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NOTES:

L. CONNECTIONS ON ITEMS #1 €#2 TO BE
SOLDERED AND LOCATED AT MINIMUM
PRACTICAL HEIGHT ABOVE BOARD.

2. ALL CONN B8LOCKS TO BE GROUNDED
TO GND LUGS AS SHOWN.

3 USE YELLOW WIRE (\TEM #4) FOR
MACHINE WRAPPED § BLUE WIRE
(TEM 25) FOR HAMND WRAPPED WIRING.
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TiTLE  TCO8 & TCOBN CHECKOUT PROCEDURES
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Equsp ent Corporation and
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without written permission

REVISIONS
REV DESCRIP1ION CHG NO| ORIG | DATE | APPD BY | DATE
\ | [520%| tazuka |31 £, T 4ok
B moas | narul [izoam o LT e
o {

A. EQUIPMENT REQUIREMENTS

1. T¢08 Back Panel

2, TCO08 Indicator System

3, TCO8 or TCOBN Module Kit

4. TCO8 and TCO8BN Logic Prints

5. Set of TCOl Maindec's

6, 783 Powor Supply or Equivalent

7. 716 .ndicator Supply

8., Minimum of )1 TU55 or TUS6 Transport
9, Dual Trace Scope

B. PRELIMINARY CHECKS

1, with all other modules removed, plug in the (821 power
regulator and connect the power OK indicator across pins
BZ1M2 and BFIM2,

2. Inspect panel for discrepancies such as power bus shorts,
broken module blocks, broken wires, bent or pushed in pins,
and correct installation of the WRTM - normal switch.

3, By using a Mato-N-Lok connector, connect power to the
requlator and apply power to the empty panel and check power
bus for corract voltage.

4, Connect the 716 power supply to the indicator syacem and install

7. By removing tho G888 in alot Al8 and adding a tomporary
jumper between DL4K2 and Dl4ul, and also cnanging addiess 13
of the previous program to ALL ZERO'a!! The progrum may bhe
uged to fire the 3P DY which should NOW be set to the value
noted on the prints. After the SP DY is set, remove the
Jquzr,linsert the G888 back into slot Al8, and replace the
or nal contents of address NQT
SWITCH ON REV B MA07 SHOULD p&%é?“?’é” by '|$'.«1~.'¢§'E4 LOwER

8. By adling the following instructions to the previous program,
a tapa rocking program can bo produced. Start program at
location 16.

#P6 609 CLA

@gL7  1g23 1AD

gg20 6766 DTLA

gg2L seed JIMP START
gg22 74p2 HLT 1/0 SKsP

#023  g2pp

9. By using the following program the write timing and mark
track clock may be enabled:

start 66od 1994 TAD
g 6766 DTLA
2ep2 6764 DTXA
#egs sgg2 JMP -1
gdda g2cg

Place unit 8 on-line and write enabled. Place WRTM normal
switch in the WRTM position. Start the program., The clock
should be set to the valve noted on the praints.

D. BASIC TESTING

1. The TCOl basic exerciser (Maindoc-08-D3RB-D) provides a

comprehensive test procedure.
logical sequenca of teatirq.

The tests also follow'in a
If this goquence is followed,

checkout time and problems will be held to a minimum,

cables, Power up the empty logic panel and the indicator

systom. All indicators excopt those thet arc deliberatoly 2, Aftor all tests of the bamic exarciser have beon run
tied to ground should be ON. corractly, the DECtape formattar (DREC-08-EUFA-D) should be
run,

C.  FRELIMINARY CHECKS AND SETUP 3. DECtrex 1 (Maindec-08-D3RA-D) should be made to run eirox

1, Plug in all modules and cables, fron,
4. The DECtape .ibrary System (DEC-08-SUAl-LA) should now be
. ion.
2, Tast power clear for correct operation tried. And made to run correctly.
ENG APPD S!ZE |CODE NUMBER REV SIZE [CODE] NUMBER REV
D, Lazuka I l A cgp J PCOR=0-16 l 8 ' Dave Lasuka l A SP ) TCOA-0-16 B
i DEC FORM NQ
B ora MO SHEET J1__ OF .4 { DRA 108A SHEET _3__ oF 1
TR A g s B S v *y
] CONLINUATION SHEET gazansg CONTINUATION SHEET
: TIME  1cos & TCOAN CUECTOUT PROCEDURE
TILE oo & TCOAN CHECKOUT PROCEDIRE : : kit

3, Key in tho following instructions ) E. ELEVATED TEMPERATURE TESTING

%g%%llgﬂ %g%% %ﬁgﬂﬂgﬁlg . 1. The control must run DECtrex 1 for ONE hour error free at 55°
- ' de.

o gg o (A7) centigrade
gggi gg;; gﬁi (768 F. LIFE TES1ING
goga 1412 TAD {ZAP) 1. With all of the tranaports boing shipped with the systom,
1.0 4] 7492 LT N prCtrex 1 should be run for a minimum of ONE hour per .
Fd {8 sSgpg JMP START transport.
aon 7402 HLT 1/0 SKIP
dg g g7 . G. CLEANUP AND ADDITIONAL TESTS
.5 BY w16g .
P LA gagd ' 1. Checkout of the gontrol is now complete.

this program will exocute 1OT inatructions to dovice 76 or 77

2. Most DECtape systems are shipped in a cabinet and the aystem
103 1, 2, or 4 under control of AC switch bats 8-11.

must be run after its installation in the cabinet bafore
acceptance,

4, The 10T decoding should not be tested. by watching the
outputs of the 10T decoders with a scope and placing the 10P
in the uw.tch register.

5. Place fiFF4 1n the gwitch and set the XSA DY to the value
noted on the prints.

6. Key in the following program:
Start  gpp 7004 1AS

gen 94¢ CMA
ggp2 s DCA
[ 4] 24 152
gega 5493 Jep =1
#eds 215 157 ;
gede S#3 JMP -3 : .
il 1903 TAD ]
geg 6764 DTXA
7383 5g¢g JMP  (START)
g2 7482 LT 1/0 SKIP
#P13 gagd
PeLa 2eeg
gd1s ga0g

This prouran caanes the direction bit to X ORed at A rate
determined by the contents of the switeh regiater, 7This
proaram generites U M and aldo “ires the UM DY which should

new be set to the value noted on th rints NCT P
SWITCH ON REV B M307 5HOULD BE SET Yo Povition & UPPER

{ —

SIZE |COPE NUMBCR REV
A sp TCOE- 016

7C08-0-16 Davae Lazuka
B=Q=10
ortond SHEET ... OF

e

D. Lazuka } SKE lcggi NUMBER “év
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P rpese:  To define t'e procedire to anzent a TCY®, DECtape
centroller for shaip—ont,

ot - ard are-

1} A PDP-% family ccrputer

?) One or more TU33 or U366 tare trar<nort-~

2t 7Cg2 indicator raral

4) 71& indaicator su_ply

5} 783 or eguivalern® suprly

6) A TCZ3 or TCI8- desperding on tre cowruter cutp.t
bus polarity

Test Scof*ware:

1) 2CP! Basic Ezerciser
2} TCP1l Randcn Ecerciser

Proa=d:re:

1) Make sire all ECO's 'are teen installed

2) Perform QC 1irspectisn

3 Make tre Tasic Ererciser run on each trancnort

4) Run the Rardo— Exercicer for a win:itum of one hour
for eac! drive that 1s to pe snipped with the system.
© errors are acrtentable.

& Run DECtane Zorralter proegram on each drave,

6) If the s_ste- has ertra ra—cry, run the DECtane
Extended Merory Everciser for 1/2 ‘our rer drivr
transport.

7) If the ssstem bas any cother D4ati Lrcav devices, tur
the PMFl Er<rzi~er for a winimi—~ o  1/2 hour.

8) Any standard DECtaps -v-tem softvare mav be run 1in
ac~eptance at tre c¢rerators discretiern,

S po.rg Scitware-

1} All DECtape MAT'DECS

2) Complete set ¢ DICtapys system software including
Liprary systrr taves.

3} TCPS Print set cf the latest rovis:ion.
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1.1 General Description

The DECtape system 1s a computer peripheral which stores
digital data on 3/4 inch magnetic tape 1n a three track
parallel/serial format, with which the data can be
accessed in blocks which are read or written in both
directions.,

1.1.1 A Computcr Peripheral

DECtape is a peripheral for the “a» ramily of
Computern, Bach DECtape system consists of a
controller and from one to eiqht tape drives,
The controller cornects to the computer's 1/0
bus and communicates to the processor for
control and status inforration: and directly to
memory for data information., Each drive
connects to the controller through a parallel
bus through which both control and data infor-
mation pass,

There are two controller models and two models
of tape drives, Table 1-1 lists these models,
and the computer systems on which they are used,
Note that the TCOB and TCO8-N are functionally
fdenticak,  Any significant differences will

be indicated in the text,

Table 1-1 DECtape Model Numbers
Pontroller Tape Drive Comput er System
| Model | Model
TCOo8 TU55, TUS6 PDPA/L, PDP-8/E
TCOR=N TURS, TUSL pPDPYR/1, PDP-8
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1.6 Adjuatment Procedin os

O

1.6.1 Delays and Clock
1.6.2 Sectting the Clock
1.6.3 The Unit or Motion Delay

6.

1.7 Summary of Statistics
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1.1,2 Stores Digital Data on 3/4 Tnch Magne Uic 'I'pe

Bach trans port contains motor., tape heads,
and the logic necessary for ,election,
motiron control and data transfcr, hach
drive can bandle 260 foot reels of 3/4 inch
1 m1l magnetic tape. Dits are recorded
at a density of 350 + 55 bits per track inch.
The tawe moves at a apecd of 97 + 12 jurhee
per second, and can store un to 190,000
1°=-h:t words. The TUSS bas one drive, ana
Lthe TUS6 has two drives.
1.1.3 Storee Data In A Three Track Scrial/Parallel
Format

The data {n the DUCtape system le stored in
a pacallel format, n that ecach 12=bit data word
is divided into 4 3-bit bytes, and stored in
rarallel acrnsa three data tracks, 'The systom
storter the complete }'-bit word,«orially along
the tape in four of these bytes,

1,1.4 Data Can Be Accessod In Dlocks

DUCtape ntered (o data words in blocks or

aroups, Nach hlock can be randomly Aocessed

ih that it is ldentified by a block number

or addresa, and the controller under the direction

uf the tudipats s van seles U gt randem aby block

to write or read a group of words,
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Pha len thy, o humber of words in each
plock is pre=determined whon the tape {taelr
is formatied. Formatting involves writing

a timing track and a mark track on two
(non-data) tracks of the trpe, and numbering
the data blocks, During formatting, the
programmer can select the length of the
blockas, Once set, the length cannot be
changed without deatroying data on the tape,

1.1.5 Data Can Bo Accessed In Both Directions

Each block can be identified by the computer
no matter which way the tape is moving,
Further, data can be read or written in
either diraction, This feature allowa the
programuer relatively fast search time since
the tape does not have to be vo-wound bofore
a block can be searched out, and the programmer
can begin to write no matter which end of the
block appears first. It is important,
however, that the programmer read and wr:ite
the same data in the same direction, or

else be prepared to unscramble it in the
computer.

1,2 Operational Description of DECtape

Information flow within the DECtape system isg

determined by the recording format on the tape
surface, and the internal architecture of the

controller.

TITLE 1'C08 Specification

»

lstz: Iconii NUMBER j REV
A < Xce @
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DRA 108 SHEET 5. OF 54

he two tiracka next to tho timing tracks
are called mark tracks, 'These record
the instructions which tell the TCO08
controller where the tape is and what
type of data is stored in the associated
information tracks. The information

or data tracks are placed in the middle
of the tape, where the effect of akew

is at a minimum, As are the timing

and mark tracks, the data tracks are
paired up,

The hiqgh reliability of the recording/
reading system is because of the way in
which the 10 tracke are dividxd into
five pairs of counterparts. That is,
corresponding heoads tor each track are
wired in series, and record and write
the same information. During reading,
the analog sum of the two hecads 1s used
to detect tho correct value of the bat,
Therefore, a bit cannot Le misread until
the noise on the tape 1s sufficient to
chanae the polarity of the sum of the
signals being read. During writing,
correspording heads record the same
informatson.

in summary, the five pairs of tracks
congist ¢f - the timing tracks used
to strobe the other tracks, the mark
tracks which store instructions, and
three data tracks, An 12 bit PDP-8
word, then, uszed 4 lines of 3 data
bits cach,

SI2E r'aoel NUMBER J REV
AL AES
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1.2,1 The Tape Surface Recording Format

Two 1mportant DECtape features -~ individually
addressable blocks and bidirectional reading
and writing, are the result of the tape
surface fermat. This stores not only data,
fut also instructions telling DECtape what

to do with the data.

1.2.1)  DECtape Heads and Tape Tracks

Both tre data and the instructions
are stored in, or rcad from, the
magretic tape through read/write
heads which magnetize the tape in
one of two directions to represent
a "0" or a "1", and read the same
information back. There are te..
read/write heads distributed along
the width of the tape, each head
covering a narrow path called a
tape track or channel, Figure 1l-1
shows a tape stretched over the
ten heads to indicate how the
width is divided into ten tracks.

The ten tracks and heads are divaded
functionally into five pairs, The

two outside tracks are called timing
trackas, On these tracks signals are
pre-recorded at a fined frequency, and
uscd to strobe information into or from
the other tracks. The tape controller
synchronizes on these pulses.

l SIZE Jcooz NUMBER REV
Al xCck o

Chk v 33
DEC FORM NO 16-1022 S0
FEA SHEEY _Z_ OF 2¢_
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1.2.1.2 Tape Recording Format

A reel of tape must be pre~formatted
before 1t can be used on the DECtape
system. This involves logically
dividing the 260 foot length into
three zones -~ two end zones and a
recording zone, The end zones are
about 11 feet long and arc uscd to
wind tape around the heads and ito
the take-up reel. They never con-
tain any data. The recording zone
contains the data,

The recording zone 1s divided 1into
blocks. Each block will store a
speci1fic number od data words and
several control words, including
1ts own address or block number,

The number of words such a data
block will store tg determined when
the tape is formatted. Normally,
one el 18 formatted with 1474
hlocks, cach with 129 12-h1t words.
However, the total length of the
tape 1s cquivalent to 884,736 lincs
which can be divided into any

number of blocks up tc 4,096,
Complete instructions on how to for-
rat a tape are available in the
DECtape Formatter. (The numker

of blocks 1s limited by this formatter).

DEC IO‘RH NO 16-1022

ORA 10f SHEET .4 oF 3¢

SIZE |CODE NUMBER REV
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o~ 3[4 INCH MAGNETIC TAPE

"
DEC TAPE HEADS n ep e 2
~ ", > -
~ 2 0—\, .
(-3
>, -~
NOTE THA™ EACH PAIR OF RN

HEADS I ACTUALLY WIRED
IN SERIES, AND TWO WIRES
ARE RUM TO A DIFFERENTIAL
AMPLIFIER, FOR SIMPLICITY
A SINGLE WIRE FOR EACH
PAIR IS SHOWN HERE.

Figure l-1 DECtape Heads and Tape Tracks

vo)
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Each data block on the tape has the
following characteristics: (fig. 1-2)

l. It 1s numbered and 1ts number 1is
contained in the data tracks of the
block number area at either end of

, the block. This 1s to say that the
computer can ident.fy a block from
its number by approaching the block
from cither direction. The block
can then be read or written into, in
either direction.

2. A longitudinal parity checksum 1is
automatically calculated by the
controller and deposited into the
parity check area of the block.

There 1s a parity check at either

end of the bLlock so that the check-
sum can then be deposited no matter
in which direction data has been

read or wirtten, When the data 1s
read back, this checksum is re~
calculated and compared with the
original. Any discrepancy 1s reported
to the computer,

3. Spaces are established teo delineate
blocks, and within each block, hetween
the block number and the data area,

$0 as to give the computer time to
react to the numher (1.e. set up the
data parameters). 1he controller
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wdentifies ths different arcas of a
block, ar wrll ac the difteront ropes
on the tape, fiom special ¢odes re-
recorded on the mark track, "hese codes
are nol seen by the computer, and are of
no interest Lo the mogramme r exeept for
the function that they perform. A more
detail~d breakdown of the mark track in
¢given in Chapter 2.

1.2.2 Tue DECtape Architecture

The organicsation of the hardivare in the
controller is studied in threc parts - the
control, the data transfer section, and the
formatter., These are ~hown in tiqures 1-3,
1-4, and 1-5,
e e TmA e

1,2.2,1 The Control Scetion

Phe control cection 14 that logic which
comes updery the supervision of the
program throngh (01 instraction,

rable 1<2 deseribes the 10% in tructions)
[t consists of 7 registers and thear
associated legie,  {(qable 1-3 summarizes
the dncoding for cach regi.ter,)
Descriptions of the registers are ae
follows.

1. The Unit Sclect Register, A 3-bit
regigter vthich tendg a binary tc ortal
drcoder, which 1n turn drives cight
select lines to the contiol cable,
Lach transport can he dialed anto a

Bha 1on ™ NO 18-t022 SHEET _(J_ OF _SZ_
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particular sclection address by means

of 1 switeh on the front of the transport.
[f the number decoded from the Unit
Scelect Regi:ter corresponds to the number
sclected on the switch thon that
transport will accept motion commands

from the controller, [f mose than one
transport is on the same number, then

an crror flag is posted as soon as an
attempt is made to initiate operation.

2. The Motion Register. A 2-bit
double buffered register that commands
the selected transport to stop, go and
move forward or go and move in reversc.
Note that each transport remembers its -
motion, and if it 1s subsequently
unselected without being stopped, it
will continue until it is re-sclected
and stopped, or until it runs out of
tape.

3. Tho Mode Reqglster., This selects
a1ther continuous or normal mode for
each -peration of the functlion register.
The difference in response for each
function to the two modes is explained
in Table 1-4,

4, The Function Register, This is
3-bits long, and is decoded by a binary
to octal converter to select one of a
possible seven functions. An explanation
of these functions is glven in table 1-4,

lszi [c?DEl - NUMBER REV
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5. Enable the Interrupt. A l-bit
register which, when set, allows the
controller to use its Pl interrupt
system. When reset, it disconnects
PECtape from the interrupt lines,

1n the disconnect stete none of the
arxror condition< or DECtape tlad can
cause an wnterrunt, In no other
way, however, 19 status P affccted.

6. The ERROR Flags are flap flops
which continually examine possible
error conditions during the operation
of the transport. Each condition

18 explained in Table 1-5.

7. Tho DECtape flug 15 also a single
£lip flop which sets, erther when an
oporation has been succesafully
completed, or when it has been aborted
as the result of an error.

The unit Select, Motion, Mode, Function
and Enable registers are all set from
the accumulator by the XOR status A
I0T. The bits of Figure 1l~5 irdicate
the accumulator bit which setas each
flip flop. The two bits not shown,
bit 10 and 11, clear the exror flags
and the DECtape flaq respectively,

1f they are set to a zero in the AC
du-ing an XOR instruction, The com-
plete word trom 1 to 11 11 known as
Status A.

NUMEBER REV
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All of these bits O to 9 can be read
back into the computer under the
instruction Rcad Status A, (DTRA).

The error flags can also be read into
the accumulator into AC bits which
correspond to the bits shown 1in

Fiqure 1-3, Further, the DECtape

fsag is read into acrcumulator bait 1l.
Bits 0-6 and bit 1l are known
collectively as Status B, ‘ite JOTP
instruct:ion which reads them is called
DTRB.

In Summary, the Status A reqisters are
set under I0T command. They determine
the operation to Le portormed, the
tranuwport which 1 to perform that
operation, the dircction of motion,

and the mode. Any errors are com~
municated to the computer through the
interrupt logic. I1f an operation is
successful, then that too 1s communicated
back to the computer, which then takes ——
further action. The actual information
transfers are taken care of through

thr multy eycle data break facalaty

under the direction of the data transfer
logic,
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Table 1 = 2

S

Mnemonie

DTCA

D'TRA

DTXA

DI'LA

DILB

DTRR

DIDY

Octal Code

762

6761

6764

6766

5774

6771

Deseription N

Mlcar rtatus register A, The DECtape
control and ecrreor £lags arce updi tuibed

(D.Fand 19},

Read statve register A, he content -
of status reqgister A 1 CRed into the
accumulator.

XOR status register A. The exelucaive
CR of the conteat of bits 0 through 9 \
of the accumulator and status A 1s loaded
into status regaster A, and bits 10 and
11 of the accrmulator arce samnled to
control clearing of the error and DECtane.
flags, respectively, The WC overflow flaqg
is cleared. :

Load atatus regirter A, Combines action
of DICA wd DTXA to load AC0-9 1into
wtatuc register A, Pits 10 and 11
cor.rol clearing of errer and

DECtape flags, respectively.

The 3 mamory field bits are loaded from
AC Hits 6-8, ‘The AC i¢ cleared and the
error flags aro left undisturbed.

R~ad Status 13, The AC 1. cleared and
the content of atatus I 1s ORed into
the accumulator.

S}ip on DECtape flag, The ostate of
the DEC tape flag (DTP) 1s samploed.
1f {t 1s scot to a 1, the content of
the PC .s incremented by one to skip
the next scquential instruction. [

)

‘snze lcooz[ NUMBER I REV
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TABLE 1-3 Status A~bit Assignments
Register AC Register  Octal Decoding
Bit Rit Code .
Unit Select 0-4 0-2 Unit
{USR) 000 0 ov 8
001 1
010 2
01l 3
100 4
101 5
110 [
111~ 7
Motion [ 0 = Forward (FWD)
{MR) 1 » Reverse (REV)
1 0 = Stop motion (STOP)
1= Start motion (GO)
Mode ] N = Normal Mode {KM)
1 = Continous mode (CM)
Functior 0,1,2 Operation
(FR) 000  Move
001l Secarch
010 Read Data
011 Read all
100 Write data
101  wraite all
110  Wwrite timing
111  Unused (causes select error)
Enabie the [] 1 = Enable DECtape control flag
Interrupt (DICF) to the program
(ENT) interrupt,
Erior flag 0 = Char all crror flags
(EF) 1 = FError flags undisturbed
DECtape flag 11 0 = Cloar DECtape flay
(DTF) 1 = DECtape flag undisturbed

SIZE | CODE NUMBER REV
A |5 TCt v Ju
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Table 1 - 4 The DECtape luactions

MUNCTION

OPLRAL 10N

MOVE

The move function is used to re-wind tape.
Code 000 of bats 6, 7, and 8 initiates

tape motion in the selected directioa,
provided 30 1s alse on. The makr tr. ck

1s rcad, but only the end of tape ain:struction
1s decoded, :(nd of tape posts an error flag
and causcs an interrupt to the computer,

If the tape control is uns: lected but not
stopped, Lt continues to run; however, the

end of tape is not detected, The state of
mode 1s 1rrelevant,

SEARCH

The search function is used to scarch tor
blocks, When a block number is detected by
the mark track, the three-cycle data break
control transfers the number into the addross
specified by the current address register,
‘The current address register 1s not incremented
so that succeegive block numbers alwaye go to
the =same address, The word count rigister

is incremented, hawever, as cach block number
is pawsed, 1f the wmode is sct to normal, the
DECtape flag ia set cach time a blcck number
18 detected, This causes an interrupt and the
program car identify the block number, In
continuous mode, no :nterrupt occurs until
tl e word count register overflows,

SI2E |CODE NUMBER R
l l LY NeCh v dd Ev
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READ DATA is used to transfer blocks of data
into core memory. ‘the standard block

length is 129 12-bit words., For this and
all following functions, the CA location
initially muct be set to (the transfer

memory location - 1) Becausc the CA location
15 1ncremented just before each word transfer.

the WC lecation 1s also incremented prioy to
each word transfcr, =0 must be set to the 2s
complement of the number of words to boe

L

Table 1 <« 4
FUUCTION OPERAT [ON
SEARCH This scarch operation is most cfficiont when
(Centinucd) both modes are used {n the following way:
1. The current block number is detected in
: normal mode,.

2. The difference between it and the desired
block number is computer, and the direction
cerrected, if necessary,

3. If the direction is reversed, read the
current block again and compute the new’
difference, otherwisce go to 4,

4. The two's complement of the difference is
loaded into the word count ster.

5. The function is ¢ aoﬂ’izyingznuous
mode, ”

6. On the next interrupt, the tramsport s
over the desired block, 'The block
number is in the address apecified by
the current address register,

READ DATA

lSKfJCFPE

Keem Y S

NUMBER REV
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table (~4

FPURCT 10N

OPLRATION

READ DATA
(continued

wi1ll end with WC overflow (i.e. the word

transferred prior to the transfer. Data may

be transferred in forward or reverse.

Any number of words equal to or less than a
block may be transzferred in NM. The DIF 1is
raised and an interrupt occurs at the end of
~ach block. The DTF must be cleared hefore

thc beginning of the nevt block fi.e. 17 msec.)
to avoird an erroneous timing error. When
partial blocks are trancferred data transmission

which -auses the WC overflow 15 the last one
transferred,) However, the remainder of

the block 13 read and parity checked before
the DTL and interrupt occur. Tape motion
continues until the GO Lit v, resct to 0 by
the program, I1f the GO Lit 1s not reset to a O
or a new function soecificd before the end of
the nevt block, a timing error will occur.
READ DATA 1in "M 15 intended praimarily tor
single, 12%word bloeh tranofere, f anv
othor number of words 1 to be tranwferred,
1t i, advantageous to use CM, llowever, il
the programmer chooses to u e MM for any
othrr number of worde, the program must check
for VC overflow at cach intorrupt because
there 1* no other way to determine when to
<t»p the tupe or change to another function.

SIZE ]coos
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Table 1 - 4

FUNCTION

OPERATTON

READ DAYA
{continued)

Whon the WE over flow oceurs, it is cgmsential
that the function be changod or the GO bit sct
to 0, Otherwise Lransicr begins again (the
10T to cleayr the DPF dwplicitly specities the
same function again) at the next bleck (or next
word for the ALL functionn)since WC=00008

{s valid, Any number of worda may be
transforead in €M, ‘owever, the Db and an
interyupt ocaour only ones attor a WC overflow
and an ond of block, “ho comments concerning
tape continuation apply in CM as woell as NM.

READ ALL

The READ ALL function allows information to
be read from nusually formatted tapoy
ensentially reading all data liacks recorded
on DLCtape vogardle.s of the mark track value,
During the RIAD ALL function thoe DICtape
control doos not didtinguinh botwoen diffsrent
marks recorded on the mark track - oxcopt tw
check for mark track crioru (MRTK),

In normal mode (NM) the DTF is raised and
causes an interrupt at thoe end of cach 12-bit
word tranafor, Data transfer etops aftor

WC overflow, but tape moticon continues until

to GO bit is set to 0 or a new function is
specified (in both BM and CM)., If the DTT

is not cleared after each word transfer, a
timing error occurs at the end of the next .
word (i.e. 33 microscconds later),.

- ——m—— —
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Table 1-4

Function Operation
READ ALL For continuous mode, the DTF 1s raised and
(Continued) causes an interrupt at WC overflow orly,

If this interrvpt is ignored no more data
t.ansfors occur bul tape mo!ion continues Lo

EOoT.

WRITE DATA

The write enable switch on the TU%5 or TUS6
must be in write enable position for all
VIRITE functions.
READ DATA function descuciption apply with
the following exceptions,

In normal mode, the DTF is set to a ] at the
end of cach block.
occur in the block just epded and a new

All the details of the

I{ WC overflow did not

ENGINEERING SPECIFICATION

CONTINUATION SHEEY

TITLE rcoa gpecification

Table 1 - 4

Ut FOR

OPERAT TON

WRI'E DASA
{cont inned)

I 3

In continuous mode, the DIP' iy set at the end
of the block in which WC overfiow occurred,
Thevafore, {f no nw function {e specitied,
the tape continucos to move but the writora
arc disabled, and an orror will occur,

WRITE ALL

All the details of tho READ ALL function
description apply, The WRITE ALL function
in used to write an unusval format (such as
block numbers on DECtape after timing and
mark tracks have becen recorded).  ‘The word
which causes WC to overflow is the last one
writton in XM or CM,  The tape continues

to move but the writers are disableld,

NOTE: Chanqge of function must be delayed
for 90 miercseconds to in we recording ot
last word, Alternative method: ot wWC

to one greater than desired number of word
tranafors and chanye function within 40
microseconds after WC overflow.

NOTE: The WC is in location 7750
The CA is in location 7751

s T s

—n e
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)" LAG

Table 1-% The Error Flags

ERROR FLAG

function 18 specified, the next block will

be processcd provided the DrF las been cleared.
1£ WC overflow did orcur {in the block just
endod and no new function is apecified, the
tape continues to move but the writors ain
disabled, and an orror will occcur, The
remaindor ot the block is written with

gorons,

In both CM and NM when partial blocks are
written, data transfer from core to DECtape
stops at WC overflow. All zeroes are
written in the ramaining data words of the
block and the parity check character is
computed over the entire block and recorded,

Five types of errors can he detected in the
use of DECtape:

tfiming Error
Parity Error
Sclect Error

End of ‘Tape

Mark Track Error

For all errors the EI' 1s ralsed, a bit is set
1n the status register and an interrupt occurs
(if the enable-to-interrupt bit has heen set).
The DISP inatruction skips on the inclusive
OR of those error bits; hence, each status

bit mnst be chrgked to determine the kind of
error. For all but the parity error, the
geleeted tranaport is stopped and the EF is
raised at the time of the error detection,

No DFF occura,  For a parity orror, the GO
bit remain: U tioe., motlon continues) and

the B 43 gadsed simnltancounly with the

DE in MM, Only 1 anterrupt occurny hence

the program must check the L,

A parlty crror in €M ral-es the EM at the end
of tar block in which the parit, occurs
cauniny an interrupt (it enabled). If no
program action is taken, e.g. stop transport
or reverse and re-read, data transfer continues
anu the DI'F 1s raided and causes an interrupt
at WC overflow nd end of final block read,
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forward/reverse direction bit set to continue
in the same direction. In NM a.d CM data
transfer stops at the last legitimate block,
the LF is raised, the tape transport stops
and an eérror interrupt occurs,

SELECT ERROR
BIT 3

Select Erroxr * - A sclect error will result
under any of the followimg conditions:

3. Sclection of none or more than 1 transport,

2. Attempt to write on DECtape transport
with WRITE LNABLE/WRITT LOCK switch in
the WRITE LOCK position.,

3. Attempt to select unit for any function
with DECtape transport PLMOTE/OrI'/LOCAL
switch in the OFF or LOCAL (off-line)
position,

4, Attempt to write timing and mark tracks
with the DECtape control switch in any
position other than write timing and maik

CMt AD

TME  7co8 Specification VITLE  1coR specification
Table 1 - 5
1.2.2.2 The Data Transfer Section
FLAG The data transfer section (Figure 1-4)
handles the flow of information between
MARK TRACK A mark track error occurs if the D Ctape the multi cycle data channel of the
ERROR BIT 1 control fails to recognize a legitimate ccmputcrf and the magnetic read/write
mark on thc wark track, The error may heads. There are two types of
occur in all but the move or writ~ tining information - data, and instructions
and mark track functions. In both CM, from the tape which tell the controller
and MM, the LF is raised, the tape transport what to do with the data. The instructions
stops and an interrupt occurs, are recorded on the mark track, which
feeds the window register and subsequentiy
the data control logic. This combination
looks at the mark track codes ard from them
END OF TAPE An EOT error occurs when the DECtape enters determines whether the tape heads are over
ERROR BIT 2 either end zone with the GO bat = 1 and the end zones or recording zones; and 1f over

recording zones, where in any particular
block., Meanwhile, data from the three
data heads, and timing pulses from the
timing track heads are feeding the data
buffer and the data control logic
respectively, The timing pulses are
used to strobe the mark track and data
track information at the proper time,
Data cowmes into the controller in bytes
of three, therefore the data buffer is
basically two 6-bit shift registers.

As the data is shifted in, the longitudinal
parity buffer calculates the parity of

each track. When a complete blcck has

been rcad, this buffer should be all

ones if no error has been detected. 1f

it 1s not all ones, then a parity error flag

l SKE ]cggel _‘CNUMBER REV
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Table 1-5

FLAG

SFLECT ERROR
(continued) k)

track.

Attompt *o perform any function othe. than
write timing and mark tracks with the
DECtape control switch in the write timing
and mark track position.

Attempt to exccute unused function {Octal
code 7)., '

*No~tape or tape-run-off-reel conditions
are not detectable,

PARITY ERROR

Parity Error ~ A parity error occurs only
during the READ DATA function for a
hardware computed parity check character
{pcC) farlure,

TIMING ERROR

Timing Error - A taming error {(program
malfunction) is a data miss or program failure
to clear the DTF status bit, A timing error
occurs also iuf the program switches to READ
or WRITE DATA function while the DECtape is
currently passing over a data area on tape.
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18 raised.

During a Read operation the data buffer
accumulates a complete l2-bit word,

and transfers it to the DECtape buffer
for temporary storage. The Data

Channel flug 18 then raised and a

multi cycle data chennel break initiated,
Dur:ng the break, this word i1s transferre.
out of the DLECtape huffer into the
location specified by the current

address register at location 7750, The
would count at location 7751 1s in=-
cremented, The computer i1s allowed a
maximum of 23 us, to complete thas
operation.

If the computexr has not responded in
time, an error flag is raised to show
the timing error.

Alternately, 1f a write operation is
required, the TCO8 requests a mult:
cycle data chennel break. The computer
transfers the word to be written into
the DECtape buffer, which i1s then
transferred 1into the Data Buffer at
the right time, From the data Lutfer
1t is shifted out and written ontd the
+apa.  Meanwhile, the 1C08 requests
another word from the computer as soon
as the DECtape buffer is emptied into
the Data Buffer, and the TCO8 1s ready
to write the next piece of data.
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Table 1 =~ 6
INDICATOR
NAME INDICATOR FUNCTION
TIM This flag indicates timing errors,.
o
3 DIr This lamp reflects the state of the DECtape
oy ? flag. (00 indicates an operation completod),
2
i is
£ =] a4 DF The Data Flag i4 set when the controller needs
2§ j? v g to transfer a data word through the thre -cycle
ne b b § break,
ER u | ¥
3 21 m ﬁ ° N
4R 5 8 we The Word Count flag is zeroed whenever the word
of D ] count register overflows,
8 by [ 3
b w [in ‘—‘ W
2 E — 8
© Y] 2 x
g u ¢ 1 §‘ g U+M This is the output of the up to speed delay.
E g 3 1 When the light ia on it indicates that the tape
EH H 8 d is not yet up to speed,
g L n
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Table 1 - 6
1.3 TCOB Operator Controls and Indicators
The elngle switech, WRIM/MORMAL, and an array of lighta ~ s TR TS T s s e e
are all with which the operator of the TCO8 controller INDCATUR INDICATOR FUNCTICN
heed concern himself, The operation of the transports NAME

is explained in their reapective manunls, The

TC08 switvh (located on <he left-hand side of the
logic panel) puts the controller ain write timing and
mark track mode or else in normal, or evervy other mode,
depending on the settings, SWIM or NORMAL respectively.
Table 1 -6 gummarizes the function of each indicator.

EP This flag 1s soct if any one of the five following
error flags comc up. These conditions stop
transport motion, except for the parity error
of bit 4, and all cause a program interrupt if
the facility is enabled.

MK The output from the mark track instruction
reqgister is tested every time an instruction
appearn,  If no instruction appears, this
indicatea that the mark track is not recorded

Table 1 - 6 The Indicator Panel

properly and therefore an error has occurred,
INDICATOR INDICATNR FUNCTION MK and thurefore LI' are sot,
NAME
END 1f the instruction rogister of tho mark track
U o
e ::tchﬂ::u:§;::: t:q::tgz :Eti:.izsﬁtfies decodes an end cone indicator, this flag and
.

T are set, A subsoquent program interrupt
gtimulatos the computer to determine the cause
MR The Motion Register specifies the three of the interrupt.

possible movements of the reel.

SE This flaq indicates aelect errvore when control
FR Thie four-bit Punction Register specifies ono switch states and Status A function states are
of neveral possible operations in either of compared and found incongruous,
two nodes, .
AR fhig crior cecurs if the longitudinal parity
ENI I'nable the interrupt when on indicates that puffor nhows an error at +he ond of a block during

a road data function,

the conirollor can cause a program interrupt
when an orror flag or the DICtape flag is
set,

S12€ [CODE NUMBER REV SI1ZE |CODE NUMBER lREV
A 4 XCCE . gt A | 6w 3
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TIME ncor  8peci ficat fon

Table 1 - 6

Table 1 - 6

INDICATOR

NAME INDICATOR FUNCTTON

MC Theae three bita represont a three-bit switched
tail counter composed of bits MCOO, MCOl, MCO2,

co, C1 Theae are the flip-flops which constitute the
counters of the timing generator,

osyi} These lights reflect the statesof the 12-pit

‘ DECtape buffer,

WINDOW The Window Register is a simple shift pegister
which receives the instruction codea frow the
mark track and uses the codes to cet the State
Generator,

SIZE |CODE NUMBER REY
A ]ls NCCh v dd

INDICATOR INDICATOR T'UNCTION
NAME
uTs This Up-to-Speed flip-flop is set as soon as the
tape transport reaches an acceptable speed.
L] This flay, when set, {ndicates that the writers
are enabled.
WM This means the SWIM/NORMAL switch is in write
timing and mark track mode (SWIM),
LPD These six indicators reflect the state of the
Longitudinal Parity Buffer.
STATE These bits make up the state generator, a ring
counter, which steps from an idle state through
five other states and back to idle, as a block
passes the tape heads.
lSﬂE CODE NUMBER REV
VA o tero s
oES uan Mo SHEET .32 oF 5.
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Table 1 - 6

INDICATOR
FNAME INDICATOR TI'UNCTTON

|

l BM Block Mark is the first bit to which the state
generator moves, It is sot when forward

block makr is in the data buffer,

RC The Reverse Checksum state occurs when the
Reverse PCC Marx cell is ercountercd,

D Thd Data State starts with the first block that
contains data (The Reverse Final Mark) and
finishes when the next-to-last data block (the
Prefinal Mark) Passes the rcad heads.)

F The Final State occurs during the last cell
which contains data (the Final Mark,)

CK The Checksum State occurs when the PCC Mark
cell passes the heads, During this state,
the checksum ie deposited in the PCC Mark, if
the TCOB is writing: 1t checks for a parity
error, if the TCOB i1s in a read operation.

b4 The idle statc,

TITLE TC08 Specirfication

1.4 Programming B amples

The following is an example of programming the TC08.
The program i1s written in PDP-8 Asscmbler languages.

Problem: Find a given block, number 5. The transport
number 1s 3,

TAG INSTRUCTION REMARKS

SRCH, )
ION /Turn on PI
CLA
TAD 3614 /Status A code for search,etc
. DTCA /Clear Status A
DI¥A /Load Status A
JMP 1 SRCH /Return
2 o809
1, JMP FLAG
FLAG DTSk /Skip on flag
JMP + 2
JMS TAPE
HLT /Error, DECtape flag was not
set. Another system flag
caused the PI
TAPE, CLA
PRB /Read Status B
DCA TEMP /Store 1t away
ALD 0001 /Mask for flag
SZA /Flag is on
jtiay . /Mo flag -~ something wrong
CLA
TAD TEMP /Return Status B
AND 1000 /Test for error flag
SZA
JMP ERROR /Go to errpr subroutine
JMP BLKNO /Go to subroutine to get block

Tcoh v

SIZE |CODE NUMBER REV
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BLKNO, CLA
TAD I CA /Get block number
TAD 7773 /Test for block 5
SNA
JMS WRT /This is block S-start writain
CLA /Not block 5
TAD 5 /Get a 5
CIA /Make 2's compliment of 5
TAD I CA /Add present block
CIA /2's compliment it
DCA WC /Put result in WC
CLA
TAD 0100 /Get next Status A
DTXA /X'OR into Status A, CM
ION /Turn PI
JMP I SRCH /Go back to main program

i SIZE Tcoos
A_Ls?

NUMBER REV
3,

TCOo~ V-

DEC FORM NO 16-1022
DRAIOS
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1.6.1

1.6.2

1.6 Adjustment Procedures

Delays and Clock

1.6.1.1 The posts on the G888 reader writers
should not be adjusted. They are pre-set
in Module Production.

1.6.1.2 Set the XSTA Dy to 5 us., This delay will
be triggered by the following program:

ADDRESS INSTRUCT [ON DESCRIPTION
2o Lhe IRUCION SEOLRIAZES
0000 7604 Load AC from SR
0001 6766 Load 3Status A
0002 5000 Jump to Zero

The output of the delay is on pin DI8BT2,
Adjust the bottom pot of the M302 in
D16 so that the output sijynal has a
positive duration of 5 microseconds.

1.6.1,3 The Status A register car also be
tested with this program. By placing
the data switches to A "1", the
corresponding Status A hits will be set
to A "lv.

1.6.1.4 To check tape motion, set switches 0,
1, and 2 to select a transport and 3
and 4 to determine direction and motion,

Setting the Clock

1.6.2.1 The M40l clock will be enabled by the
following procedure., Do not attempt
to ground any signals with jumps; or
modvles may be destroyed, Toggle 1in
the following program.

TITLE

TCO8 Specification

ISlZE lcoof:l NUMBER REV
A sy Tced v-add
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supoblics and controls,

condensation.
corrosive pollutants,

1.5 Equipment Description

1.5.1 Hardwarce

1.5.2 Enviionmental Requirementa

1,5.3 Power Requirements

The TCO8 Consists of two mounting panels of M scries
logie, an tndicator pandl, and associated power
the logic and indicator
panel are mounted in the same cabinet as the power
supplies, the power control and tape trunsports
according to the configurat:ions described 1in the
PDP- 5 Instaliation Manual,

The DECtape system is derigned to operate in a
temperaturc range from 65 F {18 C}) to 90 F {35 C)
4t a relative humidity of 10% to 55% with no

The air should be free of dust and

Table 1-7 lists the primary power requirements
for a DECtape system,

Table 1-7 DECtape Power Requirements

TITLE

TCO8 Specification

Configuration
(no. of
Transports)
TUS6

No. of AC
Cabinets Current

Dissipation

‘(Amps) -

Heat Power
BTU/HR (KW)

(max)

1,510.6 446

2,706.6 796

3,89.6 1,146

5, 086, 1,49

.[SKE |C;’BEl \cNUMBER‘ l REV

©p 2 S

1.6.3

1.6.4

1.6.5

ADDRESS INSTRUCTION DESCRIPTION
0G00 7604 Load AC from SR
0001 6762 Clear Status A
0002 6162 XOR Status A
0003 7200 Clear AC
0004 5002 Jump to 2

Rewove the tape from the transport and
place 1t on line write enable. Turn
the switch WRTM/NORMAL to WRTM. Set
the data switches 4, 5, 6 and 7 to a
one {1): hit Load Address and start. A
WRTM function will be executed on unit
eight (B8), and the clock will run.

The output of the clock is on pin DISD2.
Adjust the pot on the M40l in D15 so that
-he pulse repretition rate at this pin

is 8,23 microseconds.

The Unit or Motion Delay

1.6.3.1 Laad the DECtape bhasic exerciser and run
test zero (0) to make the tape rock,

1.6.3.2 The output of the U + M Dy 1is on pin DU4KI.
Adjust the top pot on the M307 in D14 so
that a positive signal with a positive
duration of 120 milliseconds appears on
this pin.

The Rate Delay

1,6.4.1 The output of the Sp Dy is on pin Dl4HZ,
Adjust the bottom pot on the MI0?7 and D14
for a positive signal with a duration of
70 microseconds on this pin.

Crose Talk Delays

1.6.5,1 The output of TPO XTIK Dy is at pin Al4Fr2,
Adjust the top pot of the M302 in slot
Al4 so that this pin gives a ;ositive
gignal with a durztion of 10 microseconds.
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1.6,5.2 The TPl XTLK Dy output is at pin Al4T2,
Adjust the bottom pot of the M302 in
location Al4 so that this pin gives a
positive signal with a duration of 10
microseconds,

1.7 Summary of Statistics
The following tables summarize the errors, funce
tions, flags and critical timina specifications
of a DECtape system,

Table 1-8 Summary of Errors

FUNCTION ERROR {IN NORMAL OR CONTINUOUS MODE)
Move Select Error
EOT*
Seaxch Select Error
EOT*

Timing Error
MK TRK Error

Read Data Select Error,
EOT*
Timing Error
Parity Error
MK TRK Error

Read All Select Error
EOT*

. Timing Error

MK TRK Error

V:ttn pata 8elect Brror
EOT*
Timing Error
MK TRK Error
*End of Tape

SIZE Icooe{ NUMBER l REV
I Al TeC§ c- -
oha 100 ° SHEET _ 435 oF 50
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Table 1-9 Summary of Functions

IFUNCTION NORMAL MODE (NM) CONTINUOUS MODE (CM)

0. Move DTF: No Interrupt
CA*: Ignored Same as NM
WC**; Ignored

1. Search DTF: Interrupt at each DTF: Interrupt at each
block mark block mark if WC has
overflowed
CAt No incremented CAs  Not incremented
WC: Incremented at WA: Incremented at each
each blochk mark block mark
2. Read DIF: Interrupt at end DIF: Interrupt at end of
Data of cach block block 1f WC has
overflowed,
CAt Incremented at CA: Incremented at
each word tranafer each word transfer
WC: Incremented at WC: Increnented at each

each word transfer word transfer,

ENGINEERING SPECIFICATION CONTINUATION SHEET

3. Read D"f; Interrupt at cach DIF: Interrupt at WC
All word transfer overflow
CA: Incremented at each MA: Incremented at each
word transfer word transfer.
|
l SI2E lcoozl NUMBER PEV
A © 0 Nevr o o>
OEC FORM NO 16-1022 2
oee rof sHeer %7 oF 50,
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‘Table 1-8
{
FUNCTION EHRROR (1IN NORMAL OR CONTINUOUS MODE) '
!
¥
Write All Select Error
EOT*

Timing Error

MK TkK Error

write Timing Beleet Error

& Mark Tracks Timing Error

*End of tapo

TITLE TCO08 Specification

]Wﬁ] NUMBER Inev
ty AR

‘fable 1-9
UNCT' L ON NORMAL MODE (NM) CONTINUOUS MODE (CM)
WC: Incremented at each WC: Incremented at each

word transfer word transfer

4. Write Same as 2,
Data

Same as Read Data

5. Write Same as 3,
All

Same as Read All

, Write Same as 3,
Timing
& Mark
Tracke

Same as Read Al)

7. Unused+rs

*Current Address (CA) 13 in location 7751
**Word Count fWC) is in locat.on 77¢0
***1€ uied hy mistake, the control gives a
Sulect Eiror (SE) -

’
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Table 1 -~ 10 Summary of Timing
PERATION TIME
Ol Tabkle 1-10
Time to answer data channel Up to 33 microsecex}ds
t
reques OPERATION TIME
Word Transfer Rate 1 12-bit word every 133 N
micr cond:
1croseconds DTF tc beginning of next data 1.7 miiliseconds
Block Trans fer Rate 1 129 Block every 25 plock
milliseconds
DTF Occurrer.ce:
Start Time 375 milliseconds (+ 20%) )
- Move: M. M Never :
Stop Time 375 milliseconds (+ 20%) ' Search: X1
- i Read Data: &Ko Every 54 milliseconds
Turn Around Time 375 mrlliseconds (+ 20%) Write Data: XM
g Scarch: CM {WC) %53 milliseconds
’ Read Data: CM (No. of blocks)
h - Read Data Functio
Searc cn:rqeafot p:es;n: i ! Write Data: CM X53 milliseconds
block Up to 400 microseconds '
!
. i Read All: XM
Search - Write Data Functio s S
chan;e :or pr‘;sentn ) Write All: =M Every 33 nicroseconds
block Up to 400 micorseconds : Write Timing & Mark Tracks: KM
Read -~ Search Function change .
. i Read All: O™
fcr next block number Up *o 1000 microseconds ; Write All: CM (HC) 33 microseconds
Write - Search Function change i Write Timing & Mark Tracks: CM
for next block number Up to 1000 microseconds %
— [ i
SIZE |CODE NUMBER REV SiZE [CODE NUMBER IREV
e sV XCC¥ e A _ XESE o 9D
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