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PREFACE

The TU10W transport is very gimilar (in many areas.identical)
to the TU16 transport with respect to both transport-hardware'
and electronic modules. In this manual reference is made to the
TUIG/fM¢2 maintenance manual for informntion on the TU10W trxans-
port ﬁhattis identical to TU16 information, |
Specifically the references are from Chatper 5 (System
Maintenance) for maintenance on the transport, and from Chapter 8
(TU10W theory of Operation). - Chapter 8 covers ﬁhe differences
between the TU10W transport and TU16 tranaport. This information

pertains to the new areas that would not be documented in the TU16

manual.



CHAPTER |

_.GENERAL INFORMATION

1.1 iNTRODUCTION
The TEB11-EX/FX* DECmagtape System (THB11/TU10W)f is a magnetic
tape storage system that interfaces with thg ppP-11 family of
processors and peripherals and provides s;orage for digital
inform#tion. The system reads and records digital data in
parallel in an jndustry-compatible NRZI format at a maximum
data transfer rate of 36,000 tape charactexrs per second. Tape
density and tape characfer format are program gselectable. PForward/
reverse tape speed is 45 in./sec, while‘rewind'is performed at
15b in./sec. The TMB11/TU10W tape drive system also has forward

and reverse read/space capability.

1.2 General Descriptiocn

t1.2.1 System Configuration

The basic TMB11/TU10W DECmagtape System configuration is a TMB11
controller and a TU10W master tape transport. From one‘to seven
‘"glave" transports may be added to make a maximum pqssibleucon-

figuxation of one TMB11 controller and eight tape transports. The

<D

*+ The TMB11-EX is a 9-track system. The TMB11-FX is a 7-track
system. "X" specifies the system voltage and frequency requirements

(see table 1-1).

'Trhe TMB11-EX/FX system is commonly referred tovby its component
subunits, the TMB11 and the TU10W, hence the manual title
TMB11/TU10W DECmagtape System Maintenance Manual. within this

manual the system is referred to as the TMB11/TU&0W.
1-1



master tape transport is composed of & “host" transport and an

M8926 interface module. The HES25 interfacss the "host" trans-

(

‘port and the slave transports (if any}. to the TH31% via the

BC11A controller cable. All the tape transports are "daisy _

with each other. Figure 1-1 ig an illustration of the TMBY11/TU10W

chained" on the slave bus making then essentially in parallel

system configuration.

'1.2.2 Physical Description

The TMB11 (Figure 1-2) consists of the foliowing six modules:
1. M105-Address Selector Module
2. M795-Word Count and Bus Address Hodule
3. M796-Unibus Master Control
4. M7821-Interrupt Control Module
5. M7911-Tape Drive Interface

6. M7912-TMB11 Unibus Registers

. The s8ix modules are plugged into a TMB11 systém unit that is ég%
modnted in an expander box. Unibus input, Unibus output, and

tape transport cabling also connect to the system unit,

The TU10W tape transport is contained in a singie 19 ihch

(48.3 cm) cabinet along with an 861 power controller (Figure 1-3).
Figures 1-4 and 1-5 illustrate front, rear aﬁd éide views of

the transport and identify many of the>TU10w compohents énd

subassemblies.

The TMB11 Controller interfaces the DECmagtape system to the
PDP-11 Unibus. It controls data transfers, issues control
commands to the TU10W master, and monitors system operation. (

Each TMB11 can control one master transport and up to seven slave

transports. ’ ' ) ;i
P - o .
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‘The TU10W master transport consists of an MB8926 interface module

and a "host" transport. The M8926 processes commands from the
controller and issues motion and read/write commands to the host
and slave transports; the MB926 alsc monitors status lines from
the host and slave transports. Any status changes at the selected
transport are reported immediately to the controller. 1In resgponse

to inputs from the }¥8926 module, the host transport controls tape

motion and recoxds and reads data on magnetic tape.

The TU10W slave transport congists of a tape transport only. In

response to inputs from the M8926 module in the master transport;

it controls tape motion and records and reads data on magnetic tape.

The various models of the TU10W transport are‘identified byAa
two-letter dashed suffix. The first letter of the suffix desF
1ghates the number of tracks on the transport; E for a 9 track
transport, F for a 7 track transport. The second letﬁer idéntifies
the transport as a master or a slave (A,B,C,D;master; E,F,H,J=sglave)
and specifies the voltage and frequency requirements. Table 1«1

summarizes the TU10W models and their identifying suffix.

Table 1-1 TU10W Models

TU10W-EX=9) track TU10W-FX=7 track
Master/Slave | X= Voltaée/Freq Master/Slave | X= VOltage/FreqEE
Master A |115v/60 Hz Master A |115v/60 Hz
B |230v/60 Hz | | B |230v/60 Hz

| C | 115v/50 Hz C |115v/50 Hz

D |230v/50 Hz D |230v/50 Hz !

Slave E 115v/60 Hz Slave E |115v/60 Hz o

F [230v/60 Hz F |230v/60 Hz

H. 11$v/50 Hz 115v/50 Hz

J |230v/50 Hz 230v/50 Hz

mnnLnnmmm—-—-_
Q o




1.3 SYSTEM FUNCTIONAL DESCRIPTION _ ¢
The basic functions performed by the controllex are: off-line, read,fﬁ}

write, write EOF, space forward, space reverse, write-with-extended-

IRG, and rewind. Each of these functions is briefly described in

Table 1-~2,

Table 1-2 Controller Functions

Function Description

"Off-Line The off-line function is used when it is
desired to return control to the tape
transport so that tape can be rewound, reels

; - changed, etc. without using’processor time.
! : - B The off-line function places the sgelected
é ' : - , .~ tape transport in the off-line (local) mode (‘

t X r"m
! » o and causes it to begin a rewind operation. ‘gg

PRS-

The controller cannot write on or zead fron
the magnetic tape when the off-line function

is used.

i
<«
i
1
i

Read 7 This function permits reading from the magﬁetic

tape. During the read operation, the data

portion of the record is loaded into the

controller data buffer for transfer to the
memory. The LRC and CRC characters are

read but not transferred into memory.

S - TmmETy
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Write

“

e st o e e il s B

This function peimits writing oﬁ,the magnetic
tape. During the write operation, data from
the bus is loaded into the controller data
buffer register. The controller then transfers

the data to the tape transport write heads.

‘The necessary LRC and CRC characters are gen-

erated by the master transport and written on

the tape following the data. The write

function advances the tape one record.

Write EOF

This function writes an end-beEile (EOF)
mark on the tape.> When selected, ;his
funétion erases a 3-in. segment of tape
prior to writing the first character. The‘
EOF mark and the associated LRC charactér
are considered one record. The EOF mark

is an octal 23 character (9—£rack drive;
octal 17 for 7-track drive) followed by an .

octal 23 (or octal 17) LRC character.

Space Forward

This function is used to skip over a number
of records to.find a specific record on the
tape. When selected, the space forward
function causes the tape transport to advance
a specified number of records. The number

of records is determined by the value in the
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}into the byte record counter by the program.

byte record counter. This value is loaded

(.

qnlyrand, therefore, does not affect information

.
Space forward is used for tape positioning

stored on the tape or in memory.

Space Reverse

This function is identical to the space
forward function except the tape moves in
the reverse rather than in the ferward

direction.

 Write-with-Extended-IRG

This function 'is identical to the write
function except‘that a 3-in. segment of

tape is erased before writing the first

(

character.

o

Rewind

This function is used for rewinding the tape”ﬁﬁ

on the feed reel so that the tape can either

be unloaded from the transport or operation

can start at the beginning of the tape.

When this function is used, the tape moves in
the reverse directién, at a much higﬁer spaed
(150 in./sec) than for othet'functions, until
the beginning-of-tape (BOT) marker is detected.
When the BOT marker is detected, the tape

slows down and comes to a complete stop at a
point beyond the BOT mgrker. It then

moves forward until the BOT marker is (
again detected, whereupon, it comes to a i%%

final stop.

1-12
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Rewind is used for tape positioning only and
has no effect on information stored on the tape

or in the memory.

Figure 1-6 is a functional block diagram of the THB11/TU10W DECmagtape
System; The processor initiates a TMB11/TUI0W operation by addressing

the TMB11 registers via the address decoder and loading the operation

4parameters into the registers. The BUS CO-C1 bits specify an out

transfer (with respect to the processor) causing SEL OUT to be assérted
for the particular register addressed. As each register is selected,

the processor places the appropriate data on the Unibus data lines |
which is then loaded into the register with the SEL OUT strobe. Thus,

the command register receives the type of operatioh to be performed;

" the byte-record count register receives the number of bytes to be

" transferred; and the current memory address register receives the

memory address of the first byte to be transferred.

The command register selects which transport is to be involved in the

transfer via the SEL O-SEL 2 lines, supplies the functibn command to

"the command decoder which generates the required commands for the

tape transport, and asserts the GO bit to the start logic. When the
start logic senses that the tape transport has been selected (SELR) anc

is ready (TﬁR), it asserts SET to the transport to start the operation.

If a read operation is'commanded,-the transport command logic asserts
FOR to the tape drive system which drives the capstaﬂ servo and moves
the tape forward. When the tape is up to speed the M8926 read channels
are enabled by READING and start to transfer data frbm the read heads
to the'controller. The read data from the tape transpoft (RDZ-RD7, RDE

is checked for CRC, LRC and vertical parity errors by the M8526 board.

1-13
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if any such errors are detected, the THB11 erxor logic is notified ) (

(CRCE, LRCE, VPE) for appropriate corrective action. P
o : k“)
The read data is supplied to the controller along with a read sétobe
(RDS) which signifieaAthe availability of read data from the transport.
RDO-RD7 becomes CHARO-CHAK7 and is gated to the data buffer register

where it is loaded into the registex by RDS.

RDS also requests an NPR transfer from the NPR logic. When the reques:
is granted BUS BBSY is asserted by the logic along with DATA—»BUS

which gates the output of the data buffer to the Unibus data bus

(BUS D00-D15) via the register select output multiplexer. pATA=>BUS

accomplishes this by asserting either HI DATA BYTE or LO DATA BYTE fro:
the read byte select logic according to whether the CMA register is
addressing the low byte or the high byte in memory. Thus, the data (V

byte from the data buffer will output on either BUS D00-D07 or | }

R

g

BUS D08-D15. The next character read will output on the alternate hal:
of the data bus. When the NPR logic receives BUS SSYN from the memory
it asserts NPR CLEAR BBSY which increments the byte-record counter and

the CMA register to prepare for the next transfer.

¥hen the M8926 read logic detects the end of a record it asserts CRCS
(9 track only) and LRCS to the controller and RD CLR PLS to the motion
control logic. The motion control logic asserts EMD and STOP to the

drive to stop the capstan servo motor.

If a write operation is commanded by the command register, the GO BIT,
in addition to enabling the start operation logic, requesis an HPR tra

: 7
fer from the NPR logic. When the request is granted, the logic assar\

1-14 : | , ‘\)
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BUS BBSY and BUS MSYN. The memory responds with SSYN to indicate
that the first data character is on the data bus (BUS D0OQ- ~D15)., The
NPR logic asserts DATA STB 2 which loads the data character into the
data buffer, thus making it available to the transport as WbDOo-uD7.
The deta character enters the data buffer via one of two gates,

In the write mode CMA BIT 00 asserts either SEL LO BYTE or SEL HI BYT

,accordzng to whether the CcMa register is addressing the low byte or

the high byte in memory, thereby enabling the gate oorresponding

to the location of the character on the data bus.

Meanwhile, the start operation logic has asserted SET to the transpor:
which, as in a read operaticn, will cause the transport command logic
to assert FOR and start the capstan servo system moving forward. Wher
the tape is up to speed the drive sends WRT CLK pulses to the write

channels and writing of the data characters begins. WDR (write data

_characters on tape via the write heads., A parity bit is generateqd for

each character and is recorded on tape along with the character., When

on tape, a WRS pulse is issued to the controller requesting the next
character to be written. The WRS Pulse makes an NPR request from the

NPR logic and the cycle is repeated. Note that in a write operation, t

1-15
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GO BIT makes the first NPR request and the WRS strchbes maks the L‘
second and subsequent requests, ‘After the NPR logic issues DATA STEUQ

]
it asgerts NPR CLEAR BBSY which increments the byte/record& counter aad
txe CHA register to prepare for the next transfer. When the byte/record
counter senses that the desired number of bytes have been transfexred

. (written), it asserts CARRY OUT 2 which negates WODR to the

transport thereby signaling the M8926 write logic to write the end

of record check characters (CRC and LRC).

The M8926 read logic is enabled during a write operation
and reads each character right after it is written.
When the read logic detects (reads) the end of the

record it issues a CRCS (9-track only) and LRCS strobe v (-

to the controllei.

The LRCS strobe at the end of the record indicates'to the contrcller

that the data transfer is corpleted. The LRCS strobe is applied to

the done logic which then asserts DONE DELAYED to the bus interrupt
logic. The interrupt logic requests a bus interrupt to notify the

processor that the command operation héa been completed and the THMB11/

TU10¥W is ready for another command.

- 1-16
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- transport are given in chapters 7 and 8..

mhe TMB11 error logic monitors transport status including parity,

CRC, and LRC exrors and asserts ERR(1) to the done logic if an error

condition exists. Some types of errxors warrant terminating an

operation before it is completed while others wait until the end

of the operation before asserting ERR(1).

.

The processor can read the TMBi11 registers by addressing the registers

and requesting an jn-transfer (with respeét to the processor) via the

BUS CO-C1 bits. The address decoder then asserts SEL'IN for the

Aparticular register selected which gates the register bits out to the

data bus via the register select output nultiplexer.

petailed operation of the TMB11 is given in chapter 6 of this minual.

petailed operation of the M8926 interface board and the TU10W tape

Figure 1-6 can be usaed along

rams ahd flow diagrams contained therein.

with the functional block diag

e o
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1.4 APPLICABLE DOCUHENTS

Table 1-3 lista documents that are applicable to the THMBI1/TUIGW (

DECmagtape Sysﬁem.

Table 1-3 Applicable Documents

Title Number Description
861-A,B,C Power EK-861AB-MM~- Contains theory of operation and
Controller Maint. | 002 maintesance instructions for the
Hanual 861 Powexy Controller
TU16/TMO§ tape EK-TU16-MM~- Contains theory of operation and
drive system 002 maintenance instructions for the

Haint. Manual

PDP-11 Processor .
and Systems

" Manual

PDP-11 Processor
Handbook

PDP-11 Peripherals
Handbook

DIGITAL Logic
Handbook, _
1973-74 Edition

112-00973-
2908

Paper-Tape SoftwareDEC-11-

Programming
Handbook

GGPB-D

TU16/TH@2 tape drive systenm

A series of maintenance and theozy
manuals that provide a detailed
deacription of the basic PDP-11 system

A general handbook that discusses
system architecture, addressing modes{
the instruction set, programming b
techniques, and software.

. A0
A handbook devoted to a discussion. ;if
the various peripherals used with
PDP=-11 systems. It also provides

‘detailed theory, flow;, and logic

descriptions of the Unibus and extsrnsa
device logic; methods of interxrface
construction; and examples of typical
interfaces.

Presents functions and specifications
of the M-series logic modules, acces-
sorxies, and connectors used in the
THB11 Controller and tha TZ10W
DECnagtape Transport. Includes other
types of logic produced by DEC but not
used with PDP-11 devices.

Provides a detailed discussion of the
PDP-11 software system used to load,
dump, edit, assemble, and debug PDP-11
programs; input/output programming; an
the floating-point and math package.

taApplicable manuals are furnished
The document number depends upon

t Use the processor handbook uniqu

e to the actual CPU.

\
with the system at time of installatic
the specific PDP-11 family processor.
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1.5

SPECIFICATIONS

Taﬁle'1-4 contains operational, environmzntal, mechanical and

electrical specifications for the THMB11/TU10W Tape Drive Systen.

Table 1-4 THMB11/TU10W Specifications

Interracord gap

Recording method

Category Parameter Specification
Main Storage madium 1/72 in. (1.27 cm) wide magnetic
Specifications tape (industry compatible)
- | Capacity/tape reel!| 23 million characters
Data transfer rate| 36,000 char/sec
Drives/contxol,’ 8
maximunm

Data Number of tracks 7 or 9 .
Organization Recording Density | 200, 556, 800 bpi; program selectab.

0.5 in. (1.27 co)minimum;
nominal
NRZI; industry compatible

0.65 in.’

Tape Motion

Spead; Forward
and Reverse
Rewind speed
Tape drive
Start/stop
distance
start/stop time

45 in./sec (1.14m/sec)

150 in/sec (3.8m/sec)
single capstan; vacuum columns

0.25 in. (6.3am)

8 mz maximum

_Mechanical

Tape drive,
mounting

TU10%W Transport
(without cabinet)
Depth

width

Height

Height

Tape .
Charactexrigtics| Width 0.5 in (1.27 cm)
Length 2400 ft. (731.6m)
Type Mylar base, iron-oxide coated
Thickness 1.5 mils (0.038 mm)
Tension 8.0 oz (227 gqg) -
Reel diameter 10.5 in (26.7 cm)
Reel hub 3.69 in (9.37 cm) diameter (industrs
standare
THB11 Controller Mounts in a single 16-1/2X2-1/4 in.

system unit (41.9X5.7 cm)

Mounts on slides in a standard 19 ir
(48.3 cm) cabinet

25 in. (0.64m)
19 in.(0.48n)
26 in. (0.6% m)
150 1b (70kg)



DLl

861 Power Controllgr
Depth 8 in.(0.20m) A é
width 19 in.(0.48m) ' : :
Height 5 in. (0.13m) ~n
Weight 10 1b(4.54kg) _ B
Incezehannel Write 1754 in. (1.92m) maximum
Displacement ‘Read - 754 in. (1.9xm) maximunm
Erase head ‘'Full width v
Powerxr Input current * 5A at +5vdc
(THMB11) : :
Input current 8A at 115V; 4A at 230V
(TU10W) . .
Input Power 1264w at 115V; 132W at 230V
Voltage 'i115/230Vac * 10%
Frequency 147 to 63 Hz; single phase
.A._-.-A._;.. i e - . e e mmamiaee
Operating
Environment Temperature 15°C to 32°C*
Relative humidity i20% to 80%, with maximum wet
bulb 25°C and minimum dew point
29C (no condensation)®*
Altitude 8000 ft (2438m)
S _ (V
-Miscellaneous BOT, EOT Photoelectric sensing of -
detection reflective strip, industry compatible
Broken tape Vacuum fail-safe { o
detection o =
Magnetic head Dual gap, read after write, 0.15 in.
(0.4cm) gap
Electrical skew Write deskew only. Read skew
mechanically aligned

*Magnetic tape operation is more reliable if the temperature is

‘limited to 65° to 75°F (18° to 24°C) and the relative humidity

to 40 to 60%.

1-24
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CHAPTER 2
UNPACKING, INSTALLATION,

AND ACCEPTANCE TESTING

2.1 SITE PLANNING AND CONSIDERATIONS

2.1.1 Space Requirements

Figure 2-1 illustrates the space and service clearances required.

Adeguate space must be provided to slide the eguipment out of the

rack for servicing and to open the front door. on the TU10W DECmagtape

Transport. The TU10W and THMB11 are housed in separate cabinets.

If the cabinets are separated by long distances, consideration

should'be given to overhead trenching ducts for the cablinga.

2.1.2 Powver Requirements

The THMB11/TU10W DECmagtape System can be-operated from a nominal

115 or 230 Vac, 50/60 Hz power source. Line voltage should be

maintained to within 10 percent of the nomial value and the freg-

uency should not vary more than 3 Hz.

2.1.3 Environmental Reguirements

The TU10W DECmagtape should be located in an area free of excessive

dust and dirt or corrosive fumes and vapors. To ensure proper
cooling, the bottom of the cabinet and the fan inlet at the top of
the cabinet must not be obstructed. The operating environment should

have cool, well-filtered, humidified air; a temperature range of'15°

to 27°c; and relative huridity of 460 to 60 percent.

2.2 UNPACKXING
The TMB11 may be shipped in two different configurations: installed

in an equipment rack or packaged separately. Unpacking and installa’

system configuration. For example,

‘Procedures vary depending on the
2-1




REMOVABLE

END PANEL ™

‘CABLE ACCESS

SWINGING DOOR
\ (RH) NOTE 1

SWINGING DOOR

CASTER SWIVEL
- RADIUS 2 1%,
_ [{4) CASTERS

- -

NOTES:
1. Door may be L.H. or R H.

Allow space for either case.

.2 cfgMAE T 082.28cm) high

(tioor line to cabinet top).

/4 PLACES

(LH) NOTE |
S
/5 “\.
7,
,// \\\\\ |
P4 X, o
N\ 22" S
/ \ | 4O-GTEET
! : \ (559 cm)
7 \ ‘
i 3
.'J \E_‘_ _
- 4
i * . REMOVABLE
/END PANEL - (
r=- b | . "
? ! = $2 )
- ‘\}\ [IECYPEIPRN (;33‘_; c1
t
]
| ! FAN -
! ) PORTS
‘ | (76 S
! .2¢m .
a -~ |
. _) LEVELER
I’ \‘

®-3092

.'\\_’/ {
1 +‘H
-
l—'————Zl"/|5 ———;—I -
: (s487cm T
| ];450“/ o U 25_):
l 1503 EXTENDED : o] ((a?-fcm}
| FROM CABINET |
I ' .
| |
| - |
_________ .J.M_L.
[
'
'
: '
- o o M
—_— - 3

2-2

[N L R TR T




L

: ®
¥
L
I

if the user has ordered a complete PDP-11 systen the TMB11 is

4 shipped installed in its appropriate rack. However, if only a
(f} part of the system is shipped because the user .already has a
basic PDP-11 system, then the TMR11 is shipped separately with the
appropriate cables. ‘ »
2.2.1 TU10¥W Cabinet Unpacking
'; : . To unpack the cabinet, proceed as follows:
1. Remove outer shipping éontainer.
NOTE
The cqntainer hay be either heavy
corrugated cardboard or plywood. In
either case, remove all metal straps
- first, then remove any fasteners and
‘éfg - " cleats securing the container to the

skid. If applicable, remove wood

- framing and supports from around

| - the cabinet perimeter.

) .

| - .

y 2. Remove the polyethylene cover from the cabinet.

j B 3. Remove the tape or plastic shipping pins from the cabinet

I - A reér access door. A S

4. Unbolt cabinet(s) from the shipping skid. The bolts are
located on the lower supporting side rails.and are exposed
by opehing the access door(s). Remove the bolts.

5. Raise the leveling feet above the level of the roll-around

casters.

6. Use wood blocks and pPlanks to form a ramp from the skid to

the floor and carefully roll the cabinet onto the floor.

7. Roll the system to the proper location for installation.
2-3




- 2.2.2 7TMB11 Urpacking

e

ensure that the correct number of packages has been received. “'%
F

Before unpacking the TMB11 controller check the shipping list to

Check the shipping list for the correct TMB11 module types.

Carefully rermove each device from its shipping carton.

2.3 INSPECTION
After removing the equipmént from its con£ainer(s), ihspeﬁt it
and report any damage to the responsible shipper and tﬁé 16cai
DIGITAL sales Office. Inépect as follows: |
1. Inspect all switches; indicators, and panéls for damage.
2. Remove equipment covers where necessary and inspect for
loose or broken modules, blower or fan damage, and loose

nuts, bolts, screws, etc.

.. proxen

Inspect wiring side of logic panels for bent pins, broken

wires, loose external components, and foreign material. 3%

i ' o 4. Check TU10W transport(s) for any foreign material that

may have lodged ih the tension arm, reél'hubs, and other
| - moving parts.
5. Check TU10W power supply for proper éeating of fuses and

power connectors.

6. Inspect each TMB11 module for shipping damage.

2.4 TU10W CABINET INSTALLATION

To install the TU10W cabinet, proceed as follows:
1. Lower the leveling feet so that the cabinet is resting
on the floor, not on the roll-around casters.
2. Use a spirit level to level the cabinet;-ensufe that all (

leveling feet are firmly on the floor.

2-4 - : ' : {\E
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3. Remove the shipping screwvs that secure the equipment

't/ to the cabinet.
| 4. If two oOx more cabinets are to be bolted together, install
 fillexr strips (p/N H952-G) between the cabinets as shéwn
in Figure 2-2. Tighten the bolts‘that secure the cabinet
groups together and then recheck that tﬁe cabine£s are level.
5. After the TU10W has been positioned pér the site plan,
loosen the two shipping: brackets that secure the transport
to the rear of the cabinet frame (see Figure 2-3).
NOTE
If the TU10W is to be reshippéd oxr
installed in a newvw location,>the shipping
brackets should be repositiéned and
N tightened. |
éi} , 6. Ensure that the fMB11 cabinet and the TUlOﬁ cabinet are
"tied to the same ground or install a ground strap between
the cabinets.
7. If necessary, clean all outer surfaces.
2.5A TMB11 fnstallation/Cabling
Ensure that power is removed from the/PDP—11.
2.5.1 System Unit Installation
1. Extena the expander 5ox on its slides and remove the module
access cover. (An extended BA11K and BA11F box is shown
in Figure 1-2.)
2. Insfall a TMB11 systerm unit into the expander box using
( the two captive screws (Figure72-4);

3. Install the option power harness by connecting the fast-on

’ ' : 2-5
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connectors to the syster unit backplane and the harress

Plug(s) to the expander box (Figure 2-5).

4. Dress the option power harness along the top of the BA11F
- expander box as shown in Figure 2-5. 1If a BA11K Dbox is

used dress the harness underneath the expander box.

2.5.2 Module Installation

1.!,Check the jumpers on the M7821 module for a bus 1nterrupt
address of 224, o .‘A,

2. Check the priority jumpet on the M79?2 noduie for the
correct>interrupt priorit& level>(usually>BR5).

3. Check the jumpers on‘the M105 module fos the correct'.
address range for the TMB11 reglsters (772520 to 772536).

4. Plug tne six TMB11 modules and a M930 termlnator module
into the system unlt accordlng'to Flgnres 2~ 6, 2 7, and -

. englneerlng draw1ng BD-THB11-¢-7. B

2.5.3 Unlbus Cabllng--System unlts are connected to the Unlbus

in dalsy chain fashlon as shown in Flgure 2- 8. Each unlt has a
Unlbus in- and a Unlbus out Jack A BC11A cable connects the
Unibus into the flrst system unlt. M920 Jumper modules connect

the Unibus to the other system unlts in a glven conflguratlon. An

' M930 terminator module 1s 1nstalled in the Unlbut out Jack of the

- last system unit in the chaln. If the Unlbus is to be carrled onto

another expander box, a BC11A Unibus cable is used to connect the
Unibus from the Unibus out-connecto: of the last system unit in the
first box to the Unibus in-connector of the first system unit in the
second box. The Unibus is terminated by an M930 module installed | (

v,

in the out-jack of the last system unit.

/"‘N
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Install the Unibus in-cable, Unibus out-cable, M920 jumper and/or
M930 terminator according to the particular configquration. The
1 Unibus in-connections on the TMB11 system unit are slots A1 and fwé
The Unibus out-connections are s;ots A4 and B4 (Figure 2-9 and
engineering draWinng-TﬁB11Fﬂ-7). fhe configuration shown'in Figure 2—6'
utilize; a Unibﬁsiout—cable ana an ﬂ920 bringiﬁg the Unibus in from
the next sys#eﬁ.dgvice.' Thé configurafion shown.ih Fiqﬂre 2-7
uses M920 jumpersrfbr b§th'inpu£ and oﬁtﬁut'Unibus connections.
| NOT~E’ |
BC{iA c;ble-éonﬁéctoré.ﬁilliplﬁg into'tﬁe
system-pnits either w;y but Qill hét/fully seat
_ if.incorrectiy installed. »Méke sure the con- |
neéﬁér;'&rehfﬁlly>sea£ed'and that the notches
on the c§nnector edges are up:agéinst the systen . N (j

«

unit slots.

2.5.4 COBtfoller/Haster DzivoVCablinq--Connact the BC11A cabkle to
slots E4 and F4 on the system unit (Figure 2-9).v Install an '
- M930 terminatbr ﬁbdule into slots E3 and F3Vto.terminéte the

cable. (Figure 2-6 and engineering drawing BD-THB11-$-7),

2.5.5 Secufing Cableé--If the installationAis performed in a BA11F
expander box, 1lift the cable trough cover and feed the BC11A cable(s:

through the trough and the cable holding bracket.

If the installation is performed in a BA11K expander box, perform

the following:

1. Remove one screw from the center strain relief and loosen

(
)

the other (Figure 2-6).

2-12
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Swing the strain relie! out and place the BC11A cakle(s] :
up against the edce of the chassis. (
Swing the top of the strain relicf lkack into place. ?;}

Insert the rermoved screw and tighten both screws.

TU10VW Cabling

1.

2.

10.

the system unit and the logic sheet-metal chassis (Figure 2-11)

Slide éhe TU1fW master transport out of the ﬁébinet.

Remove the 18926 interfacerﬁoardrfrom the transpo;t

system unit assembly.

Install H851 edge cognectors‘on the J and K jacks of ther
M8926 board (Figuré 2;10). | |

If there is only one TU1ﬂw in the system (thé ﬁaster drive)'
install H8800 terrinators inﬁo jacks Jﬁ, J2 and J3 as
shown in Figure ZQiO.'

Feed the BC11A cable from the TMB11 through the slot between (:

If the system contains two o£ ﬁqre tape Arives, route

three BC@6R slave bus éaﬁles through the same glot uéed iﬁ
step 5 but from undernegﬁh (Figure 2-11). o
Position the M8926 board.in itsbabpréximate locatioq aﬁd
connect the BC11A controllerléable tovthe H851 edge connectoré
on the M8926 (Figure 2-12).

If this is a multidrive System, cdnnect fhe ﬁhree BC¢6R

slave cables to J1, J2 and J3 on the M8926 boafd. Connegg

the cables so that the smooth side is up (Figure 2—13);

Mark the BC@6R slave cables. o

Insert thé M8926 board into the system unit.

If this is a multidrive syvstem, secure the siave cables : : (:
with tﬁe cable st;ain relief (Figure 2—11).' ﬁib

2-14
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Fi6. 2-12 TU10W System Unit Modules
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11. Remove M9001; M&8213 and M2001-Ya fIrer the slave transport
sys£em unit (Figure 2-14) .
12. Connect J1 on M8926 to the input jack on cakle card M9001{i}
Twist the BC@6R one-half turn to obtain the color stripe
gnd smooth side/rough side orientation shown in Figure 2-13.
13. Répeat step 12 for M8926-J2 to cable card M8913, and |
_MB926-—J3 to cabie card M9001-YA. |
14. If this is a two-drive system, install H8800 terminators
in the output jacks of M9001, M8913 and M9001-YA. If the
system contains more than two drives, iqgtall BC@6R
cables in daisy-chain fashion from one drive to the other
observing the colored stripe and smoothrside/fough side
orientation shown in Figure 2-13. Install HB8800 terminators
in fhe ﬁ9001, M8913 and M900j-YA'output jacks of the 1last

drive in the chain.

15. Plug the 861 power cord into a power receptacle.
16. Set the 861 circuit breaker to the ON position.

17.”VSlide the TU10W transport(s) back into the cabinet.

2.7 Acceptance Testing

Refer to Acceptance Procedure, Engineering Drawing Nos. A-SP-TU16-g-8

.and A-SP-TU10W-@-3 for the acceptance test procedures for the

TMB11/TU10W tape drive system.
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CHAPTER 3

SYSTEM OPERATING INSTRUCTIONS

3.1 Controls and Indicators

fhe operator control box (Figure 3-1) is located at the ieft of -the
file reel.“:The functions of the control box switches and indicators

are listed in Tables 3-1 and 3-2.

3.2 Operating Procedures ’ .

3.2.1 Application of Power

1. 1If the 861 Power Controller REMOTE ON/OFF/LOCAL ON switch is in
the REMOTE ON position, TU10W power is controlled by the processor

POWER key switch, This method is used in normal operation.

2. If the processor POWER key switch is not activated, TU10W power
may be turned on locally by setting the 861 Power Controller
REMOTE ON/OFF/LOCAL ON switch to LOCAL ON. This method may be

used during maintenance.

3.2.2 Loading and Threading Tape--Use the following procedure to

mount and thread magnetic tape.

1. "Apply power to the tfansport._ Place LOAD/BR REL switch
to center position.

2. Place a write enable ring in the tape reel groove if data
is to be written on the tape. Ensure that there is no
ring in the groove if data on the tape is not to be erased

or written over.



i
-4
=

-

Lo || eno|FiLE
pwrfloso |l Rov || 57 | 57 || pror
.
OFF
OrE |l seu [ wRT |{Fwo || Rev ||REW
ON-LINE . _START
OFF-LINE STOP : : |
LOAD FWD C
: 7 l REW
§ uNIT
q SELECT
BR REL REV
10-1267 l
Figure @ Operator Control Box
g
3-2 '




3. Mount the file reel onto the lower hub, with the groove facing

‘toward the back (away from the operator). Ensure that the reel

L
E §F~ is firmly seated against the flange of the hub and that the reel
: o hub is securely tightened by hand. To tighten the reel hub, turn
it clockwise. Do not grip reel by outer flanges. Ensure that
g : brakes are on while tightenind the hub.
Table 3-1 TU10W Control Box switches
j switch Function
LOAD/BR REL ,
i LOAD position Enables vacuum motor, which draws tape into’
the buffer columns.
Center position Disables vacuum motor; brakes are full on.
BR REL position Releases brakes.
ON-LINE/OFF-LINE
ON-LINE position Selects remote operation.
OFF-LINE position selects local operation.
FWD/REW/REV
FWD position Selccts, but does not initiate, forward tap:

motion when transport is off-line.

REW position Selects, but does not initiate, tape rewind
when transport is off-line. :

Seclects, but does not jnitiate, reverse tap

REV position
motion when transport is off-line.

START/STOP

START position Initiates tape motion selected by FWD/REW/

REV switch when transport is off-line.

gTOP position Clears any motion commands when transport

is off-line.

UNIT SELECT

(plug activated) Selects the tape transport unit by number

(0-7); this number ijs used in the program
to address the tapec transportA(slave addre:

e
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Table 3-2

Status Indicators

? Indicator Function
| PWR Indié;;és power has been applied to the tra;;;;;t.
LOAD Indicates the vacuum is on and the tape is loaded
into the buffer columns.
i; RDY Indiéates that the tape transport isrready (vacuuﬁ
% on and settle-down delay compléte); no tape motion.
LD PT Indicates that the.tape is at load point (beginhing
of tape--BOT). |
END PT Indicates that the tape is at end péint (end of tape
--EOT). | |
% FILE PROT Indicates that write operations are inhibitéd beééuse
the write enable ring is- not ﬁounted on the file reel.
OFF-LINE Indicates local operation by the control box.
i "SEL Indicates the tape transport is selected'by the
; controller (program). | A | |
% WRT .Indicates that a wfite operation has béen initiatedq.
i FWD Indicates that a forward command has been issugd.
g REV Indi¢ates that a reverse command has been issued.
é ‘REW ‘Indicates tha£>a rewind command has beenrissued.
% . .
f 4. Install the take-up reel (at the top) using the same procedure used
in step 3; |
5. Place the LOAD/BR REL switch in the BR REL position.
é 6. Manually unwind tape from the file feel and threéd the tape by
; _ the tape guides'and head assembly as shown in Figure 3-2.
; /« Wind about four turns of tape onto the take-up reel. 'Ensure that
% the tape is in the guides.
" 13-4
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8. Place the LOAD/BR REL switch .to the LOAD pesition to draw‘tape

into the vacuum columns.

: 9. Select FWD and press START to advance the tape to the load point.

When the BOT marker is sensed, tape motion stops, the FWD indicator

goes out, .and the LD PT indicator comes on.

NOTE

; »if tape motion continues for more than 10 sec, it
is possible that originally too much tape was
wouhd by hand onto the take-up reel, passing the
4 . 1 BOT Rmarker. If this happens, press -STOP, se}ect
REV (reverse), and press START. The tape should
move to the BOT mafker (load point) and stop.
3.2.3 Unloading Tape—-Different procedures are used to unload tapes,
depending on whether or not the tape is at éOT._. B (j

Unloading Tape at BOT--To unload a tape which is at the 30T marker,

rerform the following procedure:
1. Place the LOAD/Bﬁ REL switch in tﬁe BR»REL position to release
the brakes.
2.. Gently hand wind the file reel (lower) in a Qounterclockwisg
direction until all of tﬁe tape is wound onto the reel.
CAUTION
When winding the tape by hand, do not jerk the
reel. This can stretch or compress the tape,.
which could cause irrepérable damage.

3. Remove the file reel from the hub assembly. Turn the hub

counterclockwise to loosen it.

Unloading Tape Not At BQT--To unload a tape which is not at the BOT (

‘marker, perform the following procedure:

1. Place the ON-LINE/OFF-LINE switch in the OFF-LINE position.
3-6 "
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2. Press STOP; select REW.
3. Press START. The tape should rewind until the BOT marker is
reached.
4. Place the LOAD/BR REL switch in the BR REL position to release
the brakes.
5. Gen%ly hand wind the file (lower) reel in a counterclockwise
direction until all of the tape is wound onto the reel.
CAUTION
When winding the cape by hand, do not jerk
the reel. This can stretch or compresc the
tape, which could cause irreparable’damage.
6. Remove the file reel from the hub assembly. Tcrn the hub
counterclockwise to loosen it.

3;2;4 Restart After Power Failure--In the event of a power failure,
the TU10W automatically shuts down and tape motion stops without
physical damage to the tape. However, if the TU10W was on-line
and wés either reading or writing at the timé of the power
failure, the last record was probably lost; refer to system
recovery procedures documentation if this happens. To restart
the transport, proceed as follows:

NOTE
Return of power is indicated when tce PWR
indicator lights.
1. Set the ON-LINE/OFF-LINE switch to OFF-LINE.
2. Place the LOAD/BR REL switch in the BR REL position fo
release the brakes.

3. Manually wind the reels to take up any slack in the tape.
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4. Set the LOAD/BR REL switch to the LOAD position to draw

tape back into vacuum columns.

5. Set the ON-LINE/OFF-LINE switch to the desired position.

3.2.5 Restart After ngl—Safé--If the tape loob in either buffer
colunn exceeds the limit shown in figure 3—3,.£he vacuum system
'automaﬁically shuts down And tape motion stops without damage to
the tape. When this'fail—safe condition occurs, the TU10W does not
respond to éither on-line or-off—liné commands. To restart the

transport, refer to Parégraph 3.2.4.

3.3 Operator Troﬁbleshboting 
Before any maintenance persohhel are called to édrrectvé pioblem,
the operator can make several Ehecks with minimal effért.‘>Tﬁesé
.precaﬁtions may isdlafe én easily correctable error:
1. Ensure that tﬁe vacuun dobr (Figure 1-4) is_cloéed éﬁd
sealed Rroperly. o
2, If the iape does not stoprat BOT,IBe ceftain fhe tape
has a BOT marker, | A
3. Ensure that the write enable riﬁg is inserted in the tépe
reel if a write operétion is to be performed. .
4. Clean the fape path according to the daily (8-hour) breventive

maintenance procedures in Chapter 4.




i

al L

VACUUM
SWITCHES ™

- 3-3

<

SHORT LOOP
— (TRANSPORT

BUFFER

* ’— COLUMN

LONG LOOP

— (TRANSPORT

WILL SHUTDOWN)

10-1288

Figure 38 = Fail-Safe Limits

WILL SHUTDOWN)




CHAPTER 4
CUSTOMER CARE

% AND PREVENTIVE MAINTENANCE

4.1 CUSTOMER RESPONSIBILITIES

The customer is directly responsible for:

2 ' 1. Obtaining operating supplies, including disk cartridges,
disk packs and filters, magnetic tape, DECtape, paper
tape, cassettes, printer paper, printer ribbons, plotter

paper, etc.

f 2. Supplying accessories, including disk storage racks, DEC-
tape storage racks, carrying cases for disk cartridges

and DECtape, cabinetry, tables, and chairs.

- ) : NOTE

Ucsers of Digital Equipment Corporation equipment
may obtain the proper operating supplies and acces-
ories by contadting:
; Digital Equipment Corporation

DEC Supplies Order Processingb

146 Main Street— |

Maynard, Massachusetts 01754

Phone: (617)897-5111, Ext. 5218,5907

Boston Area: (617)890-0330

TWX:710-347-0212

Cable: Digital Mayn

Telex: 94-8457

3. Maintaining the required logs and report files consistently and

accurately, 4-1




&= 4. Making the necessary documentation available in a location
:@ convenient to the systen.

5. Keeping the exterior of the system and the surrounding area clean g7

6. Turning off the teletypewritei and/or line printer when these
devices are not in use.

:5 , 7. Ensuring ghat ac plﬁgs are securely plugged in éaéh time cquipmunt.

is used.

aé 8. Performing the specific equipment care operations'déscribed in

:? 7 ' Paragraphs 4.2 and 4.3 at the ;uggested frequencies-or nore

i often if usage and environment warrant.

= 4.2 CARE OF MAGNETIC TAPE

ré 1. Do not expose magnetic tape to excessive heat or dust. Most
i _ ,
ré tape read errors are caused by dust or dirt on the read head;

it is imperative that the tape be kept clean.

2. Always store tape reels inside containers when not in use; keep

:é the empty containers tightly closed to keep out dust and dirt.
s 3. Never touch the portion of tape between the BOT and EOT markers;
-7 0il from fingers attracts dust and dirt.

g . 4. DNever use a contaminated reel of tape;‘this will spread dirt to

= . clean tape reels and could have an adverse affect on tape transport

% reliability. .
:ﬁ _ 5. Always handle tape reels by the hub hole; squeézingbthe reel
i .
:é flanges could lead to tape edge damage in winding or unwinding
i tapes.
:@ 6. Do not smoke near'the tape transport or storage area; tobacco

smoke and ash are especially damaging to tapes.

®

7. Do not place magnetic tape near any line printer or other device

4 "~ that produces paper dust. 4-2
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8. Do not place magnetic tape on top of the tape transport, or in

any other location where it might be affected by hot air.

4.3 CUSTOMER PREVENTIVE MAIN"I‘ENANCE OF TU10W TAPE TRANSPORT

4.3.1 General )
Digital Equipment Corporation tape transports are highly feliable
precision instruﬁents that will provide years of troube-free perfor-
mance when properly maintained. A planned program of routine inspection
énd maintenance is essential for .optimum performance and>reliability.

The following information will assist the customer in caring for his

equipment and ensure the highest levei of performance and reliability.

4.3.2 Preventive Maintenance

To ensure trouble-free operation, a preventive méinténance schedule
should be kept. Preventive maintenance consists of cleaning only a
few items, but the.cleanliness of these items is very important to
proper tape'transport'oberation. The frequency of perfo?mance will
vary somewhat with the environment and degree of use of the trans&ort.'

Therefore, a rigid schedule applying to all machines is difficult to

define. Dailly cleaning is recommended for units in
constant operation in ordinary environments. This
schedule should be modified if experiénce shows other
periods are more suitable. Paragraph 4.3.4 contains

the cleaning instructions,

cefore performing any cleaning operation, remove the supply reel and
store it properly. All items in the tape path should be cleaned on
a daily basis. In cleaning, it is important to be thorough yet .
gentle and to avoid certain dangerous practices. It should bé re-

membered that the tape cleaner is a strong cleaning agent and should

_not come in contact with painted surfaces or plastic.

4-3
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CAUTION

Do not use acetone or lacquer thinner, rubbing (

alcohol, or excessive cleaner. Be extremely

careful not to allow the cleaner to penetrate

i
;
3
]
3
1

ball bearings, tension rollers, and motors.

4.3.3 MAGNETiC TAPE DRIVE CLEANING KIT

4 A magnetic tape drive cleaning kit has been carefully configured

‘ to provide cleaning materials that‘will not harm tape equipment and
will not leave/any residue behind to interfere with data reliability.
fﬁe hints contained in the following few péragraphs will ensure

that the very best results possible will be obtained from the kit.

.
The FREON #TF113 cleaning fluid in this kit is one of the safest and

] best degreasing agents available. It will not adversely affect any ~

R s R

part of DIGITAL's tape equipment. To ready the can of fluid for
; service, unscrew the top and punch a small hole in the metal seal
2 covering the pour spout.

WARNING

TF113 is a non-restricted, non-hazardous substance.

However, when using TF113, avoid excessive skin

contact, do not allow TF113 to come in contact with

% the eyes, and do not swallow it. Use TF113 only in a

; A well-ventilated area. |

When cleaning tape equipment, never dip a contaminated cleaning swab

g or wipe into the can. To transfer fluid onto the swab, pouf a little

out into the screw cap and dip the swab into the cap. Discard the

$1~ remaining fluid when the cleaning operation is complete.

4 *Ragistered trade mark; Dow Chemical Co.
1 4-4
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Always keep the can of fluid tightly closed when not in use, because

FREON TF113 evaporates rapidly when exposed to air.

Use “the cleaning materials contained in the kit to clean tape
heads, guides, reels and any part of the drive where a dirty
residue could ultimateiy come in contact with tape. To clean othef
parts of the drive, such as the exterior surfaces of doors or the
frictioh pads of brakes, use any reasonably clean, 1int—free.materia1
with or without cleaning fluid;
NOTE

Shouid you encounter an unusually stubborn

dirt deposit that appears to resist TF113, try

a,mild soap and water solution to diélodée it.

After using soap, be sure to wash down the |

affected area thoroughly with TF113 to remove

soapy residues.
4.3.4- Cleaning the TU10W DECmagtape Drive

1. Dismount the tape from the unit.

2. Clean the followin§ components of the drive using a foam-tipped
swab socaked in cleaning fluid (Figure 4-1). |
a. Read/write head (Location A)
b. #rase head (Location B)
c. Tape cleaner (Location C) ' .
d. .Upper roller guide (Location D)

e. Lower roller guide (Location E)
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NOTE

Be careful to keep cleaning fluid only on the

tape-bearing surface of roller guides to prevent

. degreasing the roller guide bearings.

3. When cleaning the head area, avoid the sping-loaded ceramic washers (

; 7 on the tape drive assemblies. If it apbears necessgry to run;the swal;
over the tape bearing surface ofrthese guides to remove oxide deposits,
do so; however, when cleaning is completed, be sure that the washer

is pressed snugly up against the tape guide surface and hot "hung up"

on its shaft (Figure 4-2).

4. Next, clean the vacuum pockets (F) and the inner surface of the
vacuum door (G) using a lint-free wipe and cleaning fluid. Pass
another lint-free wipe over the head using a polishing action to

remove any remaining deposits.




. \E
U . -
[
s € ¢ L 2
L]
U
¢ ¢ 8
6
F

11 -3357

Figure 4~| Location of Read/Write and Erase Heads and Tape Cleaner

CERAMK

WASHER
L ]
) L HEAD
{ (r PLATE
THIS NOT THIS :
. - n-4120

Figure 4 -2 Proper Ceramic Washer Positioning



L

e LT

C

(

')

CHAPTER 5

SYSTEM MAINTENANCE

5.1 SCOPE
This chapter provides a conplete description of TMB11/TU19W

preventive and corrective maintenance procedures.

5.2 TMB11/TU1PW MAINTENANCE'fHILOSOPHY

The TMB11/TU1¢W DECmagtape System is highly reliable and will
provide years of trouble-free performance when properly maintained..
A planned program of routine inspection and maintenance is essential

for optimum performance and reliability.

The prevantive maintenance required on the THBI11 differs from that raquix:

on the TU19W transport. VThe TMBj1 controller and the M8926 interface arc
total solid-state units with no moving parts; therefore, no preventi
maintenance is required on these units. The TU1¢W transport, how-
ever, requires daily customer care consisting of head and tape patﬁ
cleaning (Chapter 4). Otherwise, the transport requires very few
adjustments and these should not be performed unless problems are
Vencountered in transport operation. See Paragraph 5.4 for the

recommended preventive maintenance procedures.

Correctivermaintenance consists of troubleshooting at the system
level using system diagnostics and visual observations to localize
the failure to a particular unit, whether it ke the TMB11 Controlle:
the M8926 Interface or TU1@gW transport. Once the faulty unit is
identified, unit level troubleshooting can be performed using unit
functional block diagrams, engineering flow diagrams, timing dliagra:

and detail logic diagrams to localize the failure to an electrical

module or mechanical part. -
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once the faulty module or mechanical part is located, it should be

replaced. If the faulty part is a module, it should be returned

to the depot for repair; if a mechanical part fails, it should be

repaired only if the cost warrants it.

5.3 TEST EQUIPMENT
Test equipment reguired to maintain the TMB11/TU10W falls into two

categories: standard test cquipment and special test equipment.

5.3.1 Stapdard Test Equipment
Maintenance procedures for the TMB11/TU10W require the standard
test equipment and diagnostic programs listed in Table 5-1, in

addition to standard hand tools, cleaners, test cables, and probes.

Table 5-1 -Standard Test Eéuipment Required  | | : (’
Equipment Manufacturer Designation M
Multimeter Triplett or Simpson Model 630NA or 260
Oscilloscope | Tektronix i Type 453 or equivalent
X10 Probes iZ)A | Tektronix P6008 | |
Diagnostics (MAINDECS) PIGITAL MAINDEC—11—DZTMA*;

MAINDEC-11-DZTMH—*
MAINDEC-11-DZTME—*

MAINDEC-11-DZTMF—*

MAINDEC-11-DZTMG—*

*Revision level
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5.3.2 Special Test Equipment

] The special test eauipment and tools required are listed in Table 5-2.
ﬁ Usage of the special tools and'equipment is also given.

§ Table 5-2

Special Tools and Equipment and Their Use

~ _ Usage*

; Item Part No. 1 2 3 4 5
| 1. sSkew Tape (800BPI) 1200 ft. 29-19224 X X
or G600 ft. 29-22020 X X
- 2. Reel Fub Tool 29-18611 ’ X
3. Roller Guide Tool ' | 20-18607 X
4. Microscope 29-20273 X X
5. Magna-see » 29-16871 X X
6. Penlight . X X X X X
i ( 7. Alignment Glass 74-13969 X
8. Depth Micrometer .1 29-22039 X
9. Shimstock .001 - 48-50023-01 X
.002(red) 42-50023-03 X
.003(green) 48-50023-04 X
.004 (tan) ’ 48-50023-05 X
.005(blue) 48-50023-06 X
.0075(transparent) 48-50023-07 ‘ X
.010(brown) 48-50023-08 X

10. TMB11/TU10W Module Swap Kit X
11. Feeler Gauge Set X X X X
12. Allen Wrench Set _ X X X X
13. EOT/BOT Markers (Reflective Strilps) X X
14. Ground Isolation Plug (Scope Flgat) X X X bt

15. Vacuum BRelt Tension Gauge X

*Usage Lecgend 1. Routine Corrective Maintenance

v 2. Monthly P.M.
(; . 3. OQuarterly P.M.
' ) 4. Semi-Annual P.IM.
@ ' 5. Major Tape Path Alignment

- L
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5.4 Preventive Maintenance

The TMB11 controllexr and M8926 interface module are all-electroniec
assembliag reqﬁiring no pieventive maintenance.  Care and preventiv
maintenance of the‘TU10W to be performed by the user is given in
Chapter 4. TU10W preventive naintenance to be performed by the
service ﬁedhnician is.contained in Chapter 5 of the TU16/TMB2

tape drive system maintenance manual; document No. EK-TU16-:M-002.

5.5 '‘Adjustments

e

The TMB11 controller and M8926 interface module contain no adjustments.

TU1CW adjustments and alignment procedures are contained in Chapter 4

of the TU16/TM@2 tape drive system maintenance manual; document

'No. EK-TU16-MM-002.
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L 5.6 CORRECTIVE MAINTENANCE

Corrective maintenance information is provided to guide and aid the

maintenance technician when isolating and repairing faults. The
information consists of five troubleshooting aids: the TMB11/TU10W
diagnostics, the corrective action flow diagram, the functional

block diagram, TMB11 troubleshooting, and TU10W Troubleshooting.

5.6.1 TMB11/TU10W Diagnosticsvb

Diagnostics, consisting of a paper tape and documentafioﬂ, are
provided with each system. The documentation includes instructions
on léading, running, and interpreting diagnostic printouts.b The
diagnostics provided with the TMB11/TU10W are listed andrdescribed

in Table 5-3. Appendix B contains the diagnostic documentation less
the program listings.

Table 5-3 Diagnostic Descriptions

Number:
MAINDEC-11~- Title : Description
DZTMA TMA-11 Instruction Test A series of basic tests that
‘ checks TMB11 registers for
: : ' proper operation.
DZTMH TMA-11 Multidrive Data Tests all TMB11/TU10W function
Reliability Bxexrciser for evaluation and debugging.
DZTHE TU10W Drive Function Selected TMB11/TU10W operation
Timer ' are executed, timed, and the
times are then printed,
DZTMF TU10W Supplemental Four tests that check special
Instruction Test data transfers of the TMB11/TU
DZTMG TU10W Utility Driver Executes designated operation
: regardless of errors or result
( 5.6.2 Corrective Action Flow Diagram

Figure 5-1 provides sequential procedures for troubleshooting the

TMB11/TU10W.

5-5
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5.6.3 Functional Block Diagram

Fiéure 1-6 functionally separates the circuitry comprising the three
major units (TMB11, 8926, TU10W) into functional blocks and depicts
signal flow between those blocks within each unit; it also depicts
interfacing between each unit and interfacing between the TMB11 and
the Unibus. The functional block diagram can‘be used in conjunction

with Figure 5-1 for troubleshooting and maintenance.

5.6.4 TMB11 Controller Troublgshooting

The'diagnostics listed in Table 5-3 will tés£ and troubleshoot all
functions of the TMB11 Controller. By using the Qiagnostics and the
functional block diagram (Figure 1-6), troubles within the controller

can be isolated and repaired.

5.6.5 TU1@gW Transport Troubleshooting
Table 5-4 suggests possible causes when problems are encountered
with the TU1gW transport. "'More specific and more detailed trouble-

shooting procedures are found in Chapter 3 of the TU16/TM@2 tape

drive'system maintenance manual, document No. EX-TU16-MM~-002.

5.7 PARTS REPLACEMENT

In most instances, assembly methods for parts replacement are obvioué.
Electronic parts are nearly all on Plug-in modules. Items in the
transport gape path may requiré machine réalignment if replaced. If
only one item in the transporf tape path is replaced)at a time, the
cbmplete alignment procedure may usually be avoided. Refer to the
Removal and Replacement procedurss iﬁ Chapter 4 of the TU16/TM@2 tape

drive system maintenance manual, document No. EK-TU16-KHHM-002,

5-7
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Table 5-4 TU10W DECmagtape Transport Troubleshooting Hint(

Problem

Hints

General

Problems in the TU10W transport can usually be classified
as either mechanical or electrical but often the class-
ification may be confusing because a basically mechanical
probleﬁ can cause w%at apbears to be an electronic mal-

function and vice §ersa. In any case the problem should

-be_thoroughly analyzed before adjustments are made.

Electronic troubleshooting is greatly facilitated by the
modular construction--a new card may be substituted and
the effect observed. Most difficult, of course are

subtle problems and those of an intermittent nature.

Visualizing solution (Magna-See) is useful under certa
conditions for troubleshooting. At high densities the
' . -

data cannot be satisfactorily resolved but such problems

as a dead track, improper gap length, etc., can be

isolated rapidly by its use.

If a tape has had visualizing solution applied to it, dg
not reuse that portion of the tape as it will contaminate

the head. Cut the visualized portion off and discard.

To use visualizing soltuion, shake the can thoroughly,
remove top, and pass portibn to be visualized through
the solution. Snap the tape vigorously to remove excess

solution and let dry. Iron powder will be left in (

magnetized areas. This can be picked off using Scotch%

5-8
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tape and applied to a sheet of paper for a permanent

record.

High Error
Rate

Usually the more difficult problems involve a higher
than permissible error rate for which there is no obvio:
reéson, If operating properly with good tape, the
transport should make very few errors in writing and,
if rewritingris iﬁcluded.in the program, it shéuid make

no read erros.

Useful clues are:

1. In Qhat mode (read or write) are many errors occuri:

2. At what point in the block does the error occur?

3. What is the nature of the error: vertical pazxity,
CRC, LRC?

4. Are the error pattezrns related?

5. Do errors occur only on cerfain sets of commands?

The first thing to be done is to imspect the head and

other items in the tape path for dirt accululations.

Be sure everything is clean. Check the tape being used

and try a new reel if tape is doubtful. Check interface

connections for broken wires or bad contacts.

5-9
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_% Table 5-4 TU10W DECmagtape Transport Troubleshooting Hints (Cont)

q :
(
;

: Problemnm Hints

é Compatibility The TU10W transport accepts and produces tapes conformin's’
i : : )

to ANSI standards. Occasionally compatibility

problem; can arise:

1. Tapes‘written by and acceptable to.the TU10W transport
are not acceptab}e to anothér transporf.

2. Poreign tapes cannot be read by the TU10VW transport

but its own tapes can be read satisfactorily.
Pour items may be involved: skew, speed, ramp times,
and tape path alignment. These should be checked as

described in the adjustment probedurea.

5-10
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| CHAPTER 6
TMB11 THEORY OF OPERATION

6.1 INTRODUCTION _
The TMB11 Controller has three main functions: handling data transfers, issuing control commands,
and monitoring operation of the system. '

During data transfer functions, the controller assembles the data word from the magnetic tape and
places it on the bus (read operation) or assembles it from the bus and loads it into the tape transport
read/write heads (write operation) for recording on magnetic tape. The commands neccssary to per-
form the specified operation are generated by the controller under program control.

Normal data word transfers are performed by direct memory access transactions at the NPR level. If
the controller is ready to begin a new function or if an error condition exists, it issues an interrupt
request so that it can be serviced by the program.

(. In addition to the commands required for data transfers, the controller may issuc other commands

(

= gOverning tape unit selection, direction of tape travel, rewind, space forward, space reverse, write end-
¢.7of-file mark, etc. The controller also monitors various functions and provides an indication of error

conditions. The status of the monitored functions is stored in the status register.

6.2 GENERAL OPERATION . :

The prime function of the TMBI1 Controller is to control transfers of information so that digital data
can either be taken from the bus and recorded on magnetic tape (write operation) or read from the
magnetic tape and transferred to the bus for use by another device such as memory (read operation). In
addition, the controller performs tape transport selection, tape positioning, tape formatting, and sys-
tem monitoring functions. : :

The controller contains a command register, which allows the program to specify desired operations
by loading control data (transport selection, packing density, function, etc.) into the register. System
status information (end-of-tape, errors, tape unit ready, etc.) is loaded into a status register, which can
be read from the bus. ‘

Data transfers are controlled by a byte record counter (MTBRC) and a current memory address
register (MTCMA). The program loads the byte record counter with the 2’s complement of the desired
number of data transfers. The counter is incremented before each transfer; therefore, the byte transfer
that causes the byte count overflow (MTBRC becomes zero) is the last transfer to take place. The byte
counter is also used to count the number of records during space forward and space reverse operations.

The current memory address register is also incremented before each transfer and, therefore, always
points to the next higher address than the one most recently accessed. Thus, when the entire record is
“ransferred, the register contains the address plus 1 of the last character in the record. For certain error
conditions, the register contains the address of the location in which the failure occurred.

6-1
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2.1 Read , : .
During read operations, the controller assembles bytes from successive characters read from the tape -
channels. When reading a 7-channel tape, the 6 data bits are assembled in a data buffer register for
temporary storage. The parity bit is read but not loaded into memory. Because the PDP-11 uses 8-bit
bytes, the remaining 2 bits in the buffer are forced to 0. When the byte is assembled, it is placed on the
“us for transfer to memory. If an NPR transfer is used, bytes from the data buffer are alternately
stored into the low and high byte portions of memory.

¥hen reading 9-channel tape, operation is identical except that 8 data bits are assembled. It is not
necessary to force any bits to 0, because the 8 data bits constitute a complete PDP-11 byte. In the case
of both 7-channel and 9-channel tapes, the parity bit can be loaded into the data buffer but is not
loaded into memory.

- When reading 9-channel tapes, either the CRC character or the LRC character at the end of a record is

stored in the data buffer, depending on the state of bit 14 in the MTRD. If this bit is 0, the CRC

character is loaded into the data buffer and can be used for error detection. If the bit is 1, then the data

buffer contains the LRC character at the end of the record. When reading a 7-channel tape, bit 14 in

the MTRD operates in a similar manner. if bit 14 is set, the LRC character is present, and when bit 14

is cleared, the last data character-is present in the data buffer.

6.2.2 Write

During write operations, the controller disassembles 8-bit bytes from the bus and distributes the bits so
that they can be recorded on successive frames of the tape. The controller selects one of three recording
densities (200, 556, or 800 bpi) for 7-channel tapes. All 9-channel tapes are written at a density of 800
bpi. There are three possible write functions: write, write-with-extended-IRG, and write end-of-file
EOF) mark. ’

When a write function is selected, the program loads the byte record counter with the 2’s complement
of the number of bytes to be written in the record. Although the parity bit is generated by the master
tape transport, the polarity of the bit is determined by the controller so that either odd or even parity
can be selected. When the buffer is loaded, the controller transmits the byte to the master tape trans-
port, which places the byte on the read/write heads of the selected slave transport so that data can be
written on-the magnetic tape.

The write-with-extended-IR G function is identical to the write function except that a 3-in. gap, rather
than the normal gap is used between records. When this function is selected, a 3-in. segment of tape is
erased before writing begins. . . '

~ The write end-of-file (EOF) function is used to indicate that a block of records is complete. When this
* function is selected, a special EOF character is written on the tape followed by an LRC character. In 7-

channel mode the EOF and LRC characters are octal 17. In 9-channel mode the EOF character (and
the LRC character) are octal 23. These two characters constitute a complete record. This command
causes a 3-in. gap to be placed before the EOF mark. The XIRG command must be absent to have this
gap written.

6.2.3 System Monitoring

System monitoring functions are performed by the controller status register. The 16 bits in this register
retain error and tape status information. Some status data is combined, such as lateral and longitudi-
nal parity errors, or has a combined meaning, such as illegal command, for optimum use of the
arailable bits. The status register only monitors the tape transport selected by the command register;
‘herefore, other units that may be rewinding do not interrupt the system when ready for data.
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6.2.4 Interrupts -

The TMBI1 Controller uses NPR or BR interrupts to gain control of the bus in order to perform data
transfers or to cause a vectored interrupt, thereby causing a branch to a handling routine. The NPR
requests are used for direct memory access whenever it is desired to transfer data between memory and
the data buffer register without processor intervention. The BR requests are made when processor
servicing is required for completed operations or error conditions.

6.2.4.1 NPR Requests - The controller issues an NPR request whenever it is necessary to transfer
data between memory and the data buffer register. During a read operation, the direction of transfer is
from the data buffer to the core memory. The RDS pulse (read strobe, from master tape transport to
controller), which is used to strobe data from the tape transport into the data buffer register, generates
the NPR request. When the request is granted, the controller performs a DATOB bus cycle and
transfers information from the data buffer into memory.

During a write (or write-with-extended-IRG) operation, the NPR request is generated by the write
strobe (WRS) pulse from the transport. When the request is granted, the controller performs a DATI
bus cycle and transfers a byte from core memory into the data buffer register.

During both read and write operations, the address in memory that data is read from or loaded into is
determined by the value in the current memory address register (MTCMA).

6.2.4.2 BR Requests - A BR interrupt can occur only if the interrupt enable (INT ENB) bit in the
command register is set. With INT ENB set, setting the CU RDY bit in the command register, or
completing a rewind operation initiates an interrupt request.

When CU RDY is set, it indicates that the controller is ready to perform another command.

When ERR is set, it indicates that some type of error condition exists. In this case, an interrupt is used
to cause the program to branch to an error handling routine. co

If a function command is issued with the GO bit cleared and INT ENB set, an interrupt is initiated.

If the selected tape unit (as indicated by the SEL bits in the cqmmand register) completes the rewind
operation before a new command to that unit is received and INT ENB is set, an interrupt is initiated.

If the interrupt is enabled (INT ENB set) and selection of the tape unit is not changed (as indicated by
the SEL bits), then a rewind command causes two interrupts: an interrupt when the rewind function
begins and an interrupt when the tape unit completes the rewind function. If, however, the tape unit is
already at the BOT marker when rewind is issued, only one interrupt occurs.

6.3 FUNCTIONAL BLOCK DIAGRAM DESCRIPTION

" The TMBI1 flow diagram (Figure 6-1) provides a brief functional description of the controller. This

diagram should be read in its entirety while referencing the controller functional block diagram, Figure
6-2. ‘ '

6.4 TMBI11 REGISTERS .

All software control of the magtape system is performed by means of six device registers within the
controller. These registers have been assigned bus addresses and can be read or loaded using any PDP-
I1 instruction that refers to their address. The six device registers are listed in Table 6-1. The register
addresses are determined by jumpers on the M 105 address selector module. Any programs that refer to
these addresses must be modified accordingly if the jumpers are changed.
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PROCESSOR ADDRESSES TMB11 REGISTERS

)

PROCESSOR LOADS TMB11 REGISTERS: I

1. LOADS COMMAND REGISTFR WITH NECIoEn
FUNCTION AND DFSIRED TRANSPORT

2. LOADS BYTE/RECORD COUNT REGISTER WITH
NUMBER OF BYTES TO BE TRANSFERRED.

3. LOADS CURRENT MEMORY ADDRESS REGISTER
WITH FIRST MEMORY ADDRESS INVOLVED IN
TRANSFER.

4. CMA BIT 00 SELECTS LOW DATA BYTE OF
SELECTED MEMORY LOCATION.

!

COMMAND REGISTER ESTABLISHES OPERATION

PARAMETERS:

1. ASSERTS SELO-SEL2 TO SELECT DESIRED

TRANSPORT.

SENDS FUNCTION COMMAND TO COMMAND

DECODER WHICH ASSERTS COMMAND TO

TRANSPORT.

3. ASSERTS GO BIT TO ENABLE START
QOPERATION LOGIC.

!

START OPERATION LOGIC INITIATES

OPERATION:

1. CHECKS THAT TRANSPORT IS SELECTED
AND ON LINE (SELR).

2. CHECKS THAT TRANSPORT IS STOPPED
AND READY TO START AN OPERATION T :

. (TuR), (

: , 3. ASSERTS SET TO TRANSPORT TO START

THE OPERATION.

! } :

TRANSPORT ASSERTS WRS
READ OPERATION : WRITE OPERATION WHEN READY TO

RECEIVE DATA

2

N

% - ‘ —* v
TRANSFER FROM NPR LOGIC WS REQUESTS A N

TRANSPORT ASSERTS RDS WHEN DATA A : TRANSFER FROM NPR LOGIC

(RDO-RD7, RDP} IS READY TO BE TAKEN

— L ]

RDS: -
-. 1. LOADS RDO-RD7 DATA FROM TRANSPORT
INTO DATA BUFFER VIA READ/WRITE MUX.
2. REQUESTS AN NPR TRANSFER FROM NPR

NPR LOGIC:

1. ASSERTS NPR TO BUS.

2. RECEIVES NPG FROM BUS.

3. ASSERTS BBSY AND MSYN TO BUS.
4.

s R B

LOGIC.
RECEIVES SSYN FROM SLAVE INDICATING
DATA IS ON UNIBUS READY TO BE RECEIVED.
3 5. ASSERTS DATA STB 2 TO TAKE DATA FROM
BUS.
NPR LOGIC:

1. ASSERTS NPR TO BUS. 3

2. RECE!IVES NPG FROM BUS. .
3. ASSERTS BBSY AND MSYN TO BUS. DATA STB 2 LOADS INPUT DATA BYTE INTO

4. ASSERTS DATA —BUS TO ENABLE EITHER DATA BUFFER VIA EITHER HI BYTE GATE OR
i LO DATA BYTE OR HI DATA BYTE. Lo BYTg GATE, AND READ/WRITE MUX. DATA
3 NOW AVAILABLE TO TRANSPORT AS WDO-WD7.

T'IB11 Flow Diagram (Sheet 1 of 2)
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DATA BYTE IN DATA BUFFER TRANSFERRED TO
UNIBUS VIA EITHER il BYTE GATE OR LOBYTE

GATE.

NPR LOGIC:

1. RECEIVES SSYN FROM SLAVE INDICATING
DATA HAS BEEN RECEIVED.

2. ASSERTS NPR CLEAR BBSY TO INDICATE NPR
TRANSFER IS COMPLETED.

A

NPR CLEAR BBSY:

1. INCREMENTS CMA REGISTER TO NEXT MEMORY -
LOCATION FOR NEXT DATA TRANSFER. CMA
BIT 00 TOGGLES WRITE BYTE SELECT LOGIC TO
ASSERT ALTERNATE BYTE SELECT SIGNAL.

2. INCREMENTS BYTE/RECORD COUNTER.

LRCS
RECEIVED
FROM TRANSPORT
INDICATING END OF RECORD
AND THAT THE READ
OPERATION IS
COMPLETED.

ABORTIVE
ERROR

YES

LRCS STROBE OR ABQ
) LOGIC ASSERTING DO
LOGIC.

. . BUS INTERRUPT L
1. ASSERTSBUS B
2. RECEIVES BUS
3. ASSERTS BBSY
. 4. ASSERTS VECT
INTERVENTIOR-
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NPR LOGIC ASSERTS NPR CLEAR BBSY

\id

NPR CLEAR B8SY:

1. INCREMENTS CMA REGISTER TO NEXT

s MEMORY LOCATION FOR NEXT DATA
TRANSFER. CMA BIT 00 TOGGLES WRITE
BYTE SELECT LOGIC TO ASSERY ALTERNATE
BYTE SELECT SIGNAL.

2. INCREMENTS BYTE/RECORD COUNTER.

y CARRY
OUT 2 ASSERTED
BY BYTE/RECORD
COUNTER TO WRITE DATA
READY LGGIC
INDICATING DESIRED
NUMBER OF BYTES
HAVE BEEN
WRITTEN

" ABORTIVE
ERROR

A

WRITE DATA READY LOGIC NEGATES WDR TO
TRANSPORT INDICATING END OF WRITE OPERATION.

4

TRANSPORT WRITES LRC CHARACTER AND ISSUES
LRCS STROBE TO TMB11.

RTIVE ERROR ENABLES DONE
JE DELAYED TO BUS INTERRUPT -

1

0GIC:

iRX*® TO UNIBUS,

BGX* FROM UNIBUS.

AND BUS INTR TO UNIBUS.
OR ADDRESS FOR PROCESSOR
¢ (NEW COMMAND, ETC.).

*X=4,5,60R7?

—Y
DONE

1141448

Figure 6-1 TMB11 Flow Disgram (Sheet - ¢
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OUTPUT
M7912 MUX
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s E—QL M79i2 }a--—
BUS BRX v y
BUS BGX ™ N SEL STATUS IN T
BUS SEL 1IN od
BUS BBSY INTERRUPT | DONE DELAYED A
BUS INTR LOGIC SEL 2 IN .41///
BUS D@2-DP8 SEL 3IN LA
(VECTOR ADDRESS) SEL 4 IN b
M7921 SEL 51N
SEL1OUT ] ——
DONE LOGIC COMMAND
REGISTER
M7911 {REG 1)
I ERR (1) M791
LRCS
CARRY OUT 2
paniibih i
BUS NPR RDS .
e
WRS SEL 2 OUT| BYTE/RECORD
BUS NPG jo— : COUNT
NPR GO BIT REGISTER
Y o
gus BOS LOGIC NPR CLEAR BBSY (REG 2)
BUS MSYN | DATA ST6 2 M795
BUS SSYN DATA —-BUS
M796/M7821 | - - L
) STATUS
; REGISTER
: ‘M791
BUS APP-A18
CMA - WRITE
REGISTER
BUS MSYN - | SEL STATUS IN_ Ioviaranes (REG 3) CMA BIT 89
TMBN/TS23 ey insouT ppm—
BUS SSYN ADDRESS |f———————= 7] SEL30UT | M795
DECODER SEL 2 IN/OUT ;
BUS AZZ - A18 {SELECT TMBIt1{| SEL 3 IN/OUT ,
REGISTERS) | sgL 4 IN/OUT ;
b ’
BUS CO-Ct SEL 5 IN/OUT % . DATA —=8US
Mios/M?9I2 [~ > |5
UNIBUS :
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Hi DATA BYTE
GATE TRANSPORT
M7912 ORIVERS FH 7% 08 W07 B
MT912
1 CH .
GATE T 7 &
Mot [~ ; .
% COMMAND
! DECODER WXG -
M7911
' DATA BFR
— OPERATION PARAMETERS AL
—— BYTE/RECORD COUNT
‘csu::e::q:sui:Zm ADDRESS ———= READ PEVN _,,
Vst L
DEN S
——— WRITE NENM
WDR
WRITE WRITE ' -
DATA READY | wrs
CARRY OUT 2 A Sel
NCTION COMMANDS (READ, WRITE, ETC.) M7911
SEL @-SEL 2
GO BIT 10
) T
sTART  2EL o) T
SEL 4 OUT _ OPERATION |SELR -
oatAsTe 2 ) DATA BUFFER LOGIC om =
(WRITE LOAD) (REG 4) M7911 <
© M7912
Vi
DATA BFR N~ ~b.f -
BIT @-7 (l: ;
GATE _GATE GATE
M7912 #7912 M7912 RDS (READ LOAD)
A L READ
CHANO -CHAN 7 | TRANSPORT . ‘ v ‘
*HAN 0 -CHAN 7, RECEIVERS RDO@-RD7, RDP . - P //d
:HAN P (REG 5) wror2
ERROR
: SRR Losic
. M791t
SEL LO BYT : :
'RITE BYTE SLENXTE § 0
[a]
SELECT  Ise wiBYTE N 7
M7912 ) 3
o o .
HI DATA BYTE .
EADBYTE | >
SELECT |0 DATA BYTE g
M7912 2
s 08-173

Figure 6-2 TMBI1 Functional Block Diagram
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Table 6-1 Device Register Functions

( Repister

Mnemonic

Function

Status Register

Command Register

Byte Record Counter

Current Memofy Address
C Register

Data Buffer Register

Tape Unit Read Lines

MTS

MTC

MTBRC

MTCMA

MTD

MTRD

Provides detailed information on the status of the con-
troller. Such information includes error indications and
tape unit status indications.

This is the main control register in the controller. Speci-
fies the operation to be performed on the tape unit,
selects the tape bit packing density, and selects the tape
unit to be used.

Indicates when the controller is ready, when an error
condition exists, and when the controller is cleared.

Provides the two extended address bits for bus
addresses.

Counts the number of bytes in any write operation, the
number of records in a space forward or space reverse
operation, and the number of bytes in a read operation.
Desired byte count is preset by the program. When the
register counts the number of specified bytes, it prevents
further transfers.

Specifies the bus or memory address to or from which
data is transferred during read and write operations.
After each transfer is completed, the register is automat-
ically incremented by 1 (next byte-location).

When BGL or NXM errors occur, the register contains
the address of the location in which the failure occurred.

Note that this register is incremented by 1, and there-
fore, accesses byte, rather than word, locations.

Contains the information read from or written on the
tape. Serves as a buffer between the tape unit and the
memory. -

Permits storage of data read from the tape transport. A
parity bit indicates the occurrence of a parity error and
the channel containing the error.

A character selector bit is used to select the last charac- .
ter of a record that is to be loaded into the data buffer
register.

A timer bit is used for diagnostic purposes by measuring
the time duration of the tape operations.

A BTE/OPI bit is used to set transfer done prematurely
in order to provide a bad tape error indication.

6-7
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Figures 6-3 through 6-9 show the bit assignments within the six device registers. Except in the case off‘}
the data buffer register, the “unused” and “load only” bits are always read as 0s. Loading “unused” or ~
“read only” bits has no effect on the bit position.

The mnemonic INIT refers to the initialization signal issued by the processor. Initialization is caused
by one of the following: issuing a programmed RESET instruction; depressing the START switch on_
the processor console; or occurrence of a power-up or power-down condition of either the processor
power supply or the controller power supply.

The INIT signal clears the entire system; however, the INIT signal produced by a RESET instruction
does not clear the processor. Clearing only the controller and the tape units can be accomplished by
loading a 1 into bit 12 (POWER CLEAR) of the command register (MTC).

. NOTE
INIT and POWER CLEAR deselect the current

tape unit and select tape unit 0. Also, a rewind oper-
ation in progress continues to the load point.

6.4.1 Status Register (MTS)

15 14 13 12 " 10 09 08 07 06 05 04 03 02 01 00

iLc EOF | CRE | PAE | BGL EOT | RLE OBF-}XE, NXM | SELR| BOT | 7CH |SDWN | WRL | RWS | TUR {‘
. . ,"-0430 -
Fig.L.er 6-3 Status Register (MTS) Bit Assignments
Bit ] ' . Meaning and Op;:ration o
R _
15 . ILC - Illegal command bit. Indicates an illegal command. This bit is set whenever one

of the following illegal commands occur: , : :

a. Any DATO or DATOB transfer to the command register (MTC) durin g tape
operation (CU R DY bit clear). The register cannot accept a new commiand
while in the process of executing another command.

b. A‘writc, write end-of-file, or write-with-extendcd-IRG (command register
functions 2, 3, and 6, respectively), when the WRL (write lock) bit is set.
Writing is inhibited with WRL set, and write commands are illegal.

c. Any command to a tape unit that has its SELR bit clear is illegal, because
SELR clear indicates that the unit is not on-line.

d. Any time the SELR bit becomes 0 during any operation except off-line, it
sets the ILC bit, because no command can be issued to a unit that is not on
line. : '

If any of the illegal commands listed in a through c above occur, the command is
loaded into the command register.

In all of the above cases, the ILC bit and the ERR bit (bit 15 in the command register)
are sct simultaneously.

Cleared by INIT or by the GO pulse to the tape unit.

6-8
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Meaning and Operation

EOF — End-of-file bit, used to indicate that the tape has reached the end of the file. An
end-of-file (EQF) character is detected during a read, space forward, or space reverse
operation. During the read or space forward operations, the EOF bit is set when the
EOF character is read. During a space reverse operation, the EOF bit is set when the
LRC character following the EOF character is read. The ERR bit (bit 15 in the com-

. mand register) is set when the LRC character following the EOF character is detected.
1t is also set during WRITE EOF command.

The EOF blt is set only by the tape unit logic; it is cleared by INIT or by the GO pulez
to_the tape unit.

The EOF character is loaded into memory during read operations.

CRE - Cyclic redundancy error bit. A cyclic redundancy error can be detected during
either a read or write operation. This check compares the CRC character, written on a
9-channel tape during a write or a write-with-extended-IRG operation, with the CRC
character generated during a read operation. '

If the two CRC characters are not the same, the CRCE from the tape unit becomss a 1,
forcing the CRE bit to a 1. The ERR bit in the command register, however, is not set
until the LRC character is detected.

Cleared by INIT or by the GO pulse to the tape unit. '

PAE - Parity error bit. When set, this bit indicates that a parity error exists. The PAE
bit is the logical OR of both vertical and longitudinal parity errors.

A vertical parity error is indicated on any character in a record; a longitudinal parity
error occurs only after the LRC is detected.

A vertical parity error does not affect the transfer of data. In other words, the entire
record is transferred to the tape during a write operatjon or transferred into memory
during a read operation. ' :

Both vertical and longitudinal parity errors are detected during read, write, and write-

with-extended-IRG operations. The entire record is checked, including the CRC and
LRC characters. ,

Longitudinal parity occurs when an odd number of 1s is detected on any channel in the
record. Vertical parity error occurs when an even number of Is is detected on any
character, provided the PEVN bit (bit 11 in the command register) is clear, or if an odd
number of 1s is detected when the PEVN bit is set.

When a parity error occurs, PAE is set, and the ERR bit (bit 15 in the command
register) is set after the LRC character has been detected.

‘Cleared by INIT or by the GO pulse to the tape unit.

6-9




S SR R R B RN

Bit - Méaning and Operation ' (

0 11 BGL - Bus grant late bit. If the controller issues a request for the bus and does not ™=,
- receive a bus grant before it must issue another bus request for the following tapew.”
character, a bus grant late error occurs.

This error condition is tested only for NPRs (non-processor requests). The BGL bit is
: : set if an NPR bus request is not honored before the controller receives a W RS pulse for
a write operation or an RDS pulse for a read operation.

L SR

The BGL bit and the ERR bit (bit 15 in the MTC) are set simultaneously, halting the
operation.

If the BGL error occurred during a write or write-with-extended-IRG operation, the
controller does not send the WDR signal to the master tape unit to allow the master
tape unit to write data characters on thc tape.

Cleared by INIT or by the GO pulse to the tape unit.

10 EOT - End- of-;ape bit. The EOT bit is set as soon as the EOT marker is detected, when
the tape is moving in the forward direction. It is cleared as soon as the EOT marker is
detected, when the tape is moving in the reverse dlrectlon -

: ' The EOT is an error condition if the tape is moving forward. Therefore, when EOT is
set, ERR bit is also set when the LRC character is read.

Cleared by tape transport head passmg over EOT marker when tape is moving in the
‘reverse direction. _

QOO . i A N E

09 RLE - Record length error bit. The record length error is tested only during read
operations. An error is indicated as soon as the byte record counter (MTBRC)
attempts to increment beyond 0.

When a record length error occurs, the RLE bit iS«sct; incfemcntation of the MTBRC
and-the current memory address register (MTCMA) ceases, and the ERR bit is set
when the LRC character is read. '

The CU RDY (bit 07 of the command register) remains cleared until the LRC charac-
ter is read at which time CU RDY is set.

Cleared by INIT or by the GO pulse to the tape unit.

If the exact record length is desired following the occurrence of a record length error, it
can be found by setting the MTBRC to a value so large as not to generate an RLE and
re-reading the record. Record length can be derived by subtracting the current value of
the MTBRC from its initial setting.

6-10
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Bit

_ 08

06

05

Meaning and Operation

BTE/OPI - Bad tape error operation incomplete bit. A bad tape error occurs when a
character is detected (R DS pulse) during the gap shutdown or settle down period for
any tape function except rewind.

During write, write EOF, or write-with-extended- IRG ¢ opcrations, a bad tape error sets
both the BT’E/OPI and ERR bits immediately on dctcctmg the error.

w

During both read and space forward or space reverse operations, the BTE/CPI bit i
set immediately on detection of bad tape.

During a read operation, the MTBRC increments continuously and words are read
into memory until the MTBRC overflows. During a space operation, the MTBRC
stops incrementing as soon as BTE occurs. When BTE is discovered, the tape umt
stops, regardless of the state of the MTBRC

Because it is not possible to artificially generate bad tape, bad tape may be indicated by
setting the CU RDY bit prematurely, thereby producing the gap shutdown period
while the data is still being read. The CU RDY bit is set by loading a 1 into bit 13 of the
MTRD. If bit 13 of the MTRD is set during a record for either a read or write oper-
ation, a bad tape error indication occurs. .

Any initiated tape operation other than a REWIND or OFF-LINE command that
does not detect an LRC character within seven seconds results in setting the BTE/OPI
bit. This 7-second time-out is called Operation Incomplete. Any legal size record with a
legal size gap results in detection of an LRC character within seven seconds. During a
spacing operation, the OPI timer is restarted at each interrecord gap. When the 7-
second time-out occurs, the tape unit in operation is RESET by CINIT. The BTE/OPI
bit is set and at TUR the CU RDY bit is set.

Cleared by INIT or GO.

NXM - Nonexistent memory bit. This error condition occurs when the controller is bus
master during NPR transfers and docs not receive an SSYN response within 20 us after
asserting MSYN.

The NXM bit and the ERR bit are set simultaneously, halting the operation.

Cleared by INIT or by the GO pulse to the tape unit.

SELR - Select remote bit. The SELR bit is set when the tape unit has beemr properly
selected. The SELR bit is 0 if the tape unit that is addressed does not exist (UNIT
SELECT setting does not correspond to SEL bits), if the selected tape unit is off-line
(ON-LINE/OFF-LINE switch set to OFF-LINE), or if the tape unit power is off.

BOT - Beginning-of-tape bit. The BOT bit is set as soon as the BOT marker is detected.
When BOT is set, it has no effect on the ERR bit. The BOT bit remains cleared when-
ever the BOT marker is not being read.

This bit is set and cleared only by the tape transport.
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| 04 7CH - 7-channel bit. This bit is cleared or set by the tape transport to indicate whetﬁer (::3
a 7-channel or 9-channel tape is being used.

4 When 7CH bit is set, it indicates a 7-channel tape; when it is clear, it indicates a 9-
; - channel tape, '

1 , The 7CH bit is also used in conjunction with the DEN 8 and DEN 5 bits in the com-
' ' mand register to cause the core dump mode of operation. When the 7CH, DEN 8, and
DEN 5 bits are all set, the core dump mode of operation is used.

03 - SDWN = Settle down bit. The settling down period is provided to allow the tape to

fully stop prior to starting a new operation. This settling down period sets the SDWN
bit. When the tape unit stops, SDWN is cleared, and the tape unit ready (TUR) bit is
set, o

During a tape reverse operation (this does not include rewind operations), the gap
: shutdown period begins immediately after the first gap encountered after spacing over
a record. : :

02 WRL - Write lock bit. The write lock bit is under control of the tape transport. When
set, it prevents the controller from writing information on the tape.

(

RWS - Rewind status bit. This bit is under control of the tape unit. It is set at the start

!
1
|
|
i
|
{

01
of a rewind operation and clears as soon as the rewind sequence is complete.
00 TUR - Tape unit ready bit. This bit is under control of the tape transport. Whenever

the selected tape unit is being used (such as rewind), this bit is cleared. When the tape
unit is stopped and ready to receive a new command, the tape transport sets the TUR
bit. I

NOTE :
Status register bits 00 - 05 are cleared or set by the
tape transport, not the controller.

6.42 Command Register (MTC)

e ——— e

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

ADRS | ADRS | FCTN | FCTN | FCTN
grr | DEN | DEN | PWR SEL | sELp seL | cu Nt ARSI IS | STV TSI 6o
8 5 | CLR 2 1 0

PEVN o [rOY | ENB| 37 | 55 | ®F 4

u-043

Figure 6-4 Command Register (MTC) Bit Assignments
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Bit

15

14

~-

13

12

11

10-08

Meaning and Operation

ERR -Indicates an error condition that is the inclusive OR of all error conditions (bits
15 - 07 in the Status Register, MTS). Causes an interrupt if enabled (see bit C6). The
ERR bit is not set for some errors until the longitudinal redundancy check (LRC)
character is read, in order to allow the current operation to be completed. Specific error
conditions are describeéd in the status register bit assignments (Figure 6-3).

When ERR is set, it sets bit 07 (CU RDY) when the tape unit asserts TUR.

Cleared by INIT or by the next GO command (bit Q0).

DEN 8 — This bit, in conjunction with bit 13, selects the bit packino dcnaity of the tape.
These combinations are shown below. Note that this bit, in conjunction with DEN §
and 7CH in the MTS, can be used to select the core dump mode for 7-channel taps.

Bit 14 Bit 13 Density
(DENS) ~ .(DENS) (bpi)
0 0 - 200 )
0 1 ' 556 ¢ -7-channeltape
1 ’ 0 800 ). :
1 1 800  9-channel tape/7-channel core dump

DEN 5 - This bit, in conjunction with bit 14, selects the bit packing density of the tape.
See bit 14 above for combinations.-

PWR CLR - When a 1 is loaded into this bit position, it clears the controller logic and
all tape units. This bit becomes a 1 for 1 ps during a processor DATO cycle, provided
the corresponding bit on the bus is a 1. Always read by processor as a 0.

PEVN - This is the even parity bit. This bit is set whenever the selected tape unit is to
write or read even vertical parity on or from the tape. The bit is 0 whenever the selected
tape unit is to write or read odd vertical parity on or from the tape.

A search for parity error is made whenever the tape moves. The controlier ignores
parity errors during space forward, space reverse, or rewind operations.

Cleared by INIT or by loading with a 0.

SEL - These three unit select bits specify the number of the tape unit that is to function
as the unit under program control. These three bits (SEL 2, SEL 1, and SEL 0) are set
or cleared to represent an octal code that corresponds to the unit number of the tape

- unit to be used. The tape unit number is sclcctcd by the UNIT SELECT plug on the

tape transport.

Cleared by INIT or by loading with a 0.
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Bit
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07

06

05

03-01

Meaning and Operation

- CURDY - When set, indicates that the controller is ready to receive a new command.,

This bit is set at the end of a tape operation (indicating that a new operation can be
started) and is cleared at the beginning of a tape operation (indicating that the con-
troller is not ready for new commands).

This bit is also set (indicating CU RDY) whenever ILC (bit 15 of MTS) is set or

whenever INIT is generated.

INT ENB - Interrupt enable bit. This bit, when set, allows an interrupt to occur, pro-
vided either CU RDY (bit 07) or ILC (bit 15 of MTS) is set. With INT ENB set, a
REWIND command can cause two interrupts — one at initiation and onec at

completion.

An interrupt also occurs whenever an instruction sets the INT ENB bit but does not set
the GO bit (bit 00). Interrupts are described in Paragraph 6.2.4.

'~ Cleared by INIT or by loading with a 0.

ADRS BIT 17 - Extended bus address bit 17. Used to specify address line 17 in direct
memory transfers. Increments with the current memory address register (MTCMA).
Cleared by INIT. - ,

ADRS BIT 16 - Extended bus address bit 16. Function is the same as ADRS BIT 17
(bit 05 above). , . .

FUNCTION - These bits specify a command to be performed by the selected tape unit,
These functions are:

Function Bits

Octal No. 03 02 01 Function
0 0 0 0 Off-line
1 0 0 1 Read
2 0 I 0 Write
3 0 1 1 Write end-of-file
4 1 0 0 Space forward -
5 1 -0 1 Space reverse
6 1 1 .0 Write-with-extended IRG
7. 1 1 1 Rewind o

All function bits cleared by INIT. .

GO - Loaded with a 1 from the bus to initiate the function selected. Clears CU RDY
bit.

Cleared when GO pulse is sent to tape transport. Normal time duration of bit is 1 us,
but this time may extend to as long as several minutes in the case where the bit is loaded
for-a tape unit that is in the process of rewinding.

Also cleared by INIT or cleared whenever ILC in the status register is set.
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11-0432

Figure 6-5 Byte/Record Counter (MTBRC) Bit Assignments

%ﬁ&j

Bit _ Meaning and Operation

15-00 ~ Contains the 2's complement of the number of bytesAor records to be transferred. The
A ~ desired value is loaded by the program on a processor DATO. Cleared by INIT.
' : Increments by 1 after each memory access.

The byte record counter (MTBRC) is a 16-bit binary counter used to count bytes in a
‘read or write operation and used to count records in- space forward or reverse
operations. : ‘

When used in a write or write-with-extended-IRG operation, this register is set by the
| program to the 2’s complement of the number of bytes to be written on the tape. After
i : the last byte of the record has been strobed from memory, the MTBRC becomes 0.
Thus, when the next write strobe signal is received from the master tape transport, the
, controller lowers the write data ready line to indicate te the master transport that there
are no more data characters in the record.

When used in a read operation, the MTBRC is set to a number equal to or greater than
: the 2’s complement of the number of words to be loaded into memory. A record length
error, which occurs for long records only, occurs whenever a read pulse is generated
after the MTBRC is at 0. Neither the CRC or LRC character is loaded into memory
during a read operation, although both characters are checked for parity errors.

When used in a space forward or space reverse operation, the MTBRC is loaded with
the 2's complement of the number of records to be spaced. The counter is incremented
by 1 at LRC time, regardless of tape direction. '

6.4.4 Current Memory Address Register (MTCMA)

BUS ADDRESS

11- 0433

: Figure 6-6 Current Memory Address Register (MTCMA) Bit Assignments
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Bit : Meaning and (O peration

15-01. These bits specify the bus or memory address to or from which data is to be transferred (
~ during write or rcad operations. Only bits 01-15 oi the MTCMA are accessivle by the
program, although bits 00-15 participate in NPR transfers. Bit 00 always starts in the -
i cleared or even byte state because all NPR transfers access even boundaries for a start- {:;:j

ing byte address. Therefore, MTCMA must be initially loaded with an even
address. The MTCMA contains 16 of the possible 18 memory address bits. The remain-
ing two bits (16 and 17) are part of the command register.

Before issuing a command, the program loads the MTCMA with the memory address

" that is to receive the first byte of data (read operation) or with the memory address

from which the first byte is to be taken (write operation). After each memory access

(read or write), the MTCMA is immediately incremented by 1 (the next byte bound-

ary). Therefore, at any given time, the MTCMA points to the next memory byte

3 : _ address that is to be accessed. On completion of the record transfer, the MTCMA
: points to the address plus 1 of the last character in the rccord.

If a bus grant late (BGL) or nonexistent memory (NXM) error occurs, the MTCMA
contains the address of th¢ location in which the failure occurrtd

If an 18-bit memory addrcss is required, the program loads the appropriate address
into bits 01-15 of the MTCMA and into extended address bits 16 and 17 of the com-
mand register. The extended address bits are a logical extension to the MTCMA regis-
ter and participate in any required incrementation.

6.4.5 Data Buffer Register (MTD)

08 o7 00

PARITY| ) - DATA

* ' 4 ’ " Figure 6-7 Data Buffer Register (MTD) Bit Assignmerits
Bit ~ Meaning and Operatlon

3 15-09 Corrcspond to bits 07—01 respectively on a processor DATI cycle.

(not shown)  Example: Bit 15 = bit 7, bit 14 = bit 6, etc.

EPCTER

08 Correspond to the parity bit on the magnetic tape. During a processor read operation,
: this bit is stored in memory. During NPR operations, this bit is read by the controller
f but not loaded into memory. During operation of a 9-channel tape unit, this bit is valid
only after the CRC character has been read, provided bit 14 of the MTRD is a 1.

TBE , JEa

NOTE
The parity bit is generated by the master tape trans-
port; it is not generated by the controller. However,
the polarity of the parity bit (cdd or even) is deter-
mined by the PEVN bit in the command register.
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9 TRACK TAPE~
FULL 8-BIT BYTES ARE RECORDED ON TAPE.

15 14 13 08 o7 06 05 00

7 TRACK TAPE-
ONLY 6 BITS OF EACH 8-BIT BYTE ARE RECORDED
3 ON TAPE.BITS 6,7,14,AND 15 ARE NOT USED.

15 12 11 o8 07 04 03 .00

7 TRACK TAPE (CORE DUMP])-
FULL 8-BIT BYTES ARE RECORDED ON TAPE
BY USING TWO 4-BIT CHARACTERS

; T T T T ' ' :
READ/WRITE %
g D c B A HEAD
3 1 f 1 I

TAPE MOTION =

I-206t

- __ Figure 6-8__Rclationship Between Tape Characters and Memory Byte Characters
Bit ‘ - Meaning and Operation

. 07-00 During read operations, these bits are used for temporary storage of characters read
from tape prior to loading into memory. During write operations, these bits are used
for temporary storage of data from memory before writing on tape.

During read operations, the LRC character enters the data buffer when bit 14 of the
address location for the read lines register is a 1; the LRC character is prevented from
entering the data buffer when bit 14 is a 0. Thus, after reading a 9-channel tape, the
data buffer contains an LRC character (if bit 14 isa 1) or a CRC character (if bit 14is a
0). After reading a 7-channel tape, the data buffer contains either the LRC character (if
bit 14 is a 1) or the last data character (if bit 14 is a 0). After reading an EOF character,
the data buffer contains either ali Os (bit 14 is a 1) or the EOF character (bit 14is a 0).

; The data buffer can store only bytes; therefore, two bus cycles are required to transfer a
4 . : word. During NPR operation the data bits are written into or read from alternate low
4 and high byte positions. The relationship between tape characters and high and low
: " memory byte characters is shown in Figure 6-8.

6.4.6 Read Lines Register (MTRD)

15 14 13 12 i 09 08 o7 00

GAP
. CHAR| BTE
(O TMER| TCEC | gen | SHUT|  unuseD P DATA

1-0435

Figure 6-9 Read Line Register (MTRD) Bit Assignments
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Bit . - Meaning and Operation

15 TINIER = The timer bit is used for diagnostic purposes by measuring the time duration
~ of the tape operations. The timer signal is a 100 ps signal with a 50% duty cycle and is (
generated by the controller. It is read as bit 15 in the memory location reserved for the :

read data lines register. Read only bit. ,
EN

14 CHAR SFIL - This bitis used to select the last character of a record that is to be loaded
into the data buffer. Read/write bit. Selection is as follows:

7-chﬁnnel 9-channel

Set LRC character LRC character
Clear Last data character CRC character

13 ~ BTE GEN - Bad tape error generator bit. Actually, bad tape cannot be artifically

generated. When set, this bit sets the CURDY bit. With CU RDY set, a premature gap
: shutdown is generated, which produces a bad tape error indication when data is read
during this period. Write only bit. :

: 12 GAP SHU'!‘D()WN - Read only bit. When set, indicates a gap shutdown period.

11-09 Unused.

08 PARITY - Corresponds to the parity bit read from the tape by the master tape trans-
3 port. Used in conjunction with bits 07-00 to indicate a longitudinal parity error. After
3 a read or write operation, bits 08-00 should all be 0. If one or more of these bits (
5 remains a | after the operation is complete, it indicates a longitudinal parity error. The -
bit position containing the 1 indicates the tape channel containing the error. Read only
bit. o :

; 07-00 DATA - These bit positions contain information read from the magnetic tape trans-
port. After these positions are read by the processor, all bit positions clear unless a
parity error exists. , :

~ Bits 07-00 in the read lines register correspond to tape channels 00-07, respectively.
3 Read only bits.

6.5 PROGRAMNMING NOTES
In normal programming practice no attempt should be made to modify one record in the middle of a

; file. This practice could result in overwriting the boundary of the record and destroying part of the
§ next record. Also, a read operation should never directly follow a write operation without at least one
; intervening tape move operation. This prevents generating a BTE/OPI if the previous operation
involved the last record on the tape. If it is desired to read a record that was just written, a space
g reverse command should be issued before the read command. New commands are issued only when
q CU RDY is set, which is true after interrupts.

Attempting to write an all zero character with even parity on a 7-track or 9-track tape unit causes the
2 zero character to be converted to a tape character of 20. When reading this character from tape, a 20 is
read instead of zero. '

N T o £ 0
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ASCII standards provide for a 25-ft trailer following the end-of-tape marker. This allows approx-
imately 10 t of writing space after passing EOT. Care should be taken when attempting to write past
the EOT marker if the operator is not familiar with the tape that he is working with, because after a
tape has been used, the reflctive markers are often changed, possibly decreasing the length of the
standard 25-ft trailer. ' :

Because the physical displacement of the heads differ between 7-channel and 9-channel drives, records
written on one cannot be read by the other. However, a tape that is recorded on one can be re-recorded
by the other, providing you begin at the load point. :

If two drives are sharing one controller, care should be taken not to allow both drives to have the same
unit number selected on the unit select plugs. If they are both set to the same number and a command
is issued, they will both attempt to respond and data transfers will become totally confused.

The industry-standard packing density for 9-channel drives is 800 bpi. However, 9-channel drives may
be recorded at 200, 556, or 800 bpi, providing the data is read back at the same rate.

A SPACE REVERSE or REWIND command issued while the tape is at the load point will cause an .
immediate interrupt. ‘ '

6.5.1 Rewind Operation : , - . ,
Assume drive 0 is to be rewound. The command to rewind drive 0 is issued to the controller. At this

~ time the master tape unit asserts bit 1 (RWS) in the status register. If bit 6 (INT ENB) in the command

register was set at the start of the rewind operation, an interrupt occurs from the controller as soon as
bit 7. (CU RDY) of the command register has been set by RWS. This informs the program that the
controller is ready to accept a new command. By testing bit 1 (RWS)in the status register, the program
can determine if this interrupt was issued as a result of drive 0 completing its rewind operation or just
beginning it. :

When the reflective marker, signifying BOT, is sensed, bit 5 (BOT) is asserted in the status register only
for the duration of time that the reflective marker is being read. Tape motion does not stop at this time.

Drive 0, still moving in the reverse direction, passes over the reflective marker, reverses its direction,
and proceeds in the forward direction back to the load point. Upon sensing the reflective marker while
proceeding in the forward direction, drive O halts tape motion, asserts bit 3 (SDWN) allowing the tape
to fully deskew, and then sets bit 0 (TUR) in the status register.

An interrupt is issued coincident with bit 0 (TUR) being asserted in the status register, providing the
following conditions have been met. -

1. Bit 6 (INT ENB) in the command register is set,

2. The drive has not been deselected by changing the status of bits 10-8 in the command
register since issuing the REWIND command.

If multiple transports are used, it is not necessary to wait for a REWIND command to be completed

on one transport before switching to another. After a REWIND is issued, another transport can be
switched to as soon as RWS is set. :
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When operations on the second transport have been completed, @ switch to the rewinding transport
can be made as soon as SDWN or TUR is true on the second transport {so the status bits will be from
the rewinding unit). Only the unit select bits in the command register have to be changed to the unit
that is rewinding to get its status. If the rewind is complete when the unit is selected, TUR is set in the
status register. 1f the RWS bit is still set, the software can either work on another transport or load the
next command to be executed in bits [-3 of the command register where it is buffered until the rewind
is completed. 1f INT ENB is set at. this time, the completion of the buffered command causes an
interrupt to occur. A REWIND command may take from 3 to 5 minutes to complete.

6.5.2 New Drive Selection
Figure 6-10 is a flowchart for new drive selection.

START NEW
‘OPERATION

LOAD NEWUNIT #
AND CLEAR INT.
ENB.

DELAY ~ 28 us

ERROR
LOAD NEW
COMMAND
AND INT. ENB.
. n-2673

Figure 6-10 New Drive Selection Flowchart -

Other programming restrictions occur when using select remote along with tape unit ready. The select
remote lines for all tape units that are not addressed are at 0. A tape operation may be performed only

" on a selected tape unit and one whose SELR line is a 1. Thus, whenever a command is sent to a

different tape unit from the one presently indicated by the unit select bits, the SELR line becomes 0
almost immediately (less than one instruction time later) and becomes a 1 from 1 to 28 microseconds
later.
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6.5.3

6.5.3.1

1.
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Frror Handling

Write (perations

ILC -~ Illegal Command

©

If SELR (bit 6 of MTS) is not set to a 1, or WRL (bit 2 of MTS) is set to a 1, then
" . operator intervention is required to ensure that the drive to be used is properly selected
and is not write locked.

If SELR (bit 6 of MTS) is set to a 1 and WRL (bit 2 of MTS) is not set to a I, then a
command has been issued while CU RDY (bit 7 of MTC) was cleared. Try the oper-
ation again, ensuring first that CU RDY is set before issuing a new command.

EOF - End-of-File N/A

CRE - Cyclic Redundancy Error

PAE - Parity Error

Backspace and try operation again with extended IRG.

Backspace and try operation again with extended IRG.

BGL - Bus Grant Late

Backspace and try operation N times.

EOT - End-of-Tape

The reflective marker signifying the end-of-tape has been passed. Operations past
this point are not illegal, however, they are not recommended unless the programmer
is familiar with the tape being used and is knowledgeable about the length of tape
existing past the EOT marker. Conducting any write operations past the EOT mark-
er leaves the programmer open to the possibility of running the tape off of the reel.

RLE - Record Length Error - N/A

BTE/OPI - Bad Tape Error/Operation Incomplete .

Regain a known tape position and try the operation again with extended IRG.

, NOTE )
A known tape position refers to BOT, header
records, or EOF marks.

NXM -Nonexistent Memory

Resolve the memory discrepancy and try the operation again.

Read Operations

ILC - Illegal Command

If SELR (bit 6 of MTS) is not set, then operator intervention is required to ensure that
the drive to be used is properly selected.

If SELR (bit 6 of MTS) s set, then a command has been issued while CU RDY (bit 7 of
MTC) was cleared. Try the operation again ensuring that CU RDY is set prior to
issuing the new command.
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'6.5'.3.3

EOF - End-of-File
. The characters signifying the end of a file have been read.

CRE - Cyclic Redundancy Error
Backspace and try the operation N times.

PAE - Parity Error
Backspace and try the operation N times.

BGL - Bus Grant Late o :
" Backspace and try the operation N times.

EOT - End-of-Tape ' .
The reflective marker signifying the end-of-tape has been passed. Continue only if it
is certain that an EOF mark exists after the EOT marker, or the tape will run off of

the reel.

RLE - Record Length Error
Reset the MTBRC to a value that is equal to or greater than the number of bytes in

the record, backspace, and try the operation again. :

BTE/OPI - Bad Tape Error/Operation Incomplete
l Regain a known tape position and try the operation again. If, after doing so,

the condition still persists, the data from the failing point to the next known
tape position is lost. ' .

NXM Nonexistent Memory o :
Resolve the memory location discrepancy and try the operation again.

Write End-of-File Operation

BTE/OPI - Bad Tape Error/Operation Incomplete.

6.5.34

N

()

>

Regain a known tape position and try the operation again.

Spacing Operations

ILC - lllegal Command
Same as read operation.

EOF - End-of-File ' ‘
The characters signifying the end of a file have been read. Detection of the EOF
marks stops a spacing operation even if the MTBRC is not equal to zero. '

EOT - End-of-Tape
‘ Same as read operation.

BTE/OPI - Bad Tape Error/Operation Incomplete
Regain a known tape position and try N times.

.-

6.5.3.5 Write-with-Extended-IRG Operation - Same as write operation.

6.5.3.6 Rewind Operation - Once a rewind operation is started, it continues until complete, regardless

.of errors or unit deselection. :
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6.6 FUNCTIONAL DESCRIPTIONS
The TMBI1 Controller may be divided into eight functional areas as follows:

1. Processor Data Transfer - The reading or writing of TM 11 registers by the processor
(DATI/DATO). o

2. Operation Start - The sequence from setting the GO bit to issuing SET to the transport to
start tape motion.

3.  NPR Bus Cycle - Acquiring bus mastership for an NPR transfer.

4.  NPR Read (DATO) - The transfer of characters from the tape transport to memory.
5. NPR Write (DATI) - The transfer of characters from memory to the tape transport.
| 6. Operation Done - The terminating sequence of a TMBI11 opcration.

7. Error Sequence - The system errors detected by the controller and how they occur.

8. Interrupt Bus Cycle - Acquiring bus mastership for a' processor interrupt.

These eight functional areas are discussed in the following paragraphs. Block diagrams, flow diagrams,
and timing diagrams complement the discussions. :

- NOTE

The block diagrams that follow use logical AND and
OR symbols. It does not necessarily follow that a
corresponding gate exists on the controller logic
prints. The assertion of inputs A and B causing the
assertion of output C may be represented on a hlock
diagram by a single AND gate yet the enginecring
drawing may show that several circuit stages are
involved in the ANDing operation.

The signal names used on the functional block dia-
grams are the names used on the engineering civcuit
schematics (CS prints). Where other signal names or
notes are used they are enclosed in parenthesis,

Integrated circuit data sheets are contained in
Appendix F. ‘

6.6.1 Processor Data Transfer

Jw 6.6.1.1 Processor Out (DATO) Transfer (TMBI11 Register Write) (Figures 6-12 and 6-!3) -~ The

1 processor selects the TMBI1 for a data transfer by asserting the proper address on BUS A04-A17 to
4 the TMBI1 address decoder (address range = 772520 to 772536). When the decoder recognizes the
4 proper address it enables the address MSYN gate which asserts ADDR DEC MSYN when BUS
MSYN is received from the processor. ADDR DEC MSYN enables the select in/out logic which
( , looks at BUS A01-A03 to select one of the six controller registers. The control select logic looks at

BUS CO-C1 and BUS A00 and asserts OUT HI, OUT LO, or neither according to whether a high byte
is to be written, a low byte is to be written, or a processor read operation is to occur. The control select
output enubles the corresponding portion of the select in/out logic which outputs the loading strobe
for the selected register.




When an “out’” transfer is commanded, the SEL (1,4,5) OUT HI strobes will load their respective
registers. when selected.* The SEL 2 OUT HI, SEL 3 OUT HI, and SEL | OUT LO through SEL 4
OUT 1.0 strobes are ANDed with SSYN INH to produce corresponding SLCT loading strobes.
SSYN IN is produced by inverting ADDR DEC MSYN on the M105 module. A delay occurs with
the inversion, thus the loading of registers with SLCT strobes will be later (with respect to BUS
MSY N) than the loading of those with SEL strobes.

The information is strobed into the selected register a byte at a time; D00 ~ D07 = low byte, D08 - D15
= high byte. ° :

SSYN INH becomes BUS SSYN to notify the processor that the information on the data bus has been
strobed into the selected register. '

= “The command register contains the type of operation to be performed and the operation parameters.
D13 and D14 are the density bits outputting DEN 5 and DEN 8. The processor sets these bits accord-
ing to the desired mode of operation as shown in Table 6-2. :

SR ¢ NI B8

Table 6-2° Modes of Operation

Mode DENS DEN 8
200 bpi, 7-track - 0 0

i ‘ ' 556 bpi, 7-track - 1 0
800 bpi, 7-track 0 1

1 ' ' 800 bpi, 9-track _ 1 1

The core dump mode is enabled when the program asserts both DEN S and DEN 8 while the 7-channel

(7CH) signal from the tape transport is true (indicating that a 7-channel tape transport is being used).

DEN 5 (1) and DEN 8 (1) are applied to an AND gate that is enabled by the 7CH signal from the (

transport. The output from this AND gate is CORE DUMP which, when true, inhibits the DEN 5

AND gate thereby negating DEN 5. Thus, an 01 density code is sent to the tape transport indicating an
" 800 bpi data transfer. '

The command register also specifies even or odd parity to the transport (PEVN), selects the desired
transport (SELO-SEL?2), enables or inhibits BR cycles (INT ENB), and specifies the function that the
transport is to perform via a 3-bit function decoder. In addition, the command register carries 2
. memory address bits to extend the current memory address register to 18 bits. Bit 00 of the command
e register is the GO bit which initiates the commanded operation. _ '

== Other registers addressed during a processor out-operation are:
] : _

= | ® The current memory address register, which is loaded with the address of the first byte to be
1 ~ transferred .

= ® The byte record counter, which is loaded with the 2’s vcomplement of the number of bytes to be
' transferred . _

S e The LRC ENB (1) bit of the read lines register which, when set, allows the LRC character to be

. read into the data buffer.

: *See Figure 6-27 for processor write of register 4.
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6.6.1.2 Command Decoder (Figure 6-11) - The command decoder converts the eight functions gener-
ated by the command register function decoder into the six commands required by the tape transport.
Figure 6-11 illustrates the functions that make up each of the transport commands. Table 6-3 illus-
trates the conversion in tabular form.

READ + WRITE
; WRITE ENB
3 READ ___D«» FWD
1 SPACE FWD
SPACE
SPACE REV @O—b REV
REWIND
(c1) RWD
OFF LINE
3
WRITE . WRITE
. )ic1) ENB L
WRT —1_/
m DATA
. ENB
WRITE XIRG
oD -
WRITE EOF {c1) » WFMK
. NOTE:
Designations in parenthesis refer to engineering drowings
containing corresponding logic. . -4129

Figure 6-11 Command Decoder Logic Diagram 4

Table 6-3 Function Decoder Output vs Transport Command

"TRANSPORT-
COMMANDS
COMMAND v
» pecober | S| % | S | B2 | &
FUNCTIONS | = | | & | = | * | Z
OFF LINE X | X
READ X
WRITE X X
f,; WRITE EOF X X | X| X
] SPACEFWD | X
SPACE REV X
WRITE XIRG | X | XX
REWIND X
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The conversion is mostly ORing and is straightforward except for the OFF LINE function. If the

processor orders an OFF LINE function, RWD (rewind) and WRE (write enable) is asserted to the
transport. Writing during a rewind is an impossible situation that the transport interprets as an OFF
LINE command. Four other signals are generated in the command decoder for use throughout the
TMBI1. These signals are OR functions of decoder commands as shown in Table 6-4.

§ Table 6-f Decoder ORed Functions for TNMBI1 )
TMBII Signal ORed Function
WRITE DATA ENB WRITE
WRITE XIRG
WRITE ENB WRITE
WRITE XIRG
WRITE EOF
READ + WRITE - WRITE
WRITE XIRG
WRITE EOF
READ
SPACE ] SPACE FWD
SPACE REV

6.6.1.3 Processor In (DATI) Transfer (TMBI11 register read) (Figures 6-12 and 6-14) - When an “in”
transfer is commanded by the processor, OUT HI and OUT LO from the control select logic are
negated thereby enabling the select in logic. BUS A01-AO03 selects one of the six controller cegisters

" and outputs the corresponding SEL IN gating strobe to the output select multiplexer. Accordingly the

16 bits of the status register, register 1, 2, 3, 4, or the 12 bits of register 5 are gated out to the Unibus via
he Unibus drivers (see Figure 6-23 for processor read of register 4).
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Figure 6-12 Processor In/Out
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6.6.2 Operation Start (Figure 6-15 and 6-16)

6.6.2.1 Basic Sequence - When the command register GO bit is set by the processor a command start
sequence is initiated. GO BIT (1) resets the CU ready bit in the command register indicating that the
TMBI1 is processing a command. If the tape transport is not rewinding and TUR is true, GO BIT (1)
triggers the GO strobe 1 one-shot. If the tape transport is rewinding (RWS true) GO BIT (1) will not
trigger the one-shot due to the “0” output from the transport rewmdmo flip-flop. When the rewind is
complete, TUR asseris resetting the rewinding flip-flop thereby triggcring the GO strobe 1 one-shot.
The GO STROBE 1 output of the one-shot resets the request store flip-flop and if SELR is true, the

- “0” output of the request store flip-flop triggers the GO strobe 2 one-shot. When GO STROBE 2 (1)

asserts, the following occurs:

1. SET is asserted to the tape transport if there is no illegal command and if the function is not
REWIND or SPACE REV while the tape transport is at BOT (REV BOT false).

2. The GO flip-flop is reset and the request store flip-flop is set in preparation for another GO
-command from the processor.

3. The trailing edge of GO STROBE 2 (1) resets the CUR delay flip-flop. CUR DEL (1) is
negated indicating to the error logic and the done logic that a transport operation is now in
progress. ’

© 6.6.2.2 Time Out - If the transport is not selected or is not on-line (SELR false), the output of the

request store flip-flop will not trigger the GO strobe 2 one-shot. In this case, GO BIT (1) initiates a 28
us delay after which TIME OUT (1) asserts and triggers the GO strobe 2 one-shot. The asoertlon of
GO STROBE 2 (1) while SELR is negated causes the assertion of SE7 ILC and ILC (Paragraph 6.6.7)
which respectively inhibit thc assertion of SET to the transport and initiates a done scquence (Para-
graph 6.6.6).

6.6.2.3 Restart - If the system is performmo a spacing operation, either forward or reverse, the tape
will space through records without coming to a stop at each interrecord gap.

In this case the SET commands required by the transport are generated by RESTART which triggers
the GO STROBE 1 one-shot without the necessity of TUR being true. RESTART asserts in the
SPACE mode of operation each time SDWN is sensed and the following errors are false: BTE, BGL,
NXM, ILC (1), OVERFLOW (1), EOFF (1), and BOT.

6.6.2.4 OPI/BTE - When GO STROBE 2 (1) asserts, a 7-second delay is initiated. If the 7-second
time period elapses before an LRCS terminating strobe occurs, OPI is asserted indicating an operation
incomplete error. OPI asserts the OPI/BTE bit in the status register and also CINIT to the tape
transport resetting the transport logic circuits. The 7-second delay sequence is inhibited during a
rewind operation (RWD true) as rewinding the tape could exceed 7 seconds.

6.6.2.5 Initialize - GO STROBE | (or an INIT from the processor) asserts INIT + GO which causes
a general reset of the TMBI1 logic circuits. A general reset of the tape transport is caused by CINIT
which is asserted by any of the following conditions:

1. Therprocesgor asserts INIT.
2. BOT is reached during a space reverse operation.
3. OPI is asserted. - v~
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6.6.3 NI'R Bus Cycle (Figures 6-17 and 6-18)

6.6.3.1 Basic Sequence - An NPR bus cycle is initiated via the NPR rcqhest logic. The request logic
( generiates NPR ENB (1) if:

No inhibiting condition exists.
The logic is enabled.

3.  NPR SET is asserted.

The request logic is inhibited if OVERFLOW (1) is true (the desired number of data records have
already becn transferred), BGL or NXM is true from the last NPR request, or CRCS or LRCS are
asserted (CRC and LRC characters are not transferred to memory). The request logic is enabled by
EVEN CHAR STB which is always high in normal 7-track or 9-track modes but only high during even
character transfers in core dump mode. Thus in core dump, two characters are read from (or written
onto) tape for each NPR bus cycle. :

The request logic is set by read strobes or write strobes (RDS + WRS) from the tape transport. If a
write operation is being executed (WRITE DATA ENB true) GO STROBE 2 (1) triggers the first NPR _
bus cycle as the first write strobe is not generated until the first character is written on tape.

The request logic asserts NPR ENB (1) to the Unibus NPR acquisition logic which requests control of
the Unibus by asserting BUS NPR. When the processor responds with BUS NPG iN the acquisition
logic asserts BUS SACK and the processor responds by negating BUS NPG IN. The acquisition logic
checks for BUS BBSY true (by some other device) and if it finds the bus free asserts BUS BBSY
(indicating bus mastership) and NPR MASTER to enable the NPR masier logic.

When the NPR master logic is enabled the following actions occur.

1. ADRS - BUS becomes true and gates the address register and the two extended address bits
of the command register to the Unibus as BUS A00 - A17.

2. BUS CO0-Clis gated to the Unibus. If a read operation is to occur, READ is true and BUS
CO - CI are high. If a write operation is commanded, READ is false and BUS C0 - C1 are
low. A : ) '

3. If the transfer is a read operation, DATA - BUS is asserted and gates the character in the
data buffer out to the Unibus.

4. An‘othcr output from the master logic undergoes a 150 ns delay (to allow for deskewing on
the Unibus address lines) and then sets the MSYN logic circuit. :

The MSYN logic asserts BUS MSYN to the slave device which then returns BUS SSYN to the
TMBI1. BUS SSYN becomes SSYN and is applied to the read and write termination circuits. If a read
operation is being performed the read termination circuit asserts an input to the termination OR logic.
If a write operation is being performed (READ false) the write termination circuit asserts DATA STB
| which undergoes a 150 ns delay (for input data deskewing) and then becomes DATA STB 2. DATA
STB 2 loads the data buffer with the input character that is to be written on tape. DATA STB 2 also
asserts an input to the terminator OR logic. The asserted output of the OR logic is delayed 75 ns (for
data deskewing into the data buffer) and then triggers the NPR clear logic.

The NPR clear logic asserts NPR CLR BBSY which resets the NPR request logic and increments the

bu§ address register and the byte/record counter for the next character transfer. If a spacing operation
15 In progress the byte/record counter is incremented by LRCSD and no bus cycle is involved.
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6.6.3.2 Bus Grant Late (BGL) and Nonexistent Memory (NXM) - When NPR ENB (1) is asserted the
bus grant flip-flop is conditioned to set. If another NPR SET is asserted to the NPR request logic
before the logic is reset, the bus grant late flip-flop will set asserting BGL (1) which in turn asserts BGL
+ NXM to the error logic. n . '

If the MSYN loéic is not reset within 20 s after being set, NXM asserts and terminates the bus cycle
by asserting the termination OR logic output. NXM also asserts BGL + NXM to the error logic.

6.6.3.3 BUS NPG OUT - An NPG from the processor is passed from one sysltcm'devicé'tb another in

daisy-chain fashion until it reaches the device that issued the BUS NPR. A BUS WNPG IN received by

the TMBI1 is gated back to the Unibus as BUS NPG OUT under eitherof the following conditions:
1. - NPR MASTER is true (TMBI1 is presently bus master), or - o

2. NPR ENB is false (TMB11 did not issue the BUS NPR that caused thc BUS NFG IN).




=g

( :

GO STROBE 2 (1) l £ . (l
: ADRS — BUS BUS CoL1

READ OR

WRITE STROBE . J'
S BUS A00-A17
;i -
! NPR SET ' l
! 20 us

(NPR
INHIBIT)

YES

EVEN
CHAR STB

NO

NXM

NO

NPR ENB (1) 1

."'. § L BUS NPR 1 . C

I 1

t NPRSET
l BGL + NXM
YES
[ BUS NPG IN ] : . l
BGL (1) 1 )
l 1~ ERR (1)
BUS SACK DONE DELAYED

-

0 - BUS NPR ]

:
L | BUS NPG IN —I

J, ® Any one of the following:
; OVERFLOW (1)
: BGL (1)
NXM
i BUS YES CRCS
i BBSY LRCS
! NO
bl BUS BBSY
E NPR MASTER

~

X IO

o~

.»/4/_



\ 150 ns

L N

HEAD

NO

SET MSYN LOGIC

YES

1 -» BUS MSYN DATA —+BUS

1+ KPR CLR BESY(1)
r BUS SSYR 1 © eLK 2 ] @ NPR ENB (1) : H

7 ADDRESS HEGISTES:
’ l sSyn INCREMENTS

us Basy
BYTE/RECORD : :3,9; m:srsa
COUNTER :

' ” READ

DESIRED NO

[50]

) DATASTB1 ]

L CARRY OUT 2 ]

150 s

‘o :

DONE
DATASTB2

o e 21

ENABLE ' : -
TERMINATION : )
OR LOGIC ) .

‘} o

750 RESET M3YH LOGIC .

L cu'mlt.cm 1 l i BUS MSYN ] | T ‘ : : .

RESET NPR -
MASTER LOGIC '

1| ADRS - BUS >
. § DATA - BUS :
4 BUS COC1

*y

114140

Figure 6-17 NPR Bus Cycle
Flow Diagram

64l




BUS |BUS |BUS
NPG | SACK|BBSY

BUS BUS
NPR NPG IN
. (FIG. ouT
6-33)
(FIGURES "
6-23
[ AND A
UNIBUS NPR
NPRENB (1) ACQUISITION
LOGIC
KM7821
NPR MASTER

NPR SET FF
= —ccs

G
) D BUS BGL (1) @

{SET)

" (FIG.6-13)

CHTRLCLR(RESET) | MASTER
‘ LOGIC

Y NPR INHIBI
(FIGURE 6-31) VERTLOW (1) (NPR NHIBIT)
BGL + NXM NPR
CRCS+LRCS REQUEST
(FIGURE 6-19) Logic
(NPR ENABLE) (o8)

EVEN CHAR STB

(FIGURE 6-27)

(READ OR Y/RITE STROBE )
( FIGURE 6-19)

G0
STROBE 2(1)

WRITE DATA
(FIGURE 6-13) go 1

( FIGURE 6-16)

@NPR CLEAR B3SY (1) (NPR RESET)

NPR

READ
E—

Bus BUS

cg-Ci MSYN

BU
SS

M796

150 ns  (sET) LBJ, 20us
o bELAY MSTH DELAY
M796 LOGIC M796
n796
@(RﬁSET)
READ
(6.6 -13) 22—
TERMINATION }—oo
SSYN
@ MT96
WRITE
— | TerminaTion |DATA STB!
READ)  m796
(FI6.6-13)
READ
4798

é., . 1/3



&

UNIBUS

- 1%
1 ; BUS BUS
: N : - A6-AI7 |ARG-/
4
SSYN o
EXTENDED
ADDRESS BITS |{ ADDRESS BUS
at6—at7  |BITSH6-17) | appRess ||
¥ (BITS B4-85 - GATE
; . OF MTC; FIG. 1 (o)
i . 6-13)
5 o (08)
CARRY
ouT 3 Bus
) . BUS
(CLOCK), >
AR i . Fic.e-24 REGISTER AeaTe
BGL (1) AND 6-31) e |(ADDRESS BITS 00-15) w795
©-
®-
CNTRL NPR
[;IE.’)Ln;Y CLR | cLear NPR CLR BBSY (1) (FIG.6-23) NOTE : Designations ia porenthesiz
M796 LOGIC rafer 10 enginesring Growi:
TERMINATION M736 BYTE/ (FiGS containing corresponding ko
2‘352"": CLK2 | RECORD |CARRY QUT2 g-23aND
. COUNTER [ = 6-31)
T/ M
')LTY DATASTB 2 (FIG.6-27) LReSD 795
) (Fi6.6-19) —— "
DATA— BUS (F1G. 6-13) SPACE |
—_—
(FIG.6-23)
.
ADRS —= BUS

114

Figure 6-18 NPR Bus Cycle
. Block Diagram

6-43_




6.6.4 NI'R Read (DATO)

6.6.4.1 ‘Transport Strobe Processing (Figure 6-19) - Various strobes from the tape transport are used
for a read function and in other functional areas of the TMB11. Many of the strobes are combined -
and, o modified before being used in the controller. This strobe processing is illustrated in a separate
figure due to its common application to the TMBI11 functions. Note the gencration of READ STE. It
is asserted by RDS when READ is true, however, the RDS strobe associated with the LRC character
will not assert a READ STB pulse due to i RCS unless the LRC ENB bit is set in the read lines

register.

. oo LRCSD
: |
LRCS s
(c3)
FROM TAPE
TRANSPORT ‘ - " CRCS 4 LRCS
(08) -
CRCS Y0
[ TMBI !
. BLOCK
| wRs - 08) (READ OR WRITE STROBE) _ | DIAGRAMS
(Fig. 6-13) READ
. RDS (08) READ 5TB
J
FROM TAPE - .
TRANSPORT
LRCS
LRC ENB (1)
(Fig 6-13
NOTE:

Designations in porenthesis refer 10 engineering drowings

containing corresponding logic.
11-4128

'Figure 6-19 Strobe Processing

6.6.4.2 9-Track and 7-Track Normal Operation (Figures 6-22 and 6-23) - When a character is received
from the tape transport, READ STB asserts setting the select read flip-flop and causing SEL READ
DATA to become-true. In 9-track operation SEL READ DATA enables gates A, B, and C which
respectively gate CHAN 0-3*, CHAN 4-5%, and CHAN 6-7* to become DATA BFR IN BIT 0-3,
DATA BFR IN BIT 4-5,and DATA BFR IN BIT 6-7. The data buffer is divided into two halves with
each half of the buffer loaded by a separate strobe. DATA BFR STB 1 loads buffer bits 0-3 and
DATA BFR STB 2 loads buffer bits 4-7. The input READ STB asserts DATA BFR STB 1 (via the
even character strobe logic) and DATA BFR STB 2 which load both halves of the data buffer and
provide DATA BFR OUT BIT 0-7 to the high and low data byte gates. Table 6-5 summarizes the -

gating action associated with the data buffer.

DATA — BUS is asserted during the NPR bus cycle and enables either the high data byte gate or the
Jow data_byte gate according to the state of bit 00 in the current memory address register. When LO
DATA BYTE is true the data buffer output is gated to the Unibus drivers as D BIT 00-07 and thence
to the Unibus. On the next NPR bus cycle HI DATA BYTE becomes true and the buffer output is

gated to the Unibus as D BIT 08-15.

*A channel reversal occurs in the input read amplifiers where RD7 - RDO corresponds to CHAN 0 - CHAN7
respectively. :

6-45



-

(

The 7-track operation is identical to the 9-track operation except that the buffer input gate C is inhib- /™

SRR S A R R,

A R T R R

AR

L S S A S L G, G A

ited. (See Table 6-5.) Consequently CHAIN 6-7 are not loaded into the data buffer and there is no data =

on buffer output lines DATA BFR OUT BIT 6-7, or on Unibus driver input lines D BIT 06-07 (low
data byte) and D BIT 14-15 (high data byte).

Table 6-5 Data Multiplexing in 9-Track, 7-Track Normal, and Core Dump Modes

Mode of : Enabled Channe‘! Bits DATA BFR QUT Number of
Operation Gates From BITS - From Output Bits
Transport Data Buffer per Data Cycle
9-Channel A CHAN 0-3 0-3
B CHAN4-5 4-5 8
C CHAN 6-7 6-7
7-Channel A CHAN 0-3 0-3 ,
(Normal) B CHAN 4-5 4-5 6
7-Channel | First | |
(Core Cycle A . CHANO0-3 0-3 4
Dump) -
Second .
Cycle D CHAN0-3 4-7 4

6.6.4.3 Core Dump Op.eration (Figures 6-22 and 6-23) —~ Core dump operation can be implemented

_ only in the 7-track mode, thus both 7 CH and CORE DUMP are true throughout this discussion.

When the first character is received from the transport, READ STB sets the select read flip-flop, SEL
READ DATA becomes true, and gates A and D are enabled. CHAN 0-3 are passed through both
gates to become DATA BFR IN BIT 0-3 and DATA BFR IN BIT 4-7 into the data buffer. The input
READ STB asserts DATA BFR STB 1 (via the even character strobe logic) and DATA BFR STB 2
thereby loading both halves of the data buffer with the same character. The second character received
from the transport triggers the same sequence except no read strobe is issued from the even character .
strobe logic and DATA BFR STB 1 is not asserted. DATA BFR STB 2 is asserted and loads bit 4-7 of
the data buffer with the second tape character. (See Table 6-5.) The read strobe associated with the
second character initiates an NPR bus cycle causing DATA — BUS to go true and gate the contents of
the data buffer out to the Unibus. Thus, NPR bus cycles are initiated after each even numbered
character is read from tape thereby allowing the two characters to be.assembled into a byte in the data
buffer before being gated out to the Unibus.

6.6.4.4 Processor Read (Figure 6-23) — During a processor read of the data buffer SEL 4 IN asserts
both HI DATA BYTE and LO DATA BYTE. The latter gates the 7 bits of the data buffer to the
Unibus while the former serves to gate D BIT 08 IN to D BIT 08 on the Unibus. During a processor
read (NPR ENB false) D BIT 08 IN reflects the state of the parity flip-flop as determined by the parity
bit of the LRC character. .
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Figure 6-21 Even Character Strobe Timing Diagram
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6.6.5 NPR Write (DATI (Figures 6-26 and 6-27)

6.6.5.1 9-Track and 7-Track Normal Operation - An NPR request must be made (NPR ENB true)

before a write operation (READ false) can be initiated. With NPR ENB true and READ false either
SEL LO BYTE WRITE DATA or SEL HI BYTE WRITE DATA asserts to gate respectively
D00-DO07 or D08-D15 from the Unibus to the input of the data buffer. The state of bit 00 in the
current memory address register determines whether the high byte or the low byte is gated to the
buffer. During the write NPR bus cycle DATA STB 2 is asserted (Paragraph 6.6.3.1) and asserts
DATA BFR STB 1, 2 which loads the data buffer with the selected input byte. DATA BFR GUT BIT
0-7 is now available to gatés A, B, C, and D. In 9-track operation gates B, C, and D are enabled gating
DATA BFR OUT BIT 0-7 to the tape transport as WD7-WDO. (Note the reversal in the bit/track
numbering sequence at the write gate outputs.) The 7-track normal write data sequence is identical to
the 9-track sequence except that write gate D is inhibited. Thus DATA BFR OUT BIT 0-5 are gated to
the transport as WD7-WD2, Table 6-6 summarizes the gating action for all modes of operation.

Table 6-6 Write Data Gating for 9-Track, 7-Track Normal and Core Dump Modes

Mode Enabled Write DATA BFR OUT | Write Data Number of
Gates BITS - From To Transport Input Bits
Data Buffer Register- per Data Cycle
. 1
9-Track B 0-3 WD7-WD4
. C 4-5 WD3-WD2 8
| D 6-7 wDI-WDO0 '
. - #
7-Track B . 0-3 WD7-WD4
(Normal) C 4-5 WD3-WD?2 6
7-Track First .
" (Core Cycle B 0-3 WD7-WD4 4
Dump)
Second . L
Cycle A 4-1 WD7-WD4 "4

6.6.5.2 Core l)umﬁ Operation - Core dump operation is identical to 9-track and 7-track normal

operation with regard to the input gating and loading of the data buffer. The difference is that only

~ write gates A and B are enabled and they are alternated by EVEN CHAR STB so when one gate is on

the other is off. With CORE DUMP true, the even character strobe logic is enabled and EVEN CHAR
STB is a square wave with its alternations switched by write strobes. (See Paragraph 6.6.4.5.)

A sequence is started by GO STROBE 2 (1) which sets EVEN CHA ™2 STB to a high level and triggers
the first NPR write bus cycle. DATA STB 2 asserts during the bus < ;cle asserting DATA BFR STB I,
2 which loads the data byte into the buffer register. DATA BFR OUT BIT 0-3 is gated through gate B
and passes into the tape transport as WD7-W D4. The first character is written on tape and the first
write strobe is generated. The first write strobe sets EVEN CHAR STB to the low state thereby
inhibiting gate B and enabling gate A which gates DATA BFR OUT BIT 4-7 to the transport as
WD7-WD4 and the second character is written on tape. The low state of EVEN CHAR STB inhibits
another NPR bus cycle. The second write strobe. will set EVEN CHAR STB high enabling gate B once
again and triggering the second NPR bus cycle. Thus, the even character strobe logic disassembles the
input data byte intc two 4-bit characters for the tape transport while inhibiting an NPR bus cycle on
the odd numbered write strobes.
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6.6.5.3 Processor Write — If a processor write is being executed, SEL READ DATA and NPR ENB
(1) are false, thereby asserting SEL LO BYTE WRITE DATA and gating the low data byte from the

Unibus to the buffer register. SLCT 4 OUT LO then asserts (Paragraph 6.6.1.1) in turn asserting /~

DATA BFR STB 1, 2 which loads the buffer register with the input data.

6.6.5.4 Write Data Ready (Figures 6-24 and 6-25) - WDR to the tape transport must be true to enable
the write logic within the transport. The write data ready logic supplies WDR. to the transport, under
the proper conditions, and assures a minimum record length of three characters in normal operation
and four characters in core dump. Also during core dump, when OVERFLOW (1) occurs, indicating
that the last character has been transferred to the controller, the logic holds WDR true for one more
write strobe to allow the second half of the last data byte to be written on the tape.

WDR is asserted true by the third stage output of a 3-stage counter or by the asserted output of a 5-
input AND gate. When a write operation is initiated GO STROBE 2 (1) L is asserted and resets the
counter. The third stage output of the counter asserts WDR via the OR gate. OVERFLOW (1) H is
false, thereby conditioning the first stage of the counter to set. The first three write strobes set the
counter stages in order. The third write strobe sets the third stage causing its output to the OR gate to
assert high; however, the AND gate is now enabled and holds WDR true. Note that WDR is held true

- for three write strobes regardless of the state of OVERFLOW (1) H.

When the desired number of characters have been transferred to tape, OVERFLOW (1) H goes true,
conditioning the first stage of the counter to reset. The next WRS strobe resets the first stage inhibiting
the AND gate causing WDR to go false. If CORE DUMP L is asserted the AND gate will not be
inhibited until the next WRS strobe when the second stage is reset. Thus, in core dump mode WDR is
held true for one more write strobe after OVERFLOW (1) H asserts.

BGL + NXML

(FIG.6-18)
AC LO L

( FROM UNIBUS )
(FIG. 6 -16) ___CUR DEL (1) H »
WRT DATA ENB H E————-@_
(F16.6-13) { ; :
.-
1 C B > WOR H

CORE DUMP L

x ( TO TAPE
TRANSPORT )
[o] (4] A Q
OVERFLOW (1) H ,sc’ Dznd' 03'61
(FIG.6-31) STAGE STAGE STAGE
) (c3) (c3) c3)
’ c 0p—- c o c o
: [+ L)
(FROM TAPE __ WRS H ' ‘
TRANSPORT)
(FIG 6-16) GO STROBE 2(1) L
NOTE: i . -
Designations in parenthesis refer to engineering drawings '
containing corresponding logic. 11-4131

Figure 6-24 Write Data Ready Logic Diagram
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Figure 6-25 Write Data Ready Timing Diagram

Due to feedback from the second counter stage to the first, two write strobes must occur (to set the
second stage) before the first stage can be reset. Consider the case where OVERFLOW (1) H asserts
after the first or second write strobe (Figure 6-25). The first stage will reset on the third WRS which
also sets the third stage. If, in core dump mode, the AND gate holds WDR true until the fourth WRS
_ strobe which resets the second stage thereby negating WDR. Thus at least four write strobes are -
( wissured in core dump operation.
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6.6.6 Done Logic (Figures 6-28 aund 6-29) :
The done logic senses the completion of an operation and functions to assert control unit ready (for
another command) and issue an interrupt request to the interrupt logic.

If a spucing operation was being executed CARRY OUT 2 signifies the completion of the operation by
asserting when the desired number of records has been spaced over. If a read or write operation was
being executed (SPACE false) the assertion of LRCSD significs the operation is over.

In both cases the done flipsflop is set and DONE (1) is asserted. If ERR (1) asserts during the oper-
ation a done sequence will be triggered before the operation is completed. Certain errors will interrupt
an operation by asserting ERR (1) as soon as they are detected. Other errors will allow the operation to

terminate normally. (See Paragraph 6.6.7.)

When DONE (1) asserts and the tape transport comes to 2 stop (TUR true) DONE DELAYED (1)
asserts in turn asserting (GET NEW CMD) to the bus interrupt logic and SET CUR to the operation

start logic.

Some conditions that will assert DONE DELAYED (1) without waiting for TUR to come true are:

An illegal command [ILC (1)] -

Reaching BOT during a space reverse operation

Reaching BOT during a rewind operation that was commanded by the processor
Deselecting the drive )

When the transport starts a rewind from a local command.

N
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6.6.7  Foeor Bogic (Figures 6-30 and 6-31) '

FRR (1) is asserted by any of the crror conditions that could arise within the system. When ERR (1)
- comes true it sets bit 15 in the command register and triggers a done sequence. The error conditions
( that assert ERR (1) are in two classes: those that assert ERR (1) immediately and abort the current

) ' operation, and those that allow the operation to terminate normally. In the latter case ERR (1) will
] (‘ becomie true with the assertion of LRCSD.
: Errors that abort an operation are:
! NXM
; BGL
1LC
BTE
Errors that allow an operation to terminate normally are:
RLE
CRE
PAE
EOFF
End of Tape Error
NXM and BGL are error conditions that arise from the execution of an NPR bus cycle.
ILC is asserted under the following circumstances:
e When the processor attempts to access the command register while the controller is busy exec-
uting a command (SEL 1 OUT asserted while CUR DEL 1 is false).
: ( - e When an on-line transport is deselected while an operation is being executed (SELR negates
- while OFF LINE and CUR DEL I are false).
‘ E‘h} © The controller attempts to initiate an operation on a deselected transport (GO STROBE 2 (1)
asserts while SELR is false).
§ e The controller attempts to initiate a write operation on a write protected transport (GO
4 STROBE 2 (1) asserts while WRITE ENB and WRL are true). '
: BTE is asserted when a read strobe occurs during the gap shutdown or settle down periods provided no
3 BGL, NXM, or ILC errors exist. (RDS asserts when either SDWN or GSD is true and the following
are false: BGL, NXM, ILC.) Gap shutdown is the period between the end of a record and the begin-
3 ning of the settle down interval (from the assertion of LRCS to the assertion of SDWN).
= B RLE (1) is asserted when a read strobe occurs after an overflow condition has been sensed except if the
i read strobe is a CRC or an LRC strobe (READ STB asserts when OVERFLOW (1) is true and CRCS
- 4+ LRCS is false).
CRE (1) is asserted during a read or a write operation when a read strobe occurs and a CRC error
- exists. (RDS asserts while CRCE and READ + WRITE are true. )
4 PAE (1) is asserted during a read or a write operation when a read strobe occurs and either a vertical

o parity error or a longitudinal redundancy check error exists. (RDS asserts while either VPE or LRCE
is true and READ + WRITE is true.)
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EOFF (1) is asserted when a file mark (FMK) is received from the tapé. -.trénép'ort.
An end-of-tape error is asserted when the end-of-tape marker is sensed durirﬁ‘g a transpért operaﬁoﬁz.g
other thun rewind or space reverse (EOT asserts when REWIND and SPACE REV are false).

J




RDS FMK EOT

READSTB . RDS

OVERFLOW (1) REWIND

RLE( CRE (1) (END OF TAPE
ERRORI
PAE (1)
§ - ‘
{
LRCSD NOo
YES .
) -
. BGL NXM
Y
ERR (1)

114137

Figurc 6-30 FError Sequence
Flow Diagram
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Figure 6-31 Error Sequence
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6.6.8 Interrupt Bus Cycle (Figures 6-32 and 6-33)
An interrupt bus cycle is initiated if the interrupt enable bit (bit 06) in the command register is set and
any one of the following occurs:

|. GET NEW CMD asserts from the done logic.
2. The tape comes to a stop (TUR asserts) after a rewind operation.
3. The processor requests an interrupt.

The setting of the BR interrupt flip-flop starts the interrupt sequence. The flip-flop is set via a gate
enabled by INT ENB (1) from the command register. The other gate input comes from the set inter-
rupt one-shot or from the processor. The set interrupt one-shot is triggered by GET NEW CMD from
the done logic (if an interrupt bus cycle is not already in progress) or when the tape transport stops
(TUR asserts) after a rewind operation (BOT is reached when CU READY and RW§ are true). The
processor initiated interrupt is accomplished by the processor asserting SLCT 1 OUT LO and DOO
after it has set the interrupt enable bit in the command register.

: NOTE
Processor initiation of an interrupt is done for spe-
cial software purposes and is not a normal occur-
rence of TMIB11/TS03 operation.

When the BR interrupt flip-flop is set, BR INT (1) asserts enabling the Unibus request logic. The
Unibus request logic asserts BR OUT which becomes BUS BRX to the Unibus. The value of X is
determined by the priority jumpers and may be 4, 5, 6, or 7 (usually 5). The processor responds to the
bus request with BUS BGX IN which becomes BG IN and enables the Unibus acquisition logic. The
Unibus acquisition logic asserts BUS SACK to the processor which responds by negating BUS BGX
IN. The acquisition logic checks for BUS BBSY (by some other device) and if it finds the bus free
asserts BUS BBSY to the Unibus (indicating bus mastership) and BR MASTER to the interrupt
circuits. BR MASTER becomes BUS INTR and is placed on the Unibus along with BUS D02-D03,
thereby commanding the processor to-initiate an interrupt routine starting at the address specified by
BUS D02-D08 (address = 224). Processor acceptance of this data is indicated by its assertion of BUS
SSYN to the TMBI11. BUS SSYN becomes SSYN and triggers the interrupt done logic. The interrupt
done logic asserts INT DONE B which completes the interrupt bus cycle by resetting the interrupt flip-
flop and acquisition circuits. ,

6.6.8.1 BUS BGX OUT : . '

A BUS BGX IN from the processor is passed from one system device to another in daisy-chain fashion
until it reaches the device that issued the BUS BRX. A BUS BGX IN received by the TMBI 1 is gated
back to the Unibus as BUS BGX OUT if the controller is not making an NPR bus request (BUS NPR
false) (NPR requests take priority over all BR requests) and one of the following conditions exist:

1. BR MASTER is true (TMBI! is presently bus master). ,
2.. BRINT (1) is falsc (TMB1! did not issue the BUS BRX that caused the BUS BGX IN).
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¥

| BUS BBSY
1 BUSINTR
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3
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Figure 6-32 Interrupt Bus Cycle
Flow Diagram




INT ENB (1),

" SLCT 1 OUT LO

; . D @9
' (FIG. 6-13) (D9) }—
‘ INTERRUPT .
INT ENB _(0) ENABLE (INTERRUPT ENABLE PULSE)
0.s.
(D9)
CU READY
(FIG. 6-16)
80T
: FROM TAPEY) RWS  —
: TRANSPORT, (09) /
‘ TuR

. SET INT (1) (SET)
1

| INTERRUPT ’ ’ .

| ) L \
FF SET (09 o) ¥
| INTERRUPT SET INT (1)
: (cq) © (ca) }-SET B8R w 0.5.

(D9)

!

GO STROBE 2 (1)
(RESET)

{GET NEW CMD)

(FIC. 6-16)

(FIG. 6-29)

NOTE
Designations in porenthesis refer to enginsering drawings
contalning corresponding logic.
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Figure 6-33 Interrupt Bus Cycle
Block Diagram
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Figure 6-37 Spacing Forward Three Records, Bad Tape Error Appearing in First Record

6-80 - e

=
-




AL

PEEIENEEL

O SR

AR gl st R e i

6-81

CU READY H i
fe-— 1005 —4 fo—— 40015 ———+{s——400s ——+|
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CU READY H _]

GO

EVEN CHAR
<——400us } 400us 4
RDS Y £ l I IL
1 NPR INT H A —y
; CLR BBSY H » .
+ / ¥ /
MTBRC 777123 | 777124
MTCMA 123123 l 123124

CRC S . ' I [,
LRCS » . _l_______
READ STB H I I ” [—-]____,,____I—-l y
+ -

11-3992

Figure 6-39  Reading Record of Two Tape Characters in Core Dump Mode
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Figure 6-40 Writing R;cord of Three Data Characters
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CHAPTER 7
MB926 Theory of Operation
7.1 General (Figures 7-1,7-2 and 7-3)
Figure 7-1 1s a simplified flow diagram of the M8926 interface boardﬁ
The CSET command from the contr;ller triggersva drive start-up sequent
The start-up sequence signals the drive to start the &rive motor and
introduces an 8.9 ms delay for. the drive motor to getbup to speed

(45 ips) before enabling a read or write seguence.

All commands from the controller except rewind,; will cause a
read seguence to occur. The read sequence transfers data
from the drive to the M8%26 board. A write command (WRE) must be

asgerted by the controller to enable a write sequenca. If a write

- command is asserted by thé controller, data is transferred from the

controller to the drive to be written on tape (write sequencé). The
data written on tape is immediately read back via the read sequence.
This read-after-write feature allows the recorded data to be checked
for errbrs by the M8926 board. The read-after-write data is madg.
available to the controller where it can be accessed by the processor
for maintenance purposes. During normal opepation read data is not

accepted by the controller unless a read command is asserted.

When the read circuits detect the end of thé record a drive stop
sequence is triggered. The stop seqﬁéncé signals the drive to stop
the drive motor and initiates another 8.9 ms delay. The delay allows
the drive motor to slow down to a stop before the command operation

is terminated.
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The M8926 detailed flow diagram (Figure 7-2) provides a more detailed
functional description of the M8926_interface board. This diaqra&
should Ee read in its entirety while referencing the functional }
block diagram, Figure 7-3. Subsequent sections in this chapter

treat the MB8926 board according to the functional divisions shown

in Figures 7-1, 7-2 and 7-3, namely:

i. Status/Command Logic

2. Drive Start Up

i 3. Write Sequence
4, Read Sequence

5. Drive Stop

It will be helpful to reference Figures 7-2 and 7-3 as an overview
while reading throygh Chapter 7.
NOTE

The block diagrams that follow use logical

AND and OR symbols. It does not necessarily
follow that a correspondihg gate exists on‘the
controller logic prints. The assertion of

inputs A and B causing the assertion of

output C may be represented on a block diagram

by a single AND gate yet the engineering drawing
may show that several circuit stagés are involved

in the ANDing operation.

The signal names used on the functional block
diagrams are the names used on the engineering
circuit schematics (CS prints). Where other

"signal names or notes are used they are enclosed in

J

.- parenthesis. 7=2 _ . LR
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TAPE DRIVE UP Te SPEED
' (2.9 ms)

{EOMMAND D

WRITE
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READ
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DowN _ TO SToP
(89 M)

" FlG, 7-1 M8926 simplified Flow Diagram
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7-1

M8926 Simplified Flow Diagram
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7.2 Status/Command Logic (Figures 7-5 and 7-6)

7.2.1 Command Logic

Some operational commands are coupled from the controllexr to the -
drive via passive logic circuits. Other commands that must stay
assefted during the entire operation, are létched up in flip-flops
set by CSET from the controller. ‘Note the conversion of CDENS

to DEN@® and CDEN8 to DENT during the latch-up process.

CSEL@-CSEL2 selects a slave unit'via a 3-bit code. The 3-bit code
"is latched up in the slave select latch-up flip-flops which output
$SS@-SS2 to the drive. The input code from the cogtroller is com-
pared to the output code in the slave select comparator. If the
two codes do not match the latch-up flip-flops are clocked
forcing SS@-SS2 to agree with the select code from the controller.
An AND gate must be enabled by MOVE before clocking of the £flip=-£flops
- occur. MOVE is asserted true during'every command operationvexcept
rewind. Thus a new slave drive cannot be selected during a data
transfer operation. Note that a bit reversal takes place in the
latch flip—flobs where the CSﬁLQ, 1 and 2 inpﬁt>bits become bits
882, 1 and @ respectively in the output.

7.2.2 Status Logic

~Some status signals are directly coupled from the diive to the
controller while others such as RWS and MOL undergo condiftional
gating. Rewind status (RWS) from the‘drive negates at the end of
SDWN simultaneous with the assertion of TUR (see Figure 7-4). .A

tining requirement within the controller is that RWS negate before

TUR asserts.

7-7




wezbeta BUTWTLI SM¥D pue smid  p-L "Il

i

]
I
t

1

| '
[ )
- ,

- I
: .\ﬁ...mZi\L
]

sSmPYO
Jnl

Nmd &

sm3




A
4
o
{

= SRON SRR s T

i
]
!
i

wexbeyg mord dno yoje purwwon

- (8-4 ;.Ev_

a

g-¢ "914

[(mot1d aLids)

7-9

| amd ] AEL NYLL
; 4
(mo1d avad)
S-£L3 7 .
?_mxwwﬂ(\wﬂw «),oi avsy ?3"_ L) (mo1d FIIUM) .
) ¥od1 SN3qa AW Am3 D NILIYM [313m]
534 s3 S34 CETS s3
Sr<amd SN3AD 5 rmwwv e aS LELD W< 2 UMD
b . b
N7
L~




st

,cBoT /6] BgoT
CEOT le END PT
« CWRL (2>| WRL ¢
< CTUR (2)’ TYR FﬁOM
Te
ThPE
coMTROLLER < SRWS Rys DRIVE
%CSD\&-’N ISDWNI
s CSELR MOL ¢
L c7cH 7 CH
FIGURGS -1, 7-/3 ) <LIRK]
ANVD  J-yq
yEsELR~CsELd SLAVE ss-ss2 5
SELECT]
LATcH up
FF
()
Llewcr)
(16 n-9)—_FovE SLAVE
ﬁ. R ]
L_y[s SLAVE Az R SELECT
SELECT ?‘5« o‘_b®
R CoMPARATER 2)
" () o
: To
. 5 CREV N
FROM e~ > TAPE
P Ez> RWHD , DRIVE
CONTROLLER 6 AW 6 \)
osT DRI
S NI PRIve -&L—@_mwx_, <ngi"5§;;5r>
'LL;-_:ISE COMMAND WRITE
. EFOR
° LATCH UuP (0) Ewp
, FFs Fie 7-13)
> LMK EWEHK (FIG 7-9 Ano 9-11)
> CPEVN (0] __jisxﬂ____*ﬁqc N-1l AND B-13)
> CDENE eoens [ DENG
e
, CDENZ N ‘ DEN ,
\ > LSET l@} SET (crock)
_———>(Fuauees 7-9,.7-1l AvD - /3>
Fire. 7-6

g COMMAND

7-10 STATUS/COMMAND Block Diagram



1
El
4
A
K
A
3
i

This requirement is met by ANDing RWS with SDWK thus producing the

proper CRWS timing as shown in Figure 7-4.

CSELR is negated for 1 vus while a new drive is being selected by
the slave select logic. This is accomplished by the gating of MOL
with the @ output of the slave select one-shot. The 1 us delay

allows settling of the select code before CSELR is asserted for the

.new drive.

When a 7 track drive is béing used 7CE is asserted from.the drive
causing the éssertion of C7CH to the controller and R7CH to the

7TRK flip-flop. When SET asserts 7TRK becémes true to indicate

the presence of a 7 track, slave drive to the M8926 boérd. Note

that the assertion of EDEN5 will also cause 7TRK to become true

at SET time. Compatibility between the TU10 and TU10W drives requires

that both EDENS5 and R7CH cause the assertion of 7TRK at SET pulse time.
7.3 - Drive Start Up (Figures 7-7, 7-8 and 7-9)

7.3.1 Drive Sfart Signals
The SET pulse starts the command operation in the drive by:
I é. Setting the EMD flip-flop and asserting EMD to the drive

b. Asserting DRV SET PLS to the drive o

€. Setting the MOVE flip-flop thereby negating STOP to the drive
MOVE remains asserted and holds STOP false during the entire command
operation. During a rewind operation the MOVE flip-flop is not séf.
In this case. DRV SET PLS negates STOP at SET time which is

sufficient for the drive to start the rewind sequence.
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7.3.2 Start Up Delay

The output of the EMD flip-flop loads the motion delay counter with

delay data set onto read lines RD@-RD5, RDP by the drive. Bit 13 ™
%

of the counter is preset to a 1 and gates in the clock pulses. The

clock pulses are obtained from a ¢ 4 counter which receives CLOCK

pulses from the slave bus. 2An output from the +4 counter is obtained

after the first 2 CLOCK pulses and every 4 CLOCK pulses thereafter.

After 8.9 ms bit 13 of the delay counter is counted down to @ and

; bit 14 is asserted. At this time: '

a. Input clock pulses to the dela§ counter are inhibited

b; READING is asserted enabling the read sequence

c. ACCL is negated to the drive thus gating WRT CLK pulses

in from the drive for the write sequence.

If the command is CWXG or CWFMK an extended interrecord gap is

generated prior to writing the record. CWXG or EWFMK, if asserted,
input into the delay counter increasing the 8.9 ms delay fime and
allowing the tape to travel an extra distaﬁce before the read and
write sequences are enabled. The CWXG aﬁd EWFMK inpﬁts to thé )

= delay counter are via a gate enabled by ACCL. Thus only the

start-up time or gap prior to the record is extended.

7.4 Write Sequence (Figures 7-10 and 7-11)
; 7.4.1 Nine Track Normal

7.4.1.1 Write Data

If a write command is asserted by the controller, WRE will be true

4 allowing the SET pulse to set the WRITING flip-flop. The assertion

7-12
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of WRITING loads the end of record counter which is preset to a

( count of 8. The 8 bit output from the counter gates R WRT CLX

pulses from the drive to produce WRITE STROBE pulses. The assexrtion

of each WRITE STROBE pulse will:
“a. latch up write data from the controller making it available
to the drive via the output gates

b. assert CWRS to the controller

C. assert REC to the drive and to the CRC generator.

Vertical barity is produced by a parity generator which monitors
E the 8 write lines and outputs a true or false parity bit according to

the number of 1 bits and whether odd or even parity 12 specified (EPEVH).

The write logic contains a circuit to detect a zero-character

condition when even parity is specified. Such a condition results

in a blank space on the tape which can not be sensed by the read

logic. Should an attempt be made to write a zero character with

é even parity the zero character detector output wouldbassert WRX3
thereby generating a 1 bit on the third write'channei. A single bit
é ' character demands a 1 parity bit Qhen.EPEVN is true. The parity bit
.is also artificially generated via the zero character detector output

. which asserts WRXP to the parity write channel.

The CRC generator receives each data character from the write channels.

REC pulses clock the generator which develops the CRC character during

the body of the record.
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~for the write end of record sequence. In seven track operation both

7.4.1.2 Write End of Record

When the data transfer has been completed the controller negates CWDRO(

The next WRT CLK pulse produces WRITE STRORE which latches up the

g
\‘\‘ ,AL} d

last data charactera and issues a CWRS pulse and a REC pulse. The
WRT CLK pulse also resets the WRITING flip-flop. When WRITING negates:
a. CWRS pulses to the controller are inhibited
b. REC pulsesvto the drive are inhibited
¢. the end of record counter is enabled
WRITE STROBE pulses clock the end of record counter. When the
countexr reaches a count of 3JCHK'CHAR STRB asseits and: |
a. switches the CRC character onto the write lines via
the write data/CRC mux
b." enables the REC AND gate
The next WRITE STROBE pulse latches up the CRC character and generates

(

a REC pulse for the drive to record the CRC character. Three WRITE

STROBEs later the counter is at a count of 7 and again asserts CuXK
CHAR STRB which:

a: enables the REC AND gate

b. asserts LRC STROBE via the enabled LRC STROBE AND gate.
LRC STROBE asserts LRC STRB>to the drive and reseté the write data
latch up register setting all the write lines to zero. (The LRC
¢haracter is generated in the drive). The next WRITE STROBE asserts
REC to record the LRC character, and resets the end of record counter

thereby inhibiting any further WRITE STROBE pulses,

7.4.2 Seven Track Normal

Seven track normal operation is identical to nine track normal except (




e B e e BT

the 4 and the 8 bits of the end of record counter are preset to a 1.
Thus when the counter reaches a coﬁnt of 3 the same conditions exist
as a count of 7 in nine track operation. The seven track end of recor:
sequence is:

a. fthe last.data character

b. three blank spaces

c. the LRC character

d. reset end of record counter to terminate the

write sequence.

7.4.3 Nine Track File Mark

7.4.3.1 Write Data

In file mark operation, EWFMK is true and forces the write da#a/CRC
mux to output all 1s on the write lines. Aftervthe 1s are .

latched up in the latch up register théy are applied to the output
gates. EWFMK enables gates g, 1 and 4 thusAoutputing an octal‘23

(nine track file mark) to the drive.

CWRE is true and CWDR is false for a CWFMK command. CWRE allows the
SET pulse'to set the WRITING flip-flop. The first WRT CLK pulse asser:
WRITE STROBE but, due to CWDR being false, resets the WRITING flip-flo;

Thus one WRITE STROBE is issued for the file mark character.
No CWRS pulses are returned to the controller in file mark operation.

7.4.3.2 Write End of Record

The write end of record sequence for a nine track file ﬁark is
identical to the write,énd of record sequence for nine track normal
except that the CRC character is.skipped and only the LRC character

7-21 ) .is written. The end of record
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counter must reach a count of 7 before a CHK CHR STRB is asserted.
At this point the same conditions exist as in the nine track noi‘mal
mode; thus the LRC character is recorded and the write seguence is Q;j
terminated. The nine track file mark end of record'sequence is:.
a. the last data charactep(th@ file mark character)
b. seven blank spaces
c. the LRC character
d. reset end of record counter to terminate
the write segquence
7.4.4 Seven Track File Mark
" The write data sequence for the seven track file mark is identical
to that for the nine track file mark except that 7TRK is asserted
to the output gates via the enabled EWFMK gafe.
Output gates now enabled are $, 1, 2-and 3 thus

outputting an octal 17 (seven track file mark) ‘to the drive.

The end of record sequence for the seven track file mark is ddentical

to that for a seven track normal sequence.

7.5 Read Sequence
7.5.1 Read Data (Figures 7-12 and 7-13)
RSDO pulses -from the drive assert COMP RD STRB which:
a. clocks the read data latch up register
"b. triggers the read strobe one-shot asserting CRDS to
the controller |
€. uses a second output from the read strobe one-shot
(CHECK REG PLS) to clock the LRC generator (and the LRCS

flip-flop in the end of record daetection sequence,

paragraph.7.5.4).
7-26




When the read data latch up register is clocked by COMP.RD SPRD
read data is made available to the controller via the read data
output mux. When READING is true the mux selects the data character
from the read.lines for the cpntroller. When READING is false ({(not

during a normal data transfer) the LRC character is output to the

controller for maintenance purposes.

7.5.2 Error Detection (Figures 7-12 and 7-13)
Read data ERD@P-ERD7, ERDP is checked for CRC, LRC and vertical

parity errors. Each data character is clocked into the CRC and
LRC generators by the CHECK REG PLS. At the end of the

record the CRC character is clocked into the CRC generator
causing the CRS-CR7, CRP output to ba all seros. The CRC
error detector looks for an all zeros character from the
CRC genarxater at CRCS time. If‘the CRC generator butpat
is not all zeros %han CRCS8 im truwe, CCRCE i3 agserted

to the controller indicating a CRC exror.

In a similar manner, the LRC character is clecked into the

! LRC generator causing the LRPI-LR7, LRP output to pe all zeres.The LRC errc

T R,

detector looks for an all'zero character from the LRC generator at
LRCS time. If the LRC generator output is not all zeros when LRCS

is true, CLRCE is asserted to the controller indicating an LRC error.

CRC and LRC error outputs are enabled only when the drive is exe-
cuting a forward motion command. (This is due to the location of

the CRC and LRC characters at the end of the record.) Accordingly

EFOR must be true for CCRCE or CLRCE to assert.
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Each data character cccurring during the body of a record is checked

<
for vertical parity error by a vertical parity error detector circuit§
If a parity error is sensed by the detector CVPE is asserted to the¢™

controller. CVPE is inhibited during CRCS and LRCS times as no

vertical parity check is made on the CRC and LRC charscters.

7.5.3 File Mark Detection (Figureé 7-12 and 7-13)
The file mark detection logic monitors the read data and outputs
CFMK to the controller if a filé mark is detected. Three conditions
must be met before the record is identified.as a file mark. These
are:

a.. there must be two characters and only-two chafacters

to the record
b. both characters must be file mark éharactérs

¢. the second file mark character must be. followed by éight

"blank spaces
To meet condition b, réad data (ERDP-ERD7, ERDP) is examined by the
file mark character detector which outputs FMK CHR if a file makl
character is sensed. A filéAmark charaéﬁer.flip—flop is:set by the
SET pulse at the start of the operaﬁion‘and then clockéd by RRSDO |
pulses. The flip-flop is conditioned to set by FMK CHR, via an
AND gate, such that if the flip—flbp‘is clocked to the reset state
it cannot be set again dﬁring the current opératién. Thus the first
two characters read must be file mark characters in order to keep the

file mark character flip-flop set.
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Conditions & &nd ¢ are met by means of a file mark gap detector and
a read strobe counter. When the read strobe counter reaches a count
of two the file mark gap detector is enabled and starts counting

R WRT CLK pulses. Whesn the strobe counter reaches & count

%

of three, RSDOJ2 assertz and vesets the gap detector. If

tlo

s

44

]

the gap detecteor reachss & count of sight it ou B

I

Pu

b

BLAKE SPACES and CPFHX ls asserted to the contreller via anm

@é@bigﬁ ARD gate. If a third ﬁSDO pulse oceurs b@f@ré

the gap detectér reaches eight, the detector is cleared and the file
mark character flip-flop is reset indicating that the recozxd is not

a file mark and a normal record transfer is in proegress.

The end of record detection sequence is enabled from the read data
channels via a record active OR gate. If a normal record transfer
is in progress (RSD0O>2 is true) or a file mark has been detected

(FMK true); RECORD ACTIVE is asserted and enables

(but does rot stare} the end of zreceord detection ssgusnece.

7.5.4 End of Record Detection (Figures 7-18 and 7-19)

7.5.4.1 Nine track Normal (Figure 7-14)

The end of a record is detected by looking for the three blank spaces
that occur between the last data character and the CRC character (LRC
character for seven track). The blank spaces are deteqted by an end
of record counter which is'clocked by R WRf CLK pulses and effectively

reset by COMP RD STRB pulses. (Actually the COMP RD STRB pulses load
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+he counter with a count of 8.} COMP RD STRB pulses are asserted by
RSDO pulses from the drive. The R WRT CLK pulses and the RSDO pulses

are not necessarily in sync but they are of the same fregquency.

the end of record counter is continually being clocked and
during the body of & recogd. Two R WAT CLRK pulses might
sgueeze in betwasen two REDO pulses thereby clocking the

counter to & count of twe before it da reé&t, but it should

nevoer reach & count higher than ¢two during the body of & recard.
If the counter does reach a count of three (three R WRT CLK pulses
with no RSDO pulse) 3 COUNT is asserted signifying that this

is the end of the record and the end of record sequence is started.

g The assertion of 3 COUET clocks the CRCS flip-flop set outputting

CCRCS to the controller indicating that the next character will be

the CRC character. The next RSDO pulse will be the CRC character

strobe which will:

a. latch up the CRC character in the read data latch up register

b. ‘“"reset" the end of record counter
? c. assert CRDS to the controller

d. assert.CHECK REG PLS which clocks the LRCS flip-flop set
The asserted output of the LRCS flip-flop will reset thé CRCS flip-
% ' 'flop and assgrt‘CLRCS to the controller indicating,that the ngxt
character will be the LRC character. The next RSDO pluse~will.be
the LRC character strobe which will:

‘a. latch up the LRC character in the read data latch up register

b. "reset” the end of record counter

4 c. assert CRDS to the controller

; d. assert CHECK REG PLS which resets the LRCS flip-flop
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The negation of LRCS sets the end of record flip~flop asserting END
OF RECORD which locks the CRCS flip-flep in the reset state until

the next operation.

When END OF RECORD asserts & decision delay period begins. The

decision delay period is a time interval (normally 8 R WRT CLK
pulses long) between the assertion of END OF RECORD and the assertion

of RD CLR PLS. The deléy period is a "last chance" look for more RSDO

7-35
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pulses kefore triggering the drive stop sequence. At the start

of the.decision, dela} thc$ena of record counter is "reset" (preset (
i AR a Liad ey )
! — AyTaun N |
tofaycouzi/oj \; and st%f%s count~nm (R URT QLK,ﬁ;jge ) ‘hcn:t?e
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et e SO S SO S UUNSS——— L
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L . .
counter reaches a count of 8 it overflows into the decision delay e
counter which @Qpppasgerts RD CLR PLS to the drive stop logic.
,’ < i ¢ 4(. s _1‘ jl . -
Shguld REDO pulses re-occur anytlné during the decision delay
I

—

¢ ,
perlod the end of record counter will be“?;eset”“and the read
( 't-v—.-\)'“ - \‘j 3(’1 ‘IQ!;ZL\_}T\J

gegquence will continuwer——When—the-actigl edd-ofrecord—does—occur—-

|

the decision delay coEﬁf‘wiik‘stértﬂégaiﬂwbutmthe*eﬁd“ﬁf~rec016“~ﬁ_~_~
|
s?quence will not repeates
|
!
'[ .
?he end of record sequence is inhibited if a write operation is in
ﬁrogress (WRITING true). During a wrlte operatlon defective spots
{ T \ .
i \
ﬁn the tape may simulate a gap and erroneously trlgger the end of
| (
#ecord sequence. In this case the end of record logic is :
i s e e WP TR s s A e — ':{ )
{ functioning to stop the drive while the controller
i . R

is still trying to write data. To prevent this WRITING is gated

3

\ .
w%th the R VWRT CLK pulses into the end of record counter thereby

al%owing the counter to operate only if WRITING is false.

[P S
S

E ~ N
e e D T T
7.5.4.2 Zero C or LRC Characters

It is poasiblé that the CRC orxr the LRC character'coﬁld be a zero character
resulting in no corresponding RSDO pulse being received from the drivé.
In this” caseﬂa COMP™ RD" STEB™ pul 4357 generated %Eﬁifi@iglly so clocking
of the end of record sequence can continue. If no RSDO pulse is
received to "reset" the end of record counter couﬁting will continue
up to six at which time COMP RD STRE will be asserted via a gate
enabled by CRCS or LRCS. Figureé 7-15 and 7-16 illustrate respectively
the timing sequence for a zero CRC and a zero LRC character.
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The decision delay is normally eight R WRT CLK pulses
long but is extended to 24 pulses if no LRC character is detected.
Failure to detect an LRC character may be due to the character

being zero but it could also be due to a bad area in the tape,

Phes wvhen no LRC character is detected some doubt exists on

vhether the end of the record has been reached.

Extending the decision distance to 24 pulses provides‘
extra assurance that the end o6f the record has been reached. The
decision delay counter is a count down counter which is loaded by
each RSDO pulse. The counter is loaded with zeros except for.ﬁhe
1 bit which is loaded with TRCS. If.there is an LRC character
then LRCS is true during the last RSDO pulse (Figure 7-14) and the
counter is loaded with,gll zeros. If tﬁere-is no LRC character
then LRCS is false during the last RSDO pulse (Figure7-16) and the
delay counter is loaded with a 1. 1In this case the end of record

counter must count an additional 16 pulses to count down the 1 and

assert RD CLR PLS.

7.5.4.3 Seven Track and File Mark (Figure 7-17)

In seven track or file mark operatioh the end of record sequence is
modified to eliminéte the CRC character from the sequence. With
either fMK or 7TRK true the 3 count output from the end of record
counter directly sets the LRCS flip-flop which in turn holds the
CRCS flipfflop reset; Also, when in file'ma;k operation, theldecisi(
delay is extended to 24 R WRT CLK pulses'as there is no

RSDO pulse associated with the assertion of LRCS.

7.6 Drive Stop (Figures 7-7, 7-9 and 7-20)
RD CLR PLS triggers the drive stop sequence by setting the EMD

flip-flop and asserting EMD to the drive. The output of the EMD

2_AN
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piipooflop also loads the motion delay counter with data set onto

.\ lines RDP-RDS5, RDP by the drive. PRit 13 of the counter is

ot
st to a 1. The bit 14 output, which has been a i all during
record transfer, is connected to the data input of bits 14 and

Lhe

1. Thus when E¥D loads the counﬁer; output bits 13, 14.and i5

jyvome 1s.  READING negates due to exclusive ORing of output bits

14 and 15 while bit 13 gates clock pulses into the counter from the
. {d counter. The = 4 counter receives CLOCK pulses from the slave bus.
Aw nutput from the = 4 counter is obtained after the first two

(11CK pulses and‘every four CLOCK pulseé thereafter. After 8.9 ms
L hs motion delay counter is clocked reset and: -~
A. input clock pulses to the delay counter are inhibited
(bit 13=g)
. ACCL is asserted to the drive (bit 14=¢) and inhibits WRT

CLK pulses from the drive.

the assertion of ACCL resets the MOVE flip-flop which negates
M(IVE and asserts STOP to the drive thereby terminating the command

gparation.
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- CHAPTER 8

TUT0W Transport; Theory of Operation (TU16/TUI0W differences)

8.1 General

In many areas the TU10W tape transport is identical to the TU16.
Hence the reader is referred to the theory of operation, Chapter 2
of the TU16/THMF2 tape drive system maintenance manual (document
No; EXK-TU16-MM-002) for a functional description of the TU10W.

The readexr is also referred to Chapter 3 of the same manual for

detailed discussions of the functional areas of the transport.

The paragraphs that follow are concerned with the differences between

the TU10W and the TU16. They provide a supplémeﬁt to the TU16/THOZ
manual such that this manual together with thé TU16/TM02 manual will
provide full coverage of the TU10W tape drive transpo:t. Paragraphs
8.2 thréugh 8.5 cover the differences between the TU1OW and TU16
transports. Paragraph 8.6 is an erratta for the TU16/TMF2 manual.

Tt lists errors that were discovered in the TU16 manual and are being
correcﬁed, but will likely still be in the copy used by the reader of.

this preliminary manual.

8.2 Delete TMZ2
The TU1gW does not contain the TM@2 tape controller. Delete all

déscriptive theory that pertains to the TM@2 tape controller.

8.3 Add M8926 Interface Module
The M8926 interface module (covered in Chapter 7 of this manual) is
installed in the system unit of the master drive, replacing the M9001,

M8913 and M9001-YA modules. (See Figure 2-14.)
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g.4 Replace 45 Volt Regulator (
' X

The TU16 +5 regulator was vredesigned to provide a greater output

current capability. The new regulatcr (Figure 8-1) supplies the
extra power required for the M8926 module. Formerly the +5V regulator

had a maximum current output of 4.8 A. The new regulator current output

is rated at g.0a maximum.

To incorporate.the new +5V regﬁlatpr, make the follewing changes to
the information in the TUT6/TMP2 manual.]
a. Delete paragraph 3.15.2 and substitute thelfoliowing:
3.15.2  +5VDC Regulator circuit
The +5Vdc regulator circuit is shown in Figure 3.15=3. Raw
dec voltage &g input to pins 11 and 12.of the 723 voltage
regulator. The output voltage from pin 10 is fed to trans- (
istors Q6 and Q5, thch are serxies regulators used to increase

~the current output capabilities of the circuit. .Resistors

R62 through R66 inclusive sense the output current. R62 is

used as a current limit monitor byvthe 723. As the current

increases, the voltage across R62 increases. When the refaxeanes

voltagé is exceeded, the 723 begins to turn off Q6 and @5, im=

peding current flow. The current does not sﬁop, but instead
decreases to'a safer level; this is called curreﬁt foldback. It sssures

thaﬁ the output current never goeé over B»O A. Refer to

Figure 3.15—4‘which shows how the current foidback procedure

works. As the current surpasses the 1limit of 8.0 A, the con;

duction of Q5 and Q6 slows down (toward being shut of£) until
no voltage is produced (at the short circuit current rating). (

The output voltage may be regulated. Resistors R58, R59 and R60

divide the actual output voltage.
8-2
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8.4 Replace +5 Velt Requlator <

The TUTG +5 regqgulator was redesigned to provide a greater output
current capability. The new regulator (Figure 8~1}supplies the ’(Ag

extra power required for the M8926 module. Formerly the +5V regulator

had a maximum current output of 4.8 A. The new regulator current output

is rated at B8.8a maximum.

To incorporate the new +5V regulator, make the following changes to

the information in the TU16/TM@P2 mﬁnualo‘

Q.

Delete paragraph 3.15.2 and substitute the following:
3.15.2  +5VDC Regulator circuit

The +5Vdc regulator circuit is shown in Figure 3.15=3. Raw

dc voltage 48 input to pins 11 and 12 of the 723 voltage

regulator. The output voltage from pin 10 is fed to trans- (
istors Q6 and Q5, which are series regulators used to increase

the current ocutput capabilities of the circuit. .Resistors

R62 through R66 inclusive sense the output current.  R62 is

used as a current limit monitor by the 723. As the current
increases, the voltage across R62 increaseé. When the xcferenes
Yoltagé is exceeded, the 723 begins to turn off 06 and Q5, im=

peding current flow. The current does not stop, but instead

decreases to a safer level; this is called current foldback. It sssures

thaﬁ the output current never goeé over 8.0 A, Refer to

Figure 3.15-4 which shows how the current foldback procedure
works. As the current surpasses the limit of 8.0 A, the con;
dﬁction of 05 and Q06 slows down (toward being shut of#) ﬁdtil

no voltage is produced (at the short circuit current rating). (

The output voltage may be regulated. Resistors R58, R59 and R60;

divide the actual output voltage.
8-2
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CHAPTER 8

TU10W Transport; Theory of Operation (TU16/TUT0W differences)

8.1 General

In many areas the TU10W tape transport is identical to the TUI16.
Henée the reader is referred to the theory of operation, Chapter 2
of the TU16/TMB2 tape drive system maintenance manual (document
No; EK-TU16-MM-002) for a functional description of the TU10W.

The readexr is also referred to Chépter 3 of the same manual for

detailed discussions of the functional areas of the transport.

The paragrabhé that follow are concerned with the differences between
the TU10W and the TU16. They provide a supplément to the TU16/THM02
manual such that this manual together with the TU16/TM02 manuél will
provide full coverage of the TU10W tape drive tran;port. Paragraphs
8.2 thréugh 8.5 cover the differences between the TU1T10W and TU16
transports. Paragraph 8.6 is an erraéta for the TU16/THMZ2 manual.

It lists errors that were discoveied in the TU16 manual and are being
corrected, but will likely still be in the copy used by the reader of‘

this preliminary manual.

8.2 Delete TM@2
The TU19W does not contain the TM@P2 tape controller. Delete all

descriptive theory that pertains to the TM@2 tape controller.

8.3 Add M8926 Interface Module
The M8926 interface module (covered in Chapter 7 of this manual) is
installed in the system unit of the master drive, replacing the M9001,

M8913 and M9001-YA modules. (See Figure 2-14.)

8-1
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?in 5 of the 723 accepts the output feedback voltage through %fa

[}

<’>

the adjustment of R59 regulates the +5V output.

tion to the current feldback feature, a voltage

)]

.
fte

In add

o

crowbar cixcuit is vused‘xz offering overvoltage protection. if
',for some reéSon‘QSI or,g6 becomé shorted,; the overvoltage
.prétéétiaﬁbcircuit.é:@tecﬁs any ioad cdnnecfed to the power
vsupplyf  Wheﬁ>Q$ Q$ Q6 Shoﬁt“circuiﬁs, the output voltagev
étarts'incfeasiﬁéiﬁéry rébidlf}’ As the voltage across the D16
zener &iode.Béppﬁes;gréééér than 6.8V, it breaks down énd begins
conducting; iﬁ-does ndﬁ.conduct during norﬁgl operation. Current
'nownbegins to‘f;ow through R22. When éhe voltage at the jundti§
of D16 and R22 becomes greater thaﬁ approximately 0.7V {at tﬁe
gate of DfS)) the SCR fires and begins cdndgéﬁing. This offers

a path for current from the output to ground, shunting any load,

thus protecting it. The SCR continues conducting until the

power supply is turned off'orrfhe 18 A fuse is blown.

b. Delete Figure 3.15-3 and substitute ?igure 8—2.

c. In Table 3.15-2; change the first itém in the "Specification"”

column from: "S5A maximum® to " &a maximum®

d. In Table 3.15-3 change the 57 é@jmstmeﬁ& pPotentiomatar

£rom R1€&€ to R59.

a. In Table 3.15-4; replace the second and third items
("+5V output too low" and "+5V too high") with the following:
+5V output 723 bad

too low 05 or Q6 shorted
' Ré4, R65, R66, R33, RS5S open

+5V teo high D16 open
R59 or R60 open

8-4
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b. Table 3.15-3; TU16 Power Supply Regulated Voltages: the

"Wire Color Code" column is given as: RED
YEL

GRN

ORN

ORN

The second and third items should be switched. The
~column should read: RED
GRN
YEL
ORN
ORN
c. Figure 2-2; the ninth signal line down has the foliowing
- mnemonic: SLAVE SET PLS L
The signal mnemonic should be: DRV SET PLS L

d. Figure 2-2; the 21st signal line down has the following

mnemonic: 'EOT L

The signal mnemonic should be: END PT L




P

In Table 3.15-5; change fuse F4 type from "5A" to "10A",

£.
and fuse F12 type from "5A" to "15A". (
g. In Pigure 3.15-1 change the +3 volt adjustment from

R16 to RGEY and relocate i¢ ag shown in figure 8-1.

hAlso note the addition of Q6 to the power transistor

h. Change othexr areas in the TU16 manual, as required, that
pertain to the +5V reg;lator.
8.5 Add Logie Assembly Fan
A fan has been added on top of the logic.assembly to supply aaditional

cooling for the new +5V régulator and the M8926 module. The fan and

associated wiring are shown in Figure 8-1. o o (

8.6 TU16/TM@2 Errata

Errors found in the TU16/TM@2 maintenance maﬁual are listed in this
patagraph. These are not TUI0W/TU16 differences but errors in the
TU16/TM@H2 manual that are applicable to both ﬁbe TU16 and thé TU10W.*
a. In Eigure 3.15-1; TU16 Powver Suppiy Regulator Board:
R44 is designated as (-64) |

R44 should be designated as (-6.4).

* . ‘
These errors are beina corrected and will not appear in the next 4§
of the TU16/THM@P2 maintenance manual.

8-6
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3 4 - - MAGNETIC TAPE FUNDAMENTALS

" A1 MAGNETIC TAPE FUNDAMENTALS - DEFINITIONS

. Reference Edge — The edge of the tape as defined by Figure A-1. For tape loaded on a tape A

transport, the reference edge is toward the observer.

REFERENCE EDGE
s,

s TAPE
LEADER

OXIDE
SURFACE

SUPPLY
REEL

10-1265

Figure A-1 Reference Edge of Tape

2. BOT (Bcginning-of—Tape)'Markcr - A reflective strip placed on the nonoxide side of the

tape. against the reference edge, 15 ft, £1 ft (457 cm, £30.5 cm) from the beginning of the
tape. .

3. EOT (End-of-Tape) Marker - A reflective strip placed on the nonoxide side of the tape,
against the nonreference edge, 25 to 30 ft (762 to 914 cm) from the trailing edge of the tape.

4. 9-Chaﬁnel Recording - Eight tracks of data plus one track of vertical parity. Figure A-2
shows the relationship between track and bit weight for a 9-channel transport.*

*When the track vs bit channel standard was adopted, the outer tracks were more susceptible to bit dropping
errors. Consequently, channels containing the least 1s were assigned the outer locations on the tape.

( o A

APPENDIX A
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A2 U Chanael Tape Foomat _
The format (Figure A-4) is composed of from 18" to 2048 nine-bit characters spaced 1 /800 in. (3 mm)
apart. followed by 3 character spaces, a CRC character, 3 more spaces and an LRC character. This
unit of data is called a record. At 800 characters per inch, the record is between 1/32 in. (79 mm)
minimum and 5 in. (12.7 em) maximum. Between each record is a gap of at least 1/2 in.t The tape
ucture consists of a number of records followed by a file mark (Figure A-3). Since data is recorded
and read at high speed, IRGs are used to provide space for starting and stopping a tape transport. A
transport accelerates from standstili (o full speed in approximately 0.2 in. (0.5 cm) of tape and deceler-
ates from full speed to standstill in 0.2 in. (0.5 cm) of tape: thus, the minimum IRG of 0.5 in. (1.27 cm)
provides adequate space for starting and stopping the tape transport. -

LRC 0.005"% 10% (NOTE 3)
CRC 0.005" % 10%

800 CPI
0.00125"+ 3%

INTERBLOCK GAP
o ° o BLOCK
REFERENCE EDGE T 0.50 MIN ¢ WRITE TRACK
(FRONT FLANGE (NOTE 2) :
OF REEL) _ wed Bl
{12048 MAX USASCTT CH_|
[Ft8 MIN USASCII cH
J = LOAD POINT
2 N BEGINING OF
- - APE REFLECTIVE
L:e:e: — :H:H’.H:::::n : L BOT MARKER <—staie on
END 2 { NONOXIDE (SHINY)
OF PHHH t + HHHH!HH—H—} SIDE OF TAPE
TAPE SHHH it \ —+PARITY (0DD)
gHH:: +—+ %HHHH—HHH( BEGINING
(HHH t + ‘rHH#H%%H'r‘m‘7 6(RD1) OF
————————— -t - 7(RDO) TAPE
i PN )
PR b, S o500
e §¢ A
\ END BONT . l INITIAL GAP
3" MIN —*
REFLECTIVE
STRIP ON NONOXIDE . (NOTE. 2)
’ (SHINY) SIDE OF . .
TAPE -
| TAPE MOTION
. R BE‘»OSOO
LEGEND: NOTES: .
BPI Tape Bits per Inch 1. Tape is shown with oxide side up, read/write head on same side as
BOT Beginning of Tape oxide. Tape is shown representing 1 bits in all NRZI recording; 1
LRC Longitudinal Redundancy Check bit produced by reversal of flux polarity, tape fully saturated in
CRC  Cyclic Redundancy Check , each direction.

2. Tape to be fully saturated in the erased direction in the interrecord
gap and the initial gap.

3. An LRC bit is written in any track if the longitudinal count in that
track is odd. Character parity is ignored in the LRC character.

4. CRC - Parity of CRC character is odd if an even number of data
characters are written, and even if an odd number of characters
are written. . )

Figure A-4 Tape Recording Format

*USASCII program standards, not a hardware limit.
10.5 in. (1.27 cm) minimum; 0.6 in. (1.5 cm) nominal.

A-4




The data characters are recorded in blocks of characters termed records (Figure A-3). Each record
contains a specificd number of characters determined by the word count. The minimum record length
3

. is 3 churacters; the minimum word count is the 2's complement of 3 or 7775;.

-+
I
[
m

EGINING e RN . . £ND
Be OF GAP RECORD RECORD..| f. RECORD _ RECORD { GAP . OF

TAPE ' TAPE
iGAP GAP GAP GAP T

FILE MARK= 23 g (IRG) (IRG) (IRG) FILE MARK =23 ¢

L1
|

¥

{ 3.8"———st 0.6% DATA PREVIOUS—st Je—1RG—ele— DATA NEXT
le———APPROX 38 ' [+06= RECORD . . ' RECORD
. ' ' ' fe—o0.6"=
[} 1 ' a t
' } ' ! ' ) [
. -] foee— | [ [ 111
Labe | e | Joeke L
FILE MARK A CRCC
CRCC LRce LRCG LAST DATA LRCC FIRST DATA
CHARACTER CHARACTER
OF PREVIOUS OF NEXT
DATA FIRST DATA RECORD RECORD
CHARACTER CHARACTER .
OF PREVIOUS OF NEXT
FILE FILE
IRG FORMAT

FILE MARK AND GAP FORMAT

¥* =3 CHAR.SPACE
¥ 3= 7 CHAR SPACE
11-3069

Figure A-3 Data Recording Scheme

Records are separated by interrecord gaps (IRGs). The IRG is 0.5 in. (1.27 cm) minimum [approx-
imately 0.6 in. (1.5 cm) in normal operation], but may be extended to 3 in. (7.62 cm) by performing an
extended gap operation. Tape IRGs (unrecorded areas) provide areas on the tape for the transport to
start or stop and also separate data records.

A.2.1 NRZI Recording Method (non-return-to-zero change on one)
In the NRZI recording method, a 1 bit is represented by a reversal in the direction of tape magnet-
ization on a track; a 0 bit is represented by no change in tape magnetization.
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Figure A-2 Track-Bit Weight Relationship for 9-Channel Transport

Tape Character — A bit recorded in each of the nine channels.

Record ~ A series of eonsecutive tape characters.

File - An undeflined number of records (minimum = zero, no maximum).

Interrecord Gap (IRG) - A length of erased tape used to separate records [0.5in. (1.27 cm)
minimum for 9-track; maximum IRG is 25 ft (762 cm)]. '

Extended IRG - A length of erased tape [3 in. (7.62 cm) minimum] optionally used to
separate records. It must be used between BOT and the first record.

Tape Speed - The speed at which tape moves past the read/write heads; normally stated in
inches per second.

Tape Density - The density of sequential characters on the tape. It is normally specified in
bytes per inch (bpi), which is equivalent to characters per inch.

Write Enable Ring - A rubber ring that must be inserted on the supply reel to allow the
transport to write on the particular tape. This safety feature helps prevent accidental
destruction of previously recorded data.

Tape Mark (TM) - A record written on the tape to designate the end of a file; sometimes
referred to as a file mark (FMK). '

A.2 RECORDING METHODS AND DECmagtape FORMATS

The DECmagtape system is an on-line mass storage system for programs or data. Data is recorded on
tape in vertical rows called characters. Each character consists of eight data bits and one vertical parity
bit. The vertical parity bit is program-selected as even or odd. The odd parity bit guarantees that each
character records at least one | bit.

The parity bit is generated according to the rule that the number of Is in a character (parity bit
included) is odd or even. For example, if odd parity is used and the character contains an even number
of 1 bits, the parity bit is generated as a 1 bit and an odd number of 1 bits are recorded: then, if an even
number of bits are read back from tape, a vertical parity error is generated to notify the program that

_ the data is in error.

A-2
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The CRC racter is generated during a write operation and written at the end of a record. The check
character kf(' ms the same function to a record as the parity bit does to a character.

The LRC character is the {inal character in the record and is generated so that for each track the sum
of 1 bits (CR C character included) is even. The LRC character is written on tape by clearing the write
buffer in the tape transport after the CRC character is written. The LRC strobe resets the write buffer,
causing a I to be writien on each track containing an odd number of Is; a 0 is written on each t”"ck
containing an even number of Is.

.

A.2.3 7-Channel Tap Format

Each character frame in a 7-channel tape (Figure A-5) consists of six chﬁrartcr bits (B, A, 8,4,2, 1} in
descending order 0f€3bn1r cance. The parity bit, or check bit (C), is the seventh bit and is set or cl‘*al ed
by the transport write head. One byte of a data word corresponds to one tape character. However,
because one byte contains eight bits and a tape character contains only six data bits, two bits within
each byte are not used. During a read operation, the extra bits are forced to 0; during a write oper-

‘ation, the bits remain unchanged. During the core dump mode of operation, one byte corre°ponds to

two tape characters. Thus, all Tbits within the byte are used; however, the two most significant bits on

" the tape are not used.

L. FORWARD
i TAPE
MOTION

ONE BYTE DURING
CORE DUMP MODE

/——-TAPE CHANNELS /—LRC CHARACTER

DATA INTERRECORD
- BOT GAP 3—CHARACTER CHARACTER ”ERXETCODRAJ A
MIN. PERIODS (IRG)

0. 7-CHANNEL DATA FORMAT

(PARITY’

- s s e
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[P Y
- o
b o
[P Y
[PORNPI SR

c
B8
A
. B
a4
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1
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- - -
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- o - o

EOF MARK
/—LRC CHARACTER

~~a e OO0
-2 QOO

-
-t s s h

LAST DATA EOF BEGINNING
RECORD —# EXTENDED IRG RECORD
IN BLOCK DATA BLOCK

b. EOF RECORD c%%%?gggﬂ

t1-0391

Figure A-5 7-Channel Tape Format
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The magnetic tape is divided into dala records, cach record separated by an interrecord gap (IRG). A
record for 7-channct tape may be any lengih from a minimum of 24 characters to a maximum of 4008
churawters. In a block format, a number of records are written together with an IRG before the first
ccord and alter'the last record. In cither case, the IRG is an unused portion of tape preceding and
following the record or the block. ' :

1

hree character s

The end of a block of records is indicated by an end-of-file mark character. The end-of-file (EOF)
mark is separated from the data by an extended IRG. The extended IRG is a 3-in. strip of blank tape

compared to the standard 3 /4-in. IRG for 7-channel tape and the 1/2-in. IRG for 9-channel tape. The'

§ Y TR

EOF mark and associated LRC character are considered to be one complete record.

The 9-channel tape format (Figure A-6) is similar to the 7-channel format; however, because each
character consists of eight data bits and one parity bit, a byte corresponds to a tape character. There-
fore, there is no need for a core dump mode, because information can be transferred from the system

to the tape on a one-to-one ratio. A record for 9-channel tape may be any length from 18 characters to

2048 characters. In addition, the 9-channel format includes a cyclic redundancy check (CRC) charac-
ter. Data is followed by three blank character periods, the CRC character, three more blank character
periods, and the LRC character. The LRC character is followed by an IRG as before.

CRC CHARACTER
~ /—ONE BYTE / LRC CHARACTER
¢ ¥

==/

A O A A T T T ' 1 | 11
8t 4|t f 1 1 1 1 1 1 11
AR R R TR T N I 1 i 1t
6 1 Y1t o1 1o g 1 | !
O I I T T 1 1 11
(PARITY)Z 1 17734 1 1 1 1 1 1 1 1
s BRI EEEE . | | 1
180T TAB} ool sy 1 i 11
l DATA 3 3 | INTERRECORD NEXT
9——80T GAP ———tba—— 3 -CHARACTER ARACTER - CHARACTER GAP — wle—— DATA
' | MK, PERIODS PERIODS ' . LIRG) RECORD

PR X . 11-0392

Figure A-6 9-Channel Tape Format

A3 CYCLIC REDUNDANCY CHECK (CRQ) CHARACTERS

The CRC character provides a method of error detection and correction on magtape transports. The
code has nine check bits that form a check character at the end of each record. To perform a correc-
tion, a rccord in which an error has been detected must be reread into memory with the LRC and CRC
characters for program evaluation. Errors involving more than one track can be detected but not
corrected.

-~

The CRC character is generated as follows:

1. . The CRC register is cleared at the beginning of each record. As each data bit is written on
tape, it is exclusively ORed with its corresponding bit in the CRC register. ’

2. The CRC register is shifted one position to the right after the exclusive OR operation has
‘taken place.

A-6
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ing CRC 2, CRC 3, CRC 4, and CRC 5 of the CRC register are inverted if the
K

o
o
.CPis a 1. Data is shown in Table A-1; the resultant CRC characier is shown

Table A-1 Five-Character Record
N . Characters
Data Data Data Data bgga

Bit Character ¢ _ Character 2 Character 3 Character 4 - Character 5

P 0 0 1 0 1

0 1 0 0 1 0

! 0 1 0 1 0

2 0 1 0 1 P

3 1 0 1 1 0

4 0 1 1 0 i

5 0 1 I 0 1

6 1 0 1 0 !

7 0 1 0 1 0

Table A-2 CRC Character in Register When Writing
CRC Register
CRC
CRC , Character
Bits Cleared | Character I |Character 2 |Character 3 |Character 4 Final On Tape

CRCP 0 0 0 0 1 1 0
CRCO 0 0 0 1. 0 0 1
CRClI 0 | 0 0 0 0 1
CRC2 0 0 0, 0 0 1 I
CRC3 0 0 1 0 0 0 1
CRC4 0 I 0 0 0 1 1
CRCS 0 0 0 1 1 0 1
CRC6 0 0 1 1 1 0 1
CRC7 0 1 0 0 1 0 1

4. Steps1 -3 are rcpéated for each data character of record.

5. AtCRCtime, all positions of the CRC register, except CRC2 and CRC4, are complemented

and the resultant CRC character is written on tape.
6. The CRC register is cleared for the next record.

A-7




A TONCITUDINAL REDUNDANCY CHECK (LRC) CHARACTER
The LRC character is written three spaces after the CRC character, 'l he vertical parity bit is always
written on the LRC character: the vertical parity of LRC is never checked. The LRC character makes
the longitudinal parity even for the entire record, including the CRC. The LRC is generated by the
LRC register in the following ranner: ' ‘

Lo Fhe LRC register is cleared at the beginning of o record,

2. Ascharacters are written on tape, corresponding 1 bits complement the LE.C register at the
: time data is written on tape.

3. AtLRCtime, the LRC strobe clears the write buffer and 1s are written on tape in only thoss
channels for which the write buffer is set prior to clearing.

4. Following this method, the LRC character forces an even number of bits to be recorded on
each track of the tape. The CRC character is included in determining the LRC charzacier.

AS DATA FILES : .

As previously staied, a record is a group of characters preceded by an IRG and terminated by thres
spaces, a CRC character, three more spaces, and an LRC character. A file is a group of records
separated by IRGs and terminated by a 3 in. (7.62 cm) gap followed by a file mark. The file mark is a
record consisting of a single data character [the end-of-file (EOF) character] folloved by seven blank
characters and an LRC character. The CRC character is not written on an EOF record. The LRC
character with a file mark is a duplicate of the EOF character (233).

A6 TRACK ASSIGNMENTS :
The track assignments for read, write, and parity bits are shown in Table A-3.

Table A-3 Track Assignm?ﬁgs for Data and Parity

Transport 1 Write Read Binary
Track Number Data Bits Data Bits Weight
I furthest from ‘ WwD35 RDS _ 22
transport .
2 wD7 RD7 20
3 WD3 RD3 24
4 wWDP - RDP _ -
5 WD2 RD2 23
6 WD1 RDI1 28
7 WDO : RD0O : 27
8 WD6 RD6 2
9.closest to WD4 RD4 23
transport -
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