APPENDIX A

CHAPTER &

CHAPTER 4

CHAPTER 3

CHAPTER 2

CHAPTER 1




TU60 DECassette
tape transport
maintenance manual

EK TU60 MM 003

digital equipment corporation - maynard, massachusetts



|

Ist Fdition December 1972

2nd Panting (Rev ) Apnil 1971
ird Pnnting (Rev) O tober 1971
4t P Ina 1973

Copyvright C 19721973, 1974 by Dhyatal Fguipment Corpatation

The mascrmt tn ths senual s for mnformational
purposct snd 5 subpnt to change without motie
Dpital Lquipment ( arparanon assumes po respon-
nhilty for any errors whih may appear in thn
mansal

Pranted in Uy &

The follomng are tradermrks of Dipaal Equipment
Corporation, Maynard, Massachusetts

DEC PDP
FLIP CHIP FOCAL
DIGITAL COMPUTLR LAB

1




CONTENTS

Page
CHAPTER | GENERAL INFORMATION
11 INTRODUCTION i h
12 CASSETTE RESTRICTIONS .o
IR SPLCIFICATIONS I-2
i 4 MAJOR ASSEMBLIES . ()
141 Controls and Indiaton 1-5
142 Drive Mechanism . 15
143 Lop. 1
144 H751 Power Supply I X
CHAPTER 2 INSTALLATION
2] UNPACKING AND INSPECTION . 2
22 ELECTRICAL INSTAL LATION AND CHECKOUT b |
23 OPERATION 23
211 Cassette Loading and \ nloading 21
232 Normal Operating Priscedure 24
CHAPTER 3 I/O INTERFACE SIGNALS
n INPUT INTFRFACF SIGNALS
311 Select Enable L
312 Dnve B L
313 Stant L
314 Rewand L
315§ Back Block Gap L
316 Back File Gap L
317 R/W File Gap L
318 Wnie Mode L
319 Transfer L
3110 R/W CRC L
311 lnitalize L
32 OUTPUT INTERFACE SIGNALS
I Off Lune L
32 Ready L
323 tnd Fie L
324 EOT/80T L (knd Tape)
32s Rewand L
Jle Wnte Protect L
327 Wnie Status L
328 Transfer Reqg L
329 Time Ertor L
3.210 CRCEmroe L
3.2 PWROK L
j2n R/W Bits | 8 (Bi-directional}




CONTENTS (Cont)

CHAPTER 4 THEORY OF OPERATION

41 GENERAL

42 TAPE FORMAT AND MOTION CONTROL OFERATIONS
421 Manual Rewind

422 Programmed Rewind

423 Ba.k Bloch Gap

424 Back kile Gap

425 Forward File Gap

43 READ/WRITE OPFRATIONS

411 Wnte File Gap

4132 Wnte Data Block

4133 Read Duta Bl h File

44 PROGRAMMING RESTRICTIONS AND C OMMAND 10PO1 OGY
4.5 DLTAILED LOGIC DE SCRIPTIONS

451 Drive Sele.ion

45?2 Rewind

4521 Manual Rewand

4522 Programmed Rewind

453 Back Block Gap

454 Back File Gap

455 Tum Around Clear Leader Handling

4506 Forward File Gap

457 Wnte Fue Gap

458 Wnte Data Block

4581 Command Iniiation

4582 Tape Start and Pre Gap

4583 Wnie Preamble and Dats Byte Transter
4584 Wnte Data

4585 Wnte CRC Character

4586 Pust Gap and Tape Siop

459 Read Data Block

4591 Command Inmtiation

4592 Tape Start and Pre Gap

4593 Preamble Detecion and Read Clock Syanhr suzation
4594 End Preamble (Frame Bit Detectiun)
4595 Data Detection

4596 Read CRC Character

4597 Tape Stop

4598 Tape Blank Stop

4510 CRC Character

45101 CRC Denvation

45102 CRC Vahidsuon .

4511 Egor and Logic Power Indications
45111 CRC ko

45112 Tume brror

45.11.3 Power OK

w




CONTENTS (Conty
46 ANALOG CIRCUIT ANALYSIS
4061 Control Motor Servo Svstem
461.1 Ramp and Relerence Generaton
46012 Tachometer Curcun
4611 Lrror and Power Amphiticrs
4062 Tension Motot Controd Circunt
463 Phase Lock Loop
464 Peak Detectin
47 POWLR SUPPLY
471 +15 and - 15 Vdi Supply Operation
472 +5 Vdi Supply Operation
473 Power Clear Cucunt
CHAPTER § MAINTENANCE
51 RECOMMENDE D TOOLS AND TEST EQUIPMENT
52 PREVENTIVE MAINTENANCE
5§21 Quartedy PM (250 houn)
s2.2 Semi Annual PM (500 houn)
5§23 Annual PM (1000 hours)
$24 Biennual PM ( 2000 hours)
53 ADJUSTMENT PROCEDU'RLS
53.1 Supply Voltages
$3.2 Cuane Tachometer Adjustment
£33 Servo Loop
$33.1 Coarse Speed
§332 Control Motor Solenad
$333 Balance
$334 Fune Tachometer Adjustment
$335 Fine Speed
$34 Head Skew
535 12 Vde Regulator (Deceleration Ramp)
536 Wnte Fie Gap One Shot
537 Gap Time On Shot
LR | Threshold
$39 Signal One-Shot
5310 Tape Blank One Shot
sS4 TEST PROGRAMS AND DIAGNOSTIC ROUTINES
541 PDP-B Tape Mouon Routines
sS4 PDP-8 Duagnostic Routine
543 PDP-11 Tape Mouon Routines
S44 PDP 1 | Dragnustics Routines
5S CORRECTIVE MAINTENANCE
§S§1 Troubleshooting
552 Power. DC
5§53 Dnve Status (Figure A-6)
554 Drive Servo Balance . e
§§85S Drive Speed (R/W and Search) (Figure A-S)
LY. Servo Ramp (Figure A-5) .
$57 Tensson Motor Circunts (Figure A-S)




CONTENTS (Comt)

Pogr
$548 Wite Chnk (Figure A Ty £27
559 Signal One Shot (Figure A 7) 27
5510 Prehimuinan Data Handhling (hieure A 7) §.2x
$s11 Phasc Loch-Loup and Reading Duta (Figure A 7) $2n
APPENDIX A REFERENCE DRAWINGS

ILLUSTRATIONS
Figure No Title Page
(N Capauity and [ata Rate v» Bhnk Length . 14
1.2 Lination of Mapr Assemblies and Syntems l6
113 Cassette Tape Dnve 17
14 Cassette Loaded . i9
21 Transport Unpacking .22
22 Cassette Loading Sequence 24
41 Tyvpual Tape Format 41
42 Rewind Flow Charnt 4.3
43 Back Bloch /File Gap Fluw Chart 44
44 Wnte Deta Blook . 446
45 lllegal Command Sequence -0
40 Command Topology 49
4.7 Typscal Phase Encoded Wavetorm 415
448 Wnte Tuming 4.17
49 Simplified Blank H and Read Cloch Tinang 420
410 Read Timmg 4.2
411 Simphified Control Motor Servo Svatem 40
412 Tachometer Circunt 428
413 Rewwnd Control Circunt 427
s Coarse Tachometer Adjustments SN
52 Control Motor Solenad Adjustment s10
53 Solenosd Mounting S rews Sl
54 Fine Tachometer Adjistinents s12
5-5 Fine Speed Adjustment sS4
56 {Skew) Adjustment S1s
57 Head Skew Adjustment 518
5-8 12 Vdc Regulator Adjustment S1le
59 Wnite File Gap Waveform . S17
510 Gap Tume Waveform S18
1 Threshold Wavetorm S
5-12 Signal Time Wavetorm £20
LR Tape Blank Wavetorm s
Al Functional Block Dragram Al
A2 Interface Logn A-5
Al Formatter Logu . . A7
A4 CRC Lop. A9
AS Motor and Servo Loge A-11
Ab Rewind Log. . Al
A-7 Read 'Wnite Lopc A-1§
A8 H751 Power Supph . A-17
)
—— - a—— R




Table No

11
51
52
5.1
54

TABLES
Tatle

Performance Speifications
Revommended Tooks and Test Fquipment
Prevenuve Maintenanie Schedule

Voltage Chelh

Servo Loop Adjustments  Summan

i

P T I
& 9 mrarg




F oty vy e §
!;»ar oo &

REE PR i "

*
P
e
k)
¥
A

5

.y

o e pep
'
& n

B
T
w4 vt

e

i

& * o w EaA
- ES P V’* ¥ -
s Gy by
:"43 A
™y oy
iy ?;4 < s
s




PHOTOGRAPHS REPRODUCE MARGINALLY
THEREFORE THEY MAY NOT BE READABLE
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CHAPTER 1
GENERAL INFORMATION

11 INTRODUCTION

The TU6O DECassette Tape Transport is a solid state, magnetic tape, data storage device This device 13 compused ol
two individual tape drives and two clectronic modules that contain all the logi and circuit components necessary fur
data formatting, error checking. and cassette housekeeping The associated processor contains an interface module
which 15 capable of converling the processor codes into commands for transmussion to the TL 60, interpreting
status flags received from the TU60, and stonng input/output data kach interface module can control one TU60 (2
drives) An internal H751 Power Supply furnishes +5 Vdc logic power and +15 & 15 Vdc aperating power for the
drive motors and operstional amplifiers

During a write operation, 8-bit data bytes are paraliel transferred from the micrface to the TUSO phase encoded,
and scrully recorded on the tape Except for the tape length. there 15 no maximum hmit to the number of bytes that
may be grouped into a data block, hewever, 1t 18 not posuble to replace an individual block on a recorded tape

During a read operation, the self clocking data bits are sanially read fiom the tape. then paraliel transferred to the
interface at a peak transfer rate of 562 bytes per second

Tape motion within the digital cassette s dwectly controlled by two dc motors. without the use of capstans or pinch
rullers Because of ttus direct reel-to-reel drive system, tape speed across the read/write head vanies as the take up reel
fills with tape The tape speed for a read/write operation 15 approximately 6 inches per second at the beginming of
the tape. however, the speed increases to approximately )2 inches per secund at the end of the tape Thus, the data
blocks are wnitten with varying bit densities, but at a coastant frequency aslong the tape The motion control logic
withun the transport ensures that tape motion stops onlv at a block or file gap

12 CASSETTE RESTRICTIONS

It 1s extremely wumportant that only DEC, 100 percent certified. Dygital Tape Cameties be used on the TU6D 1ape
dnves The “heavy base™ tape within the Digital Equipment Corporation Cassettes was specifically chosen to be
compauble with the high dnve tensions of the TU60 In sddition, the head pressure pad matenial of the cassette has
been carefully selected to atlow proper tape stacking For optimal operational charactenstics, the dynamics ot each
tape dnve require the use of only Digstal Equipment Corporation Cassettes

DO NOT ATTEMPT TO USE AN AUDIO CASSLTTE ON THE TUGD TAPE DRIVES. Siace the tape waithin an
audio cassette is not designed to tolerate the high drive ®ensions of the TUG0, use of thus type cassette will result in
extremely rapid deteroration of the tape and subsequent fadure of the dnve due to excessive tape oxide deposits on
the read/wnite head and tape guides




Because the DEC cassetie s relatively more expensive than an audio cassette, it should not be used in place of an
audio cassette The lower “hagh frequency rollofl ot the dwgital tape mahes the DI C cassetic a poor substitute for
audio operations In addition, the coefficient of frction of the DEC tape does not allow tape motion by capstan and
pinch rollers as 1s usually the case with most audws recarders

In shont, the TU6GO DECassette Tape Transport and the DEC, 100 percent certified. Dwgital Casvette are devgned to
be used together Use of any cassette other than the DEC cassetic mav vond the transport warranty

13 SPECIFICATIONS

Table 1-1 hists the performance specifications ot he TU6D DECassette Tape Transport To obtain the specitied data
rehability, use only DEC, 100 percem certified Dygtal Tape Cassettes DHC casseties are especully constructed to
be cumpatible with the TUGD tape drive dynamus Use of amv other cassette will increase the data errowr rate and
decrease the tape and transport longewity

Table 1-1
Performance Specifications
Chamctorsaic Parameter
Model Dengnatioas
TUG60 AA 115 Vag, rack mounted
TL o0 AB 230 Vae, rack mounted

Electncal Requements
input Voltage 9510 130 Vac« 47 63 Hz
190 to 260 Vac @ 47 63 Hu

input Current 1 0A
Power Dissipation 120W (409 8 Biw'hs or 103 4 Kcal/hr) max
Circuit Breaker Ratings TA @ 115 Vac {resettabie)
4A @ 230 Va (resetiable)
Power Supply See Parsgraph 4 7 for speaifications
Interface Signals
Logic Levels® True = OV
False = +3V
Losds (TTL compsubic) inputs 1801 10 45 Vdd, 39002 to gnd
Outputs Open collector, 30 mA max unk current
Environment
Operating Temperature 50 10 105°F (10 10 40°C)

*Except PWR Ob L, Logi True = (0 9V

Logi | alx  open
Max Sink Current * 2 mA

]
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Table 11 (Cont)
Performance Specifications

Charsctensin Parmmeter
Environment (Cont)
Casscite Storage Temperature W 1221 (5 10 %0°C)
Operating Relative Humidity 20 10 0% (no condensation)
Alnitude 012 10,000 t1 (O 10 3044m)
Storage Medium
Type DEC, 1007 certtred. Drpial Tape Caveetics
Tape Width 0150w (0 ) cm)
Tape Thickness 1 nul. @ 30 mu oxade
Tape Lile Guaranteed at least 1000 end-10-end torward passes
Typrally 2000 6000 end tu¢nd forward passes
Capacity #93K byies, average rate  see Fagure 1-1
Recording Densaity 350 10 700 bits 1in (K9 to 1778 hits cm)
Recurding Method Phase Encuding
Format Vanabie block length (hardware lormatied )
Drive Method Drect (reel to-reel)
Average Operational Speeds
Read/Wnite 96 /sec (3 TR cm, sec)
Search 22 m.'%¢ (8 66 cm. e )
Rewwnd 100 10 150 10 /vec (39 37 10 59 08 cm/sec)
Daw Transfer Rate $62 bytes/sec. average rate  see Figure | |

Tape Motion Times
Start/Stop < 20 ma read’'wnite, < 45 ms search (linear ramp conteolied)

Rewind 30 sec (nrax) < 20 sec tvpual




Table 1-1 {(C ont)

Performance Specifications

Charactenstc

Parameter

Bit Ecror Rate
Wnte frrons

Read Erran

10" i

1 n 10" (uniccoversbk )
1 r10? (Jecoverable 1 rercads)

¥

Dimeasions and Weght
Width 1Y in (0 4% m)
Depth IN-T 410 46 m)
Hesght S5-lam @ lian
Weaght Lbapo kpy
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1 4 MAJOR ASSEMBLIES

The TU6O Camette Tape Transport s composed of the folluwang major assemblics and sy tems
¢  ocvatuls and mdwaturs
) two tape dnives

° two Mx-4ized (1S TX R 614 or 3TER cm X J1.88 cm) o modules

v ity o -

° 4 power sapphy (H?51)

Figure 1-2 illustrates the locations and the subsequent paragraphs descnbe the tunctions of each of the major
asscmblbies and systens

141 Controks and lndicators

There are only thuee manual controls on the TUOD, Fach dnive contams a separate REWIND pushbution and a
Powcr-On indicator. The Power ON/OFF toggle switch for the entire transport s kcated o the chasss rear panel.
These manual controls and indicators perform the followng functions

®  REWIND Presung this momentany contact pushbutton on one of the two davis, rewands the tape on
that dnve, at hugh speed. to the Beginning-of Tape (BOT) marker provided

a.  acassctte is lpaded
b tape s not moving under program control
Presung this switch dunng a program controlled operation has no eflect.

L Power ON/OFF Placing this swmitch in the ON position lights both Power-On indsaton (located
opposite the REWIND pushbuttons on the lower door ot each dnive) and activates the internal do power
supply. Converscly. plaang this switch 1n the OFF puasition de-acivates the power supply and turm off
both Power-On indicators.

14.2 Dnve Mechanm
Each tape dnve (Figure 1-3) conusts of

L a tension motor and a servo operated contiol aotor
* a control motor solenmd

®  vanous interlock micruswatches

L] a clear leader photodetector

®  two tape guides and a read/wnie head.




(A) Logic Modules Down
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(B) LOGIC MODULES UP

FIGURE 1-2 LOCATION OF MAJUOR ASSEMBLIES AND SYSTEMS
1-6




(A) Drrve Front View . e

A\ ) MIIVE e Yiew

Figure 1-3 Caseette Tape Drive
, .
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if the appropnatc digital cassette s properiy loaded. one of the cassettc luaded microswitch actuaton (o ated on
the dnve lock bar) extends into a recess on the casseite, while the other switch oses against the cassette wase
(higure 1-4) Thes switch configuration remwwves the unloaded interdak condition and permits tape motion upon
command. Surularly. if the wnite protect rewess on the assette case 1s opened (protect tab on cassctic tolded back),
the wnte protect microswitch actuator extends into this recess and inhibits write operations When ommanded.
tape mouon from the supply reel. over the tape guides and read/wnte head. and onto the take-up reel 15 directly
controlled by the tension and control motors.

For a rewind operation (tape travel from lower to upper reel). the control motor solenoid 13 deenerpzed This
action allows the spnng loaded control motor to move away from the lower rubber sprovket wheel and thus perot
the lower tape reel to tum frecly Simultancously, the upper tension motor 1s turned on at constant speed to rewind
the tape at rewind speed (100150 1ps) to the bemnming of-tape clear leader Detection of the clear leader 1s
accomplished by a photosensor (located in the dnve baseplate) and a lamp whuch shines at an angle onto the
photosensor. As tape passes between the lamp and the photosensor (Figure 1-4), hight from the lamp is prevented, by
the tape oxide, from reaching the photosensor When the clear leader passes between these two elements hght from
the lamp then shines through the ulear keader and onto the photosensor, thus acuvating the sens to stop lape
motion.

For a read. wnte. or search operation. the contsol motor solenod remains encrgized. holding the contral motor
against the rubber sprocket wheel. Dunng these operations, a servo system governs the veloaity of thus motor. to
control the tape motion. for forward mouon the control motor rotates counterclokwise while a shght reverse
torque is applied te the tension motor 10 maintan the proper tape tension. For revene motion the control motor
rotates clockwise while a greater torque 1s applied to the tension motor to take up the tape and thus maintan the
proper tape tension.

143 Logic

The M7760 and M7761 hex<uzed logic modules (Figure | 2) wathin the TUS0 are hinged mounted to the tup of the
transport chasss and swing upward for casy component access dunng maintenance. These hen modules are
interconnected by a single jumper cable and they contais all the logi and circuit components necessany to perform
data formatting. error checking (CRC generation and validation). bit to byte convernon. ape motion control, and
cassetle housekeepang Since most of the controller functions are performed by the lugk vn these madules. the
associated processor contans only an interface module which i capable of translating the provess ¥ « wes Into
commands. interpreting status flags. and stonng 1nput/output data kach tape dnve has a flat .able wiach pluy into
the upper hex module.

1.4.4 H75] Power Supply

The H751 Power Supply. located 1n the rear of the TU6O chassis. turmishes +15 and -~ 15 Vd 10 3 preaison 12V
regulator un the M7761 module. The +12 and - 12 Vde regulator output 1s then supplied to the sprocket motors and
operational amplifiers. In additon, the H751 Power Supply furnushes 3 +5 Vdc precmion regulated output for the
logx: operauon. By changing the line cord breaker asembly, ths power supply can operate wath erther 115 or 230
Vac (50/60 Hz) input hne voltage Both internal supplses are fuse protected against overcurrent and the ¢S Ve
supply has 2 crowbar overvaltage protecuion curcust. (Refer to Paragraph 4.5 for a detailed descnption of the power
supply operation.)

18
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CHAPTER 2
INSTALLATION

21 UNPACKING AND INSPECTION

The TU60 DECassetie Tape Transport can be shupped ;v 2 rach as an integral part of a system or n a separaie
contawer. I{ the wrangport 15 shipped 1n 3 rach, postion the 1ack in the final wistallation location and unpa.h it as

follows

-
-

3

Open the rear ' 1 of the rack and re wwve the shipping brachet Retain the bracket for pussible return
shipment.

Slde the transport out from the rack and remave the top cover

Inspect the transport and report any damuge to the carner and to Dagital Equipment Corporaton

If the transport 1s shipped 1n a separate contamer, use care while unpacking it Do not drop or subject the transport
to unteasonable impect. Unpack the transport as follows

-
-

3

4

Open the carton (Figure 2-1) and remove the foam and corrugated paclung preces
Laft the transport out of the carton and remowe the plastic shipping bag
Remove the transport top cover and retain atl packing ma‘enals for posuble return shipment

Inspect the transport and report any damage 10 the cammer and to Irgital Equipment Corporation

2.2 ELECTRICAL INSTALLATION AND CHECKOUT

*o

Check the power supply hine cord breaker assembiy 10 ensure that the transport s configured propesly
for the input power to be used Line cord breaker assembly BCOSH is for 115 Vac operation and BCOS)
18 for 230 Vac operation

Route the interface cables through the opening beneath the fan in the rear of the transport and connect
them 10 J | and 12 of the M7760 module in the TUS0.

Route the opposite end of the interface cables through the cable strain reliefs and connect them to the

interface (Refer to the appropnate interface Power Winng and Cable Diagram for the cotrect cable type
and processor connection )

21
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Plug the power cord into the smatched & line receptrace

Place the Power ON,OFF swatch (lowated on the chasss scar panel) in the ON position and ensute that
the Power-On indicators hight on both dnves

Load a test cassette (Paragraph 2 ¥ 1) on each dnve and momentanly press both RE WIND pushbuttons,
Fnsure that the tape completely rewinds to the BOT ~lear leader (about 20 seconds)

Momentaniyv press both REWIND pushbutions again and check that the drives rewind tape for about
onc sccond.

Run the appropnate diagnustie tests 10 ensure the proper eled tncal and incchannal aperation

23 OPERATION

IMPORTANT READ THIS PARAGRAPH PRIOR TO DRIVE OPERATION

To obtan maxamum performance and reliabiity trom the TU6O Cassette Tape Tianspott, observe the tullowing
precautions and practices

9

Before using a new cassette, of pnor to using a cassctte that has just been shipped or acadently dropped.
a.  Load the camette on a dnve (Paragraph 2.3 1) and perform a rewind uperation
b Remove the cassette. turn it over. and pertorm an-.Gier 1cwind opertion

Thus 1s done to pack the tape neatly in the cassette and alsu to place the full tape reel at the proper
operating tension

Do not expose the cassette to excssive heat or dust Since most tape soft erron dre caused by dust or
dirt. 1t 1 imperative that the tape be kept clean

When not 1n use. store the cassettes in the plastic storage boxes or uther sealed containers

Always rewind the tape to the BOT leader before removing the cassette irom the dnve

231 Camette Loadmg and Unlosding

A (assette may be loaded on the dnive with the dnve lochmg bar cither opened or dused, however, 1t 15 sightly casier
10 load 2 cassette with the bar opened. 1t 1s therefore recommended that the casseite be loaded as fallows wath the
locking bar upened {Figure 2-2A)

1.

Configure the cassette wnte protect tab (Figure 2 2B) for the desired operation

The write preteet tsb u located on the cassette top aght, when
viewed with the label sxde To mhuhit 3 wnite operation.
fold this tab be¢k to open thejcamette recess To allow 2 write
operaton. return the wnte ect tad to close the recess hole




ts
.

Haold the cassetic with the thumb and index finger. and wsert the cassette towards the left 4t
appronimately 4 45 angle. into the drive as indnated in Figure 2 2C. Lnsure that the cassetic label faces
outward and that the exposed cascetie tape edge 15 o the left of the dnve sprockets.

3. Apply a leftward pressure. wiule ssmultancously rotating the cassetie inward onto the dnve sprochets
(Fgure 2.2D) This action allows the cassette tape edge to shide under the lowet doos (lower door apens
shightly ) and bottom against the tape guides and read/wnte head

4 When the cassette s properhv loaded the loching bar autamatically cdoses aver the cassetie bak edpe
and the lower door closes flush wath the dnive frame (Higure 2-21)

5.  To reinove the cassctte, gently push the locking bar 10 the nght untd 1t detents and withdiaw the
cassette from the dnve

2.3.2 Normmal Operating Procedure

1 Configurc the cassetic wnite protect tab for the desired operation and load the cassette (Paragraph
230

14

Ensure that the Power-On toggie switch (located on the chassns rear panel) 1s in the ON position

3. Press the manual REWIND pushbutton.

- Y

A —4 N -
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Figure 2 2 Cassctte Loading Sequence
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THEREFORE. THEY MAY NOT BE READABLE




WRITE PROTECT
EXPOSED TAPE EDGE TAR

r \ /

|

dec o
’\ i

. ';-.. "

LI LT

LOWER DOOR
(SLIGHTLY OPENED)

/

Figure 2-2 Cassette Loading Sequence (Cont)
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Figure 2-2 Cassette Loading Sequence (Cont)
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CHAPTER 3
170 INTERFACE SIGNALS

The TU60 DECassetic Tape Transport interfacc 1s unique in that the transport does not utilize 4 separate controlier
Al the logic and circuit components necessary for data formatting, error cheching. and cassette houscheeping are
contaned on two lopc modules within the transport chassis. while the associated processor contans an interface
module that converts the processor cudes into commands and transmuts them to the TUGO 1n addation. the interfae
module 1s capable of nterpreting status flags recerved from the TU 60, as well as temporary storage of input/output
dats.

There are several interface signals that must be present at the TU60 duning an entire operation These signals are
SELECT ENABLE L, DRIVE B L, BACK BLOCK GAP L, BACK FILF GAP L_and R W FILF GAP The REWIND
L. R/W CRC L, TRANSFER L, and WRITE MODLE L signals, however, are transmitted and then stused in the TU6D
All interface signals are at ground (low) for a logical 1 and + IV (hgh) for a logical 0 The following paragraphs
descnbe the functional operation of each mterface signal

31 INPUT INTERFACE SIGNALS

31.1 Select Emsble L
This signal, at a logical 1, enables the TU60 input/output transmatters and recervers

31.2 DriveBL
This signal selects one of the dual tape drives A logrcal | selects drive B or a logical O selects drive A

313 StantL

This sgnal, at a logical 1. 15 used n comumtion with g specific commanad to mtiate command execution I 3
command 18 to be performed, the drive must be 1n the ready state (READY L present) and the command present
and stable one microsecond prior to START L If this 1s the case, when START L 1 recerved, the TU 60 electromcs
removes the READY L smgnal and mitiates command execution When READY L s remowed, the interface then
removes START L and while the command s being executed, any additional START L ugnals are ignored by the
drive

314 Rewind L
This motion command sgnal, at a logical |, u clocked by the START L sgnal to tnigger the Rewind one-shot and
thus cause a hugh speed (100- 150 1ps) tape rewind on the selected drive, to the beginning of the 1ape

315 Back Bleck Gap L

This motion command signal, at a lognal 1, 1s clocked by the START L sgnal to cause reverse tape motion at
read/wnite speed across a data block to the preceding pre gap

316 Back File Gap L

This motion command ngnal, st a logical 1,13 cdlocked by the START L signal to cause reverse tape motion at search
speed across a data file, stopping at two-thirds of the precading file gap

31
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317 R/W File Gop L

Ths ugnal, at a logical 1, 1s usod 10 conjunction with the WRITE MODLE L sgnal to imtiate either torward tape
motwon or a write filc gap operation. If WRITE MODF L 15 a logical | when this signal is clocked by the START L
wgnal, 535 ms of tape 15 crased 1 4 seconds of tape 1s ernsed of at BOT 11 WRITE MODF | 1 a logeal O when thi
signal 1s clocked, tape on the selected drive moves forward, stopping two thirds mto the next (le gap

318 Wnite Mode L

This signal selects either the read or write logic For a wate or write file gap operation, this signal. at a logial | e
clocked by the START L signal to set the Write Mlip-flop

For s read operaton, this signal, at a logical 0, allows the START L sgnal to reset the Wnte flip-flop Once the
specific operation s wnituated, the Write flip-flop remains either set or reset until the next operatin s started

319 Trandfer L

Dunng a wnite operation. this signal, at a logial 1. 1s transmitted to the TU6D in response v a TRANSHER REQ L
signal If this 1s the case, TRANSFER L sets the Trans Req flip flop and the 8-bit by te 15 loaded into the TUGD Data
BufTer.

Dunng a read operation, this signal, at a logical 1, 1s tranemutted to the TU60 in response to a TRANSFER RFQ L
signal 1 this 1s the case, TRANSFER L sets the Trans Req fhp-flop to indicate that the §-bit byte has been loaded
mto the Interface BufTer.

3HI0 RAIWCRCL

Durning a write operation, this signal, at a logical 1, causes the accumulated CRC character 1o be recurded on the
tape R/W CRC L s trangmitted to the TUG60 while the final data byte 1s being recorded When this ovcurs, the next
TRANSFER REQ L signal 1s mhibited and the CRC character 1s recorded after the final data bit 1s wnitten

Dunng s read operation, this signal, at a logical 1, tests the CRC Reguter for an error At the start of 3 read
operation, the CRC Err flip-flop 1s set and remams set while the data block s being tead After the first 8 CRC it
have been read, the interface transmits R/W CRC L When the final TRANSFER REQ L ugnal is generated, the CRC
Repster 1s checked for zero If the register 1 not 7ero (data read incorrectly), the CRC Err flip-flop remauns set and.
when READY L 13 generated, s CRC ERROR L ugnal s also generated It the data has been read correctly, the CRC
Err flip-flop resets and a CRC ERROR L signal s not genesated

3111 Initishae L

This signal, at a logical 1, removes all flags (except EOT), generates READY L and, except for a rewind operation,
stops tape motion regardless of the tape postion

32 OUTPUT INTERFACE SIGNALS

3.2.1 Off Lame L

This signal at s logical | mdicates that the appropnate wape cassette 1s not properly loaded on the selected drive or
that the clear leasder sensing lamp has faled

322 Ready L

This signal, at a logical 1, indicates that the appropnate mpe caswtte has been properly loaded and tape moton s
80t occuming on the selected dnve In general, READY L 15 generated when all command functions have been
completed and the drive i1s ready for the next operation or when 3 clear lcader 8 encountercd




323 EandFiel
This signal, at a logaical 1. indicates that a file gap has been detedied or the ensuing tape s blank

3.2.4 EOT/BOT L (End Tape)

This ugnal, at a lopcal 1. indicates that the dnive has rcached the end-of tape or beginning of 1ape (ear leader
photosensor uncovered). When this avcurns, tape motion stops and the READY L and 1OT/BOT L ugnab ate
generated EOT/BOT L 1s suppressed dunng a rewand operation o1 3t the dnve 1s not in the ready state

325 Rewind L

This signal, at a logcal 1. indicates that the selected dnve is performung a rewand operation

3.2.6 Write Protect L

Thus signal, at a lopeal 1. indicates that 2 wnte protected cassette 1t loaded on the sele: ted dnve, or that the dnive s
empty. If the cassette 5 write protected, the selected dnve wall not pertaorm any wnite operalions

327 WrteStatws L
Thus signal, at a logcal 1, indicates that 4 wnite or wnite tile gap operation 1s being pettormed on the selected dnve

328 Trameles Roy L

Duning a wnte operation, this signal, at alogical 1, indiates that the dave 1s ready to receive an K-bit by te (rom the
Interface Buffer The TRANSFER RIFQ L uignal 18 generated one bit ame betore a by te 13 needed and this agnal s
removed when the interface responds with a TRANSFLR L ugnal

Dunng a read operation. this ugnal, at a lopual |1, indwiates that a by te trom the drive 1s ready to be transferred to
the Interface Buffer. The interface must then respond with a2 TRANSFER L signal. within one it time {2220 us)
after the TRANSFFR REQ L signal 1s generated or a ime ermor «vurs

329 TimeEmor L
Ths ugnal. at a logcal 1, indicates that the interface has not responded to 3 TRANSEFER REQ L signal wvithin the
allotted time ( =220 us).

NOTE
The processor mnterface contams a one bvte Duta Bulfer which
allows the program the full byte time (1.8 ms) to respond to
the TRANSFER REQ L.
3210 CRCEmor L

Ths ugnal, at a logiaal 1, indicates that a CRC error has (wcurred dunng a read operation At the start ot the read
operauon, the CRC Lkrr fup-flop 15 set When the final CRC character 1s read. the CRC Regster 1s then checked for
ze1o If the regster 15 not zero, the CRC Err Mip-flop remains set and when READY L is generated. a CRC ERROR
L ugnal u also generated

3211 PWROK L
This signal, at a logical 1, indicates that the 5V power supply 1s operating normally

3.2.12 R/W Buts 1 -8 (Bi-darectionsl)
These eaight lines ¢ .nsmut data to and irom the TU60 Data Buffer

33







CHAPTER 4
THEORY OF OPERATION

4.1 GENERAL

Since the TUGO Cassette Tape Transport s a dual svstem each dnive has Wential and separate motor control and
scrvo logic. However, the selecuon, formatting. and read/wnte logie 15 common to both drves. 11 s therefore not
possuible to read or wnte trom both drives ssmultaneously, but 1t is possible to perform a read or write operation
the sclected dnve and rewind the other dnve concurrently.

Figure A-1 illustrates the major functuonal areas and asociated signals ot the TU6D Tape Transport, while this
chapter only descnbes (in two dstinct levels of detaid) the logical vperation of dnive A. Once selected, dnve B
operates 1n an 1dentical manner as dnve A and 1s therefore not descnbed Paragraphs 4.2 and 4.1 bnefly descnbe the
over-all function of each operation that drive A can perform and Parsgraph 4.5 descnbes these same operations 1n
detail. Since the descriptions in Paragraph 4.5 refer to key elements and signals on the logic drawings in Appendin A,
1t 1s impenative that these dnwings be used in conjunc ion with the text for a comprehensive understanding of cach
opention

4.2 TAPE FORMAT AND MOTION CONTROL OPERATIONS

Figure 4-1 illustrates a typical TU60 data tape. The following paragraphs explain a spedific command or manual
control operation relauve to the tape format. Before 3 command can be executed. however, one of the dual dnves
must first be selected and ready. (Refer to Paragraph 4 S.1 for a detailed descnption of the drive selection process )

TAPE TaPE
/sSPL CE DATA DATA DATA L OoSPL CE
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Figure 4-1 Tvpical Tape Format
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4.2 1 Manual Rewind

To perform a manual rewind operation, the following conditions must be true
a.  the appropnate cassetic 1s properly loaded
b.  tape 1 not moving under program control

Pressing the REWIND pushbutton when the preceding conditions are true sets the Rewind one-shot [f the tape
not at the begpinnmg-of-tape (BOT) clear leader, the Rewand one shot 18 held set even though the switch u released,
allowing the tape to rewind completely at hugh speed (100 150 1ps) to the BOT clear leader If the tape 1s at the
BOT clear leader when the REWIND pushbutton is pressed, the Rewind one-shot 1s set but is not held set and it
times out one second later Thus when the tape 1s at the BOT clear leader. backward tape moton accurs for less than
one second.

Figure 4-2 dlusirates the logpcal sequence dunng a manual rewind operation Refer to Paragraph 4.52 11 tor a
detailed logic descnption of the preceding events.

422 Prognmmed Rewind

To perform a program controlled rewind operation, the interface usues 3 Rewind command If the appropnate
cassette has been properly loaded and the tape is not already 1n motion. then the READY L interface signal is
present at the interface With READY L present. the mnterface then transnuts the program genersted START L
signal, which clocks the Rewind command to set the Rewind one-shot. The remainder of the program controlled
rewind operation is the same as a manual rewind operation.

Figure 4-2 illustrates the logical sequence dunng a program controlled rewind operation Refer to Paragraph 4 § 2.2
for a detailed logic descnption of the preceding events

423 Beck Block Gap

To space the tape backward one block (Figure 4-6), the interface usues a Back Block Gap (BBG) command 1f the
appropnate cassetie has been properly loaded and the tape 1s not already 1n mouon. then the READY L interface
signal 13 present at the interface With READY L present, the tnterface then transmats the program generated START
L signal. If the tape 18 at the beginmung-of tape (BOT) clear leader. the signal INHIBIT H prevents reverse tape
moton from occumng. If the tape 15 not at the BOT leader, reverse tape motion at read/wnite .peed (9 1ps average)
occurs across an entize data block When the tape 1s positioned at the preceding pre gap. the RFADY L interface
sgnal 15 again generated and tape motion ramps to a stop.

Figure 4-3 illustrates the logical sequence during a back block operation. Refer to Paragraph 4.5 3 for a detailed logic
descnption of the preceding events.

424 Back File Gap
A back file gap (BFG) operation is sutular to the back block operation except that tape motion at search speed (22
1ps average) occurs across a data file (Figure 4-6), stopping at two-thirds of the preceding file gap.

Figure 4-3 dlustrates the logical sequence dunng s back file operauon. Refer to Paragraph 4.5.4 tur a detailed logic
descnption of the preceding events
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425 Forward File Gap

A torward fde gap (FFG) operation differs trom the other motion control operations in that forward tape motion
starts at read/wnite speed (9 1ps average). then swatches o swarch speed (22 ips average) of data s detedted belore a

file gap

If the tape 15 8t the BOT when this command 1s imsued (Figuse 4-6) lorward tape motion occurs at read, write speed
across the load point gap, then switches to scarch speed when the fust data block s detected Tape moton contmues
at search speed, stopmng at two-thirds of the followang @le gap If the tape s stopped in the post gap prior (o a file
gap when this command s 1mued. forward tape motion occurs at read/write speed for RS smlliseconds then tape
motion stops at two-thirds of the same file gap If tape s stopped at two-thirds of the file gap or at a block gap when
this command 13 1ssued, forward tape motion starts at read/wnte speed but switches to search speed when data n
detected When this occuns. the tape continues to move at search speed acmss the entire data file stopping ot
two-thirds of the following file gap Refer to Paragraph 4.5.6 for a detaided logic descnption uf the preceding events

4.3 READ/WRITE OPERATIONS

431 Write Fie Gap

For certain specific programmung operations, it mav be advantageous to group consevutive data biovk s together as a
unit. This 15 accomplished by generating relauvely long portins of erased tape (file gaps) before and after the data
block group (Figure 4-1) Except tor the avaable tape tength. there 1s no himat to the number of files that mav he
oontained on a ungle cassette

To wmte 2 file gap. the interface wmultancoushy scleets dnve A (Paragraph 4 5 1) issucs 2 Read/Wnite Gap
command, and transmuts the WRITE MODL L interiace agnal If the cassetie is write enabled and the dnive s in the
ready state, READY L s present at the interface With READY L present. the interface then trangmts the program
generated START L signal to initiate forward tape motion st read/write speed (9 1ps average) As the tape moves
atuss the read/wnte head, the drive wrte cucuils erase tape for 535 milimeconds However, if the 1ape s at BOT
when this comunand s issued, a 1 4 second load point gap » erased Refer to Paragraph 4 5 7 for a detailed logn
description of the preceding events

NOTE
it s posuble to perform comsecutive wnite file gap operations
however during forward fde gap operations. two comsecutive
fie gaps cauxe umpecified transport operation (may read &
ather 2 or 3 file gaps )

432 Wnte Data Block

To wnite a block of data (Frgure 44), the mtertave umultaneously seledts drive A and ssues a Write command 1t the
dnive 15 1n the ready state. READY L s present at the nterface With READY L present, the interface then transmits
the program generated START L signal to initiate forwasd tape motion at read/write speed (9 ips average) As the
tape moves across the read/wnite head, the wnite circuns erase 3 40 mithsecond pre gap pnor 1o sutomatcally
recording the preamble (thirty-two logscal s and one logscal 1)

At approximately two-thirds ol “Ye preamble write tume, the drive logic ssues a Transfer Request ngnal which alows
the interface to parallel transfer the first 8-bit byte into the Dawa Buffer, where it s stored until after the last
preambie bit 15 written When the last preamble bit is written, the first data it s serially shifted out of the Data
Buffer, phase encoded, and then writien onto the Lape The remammg data brts are hkewise shifted. phase encoded,
and placed on the tape Simultaneously, the data bits are also applied 10 a 16-bit Cyclic Redundancy Chedk (CRC)
Regisicr, where they are accumulated into 8 CRC character (Paragraph 4 § 10) When the eghth bit of the data byte
» wnitten, another Transfer Request w nssued and the second 8-bit data bvie w parsllel transferred from the
interface. temporanly stored in the Data BufTer, and then shifled out onto the 1ape
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This proces continues untd all the data bvies have been transterred, at whach time. the interface issues 3 Wrrte CRC
cvmmand When the last data bit s writien on the ape, the 16-at CRC Jharacter s then shified s m the ¢ RC
Regster, phase encoded, and wnitten on the tape At the completion of the CRC write aperation, a2 W-milisecond
post gap 1 erased and tape motion ramps 1o a stop FEteen millseconds siter the tape has completely stopped,
READY L 15 again generated. (Refer 10 Paragraph 4 5 8 (us a detailed lugn description of the preceding cvents. i
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433 Read Data Block/File

To read a biock of data (Figure 4-4), the intertace selects drive A and negates the WRITE MODE L sgnal If the
drive 15 in the ready state, READY L is present at the intertace With READY L present, the wterface then transmits
the program generated START L sgnal to imtate forward tape motion at read/wnite speed (9 1ps average)

As the tape moves across the read/wnie head, preamble bils are detecied Approximately the fint 24 preamble bits
wyanchronize the read clock with the preamble bit frequency from the tape Detection of the preamble frame bt
(only logical | bit of the preamble) cunfigures the drive logic to the data mode and allows the succeeding data brs 1o
be senally shufted into the Data Buffer and also to be manipulated in the CRC Reguster (Paragraph 4.5.10). As the
eghth bit of the first data byte s shifted nto the Datn BufTer, a Transfer Request sgnal is transmutied to the
interface The interface then stores the data byte from the eght intertace hines in the Interface Buffer and responds
with a Transfer mgnal. The second data bvie w then likewise senally gufted into the Data Buffer and parslicl
twansferred 10 the interface.




Thuis process conunues until all the Jata b tes plus the Nirst aght bits of the CRC character have been tramterred At
this time, the interface issues 3 Read CRC command. Thus command 1s stored in the dnive logie and when the tinal
CRC bt (16th CRC bet) 15 shifted into the Data Bufter the ( RC Regsster is tested tor sero The result of the CRC
test 1s stored 1n the dnve loge until the tape moves mto the post gap It the ( R(C Repster was not zero when
checked, the CRC ERROR L and RLADY L interface ugnals are generated and tape motion ramps 1o a stop (Reler
to Paragaph 4.9.9 for 3 detailed logic descnption of the preceding events )

To read a data file, the interface umply selects dnve A and transmuts a program generated START 1 signal in
response to every READY L signal recerved I a tile gap 15 detected while tape 15 being read the END FITE |
unterface signal 1 also generaled Thus a data tike 15 read by successive read data block operatiens

44 PROGRAMMING RESTRICTIONS AND ( OMMAND TOPOLOGY

Although all data bloch formatung enor checking. and cassetie housekeeping are hardwate contralkcd within the
TU60. tape formatung 15 software controlled. For this reason, certain command sequences are illegal and f
attempted, these sequences will produce error conditions or unreadable tape Figure 4 S allustrates some ot the illegal
command sequences and the resultant tape motion The complete hist of dlegal sequences s as follows

] Wnite then FF(. or Read ® BBG then rewnite the same black more than 3 times
® Rewind then Wnite L] Bt ¢, then Wnite
®  WFG then Read o1 FFG ° Read into fue gap then Wt

e FFG then Wnite

In addition, commands that attempt reverse mouon at the BOT or forward motion at the 1 OT do not initiate tape
mouon, however. turty malltseconds after the commands are 1ssued, READY L and FOT/BOT L are generated If
the cassette has just been loaded and a BBG or BFG 1s attempted. the TU60 does not respond and the command
hangs up. To property recover from this error condition Initialize the prowessor, then perform a rewind.

Figure 4-6 dlustrates the normal command operation.

NOTE
Siace the tape motion commands are not symmetncal and the
tape velocity varies slightly from transport to transport. these
commands should mot be wed 1n an sttempt to replace an
mdmdual data biock (other than the last block on the tape)

4.5 DETAILED LOGIC DESCRIPTIONS

The following paragraphs descnbe the detailed logieal operation of drive A. Once selected, dnve B operates in an
wdentucal manner as dnve A and 15 therefore not descnbed. Stnce the lopcal descnptions in these paragraphs are
rather complex, 1t 15 suggested that the reader become famuliar with the specific operation by referning to the
amplified descnptuons in Paragraphs 4.2 and 4.3 pnor 10 reading these detailed descnptions

4.5.1 Drive Selection

To perform any program controlied operation a particular dnve must first be selected To accomplish thus, the
interface generates the SELECT ENABLL L and DRIVE B L {(lugh for dnve A, low for drive B selection) mtertace
signals.
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SELECT ENABLE L. applied to the transport intertace jogic (Fipire A 2), enables one keg of all but the ( RC and
EOT/BOT output hine transnutiers In addion, SELECT ENABLLE L. applied through an inverter, enables onc leg of
all but the GO and INIT 1nput hine recewvers DRIVF B L (high) when applied to the mterface logic, produces the
sgnal DRIVE A L which, when applied to the read wrnite and servo logie (Figure A-7). produces the sgnal SEL A
H/SEL B L. Thus internal contzol sgnal allows drive A to pertorm the vanows contiol and readywrite vperationa

452 Rewind

A rewind operation can be performed manually or under program control The following paagraphs dew ribe both
rewind methods

4521 Manual Rewind  Pressing the RI WIND pushbutton on the drive front panel generates the vgnal MANT'AL
REWIND A H (Figure A-6) It the appropnate ape cassette has been properly loaded. the CAS LOAD A switches
(Figure A S) are confligured as shown to produce the ugnal LOADED A H. (Refer to Paragraph 1.4.2 fur a
description of the CAS LOAD microswitch operation ) LOADED A H, ANDed with RFWIND A L (high if the duve
15 not already performung a rewind operation), produces the signal READY A L If the tape 1s not in motion under
program control, MOVE A H (Figure A-6)1s low Thus signal, applied through an inverter. 1s ANDed with MANUAL
REWIND A H to tngger the 1-second Rewind one-shot

With the Rewind oncshot sct. REWIND A H. applied through the write protect swatchi, producces the signal WRITE
PERMIT H (low) Ths signal, when applied to the read/wnie logic (Figure A 7), produces WRITF FNABLE H (low)
to disable the wnte dnvers and prevent a tape erasure during the rewaind operation RFWIND A L. apphied through a
NAND gate (Figure A-6), 15 then ANDed with LDR A L (high if the tape 15 not at clear leader) 10 hold the one-shot
sct even though the switch 15 no longer depressed In addition, REWIND A L, applied to the read'wnte and servi
logic (Figure A-5), causes RFADY A L 10 come high and de-energize the Control Motur Solenoid (SOL A) Thes
action allows the solenowd spnng 10 move the control mwtor away from the rubber wheel and thus permit the
cassette lower reel to turn freely Sumultancously, REWIND A H, ANDed with LOADED A H, tums on the tension
motor at constant speed (Paragraph 4 6 2) 1o rewind the tape

When the tape 1s completely rewound, tt  lear leader at the beginning of the tape uncovers the Jear leader
photosensor  Thos action generates the mgn LEADER A H (Figure A-6) to resct the Rewind one-shot When the
Rewind one-shot resets, REWIND A H 15 remuoved from the read/write and servo logu (Figure A-3) stopping the
tension motor, while READY A L energizes SOL A Due to the motor speed and inerta, Llear leader 1s wound past
the corner roller of the cassette befote the solenowd 1s engaged to completelv stop the tape motion

Presung the REWIND pushbutton while the tape 1s at a clear leader tnggers the Rewind one shot to produce tape
motion a3 previously descnbed, however, snce the tape 1 at a clear leader LDR A L (Fgure Ab) s low |t
REWIND 15 presed when the tape 15 at the BOT clear leader, tape moves backward until the 1 second Rewind
onc-shot imes out then tape motion stops If REWIND s pressed when the tape s at the FOT dlear leader tape
moves backward, however, before the Rewind one shot times out, the tape oxide has moved 10 cover the clear leader
photosensor causing LDR A L to come high and hold the Rewind one-shot set Hence, backward ape motwn
continues until the BOT clear teader is detected.

4.5.2.2 Pregammed Rewind  To uituate a program eontrolled rewind operation, the interface sunultaneously
wiecis dnve A (Paragraph 4 5 1) and ssues 2 Rewaind coemmand REWIND CMD L applied through the transpon
interface logsc (Figure A-2) enables the bottom leg of the set gate on the Rewand flip-flop (Figure A-6) If the
apprupnate tape cassette has been properly loaded, the CAS LOAD A switches (Figure A-S) are confligured as shown
to produce the signal LOADED A H (Refer to Paragraph | 4 2 for a description of the CAS LOAD microswitch
operation ) LOADED A H. ANDed with SEL A H (Figure A-6), generstes the signal DRIVE EMPTY H (low) which
removes the OFF LINE L interface signal (Figure A-2) If the tape 1s not already performing a rewind operatwn,
REWIND H 1s low (Figure A-6) and DRIVE L 13 high (Figure A 2), producing the READY L interface signal
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At this point, the interface transmits the program geneiated START 1 ugnal which ANDs with READY | (§ gure
A 2) 10 produce GO H GO H. ANDed with REWIND CMD H (Figure A-6), tnggers the | second Rewind one shot
With the Rewmnd oncshot sct, REWIND A H. applied through the wnte protect switch, produces the ugnal WRITE
PERMIT H (low) Thu signal, when apphed (0 the read/wiite logs (Frgure A 7) produces WRITE ENABLE N (low)
to disable the wnte dnivers and prevent tape erasure duning the rewind operation REWIND A L. apphed thiuugh a
NAND gate (Figure A-6). 1s then ANDed with LDR A L (high if the tape 15 not at clear Icader) to hold the one-shot
wt even though the command terminates In additton, REWIND A L. apphied 1o the read/write and wervo logie
(Figure A-S), causes READY A L 10 come high and de-energize the Control Motor Sulenurd (SOL A) This action
allows the solenowd spnng to move the control motor away from the rubber wheel and thus permit the cassette lower
recl 10 tum freelv Simultanecously. REWIND A H, ANDed with LOADED A H. turns on the tension motor at
constant speed (Paragraph 4 6.2) to 1ewind the tape. While the tape 15 rewinding, RLWIND H 15 apphied to the
tansport interface logic (Figure A-2) to remove the REAITY L and generate the REWIND L interface sgnals

When the tape s completely rewound, the clear leader at the beginming of the tape uncovers the clear leader
photosensor  This action generates the nignal LEADFR A H (Figure A6) to reset the Rewisd one-thot When the
Rewind one-shat sesets, REWIND A H i removed from the read/wnic and servo logu (Figuie A $) stopping the
tension motor, whhie READY A L energizes SOL A. Due 10 the motor speed and incrua, clear keader 1s wound past
the corner roller of the cassette before the solenoid s engaged to completely stop the tape motion

453 Back Block Gep

To space the tape backward one block, the interface umultancously selects dnve A (Paragraph 4 § 1) and 1sues a
Back Block Gap command BACK BLOCK GAP L. applicd through the transpurt interface logic (Figuse A 2),
produces the synal REV L. REV L 13 then apphied through an inverter (Figure A €) to enadle the top leg of the drag
motor control gate, and the botiom leg of the servo mput gate If the tape 15 not m moton. the Drive Mip-flop
(Figure A 3) s in the reset sute, producing the ugnal DRIVE L (hagh) which, when applicd to the Lransport
interface logic (Figure A-2), gencrates the READY L interface signal

At this point, the interface transmuts the program generated START L sqgnal, which ANDs waith READY L (Fgure
A 2) to reset the Wnte flip-flop If the tape 15 at the beginning-of tape (BOT) clear leader when START L 1s 1swed.
and the previous command was a reverse command the Inhibit gatmg circust produces the sgral INHIBIT H
INHIBIT H. applied to the bottom leg of a8 NAND gate, prevents D GO L from being gencrated and thus, reverse
tape motion onto the BOT leader 1s prevented In additios, INHIBIT H allows the resultant signal from START L to
trigger the 30-miimecond Stop Delay one-shot Thas action removes the RFADY L interface ugnal When the Stop
Delay one shot umes out, READY L i apun generated, along with the EOT/BOT L interface sgnal to indiste a
fault condition 1f the tape is not at the (BUT) clear leader INHIBIT H Is not produced. resulting in the signal D GO
L Ths sgnal sets the Drive Mip-flop (Figure A 3), generating DRIVE L DRIVE L removes the READY L wnierface
sgnal and ¢nables the bottom leg of the MOVE A H gate (Figure A §)

If the appropnate Lape cassetic has been properly loaded and drive A 1s selecied. MOVE A H 1s generated Thu ugnal
ts then ANDed with REV H at the tenssion motor control gate 1o apply +12 Vdc to the diag motor In addition,
MOVE A H 1s ANDed with REV H at the servo mput gate 1o mitiate reverse tape motion under servo control
(Paragraph 4 6.1) Since a back block gap operation 1 beng perfurmed HIGH SPEED H 1 kow (Figuie A-2) Ths
ugnal, when applied through an inverter (Figute A §), produces a +4 Vdi V REF sgnnal With +4 Vdc apphied 10 the
V REF terminal of the servo, reverse 1ape motion occurs af read/wnte speed (9 ips average)

As the tape moves backward across the read/wnte head, data from the tape triggers the Signal one shot (Figure A 7)
As long as dat» is present, the Signal one-shot remains et (Panagraph 4 $9 3) 15 milhiseconds after the lan data
Gansition 15 detected (tape o2 the pre gap). the Signal oneghot resets Tha action removes SIGNAL H (rom the Drive
Mp-Nlop (Figure A-3), causing 1t to reset With DRIVE L hgh, the MOVE A H gate (Figure A-5) 1s disabled, allowing
ape motion fo ramp 10 3 stop In addition. DRIVE L (hugh), applied to the tramsport interface logic (Figure A 2),
penerates the READY L interface ugnal
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4.54 Back Fide Gap

To space the tape bachward one file, the interface simultancously selects dnve A (Paragraph 4.5.1) and ssues 4 Back
Fde Gap command. BACK FILE GAP L. applied through the transport interface logic (Figure A-2) produces the
signais REV L and HIGH SPEL D I, The program generated START | ugnal remaves the READY L interface signal
and conditions the tenstion and control motors exactly the same as for a back block gap operation {Paragraph 4.5.3).
However, HIGH SPEED H. appbed through an inverter (Figure A-S). produces a +12 Vde V REF signal. In sddition,
HIGH SPEED H s applied to the switchung arcut of the Signal one shot (Figure A-7) to chanpe the one-shot
timeout to 75 milliseconds. With +12 Vdc applied to the V REE ternunal of the servo (Figure A S). revense tape
motion occurs at search speed (22 1ps average).

The remainder of the back file gap operation s similar to the back Mok gap operation However, because of the
extended Signal one-shot aimeocut. reverse tape motton stops at two-thirds of the previous file gap (75 milhiseconds
after the last data tranntion s detected).

4.5.5 Tum-Arousd Clear Lesder Handimg

If forward tape mouon i occumng near the end of the tape, and any uf the revenc onmands (Rewind, BBG. or
BFG) are 1ssued. 11 8 posnible that before forward tape motion has stopped the tape mav have cnasted onto the
end-of-tape clear leader. If this occumred, the signal LDR A L ¢(Figure A-6) would cause one ol the fullowing
erroncous operabons

a |mmedaxl ccxt the Rawand onc-shot, fidicating that the tape hagy completely rewound to the
. bapmamg of the tape and 13 ready tor forwarg operations

b Immediskl reset the Dok flip-flop, indicafing tha the hegirmung o the tape has heen reached and the
reverse tape operation 13 compieted

To prevent this, whenever tape 15 moving forward, the D A flip-tflop 15 set When the Rewind one-shat sets tor 3
rewind operation (Paragraph 4.5 2), the ngnal REWIND A L resets the Du A flip-flop. Thas action tnggers the
125-millisecond LDR Inhibit one-shot to tnhibit the signal LDR A L (or 125 milliseconds dunng the tape
turn-around ume. Simularly, for all other reverse commands, REV L (high) rescts the Dar A fip-1lop to tngger LDR
intubat.

456 Forward File Gap

To space the tape forward one hile, the interface simultancoush selects dnve A (Paragraph 4 S 1) and usues 2
Read/Wnte Gap command.

NOTE
The Resd/Wnte Gap command s wed for both s forward fie
and a wrnite file gap operation, however, for a forward file gap
operation, the mterface does not tranemnt WRITE MODE L

R/W GAP L, applied through the transport interface logis (Figure A 2), penerates the signal R'W GAP H. If the tape
15 not 1n motion the Drive fip-flop (Figure A 3) 13 1n the reset state, producing the signal DRIVE L (high) which,
when applied to the transport interface logic (Figure A 2), generates the READY L interface ugnal

At thus point, the interface transmits the program generated START L signal. which ANDs with READY L (Figure
A 2) 10 reset the Wnie fip-flop and also generate READ FG H. It the tape 13 at the end-of tape (FOT) cleas leader
when START L 1 1ssued. and the previous command was a forward command. the Inhibit gaung circuit produces
the signal INHIBIT H. INHIBIT H applied to the bottom leg of a NAND gate prevents D GO L from being
penerated and thus, forward ape mouon onto the LOT leader s prevented. In sddiuoa, INHIBIT H aliows the
resultant ugnal from START L to tngger the 30-mullisecond Stop Delay ane shot. This action remaves the READY
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L mteriace ssgnal When the Stop Delay one shot times ot READY 1 iy again gencrated, slong wath the HOT BOT
L interface signd, 10 indwate 4 fuult condition If the tape s not at the 10T leader, INHIBIT H s not produced and
the signal D GO L s generated. This signal <cts the Drive lip-llop (Figure A ), gencrating DRIVE [ DRIVE |
removes the RFADY L interface sgnal and ¢ wbles the bottom leg of the MOVE A H gate (bigure A-Sy 1t the
apprupnatce tape casseite has been properly loaded and dnive A s aclected. MOVE A H s generated Sinwe o torward
file gap operation 1s being pertormed. REV L v hugh (Figure A 2) and HIGH SPEED H as low RTV L (hygh) s
applied through an nverter (Figure A §) 1o disable the tenuon motor control gate and thus apph +5 Vde 1o the
tension motor In addition, REV T (hagh), ANIXd with MOVE A H at the serve input gate, imtiates lorward tape
motion under servo control (Paragraph 4 6 1) HIGH SPEFD H (lom). apphied through an inverter, produces 2 ¢4
Vde V REE sgnal With +4 Vdc apphed to the V REF ternunal ot the servo, forward tape moton occirs at
rcad/wnite specd (Y ips average)

I the tape 15 at the beginning-ot-tape (BOT) dear leader, the signal L DR H s present LDR H. applied through an
verter (Figure A-3) disables the D input of the First LDR flip-flop. When D GO L s generated. thus thip-flop resets,
producing the signal FIRSTLDR L FIRSTIDR L applied through o NOR gate, holds the Tape Blank one-shot <t
thus permitting tape motion scross the first extended tile gap

It the tape s not at clear leader ot data when the space command s received READ FG H orefeaws the
3KSqmllisecond Tape Blank one-shot I this oneshot times vut before data v detected, BLANK STOP L
generated to reset the Dinve and set the EOF flipflops DRIVE L (hagh) disables the MOVE A H gate (Figure A ).
allowing tape moton to ramp to a stop In addition, DRIVE L (hgh) and END FILE H are apphed to the transport
miterface logwe (Figure A-2) 10 generate the READY L and | ND FILF L interface sgnals

i after tape motion s imtiated, data s detected pnor to the IXS-millisec ;nd Tape Blank timeout, the Signal
one shot 1s tnggered (Figure A-7), genetating SIGNAL H to set the Fint LDR fhip-flop and aiso to heep the Tape
Blank one-shot sct As long as data 1s present, the Signel onc-shot remams set (Paragraph 4 5 9.3). SIGNAL H.
apphed to the interface lopc (Figure A-2), produces HIGH SPLED H which, when apphed through an inverter
(Figure A-S). produces a +12 Vdo V REF signal to switch the tape servo svstem to search speed (22 1ps average) In
additon, HIGH SPEED H and R/W GAP H, applied 1o the switching vircuits of the Signal one-shot, changes the
me shot timeout to 150 mulhseconds 150 milliseconds after the tast data transihon s detected (tape advanced to
the next file gap). the Signal vne-shot resets generating SIGNAL H (low) This sgnal reeets the Drrve and sets the
EOF flip lop (Figure A §) producing the FND FILE L interface vgnal and stopping tape motion two-thirds into
the filc gap

4 5.7 Write File Gap

To wnite a hie gap. the interface amubtaneousty selects drive A (Paragraph 4 S 1), 1sues 2 Read'Wnite Gap
comimand. and tzansmits the WRITE MODL L intertace signal

NOTE
The Read/Wnite Gap command o used for both a forward file
or » write file gap operation. bowever for a forward file gap
operation. the mnterface doe< not tranvmit WRITE MODE L.

R/W GAP L. apphed through the transport interface logic (Frgure A-2) gencrates the signal R'W GAP H. If the
appropndte tape cassettc has been properly loaded and the cassettc 15 wnte cnabled, Write Protect switch SW A
(Figure A-5) s closed. produuing the ugnal WRITE PFRMIT H Thus ugnal, applied through an inverter on the
transport interface logie (Figure A-2) removes the WRITE PROTHCT L interface ugnal In addition, WR!TE
PL RMIT H cnables the lower legs of the head dnivers (Fgure A-7). If the lape is not in monon, the Drive flip-flop
(Figure A-3) 1s 1n the reset state, producing the signal DRIVI L (hgh) which, when apphied to the transpont
interface logic, generates the READY [ interface signal
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At this point, the interface transmuts the program penerated START 1 sgnal which ANDs with READY L (Fgure
A 2) to sct the Wnite flip-lop WRITE MODE H generates the WRITE STATUS L interface sugnal and alvo ANDA
with R/W GAP H to produce the signal W GAP L If the tape s at the end<of tape (EOT) clear leader when START L
1 1ssued, snd the previous command was 2 forward command, the Inhibrt gating circunt produces the sgnal INHIBIT
H INHIBIT H. applied 10 the bottom log of a NAND gate, preveats D GO L frum being generated and thus, forward
tapc motion further onto the EOT leader s prevented In addition, INHIBIT H allows the resultant signal from
START L to tngger the 30-millisecond Stop Delav oncshot Ths actoon remaves the RFADY L interface sgnal
When the Stop Delay one-shot umes out. READY L is again gencrated. along with the LOT/BOT L interface sgnal.
to indicate a fault condition If the tape 1s not at the FOT leader, INHIBIT H 1s not produced and the sgnal DGO L
is generated This signal sets the Drive fhip-flop (Figure A-3). generating DRIVE L and DRIVE H DRIVF L removes
the READY L interface signal and enables the MOVE A H gate (Fgure A-S) In addition D GO H s ANDed with W
GAP L to tngger the 535 millisccond WF Gap one shot (Fgure A-3)

If the tape 15 at the beginning-of-tape (BOT) ear leader, the signal LDR H s present LDR H. applied through an
wnverter, dimables the D input of the Finst LDR fip-flop When D GO L 1s generated. this fip-Nop resets, prodmang
the mgnal FIRST LDR H FIRST LDR H. when applied to the base ot the WF Gap trangstor turns thes transistor
off, thus changing the one shot umevut 10 1.4 seconds. This arcwit contiguration allows an extended file gap (=3
times longer) to be written at the beginning of tape

Drive H (Figure A-3) s ANDed with DATA MODE H, but because the drive 15 not reading or writng data DATA
MODE H 1s low The resutting high ugnal 13 presented to the NAND gate mnputung to the Gap Time vne shot,
holding 1t set The output of the one-shot, GAP TIME H, mhibits the C input of the Write Encode fip-flop Also,
after being 1averted twice it qualifies one put of the NAND gate mputting 1o the direct reset of the Wnite Encode
fip lop When the first CLK | L pulse comes the Wnite Encode flip-flop will be resct, and will remain 1n this state
throughout this entire operation

NOTE
The Wnte Encode fip-flop & held reset when wnting any gap
0 msure proper gap polanty

Since a wnte file gap operation s being performed, REV L i high (Figure A 2) and HIGH SPEED H s low. REV L
(high) 13 apphred through an inverter (Figure A S) to disable the tension mutor control gate and thus apply +$ Vdc to
the tenson motor. In addition, REV L (hgh), ANDed waith MOVE A H st the servo nput gate, imtiates forwsrd
tape motion under servo control (Paragraph 4 6 1) HIGH SPEED H (luw). applied through an inverter, produces a
+4\  V REF sgnal. With +4 Vdc apphed to the V REF terminal of the servo, forward tape motion occurs at
tead/wnte speed (9 1ps average ).

When the WF Gap one shot umes out (Figure A 3), END WFG L 1s generated 10 reset the Drive fup-flop and alw 10
produce the mgnal END WRITE H. With DRIVE L high. the MOVE A H gate (Figure A 5) s disabled, allowing tape
motion to ramp to 2 stop, however, END WRITE H tnggers the 30-mullisecond Stop Delay one-shot (Figure A 2) to
wppress the READY L interface signal until tape motion has completely stopped

4.5.8 Write Data Block

The TU6D uses a phase encoded method of magnetic data recording in this method, bit celt boundanes (flux
tranmtions) are recorded on the magnetic tape at 220 microsecond intervals Data storage occurs at these bt cell
boundanes and the binery vatue of the stored brt depends upon the polanty of the transition I, for exampie, a
Begative (0 pomtive transition occurs at the bit cell boundary. a logical 0 bit 1s stored. however, if a pomtrve to
acgative trangtion occurs, a logical 1 bit 1s stored The transitions that may occur between bit cell boundanes are
called phase flux transitions. Figure 4 7 illustrates a phase encoded waveform of a segment of tape containing
111001
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Figure 4-8 illustrates and the 1ollowing paragraphs descnibe the logu al operations and control tunchions nevessany 1o
generate the data block

458.1 Command initmtion  To unitiate a write operatin, the interface smultaneously selects dive A (Paragraph
45 1) and 1ssues 2 Wnte command WRITE MODL L. apphed to the transport interface logic {Figure A 2). enabies
the D input of the Write fhip-flop if the appropnate tape camette has been properly loaded and the cassette 13 wnite
enabled, Write Protect switch SW A (Figuee A6) 15 Josed, producing the signal WRITE PERMIT H This signal,
applied through an inverter on the transport interface lagic, removes the WRITF PROTECT L interface signal In
addition, WRITE PERMIT H, applied to the read/wnte logc (Figure A 7). enables the lower tegs of the head drivers
If the tape 15 not n motion. the Drive Mip-flop (Figure A-3) 15 in reset state, producing the sugnal DRIVE | (high)
which, when applied to the transport interface lugic, genemtes the READY L interface sgnal

4582 Tape Start and Pre Gap At this pont. the interface transmits the program generated START L signal
which ANDs with READY L (Figure A-2) to set the Wite flip flop and also 10 produce the sgnals CLEAR L and
CLEAR H 1t the tape 1 2t the end-of tape (EOT) clear leader when STARTY L 15 issued. and the previous command
was 2 forward command, the Inhibit gating arcuit produces the sgnal INHIBIT H. INHIBIT H. applied 10 the
bottom leg of a NAND gate, prevents D GO L from being gencrated and thus forward tape motion ontu the 1 OT
leader 13 prevented In addition. INHIBIT H allows the resultant signal from START L to trigger the 30-millisecond
Stop Delav one-shot. This action removes the READY L interface ugnal When the Stop Delav one-shot times out.
READY L s again generatad, along with the EOT/BOT L interface signal, to indicate a fault condition If the tape s
not at the EOT leader, INHIBIT H 15 not produced and the signal D GO L 1s generated This signal sets the Drive
flip-flop (Figure A-3), generating DRIVE L DRIVE L removes the READY L interface signal and ensbles the MOVE
A H gate (Figure A-S)

Since a wnite data operatwon 15 being periormed, DATA MODE H (Figure A-2) 1 high. HIGH SPEFD H 18 kow, and
REV L 1s high. REV L (high) 1s applied through an inverter (Figure A 5) to disable the tension motor control gate
and thus apply +5 Vdc to the tenson motor In additon, REV L (hegh), ANDed with MOVE A H at the servo input
@atc, intiates forward tape motion under servo control (Pssagraph 4 6 1) HIGH SPEED H (low), applied through an
inverter, produces a +4 Vdc V REF signal With +4 Vdc applied 10 the V REF termunal of the servo, forward tape
moton occurs at read/write speed (9 1ps averape)

CLEAR H sets the State flip-flop (Figure A 3), generating the signat PRFAMBLE H while CLFAR L resets the CRC
Time Mip-lop DATA MODE H. ANDed with DRIVE H, releases the 40-milisecond Gap Time one-shot. however,
whule set. this one-shot produces the signals GAP TIME H and GAP TIME L. During the pre gap tume, GAP TIME H.
applicd to the input gates of the Wnte Encode flip flop, inhibits the C input and, at the next CLK 1 L, resets the
Write Encode Mip-flop.
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NOTE
The Wnite Encode fhip flop n held reset when wnung any gap
to insure proper gap polanty

GAP TIME L appl ed through o NOR gatc ddears the Byt Preamble Cour ter and prevents 1 Liom o crementing

4583 Wnte Preamble and Deta Byte Trander The next CLK 2 L pulse. atter the Gap Time one-shot imes out,
complements the Write Encode flip flop on the lcading edge and increments the Bvte/Preamble ( ounter to a count
of 1 on the trmling edge W DATA H (hgh). applicd to the top head dniver (Figure A 7). gencrates a negative to
positive flux (logical O bit) on the tape

NOTE
Durng the write operation. CLK 1 L pulses from the Wnte
Clock {Figure A 7) may prodece (depending upon the data)
phase flurn tranmtioms. however, CLK 2 L pulses aslwans
produce bit cell transitions

The Wnte Encode complement process contmues until the Byte/Preambie Counter has reached a count of 12
However, at count 24, WC 24 L resets the Trans Req fhp-flop, generating TR H TR H, applied to the transpont
wnterface toge (Figure A-2°, produces the TRANSFER REQ L interface signal When the interface recerves ths
ngnal. 1t places the first 8 bits to be recorded on the eght data interface hines and ssues a TRANSFER L interface
ngnal TRANSFER L, applied through the transport interface logic, sets the Trans Req fipflop (Figure A-3). thus
removing the TRANSFER REQ L interface signal and also generating the signal LOAD BUFFER H This signal,
when applied to the Data Buffer, strobes the 8 paratie! data bits from the interface lines into the buffer

When the Byte/Preamble Counter has incremented to a oount of 32, C 32 L disables the maddle wnput gate of the
Wnte Encode fhip-flop, allowing the next CLK 1 L to set the Write Encode thp-flop In addstion, € 32 H. applied to
the clock gate of the State fap-flop, allows the following CLK 2 L pulse 10 reset the flip-flop, producing the agnal
PREAMBLE " (low) Ths same CLK 2 L pulse also resets the Wnte Encode fap-flop. thus producing a logecal 1 bit
(Frame Bit) on the tape.

4584 Write Data PREAMBLE H (low), ANDed with WRITE CRC H (low), produces the ugnal DATA TIME H
DATA TIME H, applied through an inverter, 15 ANDed with CLK 1 L 10 produce SHIFT CLK H. Thas signal, when
applied to the Data Buffer (Figure A-2), senally shifts a data bit out thiough the WDL inverter In addition, CLK 1
L. applied through an inverter (Figure A 3), produces the signal CRC CLK L Thes ugnal shifts the contents of the
CRC Register (Paragraph 4.5 10) The WDL Data Buffer output, ANDed with DATA TIME H. either sets or resets
the Write Encode Mip-flop, depending upon the binary value (logical 1 or 0) of WDL. Cotrespondingly, either a
logcal 1 or 0 flux transiion 15 recorded on the tape Every CLK 1 L pulse loads the Write Encode fup-flop with a
logical nt while the respectrve CLK 2 L pulse complements the Wnite Facode flip-flop and the trailing edge of the
same CLK 2 L pulse mcrements the Bytc/Preambie Counter. When the Counter has incremented to a count of 40
(one bit pnor to wniting the 8th bit), CO H 1s ANDed with SHIFT CLK H at the cluck input to the Trans Req
flip-flop to generate the signal END BYTE L This signal resets the Trans Req fhip-flop, generating another
TRANSFER REQ L interface ugnal and also dleanng the Byte/Preambie Counter. The interface then uanafers
another 8-bit data byte as previously descnbed and the reaurding process continues

NOTE
Dunng DATA TIME H. every count 0 produces s TRANSFER
REQ L, thereby repeating the 8-bit data byte transfer and
record proces
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4585 Wnie CRC Character  After the final X dats bits have been losded mio the Data Bulter and betore they
are compictely wiitten onto the tape, the mterface ssues 3 Wnte ( RC command R'W CRC L. applied through the
transport interface logic (Figure A-2). enables the D input of the CRC Time flip flop (Figure A 3) When the By te
Counter has mcremented to s count o O for the final data bit CO H zgain resets the Trans Req Mip-flop however,
because R/W CRC H 1s present. this action also causes the CRC Mip-flup to set, gencrating the signal WRITL CRC H
This signal produces STOP H which immediately sets the Trans Req flip-flop preventing this final TRANSFER
REQUEST from being received by the intetface logic la addition WRITE CRC H disables the bottom leg of the
DATA TIME H gatc and enables the top leg of the CRC BIT 1 L gate. apphing the vutput fiom the CRC Regiter to
the Write Encode fip-flop (Refer 10 Paragraph 4 5 10 for a descniption of the CRC Register operation ) The content
of the CRC Regster 15 then senally shifted out. phase encoded and recorded on the tape in the same manner as the
previcusly descnibed data recording process

458.6 Post Gap sad Tape Stop  When the Bvte/Preamble Counter has inctemented to a count ot 17.C 1701 s
ANDcd with WRITE CRC H to again set the Gap Time oneshot GAP TIME L. applicd through 4 NOR gate, dears
the Bytc/Preamble Counter and prevents it from incrementing further Thus, a 30-milisecund post gap n erased
from the tape m the same manner as the pre gap When the Gap Time one-shot tames out, END W DATA L
produced whuch resets the Duive flip-flop and also gencrates END WRITE H With DRIVE L hygh. the MOVL A H
gate (Figure A S) 1s duabled. allowing tape motion to ramp to a stop. however, END WRITE H tnggers the
30-mullisecond Stop Delay one-shot (Figure A 2) to supptess the READY L interface ugnal untd atter tape motion
has completely stopped.

459 Read Data Block

Figure 410 dlustrates and the following paragraphs describe the logical operations and contral functaons required to
read a data block

4591 Command Iniation  To instiate a read operatwon, the interface mmultaneously selects drrve A (Paragraph
45 1) and negates the WRITE MODE L interface sgnal If the appropnate tape cassette has been properly losded
and the tape 15 not already 1in moton, the Drive Mip-flop (Figu.e A-3) 13 1n the teset state. producing the ugnal
DRIVF L (high) which, when applied to the transport intarface logic (Figure A 2), generates the READY L wnterface
agnal

4592 Tape Start and Pre Gop At this point, the interface transmits the program generated START L ugnal
which ANDs with READY L (Figure A-2) to reset the Wnite Mip-flop and also tu produce the ugnals CLEAR L and
CLEAR H With the Wrte fip-flop resct. READ L. applied to a2 NAND gate, produces READ SELECT H which
onables the Data Buffer output tramsmitters |f the tape & at the end-i-tape (EOT) cleas loader when START L »
usued, and the previous command was a forward command, the Inhibit gating curcunt produces the sgnal INMIBIT
H INHIBIT H. applicd to the bottom leg of a NAND gate, prevents D GO L from being gencrated and thus forward
upe motioa onto the EOT lesder 1s prevented. in addition, INHIBIT H allows the resultant signal from START L to
tngger the 30-mullisecond Stop Delay o. 2-ghot. Tho action removes the READY L interface signal. When the Stop
Delay one-ghot times out, READY L 1s again generated, slong wmith the EOT L interface signal, to indicate a fauh
condiuon. If the tape s not at the EOT leader, INHIBIT H 13 not produced and the agnal DGO L 1s generated The
mgnal sets the Dnive fhp flop (Figure A-3). gencrating DRIVE L. DRIVE L removes the READY L interface signal
and enables the MOVE A H gate (Figure A §)

Since a read operation s being performed, DATA MODE H (Figure A-2) 1s high, HIGH SPEED H 1s low, and REV L
15 hugh REV L (hgh) 15 apphed through an mverter (Figure A-S) to disable the tension motor control gate and thus
spply +5 Vdc wo the tenmon motor. In additon, REV L (high), ANDed with MOVE A H at the servo input gate,
intiates forward tape motson under servo control (Paragraph 4.5.1.2). HIGH SPEED H (low), applied through an
inverter, produces a +4 Vdc V REF signal With +4 Vdc apphied to the V REF terminal of the servo, forward 1ape
motion occurs at read/wite speed (9 ips average) CLEAR H sets the State flip-flop (Figure A-3), generating the
mgnal PREAMBLE H, while CLEAR L resets the CRC Time flip-flop Dunng the pre gap portion of tape motion,
EN: RGY H (low) spphed through a NOR gate. clears the Byte/Preamble Counter and prevents it from
wncrementing.
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If the tape s at the beginning-ot-tape (BOT) cear leader, the sgnal L DR H 1 present | DR H, apphied thiough an
wmverier (Figure A 3). disables the D anput of the Farst LDR thip lop When D GO L s generated, this flip-tlop resets,
producing the ugnal FIRSTLDR L FIRST L DR L apphed through 4 NOR gate holds the Tape Blank one diot set,
thus allowing upe motron at read’/wnie speed acrom the first extended file gap If the ensung tape « blank tape
mution contanues untl the EOT leader is detected.

4.59.3 Preamble Detection and Read (lock Synchromzabon  When the preamble flux tranaitions on the tape
pass actuss head A (Figure A-7). induced current flows thsough the rcad «anl (J5) The direction of the current flow
depends upon the polanity of the flux transibons These small read sgnals (approxmately (5 mV) are transmitted
through serres mnlation drodes to the positrve and negative wput of a differental read preamplifier Chppmg diodes
at the preamplifier nput protect the preamplifies dunng a wnte operaton by Jipping the large write sgnals to 0.5V,
however, dunng a read operation, the small read ugnals are unaffected The preamplified output (appronimately 300
mV) 1s then transmitied 1o a read amplifier, the outpol of which (approximately § OV) s applied 10 both the Block
and Peak Detectors.

in the Block Detector, the 5.0V smusordal read waveform s apphed 10 a threshold amphfier The triggening fevel ot
the amplifier 15 adjusied so0 thai only the porton of the resd wavcturm that 1s above appruximately +0 7V produccs
a square-wave output This square wave output, when apphied through an integrator, progressively charges o 22
microtarad capacitor 10 +1 BY When the capacitor reaches +1 RV an output from the adjoining gate 1s ANDed with
READ DATA L to tngger the | nulbsecond Energy one-shot. This action enables both the PEAKS L output gate of
the Transition Detector and the D input of the Seek Mp{lop Thus, PEAKS L pulses from the Transition Detec tor
are suppressed untd at least 3 to S preambie bits have sufficrently charged the 2 2 microfarad capacitor In addition,
ENERGY H, applied through a NOR gate (Figure A 3). allows CLK 2 L pulses fiom the vet unsnnchronuzed Read
Qlock (Figure A 7) 10 increment the Byte Preamble Counter

Simultanecously . 1n the Peak Detector (Figure A 7) the $.0V sinusordal waveform s applied directiy to the positive
wput of a compantor, while the negative input to the comparator 1 detaved by a2 47 mH col The companator
converts the read mgnal peaks into squarc-wave transitions (Paragraph 4 6 4) that occur sigghtly after the read sgnal
peak. The Peak Detector square wave output (READ DATA L) is then applxd to two Traasitson Detector gates and
also 1o the senal nput of the Data Buffer (Figure A 2) The upper (negative) Tranution Detextor gate (Figure A 7)
produces a negative pulse for every postive square wave tranution, while the lower {posteve) Transitwan Detector
gaic s disabled by SEEK H (low)

Hence, dunng the preambic read ume. only the poutive square-wave transvions (which occur at the it cell
boundaries) produce a PEAKS L output. The PEAKS L output 13 then applied to the phase lowk luup tu slew the
voliage controlled oscllator (VCO) until the osillator output matihes the phase and frequency of the apphed
PEAKS L signal (Paragraph 46 1) Thus the Read Clock VCO 1s svnchronuzed to onlv the bit cell boundary
frequency. READ DATA L s aiso ANDed wath BUF READ H 10 tnigger the 15 mullisccond Signal une-shot

While the Read Clock VCO 13 synchronzing. the Byte/Preamble Counter (Figure A-3) incvements to a count of 24
C 24 H scts the Seek flip-flop (Figure A 7). generaung the signal SEEK H Tlus signat removes the preset anput to the
Sync flip-flop and also enadles the lower (poutive) Trangtion Detector gate In addition, SEEK H, apphed to the
formatter logac (Figure A-3), clears the Byte/Preamble Cownter and prevents it from mcrementing furthes dunng the
semander of the preamble.

4594 End Preamble (Frame Bit Detection) With SEEK H applred (0 the poutive Tranntion Detector gate
(Pigure A 7), POS PEAKS L (which «re now occurring at the phase flux transitions) are generated Since the Read
Qlock VCO 1s now synchronzed with the it cell boundary frequency. these additional POS PEAKS L pulses must
not be apphied to the phase lock loop To prevent this, the sugnal BLANK H (denved from the VCO), which occuns
during the muddle 50 percent of the bit cetl 1s ANDed with SEEK H to disable the lower leg of the PEAKS L gate
Thus, dunng the phase flux tranntion ( me, PEAKS L pulses are not applied to the phase lock loop In addition, the
leading odge of BLANK H produces CLK 1 L pulses (Figure 4-9) while the trailing edge produces CLK 2 L pulses.
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As long as positive transstions (logscal O bits) are ovcumng i the preambic, READ DATA sid (LR 11 pubas heep
the Sync flip-Nop set. When the preamble Frame Bit {lognal | t) occun, RFAD DATA L dlows CLK 1 1t reset
the Read Sync flip-flop This action generates the sgnal READ SYNC L which resets the State flip flop (F ure A 1),
producing the sgnal PREAMBLE H (low).

A
-9 o o £ T AT

1)

Figurc 49 Simphified Blank H and Read Clock Timuing

4595 Duta Detecion  With the State thp-flup reset. PREAMBLE H (low). ANDed with SEEK H. allows the
uailing edge of the fust CLK 2 L pulse after the Frame Bit to wcrement the Byte Counter to a count of 1 In
addition, PREAMBLE H (low) cnables the DATA TIME H gate, allowing the next CLK 1 L pulse 10 produce a
SHIFT CLK H pulse Ths puler, when applied to the Data Buffer (Figure A-2). senally shifts the first resd data bat
nto the buffer. Sumultancously, DATA TIME H s appled through an inverter to enable a CRC CLK L pulse which
shfts the same data tit 1nto the CRC Regster (Refer to Paragraph 4 S 10 for a descnption of the CRC Register
operstion ) The following CLK 2 L pulse increments the Byte Counter to a count of 2 BLANK H tFgure A-7) stdl
disables the PEAKS L output dunng phase flux transitions however, when a negative or pusitive transition ow urs at
a bit ccll boundary, the BLANK H signa! s not present and the PI AKS L output 1s enabled Thus, the phase ok
loop remans synchromzed to only the bit cell boundary frequency

As the remaining dits in the first data byte are read trom the tape, SHIFT CLK H pulses (generated at CLK 1 L time)
load them into the Data Buffer and CLK 21 pulses increment the counter When the Byte Counter has incremented
to a count of 8 (one-half bit pnor o reading the 8th data bit), COH 15 produced (Figure A 3) CO H s then ANDed
with the next SHIFT CLK H at the clock input of #e Trans Req flip-flop to gencrate FND BYTE L and
amultancously, the Kth it 15 loaded nto the Data Buffer END BYTE L clears the Byte Counter and also resets the
Trans Req flip-flop, generauing TR H This sgnal, when appled to the transport interface logic (Figute A-2),
produces the TRANSFER REQ L interface signal When the interface receves this aignal, it loads the ¥ paralle] its
from the imerface hines into the Interface Buffer and ismies a TRANSFER L interface signal The reading process
contunues as previously descnbed and another 8 bit data by te 1s senally loaded into the Data Buffer and then parallel
ransferred 10 the interface

NOTE
Dunng DATA TIME H every count 0 produces a TRANSFER
REQ L. thereby repeating the 8-bit data by te transfer to the
mterface
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4596 Read CRC (harmter  After the Tist XM hois af the CRO charactor Fave bear tanstorred 1ot 1 toitace
the interface nsues 3 Read CRC command RW CRC L spplied through the transport mtetfac Togsc (hig e A )
enables the D input of the (RU Tune ip Qop (Fgure A 33 and o alve ANDed with WRITE 1 thgh) te o1 bk the
lower leg of the RCRC CLA H gate The remarming 5 € RC Mt aie serally lonaded mnto the Dats Buttor as proeveonnh
dewnibed When the By te Counter has aincremented 1o g count of K (one halt bt prion 1o rcading the 1610 € RC b
CO H » produced. then SHIET CLK L agam rects the Tranms Reg thp flop to prodice the signal TR H howeser
because RW CRC H n~ present, thn action abw causes the CRC Time thp up 1o set TR H penciates another
TRANSHER REQ L 10 the interface and when the mtertace responds with the TRANSHE R | mtertace signal the
Trans Reg Mip-flop sets This actson produccs the sgnal R CRC CLK H which when ANDed with GOOD ¢ RC It
(hugh only ot the CRC Repister v zera) resets the CRC Fir fip-flop thipure A ) However hecause the thp flop
autput s combined with DRIVE L (hagh) the CRC E RROR 1 intertace wgnal s not generated untd tape nwotuom
begins to ramp to astop

4897 Tape Stop  Thure are two methods by which tape motion can stop

4 b, atter the last CRC flun transition s detected 1here s no notse on the read signal the Peab Detecton
stups producing the squarc-wave vgnat READ DATA | Remanal of READ DATA | allows the
I-mdhsccond Fnergy one shot 1o tme out

b I, after the last CRC flun transition i detected. noe i prewnt on the read sgnal the Peak Detecto
continues to produce the square-wave READ DATA I howeser the 2 2 mictolarad capacitor begins 1o
discharpe below the | 8V thredhold The achion b allows the Encrgs one shot 1o time oult

For cither case. when the Energy onc-shot tnkes out, the 2 mitlnecond Energn Clear one shot s tnggered  the output
of winch grounds the 22 microtarad capacitor and prevents 0 fiom recharging tor at least 2 milbeconds In
addition, with the Energy one shot reset, PEAKS L pulses gre prevented trom tnggenmg the 1€ mullisecond Signal
one-shot When the Signal oneshot times out {tape blank tor 1S msh. SIGNAL H (low) applied theough o NOR gate
(Figure A 3). resets the Drve hip-flop With DRIVE L (hugh), the MOVE A H gate (F igure A €)is disabled and tape
mobion ramps (o a2 stop DRIVE L (hagh) 1s also applied to the transpott intertace Jogu gencrating the READY |
nteriace signal and. of the CRC Erv flip-flop has not reset by this time the CRC 1 RROR L intertace sgnal i alws
genetated to indicate that a CRC error has ovcurred

4598 Tape Blank Stop  1f a Read commund 18 1ssucd and the ensung tape 1 blank. tape motion w imtiated as
previously desanibed however, when the Drave flip flap sets (Figure A 3) the ugnal TAPE READING L s produced
This signal relcases the 38S-mullisecond Tape Blank one-shot As the tape moves aurins the icad wiite head. data
from the tape generates the signal SIGNAL H whuch, when applicd through an inverter. heeps the Tape Blank
one shot set H data is not detected for IS milliseconds, SIGNAL H o not produced and the Tape Blank one-sho
umes out This action generates the signal BLANK STOP L, which resets the Druve ip-Oop stopping tape motuon as
previously descnbed. In addition, BLANK STOP L sets the E OF Mip-Nop to generate the END HILE L intertace
sugnal

4510 CRC Characler

The Cvclic Redundancy Check (CRC) character v 4 2-byte (16 bits). mathematicalhy derved character which i
recorded at the end of a data block This character serves o lunchion during o wiite operation, however, durng 4
resd operation, the CRC character s used to check the validity of the data block just read The tolkowing paragraphs
describe only the functional operation of the CRC logw
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45101 CRC Denvation At the start of 2 wanle operstion, GO H 13 apphied through an invetier {Figute A4) 1o
resct each stage of the 16-bit CRC Register Duning the write operation. as cach data bit i 1ecorded on tape 1t s alwo
smultancously apphied to the WD 1 input gate of the CRC logic Since WRITE CRC H i< low at this ime. the top leg
of the input gate to the first exclusive OR crcunt 18 enabled, thus allowing the output trom the tinal ¢ RO Register
stage (2°) to be recwculated and cxclusively ORed with the incomung data The CRC CLK L pulses that are
generated an the formatter logic (Paragraph 4 S 8 4) shitt the contents of the CRC Regwster m such a manner that the
entire data block s divded by a selected CRC divisor (2'242'442242°) which 18 contaned in the ungle Mip-flup
register elements shown on the logn drawing The mathematical expression for this operation 1s

3 2™ 2y 2%42,2%¢3, 245,20 a = the coefficient of the bt positron

23424427420 n = the number of it poaitions in the data block

After the data block has been recorded. WRITE CRC H s gencrated (Paragraph 4 5.8 5) to disable the fisst excddusuve
OR input gate and inhbst addiional exclusive OR operations Onlv the remainder from the division provess s now
contained m the CRC Repster The CRC CLK 1L pulses generated dunng the wnte CRC tme, senally sinft the
divison remainder vut of the CRC Repster, and this output (CRC BIT 1 L) 1s applied to the inpul gate of the Waite
Encode Mip-flop (Figure A-3) Here, the division remainder 158 phase encaded and written onto the tape s the CRC
character

45102 CRC Validation Dunng a read operation, each data bit that s reteved from the tape (Paragraph
4 59 5) 13 manmpulated in the CRC Register in exactly the same manner as it was dunng the CRC denvation When
the CRC character on the tape 15 encountered (Paragraph 4 5 9.6). 1t s added to the contents of the CRC Repster
and the resultant 1s then divided by the mme selected CRC divisar (2'3¢2'442742%) Sunce the orgmal dmsion
remainder 13 added to the CRC Regster at the end of this new dson process, if all the data and CRC hits that were
previougly written on the tape are retneved, the CRC Register should equal zero The set output fiom each regisic-
stage is applied to the zero detection gates If the CRC Reguster 1s zero, each input to the zero detection gate 18 low
and the signal GOOD CRC H 1s generated If any mput to the zero detectson gate s hagh (CRC Register not zem),
the uignal GOOD CRC H s not produced and, when READY L s generated, a CRC ERROR L interface signal 18 also
transmitted 1o the interface

4.5 11 Error snd Logic Power lndications

Except for the Power-On lamp, there are no indicators an the TU 60 DECassette Tape Transport 1. dunng narmal
operatson of a selected drive, the +5V power supply (logic power) fails or 2 Time or CRC error occurs, these fault
indications are transmitted (via interface signals) to the interface Thus, the processor can momitor the fault status of
each dnve merety by selecting 1t The following paragraphs descnbe the logical operation of the error and logc
power moniloning circuis.

45111 CRCEmmor The CRC ERROR L intertace signal (Figure A 2) 1s generated 1t an invahid CRC test ocours
during a read aperation (Paragraph 4 5 9 6)

45112 Time Emor Dunng 1 read or wnite operation, whenever a data by te 1s readv tor transfer via the mtertace
lines, the Trans Req fip-Nlop (Figuic A-3) resets to generate the agnal TR H TR H enubles the D input of the Time
Ert Mip-flop (Figure A-2). If the interface does not respond with a TRANSFER L signal to sct the Truny Rey
fup-flop and rsmove TR H by the ume the noxt SHIFT CLK H sgnal u produced (%220 us from TR H tune) the
Time Em flip-flop sets and a TIME LRROR L interfacc ugnal 1s gencrated.
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45113 Power Oh  The PWR O | ntertace line indic ates the status of the 45 Vde logn power Dunng nornnal
operatwn, +5 Vdc from the regulated supply s applied through 3 2200hm revstiin (Figure A 7) 1o 4 3.3V Zener
diode If the ¢S Vdc 1s greater than approumatery 4 1V, the Zener dinde conducts to turn on tranaustor Q11 and
wupply 8 ground. through the isolauon dinde, 10 the PWR OK | intertace ime 1 the +8 Vdo drops elow
approximately +4 Vi, the Zencr divde stops conductmg, turming off tansstor Q11 The cucut configuratumn
leaves the PWR OK L Iine oating, thus indicating a fault condition to the intertace

46 ANALOG CIRCUIT ANALYSIS

4.6.1 Control Motar Servo System

The control motor servo system (Figure 4 1) controls the tape speed duning all operations eacept rewind The four
basic tape operational speeds (resd/wnie forward, revernse; search forward, and search reverse) are obtamed trom the
gno system through an 8 1 speed reduction wheel on the drive The search specds ste 2 2 times faster than the
rcad/wnte speeds

The servo sy stem s composed of the following funcuional circuits

® 2 rump and reference generstor that produces four seperate reference wiltage levels (desred ywed
commands) and controlled mmps to these levals

®  a tachometer circwit that clectronically generates a voltage which s proporhional to the actual maotor

speed

®  an error amphfier that amphfies the signal sesulting from the comparison of the desired speed to the
actual speed

® 3 power amphfier that amplifies the etror signal and applies 1t 1o the motur 1o either speed up ot dow
down the motor.

The foliowing paragraphs descnbe the serve operation
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Figure 411 Simplfied Control Mutor Serve System
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46.1 | Ramp and Reference Generator — kor 4 read waite speed torward operation MOVE A H s ANDed with
RFV L (high) at the upper £29 gate (Figure A €) to apphy a turn or s 10 the base of tramntin Q16 Witk Q16
conducting, a poamtive voltage from the

+4Vdc V REF sgnal s applied to the T cam e

non-nverting (+) input of comparator |27 ! .

Ths positive voltage causes F27 to saturate re

and apply a pusitive woltage to integraton @-'* 1 s ™ ‘\_' .

E26 (see figure) The output of F26 15 a Ah .
negative amp sgnal with 2 time constant w . ‘o
determuned bn R85 and C36 This negutive - - o .
ramp signal 1s then fed back through R84 to 4 e
decrease the pomtive comparstor mpul to wPARAT M

NTY kg -

zcro volts With the comparator input at
2cro volts, the RAMP A ugnal at TP2S s
precisely controlled by the comparator at 78

percent of the voltage at TP32 When MOVE . _J

A H gues low, the comparator saturates i e L‘—
the opposte direction, causing the integrator t27,

output 10 mmp 1o zero volts. Thes zero volt LoMPARAT A

output 15 agun preciscly maintained by the

comparator

~'( J“"E(; \—J—
Reverse operation 13 simular to the forward
operation except that the poutive voltage
from the V REF signal 15 now applied to the £ooe
negative input of the comparator (Figure
A-5) The resultant positive ramp mgnal from the mtegrator s then fed back to the pomtrve comparator mput,

thereby equalizing the negative and positive comparatur npuls

For a search speed operation, HIGH SPEED H 1s spplied through an inverter 10 tumn on transistor Q23 With QU
conducung, a larger positive valtage from the +12 Vdc V REF agnal » applied to the comparator Thes larger
positive input results in a hugher reference voltage however, the ramp and reference generatar operation is identual
o the read/write speed operstion

Potentiometer R143 adjusts the actual speed of the motog by vanying the desired speed reference level into the error
sgnal amplifier

NOTE

Dunng forward operstons the comperstor saturaton voltage
and the input reference voltage (V REF ) are obtained from the
same positive regulated supply Hence no adjustment of the
acceleraion mmp tme is necesary However the deceleration
mamp time is obtained pintly from both the pomtive and
negative supplies and thus to obtain the correct deceleration
ramp slope. an adjustment of the negatrve regulsted supply »
requared.

4612 Tachometer Cucuit In a closed loup servu syskem, a speed sensing, feed bach contrul ugnal 1s required to
prevent uncontrolied motor velocity In the TU60, this antrol or tachometer signal 1s electronally denved in the
tachometer curcuit The tachometer circuit (Fagure A-S) consists of operational amplifier E2S. resistors R92, R93,
R94, R95, Tach Pot A, and a 1.5-0hm wirewouid copper tesistor which is in pasallel wath Tach Pot A.
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NOTE
To minmimize the cffects of temperature changes, the | S-ohm
resistor is composed of copper to match the thermal
coefficient of rewstance of the srmature

With Tach Pot A adjusted correctly, the vanous components in the tachometer et operate as o balanced bridpe
arcuit {Figure 4-12) To mitate forward tape motion, a4 negative voltage from the power amphtier noapphed 1o the
control motor winding. Since the motor is ot turning at ths time. the bridge s balanced and equal voltages appear
at both center taps of the bndge With this urcunt condition, the differential mput to the tach amphficr s zer0,
resutting 1n 2 7ero volt output at TP19 When the motor starts to turn. 2 hack emf 1s created, which unbalances the
bridge and generates a postive TACH AMP A sgnal 4t TPI9. Aa the motor speed increass. the TACH AMP A sgnal
ncreases and conversely , iIf the motor speed decreases, the TACH AMP A signal alwo decreases.,

Since ditfcrent motors have shightly ditferent armature tesistances, Tach Pot A s used 10 electrnally balance the
bradge with the various motors that may be used When Tach Pot A 1s adjusted correctly (approximately two-thuds
of 1ts travel), the magnitude of the amphfied TACH AMP A signat 1s directh proportional to the motor speed. The
entire servo circut s designed 1o operate properiv even with u shight ausadjusiment of the Tach Pot A sctting
However, if the setting 15 oo low, the motor speed decregses noticeably as the load increases, and the diive sprochet
will not have a suff feel (Refer 1o the elcctnical adjusiments in Chapter S ) 11 the setting ts 100 high. the motor will
creep or uscillate

Durmg torward motion, the tape tension s maintained by smuttanecudy applying a amall amount of reverse torque
to the tension motor. Dunng reverse motion, the tachometer circut operates in a umidar manner however, ¢ pusitive
voltage 15 apphied 1o the control motor winding, which causes the control motor to rotate in the opposite direction
When this occurs, the bndge unbalances 1n the opposte direction and a negative TACH AMP A signal is produced.
To move the tape backwards, a greater amount of reverse torque 1s applied to the tension motor, thus causing the
reverse reel 1o attempt 10 rotate faster than the control reel can unwind the tape These reel conditions effectvely
maintan the correct tape tension in the reverse directon
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4613 Errur and Power Amplifiers  Dunng the imtiation of tape motion, the acceleration ramp sgnal s apphed
to the nonanverting nput (+) of ermor amphfier 24 (Piguie A-S) The E24 output 1s then woupled to a power
amplifier conmsting of Q25, Q6. Q37, and Q¥ The power amphficr has 3 net gain of onc, and a * AV threshnld
level The output of the power amphfier w then appiicd to the control motar 0 allow starting current 1o flow
through the motor armature As the motor accelerates to the desired speed., the TACH AMP A signal s summed with
the desired speed ugnal at the input to F24 Thes action reduces the mput level of F24, thus reducing the current
through the motor and subsequently slowing the motor accelerstion When the motor velocity equals the desred
spced. the TACH AMP A signal balances the desired speed signal, hence. further acceleration s mhibited and a
constant mutor velocity s mentained As the tape wands onto the take-up reel. the additional lnad tends to slow the
control motos. When this occurs, the TACH AMP A sigaal decreases, unbalancing the sum junction and appiving
more current through the motor armature to increase the motor speed Conversely, if the motor speed increases, the
TACH AMP A ngnal increases to decrease the motor speed.

If the tape is stopped at BOT or FOT, the ugnal LDR H s present This signal. applied through an inverter, turns on
Q19 and prevents Q38 from conducting With Q3K off. cumrent through the motor 13 limited 10 a level determined by
R182 and Q25 Ths circunt conliguration pemuts reverse tape motion (o ovcur at the EOT leader howeves. if 2
Reverse command 1s wsucd at the BOT leader, tape counter winding onto the tension reel 1s prevented due 1o the
reduced current through the armature

4.6.2 Teasion Motor Control Circuit

During a forward or reverse operation, the tension motor operates i comunction wath the control motor 1o
maintain the proper tape tension However, dunng a rewind operation. the tension motor operates independent of
the control motor to rewind the tape at 3 controlled rate (100 150 1ps)

When perfornung a forward operation, REV L ishugh This signal, applied through an i « zrter (Fagure A-S). disables
the upper E18 gate to tumn off Q23 and Q14 Since a rewind operation 1s not being performed, REWIND A L (high),
ANDed with LOADED A H, produces READY A L. This signal turns on transstor Q1) to couple +5V through
diode D18, applying +4V to the tenmon motor armature With +4V applied (o the tension motor, low torque reverse
motion i produced

When performung a reverse operation, REV L. applied through the inverter, enables the upper E 18 gate which turns
on transistors Q13 and Q14 With these tranmstors conducting, D18 15 reverse biased and +12V is applied to the
tension motor to produce hagh torque reverse mntion

When performing a rewmd openation. the tencon motor eontrol cwcuit operates as a batanced bridge aircut (b gure
4-13) REWIND A H, ANDed with LOAD A H, apphes ground 1o posnt A With point A at ground, transsstor Q12
buased into conduction by the poutive voltage from the +5V source on its buse With Q12 conducung, base current i
appled 10 Q13 and Q14, thus supplying a large positive voltage to point B

As the motor accelerates, a back emf 15 created that reduces the Q12 base bias at point C Thus action reduces the
Q12 conduction and hence reduces the voltage at point B. By the trme the rootor has obtained the rewind speed, the
voltage at point B i too low to allow further acceleration. and hence a constant velocity 1s mamntained.

As the tape rewinds onto the tenuon reel, the additional load tends to slow the motor When this occurs, the back

emf decreases, ncreasing the voltage at pont C. This in turn increases the voltage at point B. applying more current
through the armature to maintain a constant velocity for the increasced reel load.
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46.3 Phase Lock Loop

The phase lock loop (Figure A-7) synchronuzes the read dock pulses (CLK | and CLK 2) with the bit cell fiequency
from the tape This arcuit conusts of a phase detector E44, a voliage controlled oscillator (VCO) E45, and a
transistor amphifier Q24  Intually,

without an nput from the ape (PEAKS -
L pulses) at pin 1 of the phase detector,
41V 15 produced at TP4S to maintain an

approximate 20 kHz output from the
vCO ¥ pe—

During a read operation, WRITE H (low)

il ghands,
15 applied through an inverter 1o enable .W i .ay

E31 and supply the 20 kHz VCO output ~ e

o the divide-by-cight E38 counter The
resultant 2 5 kHz reference ugnal 1s then "

fed back to pmn 3 of the phase detector

As ape moves across the read/wate head,

negative PEAKS L pulse generated by the .

preambic are applied to pin | of the

phase detector The 2.4 kHz reference

signal 1s then compared in the phase detector to the incorming PEAKS L pulses Since the PEAKS L pulses occur 4t a
higher frequency than the mitial reference frequency, the PEAKS L puises lead the reference ugnal This condition
causes pin 13 of the phase detector (o go low, causing pin 5 10 also go low for the duration of the time Jifference
between signals (see figure)

PHOTOGRAPHS REPRODUCE MARGINALLY,
327 THEREFORE. THEY MAY NOT 8E READABLE




The low on pin S » then coupled through tranustor Q24 10 pin 9 o the phase detector Wath pin Y o, the outp it
st pin 8 15 a posiive ramp signal with 2 ume constant determuined by R6 and C47 This positive ramp s appaed
through R153.C44 10 balance the sum junction of the base of transistor Q24 This poatne valtage s alws coupled to
pn 12 of the VOO 10 slew up the VCO frequency until the reference trequency matihes the tape trequemey

NOTE
Since the phawe detector operstes onlv on the negative «ignal
tranutions  when the frequencies are matched. the phase
relationship 15 aten matched

1. while the tape s :n motion, the PEAKS | signal lags the reference signal (tape trequency liwer than the reference
frequency), pin 2 of the detector goes low, cauting pin 10 to go hugh tor the duration of the teme ditference between
agnals With pin 10 high, the pin R output 13 decreased. thus reducing the VOO frequendy

When the reference frequency matches the phase and frequency of the PLAKS L pulses. the vultage 3t TP4S 15
approximately +4V This positive voltage 13 controlied by the phase detector to keep the VCO froquendy locked at
exactly 8 times the bnt cell frequency When locked, the nominal YOO frequency 1s 35 kHz and the divide-by -¢1ght
reference frequency 1s approximatelv 4 S KHs

46 4 Peak Detector
~ie) NONDELAYED

The peak detector (Figure A-7) converts the ¢ ) DELAVED
snusindal read waveform into a4 square wave with
tranptions that occur at the sine wave peaks This
circunt conssts of a3 differential  voltage
comparator E20, an inductive delay network
L1.C24, and an nverter E28 Dunng 2 read
operation, the read sine wave 1s applied directly to
the (+) comparator wmput and through delay
network L1.C24 to the (=) input Hence, the ¢ ) r\

€16 INPUTS

comparator input is delayed by approxumately 40 ,D, ;‘:ﬁg"f'

s (see figure) Both mnputs are then subtracted in u
the comparator to produce a square-wave output

with tranmtions that occur shghtly later than the

nondelay ed sine wave peaks -

- .‘Opl
DELAY

L
1
47 POWER SUPPLY €'6 OUTPULT |

The H751 Power Supply, located in the reas of the
TUGO chasuis, s composed of a +15 and 1S Vdc
senes regulated supply and a +5 Vdc senes
regulated supply With the use of scparate hine
cord breaker assemblies, the H75] can operate
from esther 115 or 230 Vac (50/60 H/) input hine
woltage For 115 Vac operation, line cord breaker
assembly BCOSH connects the dua! pnmaries of the mput transformer (Figure A-8) in parallel For 230 Va
operation, lme cord breaker assembly BCOS) must be installed to cunnect the transformer dual primaries «n senies
With cither teansformer configuration, 115 Vau s mamntaned across each pnmary The applicable H751
specifications are as follows
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SIZE tO-1/2 10 long
S-178in wide
S hgh
INPUT VOLTAGE 95 1W0Va - 50,60 1,
190- 260 Vac « S0 60 H/
POWER DISSIPATION 100W max
REGULATED OUTPUTS +52025 Vde 4A, SO0 mV nipple « full load

+152 1 4Vde, 2 5A, 300 mV npple « full kad
~152 1 4 Vdc. 2 SA. 300 mV npple @ tull kiad
412,42 1 Vde, 100 mV npple

12,21 §Vdc, 300 mV npple

471 +15and 1S5 Vdc Supply Openntion

When the power supply is activated. a full-wave rectifier, located on BR 1. converts the ac transformer output 1o
pomitive puisating dc  Fdter capsaitor ©2 removes most of the de puises and spplies ahout 25 Vdc through senes
reustor R2 to the diode voltage regulaior. Hese, Zener dwdes DI and D2 plus temperature compensating diodes D3
through D6 maintain +16 Vdc at the base of current amplifier QS The +15 S Vdc at the equtter of QS s further
reduced by Q2 to +15 Vdc. This 15 Vdc 1s then applied through 3A fuse F 1 10 a series regulator on the rewmnd logn.
(Figure A-6), where the voltage is regulated 10 +12 Vdc in 2 umilar manner as the +5 Vdo tegulation described in
Paragraph 472 Buffer capauitor C7 of the power supply discharges nto the external load whenever the voltage
input from the full-wave rectifier swings below +16 Vdc The JA senes fuse furnishes overcurrent protection for the

supplv

The 15 Vdc supply operates in a yumilar manner as the 15 Vdc supph  however, reverse biasing for the negative
regulator requires a PNP transistor (Q6) and a shightly different circunt configusation to produce the 15 VAo output

472 +5Vdc Supply Operstion
The +$ Vdc power supply 15 composed of the following operational ircwts

® 2 fuli-wave brudge recufier and filtes (BR2, (9 and C 10)
® a senes regulator (Q4)

®  areference voltage generator (D13, Q10 and Q1Y)

®  a difference amplifier (QX and Q9)

¢ an overvoltage crowbar (D12)

When the power supply 1s activated, a bndge recufier. located vn BR2, converts the ac transformer output 1o
pulsating dc. Filter capacitors C9 and C10 remove the pulsating de. applying a positive de voltage through SA fuse
F3 10 the oollector of senes regulating transistor Q4 Zener diode D13 and transistors Q10.Q11 estabhish a constant
+5 Vdc reference voltage at the base of Q9. Tranustor Q8 compares the output volluge 10 the reference wltege and,
if the extemnal load fluctuates, Q8 generates a small error signal that 1s out-of-phase with the direction of the load
fluctuation This error signal 1s transmutted through current amplhifiers Q7 and Q12 to the base of senes regulator Q4.
ncreasing or decreasing Q4 conduction and thus mamntaining an essentially constant output voltage 1t a severe
overvolage condition occurs, cxcessive current through D12 triggers the overvoltage SCR (Q1) into conduction,
applying ground to the output terminal and causing the SA fuse to open

*These voltages are controfled by the 12V regulator on the M7761 moduk Tigure A6)
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473 Power Clear Cocmit
During the imtial power up phasc. the power clear circuit (Fyguie A 7) accomplohes the following

L disables the write Lircuits to 1nhibit any erroneous wite operatiom
®  presets the Dar flip-flops to force an “end leader™ indwation it the tape 18 at either clea leader

o resets the Rewind once-shots to prevent a spontanevus tape rewind.

Application of power to the TUGD supplies +SV through a 220chm reustor to charge a 150-mucrofarad capacitor
While the capaciton 15 charging (approximately 30 ms). transstor Q20 i held cut-of, keeping Q19 cut-olf and abw
generating the nternal control signal PWR CLR H With Q19 off, the head dnver circuits ae disabled, preventing
spurious nmse from causing 3 wnite operation

PWR CLR H, appbed through a NAND gate (Figure A-S), produces LOADED A H (low) This ugnal, when apphed
to the rewmd lopic (Figure A 6), sets the Du A fhip-tlop, 11 the tape i at either keader when Iy A 18 set, only the
“cnd leader” indication w produced (1f this 1s the case, before normal tape operations can be imhated. a rewind
opcration must first be performed cven though the tape may actually de at the BOT ) Simulaancoush . PWR CLR H
1s also apphed through a NOR gate to reset the Rewmd one shot and thus inhibit 3 spontancous rewind operation
during the wntial power application

Approximately 30 mihseconds after the mitial power apphcation, the 150 microfarad capacitor (Fagure A-7) has
tharged to appronimately +4 1V, When ths occurs, the Zener diode condudts to turn on Q0 and gound the PWR
CLR H signal This action removes the PWR CLR H sgmal, however, by this me, power 1 fully apphed and the
transport logic circuits have stabilized
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CHAPTER 5
MAINTENANCE

5.1 RECOMMENDED TOOLS AND TEST EQUIPMENT

Tabtde 31 hists the recommended tools and test equipment that are 10 be used with the standard toals for popcr
mamienance ol the TUGO Tape Transpon

$.2 PREVENTIVE MADNTENANCE

When the tipe trunsport 1 operated in a normal olfice eawronment on an eght-hour nstem bass (tour howrs of
actual transpart opecation). perform the preventive ma‘ntcmme (PM) procedures as indigated in Table S2 A
sbnormlly dirty environment or a grester transport opgration time mav requare more preventrve maintenance thas
that indicated ia the schedule. Dunng the PM pwc.edute*. ualess speafivally indiuted., do not akter anv sdpssiments
on drives that are performung satisfactonly h

i

To obtain maxyimum performance and rehabilits from the TU6D DI Cassette Tape Transport observe the following
operating precautions and practices ]

l.  Bafore using a new cassetlic, of prici wmrwu‘ that has jusl beea acudently diopped

] Load the cassette on a2 dnwe ahd press the REWIND pushburtoa to perform a rewind
apersuon.

b Remove the casette, turn 1t overj and perform another rewind operason

3

This 5 dpne to pack the tape neatly 1n thq cassette and also to place the full tape reel at the propey
operating tenmion

.

Do not expabe the cassette to excessive heaf (Table 1 1) or dust Since mast tage soft errues are causefl
by dust or dirt, 1t s tmperative that the tape §e kept clean

9

3 When notin use, store the cassettes in the pigtic storage boxes or other sealed containers

4. To prevest acaidental expasure of the tape $xide to foreign matter. always rewind the tape to the BOT
clear feader and then press the REWIND button again before removing the cassette from the dnve

S
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Table § 1
Recommended Tools and Test Equipment

Equipment Manufa turer and Maodel Part No
Multimeter Trplett 310 <1 Sunpson 3ed)
Osciliovcope Tektromy 453

Osdilloscape Probes

Voltage (X10-2 required) Tektronix PoiN0
Current Tehtronix P601Y chipon with psuve
lermnatos
Field Serwice Tool Kn DEC 20 1w
Sphine Key Kit {swe 0 48) Brstol Co SS308 DEC 29 1060131
TUGDK Cassette (2 required) DEC 36-11226
TUG60O-R Speed/Skew Reference TUL60-R

Cassette (1 required)

General Purpuse Cleaner

(non-flammable)

Magnetic Head Cleaner Miller Stephenson, MS-200 (o
equrvalent) '

Cotton Swabs DEC 90-08436

Soft Clean Cloths

Vacuum Cleaner

Cassette Dnve Coupling (3 mm) DEC 12-112M9

Cassette Tenwon Motor DEC 12-11111

Control Motor Assembly DEC 7009139

Spindie Assembly DEC 7009146

Fan Fiter DEC 12-1143

DEC-0-LOG FCO log and omputer on-ine synopus
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Table § 2
Preventive Maintenance Schedule
Quarterlv PM (250 Hours®)
Semi-Annual PM (500 Hours®) Estimated
, Performance
Annual PM (1000 Hours®) Time (minutes)
Biennal PM (2000 Houn®)
X1X X[ X Clean tape hcads and guides 2
Chech tape guides tof wear rotate of worn ]
X | X]X Clean spindle assembhy
XiX|Xx Install Fcoded ECOs a» requued
X]1x1!lx Clean intenor and extenor of equipment 2
X IAIX]X Clean tan filter. replae if necessary
X]X]X Inspect wining and compunents i
X1 X Check regulsted puwer supply vultages 2
X Replace tension motoe
X Replace control motar assembly 30
X Replace control spindie assembly
X Codrse tachomeier check 2
X1X Serve loop adjustment 24
X]X Head azimuth chech 2
X1 X 12 Vdc regulator (deceleration ramp) check s
X Tuming checks and adjusiments 15
XX | Xix Run MAINDEC diagnostic programs 60

*Tancy are equivalent o 4 houss of TU60 operation duning ar & hour wtem duy
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521 Quarterly PM (250 houn )

4.

Clean the tape heads and gusdes wing the avmpmlc head Jdeaner and a saft bnt tice oith or cottoe
swab

CAUTION
Do not allow the head cleaner flud to contact the tape surface
as ths will destroy the protective coating.

Inspect the spind ¢ assembly on cacl drve On the rubber wheel deaming w required use o smal brust
and non lammable cleaner

Romowe the fan fiter and clean it with a mid bquad detement (e.g.. lvorv) and warm water Ringe the
filter in clear water, squeeze dry, and renstaly

Rua the appropriate MAINDEC dugnostic progranms 45 desciibod in the disgnostsé descripions.
t

522 Semm-Answmi PM (500 houn) |

L)

3

[]
Consult the DFC-O-LOG and review the ETO status of eah dnve Install ang wutstanding F¢oded
ECOs

Clean, inspect, 1epant, replace, of adjust the f+luwm| ems
a lospect the rampurt istenos mdet:nul fur cleanhiness.
b Check the fan for proper operntign and cleanimens
¢ Qlean the fan filter (Paragraph S 3 1, Step 3)

d. lospe . the winng, lamps. and t.u#)punﬂlls for defects

3 inspevt the spiadie assembly for wear of dwt Clean the spindie (Parsgraph § 2 1, Step 2) of
replue t (Puragraph 5.2.4, Step J) as necessan,.

f Clean the tape heads and guides yrth the sppropnate head cleaner (Paragraph § 2 1, Step 1)

Run the apprupnate MAINDIC diagnostic prpgrams as described in the diagnostit descniplions

$23 Annual PM (1000 hours)

2

Comult e DEC-O-LOG and review the HLO stats of each dnve. Install amy outstanding F¢uded
ECOs.

Clean, inspect. repair, replace. or adjust the f¢llowng Hems
a Inspect the transport intenor andjextenor tor cleanbiness

b.  Chedk the fan for proper vperatign and cleanliness

[
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¢ Clean the fan tier (Paragraph S 11 Step 1)
d Inspect the winng, lamps. and «oiponents for & fects

e.  lasput the spuidic amembly fus e of durt. Clean the spandie (Paragiaph 5.2 1, Swp 2) o
replace it (Paragraph S 2 4, Siep $ 4 NeCessary

f Clean the tape heads and gundes With the appropuate head eaner (Paragraph 5 2 1, Step 1),
i Pertorm the totlowang checks and ad]usmrmy'

’ power supply voltage chechs (Parggraph $ 3 1)

b. servo loup adjustments (Paupuplé 513

< head skew check (Paragraph S 1 4)

4. 12 Vdu regulator chedk (Pucu'}h 5359)

4. Run the approprate MAINDEC duagnosti pr?p.ums as desunbed in the diagnostié descnptians
j
§ 2.4 Decrnial PM (2000 hours) '

1]
1. Consult the DECO-LOG and review the 10 status of each dnwe Install an) outstanding F-coded
ECOs 1

{
2. Qlean, inspect, repair, replace, or adjust the &*Iu\nng ems
3.  laspect the transpost satens andextenas fus Jeankinesa.
b.  Check the fan for proper qtnmw a8d deanlmes
¢ Clean the fan filter (Paragraph S 31 Step ¥
d. laspect the wuing. lamps, nnd-.an.umaﬁxdufau

c Clean the tape heads und gurdes (Paragraph S 2 1 Step 1) 1t wear 1s evident on the guide.
lousen the reta ning wrew, rotate the guide and tighter the retaming screw

3. Repiaec the control motor sssembly, cassetic fension mutor, and spindie assembly us folkows

3. Use an appropriate hex-head wrehch to remove the three mountiag bolts on the reas of each
dnve. (When the dnive 15 separatef Irom the TU60D front chassss, the cable beagth on the Berg
connector is sufficient 10 allow agess to each duwe))

b Remove the five Phullips-head
- 7 - “inared mexa 10t tpefo
removal of the control motor a

we adjpcent (o the resl couplers and remove (he wrew,
oicroswitches. from te fromt of the drive. This dlows
bly, cassette tersion motor, and spindie assembly

¢ Detach the spring un the cont
mstatied.

I motor and re-use the sping when the new motor i
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d Marh and doconnedt the wures (L the coantrol and tor sion mators 1rom the di v termnator
module

. Install the sew tenanut It o8d Hhie new spundic asvembly  tien vmtall the new Gnntnd
moutor asembly.

( Connedt and solder the power leads 1o cach moton and replace the contrad motor spr e
4 Perform the tollowng checks and adpstments
) power supply voltage cheohs (Parggraph £ 1 1)

b coanw tachometer dhwek (Paragraph $ 3 20

CA
Perform the coane chech after the oew cuntrol
molot has been installed to that any large ascillatioms in
the motor do a0t come ting sed damegr

< nmrkum.dpmmmu?:mﬂ*'SL‘b
d head animuth check (Paragraph <’ 4)

e 12 Vvdc regulasn chech (Pasagraph § 3 5)
f write file gap onewshot (Paragraphy S 3 6)
] gap ume one-shot (Paragraph 5 18)

h.  threshold (Paragraph 5.3.8) ;

' sgmal oneshot (Paragraph < mnj

] tape blask une-shot (Paragraph $$.10)

5 Run the appropriste MAINDEC diagnostic prbgrams as described 1n the diagnostic desciiptions

$ 3 ADJUSTMENT PROCEDURLES

The following adjustment procedure is written lor the Rev I etch, or later M7761 Servo and Resd Write Module
The same procedure will work wath the Rev C etch. although all TP numbens are changed. the mnemonie remans
unchanged A test point conversion chart fur the M7761 Servo and Read Write Mudule 1s presented at the beginming
of Appendix A. Reference Drawings

Al measurement setups given are for the actusl osalloscope setting, assurming a X10 probe i to be used Al
measurements, unless otherwise stated, will be made with the Channel | probe and the CH mode swatch in the CH
pusition




$.11 Supph Voltages
Venty all five supply woltages betore sttempting to set up the Tlinh

1 Set the osilloscape controls as folkws

loas Dusplay A

A Sweep Mude Auto Trigger

A Sweep Time 2 merdiv

(HI] Gan Sce Table 5-3. 40
Trigger Free Running

2. Measwse witage avcoiding W Table 5-3.

Table § 3
Vultage Chech
Devignation Meamsunag Pont CHI Gain Setuing Voltage Specification
+15Vde J7-pin | on M7761 SVdn +18 ¢ | IV,
JOU mV nipple
-15 Vde 17 pin 2 on M7701 SV de =15« L 4w
300 mV npple
+S Vdc 17-pin 4 on M7 701 1Vdn +58 ¢ 28 \dd.
SO mV npplc
+12 Vde TP46 o1 M7761 SV dn 12,421 Vde,
100 m\V upple
-12Vde TP47 on M 761 SV div “12.02de ]
100 m\V' nipple

*If thas voltage i out of toletanwe. 1eter to Paragraph S 3 §

$32 Coarse Tachometer Adjustment

This adyustment 1s dune 10 prevent motor damage on a completels out of adjustment serve under normal conditions
it need not be done

L. Load casseties into drives A and B and pertorm a manual rewind on hoth dnves

2 Set the oscitloscope controls as follows

Horz Dupiay A
A Sweep Mode Auto Trigger (trec runming)
A Sweep Time 2 ma dwv
CHI Gain 2 V/div IN10 probe). &
$7
A — B




Connedt the omafloscope probe 10 TP2O CAMP A) of the M7761 musduie and obverve the ovalloreope
diplay for osallations or creep (bgure € 1) If osaillationis o8 creep are present, adjust Tach Bt A
thwated on the dnive terminator module Figure & 1) counterdochwive untal the anallations stop (no &
signal ). then adjust Tach Put A another two (wins counterclouhwiw

Connat the oscilloncope probe 10 TP (AMP B and repeat Step 3, sdjusting Tach Pt B (hwated on the
drive B termunator module)

L




PHOTOGRAPHS REPRODUCE MARGINALLY.
THEREFORE THEY MAY NOT 8E READABLE

‘ .
- .
(A) TACH OSCILLATIONS
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PHOTOGRAPHE REPRODUCE MARGINALLY
YHEREFORE THEY MAY NOT BE READABLE

(B) CREEP

FIGURE 5-1 COARSE TACHOMETER ADJUSTMENTS
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5.33 Servo Loop

To prevent nteraction of the servo adpstments. umuligicowsly adjnt the dnwe A and B sivo op avcondug te
The following paragraph sequence Do not sttempt ans :ndmdml adjstments unless the previous adjusiments havg
fint been checked Table S4 lists the servo adiustments in the sequente that they munt he pertormed Fnsure that
buth dnves are configured as indscated fur the adjustraen{ being pertarmcd

Table $4
Servo Loop Adjuntmenn  Summan
Adpustments Dmve Tape Motson Scope Setting Tent Ponis Indw atyns
Configuration
Coanse Speed A and B Loaded Read Jan 1V P24 RARENIER TR
(Speed Pot) free rur ning {(Speed A
(S331) ™I
(Speed Ry
Solenand Aad B Read Sms H0mV Actons Tach AR TR RANTAN
(5312 Unloaded Pt
Balance® Only Opposite None Smv v 20mV Y TPXO(AMP A OV £ 20
(Balance Pot) Drive Loaded frec runmng TPU(AMP B)
(5339
Fine Tach® Aand B head W0ms 2V TR0 (AMP 8] Ady €W for anil
(Tach Pot Loaded Pt T latuns then hech
CWLCW) (AMP B) off 1 | 4 nens
(313
Fine Speed® Aand B Read v N TPY(AMP Ady for pubse sn
(Speed Pot) Loaded-ret posant o terval marked on
(339) cassette on rel tape lahel
dnive to be ad)

*Drives must be mounted to chasses when these adjustments are performed

53.3.1 Coare Speed

I.  Load cassettes into drives A and B and perfurm 4 manual rewind on both drives

2. Set the oscilloscope cuontrols as tollows

Honz Dsplay A

A Sweep Mode Auto Trigger (free running)
A Sweep Time 2ms div

CHI Gamn 1 Vidw, dc

Connect the oscilloscope probe 10 TP24 (Speed A ) of the M7 761 module

3. Use the appropnate tape motion routine hsted in Paragraph S 4 1 ur S 4.3 and pertorm a read operation
ondnve A

4 Adjust Speed Pot A tor 27 20 S Vdu osailloscope indiations

] Connect the oscilloscope probe to TPI1 (Speed B) and repeat Steps 3 and 4 for drive B, adjusting Specd
Pot B.
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$.3.3.2 Control Motor Solenod
! Unload the wassetic trom both dniwes

2 Set the uscilloscape controls as follows

Honz Display A

A Sweep Mode Auto Ingger tiree runnimg)
A Sweep Tunce S ms,dwv

CHI1 Gan 10 mV div

1 Connect the osilloscope probe and the probe ground acioss the two test points (TP hagh. TP gnd) on
the edge of the termunator module lovated beneath drive A On cather model wathout 1est points,
connect the probe ground 1o G (gnd) on the terminator module Connedt the iscillincope probe to the
red lead un the control motor (lower motue)

NOTE
Be careful not to affect motur pomtion or cause wde (o wde
motion with oscilloacope probe

4 Use the appropnate tape mation routine hsted in Paragraph S 41 or S 4 3 and pertorm 4 continuous
read operation

5  Cover the EOT photosensor and press one of the wssette kaded muroswitches The lower spindle
should be rotating at approximatelv read speed

6  Monnor the scope duplay fura 275 10 325 mV average do indication (Fgure €.2) 1t the wltage 18 not
correct, lovsen the two solenod screws (Figure 5-3) and shde the solenind up or down untl the proper
voltage 1 obtained. (Access 1o screws on both diives can be mude by removing dnve A from the frame )

7 Repeat Steps 3 through 6 fur drive B

—
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$.3.33 Balance
NOTES

I Drive must be mounted in frame and chaws for all the
followwing adjustinents

2 Load a camette wnto the dnve oppasite the one 10 be tested
(e.g. dnve A to be tested dnve A empty, dnive B loaded)

| Load « cassetie into duve B

2 Set the oscillosenpe coutrols as tollows

Honz Drsplay A

A Sweep Mude Auto Trigger (free runmng)
A Swecp Time S ms;dw

CH1 Gan* 20 mV,dw. d¢

*Osclloscope grounded on TPI3 on REV D etoh or Liter and on crystal holder on REV (. M776)
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Connect the oscilloscope probe to TP20 (AMP A) and adpist Ral Pot A for 2 0V ¢ 200 md osilloncope
ndication,

Remowve the casvette from dnve B and load of into diive A

Connect the osclloscope probe to TPO (AMP B) M7761 und adpint Bal Pt B Lo OV ¢ 200 mV
ndration,

$ 1.34 Fine Tachometer Adjustment

bd
-

Load cassettes into dnives A and B and pertorm a munual rewind on both drives

Set the asailloscope controls as follows

Hons Display A

A Sweep Mode Auto Trgger (trec runming)
A Sweep Time 10 ma dav

Vertical Sensstivity JV/dw, d.

Connedt the oscilioscope probe to TPX0 (AMP A) of the M7761 module

Lse the appropniate tape moton routme listed in Paragraph € 4 1 o1 § 4.3 and pertorm a read operanion
ondnwe A,

Adyust Tach Pot A {kocated on the dnive A teaminaior module) dochwise untad osaillations axour (F gute
54A), then back off unuil they siop (Figure S4B) Then back off 1174 mewe turns (Fygure S<40 )

Connect oscilloscope probe to TP (AMP B and repeat Stepn 3 and 4 tor duve B sdjusting Tach Pot B
(located i drive B terminator module).

$.33.5 Fine Speed

tJ

Load the Speed/Skew Reference Camette (speed label out) into drve A and a cassettc into dnw B
Perform a manual rewind

Set the uscilloscope controls 4 follows
Honz Desplay A
A Sweep Mode Normal Trgger
A Sweep Time 2ms dwv
CHI Gain 2v/dw dc
A Trigger CHI only, SLOPE and LLVL ¢,
HF REJ. Im
Connect the oscilloscope probe 10 TP (AMP 2 out) of the M776]1 module

Use the appropniate tape motin routine lsted m Paragraph S 41 and $3 3 and pertorm 4 read
operation un drive A

Adjust Speed Pot A untd the interval between positive pulses equals 2 ms ¢ 05 ms o1 what i called out
on the label of the speed/skew cassette Waveform appears as shown m Figure $-§

Load the reference cassette into drve B and kwd cassetie drive A

5-13




[ Pertorm g nunual rwind ondr ve B

7. Petform g read operation on drive B and adjust Speed Pot B as n Srep 4

534 Head Skew

1 Load the Speed’Skew Retercnce Cassette into the dnive to be adjusted (shew label out) Perform o
manual rewind on the drive to be adjusted

(]

Set the uscilloscope controts as follows

Sweep Tune 02m div
Vertcal Sensitivity 20 mV'div
Trigger Positive, HE RED. nornul tngger,

ntemal  or auto tngger il necessary

3. Use the appropriate tape motion routine hsted i Paragraph S 41 or $ 3 3 and pertorm 4 continuou
1e4d operation on the dnive to be adjusted.

4. Connect the oscilluscupe probe to TP2 (AMP 2 OUT) of the M7701 madule and adiunt the oscillone o
controls 10 attempt 10 vbtain the wavelorm indicated in Figure 5-6,

5. Tum the head shignment surew (Figure $-7) tor 4 munmum pesk-to-peak wgnal Hold the cassette
pressed back hightly to simulate the lower door action

6. Remove the reference cassetic.

S-14
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5§35 12 %Vdc Regulator (Deceleration Ramp)

} Load cassettes nto doves A and B and pertorm g manual new nd o both de ves

[ ]

Set the onaallos ope contrals as ol ows

Honz Drsplay Amt durnyg B

A Sweep Made Normal §ogger

A Sweep Time 20 ms dn

CHI Gan 1 Vidiv, &

A Togper CHI only, SLOPE and LEVE]

HF REJ. Im
Connect the ascilliscope probe 1o TP2S (Ramp A) of the M7761 madule

3. Select duve A and use the appropriate Wnte Continunes [ty Blowks diagnontic routine Iisted in
Paragraph 5.4.2 or S 4.4 10 write oncbyie data blochs (dats = ) Inlubit erren printouts loop on test
sequeme, and do not stop on error, switches should e up

4. Adjust the vscllosope controls 10 obtam the wavelorm indwdted in §igure S8 Intenaty and Delay
Time Multiphier may have to be adjusted to obtain this wawlorm Now eapand the sweep by adjusting
the oscilloscope as tollows

B Sweep Mude B vtarts after delav time
B Sweep Time S ms'dwv

Switch the uscilloscope horizontal display to delaved sweep (B) and e the Delay Tune Multiphicr contral 1o ¢ spand
the appropriate portion of the wavelorm Measure the negative slope time (X) add 2 mithseconds 1o this
measurem~nt. and record it

Measure the positive siope (Y) and compare 1t to the recorded value previosly obtained If the Y slope does not

equdl the recorded valuc, adjust 12V Repulator Adjustment (RAMP) on the M7761 nudule until the ¥ slope equals
the recorded value

TP24 OR TP2S

L]

[}
]
! INTENSIFIED /'
- AREA )
cCP 0428

higure S8 =12 Vdu Regulator Adjustment
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5 34 Wnte File Gap One-Shat

h)

Laad cassettes into dnives A and B and pertorm a mar ual remind on oth dnves

Set the callow ope controls as (olhows

Honzs Displas
A Sweep Mode
A Swucep Taume
CHHl Gan

A Trigger

A

Normal 1ngper

(1 V- 1Y

2Vidn, do

CHIE onh SLOPE and ITVEL 4,
LI RLJ. Int

Connect the osalloscope probe to TP2IWE GAPH) of the M7 70k} nuadule

Sclect drive A and usc the appropriste WH daagnostic noutine histed in Paragraph S 32 or $44 1o
pertorm repetiive Wnte File Gap operation Inlnbat error pantout. do not stop on ernw and pause

between commmaads Swatches should be up

Adrust the oncrilloscope controls to obtein the waveform imdicated in Frgure SO Fnsure thit the
tollowung edjustment 1 uot made on the fisst fule gap off the keader

Adjust R12(Pot A) on the M7760 module uliil t equab S35 ms ¢ 20 m

I

TP2
5335
220ms

Lo

CP Qa2a

F gure €9 Ware File Gap Wavetorm

$37 Gap Time One-Shot

l

h

§
1
t

Loud casacties unto dnves A and B and pestorm 4 matiual rewind on bath doives.

Set the oxcilioscope controls as 1ollows

Hons Drsplay
A Sweep Mode
A Sweep Tune
CHI CH2 Gan
A Trigger

Ct Mode

1

PA

* Normal Tngper

10 nu/div

02V dw

CHI onlv, SLOPE and LEVEL |
LE RLJ, Int

Chop




3 Select dniwe and use the appropriate Winte Continuons Date Blocks diaenostie toutie e isted 1 Parser iph
54.5 or S.4.4 to wnite onebyvie data blucks (dats ~ 0) Inhitat ereor prntouts de rotstop i o d
Toop on test sequence Swatches should be up

4.  Connect the Channel | isaillosope probe to TPO (dave L1 and the Channel 2 probe 1o TP (GAP Lime
H) of the M7760 module  AJjust the cnallingape contiols 1o obtamn the wavetorms indicated o bigus
5-10

5. Adjust R23 (Pot B) on the M7760 module antil £ equals 40 * 2 mndt, sho add eqaal 30 ¢ € min)

TP6 PROBE A 1 I ov
TP17 PROBE B J ,l I: -~ ov
-*4022mye-1
“.’.ggs"‘%
CP 0429
Figure S 10 Gap Time Wavetorm
$.38 Threshold
1 Load cassettes into dnves A and B and pertorm a manual rewind on buth dgrives

2 Format both cassettes A and B by using the appropnate Wnte Continuous Data Blovks diagnaostic
foutine listed in Paragraph S4 2 or S 4.4 to wnite the tapes with one byvte Jung (of 377 datg) blocks
Start the progiam and 1econd about ten seconds on each 1ape

CAUTION
Since the tape speed and read ugnal amphitude vanes » the
tape winds up, thss adjustment must be done at the beginning
ten seconds of tape A loop with the Test Sequence swatch up
will cause a2 rewind to occur at fint error This errur will occur
when the tape reads off the formatted ten weconds of Step 2
above, or at the first real error

3. Set the osailloscope controls as toliows

Honz Display A
A Sweep Mode Normal Trigger
A Sweep Time 2ms dn
CH1 Gamn 1 Vidwv
CH2 Gan 2 V/idw
A Trigget Positive, internal, HE RLJ,
CiHl only.
CH Mode Chop
SOIN




Connedt the Channel 1 onailloncope probe 1o TPII(THRESHOLD I LAY ) and the Channdd 1 T
CENERGY H) of the M7761 madule

Use the spproprate Read Continuous 1ata Blocks diagnontic fisted i Patagraph S 42 or €43 10
pertorm repetitive read data block operations on dive A Set awatches for inhit error pomtout do net
stop on crton. and lovp on test sequence Adjust the inuilloneupe contials to abtaim the wavetonmm

ndicated i Figure S 11 Trgger from Channel 1 as ddose £y the base line (OV) an ponuible

Adyust R142 (Thicshuld pot) on the M7761 module untd 1 equals 1 s * Q0S5 i on doive A Rewond
the time t

Repeat Step S 1o diive B

Remeasure the ime t 11t 13 now longer than on drive A, readyust as in Step 6 wing drive B inntead

CH OV

CH2 OV

e

Foue STE Throhold Wavct e n

5.3.9 Sigaal One-Shot

2

Load casscttes into dnves A and B and pertorm 4 manual rewind on buth dnives

Select dnive A and use the appropnate WHG & Data diagnostic routine listed in Paragraph 4 4 201 S 4 4
to format the test tape into one-bvie blocks (of 000 data) separated by lile paps Record at least £ 4 1o
1'2 of the tape

Set the asalloscope controls s follows

Honiz Drsplay A

A Sweep Mode Nurmal Trngger

A Sweep Tame 20 ma/div

CH Mode Chop

CHI,CH2 Gan 2Vidw, &

A Trgger HE RLJ, CHI only . SLOPL and
LEVEL +. Im




4 Use the appropniate FEG Duugnontie Routine bsted in Paramaph S 32 or S 3.3 10 pert wim repe it se
Forward File Gap operations Inhibit error prantouts. do mot stop on ettor Switches should he up

5. Connect the Channel 1T oscilliscope probe 1o TP2(AMP 2 OUT ) and Channel 2 1o TP (SIGNAL 1) o
the M7761 module  Adjust the tsaslloscope controbs 16 obtan the wavetormn ndicated in F gure S 12

6 Adust R130 (Signab) on the M7761 module until 1 equals 180 ¢ € m

TP6 PROBE A _m ov

'
TP8 PROBE B B ov

CP Q428

Figure S 12 Signal Time Wasetorm

7 Stop tape moton and wse the Read Duts and Read mto Fde Gap duagnistie routine Inted in Paragraph
542 or 54.4 10 perform repetitive Read Data and Read File Gap operations Inhubit crror printouts, do
not stop on errar. Switches should be up

8. Change the vsuilloscope sweep ime 10 5 ms div and chedh that t now equals 13 10 1S ms It ume
mdication 18 not within tolerance, adjust R130 until this time s just within toleramee et osillin ope
sweep Lime to 20 ms/div, then rechelh Steps 4, S, and 6 to emvure thes are still within specifications

9 Before starting this step, ensure that 4t least 1 4 of the tape 18 wound onto the control reel (lower) L se
the BFG dagnostie routine listed n Puragraph S 42 or S 44 to perform repetiive Back File Gap
vperations Inhibst error printouts. do nut stop un error Switches shuuld be up

10 Change the usclloscope sweep time to 10 ms div and check that 1 now equals 65 10 8¢ ma

5310 Tape Blank One-Shot

1 Lodd cassettcs into drives A and B and perform a munual rewind on bath diives

2 Omut this step if tape 1s already tormatted as in Paragraph € 3.8 Select dnive A and use the approprate
WHG & Data diagnostic routine listed i Paragsaph $ 4.2 o1 § 4 4 10 tormat the teat tape intu une-by te
blocks (000 data) separated by file gaps

3. Set the usciiloscope controls as fullows

Hons Display A

A Sweep Mode Normal Togger

A Sweep Tune 50 ms dwv

CHI.CH2 Gan 2 V/dw de

CH Mode Chop

A Trigger Intemal 1. LF REJ. CHI only,

SLOPL and LEVEL ¢+

5-20
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4. Use the appropnate Read Duta and Read into Bile Gap duign arae nted i Paragraph S 32 0 € 3 310
perform repetitive Read Duta and Read Hile Gap operatio s Inbubie error prantout and o not halt o
crror Switches should be i

S Connect Channel 1 oscdkneope probe 10 TP39 (Signal 1) of the M7761 maodide and Channel 2 to TPe

(Duve L) of the M7760 maodule  Adjust the meillineope to obtan the wavetorms indicated an b igure
5.1,

6 Adjust R24 (Pot C) on the M7760 mudule until 1 equals WS ¢ (S 1y

TPS
(M7761)
PROBE A || ov
TP6
(M7760)
PROBE 8
) i ov
je—— 1:385215ms —so!
| i

CP-04a27

bigure S 11 Tape Blank Wavetorm
$.4 TEST PROGRAMS AND DIAGNOSTIC ROUTINES

541 PDP& Tape Motiva Roulines

Program
MEM Locatson Instruction
7000 7ol
7001 6Tx 4
7002 67T X 0
7003 £200

Switch Setung fur Tape Motion Program®

Openton Switch Setung
Stap®* 0000
Read Dnve A 02200
ReadDive B 0300
BBG Drive A 0230
BBG Duve B 033

*Manuul rewind may be necesuny before motion will proveed
*°1f the Lape » nol block formatted 4 may be Revesaany 10 hall the test program and saue an Initialize 0f Cleat it Lon 1o lop
the tape motion
5-21
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§4.2 PDPS Dugnostic Routine  MAINDEC 0K DHTAA

Reter to diagnostic write up tor anstractions tor cach rautime Set gty wo 0067 - (NN tor disve A of 20100 1w
dive B

Starting Addres Function®
0208 Write File Gaps (WHG)
U206 Write L ontuivous Data Blaw ks
0207 Read Continuvous Dats Blowks
oo WEFG & Deta Blocks
0 Read a Hie Gap and a Bl k of 1t
o2 Forward File Gap (THG)
0213 Back Space Hile Gap (BFG)
Switch Settings

SRI1 -1 Loop on test sequeinee

SRi=| inhibit error printout

SRe=| Dan't halt on ernn

SRS =1 Pause 200 ms between tunctions

*Static st must be tun once (SA 200) before abuove fum tnom Tun

£4.3 PDP-11 Tupe Motion Routines

Program
MEM Location Instruction
00 01377
X2 177879
204 177500
206 Q001 }?
210 000200

Switch Setungy (or Tape Motwa Routines

Operation Drive A DOnve B
Read 00005 00405
Space Back Block 00011 00411
Space Fwd Blodh 00015 00415
Wiite 00003 00403
Rewind 00017 o7

$-22




$4.4 PDP 11 Daagninins Routines

Switch Settmps
SRIS-LP Halt onerr v
SR14 1 Luop on 1est
SR = | Loop an et
SRI0= | Ring bell on erron
SRit=| Inhibat error prntout
SR7 =) Pawne ( 200 )
SRR = | Das ot change di we

5.8 CORRECTIVE MAINTENANCE

Corrective mamntenance 15 wntten 1o ad the techmoan mn kwating problems e the TU ek} Whide troubleshooting 4
uscful 1ol, 1t can never be complete to the extent that all problems wili be tound through s uve

$.5.1 Troubleshouting
Some of the most difficult problenn to troubleshoot are
4 Temperature scmvitive componcnts

b.  Open or shorted etch under an 10 or othor component
N Culd solder ponnts

Mecthods that may help locate these tvpes ot problems are-
a Heat gun and pressunzed treon 1o heat and cool compunents
b Open etch may be found by trauing the signal until 1t diappesn (a1 the open drcnt) and by wsual
inspecton. Short aircunts may be tound by inspection and by component replacement (utting ctch

should be reserved for a last resort measure

¢.  Cold solder joints are best located by tapping. mowing. or utherwise mecharically stressing comper
A hot soldenng iren on doubtful connections i often wetul

Drificult aress discussed in this section are hinted helow

Logxc Paragraph
Power, DC $52
Drive Status 553
Drive Servo Balance $54
Deive Speed (R/W and Search) 588§
Servo Ramp $Sa
Tension Moror Circunts £§87
Wiite Clock S5
Signal One-Shot $59
Pyehiminary Data Handling $510
Phase-Lock-Loop and Reading Duta 55.11

§.23



$82 Power IXC
Shorts and Opny

| Check all the power tramsiston tor shonts patticularly the serve powes transistors (higure A $)
2 Chech the power diodes (IN40O4 DI D3 D17, D19) tor shorts (Figuie A-$)

4 Di. D17 parallel the solenods and shorting would cause the 15V and o1 negative regulaton
to malfunction

b. D3 and D19 parallel the tension motors Shorting might cause the +5V, 415V i puutive
regulator to have a power falure

3. Chech the four electroly tic capacitorns in the posstive of tegative regulatos for shorts (Figure A6)

a Postive CSS6Xul CS747ul
b. Negitiw CS526R8uF.C2347uF

4 lt 15 possble that one of the 1 uF fdter capacttons is shorted (Fagure A-6)
a +12V C3.CR2, (6}
b 12V C2.C33, (64

Regulator Troubleshooting { Figure A-6)

l Positive regulator 100 low in voltage. or zeto

F Zener diode D29 shorted
b. Q33 shorted, Q34. Q35, Q36 open

2. Postive regulator 100 high in voltage
a.  Zener diode D29 open

b. Q33.Q34,0r Q38 shorted
¢. Q36open

3. Negauve regulator too low of high n voltage

a.  Sunlar to positive regulaton (see | and 2 abuve)
b. 2K pot has a “‘dead spot ™

$.53 Drive Status (Figure A-6)
] FOT/BOT status bit does not become Jow when the sensor 1s aver cleas leader

a Check £23, E16, and then E22 for incorrent output
2 [ OT/BOT status bat 1s low all the ime.

a. k22 output s lugh all the ume due 1o detective £22 or a shorted input
b.  Connector J6 has an upen
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3 Manudl rewind does not oceur on Prive A
a Check manual rewind command at F12 (continmty 1o JYTT)

b Cheeh E21 fespeaially cheeh that the clear wnput s not gt ground and foree Jeanng the
rewind mono)

4.  Rewmd STAYS and never Jears

a Check that F21 s not being pulled to ground by 112, o 2 shott Ao chedh | E2's inputs,
(the output of 12 being ground foree sets the uneshot)

b  Check the keader circutry
5. Rewmd takes one sccond to clear when the drive detects leader tdoes not clear immedatels )
a Check that clear pulse appears at 121 when leader has passed over (pulse s roughls § us
long) if pulse 13 present. problem should be +21 11 pulse 1k not present, check F28 fur a
level, and L 1S for 4 pulse. C21 mught be open

5.5.4 Drive Servo Balance
Drive A (Figure A-5)

1 Servo does not balance
a.  Check TP19 for several millivolts movement when the balance pot s sdjusted

b.  Check TP25, the ramp generator output to be less than 20 mV (with no tape mavement ). |
15 not, check Q16, Q15 10 be off and TP and TP23 to be lugh

c.  Check the power amp tranuston Q25, Q2n, Q37, and QIR (with no tape muvement)
Emutter and base to be about 2zero volts, collecton equal to V ref

Dnve B (Figure A-5)

1 Servo does not balance
a.  Check TP7 lor several mullivolts movement when the balance pot 15 adjusted

b. Check TPI2 t0o be less than 20 mV. §f 1t 1s not check Q6 and Q7 10 he oft and TPY and
TP10 to be hugh.

c Check the power amp transistors Q27, Q28 (40, and Q41 (with no tape movement).
Enutter and base 15 10 be about zero volts, cullector equal 10 V tel

5.5.5 Dnve Speed (R/W and Search) (Figure A-S)

Because Drives A and B are simular, only Drive A 1s descnibed.
l Forward and reverse speeds are nut nearly equal
a. Check to ensure that Q16 and Q1 § saturate when the dnw moves forward or reverse

b.  Measurc V ref at TP32 for forward and reverse command tu produce the same woltage

5.2§




2 N hagh speed o no low speed

4 At high speed. Q23 savurates and shoudd be ronghiv 12V At lw speed thes should drap 1o
about S5V Onhv the atio s important Btshould b 21 2 V1o |

Speecs
R'W Search Test Point
+ 8V +12V TP32
-4V -8V TP2S & 12
-4V ~KV TP &Y
28V LA TPI9A& 7

All of the above voltages are approximate

b It you are lacking hugh speed, chech TP3I2 whule 1muing altcrnate hugh and low speed
commands If readings do not double, the tranastor Q23 i not tunung on Chedh TP and
trace HIGH SPHED H through 143

< Nu low speed, tranustor Q23 may he shorted, F43 may be defective ety

5.5.6 Servo Ramp (Figure A-S)

Since Drive A and B curcunts are siamilar, only Diive A s discussed here
l Negative nmpssnot 15 2 I m
a Check ramp sdjustment

b. Check F27, 26 and their supply voltages Chedk that |27 cutput swings at least 10V each
side of ground

2. Drive A ramp not hnear
4 Gan of F 26 too low or C36 not connedted properly.
. Negalive ramp cannot be adjusted to within 2 ma ol positive ramp

a Check negative supply voitage snd poutive supply wltage Negative supplv should he
sdjustable 10 be equal 10 o up to 2 V less than the pusitive supply voltage

b £ 27 mav not be saturating properly.

$5.7 Temsion Motor Circuits (Figure A-S)

Since both tension motor aircunts are vmular, only Drive A s discussed here
| While moving in reverse. the tension motor s exerting low torque

a Qi3 and Q14 arc not twned on. Chech 118 tor Rev H o signal while exceuting 4 reverse
command
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2. Tenwon motor alwass exeriing high torqin

a Chedk E IR whade altematels changimg divectnn
b. Chech Q13 and Q14 101 shorts

. Q12,913 01 Q13 may alwars be on

$S8 Write Clock (Figure A-7)

| I ither dloch pulse missng

3. Chek TPIS und TP 1or narrow negative Clock 1 and Chiak 2 spekes 1 buth sre present,
check J6-TT and Jo-RR tor the cock uignals

b M dock pulses are present at TPS or TP17 but aot both, check B39 (47 and C4N

. It chwck pulses are nut present 4t TP3S or TPI7, chedh that the crvatal osallatorn s wothang
by scomng through divider chamn, L3901 3IX_ 1 32 and clk selector |3

2 Chnk penod of BLANK H at TP3% s nut 223 ms, o 1 not piter tree (Figure A-7).

a.  Check that #31 has selected the WRITE CLOCK sgnal. rather than the READ VCO ugnat,
by examining trequencies at B3 L. (The umit should be in write mode and the output should
show the inversion of the input ) Change E31 11 not true

b.  Fhiequency m double. tnple, quadruple. or just difterent The crvstal muv be had. or the
compensation network R193 220 Q und C46 0} myy he had

$59 Sgnal OneShot (Figure A-7)

1 150 ms time looks hike 75 ms time

4 22 15 shorted o1 being turned on all the time

to

150 ms time looks ke 1 me time
a Q21 s shorted o heing turned on gll the ime
3. 75 ms time looks bke 150 ma
a 2235 not turming on Scope both sides of R 36,
4. Adjusung the signal pot R130 has no effect on the time

a.  Check the voltage at the wiper of the pot while tuning pot It should go trom $ 1 2 1a SV,
R138 may not be grounded.

S All umes look too short or too long,
° Chedk the tining capeciton C41 and replace ol taulty
6.  All three imes 150, 75, 1S ms cannot all be brought into spec.

4 Replace the signal mono E33.




5510 Prehinunan Deta Handling (Figure A 7)

o daty ot 1172

Cheok TP 1 signal prosent. check €1 R4, o replace |

Check DS or D6 for sharts

If one dnive selection only works, chedk dides D10, D1 D12, DI}

Chech TP26 for ¢85 when SEL A signal s true, lexs than 2V when SELECT B s true
Cheeh TP27 for ¢S when SEL B sgnal s true dess than 2V when SELECT A true
Check Wnite Duta tranaitrons at | 2K,

Chech WRITE ENABLE Hat L1, Chedh Wiite Data teansitiomns a1 | 11

m - n L T

5.5 11 Phase-Lock-Loop and Reading Duta (Figure A-7)

1

Frequency control signal never goes igh, TP4S
4 Venty that data iy appearing ot Amp 2 output TP

b Venly that ENERGY H TP31 n going H (atter several data transitions ), 1t 1t does not. go to
step 2.1 1t does, go 1o step 3

Frequency contrul signal never goes high, Energy high (TP never poes high and duta appears ot TP2,
3. Fnerp oneshot |6 1 not tnggenng Check that the desr pin s not low £ 36 Chak tor
peak detcctor output transitions Chech TP (or 4 o high of not check the Fuergy Clear
vnc<hot and the 7406, which van keep TP33 at ground
Frequency control signal never goes high. | NERGY goes high. and data appean ot TP?

a Look tor a detective phase detector F44, or Q24 Chelk the eMMNINE resntive Lomponents
and ctch attached 1o 1 44,

Rise time not 2 ms or less
4 Change Q24 and chech sutrounding resston
Frequency control does not diop on a dnive selection Lhange

a Check the energy clear cicuntrs consisting of ane shot £ 36, 143,114 and 35 Output of
£43 shouid go low momentanly each tiume the selevtion i changed

Read sugnal amplitude too low or too lugh with either drive selected

3. Check the peak to peak preambic sgnal at TP1 It should be 2V apprunimately The output
a3t TP2 should be 25 times larger or abuout SV peak 1o peak on the preamble. If the gan of
Amp 215 not approximately 25, look for a shorted output (if ton low) or replace 1 (The
voltages indicated are fur the beginning of tape. at the end of tape. the voltages are double )

The voltage at TPI has a large dc value of more than 4 volt or 18 duose of saturation check the common
mude rejection by cheching R29. R31, R2K, and R31




9

10.

Read signal amplhitude too krw on one di ve onhy
4 Checkh tor louding of the wiected duve by the unsele ted dnve Chedk all watp s o bl
chedh TPU and TP27 One of the test pornts shouid be at 4 € 10 8% the second it bes the
2OV
SEEK 1 does not go dow at keast 3 bats hetore the last it o preamble
a Chedk F41. Check that INHIBITSEER L v not kow

b Venfy that the D mnput (1 41) goes hagh when ENERGY H goes lgh i the car v part of the
preamble

. The Jock input Clk 24H nmuy be open on grownd (1 apen, it will alwavs be loat g H)

Lnergy H oneshot time wrong (not $ to 2 5 ms)
a Chek the Fnergy oncshot tming components RE4S (42, D26 11 ime too shart (heck
that pin 9 remains qualificd (low) untl the last peab . it it does not chedh the nad kwl o d
the threshold delay RC network R141 C49 R1SX
b Replace t 36,
Fnergy Clear oneshot ime wiong (not | to 3 ms),

4 Chech iming components R146,C4Y
b. Replace b 3o,

1 nergy Clear oneshot tniggen on nuing and falling edge of tNFRGY H
a Replace CR7 and chech related cich
krrors are made with read level and read speed in center potion

F The VCO IC muy be defective F35 1s the Voltage Controtled Oncillator (V)
b.  Fnemgy oneahot may be cleanng randomly

Errors made at frequency himits VCO does naot seem 1o be in propet range

a.  Check (60 (8200 pF) and read VCO 45 Replace H4S.
b. Check Q24, and the netwurk around EM4
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M7761 Servo and Read Write Module Test Point ¢ onverson ( hart
Sgnal Maemonic Test Point
kich D Ewch ¢

AMP Y OUT i IR
AMP O] 2 *
RFWINDB H R} |
TENSION (REV)MOTOR(UR B 4 2
TENSION MOTOR VOLT B s none
CLRLEADER B H 6 16
TACH AMPBH 7 17
FWDBL L} none
AMP B 9 X
RFVBL 10 none
SPrED B " B |
RAMP B 12 25
GROUND 13 41
PEAK DETH(TOR L 14 9
REWIND A H 1€ 30
TENSION (REVIMOTORCUR B 16 L3
TENSION MOTOR VOLT A 17 none
CLRLEADER A H 1} ] o)
TACH AMP A OU'T 19 X
AMP A 2 hy
REVH g | none
RFY AL n none
FWD AL 23 e
SPEED A | 26
RAMP A 25 b/ |
A ON 2 IX
BON »M 19
PEAKS L e 2
READ DATAL 2 noRe
THRESHOLD ( 7V) 30 <
FNERGY H 3! 7
V RLEF D 23
THRESHOLD DELAY 3 1
WRITE CLOCK (1) M none
CLK2L 3 12
FREQ 36 3
CLKIL 7 1L
BLANK H 3 10
SIGNAL L k1) 8
SEEK L 40 14
INHIBIT SEEK L 41 is
SYNC (0) 42 none
+5V 4] M
HIGH SPLED L 44 n
FREQ CONT 45 4
+12v 40 M

12v 47 35
CONTROL MOTOR B PWR AMP none 1.9
CONTROL MOTOR A PWR AMP nne 3.9
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