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PREFACE

This manual provides a complete description of the TS03/TM8-E DECmagtape System henceforth referred to as
the TM8-M. Included are installation instructions, operation and programming information, functional block
and logic level descriptions, preventive and corrective maintenance procedures, and removal and replacement
procedures. The manual is divided into three parts:

Part I contains a general description of the system, complete system installation instructions and mainte-
nance information including customer care and operation, preventive maintenance, corrective mainte-
nance, and removal and replacement procedures.

Part II contains a complete description of the TM8-E Controller including specifications, programming
information, and functional block, logic level, and flow diagram descriptions.

Part III contains a complete description of the TS03 DECmagtape Transport including specifications,
operation, and functional block, logic level, and flow diagram descriptions.
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1.1 INTRODUCTION
The TM8-M A/MB* DECmagtape System is a magnetic tape storage system that interfaces with the PDP-8 /A, E,
F and M family of processors and peripherals and provides storage for digital information. The system reads and
records digital data in parallel in a nine-channel, industry-compatible format.

1.2 SYSTEM CONFIGURATION
The TM8-M DECmagtape System is composed of the units shown in Figures 1-1, 1-2, 1-3 and 1-4, and listed

below.
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INTRODUCTION

1. DECmagtape Controller - The TM8-E interfaces the DECmagtape system to the PDP-8 Omnibus.
The controller consists of four modules which plug into the Omnibus. It controls data transfers, issues
control commands to the TS03 master, and monitors system operation. Each TM 8-E can control two

TS03 transports:

VAN

—

wcw—ZTO0

DECMAGTAPE
CONTROLLER
TM8-E

a master and a slave.

WRITE STROBE

N

WRITE DATA )

COMMANDS

READ STROBE

(TSO3-SA/SB )

<READ DATA

STATUS

SLAVE
DECMAGTAPE
TRANSPORT

PRIMARY AC POWER

N
WRITE DATA )
CONTROL
READ DATA MASTER
\ DECMAGTAPE
STATUS TRANSPORT
TSO3-MA/MB
( INCLUDES
M8920
ADAPTER )
TAc Toc
oC ‘
POWER SUPPLY
AC (H720-E/F)
Figure 1-1 TM8-M System Configuration

fac

08-1668

*The TM8-M System is commonly referred to by its component sub-units - the TS03 and the TM8-E, hence the manual title “TS03/TM8-E
DECmagtape System Maintenance Manual.” However, within this manual the system will be referred to as the TM8-M. The TM8-MA is a

115 V, 60 Hz system. The TM8-MB is a 230 V, 50 Hz system.
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TS03
MASTER TAPE
TRANSPORT

M8920
ADAPTER 7461-2
MODULE

Figure 1-2 TS03-M Master Tape Transport with
M8920 Adapter Module

Master DECmagtape Transport —~ The TS03-M consists of an M8920 adapter module and a TS03
tape transport. The M8920 processes commands from the controller and issues motion and
read/write commands to the master and slave transports; the M8920 also monitors status lines from
the master and slave transports. Any status changes at the selected transport are reported immedi-
ately to the controller. In response to inputs from the adapter, the tape transport controls tape motion
and records and reads data on magnetic tape. Two models of the master DECmagtape transport are
available: the TS03-MA, which requires 115 V, 60 Hz primary power and the TS03-MB, which
requires 230 V, 50 Hz primary power. Both models also require +5 + 5% V at 3 A and an AC LO
signal.

1-2
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M8321

M8327

M8322

k
£
&
&
3
£
s
=

M8323

7724-8

Figure 1-3 TMS-E Controller

3. Slave DECmagtape Transport — The TS03-S consists of a tape transport only. In response to inputs
from the master transport adapter, it controls tape motion and records and reads data on magnetic
tape. The TS03-SA requires 115 V, 60 Hz primary power and the TS03-SB requires 230 V, 50 Hz

primary power.

4.  Power Supply - the H720 provides switched ac and dc operating power for the TM8-M system. Two
models of the power supply are available: the H720-E, which requires 115 V primary power and the

H720-F, which requires 230 V primary power.

1.3 TM8-M FUNCTIONAL BLOCK DIAGRAM DESCRIPTION (Figure 1-4)

The TM8-E Controller interfaces the PDP-8 with the TS03-M Tape Transport. Bits MDO to MD 11 are trans-
ferred from the Omnibus to the data mux and register. In the Write 9-Channel Mode the output from the
mux/register is DB4 to DB11, which passes through the data select logic and becomes WDO0 to WD7. In the write
Core - Dump Mode the data mux and register outputs data in two cycles: DBO to DBS5 in the first cycle and
DB6 to DBI1 in the second cycle. The data select logic outputs two 6-bit data cycles using channels WDO to

WDS5. Channels WD6 and WD7 are not used in the Core Dump Mode.
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Figure 1-4 TMS8-M Functional Block Diagram
(Sheet 1 of 2)
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Write data lines WDO to WD?7 are fed into the M8920 adapter where parity and CRC are generated. The write
logic amplifies the eight data channels plus the parity channel (six data channels plus parity in Core Dump
Mode) and drives the transport write heads. Write (REC) pulses and LRC pulses are obtained from the write
strobe generator in the M8920 adapter.

The read logic receives data from the read heads and sends it to the M8920 adapter where the data is checked for
LRC, CRC and vertical parity errors. Any such errors will raise error flags in the TM8-E and set appropriate
error bits in the status register. The contents of the status register are sent to the processor via the Data Bus. In
addition, the data bits are monitored for tape marks which signify an end-of-file condition.

In the Read 9-Channel Mode of operation, read channels RD0 to RD7 carry eight data bits and RDP carries a
parity bit into the data mux and register in the TM8-E. From there, the bits are sent to the data lines of the
Omnibus via the data bus gating logic. In the Read Core - Dump Mode, data is read from the tape in two cycles.
During the first cycle, RDO to RDS5 carry six bits to the data register where they are held until the second cycle.
During the second cycle, six more bits are added to the first cycle bits in the data register which then outputs 12
bits over the data lines to the Omnibus.

Detailed operation of the TM8-E and the TS03-M is given in Parts II and III of this manual. Figure 1-4 can be
used along with the detailed illustrations contained therein.

1.4 APPLICABLE DOCUMENTS
Table 1-1 lists PDP-8 documents that are applicable to the TM8-M DECmagtape System.

Table 1-1
Applicable Documents
Title Number Description

H720 Power Supply and EK-H720-TM-003 A theory manual that provides a functional and detailed
Mounting Box Manual circuit description of the H720 Power Supply.

PDP-8 Processor and * A series of maintenance and theory manuals that provide
Systems Manuals. a detailed description of the basic PDP-8 System.

PDP-8 Processor + A general handbook that discusses system architecture,
Handbook addressing modes, the instruction set, programming

techniques, and software.

PDP3/E,F,M DEC-8E-HMM3A-C-D A handbook devoted to a discussion of the various
External Bus Options; peripherals used with PDP-8 systems. It also provides
Maintenance Manual detailed theory, flow, and logic descriptions of the
Volume 3 Omnibus and external device logic; methods of interface

construction; and examples of typical interfaces.

PDP-8/A Miniprocessor EK-8 A002-MM-001 Contains the necessary information to operate, interface
Users Manual to, maintain and troubleshoot the PDP-8/A.

*Applicable manuals are furnished with the system at time of installation. The document number depends upon the specific PDP-8
family processor.

1Use the processor handbook unique to the actual CPU.
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1.5 MAGNETIC TAPE FUNDAMENTALS - DEFINITIONS

1. Reference Edge - The edge of the tape as defined by Figure 1-5. For tape loaded on a TS03, the
reference edge is toward the observer.

REFERENCE EDGE

TAPE
LEADER

OXIDE
SURFACE

SUPPLY
REEL

10-1265

Figure 1-5 Reference Edge of Tape

2. BOT (Beginning-of-Tape) Marker - 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-Channel Recording - Eight tracks of data plus one track of vertical parity. Figure 1-6 shows the

relationship between track and bit weight for a 9-channel transport.*

BIT WT TRACK 2| fae et

22— — D — — — RD 7
20— 2 —p— — — — - RD &
24—3 —pD— — — — RD 5
p —4g —p— — — — RD 4
25— 5 — P — — —— RD 3
26 —6 —p— — —— RD 2
2! — 7D — — —— RD 1
2! — 8 —p— — — — RD 8
23— 9 —p————1" wemo RO P

Ne—— 1 cABLE READ AMPS

READ HEAD

11-3091

Figure 1-6 Track-Bit Weight Relationship for
Nine-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.
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5. Tape Character - A bit recorded in each of the nine channels.
6. Record - A series of consecutive tape characters.*
7. File - An undefined number of records (minimum = zero, no maximum).

8. Interrecord Gap (IRG) - A length of erased tape used to separate records (0.5 in. (1.27 cm) minimum
for 9-track; maximum IRG is 25 ft)(762 cm).

9. 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.

10. Tape Speed - The speed at which tape moves past the read/write heads; normally stated in inches per
second.

11. 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.

12.  Write Enable Ring - A rubber ring which 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.

13. Tape Mark (TM) - A record written on the tape to designate the end of a file; sometimes referred to
as a file mark (FMK). In the TM8-M, the tape mark is always preceded by an extended IRG.

1.6 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 termed 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 1-bit,

The parity bit is generated according to the rule that the number of 1s 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.

The data characters are recorded in blocks of characters termed records (Figure 1-7). Each record contains a
specified number of characters determined by the word count. The minimum record length is 3 characters; the
minimum word count is the 2’s complement of 3 or 7775s. If a write operation is attempted for a record with less
than 3 characters, the controller’s response is undefined (i.e., the operation may be successful or unsuccessful
depending on the data pattern. If the operation is unsuccessful the tape drive will run away and refuse to accept
further commands until halted by a clear command.)

Records are separated by interrecord gaps (IRGs). The IRG is 0.5 in. (1.27 cm) minimum (approximately 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.

*In the TM8-M System a record must be >3 characters long to be recognized as such.
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Figure 1-7 Data Recording Scheme

1.6.1 NRZI Recording Method

The TS03 employs the NRZI (non-return-to-zero change on one) recording method. In the NRZI method, a 1 bit
is represented by a reversal in the direction of tape magnetization on a track; a 0 bit is represented by no change
in tape magnetization.

1.6.2 Tape Format

The format (Figure 1-8) 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 cm)
(maximum). Between each record is a gap of at least 1/2 in.** The tape structure consists of a number of records
followed by a file mark (Figure 1-7). Since data is recorded and read at high speed, IRGs are used to provide
space for starting and stopping the TS03 transports. The TSO03 transport accelerates from standstill to full speed
in approximately 0.2 in. (0.5 cm) of tape and decelerates 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.

The CRC character (Paragraph 1.6.3) is generated in the TS03 master logic during a write operation and written
at the end of a record. The check character performs the same function to a record as the parity bit does to a
character.

*USASCII program standards, not a hardware limit.
**0.5 in. (1.27 cm) minimum; 0.6 in. (1.5 cm) nominal.
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LRC 0.005"*10% (NOTE 3)
CRC 0.005" *10%

800 CPI
0.00125"* 3%

INTERBLOCK GAP
REFERENCE EDGE 0.50 MIN BLOC grg;ae_' m:c«
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---------- BEMC T e
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8(RD6)
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|
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U TAPE MOTION >
8E-0500
LEGEND: NOTES:
BPI Tape Bits per Inch 1.  Tape is shown with oxide side up, read/write
BOT Beginning of Tape head on same side as oxide. Tape shown rep-
LRC Longitudinal Redundancy Check resenting 1 bits in all NRZI recording; 1 bit
CRC Cyclic Redundancy Check produced by reversal of flux polarity, tape

fully saturated in each direction.

2. Tape to be fully saturated in the erased direc-
tion in the interrecord gap and the initiai gap.

3. An LRC bit is written in any track if the longi-
tudinal 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 1-8 Tape Format

The LRC is the final character in the record and is generated so that for each track the sum of 1 bits (CRC
character included) is even. The LRC character is written on tape by clearing the write buffer in the tape trans-
port after the CRC character is written. The LRC strobe resets the write buffer, causing a 1 to be written on each
track containing an odd number of 1s; a 0 is written on each track containing an even number of Is.
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1.6.3 Cyclic Redundancy Check (CRC) Characters ,

The CRC character provides a method of érror detection and correction on TS03 DECmagtape Transports. The
code has nine check bits that form a check character at the end of each record. To perform a correction, a record
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, located in the TS03, 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.
3. The bits entering CRC 2, CRC 3, CRC 4, and CRC 5 of the CRC register are inverted if the bit
entering CRCP s a 1. Data is shown in Table 1-2; the resultant CRC character is shown in Table 1-3.
Table 1-2
Five-Character Record
Characters
Bit Data Data Data Data Data
Character 0 Character 2 Character 3 Character 4 Character 5
P 0 0 1 0 1
0 1 . 0 0 1 0
1 0 1 0 1 0
2 0 1 0 1 1
3 1 0 1 1 0
4 0 1 1 0 1
5 0 1 1 0 1
6 1 0 1 0 1
7 0 1 0 1 0
Table 1-3
CRCC In Register When Writing
CRC Register
CRC Final CRCC
CRC Bits Cleared Character 1 | Character 2 | Character 3 | Character 4 CRC On Tape
CRCP 0 0 0 0 1 1 0
CRCO 0 0 0 1 0 0 1
CRC1 0 1 0 0 0 0 1
CRC2 0 0 0 0 0 1 1
CRC3 0 0 1 0 0 0 1
CRC4 0 1 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
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4. Steps 1-3 are repeated for each data character of record.

5. At CRC time, all positions of the CRC register, except CRC 2 and CRC 4, are complemented and the
resultant CRC character is written on tape.

6. The CRC register is cleared for the next record.

1.6.4 Longitudinal Redundancy Check (LRC) Character

The LRC character is written three spaces after the CRC character. The 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 in the TS03 by the LRC register in
the following manner:

1. The LRC register is cleared at the beginning of a record.

2. Ascharacters are written on tape, corresponding 1 bits complement the LRC register at the time data
is written on tape.

3. At LRCtime, the LRC strobe clears the write buffer and 1s are written on tape in only those 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 character.

1.6.5 Data Files

As previously stated, a record is a group of characters preceded by an IRG and terminated by three 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] followed 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 (23s).

1.6.6 Track Assignments
The track assignments for read, write, and parity bits are shown in Table 1-4.

Table 1-4
TS03 Track Assignments for Data and Parity
Transport Write Read Binary
Track Number Data Bits Data Bits Weight
1 furthest from WDS5 RDS 22
transport
2 WD7 RD7 20
3 WD3 RD3 24
4 WDP RDP -
5 WD2 RD2 2%
6 WD1 RD! 26
7 WDO RDO 27
8 wD6 RD6 2!
9 closest to WD4 RD4 23
transport

1-12



1.7 SPECIFICATIONS

Main Specifications
Storage medium
Capacity/tape reel
Data transfer speed
Drives/control, max.

Data Organization
Number of tracks
Recording density
Inter-record gap
Recording method

Tape Motion
Read/write speed
Rewind time
Tape drive
Reel braking
Speed variation
Start/stop distance
Start/stop time

Tape Characteristics
Length
Type
Reel diameter

Mechanical
Tape drive, mounting
Tape drive, size
Tape drive, weight
Control unit, PDP-11
Control unit, PDP-8

Power
Input Current
Heat dissipation

Environmental
Operating temperature
Relative humidity
Altitude

Miscellaneous
BOT, EOT detection
Magnetic head

Models
TMS8-MA
TM8-MB
TS03-MA
TS03-MB
TS03-SA
TS03-SB

Part 1

1/2-in. (1.27 cm) wide magnetic tape (industry compatible)
S million characters

10,000 char/sec

2

9

800 bpi

0.5 in. min. (1.27 cm)
NRZI

12-1/2 in./sec

1 minute, max.

single capstan

dynamic servo control

3% instantaneous; 1% long term
0.19 in. (0.48 cm)

30 msec

600 ft (182.9 m)
Mylar base, iron-oxide coated
7 in. (17.8 cm)

Mounts on slides in a std 19-in. (48.3 cm) cabinet
10-1/2 in. (26.7 cm) panel height, 17-in. (43 cm) deep
37 Ib. (16.7 kg)

Panel mounted, 5-1/4 in. (13.3 cm) high

Mounts in the computer assembly

1 A at 90 to 132 Vac, or 0.5 A at 180 to 240 Vac
100 W

15° Cto 32° C
20% to 80%, with max wet bulb 25° C and min dew point 2° C
10,000 ft (3,048 m)

Photoelectric sensing of reflective strip, industry compatible
Dual gap, read after write, 0.15-in. (0.4 cm) gap

Tape drive and PDP-8 control, 115 Vac, 60 Hz
Tape drive and PDP-8 control, 230 Vac, S0Hz
Master tape drive, 115 Vac, 60 Hz

Master tape drive, 230 Vac, SO Hz

Slave tape drive, 115 Vac, 60 Hz

Slave tape drive, 230 Vac, 50 Hz

1-13
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CHAPTER 2
INSTALLATION

2.1 SITE PLANNING AND CONSIDERATIONS

2.1.1 Space Requirements
Figure 2-1 illustrates the space and service clearances required. Adequate space must be provided to slide the
equipment out of the rack for servicing and to open the front door on the TS03 DECmagtape Transport.

2.1.2 Power Requirements

The TM8-M 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 nominal value and the frequency should not vary more
than 3 Hz. Ensure that primary power is compatible with the H720 Power Supply.

2.1.3 Environmental Requirements
The operating environment should have cool, well filtered, humidified air, a temperature range of 15° to 27° C,
and relative humidity of 40 to 60 percent.

2.2 UNPACKING
The TM 8-M may be shipped in two different configurations: with the system installed in an equipment rack or
with each device packaged separately.

2.2.1 Cabinet Unpacking Instructions
To unpack the cabinet, proceed as follows:

1.  Remove outer shipping container.
NOTE
The container may be either heavy corrugated cardboard
or plywood. In either case, remove all metal straps first,
then remove any fasteners and cleats securing the contain-
er to the skid. If applicable, remove wood framing and
supports from around the cabinet perimeter

2. Remove the polyethylene cover from the cabinet.

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

4.  Raise the leveling feet above the level of the roll-around casters.

5. Use wood blocks and planks to form a ramp from the skid to the floor and carefully roll the cabinet
onto the floor.

6. Roll the system to the proper location for installation.

2-1
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Figure 2-1 Space and Service Clearance, Top View

2.2.2 Device Unpacking Instructions

Before unpacking the equipment, check the shipping list to ensure that the correct number of packages have been
received. Check the shipping list for the correct TM8-E module types. Carefully remove each device from its
shipping carton. Note that the side mounts are already attached to the TSO3 transport(s) and the mounting
hardware is packed in a bag in each shipping carton.
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2.3 INSPECTION
After removing the equipment from its container(s), inspect it and report any damage to the responsible shipper
and the local DIGITAL Sales Office. Inspect as follows:

1.

2.

5.

6.

Inspect all switches, indicators, and panels for damage.

Remove equipment covers where necessary and inspect for loose or broken modules, blower or fan
damage, cable damage, and loose nuts, bolts, screws, etc.

Inspect wiring side of logic panels for bent pins, broken wires, loose external components, and foreign
material.

Check TS03 transport(s) for any foreign material that may have lodged in the tension arm, reel hubs,
and other moving parts.

Check power supply for proper seating of fuses and power connectors.

Inspect each TM8-E module for shipping damage.

2.4 INSTALLATION

2.4.1 Cabinet Installation
If the equipment is already mounted in the cabinet, proceed as follows:

1.

2.

3.

4.

Lower the leveling feet so that the cabinet is resting on the floor, not on the roll-around casters.
Use a spirit level to level the cabinet; ensure that all leveling feet are firmly on the floor.
Remove the shipping screws which secure the equipment to the cabinet.

Plug the H720 Power Supply ac power cord into a receptacle having the correct voltage and
frequency.

2.4.2 Device Installation
The equipment should be mounted in a 19 in. by 20 in. (48.3 cm by 50.8 cm) equipment bay. Figure 2-2 shows a
recommended cabinet layout. The equipment should be mounted from the top down.

2.4.2.1 TS03 Mounting Instructions - To mount the TS03, proceed as follows.

NOTE
If two TS03 transports (master and slave) are to be
installed, the slave (the unit without the M8920 adapter
module) is installed at the uppermost position.

Remove the outer portions of the guides from the TS03 chassis by actuating the slide releases and
mount the guides to the cabinet in the 19th hole from the top of the cabinet using the eight screws
provided. Ensure that the guides are level and parallel to each other.

Lift the TSO3 up and slide it carefully into the guides until the slide releases lock.

2-3
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Figure 2-2 Cabinet Installation

3. Carefully lift the slide releases and push the transport fully into the cabinet.

4.  If asecond TSO03 transport is to be installed, repeat steps 1 through 3 above, but mount the guides in
the 34th hole.

2.4.2.2 TMBS-E Controller Mounting Instructions - Perform the following procedure to install the four TM8-E
modules:

1.  Ensure that power is removed from the PDP-8 and the TS03(s).

2. If the TM8-E and the TSO03 are installed in more than one cabinet, ensure that the cabinets are tied to
the same ground or install a ground wire between the cabinets.

3. Ensure that the TM8-E module jumpers are correctly installed to select the priority assigned to the
TMS-E. (See “Data Break Priority Logic” in Chapter 9 of Part II of this manual.)

4.  Insert the TM8-E modules into the Omnibus in the order shown in Figure 2-3.

CAUTION
The modules must not be installed upside down. The +5 V,
0.01 uF capacitors should be at the bottom (next to the
Omnibus) on all modules installed on the Omnibus.

5. Install six H851 edge connectors between the four modules as shown in Figure 2-5. The inter-

connections are made via connectors E, F, H and J as shown in Figure€ 2-5 and on Signal Mapping
Drawing TM8-E-2.

24
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M8323 —

0.01 uF CAPACITORS

7724-6

Figure 2-3 TMS8-E Module Orientation

2.42.3 H720 Power Supply Mounting Instructions - Using the hardware provided, mount the H720 Power
Supply in the cabinet at the 69th hole position.

2.4.3 1/0 Signal Cable Connections
To install the I/0 signal cables, perform the following steps.

1. Check both 7011571 cables to ensure that the jumpers shown in Figure 2-4 are installed.*

*The 7011571 cable is a modified BCO8L cable. The modification consists of connecting the cable ground plane to M8920 output ground (pins
T1 and C2) on the paddle card.
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Figure 2-4 Paddle Board Jumpers on Side 2
of Cable Assembly 7011571

08-1672

Connect the two 40-pin connectors (P1 and P2) of one of the 7011571 cables to J1 and J2 respectively
on the M8321 module.- The rough side of the cable faces the module. Connector P2 extends out

18 Y

beyond Pi and connects to the inner jack (J2) on the module. (See Figure 2-5.)
NOTE
The two ribbon cables that make up a 7011571 cable
assembly are the same length. The position of the cable
ends on the paddle board causes one of the cable plugs

(P2) to extend out beyond the other (P1) at the other end
of the cable assembly. (See Figure 2-6.)

Tag the paddle board end of the cable as connecting to M8321.
Connect the two 40-pin connectors (P1 and P2) of the other 7011571 cable to J1 and J2 respectively on
the M8323 module. The rough side of the cable faces the module. Connector P2 extends out beyond

P1 and connects to the inner jack (J2) on the module.

Slide out the TS03-M drawer. Unscrew the two knurled screws holding the M8920 module and allow
the module to hang down as shown in Figure 2-7.

Connect the cable from the M8321 module to the “C” connector on the M8920 module and connect

the cable from the M8323 module to the “D” connector of the M8920 module using the two H870
edge connectors.

2-6



Part 1

H861 EDGE
CONNECTORS (6) M8323 m8321

E
F
H
J/P2
J/P1
77244
70115671 CABLE
ASSEMBLIES
Figure 2-5 TMS-E Controller Cabling
mM8321
(or M8323)
ROUGH
SIDE
| — B
~ i L] L2 | =T Uf y U U
if] : T Pt \
COMPONENT
. Ry SIDE
\ SMOOTH P2
PADDLE SIDE 08 -1675

BOARD

Figure 2-6 7011571 Cable Assembly



PADDLE BOARD

Part 1

70115671
TO M8321 TO M8323 CABLES

CONNECTORS
KNURLED A ] H870 EDGE E F
SCREW CONNECTORS
77241
Figure 2-7 M8920 Cabling to TM8-E
7. Remove one screw from the center cable strain relief and loosen the other. (See Figure 2-8.)
8.  Swing the strain relief out and place the two 7011571 cables up against the edge of the chassis. Leave
enough slack so that the cables are not strained when the M8920 module is swung down.

9. Swingthe top of the strain relief back into place. Insert the removed screw and tighten both screws.
10. Install the 7010570 master/slave cables between the M8920 module connectors (J1 through J6) and

the TSO3 master and slave transport connectors as listed in Table 2-1 and shown in Figure 2-9. Use
the three strain reliefs as in steps 7, 8, and 9 to secure the 7010570 cables. Tighten the two screws on
each of the transport connectors.

2-8



Part 1

77242

Figure 2-8 Securing TM8-M Cables
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Figure 2-9 1/O Cable Connection Diagram
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Table 2-1
7010570 Cable Connections
From To
M8920 Adapter Board TS03 Master TS03 Slave
Connector Connector Connector
n 12
13 I3
J5 n
J2 2
J4 J3
J6 n

2.44 Power Connections
To make power connections, proceed as follows. (See Figure 2-10.)

1.

Install the power harness (70-10832) between the H720 Power Supply and the M8920 adapter module
in accordance with color coding listed in Table 2-2.

Plug the TS03 master and slave transport ac power cords into the H720 Power Supply switched
receptacles.

Plug the H720 Power Supply power cord into the site’s primary ac power outlet having the proper ac
voltage and frequency. Check the label on H720 Power Supply for power requirements.

Using tie wraps, neatly dress all cables and harnesses. Leave service loops so TS03 drives can be
extended from the cabinet and the M8920 adapter can be swung down on its hinges.

TSO3 MASTER (TSO3 -M) TSO3 SLAVE (TS03-5)

TRANSPORT (REAR VIEW) TRANSPORT (REAR VIEW)
] - Bl
= oo 3 we

MB8920 ADAPTER

T T T
GND ACLO +5V
SWITCHED AC POWE

POWER HARNESS S )
(70-10832) -

PRIMARY
H720 POWER SUPPLY AC POWER

—CF

08-1671

Figure 2-10 Power Connection Diagram
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Table 2-2
Power Harness Color Coding
DC Voltage/Signal Wire Color
5V Red
Gnd Black
ACLO Yellow

2.5 ACCEPTANCE TESTING
Refer to the TM8-MA & MB/TS03 Drive System Checkout and Acceptance - WM (Engineering Drawing No.
SP-TM8-M-1) for the acceptance test procedures for the TM8-M Tape Drive System.
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CHAPTER 3
SYSTEM OPERATING INSTRUCTIONS

3.1 SCOPE
This chapter covers operation of the TM8-M, including a description of controls and indicators and all operating
procedures.

3.2 CONTROLS AND INDICATORS
Figure 3-2 describes the controls and indicators.

3.3 OPERATING PROCEDURES

3.3.1 Tape Threading
To thread the tape on the transport, proceed as follows:

1.  Raise the latch of the quick-release hub and place the tape file reel to be used on the supply hub
(Figure 3-1) with the write enable ring side next to the transport deck.

2. Hold the reel flush against the hub flange and secure it by pressing the hub latch down.
3.  Thread the tape along the path as shown in the threading diagram (Figure 3-1).

4.  Holding the end of the tape with a finger, wrap a few turns counterclockwise around the takeup hub.

SUPPLY REEL TAKEUP HUB

Figure 3-1 Tape Threading Diagram

3.3.2 Tape Loading

Pressing the LOAD pushbutton energizes the reel servos and initiates a load sequence. Tape advances to the load
point marker and stops. If for some reason the load point marker is already past the sensor (as, for example, in
restoring power after a shutdown), tape will continue to move. Under these conditions, press LOAD and then
REWIND and the tape will rewind to the load point. Once pressed, the LOAD switch is illuminated and is
inactive until power has been turned off or tape is removed from the machine.
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dlilgliltlall

tso3

UNIT SELECT Plug — One of two plugs can be inserted,
designating unit as Q0 or 1.

NOTE
In a single drive system, the drive is always
designated as drive 0. In a dual drive system,
either drive can be designated as drive 0.

WRITE ENABLE Indicator — llluminated whenever a reel
with a write enable ring is mounted on the supply hub.

UNIT

SELECY
WRITE
ENABLE
[ )
ON LINE
LOAD
S
O
REWIND
S —
ON
POWER
OFF

ON LINE Pushbutton/Indicator — A momentary push-
button, which functions as alternate action. When first
activated, the tape unit is placed in an on-line condition;
when the tape unit is on-line, it can be remotely selected
and will be ready if tape is loaded to or past the load point.
When activated again it takes the unit off-line. The
indicator is illuminated in the on-line condition. The load
function must be performed before the unit will go on-line.

LOAD Pushbutton/Indicator — The momentary push-
button activates the reel servos (tensions tape) and starts the
load sequence. The indicator is illuminated when the reel
servos are activated and tape is tensioned.

REWIND Pushbutton/Indicator — The momentary push-
button activates a rewind operation. This control is enabled
only when tape is tensioned and the unit is off-line. The
indicator is illuminated during either a local or a remote
rewind operation.

POWER Switch — The ON/OFF switch applies ac power to
the tape transport.

11-3045

Figure 3-2 Controls and Indicators
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3.3.3 Placing Tape Unit On-Line
After the tape is properly threaded and has been loaded and brought to the load point, press the ON LINE
pushbutton and check that the ON LINE indicator illuminates. (The REWIND pushbutton is disabled when the
tape unit is on-line.) On-line status enables the tape unit to be remotely selected and to perform all normal
operations under remote control.

3.3.4 Tape Unloading and Rewind
Provision is made in the TS03 transport for rewinding a tape to the load point under remote control. However,
this operation may also be performed manually. Proceed as follows:

1. If the ON LINE indicator is illuminated, press the ON LINE pushbutton. Check that the indicator
extinguishes when pressure is removed.

2. Press the REWIND pushbutton. The tape will now rewind to the load point marker.

3. After the tape has been positioned at the load point under remote or local control, press the REW-
IND pushbutton to rewind the tape past the load point to the physical beginning of the tape.

NOTE
The rewind sequence cannot be stopped until the tape has
rewound either to the load point or until tension is lost at
the physical beginning of the tape.

3.3.5 Power Shutdown :

A tape transport should not be turned off when tape is loaded and is past the load point marker. The TS03
transport is designed to prevent physical damage to the tape in the event of power failure, and to minimize
operator error which could destroy recorded data. In the event of power failure during tape unit operation,
manually wind the tape forward several feet before restoring power. When power has been restored, press the
LOAD pushbutton, then the REWIND pushbutton. This will rewind the tape to the load point. If desired, the
tape can then be advanced to the data block nearest the point at which the power failure occurred by initiating
the appropriate control commands.

CAUTION
In dual drive systems, when one drive is on-line and run-
ning, do not turn power off at the unused drive, i.e., do not
set the TSO03 POWER ON/OFF switch to OFF. To do so
may result in data errors on the drive that is running.
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CHAPTER 4
CUSTOMER EQUIPMENT
CARE AND OPERATION

4.1 SCOPE
The information contained in this chapter will assist the customer in caring for his equipment and ensure the
highest level of performance and reliability.

4.2 REQUIREMENTS
The customer is directly responsible for:

1. Obtaining operating supplies, including disk cartridges, disk packs and filters, magnetic tape, DEC-
tape, paper tape, cassettes, printer paper, printer ribbons, plotter paper, etc.

2. Supplying accessories, including disk storage racks, DECtape storage racks, carrying cases for disk
cartridges and DECtape, cabinetry, tables and chairs.

NOTE
Users of Digital Equipment Corporation equipment may
obtain the proper operating supplies and accessories by
contacting:

Digital Equipment Corporation

DEC Supplies Order Processing

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. Making the necessary documentation available in a location convenient to the system.
5. Keeping the exterior of the system and the surrounding area clean.

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

7. Performing the specific equipment care operations described for the various devices at the suggested
frequencies, or more often if usage and environment warrant.

8.  Ensuring that ac plugs are securely plugged in each time equipment care operations are performed.
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4.3 CARE OF MAGNETIC TAPE

1. Do not expose magnetic tape to excessive heat or dust. Most 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 the empty containers tightly closed to
keep out dust and dirt.

3. Never touch the portion of tape between the BOT and EOT markers; oil from fingers attracts dust
and dirt.

4. Never use a contaminated reel of tape; this will spread dirt to clean tape reels, and could have an
adverse effect on tape transport reliability.

5. Always handle tape reels by the hub hole; squeezing the reel flanges could lead to tape edge damage in
winding or unwinding tapes.

6. Do not smoke near the tape transport or storage area; tobacco smoke and ash are especially dam-
aging to tapes.

7. Do not place magnetic tape near any line printer or other device that produces paper dust.

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.

4.4 CARE OF TS03 TAPE TRANSPORT

4.4.1 General

Digital Equipment Corporation tape transports are highly reliable precision instruments which will provide years
of trouble-free performance when properly maintained. A planned program of routine inspection and mainte-
nance is essential for optimum performance and reliability.

4.4.2 Preventive Maintenance

To ensure continuing trouble-free operation, a preventive maintenance schedule should be kept. Oniy a few items
are involved, but they are very important to proper tape transport operation. The frequency of performance will
vary somewhat with the environment and degree of use of the transport so a rigid schedule applying to all
machines is difficult to define. The recommended periods apply to units in constant operation in ordinary envi-
ronments. They should be modified if experience shows other periods are more suitable.

Before performing any cleaning operation (Table 4-1), remove the supply reel and store it properly. All items in
the tape path must be cleaned on a per-shift basis. In cleaning, it is important to be thorough yet gentle and to
avoid certain dangerous practices. It should be remembered that the tape cleaner is a strong cleaning agent and
should not come in contact with painted surfaces or plastic.

CAUTION
Do not use: acetone or lacquer thinner; aerosol spray
cans; rubbing alcohol; excessive cleaner. Be extremely
careful not to allow the cleaner to penetrate ball bearings,
tension rollers, and motors.

4.4.3 Materials Required
1. DECmagtape system and magtape cleaning kit
2. Lint-free wipers
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Table 4-1
Customer Equipment Care Operations

Device: TS03 DECmagtape Transport

Frequency Operation
Once 1.  Clean tape path according to the following procedure. (Time required = 5 min.)
per shift

a.  Remove tape from transport.
b.  Using head cleaner and lint-free cloth, clean the following (Figure 4-1):

Head and head shield

Load point/end-of-tape sensor
Missing tape sensor

Both tape guides

Tape cleaner

Tape tension roller (not shown)
Capstan (not shown)

c.  Using a clean, dry, lint-free cloth or wipe, once again go over each
surface listed above to dry and remove any residue.

NOTE
Do not use any cloth or wipe that has come in
contact with the tape path as it is probably
contaminated.

d.  Using a clean, lint-free cloth or wipe, dust the inside and outside of
the plexiglass door. If dirt and dust have accumulated, a mild soap
and water solution or antistatic cleaner may be used. Ensure that
the door is dry before returning the tape transport to service.

LOAD POINT/
END OF TAPE
SENSOR

TAPE CLEANER

MISSING TAPE
TAPE SENSOR

GUIDE
HEAD COVER REMOVED FOR CLARITY 11-3051

Figure 4-1 Opening Head Shield
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CHAPTER 5
SYSTEM MAINTENANCE

5.1 SCOPE
This chapter provides a complete description of TM8-M preventive and corrective maintenance procedures.

5.2 MAINTENANCE PHILOSOPHY

The TM8-M 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 per-
formance and reliability.

The preventive maintenance required on each unit differs in accordance with its design. The TM8-E Controller,
M8920 adapter, and H720 Power Supply are total solid state units with no moving parts; therefore, no preventive
maintenance is required on these units. The TSO03 transport, however, requires daily customer care consisting of
head and tape path cleaning (Chapter 4). Otherwise, the transport requires very few adjustments and these
should not be performed unless problems are encountered in transport operation. See Paragraph 5.4 for the
recommended preventive maintenance procedure.

Corrective maintenance consists of troubleshooting at the system level using system diagnostics and visual obser-
vations to localize the failure to a particular unit, whether it be the TM8-E Controller, the M8920 adapter, the
TSO03 transport, or the H720 Power Supply. Once the faulty unit is determined, unit level troubleshooting will be
performed using unit functional block diagrams, engineering flow diagrams, timing diagrams, and detail logic
diagrams to localize the failure to an electrical module or mechanical part.

NOTE
In the case of the TS03 transport, troubleshooting tables
are provided (see Tables 5-5, 5-6 and 5-7) listing the symp-
toms, possible causes, indications, and recommended
actions.

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 replaced and repaired only if the
cost warrants it.

5.3 TEST EQUIPMENT
Test equipment required to maintain the TM8-M falls into two categories: standard test equipment and special
test equipment.

5.3.1 Standard Test Equipment

'Maintenance procedures for the TM8-M 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 5-2 describes the diagnostic
programs,
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Table 5-1
Standard Test Equipment Required

Equipment Manufacturer Designation
Multimeter Triplett or Simpson Model 630NA or 260
Oscilloscope Tektronix 1ype 453 or equivalent
X10 Probes (2) Tektronix P6008
Diagnostics (MAINDECS) DIGITAL MAINDEC-08-DHTSA

MAINDEC-08-DHTSB

MAINDEC-08-DHTSC
MAINDEC-08-DHTSE

MAINDEC-08-DHTSF
Table 5-2
Diagnostic Descriptions
Number Title Description
MAINDEC-08-DHTSA TMS8-E/TS03 Control Test, Twelve tests to checkout the TM8-E independent
Part 1 of the TS03.
MAINDEC-08-DHTSB TMS8-E/TS03 Control Test, Twelve tests to checkout the TM8-E and the TS03
Part 2 together as a subsystem.
MAINDEC-08-DHTSC TMB8-E/TS03 Data Reliability Used to collect statistical information pertaining to
9 Track the data reliability of 9-track transports used with
the TM8-E.
MAINDEC-08-DHTSE TM8-E/TS03 Drive Function Tests the TM8-E and TS03 with selected operations
Timer that are timed and the execution times are printed
out.
MAINDEC-08-DHTSF TMB8-E/TS03 Utility Driver Allows operator to perform any test in any order.
Tests will operate regardless of resuits or errors.

5.3.2 Special Test Equipment
The special test equipment and tools required are listed in Table 5-3.

5.4 PREVENTIVE MAINTENANCE
Refer to TS03 DECmagtape Transport Preventive Maintenance Manual, Document No. EK-TS03-PM-001.
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Table 5-3
Special Test Equipment and Tools

Equipment Manufacturer Part No.
Test box DIGITAL 29-21922
Tape path alignment tool DIGITAL 29-21904
Transport module extender DIGITAL 29-21925
Skew tape (7 in. (7.78 cm) reel) DIGITAL 29-22020
Scratch tape (600 ft.(182.9 cm)) DIGITAL 18-09540-00*
Scratch tape (600 ft.(182.9 cm)) DIGITAL 18-09540-02*
Magna-See® (also renew solution) CBS 29-16871
Magnifying glass - 29-20273
Reflective tape marker DIGITAL 90-09177
Write ring DIGITAL -
Head cleaner, capstan cleaner, - TUCO1

lint-free cloth (Kimwipes)

Scotch tape (3/4 in.) Buy Locally -

5.5 ADJUSTMENTS

5.5.1 General

Most of the adjustments in this paragraph relate to ensuring that data is written and read perpendicular to the
reference edge of the tape. Properly written data is necessary to ensure that a tape written on one machine can be
read on another (compatibility). Many of the adjustment procedures utilize the test box, shown in Figures 5-1
and 5-2. A description of the test box is given in Paragraph 5.5.2.

The TS03 adjustment procedures are summarized in Figure 5-3. The sequence of the procedures is logical provid-
ing complete adjustment of the TS03 while minimizing adjustment time and tape handling. Adjustments can be
performed separately and in any order, except as noted in Figure 5-3.

5.5.2 Test Box

5.5.2.1 Functions of Test Box - The test box provides:

1.

An alternative motion control source bypassing the controller interface logic and the TSO3 control
panel logic. All combinations of speed and direction are available with BOT (LOAD POINT) and
EOT interlocks to prevent running tape off of the reels.

A write test feature to generate an all 1s pattern for correcting write skew.

A skew light indicator to detect when data falls outside the skew window.

A choice of instantaneous and average (dynamic) skew error indication in the form of a voltage level.

Automatic, rapid, stop-start capability for use in ramp time adjustments.

®Magna-See is a registered trademark of Columbia Broadcasting System, Inc., Danbury, Conn.
*No. 00 is packaged in a canister. No. 02 is tape-seal package.
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Figure 5-1 TS03 Test Box

5.5.2.2 Test Box Operation

1. Hookup - The test box is connected to the only exposed edge connector among the PC boards (slot
10). The connector is not keyed and must be installed with the RED wire (pin A) to the left and to the

rear. (See Figure 5-2.)

2. Activation - To enable the test box:
a.  Drive must be OFF-LINE (TS03 Control Panel).
b.  STOP Switch must be pressed.
c.  TEST MODE must be pressed.

NOTE

Test mode is terminated by pressing the test mode switch a
second time or placing the drive ON LINE pushbutton.
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Figure 5-2 Test Box Installation

3. Motion Switches

a.

Each of the four motion switches performs its indicated function and is interlocked with the
other motion switches.

Motion is terminated by the STOP button or by reaching either tape sensor (BOT or EOT).

Pulling the toggle switch (next to the connector cable) forward causes normal test motion to be
cycled on and off at approximately 10 times per second.
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TAPE PATH 7.
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CAPSTAN CREEP
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TAPE SCRAPER
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RAMP TIME ment and a tape path alignment.

2. @ mechanical adjustment

m %’ sleerstseumment

°/ 0 switch settings
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Figure 5-3 TS03 Adjustment Flowchart
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Toggle Switch - The three-position toggle switch at the top of the test box selects instantaneous skew
(middle position) or average (dynamic) skew (rear position). The forward position provides
rapid (10 cps) start/stop operation.

Write test
a.  Must be in test mode.
b.  Operates only in Forward Run condition.

Indicators - All indicators operate whether in test mode or not.
Test mode ~ Test mode is selected

Write test — All 1s being written on tape.

Load Point — At beginning of tape (BOT).

EOT - At end of tape.

DATA - Data is being read.

SKEW - Data packet width exceeds skew window.
(normal window = 16/32 in. (1.264 cm);

read while write=12/32 in. (0.948 cm);

test mode = 5/32 in. (0.395 cm))

e a0 o

Test Point - Provides skew error indication in the form of a voltage level. The skew error is propor-
tional to the measured voltage such that 1 V equals 10 us of error.

Adjustments - Two calibration adjustments are associated with the skew conversion circuit. Engi-
neering Drawing TD8 contains the information necessary for making these calibrations. Both adjust-
ments are located inside of the Test Box.

5.5.3 Adjustment Procedures
Remove the screen covering over the PC boards and the protective cover in front of the head assembly.

CAUTION
Always remove power from the tape drive when removing a
PC board.

The PC boards are identified in Figure 5-4. Most adjustments and test points referred to in the procedure are
found in Figure 5-4.

5.5.3.1 Voltage Check - The power supply provides +24 Vdc (unregulated), +10 Vdc (regulated), and +5 Vdc
(regulated). These voltages are not adjustable but should be checked to verify correct operating voltages. Perform
the following steps to check the operating voltages.

1.

2.

Power Switch ON.

Measure +24 Vdc and -24 Vdc supplies (Figure 5-5). Both supplies will measure about 26 Vdc when
under light load.

Measure +10 Vdc, -10 Vdc, and +5 Vdc at test points A, B, and C on sensor amplifier. Voltage
tolerance is £5%.
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GROUND SENSOR ADJ

TP-F

TP-E

TP-A

SPEED ADJ

START RAMP ADJ

STOP RAMP ADJ

TPC
TPB

THITITE
@OOWOO®|

CONTROL

7856-9A

ITEM PART INDICATES TAPE CHANNEL NUMBER

NO. NO.* ITEM

13 4306-002 SERVO PREAMPLIFIER
12 3844-001 SENSOR AMPLIFIER/DRIVER
11 3645-002 RAMP GENERATOR
10 3843-0601 TAPE MOTION CONTROL
9 3842-001 INTERFACE CONTROL
8 3841-001 CONTROL TERMINATOR

4845-001 TIMING DELAY

4179-004 P CHANNEL/CLIPPING
4178-004 QUAD READ AMPLIFIER
4178-004 QUAD READ AMPLIFIER
3860-001 DATA TERMINATOR
3848-001 4 CHANNEL HEAD DRIVER
3849-001 5 CHANNEL HEAD DRIVER

= NWwWhOOON

*Vendor part nos. See Appendix J for cross reference to DEC part nos.

Figure 5-4 Plug-In Modules and Test Point Locations
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SERVO

78564

-24 V ON +24 VON
Q10 CASE Q9 CASE

Figure 5-5 TSO03 Tape Transport, Rear View

5.5.3.2 Tape Path Alignment - The tape path leading to and from the tape head must be as straight as possible.
Variations in the tape path will cause the tape to be twisted as it moves over the head. The alignment procedure
will compensate for mechanical tolerances and wear of buffer arm rollers and tape guides. Perform the following
steps to accomplish a tape path alignment.

NOTE
An alternate tape path alignment procedure, not requiring
the tape path alignment tool, can be found immediately
following this procedure.

1. Remove protective covering in front of M8920 module by removing two Phillips head screws (master
drive only).

2. Remove the control panel cover by lifting up and outwards from bottom.

3. Remove both tape guides (screws will be used to mount alignment tool) (Figure 5-6).
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EOT/BOT
TAPE CLEANER TAPE SENSOR HEAD SHIELD

/

\
\ 7856-5
TAPE GUIDE (2) TAPE GUIDE MISSING TAPE READ/WRITE HEADS

SCREW (2) SENSOR

Figure 5-6 Head Assembly with Tape Guides

4.  Mount tape path alignment tool using tape guide screws. Tighten screws finger-tight.

5. Use an Allen wrench to loosen tape path alignment clamp screws on both tape tension arms from
bottom side of drive (Figure 5-7).

6. Loosen perpendicularity adjustment lock screws.

7. Center each roller guide in the “Vee” of the alignment tool and lock in place with the clamp. The
clamp handle has a slip clutch to prevent damage to the roller (Figure 5-8).

8. Tighten perpendicularity adjustment lock screw for both rollers.

9. Disengage one clamp.
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MAG POT ASSEMBLY

ROLLER GUIDE TAPE PATH PERPENDICULARITY  TAPE TENSION ARM
SHAFT (THREADED ALIGNMENT ADJUSTMENT
END) CLAMP SCREW LOCK SCREW

7856-1

Figure 5-7 Roller Guide/Tape Tension Arm Connection,
Bottom View

10.  Align the roller path with a guide by pressing the released roller inward until the roller guide face just
touches the outer fece of the alignment tool. (Figure 5-9).

11. Tighten the tape path alignment clamp.

12.  Repeat steps 9, 10, and 11 for the other roller guide.
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ROLLER GUIDES (2)

7856-3

Figure 5-8 Use of Alignment Tool

ALTERNATE PROCEDURE

Tape Path Alignment Without Use of Alignment Tool
This procedure is provided in case the special purpose alignment tool is not available. The following material is
required for this special procedure:

Stainless steel 3/16 in. rod (0.1875 in. dia. by approximately 4 in. (10.16 cm) long)

10-32 nut (2)

#10 washers (10)

(Refer to Figure 5-7 throughout this procedure.)

Remove the roller guide to be aligned and replace it with a length (4 in. (10.16 cm) approximately) of
3/16 in. (0.1875 in.) stainless steel round rod stock. Clamp in place with the tape path alignment

clamp screw.

Loosen the perpendicularity adjustment lockscrew slightly so that with moderate pressure the end of
the tape tension arm can be rotated.

Thread mag-tape over the rod.
While holding the rod, run the tape forward. Tilt the rod up and down until a position is found at

which the tape runs with equal tension on its inside and outside edge and the tape enters the tape
guides correctly and winds correctly on the center of the take-up reel.
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b. Proper Alignment Position
Figure 5-9 Tape Path Alignment
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When this position is found, tighten the perpendicularity adjustment lockscrew securely.
Replace the roller guide and clamp lightly by gently tightening the tape path alignment clamp screw.

The roller guide shaft end is threaded to allow use of a nut for fine adjustment. Place several No. 10
flat washers over the threaded end and install a 10-32 nut on the shaft.

Pull the roller guide so that the roller is too far out. Lightly tighten the adjustment nut.

Load the tape on the transport and feed it forward.

Tighten the nut pulling the roller guide back in toward the transport until the tape runs along the
reference edge just inside the outer surface of the roller guide with the spring-loaded side of the tape
guide manually pushed in.

Tighten the tape path alignment clamp screw.

Remove the adjusting nut and washers.

5.5.3.3 Capstan Creep Adjustment — The capstan servo loop employs an operational amplifier which is subject to dc
offset due to component tolerances and aging. This offset could cause the capstan motor to creep. To adjust for
capstan creep, perform the following steps:

10.

11.

NOTE ,
Tape tension arms may be clamped in alignment tool to
reduce noise distraction.
With power OFF, extend servo Pre-Amp Card (No. 13) using the extender board.
Power up the drive unit.
Fold a piece of white paper in half twice to obtain quadruple thickness.

Press LOAD button and hold.

Insert quadruple thickness paper under EOT/BOT sensor lamp (Figure 5-6 ). Insert paper from the
front, not the side, taking care that the paper does not get between the head and head shield.

Release the LOAD switch; capstan should be stationary.
Attach voltage probe to test point ‘A’ (Figure 5-10).

Set capstan creep adjustment (R56) for minimum voltage.
Remove folded white paper.

Remove power from tape drive.

Remove extender board and replace Servo Pre-Amp Card in slot 13,
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CAPSTAN CREEP
ADJUSTMENT (R56) TEST POINT A

7856-12

Figure 5-10 Servo Pre-Amp, Card No. 13

5.5.3.4 Mag Pot Adjustment - A magnetic potentiometer provides an electrical indication of spring tension on
the tape tension arm. An electrical null point in the center of the tension arm travel arc indicates when the tape
tension is at approximately 8 ounces. The procedure will ensure that the tension arm is at a null when in the
center of the travel arc and that the null is the correct one. Refer to Figure 5-11 during the procedure.

1. With power ON and the tape path alignment tool attached, press LOAD button on the drive control
panel. Both reels will rotate counterclockwise.

2. Insert folded white paper under BOT/EOT sensor lamp.
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MAG POT
AMPLIFIER MAG POT
BOARD PIN 6 PIN 1 TRANSFORMER

- é ‘ LU%

MAG POT ARMATURE
ARMATURE SETSCREW

7856-2

Figure 5-11 Mag Pot Position Sensor Assembly, Plastic Cover Removed

Manually swing tension arm into “Vee” of alignment tool and clamp in place. Reel should stop. Slow
reel motion is acceptable. Perform this procedure for both reels.

If conditions in step 3 are not met, adjustment is required. Slip off the plastic mag pot cover.
Loosen armature set screw.

Adjust armature until motion stops.
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7. Tighten armature set sgrew.

CAUTION
The magpot has two null positions 180° apart. Adjusting
for the wrong null will cause the tape tension arm to seek
the limits of the arc instead of its center. A 180° null posi-
tion is also indicated if the tape hub spins clockwise when
the tape tension arm is released without the tape threaded.

8. Replace mag pot cover.

9. Remove alignment tool and replace tape guides.

10. Verify proper operation by checking output of mag pot at pin 4 of the mag pot connector for approx-
imately +5 to -5 V change while manually moving the buffer arm from one stop to the other (pin 4
wire on take-up reel is violet; pin 4 wire on supply reel is grey).

5.5.3.5 Write Lock Adjustment - A mechanical sensor detects the presence of the write ring. When the ring is
detected, a solenoid withdraws the sensor away from the write ring and provides a write enable indication on the
front panel. The adjustment procedure compensates for mechanical tolerances and verifies that the write lock
operation is functioning.

1. Hold control panel LOAD button pressed.

2. Press write ring sensor approximately 1/8 in. (0.32 cm). Sensor should retract and hold itself just
behind hub flange (Figure 5-12).

WRITE RING SENSOR

HUB FLANGE

AARLLELIRRAS AR TV R

20707

SIS TS SCSTTY

08-1667

Figure 5-12 Supply Reel, Side View
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Release LOAD switch. Sensor should extend to original position.

If the sensor does not withdraw behind the hub flange, loosen two adjustment screws in the sensor
assembly and reposition the assembly so that the sensor is behind the hub flange when in the with-
drawn state.

5.5.3.6 Head Shield Adjustment - Write head flux generated during a read-whiie-write operation is great enough
to effect data being read. The ‘“‘cross-talk’ from write heads to read heads may cause parity, CRC, or LRC errors
to be indicated at the controller when no errors exist. The head shield provides magnetic shielding between the
read and write heads. To adjust the head shield, perform the following steps:

I.

2.

STOP SCREW

With tape removed from machine, loosen the stop screw (Figure 5-13).
Fold a section of magtape onto itself to obtain a triple thickness (0.006 in. (15 mm)).
Insert the triple thickness of tape between the head shield and the top surface of the head.
CAUTION
Do not use feeler gauges - they will scratch the head

surface.

Press the shield firmly against tape and tighten stop screw.

HEAD SHIELD

7856-5A

Figure 5-13 Head Shield Adjustment
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Remove tape by lifting head shield.

Close the head shield.

5.5.3.7 Tape Cleaner Adjustment - The tape cleaner catches loosened oxide from the surface of the tape before it
can relocate itself to the head or another part of the tape.

1.

4.

Mount tape on drive.

NOTE
Choice of skew tape here will simplify later adjustments.

Verify that the surface of the tape cleaner (Figure 5-6) presses lightly against the tape (just enough to
deflect the tape path) and that it is parallel to the tape (Figure 5-14).

TAPE PATH

/WITH CLEANER
\TAPE PATH WITHOUT

CLEANER

PLUG

08 -1676

Figure 5-14 Tape Cleaner Adjustment

If the requirements of step 2 are not met, remove the plug in the end of the tape cleaner and loosen the
Allen screw inside.

Adjust cleaner for proper position, tighten the Alien screw, and replace the plug.

5.5.3.8 Capstan Perpendicularity Adjustment — The capstan axis must be perpendicular to the tape path or the
tape will move sideways on the capstan as the tape direction is changed. To adjust for capstan perpendicularity,
perform the following steps:

NOTE
See Figure 5-3 for adjustments which must precede the
capstan perpendicularity adjustment.
With the tape threaded, move it forward several feet (about 2 meters) at normal speed.
Note the position of the tape relative to the inner edge of the capstan.
Run the tape reverse for one foot and note the position of the tape as in step 2.
If the difference between the two edge positions is less than 1/32 in. (79 mm), (half the thickness of a

penny), capstan perpendicularity is all right (Figure 5-15). If the difference is more than 1/32 in. (79
mm), and if adjustment screws A and B in Figure 5-16 are provided, proceed to step 5.
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CAPSTAN
08-1673

Figure 5-15 Capstan Perpendicularity Check

Bif o) O1I

mO O

08-1674

Figure 5-16 Capstan Motor Mounting Screws

5. Slightly loosen mounting screws I and IV, then II and III.

6.  Adjust set screws A or B for minimum sideway tape movement when running tape one foot (30 cm)
forward to one foot (30 cm) reverse.

7.  Tighten four mounting screws so that those closest to the adjusted set screw are adjusted last.
8.  Observe the tape motion through tape guide. When properly aligned, the tape will have a slight
tendency to follow the spring loaded (inside) edge guide when the inner guide is pressed manually.
The tape should not run hard against either guide surface.
5.5.3.9 Photo Sensor Adjustment - The Load Point (BOT) and EOT sensors employ a balanced analog circuit
using two cadmium sulfide photo resistors. The photo sensor adjustment compensates for aging of the photo
resistor elements. Perform the following steps:

1. Verify that both upper and lower photo sensor lamps are illuminated.

2. Verify that tape is threaded and that a reflective maker is not positioned between the sensor lamps.
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3.  Measure voltage between TP-E and TP-F on the sensor amplifier board (No. 12) (Figure 5-4).
4.  Set the photo sensor adjustment for 0 V difference between test points.

5.5.3.10 Tape Speed Adjustment - Tape speed must be maintained at a constant value so that tapes written on
one drive will be compatible with other drives. To adjust tape speed, perform the following steps.

NOTE
See Figure 5-3 for adjustments which must precede the
tape speed adjustment.

1. Mount skew master tape.

2. Attach test box.

3.  Runtape FWD.

4.  Observe any of the read preamp test points (Figure 5-17) using the oscilloscope; check for a sine wave
with a period of approximately 200 us. The waveform may not be stationary due to small tape speed

variations.

5. Adjust speed control potentiometer for a 200 us period. Refer to Figures 5-4 and 5-17 for location of
potentiometer.

5.5.3.11 Read Skew Adjustment - This adjustment serves to mechanically position the read heads perpendicular
to the reference edge of the tape as shown in Figure 5-18.

NOTE
See Figure 5-3 for adjustments which must precede a read
skew adjustment.

1.  Run skew master tape forward.

CAUTION
Do not run skew tape at fast speed — FWD or REV.

2. Ifskew error LED on the test box is lit, adjust the skew adjustment screw until the light is out (Figure
5-19).

a.  An alternate procedure is to use an oscilloscope and adjust for minimum voltage level at the test
point on the test box (Figure 5-20). Set sweep speed for 100 ms/division. Set vertical gain to 0.5
V/division thereby giving 10 us of character skew per 1 V of output.

b.  Still another method (not using the test box) is to place the scope on pin 8 on the edge connector
at the top of the motion control card and adjust for minimum data packet spread.

3. Select REVERSE RUN. When the tape stops, remove the master skew tape.

5-21



Part 1

TAPE SPEED ADJUSTMENT POT

i
i
;,
1
i
!

-4
{
H
%
i

READ
PRE-AMP
TEST POINT
(CHANNEL 3*)

7856-9
READ PRE-AMP

ADJUSTMENT (CHANNEL 3°)

*Read pre-amp channels from
left to right are: 3,5, 7,6, 4,
2,pP,1,0.

Figure 5-17 Tape Speed and Read Pre-Amp Adjustment

5-22



Par. 1

REFERENCE
EDGE
- TAPE MOTION ———»
| ] i
D | )
(mu] | !
jae} | |
P | |
P | |
O | |
C 1 ]
PATTERN RESULTING FROM 1
MISALIGNMENT OF HEAD PATTERN RESULTING AFTER HEAD
|S ALIGNED USING MASTER SKEW TAPE
VN

DEVIATION FROM PERPENDICULARITY
CAUSED BY MISALI
SALIGNMENT 081681
Figure 5-18 Skew Error (Caused by non-perpendicularity of
head assembly to reference edge of tape)

SKEW ADJUSTMENT
Figure 5-19 Location of Skew Adjustment
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08-1682

Figure 5-20 Read Skew Adjustment Waveform

5.5.3.12 Read Level Adjustment — This adjustment is made by measuring the read signal while writing an all 1s
pattern. (This technique results in an observed signal amplitude that is more constant and 10 percent greater than
a normal read.)

4.

5.

NOTE
See Figure 5-3 for adjustments which must precede a read
level adjustment.
Mount scratch tape with write ring.
Write an all is pattern by making the following selections on the test box:
a. Test mode
b.  Write test

c. Forward run

Using an oscilloscope, observe the waveform at the first test point (Channel 3) on read preamp
(Figure 5-17). '

Adjust the potentiometer adjacent to the test point for a sine wave of 9 V (£0.5 V) peak-to-peak.

Repeat this procedure for each of the remaining eight read preamplifiers.

5.5.3.13 Write Skew Adjustment - Although read and write heads share the same head assembly, they are not
perfectly parallel due to machining tolerances (Figure 5-21).
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'
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Figure 5-21 Skew Error {Caused by misalignment of
Read/Write heads)

After the mechanical read deskewing has been accomplished, the write heads are deskewed by providing appro-
priate electrical delays to each write channel.

NOTE
See Figure 5-3 for adjustments which must precede a write
skew adjustment.

1.  With SCRATCH TAPE still mounted, make the following selections on the test box.
a. Test mode
Write test
¢. Forward run

This operation causes an all 1s pattern to be written on tape.

2. Attach the reference probe (channel No. 1), of a dual channel oscilloscope, to test point p (parity
channel) board no. 6 (Figure 5-4).

3. Attach channel no. 2 test probe to test point 0 (read channel 0) on board no. 5.

4. Verify that the second read pulse has less than 1.7 us separation from the reference channel, as shown
in Figure 5-22.

NOTE
The instability in the untriggered pulse is caused by
dynamic skew.
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Figure 5-22 Write Skew Adjustment

Repeat steps 3 and 4 for the remaining seven read channels. Channels 4 through 7 are located on an
identical PC board in slot 4. Make note of any channels that exceed the 1.7 us tolerance.

If any channel has a pulse separation greater than 1.7 us, power down and extend the appropriate
write amplifier card (channels 0 through 2 on card 2; channels 3 through 7 on card 1).

Restore power and test conditions, and adjust the appropriate four bit *DIP” switches for minimum
pulse separation. Note that each switch doubles the change of the previous switch. Switch S1 provides
a 3.1 us change while S4 provides a 25 us change. A closed switch will move the corresponding pulse
to the left.

5.5.3.14 Ramp Time Adjustments - Tape acceleration and deceleration times must have close tolerances to
provide interrecord gap compatible with other tape drives.

1.

!\)

With the scratch tape mounted, press FORWARD RUN on the test box to run the tape forward at
iow speed.

Pull the test box toggle switch forward.
Attach the oscilloscope external trigger to red wire on the test box connector (Figure 5-2).

Observe test point “A” on the ramp generator card (Figure 5-4) for positive going RAMP (Figure 5-
23).

Adjust Start Ramp Potentiometer for 30 ms ramp time.
Adjust Stop Ramp Potentiometer for 30 ms ramp time.

Power down and restore the drive to its original condition.

1 |
/ FORWARD MOTION \
I
1 1
] |
Oy ' | |

|
START STOP
RAMP—-! 30ms b —l 30ms — 2100
08 -1678

Figure 5-23 Ramp Time Adjustments
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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 TM8-M diagnostics, the corrective
action flow diagram, the functional block diagram, TS03 transport troubleshooting hints, and TSO03 transport
troubleshooting tables.

5.6.1 TMS8-M Diagnostics

Diagnostics, consisting of a paper tape and documentation, are provided with each system. The documentatiou
includes instructions on loading, running, and interpreting diagnostic printouts. The diagnostics provided with
the TM8-M are listed in Table 5-4.

Table 54
TM8-M Diagnostics
Title Designation
TM8-E/TS03 Control Test, Part 1 MAINDEC-08-DHTSA
TM8-E/TS03 Control Test, Part 2 MAINDEC-08-DHTSB
TMB8-E/TS03 Data Reliability, 9-Track MAINDEC-08-DHTSC
TM8-E/TS03 Drive Function Timer MAINDEC-08-DHTSE
TM8-E/TS03 Utility Driver MAINDEC-08-DHTSF

5.6.2 Corrective Action Flow Diagram
Figure 5-24 provides sequential procedures for troubleshooting the TM8-M.

5.6.3 Functional Block Diagram

Figure 1-4 functionally separates the circuitry comprising the three major units (TM8-E, M8920, TS03) into
functional blocks and depicts signal flow between those blocks within each unit; it also depicts interfacing
between each unit and interfacing between the TM8-E and the Omnibus. The functional block diagram can be
used in conjunction with Figure 5-24 for troubleshooting and maintenance.

5.6.4 TMS-E Controller Troubleshooting Hints

The diagnostics listed in Table 5-4 will test and troubleshoot all functions of the TM8-E Controller. By using the
diagnostics and the functional block diagram (Figure 1-4), troubles within the controller can be isolated and
repaired.

5.6.5 TSO03 Transport Troubleshooting Hints
Table 5-5 suggests possible causes when problems are encountered with the transport.

5.6.6 TSO03 Transport Troubleshooting Tables
Tables 5-6 and 5-7 list transport symptoms versus possible causes, indications, and corrective actions.

5.6.7 Troubleshooting Procedure
When problems are encountered in system operation, the technician should

1.  Discuss the symptoms with operation personnel to determine the exact nature of the failure.

2. Refer to the corrective action flow diagram (Figure 5-24) and proceed as directed.
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Figure 5-24 TMS8-M Corrective Action Flow Diagram
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Table 5-5
TS03 DECmagtape Transport Troubleshooting Hints

Problem

Hints

General

Problems in the TSO3 transport can usually be classified as either mechanical or
electrical but often the classification may be confusing because a basically
mechanical problem can cause what appears to be an electronic malfunction and
vice versa. 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 certain 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, do not reuse that portion of
the tape as it will contaminate the head. Cut the visualized portion off and
discard.

To use visualizing solution, shake the can thoroughly, remove top, and pass
portion 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 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 obvious reason. If operating properly with good tape, the
transport should make very few errors in writing and, if rewriting is included in
the program, it should make no read errors.

Useful clues are:

1.  In what mode (read or write) are many errors occurring?

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

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

4.  Are the errors pattern related?

5. Do errors occur only on certain sets of commands?
The first thing to be done is to inspect the head and other items in the tape path
for dirt accumulations. 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. Table 5-6 is a troubleshooting chart concerned with high
error rate.
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Table 5-5 (Cont)
TS03 DECmagtape Transport Troubleshooting Hints

Problem

Hints

Compatibility

The TSO3 transport accepts and produces tapes conforming to the ANSI
standards. Occasionally compatibility problems can arise:

1.  Tapes written by and acceptable to the TSO3 transport are not
acceptable to another transport.

2. Foreign tapes cannot be read by the TS03 transport but its own
tapes can be.

Three items may be involved: skew, speed, ramp times. These should be
checked as described in the adjustment procedures.

Other Malfunctions

Normal troubleshooting procedures are involved in finding electronic
malfunctions. The first things to check are the supply voltages:

+24 V nominal unregulated will normally be about +26 V under light load.
*0V20.5V
+5V+0.25V

Convenient test points for measuring supply voltages are:

+24 V — Case of Q9 (MJ802) on heat sink
-24 V — Case of Q10 (MJ4502) on heat sink
+10 V — Sensor amplifier /driver TPA

-10 V — Sensor amplifier/driver TPB

+5 V — Sensor amplifier/driver TPC

Voltages are measured to chassis (ground).

NOTE
Tum power off when removing or inserting cards.

If the voltages are not correct, the trouble is in the power supply or the
malfunction is loading the supply excessively. Pulling cards from their sockets
can help isolate an overloaded condition. The power supply is short-circuit
protected on the regulated voltages. A short circuit on +24 V should blow the
fuse. Assuming the voltages are correct, Table 5-7 should help in isolating
malfunctions.
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Table 5-6

High Error Rate Troubleshooting

Symptom Possible Cause Indication Action Reference
Continuous errors, every block Broken connectjon to inter- Continuity. Correct connection.
(read mode). face or internally.
Bad preamplifier channel. No output at test point on Replace preamplifier.
‘write test.
Bad quad read amplifier No data at test point. Replace quad read amplifier.
channel.
Tape speed grossly wrong. Visual or skew master. Adjust speed. 5.5.3.10
Bad head channel. No output at preamplifier test Replace head. 5.7.6
point on write test.
Continuous errors, write mode Broken connection on write Continuity. Correct connection.
only. data or WDS lines.
Bad write amplifier channel. Wrong or no signal at write Replace write amplifier.
amplifier test point in write
test mode.
Frequent write errors, few or Write-read crosstalk. Noisy signal at preamplifier Check preamplifier gain. 55.3.12
no read errors. test point. Check head shield spacing. 5.5.3.6
Frequent CRC and LRC Wrong CRC generation in Wrong data at input. Correct interface.
errors, no VRC errors. interface.
Read or write errors only at Ramp time wrong. Read signals appear before Adjust ramp time. 5.5.3.14
start of block. ramp is complete.
Read errors on long blocks Tape path misaligned. Tape bears heavily on one Tape Path alignment. 5.53.2
only. guide surface.
Pattern related errors. Write-read crosstalk. Noisy signal at preamplifier Check preamplifier gain. 5.5.3.12
test point. Check head shield spacing. 5.5.3.6
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Table 5-7
Control Malfunctions Troubleshooting

Symptom Possible Cause Location Actioh Reference
LOAD pushbutton activates servos Broken tape signal clears load
when pressed but does not hold. flip-flop.
Sensor amplifier driver module Card cage Replace module.
Pushbutton control module Card cage Replace module.
Photosensor (BKN) malfunction Deck Replace sensor. 5.7.7
After load, tape runs and does not Tape feeds forward after load point
stop. marker is sensed.
Marker strip missing from tape. Tape Apply reflective strip.
Misadjustment of photosensor Card cage Adjust photosensor. 5539
on sensor amplifier driver
module.
No EOT signal. Same as load point above but for 5.5.39
EOT.
REWIND pushbutton inoperative. Logic malfunction, pushbutton Card cage Replace module.
control module.
Rewind does not stop at LP but Same as above.
continues until tape is wound off Photosensor adjustment wrong on Card cage Adjust photosensor 5.5.3.9
reel. sensor amplifier driver module.
Reels rotate uncontrolled when Servo preamplifier malfunction. Card cage Remove preamplifier. If reels stop,
power is turned on replace preamplifier module.
Servo power amplifier (bad power Heat sink Replace heat sink assembly or
transistors). locate and replace bad power
transistors.
Arms badly off center of arc at Magpot adjustment. Deck Adjust magpot setting. 5.5.3.4

rest.
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Table 5-7 (Cont)

Control Malfunctions Troubleshooting

Symptom Possible Cause Location Action Reference
Arms bottom when starting or stop- Servo preamplifier malfunction. Card cage Replace module. 5.5.34
ping. VlVeak reel torque, otherwise Magpot adjustment (spacing). Deck Check adjustment.
normal.

Bad reel motor. Deck Replace reel motor.

Tape moves erratically, slips on Head face shield touching tape. Deck Adjust head shield setting. 5.53.6
capstan. Defective tension roller. Deck Replace roller. 5.7.1
Capstan turns slowly when it should Capstan zero adjustment on servo Card cage Adjust zero. 5533

be stopped.

preamplifier module.
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5.7 PARTS REPLACEMENT

In most instances, assembly methods for parts replacement are obvious. Electronic parts are nearly all on plug-in
modules. Items in the transport tape path may require machine realignment if replaced. If only one item in the
transport tape path is replaced at a time, the complete alignment procedure may usually be avoided. Examples of
transport parts replacement follow.

5.7.1 Roller Guide Replacement (Figure 5-7)

1. Loosen the tape path alignment clamp screw and remove the roller shaft from the tape tension arm.
Do not loosen the perpendicularity adjustment lockscrew.

2.  Insert a new roller guide shaft and clamp lightly by tightening the clamp screw.

3. Follow the tape path alignment procedure of paragraph 5.5.3.2 to install and align the new roller
guide.

5.7.2 Tape Tension Arm Replacement
Tension arms are replaced by removing roller guides and disassembling. Do not attempt to remove the pin
holding the arm to its shaft; replacement assemblies are supplied pinned. Reassemble the arm mechanism.

It will be necessary, if tension arms are replaced, to perform the complete tape path alignment procedure (Para-
graph 5.5.3.2).

5.7.3 Reel Motor or Belt Replacement
1. Unplug the motor and remove the motor and mounting plate.
2.  Remove the motor from mounting plate. Replace with a new motor.

3. Hook the drive belt on the motor pulley and replace the screws holding the motor mounting plate to
the deck assembly.

4.  Hold tension against the belt and tighten the mounting screws.

5. Check belt tension by squeezing between thumb and forefinger. The belt should deflect about 1/4 in.
(0.6 cm). If not, loosen the screws and move the motor,

6.  Plug in the motor.
5.7.4 Capstan Motor Replacement.
1.  Remove the capstan lockscrew.
2. Remove the capstan. The capstan fits a taper on the motar shaft so it may be readily removed once
loosened. It may require considerable force to break loose, however. Pullers are available for this use
but a screwdriver properly protected to prevent marring may be used to pry against the panel.

3. Remove the four capstan motor mounting screws. Unplug and remove the motor.

4. Install a new motor. Note if a red dot is present on the motor housing. If a dot is present, the motor
should be oriented to place the dot as near as possible to the outside end of the deck.

5. Adjust by procedure given under tape path alignment, Paragraph 5.5.3.2.
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5.7.5 Supply Hub Replacement
After long use, components in the quick-locking mechanism may become worn to the point that adjustment of
locking pressure cannot securely hold the tape reel. It is not necessary to replace the hub in its entirety: a hub
repair kit is included.

Repair kits consist of a replacement lock lever, thrust washer, and O ring. (See Replaceable Parts List, Part III,
Chapter 13.) To install:

Remove the lock adjusting nut.

Pull the lock lever out.

Remove the thrust washer.

Replace the thrust washer.

Install a new lock lever and replace the adjusting nut.

Install a new O ring.

Adjust the hub for proper holding force. Verify using several different reels. Refer to Figure 5-25 for

more detailed adjustment procedures.

DECK PANEL

0 RING

ATWLRLLRRRRAVBARNRRWN

= )

\

HUB /

HEIGHT SHIMS

BELLEVILLE
PRELOAD SPRINGS

ADJUSTING NUT

HUB
BEARING CARRIER

DRIVE PULLEY

HUB
NOTES: «— .305(REF)
1. Loosen hub adjustment nut. 11-3052
2. Open hub, install tape reel.
3. Close hub. Tighten hub adjusting nut until O ring presses firmly against reel.
4. Check for slippage under torque by holding hub or drive pulley. Reel should not slip on hub.
5. Open and close several times and recheck for slippage.
6. Try several reels, checking for slippage.

Figure 5-25 Reel Hub Adjustment
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Magnetic Head Replacement

Replacement heads are supplied as complete assemblies together with mounting plate and face shield. A write
deskewing chart is supplied with each head.

1.

2.

Unplug the head connectors.

Remove the head mounting screw and remove the head, passing connectors through the panel hole
provided.

Be sure the adjusting screw on the replacement head is almost completely unscrewed.

Mount a new head with the mounting screw fairly loose. Screw in adjusting screw until point protrud-
es enough to engage its conical locating hole. Tighten the mounting screw.

Plug in the head.
Deskew the read head as described in the deskew adjustment procedure (Paragraph 5.5.3.11).
Set the deskewing switches on the write amplifiers to correspond to the chart supplied.

Place the chart over the old chart to record switch settings.

5.7.7 Photosensor Replacement

1.

5.

Remove the photosensor assembly by unplugging and removing the mounting screws. Since it will not
pass through the hole provided, the connector must be removed by cutting the cable. Retain the
connector.

Replacement sensors are provided with connector pins crimped to wires but with no connector shell
installed.

Replace the assembly, passing the wires through the hole provided. Replace the screws.

Snap pins into the connector shell in the same color sequence as in the shell just removed; plug in the
assembly.

Adjust as described in adjustment procedure.

5.7.8 Magpot Replacement (Figure 5-11)

1.

2.

Unplug the magpot assembly from its cable.

Remove the rotor by loosening the set screw.

Remove the screws holding the magpot PC board and remove the assembly.
Install a replacement unit.

Adjust the magpot according to Paragraph 5.5.3.4.
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5.7.9 Tape Cleaner Replacement
1.  Remove the circular snap-in plug cover.
2. Remove the mounting screw and tape cleaner.
3. Mount a new cleaner assembly with the mounting screw finger-tight.
4.  Adjust the cleaner surface so that it just touches the tape and is parallel to the tape surface.

5.  Tighten the mounting screw and install the snap-in plug cover.
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CHAPTER 6
INTRODUCTION

6.1 GENERAL DESCRIPTION
The TM8-E DECmagtape Control interfaces the PDP-8/A, E and M with the TS03 Transport (Figure 6-1).

VAN

ON THE -]
omnisus | o
| SLAVE
| TRANSPORT
0
M I
| TM8-E l TS03s
PDP-8 B | DECMAGTAPE M8920 SLAVE
COMPUTER ¢ | conTRoLLER | ADAPTER TRANSPORT
' TSO3M MASTER
-J TRANSPORT
08-1684

Figure 6-1 TM8-M Block Diagram

To perform this function, the TM8-E:

1.

2.

Decodes programmed instructions.
Accepts and stores word count, current address, command, and function words.

Selects a program-designated transport (two maximum in the system) and starts the operation desig-
nated by the program.

Generates break requests to initiate a single cycle data break.
Generates interrupts and skips for flag checking.

Buffers the input/output data and controls the writing on the 8 LSBs of a 12-bit word on 9-track
transports.
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7. Performs housekeeping chores for single cycle data breaks, i.e., increments Word Count and Current
Address Registers.

8.  Provides Error and Job Done flags.
9.  Provtdes IOTs for TM8-E maintenance.

6.2 PHYSICAL DESCRIPTION
The following quad modules comprise the TM8-E:

M8321 Output Control Module

M8322 Control and Data Break Module
M8323 Transport Status and Control Module
M8327 Registers Module

These quad modules must be inserted into the Omnibus and connected together via H851 edge connectors. Two
7011571 cables are used to connect the TM8-E (input and output) to the TS03. The TMB8-E receives +5 V logic
power from the PDP-8 Omnibus. No power is supplied to or received from the TS03 by the TM8-E or PDP-8.

6-2



Part 11

CHAPTER 7
BLOCK DIAGRAM DESCRIPTION

7.1 INTRODUCTION

Figure 7-1, a block diagram of the TM 8-E DECmagtape Control, depicts the flow of signals among the modules,
Omnibus, and the TS03 DECmagtape and slave. The modules are inserted into the Omnibus and signals are
carried between the modules by H851 edge connectors. The TM8-E is connected to the TS03 DECmagtape by
two 7011571 cables. The TM8-E modules are described in the following paragraphs.

A (me-s )REGISTER MODULE TM8-E TRANSPORT
~ M8327 STATUS AND CONTROL
EMAOO-EMAO2] 1) paTa REGISTER ReAD pata | MODULE (M8323)
MAOO-MA11| (2) COMMAND REGISTER (1) MAIN STAUS REGISTER
3 Funcnon REGISTER | controLs | (2/SECOND STATUS
MDOO-MD11 | (41WORD COUNT > (3 ECISTER
EGISTE (3)CONTROL LOGIC READ
5) CURRENT ADDRESS (4) ERROR FLAG DATA CONTROLS
REGISTER
(6) BUFFERED COMMAND
TRANSPORT WRITE DATA
REGISTER TS@3M TS@3S
STATUS DECMAGTAPE SLAVE
of STATUS TO AC WRITE DATA| 1pansporr LREAD DATA | reanspoRT
V) TMB-E OUTPUT CONTROL
MODULE (M8321) TRANSPORT STATUS
N (1) INSTRUCTION
1 —|  DECODER CONTROL
B g;runcnon DECODER
u SKIP LOGIC
TM8-E CONTROL MODULE 4)READ COMPARE LOGIC
S o (ma322) (“Re ¢
(1) FUNCTION DECODER
(2)PRIORITY LOGIC
(3)Dg{r§ACBREAK CONTROL
(4) INTERRUPT LOGIC
(5)CONTROL LOGIC
(6)JOB DONE FLAG
(MTTF)
O DATA 00- DATA 11
08-1670

Figure 7-1 TMS8-E Block Diagram

7.2 M8321 OUTPUT CONTROL MODULE
The M8321 Output Control module comprises three IOT instruction decoders, a function decoder,

read/compare error detection logic, buffers, gating logic to multiplex data to be written on DECmagtape during
a write operation, and skip logic.

7.2.1 1IOT Instruction Decoder

The three decoders (device codes 70, 71, and 72) provide control signals in response to the IOT instructions. The
IOT decoders generate control signals that are distributed to the logic of the other TM8-E modules to control
data transfer between the TS03 and core memory. The control signals also control the loading and reading of
TMB8-E Registers and enable the error detection logic to monitor data transfer operations.
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7.2.2  Function Decoder
The function decoder receives three function bits from the Function Register and decodes them to select one of
the following DECmagtape functions (Paragraph 7.3.3).

Offline Write

Rewind Write End-of-File
Read Space Forward
Read/Compare Space Reverse

The function signals generated by the function decoder are sent to the TSO3 master to control the selected
DECmagtape transport.

7.2.3 Gating Logic

The WD bits are gated to the Write Data Buffers in response to control signals from the TM8-E control module
and transferred to the TS03. Data is written in 9-bit characters (8 data bits plus parity). Parity for each character
is generated in the TSO3 master.

7.2.4 Read/Compare Error Detection Logic

The read/compare error detection logic compares data read from the DECmagtape with data in memory during
the break cycle and generates a read/compare error if the data is different. This operation is accomplished by
Exclusively-Oring the memory data with the data read from the DECmagtape. Note the parity bit is not checked
by read/compare.

7.2.5 Skip Logic
The skip logic grounds the skip line and causes the program to skip the next instruction when the following
conditions exist:

Tape Unit Ready (TUR) and an SKTR instruction is executed by the program.
ERROR flag is set and an SKEF instruction is executed by the program.
Control not busy and an SKCB instruction is executed by the program.

JOB DONE (MTTF) is set and an SKJD instruction is executed by the program.

BN -

This logic is used by the programmer for flag and error checking operations.

7.3 MB8327 REGISTERS MODULE
The M8327 Registers module contains all of the TM8-E registers except the Main Status Register and Second
Status Register. Each of the registers on the M8327 module is described in the following paragraphs.

7.3.1 Multiplexer and Data Register
The Multiplexer and Data Register stores information to be multiplexed to or from the transport or Omnibus. It
accomplishes this task in the following manner:

It receives data to be written on tape from the MD lines during a write break cycle.

It receives data from the AC via IOT instructions.

The Omnibus receives data from the tape transport during a read operation via the Data Bus.
The Data Register receives data from the tape transport.

The master system receives data from Data Buffers during a write break cycle.

ok W =

7-2
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7.3.2 Command Register

The Command Register (Figure 7-2) is loaded with a 12-bit word from the AC by an LCMR instruction. The
Command Register is used to select a tape transport {0-7),* enable or disable interrupts, select parity mode (odd
or even), select memory field, and select DECmagtape recording densities. The contents of the Command Regis-
.ter are transferred to the AC for program evaluation by an RCMR instruction.

DENSITY

SELECTION

o] 1 2 3 4 5 6 7 8 10 1

9
UNIT SELECTION L L

1
LDEN5

DEN 8

TRANSPORT 0-7
PARITY. O= EVEN

1=00D SEL 16 (UNUSED)
INTERRUPT ENABLE ON EXTENDED MEMORY,
ERROR FLAG (IEEF) ADDRESS 2 (EMA 2)
INTERRUPT ENABLE L_EXTENDED MEMORY,
ON MAGTAPE FLAG— ADDRESS 1 (EMA 1)

(MTTF) (JOB DONE) (IEMF)

L__EXTENDED MEMORY,
ADDRESS O (EMA 0)

BE-0614

Figure 7-2 Contents of Command Register

7.3.2.1 Buffered Command Register (BCM) - The Buffered Command Register is loaded with SEL O through
SEL 2 when LBCM is asserted by the control logic. The output of BCM (B SEL 0 through B SEL 2) is compared
with SEL 0 through SEL 2 to determine when a new transport has been selected by the program. If the program
selects a new transport, CHG TRANS is asserted to inform the controller that a new transport has been selected.
LBCM is asserted when the following conditions exist:

1. The CHG TRANS flip-flop is set and the Rewind Status from the selected transport is asserted.
2.  CLR ALL is asserted.
3. At TP4 time, if any one of the following conditions exist:

a. CTUR L asserted.

b. C SDWN L asserted.

c. CSELR L negated.

7.3.3 Function Register

The Function Register (Figure 7-3) is loaded from the AC by an LFGR instruction. The three most significant
bits (F0-2) are decoded by function decoders in the M8321 Output Control module and the TM8-E M8322
Control module to select the following DECmagtape functions.

Offline Selected transport is taken OFFLINE and rewound to beginning of tape (BOT).
Rewind The selected transport rewinds to BOT at 75 in./sec and stops.

Read Data is transferred from tape to memory in the forward direction only.
Read/Compare Data read from the tape is compared to data in core memory; if there is a comparison

error, the Current Address (CA) Register stops incrementing and the CA Register
holds the memory address in error at the end of the operation.
*0-1 for TM8-M.
7-3
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o] 1 2 3 4 6 7 8 9 10 1

5
- —
FUNCTION ‘ L-—UNUSED

SELECTION
EMA INC ENABLE

000 OFF LINE

001 REWIND GO WHEN EQUAL

010 READ TO A ONE

011 READ/COMPARE ENABLE CHECK

100 WRITE CHARACTER

101 WRITE FILE MARK

110 SPACE FORWARD —— EXTEND GAP

1t

Write

Write End-of-File

Space Forward

Space Reverse

SPACE REVERSE

8E-0613

Figure 7-3 Contents of Function Register

Data is written on tape in the forward direction only.

The transport leaves a 3-inch (7.62 cm) gap and writes a File Mark that consists of one
character followed by three character spaces and an LRC character.

The transport moves forward, at 12.5 ips, the number of records specified by the Word
Count (WC) Register (Paragraph 7.3.5). If File Mark is encountered, the transport
stops at IRG; if EOT is encountered, the transport stops at the next IRG.

The transport spaces in reverse, at 12.5 ips, the number of blocks specified by the WC
Register. If at the beginning of tape (BOT) a File Mark is encountered, the tape stops.

The remaining bits of the Function Register enable the following operations if they are set by a 1 from the AC.

Extended Gap

Enable Check
Character

EMA INC Enable

Continuous Operation

If bit 3 is a 1, there is a 3-inch (7.62 cm) gap between records. This bit is used only
during write functions.

If bit 4 is a 1 and a 9-track transport is selected, the LRC and CRC are transferred to
memory at the end of a record during read operations. This operation is accomplished
by executing two more data breaks after the WC Register overflows. Record Length
Incorrect is disabled at this time.

When bit 5 is a 1, the controller asserts GO, sets CNTL BSY (Control Busy), generates
PRESET, and if no illegal functions exist, SET is asserted to start an operation. A GO
command is issued to the transport if it is ready (TUR is true, and SELECT REMOTE
is low).

If bit 6is a 1, the EM A bits in the Command Register and the CA Register are used as a
15-bit register to address the PDP-8 core memory as a block instead of in 4K segments.

The MTTF (JOB DONE) signifies the end of a specified operation. If an LFGR

instruction is desired immediately, prior to TUR, this instruction may be executed by
the program.

7-4
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7.3.4 Current Address Register

The CA Register is loaded from the AC by an LCAR instruction with a memory address that is one location less
than the desired starting memory location. The CA Register is incremented before each data transfer to sequen-
tially address a block of memory during a data transfer operation. The contents of the CA Register are placed on
the MA lines during a single cycle data break to address memory.

7.3.5 Word Count Register

The WC Register counts the number of words in a block of data transferred to or from memory by the TM8-E.
The 2s complement of the number of words to be transferred is loaded into the WC Register by an LWCR
instruction at the beginning of a data transfer. The WC Register is incremented before each data character is
transferred until the WC Register contains all Os, causing an OVERFLOW, When the WC Register overflows,
data transfer is stopped. This register is also used in spacing operations to count records to be spaced over.

7.4 M8323 TRANSPORT STATUS AND CONTROL MODULE

The TMB8-E transport status and control logic contains the majority of the Main Status Register, the second
Status Register, the error detection logic (ERROR flag), an illegal function detection logic, and receives read
data (RD0-RD7) from the TS03 master before it is applied to the Data Register.

7.4.1 Main Status Register
The Main Status Register (Figure 7-4) retains transport status information that is transferred to the AC by an
RMSR instruction for evaluation by the program.

o] 1 2 3 4 5 6 7 8 9 10 1

ERROR FLAG-—J L I_ILLEGAL

FUNCTION
TAPE REWINDING READ COMPARE

BEGINNING OF ERROR
TAPE (BOT) FILE PROTECT

SELECT REMOTE
END OF TAPE (EOT)
PARITY ERROR (VERTICAL, __ |

LRC, OR CRC ERROR) —— DATA REQUEST LATE
FILE MARK (EOF ) — L RECORD LENGTH
INCORRECT

BE-0612

Figure 74 Contents of Main Status Register

7.4.2 Second Status Register
The Second Status Register (Figure 7-5) retains additional transport status information that is transferred to the
AC by an RFSR instruction for evaluation by the program.

7-5
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l FUNCTION A SECOND STATUS ,l
REGISTER BITS ] REGISTER BITS

o] 1 2 3 4 5 6 7 8 9 10 "

FUNCTION] lv LLONGITUDINAL

ITY ERROR
000 OFF LINE PAR 0

001 REWIND CRC ERROR
010 READ
011 READ COMPARE lﬁ:;::?w‘rui:anoa
100 WRITE
101 WRITE FILE MARK EMA INCREMENT ERROR
110 SPACE FORWARD
111 SPACE REVERSE L NOT USED
TRANSPORT CHANNEL
EXTENDED GAP — (5cH=D)
ENABLE CHECK __| |
CHARACTER GO BIT (1)

8E-0611

Figure 7-5 Contents of Function and Second Status Register

7.4.3 Error Flag
The Error flag is set by any one of the following error conditions:

End of Tape (EOT)
Read/Compare (R/C) ERROR
Parity Error

Beginning of Tape (BOT)
EMA 7 INC ERR

Record Length Incorrect

Data Late

Illegal Function

File Mark

7.4.4 lllegal Function Detection
The Illegal Function flag sets, setting the Error flag, if any of the following are attempted:

1. A rewind is attempted when tape is at BOT.

2. A space reverse is attempted when tape is at BOT.

3. Anattempt is made to select other than 800 bpi density on 9-track transports.
4. An attempt is made to read after write on the same transport.

5. IOTs are executed to load the Data Buffer Register, Command Register, or Function Register while \
the control is busy.
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6.  Issue a write or write File Mark to a tape transport with the write ring removed.
7. Anattempt is made to start an operation when the following conditions exist:

a. CHG TRANSPORT L is true.
b. TUR H is true.
¢. PRESET is true.

7.4.5 PRESET and SET Pulse Generator

PRESET is a fixed delay which is generated to allow adequate time for interrogation of the control to check for
errors and illegal functions prior to asserting the SET pulse. If there are no illegal functions or errors, the SET
pulse is asserted, thus asserting the C SET H signal to the tape transport and starting tape motion.

7.4.6 Control Busy (CNTL BSY)
CNTL BSY is set when the GO bit is issued to indicate that an operation is pending.

7.5 M8322 CONTROL AND DATA BREAK MODULE
The M8322 Control and Data Break module comprises the data break control logic, a control function decoder,
and the interrupt logic.

7.5.1 Data Break Control Logic

The data break control logic allows the TM8-E to transfer large blocks of data between the TS03 Master and
memory. When the TM8-E asserts BRK RQST, a priority check is made by the controller. A priority network on
the M8322 module is compared with priorities of other peripherals requesting a data break and, if the TM8-E has
the highest priority, the break control allows the TM8-E to assert the break control lines. This action enables the
TMB-E to assume control of the CP Major Register gating and to address memory using the current address
logic and data break control logic. When BRK RQST is granted by the TMS-E, data is transferred from the
TMS-E Data Register to the Data Bus (read) or from the MD lines to the M8321 Output Control module (write
or read/compare). The TM8-E is capable of one Single Cycle Data Break approximately every 100 us until a
complete record is transferred to or from memory. The CRC and LRC characters are also transferred to memory
during a read operation if the ENABLE CHECK CHARACTER bit in the Function Register is set.

7.5.2 Function Decoder

The control function decoder decodes FRO-FR2 from the Function Register and generates the same function as
the output control function decoder on the M8321 Output Control module (Paragraph 7.2.2). The outputs of this
function decoder are applied to the control logic on the control module. The FRO-FR2 function bits are applied
to the control function decoder from the Function Register.

7.5.3 Interrupt Logic
The interrupt logic on the TM8-E control module generates an interrupt request (INT RQST) when the follow-
ing conditions exist (Table 7-1):

1. Bit 4 in the Command Register (IEEF) is set (1) and the Error flag is set.
2. Bit 5 in the Command Register (IEMF) is set (1) and the Job Done flag (MTTF) is set.

7-7
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Table 7-1
Command Register Contents and Function

Bit No. Function

Bits 0,1,and 2

SELO SEL 1 SEL 2
(Bit 0) (Bit 1) (Bit 2)
\
0 0 0 Transport 0
0 0 1 Transport 1
0 1 0 Transport 2
0 1 1 Transport 3 } TM8-M System has a maximum
1 0 0 Transport 4 of two transports.
1 0 1 Transport 5
1 1 0 Transport 6
1 1 1 Transport 7 J
Bit 3 0 = Even parity; 1 = Odd parity
Bit 4 If bit 4 is a 1, enable interrupt Error flag.
Bit 5 Enable interrupt on JOB DONE (MITF)if bit Sisa 1.
Bits 6,7,and 8 Extended memory address (EMA), these bits
determine which memory field the controller uses for
data transfer operations during a Data Break.
Function Register bit 6 (Table 8-1) determines if the
EMA address is to be incremented or used in the
Wrap-around mode.
Bit 6 Bit 7 Bit 8

(EMA 0) (EMA1)  (EMA?2)

0 0 0 Field 0
0 0 1 Field 1
0 1 0 Field 2
0 1 1 Field 3
1 0 0 Field 4
1 0 1 Field 5
1 1 0 Field 6
1 1 1 Field 7
Bit 9 Reserved for future use.

7-8
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Table 7-1 (Cont)
Command Register Contents and Function

Bit No. Function

Bits 10 and 11 Density bits, these bits select the density for tape
transport operation and are referred to as Den 8 (bit
10) and Den 5 (bit 11).

Bit 10 Bit 11
Den 8 Den 5
0 0 200 bpi, 7-track (Not used)
0 1 556 bpi, 7-channel (Not used)
1 0 800 bpi, 7-channel*
1 1 800 bpi, 9-channel

*This mode is also referred to as Core Dump Mode. When this command is issued to a 9-track transport, zeros are
written on tracks 0 and 1 of the DECmagtape and the 9-track transport operates as a 7-track transport.

7-9



8.1 INTRODUCTION
This chapter describes the instructions used to program the TM8-E and the register bits associated with each
instruction. The single cycle data break data transfer operation is also described. Programming notes and exam-

ples are provided.
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8.2 INSTRUCTIONS AND REGISTER BITS

The following instructions are used to program the TM8-E. Refer to the appropriate table for the register bits

associated with each instruction.

Load Word Count Register (LWCR)

Oétal Code:

Operation:

RE-1 BACO
RE-1 BAC1
RE-1 BAC2
RE-1 BAC3
RE-1 BAC4
RE-1 BACS
RE-1 BAC6
RE-1 BAC7
RE-1 BAC8
RE-1 BACS
RE-1 BACI10

RE-1 BAC!1

6701

Loads the WC Register with the contents of the AC (Figure 8-1) and clears the AC. The
WC Register should not be loaded when the control is busy. If the register is loaded
during CNTL BSY, data reliability and tape compatibility are not ensured. The WC
Register is loaded with the 2s complement of the number of words to be transferred or
number of blocks to be spaced. The WC Register is incremented at TP1 of a data break
cycle during data transfers, at LRCS during a space forward, or at the first word of a

record during a space reverse operation.

RE-2 WCO H

0C-2 BTP3 H —J

Figure 8-1

CHAPTER 8
PROGRAMMING INFORMATION

Pp—RE-2 DATAO L
P——RE-2 DATA 1 L
P—— RE-2 DATA 2 L
p—— RE-2 DATA 3 L
p——RE-2 DATA 4 L
p—— RE-2 DATA 5 L
p——RE-2 DATA 6 L
p—— RE-2 DATA 7 L
p—— RE-2 DATA 8 L
Pp—— RE-2 DATA S L
o——RE-2 DATA 10 L

p—— RE-2 DATA 11 L

WORD DATA
HOLDING COUNT BUS
REGISTER —Do_o GATING
(RE-2) [:
(RE-2) CLK (RE-2)
oc-2 oc-2
LWCR L RWCR L

BE-0703

LWCR and RWCR Instruction Data Flow
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Clear Word Count Register (CWCR)
Octal Code: 6702

Operation: Clears the WC Register. This instruction is used primarily in maintenance operations
and should never be used during CNTL BSY.

Load Current Address Register (LCAR)

Octal Code: 6703

Operation Loads the CA Register with the contents of the AC (Figure 8-2) and clears the AC. The
CA Register is loaded to one less than the memory address of the first word to be
transferred. If this instruction is executed during CNTL BSY, one of the following

oCCurs:

1. In the Wrap-around Modes (Function bit 6 = 0), the location of the data transfer
cannot be ensured within the selected memory field.

2. In the EMA INC ENABLE Mode (Function bit 6 = 1), the location of the data
transfer cannot be ensured within memory.

The CA Register is incremented at each BRK RQST.

—>—~Re-2 cao u

RE-1 BACO p——RE-2 DATA O L
14

RE-1 BAC1 b——RE-2 DATA 1 L
RE-1 BAC2 b—— RE-2 DATA 2 L
RE-1 BAC3 b—— RE-2 DATA 3 L
RE-1 BAC4 RE-2 DATA 4 L
RE-1 BACS b——RE-2 DATA 5 L

HOLDING CURR DATA

SAC | ADDR BUS
RE-1 BAC6 REGISTER GATING fo——RE-2 DATA 6 L
RE-1 BACT b—— RE-2 DATA 7 L
RE-1 BACB p——RE-2 DATA 8 L
RE-1 BAC9 — b—— RE-2 DATA 9 L
RE-1BAC10 b—— RE-2 DATA 10 L
RE-1 BAC1 b—— RE-2 DATA 11L
(RE-2)
(RE-2) CLK {RE-2)
0C-2 BTP3 J T T
H oc-2 oc-2
LCAR L RCAR L

8E-0704

Figure 8-2 LCAR and RCAR Instruction Data Flow
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Clear Current Address Register (CCAR)
Octal Code: 6704

Operation: Clears the CA Register. This instruction is used primarily for maintenance and should
never be used during CNTL BSY.

Load Command Register (LCMR)

Octal Code: 6705

Operation: Loads the Command Register w'th the contents of the AC and clears the AC (Figure 8-
3). This instruction must not be issued during CNTL BSY. The LCMR instruction

selects tape transport, Parity Mode, memory field, recording densities, and enables or
disables interrupts (Table 7-1 and Figure 7-2).

0C-2 LCMR 0C-2 RCMR
RE-1 BACO
DATA O L RE-1 SELO H RE-1 BSELO H RE-1 DATA © L
RE-1 BAC1
DATA 1 L— RE-1 SEL1 H gga RE-1 BSEL1H RE-1 DATA 1 L
RE-1 BAC2 REG
DATA 2 L—] RE-1SEL 2 H RE-1 BSEL2 H
) e 205 | coumans (RE-1) b RE-1 DATA 2 L
- MMAN
DATA 3 L—| RE-1 PEVN H
REGISTER b——RE-1 DATA 3 L
RE-1 BACS
DATA 4 L— RE-1IEEF H
‘ b——Re-1 DATA 4L
RE-1 BACS
DATA 5L—] RE-1 IEMF
| (Re-1 b RE-
1 e aace L") "oc2 LCMR DATA RE-1 DATA 5L
BUS
DATA 6L .
T H RE1 CEMAO H GATING b—RE-1 DATA 6 L
RE-1 BACT P/O
DATA 7 L— HBAC r__R%%rgTAENg RE-1 CEMA1 H b——RE-1 DATA 7 L
RE-1 BACS
ATA 8 L— RE-
DATA 8L (RE-1) (RE-2) |RE! CEMAZ H L Re-1 paTA 8 L
1 RE-1 BACS
DATA 9 L— RE-1 SEL16 H RE-1 DATA © L
RE-1 BACIO com';{guo
— RE-1 SEL 8 H
DATA 10 L | REGISTER b——RE-1 DATA10 L
RE-1 BACH
ATA 11 L— RE-1 DEN 5 H
° t | (RE-1) (RE-1) fp——RE-1 DATA 11 L
oc-2 oc]—z
AC ENABLE LCMR EMAO L

EMAT L JEE o

CB-2 MAC1 H

8E-0709

Figure 8-3 LCMR and RCMR Instruction Data Flow
Load Function Register (LFGR)
Octal Code: 6706
Operation: Loads the Function Register with the contents of the AC and clears the AC (Figure 8-
4). The Function Register is the last register loaded because it contains the GO bit. This

instruction determines the function the transport is to perform (Table 8-1 and Figure 7-
3).

8-3



Part 11

(6716)
0C-2 LFGR OC-2 RFSR L
RE-1 BACO RE-1FRO L a . RE-1DATA O L
RE-1 BAC1 RE-1FR 1 L ﬂ RE-1 DATA 1 L
RE-18aCY | L RE-IDATAT L
RE-1 BAC2 RE-{ FR2 L o RE-1 DATA 2 L
RE-1 BAC3 FUNCTION RE-1 FR3 L a RE-1 DATA 3 L
REGISTER DBAUTSA
RE-1 BAC4 | ENABLE CHECK CHAR L o GATING RE-1 DATA 4 L
RE-1 BACS RE-1 GO L d b RE-1 DATA 5 L
RE-1 BAC6 RE-1 EMA INC SC-1 7 CHAN+DEN 5 L RE-1 DATA 6 L
ENABLE L
(RE-1) NOT USED RE-1 DATA 7 L
N S o b—— — 1~
_ _(RE-2)
SC-1 EMA 7 INC SC-2 DATA 8 L
D_—_
SC-2 VP ERROR H SC-2 DATA 9 L
BUs
$C-2 CRC ERROR H GATING b SC-2 DATA10 L
SC-2 LRC ERROR H SC-2 DATA 11 L
= - b
(sc-2)
0C-2 RFSR L
(6716)
8E-0710
Figure 84 LFGR and RFSR Instruction Data Flow
Table 8-1
Function Register Contents and Functions
Bit No. Function
Bit0,1,and 2 Function Selection: These bits determine the

function the transport is to perform.
Bit0 Bit 1 Bit 2

0 0 0 Offline: The selected transport is taken offline and
rewound to BOT. The MTTF is set when the
transport responds to this function and the controller
can select and use another transport. The transport
must be manually reset to the on-line state. The WC
and CA Registers need not be loaded.

0 0 1 Rewind: The transport rewinds at high speed (75
infsec) to BOT and stops. The MTTF is set when the
transport responds to the Rewind function. The
controller can select and use another transport. The
WC and CA Registers.need not be loaded.

8-4
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Table 8-1 (Cont)

Function Register Contents and Functions

Bit No.

Function

Bit 0, 1, and 2 (Cont)

Bit0 Bit 1
0 1
0 1
1 0
1 0
1 1
1 1
Bit 3

Bit 2

Read: Data is transferred from the tape to memory
in the forward direction only. All registers must be
loaded.

Read/Compare: Tape data is compared to data in
core memory. All registers must be loaded. If there is
a comparison error, CA incrementation ceases, the
R/C ERROR bit is set, and tape motion continues to
the end of the record. The CA Register contains the
address of the word that produced the error.

Write: Data is written on the tape in the forward
direction only. All registers must be loaded. The write
function is controlled by WC OVERFLOW (which
disables the write); the transport writes the
appropriate check characters to end the block.

Write End-of-File (File Mark): The transport writes
the File Mark, which consists of a one word record.
The CA and WC Registers need not be loaded.

Space Forward: The tape moves forward at 12.5 ips
the number of records specified by the WC Register,
or until a File Mark is read. If EOT is read, space
forward stops at the first interrecord gap. The CA
Register need not be loaded for space forward to
occur.

Space Reverse: The tape moves in the reverse
direction at 12.5 ips the number of blocks
specified by the WC Register, or until a File Mark or
BOT marker is read. The CA Register need not be
read during a space reverse.

Extended Gap: When bit 3 is a 1, the transport
writes with an additional 3-inch (7.62 cm) gap
between records.

8-5
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Table 8-1 (Cont)
Function Register Contents and Functions

Bit No. Function

Bit 4 Enable Check Character: When this bit is set (1), it
allows the check characters to be read into the
computer during a read function. When the word
count overflows, this bit allows two breaks for the
CRC and LRC to be transferred to memory. If a
record length incorrect error occurs, the check
character is considered bad and is not used. This bit is
used primarily for error correction.

Bit 5 Go: This bit causes the controller to issue a set
command to the transport when the transport is
capable of accepting it. The set command is not
issued if the specified function is illegal.

Bit 6 EMA INC Enable: If this bit is not set (0), the
TMS8-E (like all other PDP-8 data break options)
treats the extended memory the same way, i.e., each
4K block is used in a Wrap-around Mode. If this bit is
set (1), the extended memory is treated as a
continuous memory rather than 4K blocks. When the
last location in one field is reached, the EMA bits are
incremented and the transfer continues in the next
field; i.e., if a word is placed in Field 2, location
7777, the following word is placed in Field 3,
location 0000 if the EMA increment bit is set. If bit 6
is not set, the word is placed in Field 2, location
0000.

In both modes of operation, the current address is set
to one less than the first location to be accessed. In
EMA increment mode, the 12-bit CA Register and the
three EMA bits are treated as one 15-bit register with
the EMA bits most significant. For example, to access
Field 2, location 20, load EMA =2 and CA=0017;
to access Field 2, location 0, load EMA=1 and
CA =7777. If Field 7 is selected, the EMA cannot
increment, but wraps around in Field 7 and an EMA

7 INCREMENT ERROR occurs.
Load Data Buffer Register (LDBR)
Octal Code: 6707
Operation: Loads the Data Buffer Register with the contents of the AC, clears the AC, and sets the

MTTF flag (Figure 8-5). This instruction is used for maintenance purposes.
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RE-1 DBC2 L
b
RE-1 BACO H RE-3 MPX O H RE-1 DBO H RE-1 DATAOL
RE-1BAC1 H RE-3 MPX 1 H RE-1DB 1H RE-1DATAIL
RE-1 BAC2 H RE-3 MPX 2H RE-1DB2H RE-1DATA2L
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Figure 8-5 LDBR and RDBR Instruction Data Flow

Read Word Count Register (RWCR)

Octal Code:

Operation:

Clear Transport (CLT)
Octal Code:

Operation:

6711
Clears the AC and transfers the contents of the WC Register into the AC (Figure 8-1).

This instruction is used primarily for maintenance, but it can also be used during error
check routines.

6712

Clears the transport master registers and all TM8-E registers and flags.

Read Current Address Register (RCAR)

Octal Code:

Operation:

6713

Clears the AC and transfers the contents of the CA Register to the AC (Figure 8-2).
This instruction is used primarily for maintenance, but it can be used for error check
routines,

Read Main Status Register (RMSR)

Octal Code:

Operation:

6714
Clears the AC and transfers the contents of the Main Status Register to the AC (Figure

8-6). The 12-bit Status Register contains the status of the transport and control logic
(Table 8-2 and Figure 7-4)..
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Table 8-2
Main Status Register Contents and Indications

Bit No.

Status Indication

10

Error: The Error flag interrupts the processor if bit 4 in the Command Register is set (1).
An ILLEGAL FUNCTION or SELECT ERROR sets the MTTF flag immediately and stops
data break operations. The following errors, if they occur during any operation, set the Error
flag after the MTTF flag is set.

BOT

EOT

READ/COMPARE ERROR

Parity Error (VPE, CRCE, or LRCE)
RECORD LENGTH INCORRECT
File Mark (EOF)

DATA LATE

EMA 7 INCREMENT ERROR

Rewind Status (RWS): A 1 indicates the selected transport is rewinding.

Beginning of Tape (BOT): A 1 indicates the BOT reflective strip is sensed by the selected
transport.

Select Remote: A 1 indicates the selected transport is not on-line.

Parity Error: A 1 indicates a longitudinal parity error, vertical parity error, or CRC error has
been detected.

File Mark (FMK): A 1 indicates the selected transport has detected a File Mark during a
write FMK, space, read, or read/compare operation.

Record Length Incorrect: A 1 indicates that during a read or read/compare operation, the
record length was different from the contents of the WC Register. The WC Register is read to
determine whether the record was long or short.

Data Request Late: A 1 indicates the computer failed to service the BRK RQST before the
next data transfer to or from the transport.

End of Tape (EOT): A 1 indicates the EQT reflective strip has been sensed by the selected
transport.

File Protect: A 1 indicates the selected transport has a write lockout ring removed, and no
write functions are accepted.

R/C ERROR: A 1 indicates a comparison failure occurred during the read/compare
function. The CA Register contains the address of the word that produced the error.
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Table 8-2 (Cont)
Main Status Register Contents and Indications

Bit No. Status Indication

11 A 1 indicates that one of the following Illegal Functions has been programmed.

Execution of LCMR, LFGR, or LDBR while the control is busy.

Specifying any density but 800 bpi for a 9-track transport.

A space reverse function when the transport is at BOT.

Read, read/compare, or space forward after a write or write end-of-file (WEOF)
command on same transport.

Changing to transports that are not ready (TUR is false).

Attempting to rewind when tape is at BOT.

P WN -

AN

SC-2 ERROR L DATA OL

____ﬂ |, DATA O
SC-2 REWINDING L DATA 1 L
SC-2BOT L DATA2 L
SC-1 SELRH DATA 3 L
SC-1 PARITY ERR L MS DATA 4 L

DATA

SC-2 FM L BUS DATA 5L
o ERRETE | T Poumee
SC-1DATA LATE L DATA7 L
SC-2 EOT L DATA 8L
SC-2 WRL L DATA 9L
0C-1 RC ERROR L DATAIOL
SC-EUlNlE:l:I'Egl?II: DATANL
(sC-2)
OC-ZzMSRL

8E-0708

Figure 8-6 RMSR Instruction Data Flow

Read Command Register (RCMR)

Octal Code: 6715

Operation: Clears the AC and transfers the contents of the Command Register to the AC. The
contents of the Command Register for this instruction are the same as that for the Load

Command Register instruction shown in Table 7-1 and Figure 7-2.
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Read Function Register and Second Status Register (RFSR)
Octal Code: 6716
Operation: Clears the AC and transfers the contents of the Function Register and Second Status

Register to the AC (Figure 8-4). The contents of the Second Status Register and Func-
tion Register are shown in Table 8-3.

Table 8-3
Second Status Register Contents and Functions
Bit No. Function
7 Not used.

8 EMA 7 INC ERROR: EMA 7 INC ERROR occurs if an attempt is made to increment the
EMA from Field 7 to Field 0. The data wraps around in Field 7.

9 Vertical Parity Error (VPE): A 1 indicates that a VPE error has been detected. This bit is set
only on the character that is bad and cleared by the next good character.

10 CRC Error (CRCE): A 1 indicates a CRC error has been detected.

11 Longitudinal Parity Error (LPCE): A 1 indicates that an LPCE has been detected.

Read Data Buffer Register (RDBR)

Octal Code: 6717

Operation: Clears the AC and transfers the contents of the Data Buffer Register to the AC (Figure
8-5). This instruction can be used in an error check routine to read the contents of the
LRC Register.

Skip If ERROR Flag Is Set (SKEF)

Octal Code: 6721

Operation: Skip the next instruction if the Error flag is set.

Skip Control Not Busy (SKCB)

Octal Code: 6722

Operation: Skip the next instruction if the control is not busy. Control is busy when the transport is
in a GO condition, control is not busy when MTTF is set at the End of Job (data
transfer completed).

Skip Job Done (SKJD)

Octal Code: 6723
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Operation: Skip the next instruction under following conditions.

1. When JOB DONE (MTTF) is set at LRCS time of a read, read/compare, write, or
write File Mark operation.

2. At theIRG following EOT, FMK, or WCOV during space operations.
3. MTTF is set by OFFLINE function, SELECT ERROR, or REWINDING status.
4. MTTEF is set by an LDBR (Load Data Buffer Register) instruction.

Skip if Tape Unit Ready (SKTR)

Octal Code: 6724

Operation: Skip the next instruction if TUR is true.

Clear All Registers and Flags (CLF)

Octal Code: 6725

Operation: Clear all TM8-E registers and flags if TUR is true. If TUR is false clear MTTF, Error
flag, and Status Registers.

Check for Data Late Error (CKDL)
Octal Code: 6726

Operation: Force a DATA LATE error condition during a data transfer. This instruction is used
only for maintenance (Paragraph 9.4.7).

Set Break Request (SBRM)
Octal Code: 6727
Operation: Set BRK RQST for one data break. This instruction is used for maintenance only.

8.3 SINGLE CYCLE DATA BREAK

The single cycle data break is used for data transfers between PDP-8 core memory and the TS03 DECmagtape
transports (Figure 8-7). The concept of data transfers and the interrelationship of the data break interface are
explained in Chapter 6 of the PDP-8/E & PDP-8/M Small Computer Handbook, 1972. Figure 8-8 is a timing
diagram of the single cycle data break interface; reference this diagram during the discussion of the TM8-E
functions and programming that follows. Data flow for the Core Dump Mode of operation is shown in Figure 8-
9. TM8-E functions are illustrated in Figure 8-10.

NOTE

The programs and timing diagrams presented here are not
necessarily the best or only way to program the TMS8-E.
They are shown to illustrate TM8-E functional operation
and the interaction of functional groups of logic. The tim-
ing diagram referred to in the description of TM8-E func-
tions is part of the TMS-E print set (Drawing D-TD-
TMS-E-1).
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Figure 8-7 Single Cycle Data Break

Data Transfer Data Flow

8-12



Part 11
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Figure 8-8 Single Cycle Data Break Timing Diagram

8.3.1 Signal Conventions
The following signal conventions are used in the TM8-E.

1.  Interface signals. All signals that are used to interface the TM8-E with the TS03 are preceded by C,
e.g.,C SET L. All signals applied to the TSO3 are asserted when they are low (0.0 V); all signals from
the TS03 are asserted when they are high (+3.0 V).

2. Allsignals on the TM8-E modules followed by L, e.g., SBRM L, are asserted (true) when they are 0
V. All signals followed by H, e.g., SEL 1 H, are asserted (true) when they are 3.0 V.

3. Allsignals on the TM8-E preceded by B, e.g., BTP3 L, are inverted signals or the outputs of holding
registers, e.g., B SEL 0 H.

4. All signals on the TMS8-E have a prefix to indicate their origin as shown in Appendix F.
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Figure 8-10 TMS8-E Flow Diagram (Sheet 1 of 9)
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Figure 8-10 TM8-E Flow Diagram (Sheet 2 of 9)

8.3.2 Write Data

Data can be written on a DECmagtape only in the forward direction (see D-TD-TM8-E-1, sheets 7 and 8 for
timing diagram). The CA Register must be loaded with the starting memory address minus one; the WC Register
must be loaded with the 2s complement of the number of words to be transferred. The density and parity bits in
the Command Register (Table 7-1) must be set to select tape density, parity mode, and tape unit. The write
function is controlled by the WC Register such that when WCOV occurs, the data transfer stops. CB-3 MTTF is
set when the LRC character passes under the read heads. Note that the WC, CA, and Command Registers must
be loaded prior to the Function Register because the Function Register contains the GO bit, which initiates tape
movement and sets SC-1 CNTL BSY (control busy). If any errors other than illegal functions or select errors
occur during a write operation, the Error flag is set after MTTF is set. Operation may be continued on the same
transport in the same direction immediately if the registers are reloaded following MTTF. A continuous oper-
ation may still be achieved when a change direction or change transport is encountered; however C TUR from
the selected transport must be asserted.
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Figure 8-10 TMB8-E Flow Diagram (Sheet 5 of 9)
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Figure 8-10 TMS8-E Flow Diagram (Sheet 7 of 9)
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Figure 8-10 TMS8-E Flow Diagram (Sheet 8 of 9)
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4.3.3 Read Data

Records are read from a DECmagtape transport and transferred to memory only in the forward direction (D-
TD-TMB-E-1, sheets 1 and 6 for timing diagrams). The WC, CA, and Command Registers must be loaded
because they are for a write operation. Density tape unit, and parity must be selected; density and parity must be
the same as they were when the data was written on tape. During a read operation, the number of words loaded
into the WC Register (in 2s complement) is transferred to memory. If the WC Register is set to less than the
actual record length, only the number of words in the WC are transferred. If the WC Register is greater than or
equal to the actual record length, the entire record is transferred to memory. In either case, a record length
incorrect error (SC-1 REC LNG INCORRECT) is generated for evaluation by the program. The WC and CA
Registers contain the number of words read from tape and the address where the last word was stored. The
contents of the WC Register can be checked by the program to determine the cause of error (record too long or
too short).

Parity checks are made by the TSO3 as data is read from tape. If any parity errors are detected, the SC-2 ERROR
flag is set at the same time as CB-3 MTTF. The Second Status Register must be read and evaluated by the
program to determine what caused the error. CB-3 MTTF (Job Done flag) is set when the LRCS character is
read from tape. Note that a BRK RQST is made for each character read from tape except in the Core Dump
Mode where two characters are read before a BRK RQST is made. Continuous operation may be obtained under
the same conditions as a write operation. Read after write operations set the Illegal Function flag. To read the
CRC and LRC characters, bit 4 in the Function Register must be 1.

8.3.4 Read/Compare

The read/compare operation (see D-TD-TM8-E-1 sheet 2 for timing diagram) compares data read from tape
with data from memory that is addressed by the CA Register. The WC and CA Registers must be loaded and
density and parity modes must be set. If an OC-1 R/C ERROR occurs, the incrementation of the CA Register
stops and the CA Register contains the address of the data that produced the error. An OC-1 R/C ERROR also
sets bit 10 in the Main Status Register (Figure 7-4). Tape motion continues to the end of record and MTTF is set.
If interrupt is enabled (Figure 7-2), the program is interrupted by an OC-1 R/C ERROR and the Main Status
Register is read to determine if the error was a OC-1 R/C ERROR. The CA Register must be read by the
program to determine the memory location where data was stored that caused the error. Note a read /compare
operation cannot follow a write operation; the tape must be backspaced before starting a read/compare
operation.

8.3.5 Extended Gap

Extended Gap is used with write operation (bit 3 in the Command Register must be set) to cause the transport to
leave a 3-inch (7.62 cm) blank space (gap) at the beginning of a record (Drawing No. TD-TM8-E-1, sheets 1
through 9). This feature is used to leave spaces to separate records or groups of records and to space over bad
spots on tape. Note that the only difference between this operation and a normal write operation is the time
required to obtain the first write strobe pulse from the TS03 (Table F-7 for definition).

8.3.6 Write End-of-File

The write end-of-file operation (D-TD-TM8-E-1, sheet 4) writes a single character (23;) on tape to designate the
end of a record or group of records. The EOF character is followed by an LRC character that is identical to the
EOF character. The WC and CA Registers do not have to be loaded for this operation.

8.3.7 Space Forward

The space forward operation (see D-TD-TMS8-E-1, sheet 5 for timing diagram) causes the tape to space forward a
number of records specified by the WC Register. The WC Register must be loaded with the 2s complement of the
number of records to be spaced over. The WC Register is incremented by the C LRCS pulse at the end of each
record. CB-3 MTTF sets when the WC Register overflows and the last record has been passed over. Note that an
attempt to Space Forward when the tape is at EOT is an error that sets the SC-2 ERROR flip-flop after CB-3
MTTEF is set. Space forward is terminated if a File Mark is encountered. SC-2 ILLEGAL FUNCTION is set if
space forward is initiated after a write or write File Mark function.
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8.3.8 Space Reverse

The space reverse operation (see D-TD-TM8-E-1, sheet 3 for timing diagram) causes the tape to space reverse a
number of records specified by the WC Register. The WC Register must be loaded with the 2s complement of the
number of records to be spaced over. CB-3 MTTF sets when the WC Register overflows and the last record has
been passed over. Note that an attempt to do a space reverse operation when tape is at BOT is an illegal function
that sets the SC-2 ILLEGAL FUNCTION flip-flop and ends the operation. A space reverse operation is termi-
nated if a File Mark, BOT, or WCOV is encountered.

8.3.9 Rewind

The rewind operation causes the tape to rewind at high speed to BOT. The WC and CA Registers need not be
loaded for this operation. CB-3 MTTF is set when the selected transport asserts Rewind Status. After one
transport is given the command to rewind, another transport can be selected for other operations. If the selected
unit is rewinding, C TUR is false (not ready) and no operations can Ye performed on that transport.

8.3.10 Continuous Operation

As previously stated, an operation ends when the CB-3 MTTF (Job Done) flag is set. To continue an operation
after CB-3 MTTF sets, the program must execute the LFGR instruction before SDWN (tape settling down time)
to restart the transport and continue the operation. Note that the WC and CA Registers may have to be loaded
to select new word count and memory address parameters. The operation continues until the WC Registers
overflow and the operation is terminated.

8.4 PROGRAMMING NOTES AND EXAMPLES

This section is not designed to teach programming but to give some programming notes and examples to be used
when programming the TM8-E. For programming information, refer to Introduction to Programming, 1970 and
PDP-8/F and PDP-8/M Small Computer Handbook, 1972.

8.4.1 Programming Notes

The only programming restrictions to be considered are those that generate SC-2 ILLEGAL FUNCTIONS
(Table 8-2), which includes attempting to perform read operations after write operations. To read after writing a
record, the program must perform at least one tape move operation, i.e., space reverse or rewind.

8.4.2 Programming Examples
The following routine is an example of the method to be used to program the TM 8-E. Note that in this particular
example program interrupts are not used.

The general method of calling this TM8-E routine is as follows:

1.  Set locations COMMAND (Figure 7-2), CUR ADR, WRD CNT, and FUNCTN (Figure 7-3) as
indicated at the end of the TM8-E routine.

2. Execute JMS TMS-E.
The routine returns to the next location if and only if the CB-3 Error flag is set with the final contents of the
Function/Status Register in the MQ and the final contents of the Main Status Register in the AC. Refer to Table

8-2 for conditions to set the CB-3 Error flag. The routine returns to the second location following JMS TM 8 if
the Error flag is cleared (the AC is all Os and the MQ is unchanged).
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TMS8E, 0 Enter here,
CLA Ensure AC = 0000
CLF Clear TM8-E flags.
TAD COMMAND Get drive, parity, field, and density.
LCMR Load Command Regigter.
CLACMA Get starting address minus one.
TAD CURADR
LCAR Load CA Register.
TAD WRDCNT Get 2's complement of the number of words to be transferred
or records to be spaced.
LWCR Load WC Register.
TAD FUNCTION Get Function, Gap, GO bit, and EMA Increment.
LFGR Load Function Register and GO.
SKEF Wait for ERROR flag or MTTF flag.
SKP
JMP TM8ENO ERROR flag set.
SKTD
JMP -4
SKEF MTTF set? ERROR flag set?
JMP TM8EOK No. No errors reported for this operation.
TMBENO, RFSR ERROR flag set. Read Function/Status.
MQL Register and load into MQ.
RMSR Read Main Status Register and leave in AC.
SKP Bypass return address update if in error.
TM8EOK, 1ISZ TM8E No error reported then update return address.
CLF Clear TM8-E flags.
JMP 1 TM8E Exit.
COMMAND, 0 This location must contain all information to be loaded into the TM8-E Command
Register.
FUNCTION, 0 This location must contain all information to be loaded into the TM8-E Function
Register.
CURADR, 0 This location must contain the first memory address minus one to be used in
Write, Read, or Read/Compare operations.
WRDCNT, 0 This location must contain the 2's complement of absolute value of the number

of words to be transferred in Write, Read or Read/Compare operations, or the
absolute number of records to be spaced in Space Forward or Space Reverse
operations.

The following is an example of a TM8-E routine using the Program Interrupt System.

TM8-E 0 Enter here.
CLA Clear AC (AC = 0000).
CLF Clear TM8-E flags.
TAD COMMAND Get drive, parity, field, and density (Table 8-1).
I0F Turn PDP-8/E Interrupt System off.
LCMR Load Command Register (Table 7-1).
CLACMA Get starting address minus one.
TAD CURADR.
LCAR Load CA Register.
TAD WRDCNT Get 2's complement of number of words to be transferred or
records to be spaced.
LWCR Load WC Register.
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TMS8-E (Cont)

Poll another
Device
TMS8-E No,

TMBEOK,

TAD FUNCTN
LFGR

ION

INT SET,

TM8-EOK

RFSR

MaL

RMSR

1SZ TMS-E
CLF

JMP 1 2

INT SER

Part 11

Get Function, Gap, GO bit, and EMA Increment (Table 8-2).
Load Function Register and GO (Table 8-2).

Turn on program interrupt system,

ERROR flag set.

Service another device if Interrupt Request is made.

If ERROR flag is set then Read Function/Status Register and
load into MQ.

Read Main Status Register and leave in AC.
No error reported then update return address.

Clear TM8-E flags.

Continue servicing other devices.
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CHAPTER 9
DETAILED LOGIC DESCRIPTIONS

9.1 INTRODUCTION

The logic in the TM8-E is broken into functional groups for discussion purposes. Figures 9-1 through 9-28
should be used to understand the interaction of the logic, signal flow between groups of logic, and the input or
output signals. The purpose of each group of logic is discussed in Chapter 7.

NOTE
The signals on the TM8-E print set are preceded by two
letters and a number to indicate the origin of the signal,
i.e., a signal with SC1 in front of it originates on sheet 1 of
the status and control module prints. Signals without pre-
fixes are Omnibus signals.

9.2 M8321 OUTPUT CONTROL MODULE

9.2.1 Input/Output Instruction Decoder

The I/O instruction decoders (Figure 9-1) decode instructions from the Memory Data Bus and generate signals
to control the operation of the TM8-E. Bits MD 3 through MDI1 are gated by I/O PAUSE when an 1/0
instruction is executed by the processor. Bits MD 3 to MD 6 generate a signal, 67XX, which partially enables the
gates to the I/O decoders. MD 7 and MD 8 generate a signal (670X, 671X, or 672X) to apply bits MD 9, MD 10,
and MD 11 to the I/O decoder. Each I/O decoder is an 8251 IC; the 8251 IC is a binary-to-decimal decoder,
which decodes MD 9 through MD 11 and produces a low on one output line. The low out of the 8251 IC
indicates which instruction is to be executed. As an example, a 670X instruction with MD 9 low and MD 10 and
11 high (100) produces a low on pin 4 of the 670X decoder to indicate that a LFGR instruction (6706) was
executed by the program. INT I/O L is grounded to prevent execution of IOT instructions by the processor while
TMS-E instructions are underway.

9.2.2 C Line Select Logic

The C line select logic (Figure 9-1) controls the direction of data flow between the Data Bus and AC and
determines if the AC is to be cleared or not. Table 9-1 shows the status of C0O and C1 to transfer data between the
AC and Data Bus using the TM8-E 10T instructions.

9.2.3 TP3 Logic

TP3 is used to enable the selection of the 670X 1/0 decoder and is used throughout the TM8-E to enable the
execution of instructions (Figure 9-1) and to enable data transfers using the single cycle data break interface.
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Table 9-1
C Line Select Levels for TM8-E Transfer Operations
Instruction Cco Cl Transfer of Operation
LWCR Low High AC — Data Bus 0> AC
LCAR Low High AC - Data Bus 0 > AC
LCMR Low High AC - Data Bus 0 > AC
LFGR Low High AC - Data Bus 0 > AC
LDBR Low High AC - Data Bus 0~ AC
RWCR Low Low Data Bus > AC
RCAR Low Low Data Bus > AC
RMSR Low Low Data Bus > AC
RCMR Low Low Data Bus > AC
RFSR Low Low Data Bus > AC
RDBR Low Low Data Bus > AC

9.24 CLR ALL Logic
CLR ALL L (Figure 9-1) is asserted to clear TM8-E logic under the following conditions:

1. At TP3 time, if a CLT (6711) instruction is executed by the program.
2. When a CLF (6725) instruction is executed by the program (if C TUR is true).
3. When PWR OK H from the processor is lost due to a power failure.

4.  When the processor asserts INIT H. This occurs during power up or when the CLEAR key is pressed
on the PDP-8 console.

9.2.5 AC ENABLE Logic

OC-2 AC ENABLE (Figure 9-1) is asserted when a 670X instruction is executed by the program to enable gates
to apply the Data Bus information to the TM8-E registers that are loaded from the AC (Figure 9-7) and Control
CO0 and C1 levels (Paragraph 9.2.2).

9.2.6 Skip Logic
The skip logic (Figure 9-2) asserts OC-2 SKIP BUS L and causes the processor to skip an instruction when the
following conditions exist.

1. The 6721 (SKEF) instruction is executed and the SC-2 Error flag is set.

2. The 6722 (SKCB) instruction is executed and SC-1 CNTL BSY flag is set.
3. The 6723 (SKJD) instruction is executed and CB-3 MTTF flag is set.

4. The 6724 (SKTR) instruction is executed and C TUR L is true.

9.2.7 Output Control Function Decoder

The output control function decoder (Figure 9-3) is an 8251 IC, which decodes the three most significant bits of
the Function Register and determines what function the TS03 transport performs (Table 8-1). The 8251 IC is a
BCD-to-decimal decoder which decodes FRO, FR1, and FR2 and produces a low on one output line. The low
out of the 8251 IC indicates the function to be performed. As an example, if FRO is low, and FR1 and FR2 are
high, pin 9 is low indicating a write operation is to be performed. The outputs of the function decoder, applied to
the tape transport, are defined in Table F-7 and Figure 7-3.
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9.2.8 Read/Compare Logic

The read/compare logic consists of 12 Exclusive-OR gates and the OC-1 R/C Error flag (flip-flop). The 12 bits of
data from the Memory Data Bus (data read from memory) are Exclusively-ORed with 12 bits of data from the
Data Register (data read from tape). During the data break, at TP3 time, if the data from memory is different
from data read from DECmagtape the SC-1 R/C ERROR flag is set and CA incrementation stops. Tape motion
continues until an LRC strobe is obtained at end of record. RE-1 DEN 5 H and RE-1 DEN 8 H are used to
enable a gate on the outputs of the Exclusive-OR gates for the four most significant bits to prevent them from
causing a read /compare error. RE-1 R/C ENABLE is always high when a read/compare function is selected by
the program. Refer to D-TD-TM 8-E-1, sheet 2, for the timing during a read/compare operation.

9.2.9 Write Data Select Logic

The write data select logic selects 6 or 8 bits of data from mem Jry to be written on DECmagtape (Figure 9-4).
The gates labeled C on Figure 9-4 are enabled by CB-1 WR 9 H to apply 8 bits of data from the Data Buffer
Register to the selected transport (see D-TD-TMS8-E-1, sheet 8, for timing).

The control signals for the gates originate in the control logic shown in Figure 9-26. The outputs to the transport
are limited to 0.0 V and +3 V levels by the diode and resistor networks tied to the output lines.

9.3 MS8327 REGISTERS MODULE

The TMB8-E Registers are used to address memory, count the words in a data transfer, select DECmagtape
operations, and generate command signals for the TMS8-E control logic and the tape transports. Each of the
registers used in the TM8-E are discussed in the following paragraphs; the Status Register is discussed with the
Transport Status and control logic in Paragraph 9.4.1.

9.3.1 Data Buffer Register and Multiplexer

The Data Buffer Register and Multiplexer (Figure 9-5) provides temporary storage for data manipulation (trans-
fers and read/compares). Inputs to the Data Multiplexer come from memory (M D 0 through MD 11), from the
AC (DATA 0-DATA 11), or from the tape (CRD 0 through CRD 7). The Data Multiplexer is a 74153 IC (refer
to Appendix H for logic diagram, truth table and pin locations), which selects one of the four data inputs to be
applied to the Data Buffer Register. CB-2 DB MPX A and CB-2 DB MPX B controls the selection of data that is
supplied to the Data Buffer Register. Table 9-2 shows the levels required to load the Data Buffer Register for
each operation. CB-1 DBC 1 and CB-1 DBC 2 are used to clock the output of the multiplexer into the Data
Buffer Register. The Data Buffer Register is two 74174 ICs (refer to Appendix H for truth table, logic diagram,
and pin locations) each containing six flip-flops that are set or cleared by the input from the multiplexer. The
contents of the Data Buffer Register are applied to the read/compare logic, to output control logic, and to an
8235 IC as shown in Figure 9-6. During a read operation or when a RDBR instruction is executed, the data is
transferred to the Data Bus. During a read operation, data is transferred to a memory location selected by the
Current Address Register during single cycle data break. If the RDBR (6717) instruction is executed, the data is
transferred to the AC via Data Bus. Refer to the flow diagram (Figure 8-10 and Figure 8-5) for an illustration of
this operation. The timing diagrams for these operations are shown in Drawing No. D-TD-TM8-E-1, sheets 1
through 9.

Table 9-2
Data Multiplexer Selection Levels
Operation CB-2 DB MPXA H CB-2 DB MPXB H
(pin 14) (pin 2)
Load Data Buffer low low
Write high low
Read 7 Channels low high
Read 9 Channels high high
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9.3.2 AC Input Gating

The AC input gating (Figure 9-7) is used as a buffer between the Data Bus (inputs from the AC) and the TM8-E
Registers. OC-2 AC ENABLE L is asserted (low) any time a 670X instruction is executed by the program to
transfer data from the AC to the TM8-E Registers. The outputs of the NAND gates enabled by OC-2 AC
ENABLE are applied to the Command, Data, and Function Registers, and to two 74174 ICs, which provide a
Holding Buffer for inputs from the AC. The 74174 ICs (refer to Appendix H for truth table, logic diagram, and
pin locations) are 6-bit buffer registers for inputs to the WC and CA Registers and bits 6 through 8 of the
Command Register. SC-1 B TP3 is used to clock the outputs of the NAND gates into the AC Holding Buffer
Register. The outputs of the AC Holding Buffer Register are applied to the WC and CA Registers (Figure 9-8).

9.3.3 Current Address (CA) Register

The Current Address Register (Figure 9-8) is a ripple counter that sequentially addresses locations in memory by
incrementing before each data transfer. The CA Register is loaded with a 12-bit address that is one less than the
desired starting address. The CA Register is incremented by the leading edge of SC-1 COUNT CA L (Figure 9-8)
each time a BRK RQST is made by the TM8-E. CB-2 MAC ACC is asserted after a BRK RQST is granted to the
TMB-E and removes the SC-1 COUNT CA L signal from the CA Register. The CA Register is not incremented
when SC-1 COUNT CA L goes high because the counter increments only a high-to-low transition of the signal.
The CA Register is loaded by the LCAR instruction before each DECmagtape operation and must not be loaded
during CNTL BSY.
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The output of the CA Register is applied to the MA lines when CB-2 MAC 1 H enables the NAND gates (Figure
9-8) to select a location in memory which contains data to be read or a location to store data from the DECmag-
tape. The contents of the CA Register are also applied to an 8235 IC for transfer to the AC when an RCAR
instruction is executed by the program. The CA Register is read by the program during error check routines and
maintenance operations to determine what address in memory generated an error. The CA Register is cleared by

>

Figure 9-7 AC Input Gating and Holding Buffer Register

a CCAR instruction.

9.3.4 Word Count (WC) Register

The Word Count Register is a ripple counter that (Figure 9-8) counts the data words transferred to or from the
DECmagtape during transfers and counts the records during space operations. The WC Register is loaded from
the AC with the 2s complement of the number of words to be transferred or number of records to be spaced when

a LWCR instruction is executed by the program.

TO WORD COUNT AND
CURRENT ADDRESS REGISTERS
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Part 11

The output of the WC Register is applied to an 8235 IC and is transferred to the AC when an RWCR instruction
is executed by the program. When bit 0 makes the transition from the high to low state RE-2 WC 0 is applied to
the CB-1 WCOV flip-flop (Figure 9-1). CB-1 WCOV indicates to the control logic that the data transfer is
complete (the specified number of words have been transferred). Word count is incremented during the break
cycle when SC-1 COUNT WC makes a high to low transition by asserting one of the following:

1. CB-2 MAC ACC L during a Read or Write operation.
2. C LRCS L during a CB-1 SPACE operation if a File Mark is not detected.

9.3.5 Function Register

The Function Register (Figure 9-9) is loaded with 6 bits of data from the AC by an LFGR instruction. The 6 bits
determine the function (Table 8-1) the transport is to perform and provide control signals to initiate DECmag-
tape operations. The Function Register consists of two 74175 ICs (refer to Appendix H for truth table, logic
diagram, and pin locations) which contain the flip-flops that are set or cleared by bits from the AC. The three
most significant bits of the Function Register (FRO through FR2) are applied to the output control function
decoder (Figure 9-3) and the control function decoder (Figure 9-19). FR3 through FR6 are applied to the control
logic to accomplish the functions shown in Table 8-1. The CB-3 MTTF input to the 74175 IC clears the three
least significant bits FR4 through FR6 when the CB-3 MTTF (Job Done) flag is set at LRCS time (Figure 9-22).

P/0 M8327(RE-1)

£21
0C-2 LFGR 1_—c{>
RE-t FRO H
p—+—— RE-f FRO L
RE-1 BAC OH R RE-1 FR1{ H
RE-1 BAC1H ——— E14 pP—1——RE-1FRi L
RE-1 BAC 2 H ™75 RE-1 FR2 H
RE-1{ BAC 3 H p—1——— RE-1 FR2 L
RE-1 FR3 H
(RE-1) P—T—RE-1 FR3 L
RE-1 BAC 49— RE-1 ENABLE CHECK CHAR L
RE-1 BAC§ —— L RE-1 GO H
RE-1BAC6 ——— . P—RE-160L
E27 P— RE-1 EMA INC ENABLE
74175
(RE-1)

CB-3 MTTF L‘——-—j

8E-0550

Figure 99 Function Register
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The outputs of the Function Register are also applied to an output multiplexer (Figure 9-8) for transfer to the AC
when an RFSR instruction is executed by the program. The 8235 IC transfers the function and status to the Data
Bus for display in the AC or evaluation by the program when RE-1 RFSR L is asserted. RE-1 RFSR L is
asserted when an RFSR instruction is executed by the program.

NOTE
The Function Register must be the last register loaded
because it contains the GO bit, which initiates CNTL
BSY, PRESET, and SET to start the tape transport.

9.3.6 Command Register
The Command Register (Figure 9-10) consists of nine flip-flops and a 3-bit ripple counter that are loaded from
the AC when an LCMR instruction is executed by the program (Table 7-1).

e e ————————
/ | -
RE-1 B SEL O H IP ° hig\?-—*vw—z — +5V |
—— RE-{ B SEL ' W | \ |
— RE-1 B SEL 2 H
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Figure 9-10 Command Register and Multiplexer
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Part I1

The four flip-flops that receive RE-1 BAC 0 through RE-1 BAC 3 (Table 7-1) as inputs are on a 74175 (refer to
Appendix H for truth table, logic diagram, and pin locations). Three of the flip-flops on this IC generate SEL 0
through SEL 2 for indicating selection of one of the transports and provide an input to the Buffered Command
Register for transport selection (Paragraph 9.3.7). AC 03 is used to select odd or even parity mode for the TS03
Transport. If this flip-flop is in a 0 state, even parity is selected and C PEVN L to the TS03.is asserted.

RE-1 BAC4, RE-1 BAC §, and RE-1 BAC 9 through RE-1 BAC 11 are applied to a 74174 IC (refer to Appendix
H for truth table, logic diagram, and pin locations), containing six flip-flops that are loaded by the mputs from
the AC (Table 7-1).

The remainder of the bits from the AC (AC 6 through AC 8) are applied to a 74197 IC (refer to Appendix H for
truth table, logic diagram, and pin locations) containing three flip-flops to select a memory field during data
transfer. The 74197 IC is a 3-bit ripple counter that is incremented by SC-1 EMA INC L if bit 6 in the Function
Register is set (1). The output of the 74197 IC (RE-1 EMA 0 - RE-1 EMA 2) is applied to the Omnibus when CB-*
2MAC 1 H enables the three AND gates (Figure 9-10) during a single cycle data break. Refer to Paragraph 9.4.2
for a discussion of the SC-1 EMA INC L signal generation.

The contents of the Command Register are transferred to the Data Bus when the program executes an RCMR
instruction to assert the control input of the 8235 ICs (Figure 9-10). The Command Register is cleared by CB-3
CLR ALL L (Paragraph 9.2.4).

9.3.7 Buffered Command Register (BCM)

The Buffered Command Register (Figure 9-10) receives RE-1 SEL 0 through RE-1 SEL 2 as mputs from the
command register. RE-1 B SEL 1 through RE-1 B SEL 2 out of the BCM are applied to the TS03 to select a
transport and provides an input to a comparison circuit to determine when a new transport has been selected
(Figure 9-23). CB-2 CHG TRANS L is asserted if RE-1 SEL 0 through RE-1 SEL 2 from the command register
and RE-1 B SEL 0 through RE-1 B SEL 2 from the Buffered Command Register are different; thus CB-2 CHG
TRANS L is asserted if a new transport is selected by the program, The output of the BCM holds the select lines
to the previously selected transport in the same state until C SDWN L (settled down) is obtained from the
transport. Then the BCM is loaded by RE-2 LBCM L to select a new transport. Thus the BCM allows the
program to load the command and select a new transport without deselecting the previously selected transport
before it stops.

9.4 M8323 TRANSPORT STATUS AND CONTROL MODULE

The M8323 Transport Status and Control module consists of the Main.Status Register (Table 8-2), Second
Status Register (Table 8-3), logic for generation of timing and control signals, and a Data Multiplexer to transfer
the contents of the Status Registers to the Data Bus.

9.4.1 Main Status Register
The logic elements that make up the Main Status Register perform as follows.

9.4.1.1 SC-2 Error Flag Logic - The SC-2 Error flag (Figure 9-11) is set immediately if the program attempts an
illegal function or if SC-2 SEL ERROR is asserted by the selected transport. The SC-2 Error flag is set after CB-3
MTTEF is set if any of the following errors are detected.

EOT

BOT

DATA LATE

PARITY ERROR (LRCE, CRCE, or VPE in Second Status Register)
REC LNG INCORRECT

EMA 7 INC ERROR (Second Status Register)

R/C ERROR

File Mark (FM)

NN R W
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