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SECTION 1

SYSTEM SUMMARY

Mic:otape provides the flexibiiity, speed, and storage capabilities of magnatic fape while
maintaining the convenience of paper tope. lis size und portabillly, in addition to the rell-
abliity obtalned by the tape format and frack head arrangement, render its fntegratton inte
averall sysiems an easily accomplished tack, The Microtope system described In this monuol
consists of a Type 350 Miciotape Control unit and a Type 555 Dual Mic.ciape Tramspest Unii,
This system 1s used with either a PDP-1 or PDP-4 %o provide o fast, convenient input-ouiput

device,

MICROTAPE CONTROL TVPE 550

The Microtape Control Unit 550 Is o program break control, That is, it allows the transfer of
information word by word between the computer and the Microiope Transpo-t Uni* 555. Since
the conirol does not deal with blocks of information from the tape, words con be ndividually
read ond written within certain general imits. Since the computer i requtred fo atfend to the
needs of the control on u word by word buss, however, more of s time s spenit In handling the
needs of the control than would be the cuse If the confrol were of the block i-ansfer type.

The Microtope Control Unit 550 contains electonlc circultry necessary for performing the log-
ical and timing functions essentlal o the operation of the system; the Microtape fransport un't
contalns the fape handling elements, the di've mechon’sm, and relays for switching the tape

heads onjo a master bus system.

MICROTAPE TRANSPORT TYPE 555

Operation of the Miciotape frensport s, nomally, controlled by an assocluied computer. How-
ever, manual control is also afforded, by mean: of the contols focated on the fong ponel of the
unit, A description of each control on the pansl Is included i Section 3 of this maenual .

A groimum of four fape fransport uniis (eigh? drives) may be contbrolled by the Type 550 Conirol
Unit by means of the mark track, which gives format infosmation fo the control, and the progsam
interrupt facllity of the PDP-4 and 1. The computer is permisted fo do computation in the ma’n
program during tape operations. Informotion is ransferred with progranumed eheck'ng by mears
of the subvoutines supplied, but these soutines <o not allew simultoneous computotion during woid
transfers since these piograms are gensral purpose and fole most of the compuier’s time for the!s

operations .



USES OF MICROTAPE

Microtape is particularly sultable for certain opplications. Some of these cre covead

tiriefly below .

Stoge

Fhe flist application Is simply os u siorage device for progoms ond data. Since the tape
handling is extremely simple, it is easy, and In fuct desirable, to siore the program on
Microtaps and simply cory 1 fo the computer when needed. To carry the same amount of
data on either cards of poper tape would be wnwleldy fo suy the leest. Diffsient fikrery tupes
can be chonged eastly, if necessary, ond revieval of uny portion of the tupe s relatively
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if modifications to the programs ave necessary, the tape resd not be aithe: rewritten entirely
o preserve the order, or odded to ar the end.  The progrom can be read In, modified, and
iewritien in the same locarion on the sape if its block lengsh is not changed, This indicates
also that many programs can be writien utflizing o mintmure number of drives. -

On-~Line System Data Handling

tin an on-line system, wie of Individual Miciotapes to siore information keyed in by individ-
wol users provides a fairly cheup and efficien: woy of handling data. The ahillty to multi-
program during searching (which requires by fav, the grecies! amourt of time) means that
mose than one individual con have access fo the computer without appreciably affecting
Internal processing, and without causing on Inerdnate amount of waiting fime for the user,

An extension of this is diseussed in the nex? epplication.

Since the Microtape reel is mi!ly 3-1/2 tnches in dicmeter, ard the syslem con read o7 wrils
in both directions, random access to any point on the real is relatively fast, A falsly lage
amcuni of dafa can be stored, however, For axample, one tape can hold more than 22 com-
piete 4K memories. In o real-time, mulfiple-use;, rondem access syibom, many fapes con be
moving simulianecusly even though data can be transfe ied on any one tupe af a time. For
example would be o system with several remote Teletypes, each of which requires andom
uccess fo information siored on several Microiupes., When the fist request scours, the program
con place the appropriate fape in search mode and beghn searching for the block. I another
iequast oceuts, the progrom can note approximate position of the fivs! tape In relaiion to the
block requested, select the new tape (leaving the old f;cxpcé:- moving! and start searching for
the new block. A progrommed clocking device o timing loop can be used fo determine when
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to reselect the first tape, check for the correct block, and wansfer the data, As new in-
quiries enter the system, o queue can be formed with the request for the nearest information
and the time needed o reach It of the top of the queues. As information is found, the clock
is reset fo the time necessary fo reach ihe next request and sc on.

In this way, multiple requesis for information on a single faps can be easily handled if both
records can be found by searching in the same: disection. There are times, of course, when
data Is reached on more than one fape simultcneously. In this case, the tape searching for
the later request can elther be stopped before the record is reached or can he turned around
if the record has been bypossed. 'n terms of overail time to the user, very little difieience
will be noticed. OF cousse If two separate Microtape controls are used, data can actually be
transferved on more than one tape simultaneously, if the program is fust enough to reac? o the
varfous flags.

Sampling of Data

A fourth type of application involves the conifnuous movement of the tape. There are many
instances when it Is desirable to store sampled data on a taps for futwre analysis by other
programs. Memory fills up rapldly, however; and dusing the fime Informaiton is fronsferred
onfo the fupe, sampling is usually stopped to avoid synchronlzation problems, Thus, the In-
formation stored usually consists of data relating to many relarively shert samples. With
Microtape, one whole tape can be written with one command, and therefore an exfremely
long sample of fairly ropid data can be achieved. If desived, the entire tape can be comn
sidered as one long block of Information. Stering of informations from an analogefo~digital
converier would be o logical use of such a system.

SPECIFICATIONS

Listed below are the physical and electrical characteristics of the combined 550 and 555
Miciotape Unit. All values are approximate.

HEIGHT 12 nches
WIDTH 19 inches
WEIGHT 45 pounds
TAPE AND REEL 260 feet of 3/4 inch tope on @ 3-1/2 inch reel. Tape
, is 1.0 mil Mylar,
WORD TRAINSFER RATE Ore 18~bit word each 200 %10) microseconds. Bit rate

is constant when moving forward. Although velocity
varies slightly, bit density changes serve 1o maintcin o
constan? bit rafe due to the constant rate Yiming track.
I veverse divection the variation ir time between words
becomas £20% depending on location olong the tape.
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TAPE SPEED
DENSITY

START TIME

STOP TIME

TURN AROUND TIME

START AND STOP DISTANCES
ACCELERATION

BLOCK SIZE

NUMBER OF HEADS

TRACK DUPLICATION

MOVEMENT CF TAPE

COMMAND SIGNAL LEADS

INFORMATION SIGNAL LEADS

POWER REQUIREMENTS

TAPE HEAD EFFECTIVE GAP WIDTH

[READ)

TAPE HEAD EFFECTIVE GAP WIDTH
{WRITE)

WRITE CURRENT

READ SIGNAL

80 irches per second

375 ‘#60), 3-bit characters per inch. 3 miilion bits
per reel.

200 milliseconds

150 millisaconds

300 milliseconds

8 inches

700 (£150) inches per second

Arbitrary segments of any length deteimined by format
contiol fracks.

10 heads $o read or write 5 chonnels. Each channel
is duplicated for reliability purposes.

Paiz of tape heads, w?*ed in sories, associated with
2 identical fracks. polarity of the analog sum
of the voltages fiom she ﬁnciEVidYJal heads of the pal-
datermines the correct value of the bit.,

Accemplished bK reciprocal voltoges applied to the
motors driving fthe spools. These voltages control
the forgue of eaeh mator,

Contact closures, Selec?, Go, Roverse and 10-wiie
select bus. One 2-wire w-ite interlock loop. Two
connactor plugs wied in porallel

Five shielded tripleis
115 volts 60 cps, 1.5 amps

600 (£100) microlnches

500 (£100) micioinchas
100 milliomperes
5 miilivolts p~-p, minlmum

FEATURES.

Yhe geneial features incorporated in the Microtupe system are: bidirectional reading and
writing; Manchester type polarity sensing; prevecorded mark and #iming trocks; pretested
subroutines; individually addressable Blocks; and in the sense explained elsawhere in this
manual, individeally addressoble words. The simplified mechanical consiruction of the
Microtape transpart yields good reliabilisy at the expense of quick stops and starts.

Recording Technique

Most of the obove fealures are the vesul? of the type of recording technique used In the system
(Manchester, or pelarity sensedj. Briefly, this fechnique uiilizes a change in magnetic flux
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for every data bit on the fape. OFf importance in this technique is the direction of each flux
chonge., A "negative-golng"” change represents a 1; o "positive-going” change s 0. The
polarity of the voltage generated by shese flux changes Is sensed $o determine the type of bit
written ot o porticular location on tape. A thaing track is recorded on the tape for puiposes
of stvobing the dats fracks. The timing strobe is lssued to colncide with the maximum rate of
change in flux of a doto bit, thus ot the point of maximum read voltage.

Freprogrammed Subscutines

information s tvansferred with progrommed checkling by means of the subroutines which may be
obivined from Digitel. Theve are threo types of subroutines currently avatiable. The fisst fs
o baslc set of subroutines for searching, reading, and writing. The second, colled Microtoy,
is a sei of maintenonce and diagnostic programs entirely under conizol of tuggle switchas on
the raain computer comsole, The third, cailed Microtrieve, Is a routine which pemits the
saving of progroms or data on Microtape, with a quick retrieval feature using foggle switches.
A more detaiied descriptlon of these programs is Included of the end of Seciion 2.

FORMAT

Miciotape uses o ten tvack recording head # rend and write five duplexed channels, The
five fracks actually written consist of the timing track, used to strobe the other $racks; the
mudk frack, used fo rafse flags in the progrom, create sequence bracks, detect block mark
numbers, and protect conirol parifons of the fape; and three dato racks. An 18-bit word

therefore uses six slots of three blis each on the tape.

fope Skew

Some tape systewns sirobe on the fisst bit of o slot, then lmpose some arbitrary delay after which
all signals present ore read. This produces problems since diffarences may oceur in the two
directions. Varlations in fope spesd betwean write time and read time would result in nom
compensated changes In the nocesscry delay. In the Microtape systen the redundant heods

wre placed in o relationshlp to each other which, eliminote most of the cross-talk between

the most imporyont fracks. This relotionship also places the timing fracks of the edges of the
fupe so that sivobing on the analog sum of the timing frack signals gucranteas that the data
iracks are recd when they are In the most favarable position. The data fracks are ploced in
the middie of the tape where the effect of skevs Is at o minimuem.

Timing and Mark Tracks

the heort of the Microtape system I3 the presecorded #iming ond mark tracks. !f s necessary
o understand the meaning of the woid "prerecorded.” At present, one of the programs pioe



vided with the Microtaps system (1=127 1O} writes the ¢iming track and block format destred
for the individual user. The Microtape system Includes o programmed mode of operation
called "write timing and mark track” and o manual swisch which both pesmiis wrlitng on the
timing and mark tracks and also activates a clock which produces the timing frack and flaos
for program control. Unless both the mode and the switch are used simultanecusly, I is
physically impossible fo write on the mark or timing tracks. A red indicator lights on all
ransports connected o the appropriate conizol when the manual swisch is in the "on® position.
in this mode only, information channel "one" ‘high order bits 0~5) is also connected fo the
mark $vack channel. Therefore, In one pass of the tape, the timing track, mark §rack, block
format, and block mark numbers are created. Since part of the data word must be reserved %o
produce the mark track, if is impessible to wiite Intelligent data in the information channsls
at the some time. For this reason also, only 12 of the 18 bits are used for block maik iden~-
tification, and bits 0~5 must be ANDed out vhen checking block mark numben. (See Figure
6 for format of bits on the tape.) Once the farmat has been recorded, the user is able to use
the Microtape system for actual data storage.

The acival mark track which is written on the tape see Flgure 2} was selected ofter careful
consideration and provides many functions ne? readily discernible o a caswal glance. Some
of these ave listed below

Program synchronization

Block end detection

Error checking and prevention

Protection of control information

Block and word addresscbliity

Automatic bidirectional compattbiliiy

End of tape detection

Yariable block format

inclusion of marks fo allow expansion for more cutomatic systems of the future.

for complete understanding of the questions of program synchronization and block and detec-
tion, Figures 2 through 6 should be studied closely, using the explanation which foliows %o
clarify certain maln points,

Modas of Operction

There are three maln programmed modes of oparation which require that the user elthe: pro-
vide information fo the Miciotape system or gccept informaiion from the Microsape sysiem.
These ave the secrch, read, and write modes. A fourth mode, move, simply moves ihe topa
without supplying or requesting infomnation. In “order to indicate to the programmer shat

ing



the system Is ready fo transfer information, certain flags ore ralsed. When these occur, the
programmer must either load new information $o be wiitten, or unload information just read.
and must do so within a specified thne fo prevent loss of information and error indications., I
the program interrupt mode is belng used, the ralsing of any of the flags mentioned also causes
a break in which the individual flogs must be interrogated.

~ In order Yo produce these flags, the mark rack is recd by passing the bits through an 8-bis
“moving window"” which shifts bit by bit cs the tape moves. A decoder associated with the
window interprets the pattern present, and raises the appropriate flags, if necessary. An
8-bit window is used, aven though each matk is six bits long, fo provide greater reliability,
since o mark will not be recognized cs ligitlmate unless the last fwo bits of the previous mark
were legitimate. This Is one of the veasons which requires ordering of the marks on the tape.
Note thot whether the program is reading o~ writing, the mark ond #iming fracks are always
being read,

Search Mode

in the search mode the dota flag Is raised oniy when a block maik is read ‘see Figure 3. The
progrom must unlood the buffer within 53 mitiiseconds, and bits é~17 contain the block mark
number., Bits 0-5 contalin the mark code.

Write Mode

in write mode, the Microtape system automaiically writes the reverse check sum and raises
data flogs when it requires informaotion fo be wiitien on the tape (see Figure 5}, The first
data flag requests the first data word of the block, and the last deto flag requests the lost
duta word of the block; therefore there are o total of 256 data flags for a 256 word block.
Note thot the progrom loads each data word as the Microtape system is writing the previous
onie; thus a flog is rafsed requesting o dava word when % hos just passed the place on the tape
fwo words chead of where the word I3 fo be writien. Compare this with read mode discussed
below. Time batween data flags Is appioximately 200 microseconds. When the prefinal mark
is defected, a biock end flag is ralsed which accomplishes two things. Fhst it Is a request

" for the program fo lood the calculated check sum (normally the complement of the 18-bit
ring sum of the reverse check sum and the data words); and second, it allows the progrem o
detect that a block has been completed without the use of any progrommed counters. After
the check sum Is written, the writers are turned off to avoid any possibility of destroying the
conivol portion of the block., Approximately 1.2 milliseconds are available to switch to
saarch mode if o check of the next block maik number Is desired. if the control remains in
write mode, the Microtape system writes the next reverse check sum and ralsesthe next dato
flag ofter approximotely 1.6 miiliseconds.
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Read Mode

in the road mode the first data flag is roised when the reverse check sum has been read (see
Figure 4). The reason for this becomes cbvious since a biock may be read in eilther direction
independent of the direction in which it may have been written., The first word read, there-
fore, sets the register which the program uses to accumulute the check sum., Each successive
data flag Indicates that o dato word has been read and should be unloaded from the buffar,
stored in memory, and accumulated in the chick sum. When the check sum mark is desected,
@ block end flag is ralsed, indicating both the end of the block and shat the check sum is in
the buffer. This word would normally be unicaded and added to the accumulated check sum
producing a total of zero, Any other result indicates that the tape has been read incorrecily,
and the programmer has the opilon of continuing in any manner desired,

When reading, there are 256 data flags for a 256 word block, und each flag siates that the
associated data word is in the buffer. In the present sysiem, validity checks on the data
portion of the tape are done by program control only, As a matte: of fact, If for some reason
a check sum s not desived, the chack sum word con be used as simply another data word.

Checking of the mark and #iming tracks is accomplished through the hordware and the phys-
ical characteristics of the mark track iiself. One check, that of checking the lost two bits
of the previcus mark, has already been mentloned. However, another interesiing fact emer-
ges from what happens os the tape passes by the mark detecting window, biv by bis sae Figure
é). Close examination shows that unless the window #s aclually looking af a legitimote mark
on the fape (except on end mark), the biis in the window differ by at least two bits from any
possible legitimate mork.  (In the rave instance where they are only one bit different, the
window has been cleared for othar control pu poses, sc that one bit can make no difference
at all.} This guarantees that a 1=bit ervor any place on the mark or timing fracks can not
cause an erronecus mark to be defected. 1t also cllows checking for asynchronous marks .,

For example, once the window is in synchionization (nommally by passing over a block maik),
o mark track error is indicated and the esror flag ralsed if o legitimate mark Is found in less
than six shifis of the window or if a legitimate mark is not found after each six shifts of the
window. These combinations of checks moke it virtually impossible o misinterprat the mark
track and thereby destroy information.

Nothing in the system prohibits the changing of modes of any time during the movemert of
the tape. However, core should be taken %o include the differsnce in counting words when
switchirg from read to write or from write to read, the recovery of the read amplifiers after
writing (about two word times) and the fack that writing in various locations in the block

;
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invalidates the check sum of end of the block. Within those limiis clmost any combination
of modes can be used; and because of the polarity sensed recoding technique, even individual .
words can be replaced. |

Complement Obverses

One ofther unique feaiure of the mark track is that the six conirol marks before the'deta marks
are, what we have chosen to call "complemant obverses, " of the six contrel marks after the
date marks. The complement obverse of a werd Is defined cs the complement of a word with
the bits read in the reverse direction, for example:

016110 {26} and 100101 (45)

003000 {10} and 111011 {73}
The data mask is the complement obverse of liself. When reading in the reverse direction,
the flux reversals on the iape are opposite to those when reading forward and the bifs are
read in the reverse order. Therefore, the mark frack window sees exxactly the same thing in
both directions.

Bidirectional Ability

With one exception, no special logic Is requlred fo distinguish the format of the tape in
aither divection. The one excepiion involves the shifilng of information into the Microtape
buffer. Since the cssembling of the 18~bit ward is done by the hordware, it is necessary o
shifs the buffer in opposite directions for opposite movement of the fape in order fo present
words {0 the computer os they were originally written. This meons that i a record Is recd
opposite to the way in which it was writien, each 18-bit word eppears in the buffer exactly
as it originally appeared in memory; however, the last word written would be the fiist one
read, e¥c.

The end marks on elther end of the tape Hllusirate this bidirectional obility even betier. As
the end marks are complement obverses of ecch other, only recognized is that end of tape
which will physically come off the reel if furiher movement continues. Again, no special
hardware Is nesded for opposite ends of the tope, and sthere s no harm in coasting into or
furning around in the end zones, Ersors are indicaied only if attempiing to go further info
the end zone. The particular bif struciure of the end marks is o repesitive one, so that any
shift of three biis in the window appears ¢s another end mark. This makes it virfually im-
possible to pull the tape off the reel In any of the normal modes., Sensing of the appropriate
end mark siops the fape and raises the error flag if the tape Is in any of the normal modes.

There ore only two "cbnormal” modes. One s the write timing and mark irack mede, men-
floned previously, in which no marks can be detecied since they are being writien. The other
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is the case where u fape has been left moving but not connected fo the control (deselected) .
in this case, only the marks on the actually selected tape ove racognized. In only these twe
circumstances can the tape ke pulled off the reel.

Bleck Size
Therefore, although the blodks are structurally alike in terms of the types of morks on the
raark irack, they need not contoln the same aumber of date words. Indeed every block on
the tape can be of different length, - if such o format was cieated originally. The system will
operate in the manner outlined no matier what the length of the block. One other feaiure
oxists which may prove useful, especiaily in the future designs. W for any reuson the distence
between blocks must be lengthened, it con be done simply by adding "01" codes befween
the reverse block mark of biock N and the forward mark of block Nt1 (see Figure ). Since
the pattern "01010101" clready cppeors ot the junction of the two marks, it may be continued
indefinitely without harm.

Additional flexibility hos been retained for fulure expansion. For example, in the fusure the
zontends of the lock mark might be used o determine if the block is "file protected, " thot is,
cunnots be weisten on. The final mark could be used o raquest the check sum from the havd~

ware in a system having automatic sum checking, eic,



SECTION 2
OQPERATING INSTRUCTIONS AND PROGRAMMING
The operuting instructions for the Microtape system consist, busically, of tope loading and

monual switching operations. Each is described below., Following them Is o subsection de-
voted to programming information,

LOADING THE PROGRAM

There are no spacial instructions other than the ones for using the computer. There are,
however, some standard pitfalls. First be sure the program is the coireck one for the computer
o5 well as for the desired operation. Insert the paper tape in iis prope- orientation. There is
one correct way ouf of fou:. If the program does not load (in the cuse of a PDP-4}, check
the loader insfructions. Remermber that if it is an 8K machine add 010000 to oll instructions
other than 10T’s. Then follow the written program closely.

LOADING THE TRANSPORT

To load the framsport with a full spool of tape, proceed os follows. Make sue that the shiny
side of the tape is wound face out from the hub, or spindle hole, of the spool. During
threading, keep the shiny side of the tape up. Fist, place the spooi over the lefr hand
spindie ond press in until the spool is firmly suated on the spindie. Thread the tape aver the
‘ope guides, and over the tape heads see Figure .} Imsert the free end of the tape down
against the interior hub of the empty soke-up sponl. Mcke sure the tape end touches the hub.
The power swiich should now be turned on. The electrostatic created by the furning of the
empfy spool is sufficient to cause the free end of the tape %o be token up and ausomatically
wound about the spool hub, effectively completing the threading process. Afier the tape hos
been so threaded, allow the spools to continue rotating for approximately wo seconds, During
this time, observe the spools for possible wobble and correct if present. Always use Cervified
tape. Qiher tape may contain defecss which will cause problems from the stat.
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Certified Tape

Microtape systems give the user, for the first ¢ime, a means of "cetifying" or marginal
checking his own tape. Certifying is done by recording a paitern on tape, reducing the
cignal read from the head by a foctor of five, and making sure that the tape still works.
This process assures that, for the conditions ot the time of the vest, there was an amplitude
margin of at least five fo one for the signal from the tape. The attenuation is accomplished
by replacing a jumper plug on the back ponel of the control (at C1¥ and C24) with another
which has a resistor attenuator on it. The module number of the jumper plug is 1033,

DEC con provide cersified tape. This tape has written on It a mavk track, a timing wack,
and a potiern of 577 blocks each 256 words long. It has been checked as above with the
further refinement that recd amplifiers of average gain margins were used and the signal was
attenuaked fo an average of 1.6 millivoits peak to peck. When ordering o certified tape,
include the serlal nurber of the 550 conirol unit.

SWITCH FUNCTIONS

e M B

WRTMR switch Is located just below plug AZZ on the 550 Contrel. lis function is fo furn on
the clock which is used only when writing tha fiming and mark $rack on the tape.

SELECTOR switch s the 8-position switch located on the 555 Control Panel. The number ic
which the switch is set becomes the unit number of that particular drive.

WRITE LOCK switch has three functions. Off turns the 115 VAC off fo the motors. Write-
Lock allows the 550 conirol to command any mode except write. The Write position ullows
the control to write information either in the dafa channels or mark and fiming channels

depending wupon the program used,

The FWID-REV switch manually conirols the motion of tape.

Turning OFf Unit

b

Ordinarily, the Microtape system is controlled by an assoclated compute: which turns the

system off, When off, the tape should be checked for excess siack, end corrected, if

necessary, by using the AL switches which control the ndividual dvives. I compuier control

is not provided, the Microtape unit can be turned off by simply throwing the powar switch,
FROGRAMMING

B R T

Included of the end of this subsection ure 10T"s of relevance when the Miciotape system is
used in conjunction with a PDP-1, PDP-4, computer.



Preprogramired Subroutines

As mentioned earlier in this monual, three types of program sulbwoutines are furnished with, o
can be obtained for use with, the Mictotape system. The first Is o basic set of subroutines

for searching, reading, and writing, The second, Microtog, is o set of maintenance ond
diagnostic programs which can accomplish cembinations of Microtape functions using the
ioggle switches on the console. The third, Microtzleve, is a routine which saves programs

or data on Miciotape and permits quick refrieval by means of toggle switches on the computer
console. Microtog and Microtrieve both employ the basic read, wrife, and search subrourines
described above. These latter subroutines, with small differences ars basically the same

for both the PDP-1 and PDP-4.

Subroutines for PDP-1

For the PDP-1, the basic subroutines are designed fo read or write one block of information

in either direction, depending on the position of the tape and the direction in which the tape
Is searched, Searching in the reverse direction resulis in o transfer of data, the start of which
coincides with the end of the block in core storage. In the forward directton, data is
Honsferred upon encountering the beginning of the block in question. Thus, the direction

of reading is independent of the direction of writing, and memory words ave preserved. In
seavching, the appropriate unit designation, the block number, and the eror refurn are used
as parameters. The read and write subsoutines both require a unit designation, block numbe:
starting address, and error refuin os paramefers. The read and write subroutines automatically
enter the search subroutine fo find the reques: block.

After completion of the subrouiines mentioned above, the tape is not siopped, but allowed o
run if so programmed,

Subsoutines fqr PDP-4

Subroutines applicable to the PDP-4 permit soecification of the fotel number of words for
transfer regordless of block format. Searching is permitted in both the forward and reverse
directions, however, both reading and writing are pemitted only in the forward direction.
Should the numker of words specified for tronsfer result in use of only u puriion of some
block, the remainder of the block would be filled in with zercs {if writing) or the

vemainder of the block would be read ‘if reacing) even though the wards so read are net uiii-
ized in any manner. The purpose of this latter action fs 70 permit the chack sum fo be caloy-
iated or checked. I should be noted thai tho program inferrupt mede of operation constitutes
the besis for the above discussion, and that one auto-index register s defined by the main
program,.  The instruction dismis is defined as o imp fo the instructions which dismise the in-
fessupt, Instructions to check the appropriate: flags are olso included in the En%erm'upé sequence.
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for whe P-4, the sewrch subroubine requires o unit designarion, bleck numbe:, ond erior

o

eurching terminoies with either a siep. or @ running in either the

FEATE OB POPOIEEeTS .
v or reverse direciion, accerding so the subroutine entronce used. As soon as searching

»

B svaived, a retwrn is made jo the moln progrom to allow simultuneous multiprogramming.

Fur the vead and write subroutines, the unit designation, block number, stacking and ending
coig oUOYESses, and exror refumn ore requited os parameters, these routines couse auiomaiic
salvy inie the seorch mode o pasition the fcpe, During deta wransfers, neo multipfogramming
b peomivied, Affer complesion of wamfer, the tape is sfopped. [Eron are defected, coded
comerically, soved in siotus bits, ond indicated by a speciol veturn., The coding of the

crs iype may be followed by continuance of the destved program,

Nicrobog

The Microtog subroutines are applicable for use with either the PDP-1 or PDP-4. These
subroutines corsist of a number of shott progioms which check out the vartous Microtupe
uncitons, under the contrel of the comsole joggle switches, Some of these short programs aie:
wreating the metk fack os individual biock format; reading or wiiting specific portions of the
e writing o clear tape in either direction; sum~checking specified modes for indicated
fimes or distonces, generation of specified types of data blocks, and exercising the tape by
wiriting, reading, ond sum-checking in both directions. Errors are analyzed ond indicoted by
ivppost, The typeout includes the block causing the error and the exact status of the Micio~
: o the fime of the eror,

“he Mierotrleve subroutine permits, by use of toggle switches on the main console, the sianing
oo redrieving of data in specified locations. During storing, o search is made for the block
indicakad; then the indicated crea of memory s written on the fape, accompanied by an iden—
“ificaiion designoiion info confrol words, Upon complerion of the storage process, a typeout
o exeswied, ¥re bypecur Hists the storiing end ending block numbers used for the storage and

o rumber representing the total check sum o the antire area o written

l??ﬁ!i’inq reirieving, o portion of data informaiion on the fape is stored in core memory. s
innation is indicated by the status of the foggle switchaes. For reirieving, the unit designation

cnd Block number must be specified; the control words on the jape indicate the starting oddress

und length of information in memory. In this subrouting, the chech is made o insure that the

hiock specified is actually the siart mf the storage area. Upon completion of retrieveal,

ypaout is effected which Hsis the sforting and ending block rumbeis and the fotal check sum.

i h@:-sez fvoms ean be checked against the fypein data as o verificatlon of the reirievol. ot

)



«rie: anaivzed os nofed above under Micratoa,

insfractions

input=output fransfer instructions for use wher Microtape is employed with o PDP-1 o PDP-4

a-e given in Tables 3-1 and 3-2. Table 3-3 aives a somple of Microiape operation with o

;ﬂﬂ P""'# ~

o1 PDP-1

nid 72Q§O!
st 720601
e 720301
mic 720401

PiHP.4
_fAnemonic Binary  Mnemonic

minid

mrnwi

nmse

rmimic

© Mot oresently connected.,

PDP-4

707512

707504

707644

707604

MICROTAPE INSTRUCTION LIST

Binary  Function

READ, Clears WO or AC and trensfers one word
from MgAHOB %o biis 0=17 of /O PDP-1} or AC
¢ m) P"‘"‘4, o

WRITE. Transfers one word from bits 0~ 17 of
QO {PDP-1} or AC (PDP-4} 5o MMICB

SELECT. Cennects the unit desionated in bifs
5 of the /O (PDP-1! or AC PDP-4) to the
iAicrotope congrol .

LOAD CONTROL. Sets the Miciotape control
‘5 the proper mode and direction from bits 12—
7 of the §/O PDP=1} or AC {PDP-4), as follows:

B3t 12 = Connect (Ga)

i 13 = Reverse

Eix 14 = Spaie

Cix 15=17 = Mode: 0 = Move

H
2w Reod
3

“ = Read threugh block ends

% = Write through block ends

< = Weite timing and mark
wak

e, 42= Read forward
T 82 = Reod reverse
431 = Write forwa.d
41 = Search forwad
61 = Ssarch reveise
i-5



YABLE 2-2 MICROTAPE INSTRUCTION LIST (continued)

READ STATUS, Clears the i/0Q or AC and
rarsfers the Microtape status conditions into
bits 0«8 of the 1/ PDP-1) or AC (PDP-4) o5

Bis 0 @ Data flog

Bit 1 = Biock end flag

it 2= Bverfloy mMiss <
Bt 3 = End of tope
bit 4 = Timing ssmor

Bit 7 = Mark track eror
it 8 = Tape unable

Skip on Microtape deta flag

In search mode: Block mark number should be
unloaded via (m) med instruction

in read mode: Dato or reverse check sum should
be unloaded via (m) rrs instruction

in write mode: Data should be looded via
im) mwr insiruction.

Skip on Microtape block end flag.

in read mode: Unload forward check sum viu
n) med Instruction.

1 Loud calculated forwaid check

sum via ) mwr instruction.

PDP-1 PDP-1  PDP-4 PDP-4
Mnemonic  Binary  Mnemonic  Binary Funciion
mrs 720701 mms 707612
follows:
Bit 5 = Reverse
Bit 6 = Go
mendf 707501
mmbf 707601
In write mode:
mmef 707541

Skip on microtope eror flag. Yiming enor,
matk frack error, end tape, or iape unable
condliion hos ocourred., Use (m) mis Instruc-
ilon to detect specific eror,

MOTE: mmse and mmlc clear the error flag; cnd mmse, mmle, mmid, and mmwr clear the

data ond block end flags.

2ol



FABLE 2-3 MICROTAPE OPERATION CHARY (PDP-4i"t™

FLAG MOWVE MODE
Data flog MNo daio flags iobsev, Tape

motion s continuous until
end marks are sensad af far
end of tope.

cleared on

mmyd

WY

mmle

mmse

This flag cawes
intestupt .

o rag v ey

SFARCH MODE

B N e

Dato Flog meons thot the MMIOB
containg a block number. Wiite
mode may be specified within
400 microseconds o wansfer the
black. Read mode muy be spece
ifted within 600 microsaconds, ~
Any other made lincluding stop),
may be commanded ot any fime.
Tramsfer of block number must be
complered in 53 milliseconds to
ovoid a MISS 5

Block Flag Should not ocewr.

cleared on
mm>d
mmwe
mmle
mmse

This flag causes
interiupy.

Should not ocour

Ervor flag means thet an
eivor hos occurred, An mmis
zommand will load AT biis
U8 with status Infomation,

v Flag

cloored on

MEES
mmel {END # only possible aivor.)
(ulso clears MISS, EIND status Ei? is set when fape
END, MTE reaches for end, Error flag s

This Flag causes raised. Tope stops.

Error flag means that an ervor

hos occuired, An mmrs command
will locd AC bits 0-8 with status
information. (END, and MISS
are only possible errors,) End
status bit is set when tape rea-
ches for end. Error flag is raised.
Tupe stops. Miss Status bit Is st

intairupt. when a dato or block fiag has not
been clecred from previous use.
All vimes are nominol for forward divection. In reverse divection add £20%.

72 MISS indicates o programined timing eirer; f.e., informotion will be lost (missed)
~ becouse the routine is foking too long fo transfer dute fo or from the buffer.
= Oparation for the PDP-1 Is similar except that the /O Is relerenced rother than the AC,



TABLE 2-3 _MICROTAPE OPERATION CHART PDP-4 feontinued)

ELAG

Daia flag
cleared on

mmird
mmwr
mmlc
mmse

This flag couses
interrupt.

READ MODE

Date flag means that MMIOB
contains a data word. An mmed
must be given within 200 mic~-
roseconds for data transfer.

First data flag in block indi-
cafes reverse check sum.,
Change o other modes pos~
sible within 200 micrcseconds.
M write mode is deslved, a 1-
word delay occurs after mmwr
is given.

WRITE MODE

Deta flug means that MMIOB

is ready for dota word. An mmwr
must be given within 200 micio~
szconds foo data iransfer.

Initial -0} check sum is written
automatically. First flag in
block is a request for firsk dota
word, CThange of mode possible
within 200 microseconds. Sinc3
tape system is bidirectional the
initlal check sum written must be
placed at either forward or reverse
check sum location in block, de~
pending only on direction com~
manded .

Block flag
cleared on

mmrd
mmwe
mmlc
mmse

This flag couses
interrupt.

Block flag means thet check
sum s in MMIOEB, Fisst data
flag of next block automatically
occurs in 1.4 milliseconds.,
Change %o search mode must be
made in next 800 microseconds
n ordaer to catch naxt mark.
Change %o write mode must be
made within next 1.2 millisec
onds in order fo star new block
{not recommended ~ Block num=-
ber should be checked by search
mode) .

Block flag means that check sum
should be loaded into MMIGB
with an mmwr,

First deta flag of nexi block oc~
cuts in 1.6 milllseconds. Change
of mode commonded at last data
wozrd {D9ss) is delayed while
chack sum is written.

Change to search mode must be
made within 1.2 milliseconds to
read next block number. Preferved
mothod of stopping is fo change fo
search mode, then check suc=
ceading block number for correct
ness betore stopping.

Error flag

cleared on
mmse
mmic

{also clears MISS,

END, MTE]
This fleg couses
inferrupt.

Emor ﬁa%mecms thai an erior hes occurred. An mmes command will

éﬂﬂd 4AC

its 0=8 with status information., (END, MISS, mark trock

srror (MTE) are only possible erors,)

End status bit is se? when tape reaches far end. EBrror flag is raised.
Tape stops. Miss stctus bit is se? when a doto or block flag hos not
been cleared from p-evious use. Mok track eror (MTE] staius bit
fs set upon discavery of certain mark frock and timing tiock emrors.




SECHON 3

THEORY OF OPERATION

ENGINEERING DRAWINGS

Ail the microtape prints are fully cross referenced. The numbers shown in porentheses on the
block dicgram refer fo the block schemeiic print numbers and geographical references as foliows:
the first two cheracters (EM, IN, C2, C1, eic.) Indicote the mnemonic tltla of the appropiiate
block schemotic, and the second two characiers B4, C2, etc.) indicate where on the nomed
pring the reference is mede. The latter indicates the vertical dimension, which is shown on the
~ight and feft hand margins; and the number indicates the horizontal direction, which is shown
across the top or across the botiom. The destinations {or origins) of all signals are shown within
the block schematics. If a given signal goes to two places, both af the some geometricel print
locotion, this location is indicated twice. In this way a section of the wiring list can be buily
up for purposes of detailed roubleshooting or coirections to the hordware. Wiring lists are not
muinktained once the machinery Is shipped.

MICROTAPE SYSTEM

The basic block diagram of the microtape sys-em Is shown in D-550-0-BD. At the top of this
diagrem, a horizontal line representing inforination and contro!l plugs 3J1 ond 0JZ serves to
seporare the computer (sbove) from the Microtape system {below). Asnother horizontal line
located af the bottom of the diagram, representing the information bus plugs of €21, 22 and
the control bus at B3, 4, serves fo sepurate the tape drive mechanism (below) from the control
system above it. The purpose of this diagrem is to depict the inter-relationship of major signals
utilized in the Microtape system. Some of these signals ave shown o input-output trorsfes
SOT's). These are iocated at the top of the diagram, and are designoted as being relevant i
either the PDP-1 or PDP~4 computer. Input-output transfess without such designetions

mee common fo both computers. Thus, the 10T MMRD o5 shown is common to both comgputars;
wheveas the IOT MMEF is relevant only to the PDP--4.

ihita fransters

information iransfers are routed to or from the accumulator (AC) if a PDP-4 is used. or to
feom the input-output buffer (1O) if the PDP-1 is used.

ilata ransfers hetween computer and tape are via the in-out register ond the shifi register in
e control unit, us shown of the left of the diogrem (B-550- -BDj). From the AC o VO of



the computer, information flows to the tape through 18 lines which canneci the AC or /O fo
vher in-out register. These lines are ons-directionsl only; o binary one is indicuted by a ground

feformaiion from the tape is foswarded to the AC or ¥ O from the in-cut register of the control
Linih by means of another set of 18 lines; a one is ‘ndicated by -2 on ¢ line,

4 wansfer of information between the in-out register of the control unit in the shift register is
ancompiished by a double sei of 18 fines. Information flow berween these registers is accomplished

sir in-gotes by means of an interchonge pulse. During writing, the

Gar

by simuitaneous.  pulsing th
ontents of the shift register are fransferved to the tape through the write amplifiers and tape

heods; during reading, information is transferred irom the tape through the read amplifiers fo
the shifi register. A detoiled discussion of ihe shift register, in-cut register, ond read and

grite amplifiers i included later in this section.

LONTROL FURGTIONS

‘e basie confrol functions of the control unit are listed below. The titles of the block
~hematics which contain the indicated civcuitry are shown in parenthesis.

teading of timing track. The bits on the timing frack are read and fronsformed into timing
rilses which convol the ssquence of microtape operation. (EM).

Reoding of mark tvack. The mark frack is read and decoded to obtain flog signals, sequence

weaks, mark numbers, and block ends. W,
Yeepsber of information. Signals ere generated fo dencte the direction of inforination exchonge

ween the somputes and the microtape. Iatormation fo or from the computer is iransferred

L
T

i paveilel form; information fo or from the tape itself is transierred in serial form, {IN).
Ceparation of control resporses.  The timing pubses {fp), the marks, and fhe mode of operation
Lgad, weite, search, efc.) ere used fo generate proper contiol responses (flags, shift signals,
inferchonge pulses, etc.). (62, TM). Memory of mode, selection, and motion commands of

Mo progran are shown in &1y

Reading of Timing Track

The basic timing pulses {IP1 ond TPO) are derived from the timing traucks of the tape. TP1 is
penerated during the negative-going zero~crossings of the timing track voltages picked up by
he tape heuwds. Tope head voltages, appear as sign waves. The zero-crossings of the voltages
nicked up by the head are trensformed by the read amplifier into square waves, the transitions
o which oceur in synchronism with the zero-crossings of the original head voltages. The read

wortis poak-to-peak.



{iming pulse TP morks the time the change In direction of flux of the dafa or mark bits is ot
maximum, and therefore ready for transfer to storage ragisters. During writing it is used to
write the flux reverse which represents the bir. Timing pulse TPO denctes between-bit time,
that is, the appropriate time to shiff info the writers the next bits that are to be written. In
effect, TPO designates the time that the head is passing through the houndary region between
bit locations on the tape.

Another timing pulse designated as TP2 is obtained by delaying TPl approximately 4.5 micro-
seconds. TP2 is used to check mark track Informotion picked up by the TP1 preceding it. The
sime interval between TP1 and TP2 is sufficieni to allow CO gates tc set up. In effect, TP2
commands an inspection of the contro! word (if any). TPQ is sometimes used to accomplish the
same thing.

Timing pulses TPO, TP1, and TP2, after being generated, cre gated with various other signals.
One such signal is the delay in progress (DIP: signal, which is in effect whenever the proper
fape speed is in the process of being attained, whenever turn around of the tape is ccourring,
or whenever the process of tape transport selection is being carried out. During such times,
timing track information is considered to be Invalid insofar as proper operation of the system is

concerned.

in addition to the dbove, the timing pulses undergo gating to reduce the effect of cross talk
during writing. Such gating introduces a delay after actual origination of 10 microseconds
for any TP signal mentioned above. Aftesr gating (or before goting) the time iapse between
TP! and TPG, or betweaen TPO and TP1, is 15 microseconcis.

The OFF level occurs whenever the GO flip-flop is clear, provided that the write enable
flip-flop (WREN) is in the ZERO state. This AND function of the write enable signal is to
prevent the timing pulses fo continue even though the GO signal may be present.

Relay Timing and Mark Signal

The relay timing and mark signal RELTM} functions to suppress timing pulses picked up from
the tape during this mode of operation. In addition, the RELTM signal encbles the timing and
mark track writers and physically connects them to the TT and MTS, it also staris the WRTM
(write timing and mork load clock). In addition fo the above, the RELTM signal lights a red
lomp on the drivers.

The clock mentioned in the pasagraph abova drives a gray code ¢ unter which, in turn drives
the track writers and gencrates quadrature phase TP puises by means of the same pulse amplifiers
which nomally buffer the timing pulses. It should be noted that the TT writers are switched ot
times which are in quadrature with the timing pulses this ensures the preservation of the relationship
between the negative-going, zero~crossing cf a timing signal and the coincidence of the flux reversal
¥ the data or mork bit.

3-3



Reading the Mark Track

The mork track is read in the same manner os are the information or data tracks. That is.
timing puise TP loads the first flip-flop of a shift vegister from the {push pull) cutputs of the
read amplifier. This occurs of the time of maximum flux reversal of o data or mark bit passing
wnder ¢he head. This same flux reversal was previously wiitten on the tape by means of the
saeme iP1 ~ during an earlier writing operation -— now under consideration. Since the head
serses maimum flux reversal at TP1, an accurate outpu? is obtained from the associated read
amplifier. It should be mentioned that the direction of the flux change determines the polariiy
of the read amplifier output, henco the kind of bit being read ~ one or zevo, An inspection
of Figure ___ discloses the relationship between flux divections and binary value as recorded
an the iape.

Unlike the data words, which are routed as described above between tape and computer, the
mewk track bits are routed only to the control unit. In the control unit, the mark track bits
ore shifted info the window register. This 8~bit register always holds the last eight bits read
frem the mork frack. Each new reading of a new mark track bit shifts the register so thot the
naw bit is shifted in, and the old elght bit shifted out. Since mark track bits are read in
succession, there is a succession of shiftings of the window register. Afrer each shift however,
the window register accurately reflects the lost 8 biis read from the mark track.

Window Regjster

the ouiputs of the flip~flops of the window register are fed to a groun of AMD circuits. The
function of these latter circuits is to detect partlculor patterns as they appeor in the register.
sy particulor pattern of bits in the register vemtins such only for a period of approximately
33 microsaconds; at the end of this time, the next TP1 pulse shifis the register, to create
{poesibly) o new pattern. Accordingly, the AND circuit outputs can be asserted only for 33
microseconds. Thus, after the mark track heads vead into the window register ¢ particular
puttern as created by the last bit read, the AND circuits, fad by the register, are allotted u
time interval of 33 microseands in which to reccgnize the pattern and produce the appropriate
PESDONSES .

Yhe AND circuits are comprised of diodes which drive inverters. The circuits are arronged so
that any particular inverter cutput is af ground whenever its associated flip-flop in the register
is enabied. (During the writing of fiming and merk ivacks, the RELTM signal is used to Inhibit
the shifting of the window register to prevent the accldental detection of marks during this

pFocess. }

Although referred to as an 8-bit register above, the window register stores a ninth bit which,
aithough not part of the pattern fed into the AND gates, serves to control the accurate reading



of marks during starting or when switching fo o running fransport. Bit 9 is set info the register
sn a shift pulse only i bit 8 is a 1. Bit 9 is leaved by the clear window pulsa, which clears
il other flip-flops in the register. When not present, bit 9 prohibits operation of the AND
circuiis info which the window register fesds . When prasent, bit ¢ enables these circuits.

The importance of bit 9 resides in its power to prohibit the reading of mask track patterns until
the proper conditions are met. Thus, ot the stort of the mark track reading process, after
clearing of the window register, a one from the mark track must be shifted through the window
register, to posifion nine in the register in arder that a wattern (bit arrangement) in the regisier
may be detected by the AND circuitry mentioned above. In this way, bit 9 prevents partial
potterms from being ervoneously detected. (Other circuits also function to prevent erfoneous
detaction: these civcuits cleor the entive window renister when acijtuted. )

The patterns or bit arrongements presented by the window register to the AND gates for de-
tection are six bits long. The window register itself holds eight bits. The ninth bit, slthough
forming o part of the register, Is in no way u'ilized by it in the pattern defection process.
Berause of this circuit configuration, the window register is capable of providing 8-bit pattesns;
the order of code patterns is fixed in the shif: vegister pottesrs. fhe 8-bit pattemn capability
utilizes the last ‘wo bits of the preceding pattern.

MSY Register

The window register and the associated decading circuiiry do not compietely decode the mork
wrack paiterns. To achieve complete decoding, the MSY register circuit is used. The function
of this MSY vegister is to decode the four blockstart marks LOCK, REV CHECK, D1, and D2),
and the four block end marks (prefinal, final, check, and spare).

The MSY register is loaded when a block mak is detected. Loading of a MSY register con~
sists of inserting the binary arrangement 1000 into the vegister. Eoch time @ block start mark
is detected, a shift in the MSY register occuis. This shift causes the initial one fo iravel
down theough the register as other ones follow it. Thus, the first shifi would causa the register
#o read 1000; the second, 1100; the third, 1110; and the fourth, 1111, The MSY register
states are ANDed with detected block start marks to obtain the initial four marks mentioned

above .

The four block end marks also cause four shifts of the MSY register. However, zercs rother
than ones are propagated or shifted down the register. In this case, the initial state of the
register is 1111, At the first shift, the state of the register is 0111 ; ot the second, 0011;
the third, 0001; and the fourth, 0000. This last, or fourth, stale is dacoded during trouble-
shooting procedures.



The shifting of the MSY register occurs of TP2. The block start and block end marks are de-
iected between one TPl and the next. As a consequence of this, the useful output of the mark
datection circuitsy considered as a whole oceurs af TF2.

Wiiting the Mark Trock

Mark track words furnished by the computer are written on the merk track of the taps when
ihe Microtape system is in the RELTM mode. The WRTM command (a result of the computer-
issued MMLC instruction) must lso be jssued to effect mark track writing. Normally, the
writing of the mark track is Initiated when the Microtape system is in the siop condition.

Fhis permits the delay inherent in stert up, at which time the DIP signal is effective, to render
the timing pulses from the local clock ineffective. In this way, flags normally raised by the
Himing pulses are kept absent .

Word Counter

Afrer start up, dato flage are raised automatically ot each word time. These flags are raised
by the EK {or word counter) circuit, This circuit comists of a ring orrangement of six flip~
flops in which a single one is caused to circulute. At the issuonce of each data flag, the
somputer loads the word fo be writien on the mork track into the I0B. The word remains in
the 10B until issuance of the next fiog request, at which time the word is shifired into the
shifi register. From the shift register it is wransferred through the write amplifiers and fape
heads t‘o the mork track. Since the shift register is logically divided into three sections, the
writing of a mark fvack Is eccompanied by an identical writing of data track number one.

MARK TRACK ERRORS

Merk track errors ave detected, if prasent, as follows. There ara specific marks which occur
soch sixth time the window register is shifted. By using these specific marks, an error check
procedure based on verifying the passage of six timing pulses between each such specific
rark is effected. Utilized for this procedure is the EK (word counter) ssed also in the mark
tvack writing process.

The EK is present at the same fime that o block mark is detected (st TP2). The EK is rotated

by TP(O's. After six such rotations, caused by shit successive TPO's, the EK is returned to its
initial condition. As each initicl position is recched, a new specific block mark should also be
present. Thus, assuming no error, the initial condition of the EK and the detection of o specific
block mark should exist concusrently. Should the two not exist concurrently, an error has

asceurred .

]
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Since the EK is shifted at TP0, and since the window register is shifted at TP1, the concurrency
of the initial state of the EK and the existence of the specific block mark is valid only after
7P1 is issued and only before the following TPO is issued. Because of this. the concurrency is
checked, or strobed fsince it is in gate form) at YP2.

i should be noted that there are particular times during Microtape operation when any error
<hecking procedure is superfluous. For instance. during seasch, errors obtained from portions
»f the tape not yet read or written are irrelevant. Similarly, in the RIM node, the WRTM
mode, and the MOVE mode, any MTE is also rr2levant.

for the above reasons, the negative (for error} output of the error detecting circuitry is
ciamped to ground and rendered inoperative unless @ particular mode such & write, read,
«vite all, or read all, unclamps it.

Indications resembling errors, but not errors as such, are eliminated by claoring the window
egister during their "presence”. In this respect. the two areas on the merk frack located
aear the block mark most resembiing errors are suppressed.

uring the interval of time which elapses between the start of tape operation cnd the attain-
ment of proper tape speed, the synchronization signals for the EK are nonaxistant. Thus,
a-ror-detection cannot be performed. The BMF flag is set by the block mark ead is used to
gate out MTE's detected during this period. The tape system, when in this condition, would
scrmally be in the search mode, rendering error defection superfluous, as described above.
However, when in this condition, the tape system may be in the read mode. The BMF flag
is then cleared by the clear window pulses.

Transfer of Informotion

in addition to furnishing information for, or receiving information from, the tope, the AC or
1O can also forward a portion of its contents to the control unit for purposes of control only.
2y means of 1OT instructions, the computer is able to select a tape unit (1 out of a possible 8
wlus zero,or no unit), direct the motion of the tape, and command one of sevaral possible
modes. The selection of a tape unit is controllad by the arrangement of bits 2 thiough 4 in

the AC er 10. These bits are loaded into the selection register by the mmse instruction. A
areund on any of these lines indicates a binary ONE.

Load Control Instruction - The mmlc instruction, or load control instruction, if formed by the

avvangement of bits 12 through 17 in the AC or 1D. These bits are transferred by means of six
lines fo the command logic circuitry and the motion contro! circuitry. This circuitry then
vanslates the bit arrangement inio a specific tape direction and a specific equipment mode
aove, search, read, write, WRTM, recd all, write all, and read In moda}. A ground on
any of these six lines represents a binary one. There are eight possible modes which can be
sommanded by the command to the logic circuitry.

¥
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fiming Pulses and Mark Track Information

Like the accumulator or 10, the tape con Furnisk information to the control unit for control
purposes only. This information comes fiom the work and timing tracks and Is not pessed through
‘o ihe computer as data information. Instead, it is routed to the iiming pulse generator circuifty
and mark detection neiwork fand window register). The information so routed consists of the

iiming puises and mark trock information derived from the tape.

The timing bits from the tape are picked up from the bus which is connected to a particular
timing frack head by the selection circuits, fed ‘hrough a read amplifier and forwarded to the
viming pulse generator. This generates three timing pulses: TP1, TP2, and TPO. These timing
puises are forwarded to other circuits in the control unit.

aevk track information, picked up by the mark track heads, is forwarded o the marck detection
network circuifry. In accordance with the information received the mark detection network
«ircuitry Issues signals signifying that one of the various mark codes writfen on the work track has
just passed over the head.

Oerating in conjunction with the timing pulse generator is the WRTM clock clrevitry . The
ourpose of this circuitry is to write mark track irformation on the tape. Information is forwarded
from the clock to the tape through a write amplifier.

fhe Microtape control unit transfers non~data information into the AC or i/ O by meons of the
mmes instruction. Although the bits constituting this instruction ore temporarily stored in the
AC or /O, they do not represent any part of tha dota work or words. As shown on the overci
block diagram (D~550-0-BD), the six leads comaosing the MMRS consist of REV, GO, UNABLE
MK TK ERROR, MISS, and END. The MMRS command also reads the three flag {evels into
bits 0-2.

ifags

an b0 wmar

Another major group of signal leads of importance in Microtape system operation are those
generated by the flag response net circuitry. This circuit issues to the computer the data flag,
tlock end flag, and esvor flag signals. In the PDP-4, these signals are used to produce a
program break request, enable the skip logic, end are sent to the AC on « MMRS .

in the PDP-1, the data flag sipnal (MMDF) is an indication to the computer thot a particulor
derta word being read or writfen is assembled and ready for trunsfer. The block-end flag
{MMBF) indicates to the computer to unload the check sum if reading, or to load the caiculeted
check sum if writing -—— indications to which th2 computer can respond by issuing a MMRD



instruction or @ MMWR instruction. An error flag (MMEF}) indicates to the computer that one
of four error conditions has occurred; accompanying this error flag signal is the MMRS format

idescribed above) stipulating the type of error responsible for issuance of arror flag.

Generation of Corntrol Responses

in general, the timing relationships between the computer and the Microtape system is governed
by the ordinary program break conivol function. That Is, the computer selects the moede of
“icrotape system operation by furnishing it with a MMLC instruction; this instruction directs

the Microtape system to search, read, or write. The Microtape system, In accordance with

mode generates the flags appropriate to the mocle. The generation of flage ond other responses
soniinues until the fape is stopped by command, the mode is changed, or the tape end is reached.

the Microtape System control is in large part based on actions caused by reading of the mavk
wack. These octions consist in the main of the initiating flag signals. A block mark is de-
sacted each time the fape heuds encounter the boundary between data words. Depending vpen
ihe type of mark detected, ond the mode of operaiion, a flag signal is issued. For example,
in the search mode, the data flog is Issued if the block mark is detected at TP2. The block
mark and the TP2 signal and its attendant flag couse issuance of the interchange pulse, which
shifts data between the shift register and the in-out register.

Searching

in the search mode, block number codes as read from the tape are forwarded o the computes
for comparison purposes. Such forwarding is aceomplished by means of the interchange pulses
which transfer the block number codes from fape to the in-out register. During search, such
wansfers oceur every 53 milliseconds {for o 256-word block). Each block number code so
tvansferred is accompanied by the data flag. Should the computer fail fo recognize the data
flag before the next raise data flog pulse is issued, an error flag signal is issued. This flag
signal is generated by a CD gate which hos os inputs the RDF signal and the DF signal. The
ouvtput of this gote sets the miss flip-flop to the "INE state. The encountering of an end mark
satomarically sets the end flip-flop and the go flip-flop is reset, stopping the tape.

Writing

ke commanding of the write mode by the computer results in the issuance of a data flag by the
conirol unit to the computer. The purpose of this flag is to indicate to the computer that the
in=ouF register is prepared to accept o word from the computer for writing on the tape. The
compuier that transfers the word to be written to the in~out register by means of o MMWR
command. The MMWR command extinguishes the data flag. (The WDA level results of @ ORing
ny the block start and date marks. This level appears when the write dato flags are to be raised. )



T the computer, during witte, has tronsferved e word inte the in-out vegiskar . the word ia
*an interchanged and shiffed. This nroCess requires betweer 140 ard 480 microseconds, depend-

v on speed and program Himing.  Durlng this tlne, neither the stop mode nor the read mode aan

v commended. Should the computer divect the writing of informaticn excaeding a bleck fanath,
@ Mic:otape system responds by shifting to the reading mode 7In the biock and orent. weiring
‘everse check sum, and saising tha first Flacs: the Microtope system then severts to the write

swde ond utilizes TPCs for shifiing purposes in wiiting.,

“ince the command to stop writing I inhibited ir the boundary registar betwean the last dotn
swandd andd the check sum, any read command given during this time is tempororily held i
wheyance. Al the raising of the block flag freac mode). @ minimum delay of 240 additional

sticroseconds is necessary in ovder that a sfop cormmand be cerried out.

Erndirg
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vivy info the read mode is accompanied by the Isuance of data flags s signifving readiness of
scls fer ransfer to the comouter. The datg flags are generated by the RDA signals and the
¥2 pulses.  The RDA signals, in turn, are genercted by the OR formed by combining of the

22, dato mark, prefinal, ond final signals.

2imin tlags are lowesed by the computer-issued MVRD signals. The MMRD signal strobes the

s in the in-out register into the compuler.

tching from Weite to Read Mode - In the read mode, any switching to the write mode while
«ithin o particular block cause the following to occur. The data fiag freod mode’ signifving
Hur readiness of the word in the In-out ragister fo: trarsfer to the computer ic lawered by on
#AARD. Assuming an MMLC furite) is issued just prior to the transfer, the first word to be
wviden in the new write mode is written in the third ward space following the word space fron:
kich the last word wes read. Switching from read to wilte within a block necesitates the loes

i rwa word spoces, which are neither written into or read from. The first data flag raised

<y the switchover indicates that the lost word read hos been trarsfecved to the co saputer, Gne

‘et the sacond word to be writien can be relecsed i by the computer.

ix on exception to the abova: if the fiisi werd to be written after switchover ocecunies
dass word space In the block, on RBF ic reised. Also, if the first word so written falis
imio the chack sum word space, no flog is immedictely raised; instecd the next flag is issuad

stk of the next hlozk..



Any switching from write to read occurs in the boundary region following the last werd loaded
for writing. In this boundary region, a dummy flag signal is issued. Howevar, this flag signal
sorvesponds to no special action; this flag is lowared when the first flag for read is vaised.
decause of the switchover, no validity check of the first three or four words read is possible.



SECTION 4

INTERFACE

This section will be supplied at o later date.,



SECTION S

MAINTENANCE

idaintenance of the Microtapa control and transport consists of procedures repeated periodic-
ally s preventive maintenance as well os corrective maintenance if equipment should mal-
function. Maintenance activities requive the items listed below in addition %o stondard hand
tools, cleansers, and test cables ond piobes.

}ig:i"!ghumanﬁs
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Tekironix Scope
Type CA plug in
Type E plug In

fad N
o

L]

{est Programs
Rocker
iserciser

Microtog

PREVENTIVE MAINTENANCE

Praventive maintenance consists of tasks performed prior to the initial operation of the equip~
ment and periodicolly during ifs operating life to ensure that it is in sotisfaciory operating
condition. Faithful performance of these tasks will forestall possible future failure by cor
recting minor damage and discovering progressive deterioration of an early stage. Data foundd
during the performance of each preventive maintenance tosk should be recorded in a log book.
Analysis of this data will indicate the sate of circuit operation deterioration and provide in~
fomation to determine when componenis should ba replaced to prevent failure of the equip-
ment.

P

Clean the exterlor and the interior of the equlpment cabinet using a vacuum clecner or clean
cloths moistened in nonflammcbie solvent.

Cleon the head and guldes with the proper solvent. These are such an Ampex Head Cleaner
or Freon 5. Check condition of guldes ard head at regular intesvals. Always handle the
tape with care. Creases tend to destroy the magnetic coating and dirt is a common culprit
when decling with magnetic tape systems.

Visual Inspection

G B TR

Yisually inspect the equipment for completaness and general condition. Repaint any scratched
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or corroded areas with DEC blue tweed paint number 5150-265 or DEC gray enamel number
3277~iR85. Inspect oll wiring and cables for cuts, brecks, fraying, deterioration, kinks,
strain, ond mechanical security. Tape, solder, or seplace any defective wiring. lnspecs the
following for securliy: switches, knobs, jacks, connectors, transformers, fan, capocitoss,
lamp assemblies, etc. Tighten or replace as required. Inspect all rucks of logic to asure
that each module is securely seated in its connector, lnspect power supply capacitors for
leaks, bulges, or discoloration. Replace any copacitars giving these signs of malfunction.

Merginal Checies

Marginal Checks are parformed fo aggravaie borderline circuit conditions within the confro!
legic to produce cbservable faults, Thereforz, conditions caused by morginal components can
be corrected during scheduled preventive maintenance o forestall possible future equipmen;
failure. These checks can be used as a troubleshooting aid to locate marginal o intermitient
components, such cs deteriorating transistors. By recording the level of bias voltage ot which
circuits fail, progressive deterioration con be plotred ond expecied fuilure dates predicted.
therefore, these checks provide a meuns of planned replacement. The checks are perfo med
by operating the logic circuits fiom an adjusiable external power supply, such as the DEC
Type 730 Duol Variable Power Supply.

To perform the checks:

1. Set the +10 MC/OFF/-15 MC switch on the marginal-check power supply to the +10
MC pesition.

2. Acjust the ouiput of the marginal-check power supply so that the MARGIMAL CHECK
voltmeter indicates 10 volts.

3. Siart Microtape operation in a noimal program or in o routine which fully uttiizes the
circuits in the rack fo be tested, ' no program is suggested by the normal system appli~
tafion, selecy an appropriate maintenance routine,

4, Set the top nomnal/marginal switch to the up position on the rack fo be checked,,

5. Decrease the volt marginal~check power supply outpus until roimal sysiem operation
Is interrupted. Record the marginal-ched: voltage. At this point merginal transisiors con
be located and replaced, if desived.,

6, Start operation. Then increase the voit marginai-check supply output untll normal
operation is interrupted, at which peint record the marginalecheck voltage. Transissors
can again be located ond replaced.

7

7. Return the top noimal/marginal switch to the down position.

.
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8. Repeat steps 2 through 7 for the center normal/marginal switch on the logic rack being
checked,

®. Set the +10 MC/OFE/-15 MC switch on the merginal~check power supply to the =15
MC position and adjus? the output until the MARGINAL CHECK volimeser indicates 15
volis.

10, Repeot step 3.
11, Set the bottora normal/marginal switch o the up position for the rack to be checked.

12, Repeat steps 5 and 6, then return the botiom normal/marginal switch o the down
position,

13, Repeat steps 1 through 12 for each module rack i be fasted.
14. Adjust the output of the marginal-chack power supply o zeio volts ond set the

+10 MC/OFF/-15 MC switch fo the OFF position.

Maintenance Programs

Programs are avallable for detecting erars in the Microtape control and may be used with
marginal checking, Microteg, consisting of five subroutines, is usad with the PDP-4. The
iicrotape Rocker and Exerciser programs periom similar functions for the FDP-1, See Section
2 for a description of the maintenance routines.

Yeriodic Adjustment of Stop Time

A idicrotupe unit is commanded to stop by the actlon of energizing the siop relay. This relay
has a single normally closed contact on it which carries the holding cunant to the go relay.
Therefore, (after 15 milliseconds) the go relay drops out followed, after o delay, by the
vimer reloy. The time between go and timer dropping out defines a “siop pulse” which &
caused o drive the irailing mofor and stop the fape. If this siop pulse Is too long the drive
reverses rather thon stops, and if it is oo sho-t, the drive does not come to rest ab all but
iather coasts fo a sluggish stop. The length of the siop pulse is determined by the chargs on
the capacitor in the filier netwerk and by R2 which s in series with the time: relay coll, M
the drive is only pariially up to speed, o shotrer stop pulse is desived. Cthervise the long
stop pulse will cause a reverse rather than a step. For this reoson, the chaiging resistor,

X1, is included so that the capaciior charges up ot approximately the same rave that the drive
picks up speed in the first place. The procadure for adjusting R1 and R2 is now outlined.

To perform the adjustment:

i. Run a program (soon to ke provided in Microvog) which storts the diive ond allows i 1o

l. B
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tur for one second or more, and then commands stop, followed by o pause of one second ond
another run period of one second or more in the opposite direction, This program then couses
the tape fo rock in one direction, pause, rock in the other direction, efc. It ossures that ihe
copacitor across the timer relay has achieved full chorge regardiess of the setving of R,

2, With this "long running time" program operating, adjust the appropriate potentiomeders
(see figure) for a good abrup? stop in either direction over the entire ree .

3. Run the same program, but with the running times changed fo 120 milliseconds, io just
barely get started before commonding o stop (which should last for one second as chove® and
adjust the appropriate short running $ime pot for good siop time. Repeat 3teps 1 and 2 fou
check,

L CORRECTIVE MAINTENAMCE

the equipment is constructed of highly relicble fransisiorized modules. Use of these circuits
and faithful performance of the preventive maintenance tasks ensure relatively litile eqguipment
down time due to failure, Should a malfunction oceur, the condition should ba analyzed und
corrected as indicated in the following procedures. For corrective meintenance no special
tools or test equipment ase required other than a broad bandwidih cscilloscope and o standard
multimeter.

A check for strobe #iming is a good first siep when troubleshooting random informesion eios.
The position of the TP1 pulse geném&red {rom the timing track with respect fo ¢he Information
iocated on the information tracks daetenmines the margins the systein has for skew and ompli-
fude variations. The TPi for strobe} should b centered on the Informaiion contained in the
informution channels (Figure 8). Unfortunately, thie centering is primarily a function of para=-
meters which are not conirolled in the field. The main factors are: the gap width of the head,
the velocity of the tape, and the switching time of the head.,

To a lesser extent, however, the write currens, tape tension, and the delays present in the
reader and the writer do affect the strobe time.

The method for doing this is to use o scope with o high gain differenticl preamplifier such as o
Tzktyonsc Type D or E. Also needed is a shielded cable with clip leads to connect the preampe
lifier to the tracks under consideration, The method is to look of any porticular information
channel and sync on the diming track TP1's, or with a dual beam scope, look of boih the timing
frack output and this information signal. 1 & possible 30 sse a bit of noie reflected cato the
inpuf of the information amplifiers becouse of timing pulses oceurring ot the outpui. This robss
foo, gives a good clue os to when the signal is being sirobed,

5.4
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Adjust upper potentiometar of paly RZ) with long run Hime. Adjust lower potentiometer of
pair for short run time. Tumn oll potentiometes clockwise for clockwise for longer stop pulse =

more aksupt stop



A she outset, the delay through the timing pock cmplifier should be meawced and aflowad
for by checking the zern cosding of the inpat 1o the timlng vack anplilie ond those ar s
autpure  IF the output wave form s not of 50% duty cyele or If the iwo sides do not switeh
simultaneousiy for low level slonals ‘use the aiterwation slug fo chack) the #infng track Reac
amplifier knobs may have wo be cdjusted. Ir hos never been necessury, however. %o odjust
fse in the fleld, The ilme delay of the render amplifiar should be subtracted Fram vhe thoe
dalays chserved in the next pait of the mocsdure fo achieve un bonest uppzisel of vhen the
wuipui of the infomation chart armplifies - 1l be sircbed,

werpreting the resulin:
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involves module removal by means of a Type 1980 System Module Puller, insertion of o Type
1954 System Module Extender into the logic rack, insestion of the suspect module in the module
extender, and oscilloscope signal fracing of the module with the equipment energized arnd

operating.

Static and dynomic cireuit troubleshooting procedures may be performed ab a bench. Visually
inspect the module on both the component side and the printed-wiring side to check for shori
circuiis in the efched wiring and for damuged components. If this inspection fails to reveal
the cause of trouble or confirm o fault condition chserved, use the multimeter o measure

resistances.

LAUTION

Do not use the lowest or highes! resistance ranges of the multi-
meter when checking semi-conductor devices. The X10 range is
suggested. Foilure to heed this warning moy result in demage to
components.

Measure the forward and reverse resistances of diodes. Diodes should measure approximately
20 ohms forword and more thon 1000 ohms reverse. If readings in each direction are the same,
and no poralle! paths exist, replace the diodes.

Meosure the emitter-collecior and emirter-bose resistances of transistors. Most catastrophic
failures are due to short circuils between the collector and the emitter or are due o an open
circuit in the bose-emifter path. A good traisister indicates an open circuit in both directions
between collector and emitter. Normally 50 to 100 ohms exist between the emitter and the
base or betwean the collector wnd the base in the forword direction, and open-circuit condi-
tions exist in the reverse direction. To determine forword and reverse directions « transistor
can be considered as two dicdes connected back-to~hack. In this anology PNP transistors are
considered to have both cathodes connected together to form the base and both the emitrer
and colliector assume the function of an anode. In MPMN fansistors the base is assumed to be

a common-anode connection and both the emitter ond collector ore assumed to be the cathode.

Multimeter polarity must be checked before measuring resistances since many meters {including

the Triplett 630) apply a positive voltage to ihe common lead when in the resistonce mode.
MNote that although incorrect vesisiance readings are @ sure indication that o transistor ic de~

fective, correct readings give no guaranfee thct the transistor is functioning properly . A more
refioble indication of diode or trarsistor malfunction is obtained by using one of the many in-

expensive in-circuit festers commercially aveiluble.

Demaged or cold-solder connections con olso be located using the multimeter. Set the multi-

meter to the lowest resistance range and conrect it acyoss the suspected connection. Poke af
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the wires oy components around the connecticn, or alteinately rap the module lightly on o

wooden surfoce, and obsarve the multimeter for open-civeuit indizations.

Ofien the vesponse time of the multimeter is too slow Jo derect the rapid Hansients poduced
by intesmittent connections. Cuirent inlarruptions of very short durations, coused by on inker
mittent connection, can be detected by connecting o 1. 5-vols flashlight bottery in sevies with
i 1300-0ohm resistor ocross the suspected cornection. Obsesve the voliage across the 1500~

ohrn resistor with an oscilloseope while probing rhe conneation.

Lynomic bench testing of modules con be performed through the wse of speciol equipment. &
fype 922 Test Power Coble and either o Typa 722 or Type 765 Power Supply can be wsed o
anergize o systems module. These supplies provide both the #10 vde and ~15 vde opmigting
supply for the module as well as ground und ~3 volt sources which moy be wed as signal in-
puts. The signal inputs can be connected fo any termino! novimally supplied by logic level

by means of eyeleis provided on the power cable. Type 911 Fatch Cords may be wed to muke
fhese coanections between eyelets on the plug. In this monnar logie oparations ond voltage
measurements con be made. When using the Type 765 Bench Power Supply, margirn! checks

of on ndividual module con olso be obtainad.

In all soldering and unsoldering operations in the repair and seplacement of parts, aveid plac -
Ing excessive solder or flux on adjocent purts or service lines. When solde: ing semi-conduntor
devices (ransistors, orystal diades, and metallic rectifiers) which moy be damaged by heat,
the following special precautions should be taken:

a. ke o heat sinl, such o5 a pal of pliers, to grip the lend between the device

and the join? being saldered.

b. lse o b-voil scldering tron with an isclation trorsformar, 1o the smaller soldee~

ing iron adeguate fov the work.

¢. Perform the soldering operation in rthe shostest possible time, o preverd damags

to the component and delomination of the module etched wiviag.

When any part of the eauipment is removed for repalr and replucement, make sure thot ald
leads or wires which are unsoldered, or othe wise disconnected, ae fegibly faggad o marked
for identification with their respective terminals. Reploce defective compenents unly with

sty of equal or greater guality and tolerence .
L g |
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SECTION 6
PERTINENT DOCUMENTS

PUBLICATIONS

The following documents serve as source material and complement the information in this
manual. These publications may be obtained from the nearest Digital office ov from:

To

Go

Customer Relotions Depariment
Digltal Equiprent Corporation
144 Main Street

Maynard, Massachusetis

Digital Modules Catalog, A~705. This book contains information perraining
to the funciion and specifications for the basic modules and accesseries oo
prising the Microtape Conivol Type 550,

Microtape brochure, F-03-550, presents a general description of the Micotupe
SyS?e:no

FDP-4 Handbook, F-45A, gives progromming information for Microtape used
with the PDP-4,

PDP=-1 Handbook, F~15D, gives basic OT programming Information.
Silicon Modules 6000 Series, C=46000, describes the specifications and funeiions

of Digital's silicon system wodules.

LIBRARY FROGRAMS

The following programming brochures ore available now and may be ordered from the Digital
Program Library at the address given ebove.

‘:o

P-4 Programs

Microirleve, 4-29%-10, allows the programmar o save areas of memory on
on Microtape and quickly retrieve such informotion using the toggle switches

© on the PDP-4,

Microtog, 4~46~10, dsscribes varfous programs fo defect any ervors in Micro-
fape confrol .

Microtape Subroutines, 4=45-10, ave programs which allow the programmer to
read, write, or search the Microtape using prewritten and fested subrouiines..

&1



o

b.

o

da

PRP-1 Prograrms

Microtape Control PGM, 1-26~10, s o subroutine which wronsfers data to or
from Microtape,

Microtape Format Pack, 1-127-1Q, writes the mark frack, timing irack, and
block numbers from 0 o 1077’5,’ on tape. It also allows the operasor to check

the sape ofter it was written.

Data Transfer Test, 1-128-10, encbles the operator to check date Hansfer so
and from the computer and the IMicrotape control. This program also indicades
which flags are being defected during the test,

Microtape Rocker Program, 1-120-10, allows the user fo oscillate tape over o
desired area for debugging purposes.

Microtape Exerciser, 1-130-40, evaluates the performance of Microtape and
determines the noture of any ervors that might occur.

Microtape Dump and Retrieve, 1=131-10, allows the operator fo store dota on
Microtape or refrieve data from Microtape using the TEST WORD switches.

Ersor Message, 1-132-10, funciions with o Microtaps coniral fo fype out
errors on the on~line typewrlier.

ENGINEERING DRAWIMGS-

Engineering drawings in the following list are supplied with each Miciotape system as an ald
to understanding and maintalning the contvol and fwansport.

Madule Schemalics

RS~1011 Diode
kS-1105 Inverter
KS--1802 Relay
RS-4102 Inverter
R5-4105 Inverter
RS-4113 Diode
RS-4114 Diode
RS=4115 Dicde
RS-4116 Diode
(54117 Diode
KS-4127 Capacitor-Diode~Inverter



R5-412¢9
RS-4151
R5-4202
RS-4214
42
RS-4228
R5~4260
RS--4261
R3-~4301
R5-4303
RS=4401
R5-4410
R5--4523
R5-4604
R&~4605
R5~-4606
RS«4472
R5~4680
R5-5102

$D De 5500 BD
BS= D 550 0-C1
B350 D 55003 C2
B8 E~550-0- 1N
PSe D 550-0-TM
BGe D= 5500 W
Do D 5500 TD

 UAL-D-555-D
Wl Aw 55002
CleA=550-0-3
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Model Schemotics (continued)
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Quadruple Flip~Flop

Sty e

| egester
3-Bit Shift Register with Buffer Register

Mark Track Decoder
Block Format Dacoder
Daloy

Integrating One-Shot
Clock

Pulse Generator
Manchester Reoder and Writer
Pulse Amplifier

Pulse Amplifier

Pulse Amplifier

BCD Light Drives
Solencid Driver
inverter

logle

Block Diugrem, 550 Conbol
Congrol Pring 1

Fiag Response Data Control Cutputs
In Informution Hondling

TM Contiol Pulses

W Mask Track Decoding Evor
Timing Dlagrom

Maodule Location and Wiring

Usilization Module List

Logic Wiring (42 Sheets}

Cable List (9 Sheets!

Power Wiiing

Ground (4 Sheels)

Chessis Wiring for Type 555 Transport
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