final amplifier in TAU.

With the read gate conditioning the final amplifier, any data appearing on the input data
bus from the tape unit will be amplified and routed to the read registers.
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FIGURE 4.1-7C, READ AND READ CHECK OPERATION

Condition R-W Register

Normal Read, In a normal read operation, read condition, the read only trigger,
and go condition the inputs to the R-W register. Sinece TAU must make the tape data
available to the system, the R-W register must be set to these data,

Read Check During Writing, In a read check operation, the data being read from tape
need only to be checked within TAU, In this operation the only data appearing in the R-W
regigter are the data that are being written on taupe. These written dafa are read by the
read head and sent to TAU for various checks, and are not gated to the R-W register.

Wait for First Bit

Because of variable starting times between tape units and the shorter read delay,
TAU does not know at cxactly what time the first character will be read. Once the first
bit of a character is read, a timing relationship for that charucter is established. TAU
performs no operations until the first bit of a character is read.

Set Read Registers A and B

Whenever the read head reads data from the tape, the information is sent from the
tape to the final amplifier in the TAU. The final amplifier has two outputs, a high level
and a low level. The high level output sets to read register A and the low level output
sets t¢ read register B,

First Bit

As sogn as any trigger in read register A is set, a first bit line becomes aetive. The
first bit line unclamps the read clock oscillator'._;lnd allows the read clock to start step-
ping. A read clock eyele is started,

Sample R-W Register for Vertical Redundancy

Normal Read. In a normal read operation, the R-W register is the data output to the
system., The character that ig being sent to the system is checked for a vertical redun-
dancy error while in the R-W register at RCS time of the read clock cycle. The char-
acter being checked is the character that was processed through the TAU in the previous
read clock cyele. The first character of a record is not in the R-W register at RC3 time
of the first clock cycle: therefore, no check is made of the R-W register at this time.
During the second read clock cycle, the first character read is in the R-W register and
is checked. The second character read is checked in the third read clock eycle and so
on through the record. The last normal character of the record is checked during the
check character processing cycles. Since the check character never appears in the
R-W register, no vertical redundancy check is necessary.

Read Check During Writing, The read clock does not sample the R-W register when
reading during a write operation, The data read in this operation never appears in the
R-W register. The R-W register in the read during writing operation contains the data
to be written on tape. The R-W register is sampled from a write clock pulse,
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R-W Register Vertical Redundancy Error
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If, in a normal read operation, the R-W register VIRC line is active at RC3 time, the
R-W register VRC error trigger and the TAU error trigger will be turned on. The R-W
VRC error trigger is for neon indication only, while the TAU error trigger is available
to the sysiem.
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applied to the read delay dise trigger at RC4 time. This trigger is used to conirol the
read end operation and is always turned en at the end of every normal read character
cyole. Normally, the trigger is not on long enough to start the end operation because
it is reset at each character time interval with the RC4 pulse. The only time the trig-
ger is not reset in the timed interval is when the check character is the next character.
In this case the check character time is much longer than normal character time inter-
vals, and the RDD trigger remaing on long enough to start the end operation.
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Normal Read. Tn every normal read cycle the R~W register is reset with the RC6
pulse from the read clock. The reset clears out the data from the previous eycle, so
the character now in the read registers can be set into the R-W register.

A

Read Check During Write. Since the R-W register is used only for the writing oper-
ation, the resetl from the read clock is blocked during this operation,
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Read Registers
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By this time read registers A and C have had the full character setinto them. Before
the character can be available to the system, it must first be set into the R-W register.
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Normal Read. At RCT time of the read clock cycle, read register A is sampled for
a vertical redundancy error. The cutputs of the register are immediately available to

f i a VRC. By RCT time the full character is set into the register and the VRC will have

B determined if the bit structure of the character is correct (odd er even depending upon
the type of check called for). If the character is redundant, the read register A error
line is active. At RC7 time, the line is sampled, and if an error is indicated, the read
register A VRC error trigger will be turned on. In this case the TAU error trigger is
not turned on. The only indication of a read register A VRC is the neon indicating read
: register A error trigger. The read register A error line is used to gate either read
register A {no error) or read register B (error) toc the R-W register and an LRCR.
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Read Check During Writing. Because this is a read check of information that was
just written, the TAU error trigger is alsc turned on by a read register A vertical
redundancy error. The read register A VRC error trigger is also on, giving a neon
indication in TAU of the error. The read register A VRC error line is also used in
this operation fo gate either read register A (no errer) or read register B (error) to
an LACR register. The data in the read registers are not set into the R-W register
when doing a read during a write operation, Tn a read check operation the read register
VRC is also sampled at RCY.
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Read Check. The skew gate trigger is turned on at RC4 during a read check opera-
tion. Any data appearing through the final amplifier after this time are gated by the -
skew gate trigger to turn on the skew error and TAU error triggers. This check is
necessary to check for any excessive speed variations between the write and read head
cn the tape unit (Refer to Section 3. 3. 05). The skew gate trigger is resef with the RC7
reset line (10 time) of the read clock cycle. The time allotted to check for the skew
error, then, is from RC4 to RC7 reset (10 time).

Read Delay Disconnect (RDD)

Normal Read, At RC7 time of every normal read operation a read delay disc trigger
is turned on. The RDD trigger controls the end of the read cperation. With a RDD trig-
ger on, the delay counter starts stepping in microseconds, I the delay counter counts
to the RDD36 output, the operation is sef to terminate, Normally, the RDD trigger is
resetl with the RC4 pulse from the next character cyele, and never reaches the RDD36
point because the timing of the individual characters heing read is less than the time
to count to RDD36. The delay counter can only reach RDD36 when the next character
is the check character, because the check character timing is longer than the RDD38
time. Because of this longer check character timing, the read clock does not start un~
til later and the RC4 pulse arrives tooc late to reset the RDD trigger. In this case
TAU recognizes the next operation as a check character operation, and sets up delays
to process the check character and stop the read operation.

Read Check During Writing. The RDD trigger is not turned on at RC7 time of the
read clock cycle. As long as writing is being performed, the RDD turn on is blocked
(go trigger and write status), When writing iz complete and the go trigger is off, the
RDD frigger is turned on with an RC7 line at RC7 time of the last read clock cycle.
Since writing is complete, the only operation then is to complete reading the record.

In this case the RDD trigger is turned on to control the end of the read check portion -
of the operation. Once the RDD trigger is cn, it performs as in the normal read oper-
ation by stepping the delay counter.

Reset Read Register A and B

Normal Read. The read regisfers arc reset in preparation for receiving the next
character by an RC7 reset pulse. The RC7 reset pulse is an RC7 pulse that has
been delayed 400 nanoseconds. The delay in resetting the read registers is to allow
time for the transfer of data to the R-W register and LRCR, to perform the VRC and
compare check.

Read Check During Writing. The reset of the read registers is delayed until 10
time cn a read check operation. The delay is necessary to perform the skew error
check. The reset pulse is an RC7 reset linc (10 time}; it also resets the skew
gate trigger.

In TAU 2 operation enly, the reset of the read register is blocked if read register A
indicates a VRC error. By blocking the reset of the read registers, the first character
in error is frozen in read register A and is identified. To prevent any following char-
acter from getting into the read register and destroying the error character, the final
amplifier is deconditioned by dropping the read gate. The time between the error indi-
cation te the time the final amplifier is deconditioned is approximatcly 10 microseconds.
If the skew conditions of the next character were such that bits were read before the
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final amplifier was fully deconditioned, the read registers would be set to them, thereby
destroying the bit structurc of the error character. The possibility of this occurring

is remote, but if the conditions were justified, it would cceur. This circuit is applicable
only to TAU 2,

Read Clock Stops

Normal Read. The RCT reset pulse friggers a 1 microsecond singie shot. The
single shot output (1 uscc pulse) resets all read clock triggers off. Another first bit
is necessary to start the clock.

Read Check. The RCT reset line (10 time) triggers the 1 microsecond reset single
shot, All reud clock triggers will be reset with the single shot pulse.

TAU 2 Only, If there is a VRC check in read register A, the reset is blocked, This
causes the error character to be held in read register A, thereby holding up the first
bit line. The read clock will continue to run as long as the character is held in the
read register A.

As long as characters are being read in character spaced time intervals, the read
clock cycle operation repeats with every first bit. When all characters of the record
have been read, TAU starts operation for check charaeter processing and for stopping
the complete operation, '

Check Character

At the end of the last read clock ¢ycle the RDD trigger is turned on and starts the
delay counter stepping in microseconds. Since the next character is the check char-
acter, the time between it and the last character read is longer than the normal char-
acter spacing. Because of thig longer interval, the RDD delay counter operation
counts to RDD36. At this time the check character trigger is turned on. With the check
character trigger on, the reset of RDD is blocked. If the check character has bits,
causing the read clock to run, the RC4 pulse does not reset the RDD trigger.

Reset Go

At the same time the check character trigger is turned on, the go trigger is also
reset (RDD36), When go ig off, the tape starts stopping. However, the mechanical
delay in stopping allows sufficient time for the read operation to be completed.

Deconditioned R~-W legister (Normal Read)

With go off, the R-W register can no longer be set from the read registers. Because
the check character is not an integral part of a record, it is not sent out to the external
system, However, the check character is placed in the LRCR to complete the checking
operation. The R-W register is not used for reading during the read checking operation
and will already be deconditioned by the write eircuits.
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R-W Register VRC (Normal Read)

Normally the R-W register is sampled for a vertical redundancy errvor with an RC3
pulse from the read clock in the next character cycle, Becuase this is the last character
in the R-W register, TAU does nol know if the read clock will run another evele or not,
If the check character has bits, the read clock runs and can sample the R-W register,
However, it is possible that the check character can have no hits. 1n this casc the read
clock does not run another cyele (no first bit), and the last character is not checked.

To avoid this possibility, the R1DD36 pulse is used as the sample. If the R-W register
VRC error line is active, the R-W register VRC ervor trigger and the TAU crror frig-
ger will be furned on. The TAU error irigger oufpul is aclive to the system. The R-W
register VRC error frigger is only a ncon indication of an error in TALU,

In a read check during writing, if is not necessary to sample the B-W register as it
is not used in reading,

Check Character

All that remaing to be done hefore the read or write operation can be completed is to
process the check chavacter, check the LIRCR for error, stop the tape unit, and perform
resets to the read-write control circuits. The check character proeccssing varies de-
pending on whether the check character has bilg or nol. The end results are the same
for cither case.

As soon as the check character trigger comes on, il automatically conditions the
read clock to run at low density regardless of the density it was previously reading
at. The read clock ig slowed down when reading the checlk character in order to allow
& maximum amount of time to read all bits. To understand fully the necessity for this
operation, first look at the character writing on the tape unit. The physical write head
has a certain amount of skew which is compensaled for electronically when writing,
The mechanical skew of the write head is compensated for by delaying the write pulsc
for each bit track in the tape unit, By this method, skew is reduced to a minimum when
writing. When the check character is written, however, the skew compensation is lost
because the check character is not written with a write pulse but hy resetting the write
triggers in the tape unit., The resetting of the write triggers causes the check character
bits to be written with the mechanical write head skew present. This means, then, that
the skew of the cheek charuscter ig different than that ol the normal characters whpse
skew was compensated for. To allow the maximum amount of time to read all hits of
the check character, the read clock is slowed down to low density to insure that all bits
will be read without causing an crror. All read clock timings ler check character oper-
ation are ut low density operation.

If the check character has bits, it scts inte the read registers as does any character.
The {irst bit starts the read clock for one more cycle and the check character is treated
throughout the cycle as any other character. Since the cheek character trigger is on,
however, the reset to the RDD trigger is blocked at RC4 and the delay counter continues
to run. In & normal read operation only, the R-W register is resel at RC6 time, clear-
ing out the last character ({last character of record). The check character is in the
read registers by this time. At RC7 time the output of read register A is sampled [or
a vertical redundancy error, If the error line is active, the read register A VRC error
trigger will be turned on,
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With the check character in the read registers, the RCT pulse from the clock gates
either read vegister A or read register B into the LRCR. Read register A ig gated
out if there is no read register A vertical redundancy error, and read register B is
gated oul il read regisler A has a vertical redundancy error. In a read check during
writing, read register A and read register B arc compared, If they do nol compare,
the TAU error trigger is turned on.

The RCY7 reset pulse resets the read regislers to normal.

The RDD delay counter runs throughout the check character operation. With the
RDDI128 pulse from the delay counier, read condition is reset. With read condition off,
the final amplificrs are deconditioned and will not aceept anything through them. At
RDND136 the LRCR is sampled for error, By this time the check character has been set
into the LRCR and, assuming no error, all triggers should be off. If, however, one or
more of the LRCR triggers are on {pick up or drop of hits), the RDD136 pulse will turn
on the TAU crror trigger,

When the delay counter reaches RDDi44, the control cireuils in TAU arc reset.
They are: loud point trigger, dieck character trigger, read only trigger, write trigger,
erase trigger, RDD trigger, and the dise trigger. The normal read operalion or the
write operation is complete,

4,1.03 Backspace

The purpose of & hackspace operation is merely to get from the end of record back
to the beginning of it. To initiate a hackspace operation in TAU, a "backspace call"
sighal must be sent to the TAU from the external system. No checking is necessary
during a backspace and the data being read is not sent out of TAU. A backspace opera-
tion is essentially a read operation in a backward*direction. It is accomplished by
reading charactersg into the read register to start the read clock. When the record has
been backspaced over, characters are not available in the character spaced time inter-
vals, and TAU sets up circuits to stop the operation when this condition exists. There
are three possible conditions the tape unit can be in when the baclkspace call arrives.
The tape unit can be atl load point, in read status, or in write status. Each condition
will be explained. Figures 4.1-10, 4.1-11, and 4,1-12 are the diagrams of the
operallon,

Backspace Call

This call is a request signal generated within the exlernal system and sent to TAU
to start the baclkspace operation.

Busy

If TAU is performing a read, write, or wnother operation, it will not initiate any
action with the hackspace call signal.

At Load Point

If the selected tapc unit is at load point when the backspace call arrives, TAU will
not take uny action. There are no conditions where it is nccessary to backspace over
load point. .
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FIGURE 4.1-10. BACKSPACE, REWIND, AND REWIND UNLGAD ORERATION

from the read registers., Read condition is delayed until D132 to allow tape to reach
speed before reading.
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First Churucter Cyele

TAU waits for the first bit, Because of backspacing over a record, the first char-
acter read is the check character. When the character is read, it starts setting into
read registers A and B,

o
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First Bit, The first bit cutput of read register A starts the read clock for one eycle.,
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Turn on RDD Trigger. When the read clock output is RC7, the RDD trigger is turned
on, The RDD trigger tries to end the operation. However, as long as bits are being
: read at timed intervals, the RDD trigger will be reset before it can accomplish ending
| the backspace.
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Millisecond Delay Counter. The RDD trigger conditions the delay counter to start
stepping in millisceonds. The outputs of the delay counter are the pulses used to reset
backspace. As long as the RDD trigger is on, the counter will step.
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Reset Read Registers. The RCY delayed pulse from the read clock resets the read
registers inpreparationfor receiving the next character, Only read register A is used
in the backspace operation. No checking is done and no data is transferred while back-
spacing. The whole operation is controlled by first bits from read register A. As long
as first bits arrive in timed intervals, TAU recognizes that the record ig still heing
read. When the first hit stops for a longer interval of time, the RDD delay counter
resets the backspace operation. This happens only when the beginning of the record
hag been reached. The time from the beginning of a recdrd to the check character of
the previous record is very long. TAU recognizes this time difference and resets the
backspace operation. '
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Wait for First Bit. At the end of the first character cycle the RDD delay counter
was left running. TAU is waiting {or ancther first bit.
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a Delay Counter Output RDD4. [ the RDD delay counter reaches RDD4, TAU resets

¥ the backspace operation., The time between characters (including the check character)
in any record is always less than the time for the R1DD4 output to become active, ex-
cept when the last character (first character of the record) has just been read. As long
as characters are being read, the first hit starts the rcad clock before the RDD4 pulse
is available. An 1RC4 pulse resets the RDD trigger, which stops and resets the delay
counter. An RCT pulse turns on the RDD trigger and starts the delay counter stepping
i again, The RCT7 delayed pulsc rescis the read register and then the read clock stops.

. TAU again is waiting for a first bit and the delay counter is running, After the last

B character has heen read and TAU has completed the read clock eyele for that charaecter,
no first bits are available. Since the delay counter was left running, the RDD4 pulse

is available to stop the operation.
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Reset Read Condition. The RDDM4 pulse resets rcad condition., With read condition
; off, the final amplifiers are deconditioned and nothing further can sct into the read
registers, TAU has rccognized that the beginning of the record has been reached.
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Reset Go. The delay counter output RDD* resets the go trigger., Tape stops after
the normal mechanical stop delay. Go is allowed to remain on from RDD4 to RDD* to
ingure that tape will stop with the write head far encugh in front of the record so that
the next read or write operation does not miss the first character of the record.

* Note: In TAU 1, 728 11 it is RDD38; 729 IV, it is RDD26. In TAU 2 it is RDD30.
The reason for the three different DD times when resetting the Go trigger on a
backspace is that these times were found to be the best within the tape unit specifi-
cation. Because of space requirements in TAU 2, the RDD time was set at
RDD30. This is an average between 729 II and IV tape units,
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RDDI112

.RDD&4
RDDs4

RID2G
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ROD*

729 11 RDD 38
725 1 RDD 26
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TALl 2
RDD 30

T
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a8
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A Reset Backward, The hackward trigger is reset with the delay counter RDD64 pulse.
. i When backward goes off, the tape unit is automatically set to forward status, Because
of the possibility of buckling the tape when going to forward status with the tape still

¥
ROD152
RDD4

moving backward, the reset of the backward trigger is delayed until the tape is stopped,

RC7

HReset Backspace RDD Trigger and Delay Counter

I First L
Char

The RDD152 pulse from the delay counter resets backspace. The reason for the de-
lay between the reset of backward and backspace is to give time for the mechanical ac-
\ tion of moving to forward slatus to take place. As long as backspace is on, "busy' is
A [ ’; active, preventing any other operation to TAU. When backspace goes off, TAU is ready

RC7 RC4

for another operation and all mechanical action in the tape unit is finished.

c}\ﬂl’

I Last
RC4
RC4

The RDD152 pulse alsc resets the RDD trigger. When the RDD trigger goes off, it
resets the delay counter. All TAU control cireuits are normal and the backspace is

complete,

RCF
RC7

4,1.04 Tape Mark

Chk Char

A tape mark is a l-character record with a check character. The tape mark con-
sists of 1, 2, 4, and 8 bits, Because a tape mark is a l-character record, the check
character will have the same bit structure. A tape mark is normally used to indicate

! J 1 the end of a group of records.

J —
f []532
L1982
RC4

FIGURE 4.7-12. BACKSPACE OPERATION
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\ o To write a tape mark on tape, a ''write tape mark call' signal must be received hy
TAU. If TAU is not busy, the request signal turns on the wrile tape mark trigger. The
write tupe murk trigger turns on the write frigger and the disconnect trigger. With the
write trigger on, a normal write operation is started (Figure 4.1-1). Becuause the disc
trigger is also on, the write operation is limited to one write cyele (Figure 4.1-1),
With the write tape mark trigger on, the normal input data lines are deconditioned and
the write data gate to the 3-W register is conditioned for the 8, 4, 2, and 1 bits. At
WC1 time of the write clock the R-W register is reset, and at WC3 time the R-W regis-
ter is set. Becuause the 8, 4, 2, and 1 lines are conditioned by the write lape mark
trigger, the R-W register sets to them and a tupe mark is sent to the lape unit. At WCS
time, the write pulse is sent to the tape unit and the tape mark is written. Tf the odd
_ redundancy trigger is on, a C-bit will also be written with the 8, 4, 2, and 1 bits. At
WC14 time the write delay dise (WDD) trigger is turned on and the operation stops ina
normal manner. Because the write operation wrote only one character, the 8, 4, 2,
and 1 write triggers are left on in the tape unit. When TAU resets the write triggers in
the tape unit to write the check character, the 8, 4, 2, and 1 triggers will reset and
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write an 8-, 4-, 2-, and 1-bit check character. The C-bit will alse be writien if an odd
redundancy had been called for. All write check eircuils are active in the normal man-
ner. When the read check during a write operation is completed, the RDD144 pulse
resets the write tape marvk trigger.

Read

When a tape mark is read during a read operation, a first character tape mark line
becomes active to the system, The recognition of 4 tape mark in TAU is conditioned by
a first character trigger. Whenever read condition is turned on uncenditionully, the
firgt character trigger is turned on. At RC7 time of 2 normal read operation, the first
character tape mark line becomes active and conditions the tape mark recognition eir-
cuit. If the character in read register A contains a tape mark at this time, the first
character tape mark line becomes availahle to the system. At RC7 time of the read
elock cycle, the first character trigger is reset, deconditioning the tape mark recogni-
tion circuit, and the first character tape mark line becomes inactive. The read oper -
ation concludes in the normal manner, If the operation is a read check during writing,
the tape mark recognition circuit is not conditioned. Lwven though the first character
trigger is turned on, the first character conditioning line to the tape mark recognition
cireuit is blocked by "sel and write." The only time a tape mark can be recoghized
by the system is during a normal read operation. The first character trigger. is allowed
toturn on in either anormal read ora read check during write operation. The first
character trigger is useful as a good sync point during the read check during write op-
eration, and for this reason it is allowed to turn on. The first character tape mark
line is also active in a backspace operation. The backspace operation where the linc
is necessary is a backspace file operation. In this operation it is necessary to back-
space over groups of records until a tape mark is sensed. In order to prevent the
backspace file from completing as in a normal backspace, the operation must be con-
trolled from the external system, By use of the WDD4 interrupt pulse, the system can
control the backspace file operation in TAU and also condition the fape mark recogni-
tion circuit,

4,1.05 FErase

The erase trigger in TAU is turned on with an "erase call" signal from an extcrnal
system. The output of the crase trigger conditions the delay counter for a longer than
normal write delay by duplicuting the output of the load point trigger. Regardless of
where the tape is when a write operation starts, the crage trigger output forces a loud
point write delay. This allows TAU to skip over a section of tape before writing is
allowed to begin, The erase triggeris reset with the RDD144 pulse upon completion of
the read check during write operation.

4,1,06 0dd Redundancy

An "odd redundaney call" signal turns on an odd redundancy trigger in TAU. The odd
redundancy trigger conditions ali VRC's for odd redundancy operation by conditioning
the C-hit line, The {rigger also allows a C-bit to be written on a wrilte tape mark oper-
ation. An even redundancy call resels the trigger off. In this case all VIRC's are -
conditioned for even redundancy operation. The C-bit for a write tape mark operation
igs deconditioned.

58

e a1 A A TR e p Bk S TEdY ke st oot ame v e e e e e e meE e dmmetmm e e

4,1.07 Manual Operation

The CE panel and all manual control circuits are located in the control unit of the
oxternal systom. To operate TAU 1 manually, the external control unit manually
duplicates all request signals to TAU in addition to making available manual input data
lines. To operate TAU 2 manually, the external system sends manual request signals
to TAU 2 along with manual input data lines.

Operations

All operations in TAU gperate in a normal manner except writing, which has one
variation. Normally during writing, the write delay trigger and the delay counter are
reset when the write delay operation is complete, When TAU is performing a manual
write operation, the write delay trigger and the delay counter are prevented from being
reset by the manual operations line from the external control unit. Because of this,
the delay counter steps in a millisecond mode throughoul the operalion. The outputs of
the dclay countcr are available to the external control unit for manual timing relation-
ships, The disc call signal [rom the external control unit resets the write delay trigger
and the delay counter in addition to turning on the disc trigger. With the disc trigger
on, the write operation completes in a normal manner,

Manual Errors

A manual stop on error line ig active from the external control unit during manual
operations. I, in any manual operation, the TAU error lrigger is turned on, the
manuzl stop on error line will cause an error stop line to keep '"busy’’ active in TAU.
With "busy' active from the error conditien, ne further operation can be performed
until the error condition is reset. A manual error reset line is available from the
external control unit. 2

Resets

Algo availuble from the external control unit is a "machine or power on reset'" line
which, when active, causes all circuits in TAU to be reset to their normal status.

4,1,08 Dual Density
TAU 1

The dual density feature of TAU 1 allows TAU to write and read either the 729 II or
TV tape units at a high density rate (556 bits/inch) or a low density rate (200 bits/inchy.
TAU 1 contains all the circuits necessary for reading and writing at the four distinct
frequencies.

To write or read at either density, the external systcmmust send a request signal
to TAU. The request signal, either "set hi density,"” or "'set lo density," is received in
TAU, powered, and sent to the tape unit. A hi lo density trigger is set in the fape unit
with the request signal. The output of the density status trigger is returned to TAU as a
high density line. When the line is active (+P), TAU considers it as high density, or if
the line is inactive (-P), TAU considers it as low density. The status of the high density
line together with the status of a "sel and rdy M2," picks one of four different oscil-
lators for the read clock operation and one of four other oscillators for the write clock
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.and delay counter microsecond control operation. The timing relationships for 729 II
and IV operations at either density are shown in Figures 4. 2-1 and 4. 2-2. Since the
physical speed of the tape units remains the same, millisecond control is not changed
for the dual density operation. Millisecond control is conditioned ouly by 729 I or

IV operaticn,

‘The hi lo density trigger can also be controlled by a push button on the tape unit,
giving the operator a manual control of either density operation. The density status
trigger in the tape unit is always reset fo high density when power is applied.

TAT 2

Each TAU 2 logically operates in the same manner for dual density operation, The
only difference is that one TAU 2 is for 729 II operation and contains a different sel of
oscillators than the other TAU 2, which is for 729 IV operation. The following explan-—
ation includes hoth 729 IT operation and 729 IV operation,

A request signal, either "set hi density" or "sct lo density" is generated within an
external system control unit and sent to TAU 2, TAU 2 powers the signal and sends it
to a tape unit to set the status of a hi lo density trigger, The output of the density status
trigger in the tape unit is a high density line, The high density line is returned to TAU
2 to condition the output of one of two uscillators for the read elock, and one of two
oscillators for the write clock and the deluy counter microsecond control. When the
high density line from the tape unit is active (+P) TAU 2 considers the line as being
high density. When the line is not active {(-P} TAU 2 considers it as being low density.
The timing relationships for both 729 Il operation and 729 1V operation at either density
are shown in Figures 4, 2-1 and 4, 2-2,

Since the physical speed of the tape is not changed in dual density operation, the
millisecond control oscillator for each TAU 2 remains the same,

The hi lo density trigger in the tape unit is also controlled hy a pushbutton on the
tape unif, allowing an operater manual control of either density operation. The density
status trigger in the tape unit is always reset to high density when power is applied.

4,1,09 Rewind and Rewind Unload

TAU can control a tape unit for two separate rewind operations. One is a normal
rewind operation that rewinds the tape back to its load point. The tape is left loaded
and will be ready for any further operation., Rewind unlead is the second type of rewind
that can be initiated by TAU control, The rewind unload is identical to the normal re-
wind with one exception. While the normal rewind is completed when the tape reaches
load point, the rewind unload operation is not completed until the tapc reaches load point
and is unloaded. Figurc 4.1-9 is the flow diagram of both operations,

Normal Ilewind

If TAU is busy or the tapc unit is at load point when the "rewind call' signal is received
from the external system, no action will be initiated. If the tape is not at load point and
TAU is not busy, the rewind call signal will turn on the rewind trigger. Since a rewind
is tape movement in a backward direetion, the tape unil must be in read status. If it is,

a rewind control line is sent to the tape unit and initiates the rewind action., As soon as

G0

the tape unit iz in rewind, il returns the conirol line, sel and rewind, which resets the
rewind trigger, Even though the tape may be rewinding, the TAU operation is completed
asg goon as the tape unit is in rewind status.

If the unit ig in write status when the rewind call is received, TAU must first =zet the
tape unit to read sfatus hefore the rewind can be initiated, Because of noise deposited
on tape when changing from write to read status, the tape is first moved forward in
write status hefore sctting read status, With the rowind trigger on in TAU and the "sel
and write' lihe aclive from the tape unit, TAU staris a millisecond delay counter to
control the forward movement of the tape. As in the backspace operation, the delay
counter outpui D-0 turns on the go trigger, starting the tape moving, The tape continues
moving until the delay counter output D-30 becomes active and resets go, stopping the
tape. The tape has becn moved forward and stopped. When the delay counter trigger
DC-64 comes on, read status will be sel in the tape unit, As soon as the tape unit is in
read status, the control line sel and rd fromthe tape unit allows the output of the re-
wind trigger to initiate 4 rewind in the tape unit. As mentioned before, as soon as the
tape unit is in rewind status, the rewind trigger and delay counter are reset. The TAU
operation is complete,

Rewind Unload

Unconditionally, on receiving the "rewind unload call' signal from an external system,
the rewind unload trigger is turned on in the TAU. The rewind unload trigger output
duplicates a normal rewind in addition to unloading the tape unit when the rewind is fin~
ished. If the tape unit is in read status, the rewind control line becomes active in the
tape unit as soon as the rewind unload trigger comes on in the TAU. As soon as the tape
unit goes into rewind status, the control line "sel and rewind'! is sent to the TAU and
resets the rewind unload trigger. If the tape unit-is at load point when rewind unload is
gent to the tape unit, the tape unit controls will ighore the rewind and simply unioad the
tape. In either case "sel and rewind" becomes active from the tape unit and resets the
rewind unload trigger.

Another condition exists if the tape unit is in write status when the rewind unload
gignal is received, Until the tape unit is set into read status, the rewind unload control
linc cannot become active to the tape unit. As in the case of backspace or a normal
rewind, the tape must be moved forward before read status can be set. Again, this is
because of the status change noisc that is deposited on tape when changing from write
to read status. To set up the controls for moeving tape ferward, the rewind unload trigger
turns on the rewind trigger. As explained previously, the rewind trigger causes the
delay counter to move the tape forward if it is in write status. A delay counter output
algo sels the tape unit in read status after the tape has moved forward. Once read status
is get in the tape unit, the rewind unlead control line Hecomes active to the tape unit and
starts the operation. As soon as the tape unit is in rewind status, ''sel and rewind"
from the tape unit resets the rewind unload trigger, the rewind trigger, and the delay
counter. The normal "rewind control' line is prevented from becoming active by the
rewind unload operation. The rewind trigger in a rewind unlead operation is used only
to move the tape forward and to set read status.
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5.0.00 DIAGNOSTIC CONTROLS (TAU 1 AND TATU 2)

The following lines have been incorporated in TAU for use in an external test panel,
The lines are used as a diagnostic test of TAU and are controlled from the external
gystem,

1. +N Early Sample (Gated to error trigger).
a, Advances turn on of skew gate tgr by one read count in read and write
operations,

2. 4P Amplifier Bias
a. Read only, read register acceptance, Levels switeh to write acceptance,
b, Read while write, read register acceptance. Levels switch to read
acceplance,

3. 4P Comparc Check {Gated to error trigger)
a. Rcead only, compare '"A' register with "B" register,

4,  +P "A" register only.
z. Read only, force "A' register gale to read write register.

5. +P "B" register only
a, Read only, force "B" rcgister gate to read write register.

6. -P Manual Stop on Error :
a. Causes Busy Signal preventing next operation.

7. Skew Gate (Read only) .

a. Turned on with early sample at RC6,

b. Checks skew within character by shortening time allotted to receive
one character.

¢, Skew check indicates abnormal skew condition on character read,

d. VRC only could be skew or drop-out of bits,

e, Skew and VRC differentiates hetween possible drop of bits and
abnormal skew. With skew check present it indicates definite
abnormal skew.

8. Allow A register VIRC trigger to function during A only and prevent it
from functioning during B only.




