








{iming pulse TP marks the time the change In direction of flux of the data or mark bits is at
maximum, and therefore ready for transfer to storage registers. 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 shift info the writers the next bits that are to be writien. in
effect, TPO designates the time that the head is passing through the boundary region between
bit locations on the tape.

Another timing pulse designated as TP2 is obtained by delaying TP1 approximetely 4.5 micro-
seconds. TP2 is used to check maik track Infosmotion picked up by the TP1 preceding it. The
vime interval between TPl and TP2 is sufficieni to allow CO gotes tc set up. In effect, TP2

commands an inspection of the control word (if any). TPO is sometimas used to accomplish the

same thing.

Timing pulses TPO, VP1, and TP2, after being generated, ore gated with various other signals.
One such signal is the delay in progress (DIP' signal, which is in effect whenever the proper
iape 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 baing 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 above, the timing pulses undergo goting 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. After gating (or before gating) the time iapse between
TPl and TPG, or between TPO and TP1, is 15 microseconds.

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 to contiaue even though the GO signal may be present.

Relay Timing and Mark Signel

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
murk track writers and physically connects them to the TT and MTS, it also starls the WRTM
{write timing and mork load clock). In addiiion fo the above, the RELTM signal tights a red
lomp on the driverss.

The clock mentioned in the pasagraph abova drives a gray code ¢ unter which, in turn drives

the track writers and gencrates quadratuie phase TP puises by means of the same pulse amplifiers
which nomally buffer the timing pulses. It should be noted that the T writers are switched at

fimes which are in quadrature with the timing pulses this ensures the preservation of the relationship
between the negative-going, zero~crossing ¢f a timing signal and the coincidence of the flux reversal
cf the data or merk bit.
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Reading the Mark Track

The mork track is read in the same manner os are the information or data tracks. That is,
timing puise TP1 loads the fisst flip-flop of a shift register from the f{push pull) outputs of the
sead omplifier. This occurs af the time of maximum flux reversal of o data or mark bit passing
wnder ¢he head. This same flux reversal was previously wrltten on the tape by means of the
same ¥P] ~ during on earlier writing operation -— now under consideration. Since the head
senses maximum flux reversal at TP1, an accurate outpu? is obtained from the associated read
emplifier. It should be mentioned that the direc:ion of the flux change detarnines the polarity
of the vead amplifier cutput, henceo the kind of bit being read ~ one or zerc, An inspection
of Figure ____ discloses the relationship between flux directions and binary value as recorded

an the iape.

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

Window Regjster

the ouiputs of the flip~flops of the window register are fed to a group of AMND circuits. The
function of these latter circuits is to detect partleular patterns as they appeor in the register.
Fimy particulor pattern of bifs in the register remuins such only for a period of approximately
33 microsaconds; at the end of this time, the next TP1 pulse shifts the register, to create
{possibly) 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
putfern as creafed by the last bit read, the AND circuits, fad by the register, are allotted u
time interval of 33 microseconds in which to reccgnize the pattern and produce the appropriate
YESPONSES .

The AND circuits are comprised of diodes which drive inverters. The circuits are arranged so
that any porticular inverter cutput Is of ground whenever Its associated flip-flop in the register
is enobled. (During the writing of timing and merk ivacks, the RELTM signal is used to inhibit
the shifting of the window register to prevent the accldentol detection of marks during this

Hocess. )

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 to a running ransport. Bit 7 is set into the register
on a shift pulse only if bit 8 is a 1. Bit 9 is cleaved by the clear window pulsa, which cleas
ail other flip-flops in the register. When nof present, bit 9 prohibifs operation of the AND
zircuifs into which the window register feeds . When prasent, bif 9 enables these circuiss.

The importance of bit ? vesides in its power t> prohibit the reading of mark 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 thtough the window
register, o posifion nine in the register in arder thot a nattern (bit arrangement) in the register
may be detected by the AND circuitry mentioned above. In this way, bit 9 prevents partial
potterns from being erroneously detected. (Other circuits also function to prevent erroneous
detaction: these civcuits cleor the entive window reoister wwhen aciivuted.)

The patterns or bit arrongemenits 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, clthough
forming o part of the registes, Is in no way utilized by it in the pattern detection process.
Because of this circuit configuration, the window register Is capable of providing 8-bit patterns;
the ovder of code patterns is fixed in the shif: vegister patterns. f(he 8-bit pattem capability
utilizes the last two bits of the praceding paitern,

MSY Register

The window register and the associated decoding eircuitry do not completely decode the mark
tvack paiterns. To achieve complete decoding, the MSY register circuit is used. The ftunction
of this MSY vegister is to decode the four blockstart marks L OCK, REV CHECK, D1, and D2),
and th2 four block end marks (prefinal, final, check, and spare).

The MSY register is loaded when a block ma-k is detected. Loading of a MSY register con~
sists of inserting the binary arrangement 1000 into the vegister. Each time a block start mark
is detected, a shift in the MSY register occuvs. This shift causes the initial one o ravel
dowm through the register as other ones follow it. Thus, the first shifi would causa the registes
o vead 1000; the second, 1100; the third, 1110; and the fourth, 1111, The MSY register
states are ANDed with detected block siart inarks to obtain the initiel four marks mentioned

above .

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



The shifting of the MSY register occurs of TP2. The block start and block end imarks are de-
tected between one TP and the next. As a consequence of this, the useful output of the mark
defection circuityy considered as a whole occurs af TF2.

Wiiting the Mark Track

Mark trock words furnished by the computer are written on the merk truck of the taps when
the Microtape system is in the RELTM mode. The WRTM command (@ result of the computer~
issued MIMLC instruction) must olso be jisued to effect mark trock writing. Normally, the
writing of the mark track is initiated when the Microtape system is in the stop condition.

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

Word Counter

Afrer start up, data floge are roised automatically ot each word time. These flags are raised
by the EK lor word counter) circuit. This circuit comsists of a ring orrangement of six flip-
flops in which a single one Is caused fo circulate. Ab the ssuonce of each data flag, the
zomputer loads the word fo be writien on the mork track into the OB, The word remains in
the IOB until issuonce of the nextt fiog request, ot which time the word is shifred into the
shift register. From the shift register it is wransferred through the write amplifiers and fape
heads t:c the mork frack. Since the shift register is logically divided inte three sections, the
writing of a mork track Is accompanied by an identical writing of dota track number one.

MARK TRACK ERRORS

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

The EK is present at the same time that a block mark is detected (ot TP2). The EK is rotuted

hy TPO's. After six such rotations, caused by shi successive TPO's, the EK is returned to its
initial condition. As eoch 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 a specific
block mark should exist concurrently. Should the two not exist concurrently, an error has

securred .



Since the EK is shifted at TPO, 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
791 is issued and only before the following TPO is issued. Because of this. the concurrency is
checked, or strobed {since it is in gate form) at {P2.

it should be noted that there are particular times during Microtape operation when any error
checking procedure is superfluous. For instance. during search, 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 frr2levant.

Four the above reasons, the negative (for error} output of the ervor detecting circuitry is
clomped to ground and rendered inoparative unless @ particular mode such = write, read,
«wite all, or read all, unclamps it.

lndications resembling errors, but not errors as such, are eliminated by clzoring the window
segister during their "presence” . In this respect, the two araas 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 end the attain-
ment of proper tape speed, the synchronization signals for the EK are nonaxistant, Thus,
arvor-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
ascormally be in the search mode, rendering errer 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 Information

in addition to furnishing information for, or receiving information from, the tepe, the AC or
10O can also forward a portion of iis contents to the control unit for purposes of control only.
3y means of IOT instructions, the computer is able to select o tape unit (1 out of a possible 8
»lus zero,or no unit), direct the motion of the tape, and command one of sevaral possible
modes. The selection of a tape unit is controlled by the arrangement of bits 2 thiough 6 in

the AC or 1O. These bifs are loaded info the se!ection register by the mmse instruction. A
areund on any of these lines indicates a binary ONE.

Load Contvol Instruction ~ The mmlc Instruction, or load control instruction, if formed by the

arrangement of bits 12 through 17 in the AC or 1D. These bits are transferred by means of six
ines to the command logic circuliry and the motion contro! circuitry. This circuitry then
wvanslates the bit arrangement inio a specific tops direction and a specific equipment mode
move, search, read, write, WRTM, recd a!l, 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
czommanded by the command to the logic circuitry.
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Yiming Pulses and Mark Treck Information

B e an A U D T T T ST 1 € Y

Like the accumulator or 10, the tape can furnish information to the control unit for control
purposes only. This information comes from the work and timing fracks and s not pessed through
to the computer as data information. Instead, it is routed to the iiming pulse generator circuifty
and mark defection network {and window register). The information so routed consists of the

timing puises and mark track information derived from the tape.

The timing bits from the tape are picked up from the bus which is connected to a particulor
timing frock head by the selection cireuits, fed through a read amplifier and forwarded to the
¥iming pulse generator. This generates three timing pulses: TP1, TP2, and TPO. These timing
puises are forwarded to other circuits in the control unit.

#Maovk track information, picked up by the mork track heads, is forwarded to the mark detection
natwork circuitry. In accordonce with the information received the mark detection network
=ircutiry issues signals signifying that one of the various mark codes written on the work track has
just passed over the head.

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

»»»»»» [

Yhe Microtape control unit transfers non~data information into the AC or I/ O by means of the
mrmes instruction. Although the bits constituting this instruction are temporarily stored in the
AC or YO, they do not represent any part of tha dota work or words. As shown on the overall
block diagram (D-550~0-BD), the six leads comoosing the MMRS comist of REV, GO, UNABLE
MK TK ERROR, MISS, and END., The MMRS command also reads the three flag levels into

bits 0-2.

oo o2 Canr

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

in the PDP-1, the data flag sipnal (MMDF) is an indication to the computer that a particulor
duta word being recd or written is assembled and ready for transfer. The block-end flag
{(MMBF) indicates to the computer to unload the check sum if reading, or to load the calculeted
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 esror conditions has occurred; accompanying this error flog signal is the MMRS format
idescribed above) stipulating the type of ervor responsible for issuance of arror flag.

Generation of Control Responses

in genesrai, the timing relationships between the computer and the Microtope system is governied
by the ordinary program break conivol function. That Is, the computer selects the mode of
“Aicrotape 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 moce. The generation of flags and 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 mark
yack. These actions consist in the main of the initiating flag signals. A block mork is de-
rected each time the tape heuds encounter the boundary between data words. Depending upon
ihe type of mark detected, ond the mode of operaiion, a flag signal is Issued. For example,
in the secrch mode, the data flog is Issued if the block mark is detected ot 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.

,’?’y;'fee”m’chin‘g

in the search mode, block number codes as read from the tape are forwarded to the computer

for comparison purposes. Such forwarding is accomplished by means of the interchange pulses
which transfer the block number codes from fapa to the in-out register. During search, such
wansfers occur every 53 milliseconds {for @ 256~word block). Each block number code so
tvansferred is accompanied by the data flag. Should the computer fail to recognize the data
flag before the next raise data flag pulse is issued, an error flag signal is issued. This flag
signal is generated by a CD gate which has os inpuis the RDF signal and the DF signal. The
autput of this gote seis the miss flip-flop to the INE state. The encountering of an end mark
sndomarically sets the end flip-flop and the go flip-flop is reset, stopping the tape.

Writing

The commanding of the write mode by the computer results in the issuance of a data flag by the
confyoi unit to the computer. The purpose of this flag is to indicate to the computer that the
in~out register is prepared to accept a word from the computer for writing on the tape. The
compurer that transfers the word to be written to the in-out register by means of a MMWR
vommand. The MMWR command extinguishes th:: data flag. (The WDA level results of a ORing
nr the block start and data marks. This level appears when the write date flags are to be raised.)



the computer, during wiilte, hos ronsferved ¢ word inte the in-out regiskar, the word is
Han interchanged and shiffea, This nrocess requires betweers 140 ard 480 microseconds, depend-

tag on speed ond program timing. During this thne, neither the stop mode ror the read mode gon

: nommanded.  Should the computer divect the writing of information exceeding a blark fanath,
he Microtape svsten responds by shifting to the reading mode {in the biock end oreni, weiting

s taverse check sum, and raising tha first flacs: the Misrotope system then reverts to the write
sode nd urilizes TPOs for shifting piwposes in wiiting.

“ince the command to stop writing iz inhibited ir the boundary registar betwean the last dotn

wined and the check sum, any read command glven during this fime is temporarily held in

“nevance. At the raising of the block flag (reac mode). @ minimum delay of 240 additional
sicroseconds is necessary in order that a stop corimand be corried ouf.

feadirg

_snivy info the read mode is accompanied by the bsuance of data flags signifving readiness of
yeds fer transfer fo the comouter. The dota flags ere generated by the RDA signals end the

t2 pulses. The RDA signals, in turn, are genercted by the OR formad by combining of the
“1, D2, dato mark, prefinal, and final signals.

timin tlags are lowered by the computer-issued MARD signals. The MMRD sionai strobes the
wiwd in the in-out register into the computer.

twitching from Write to Read Mode ~ In the read mode, any switching to the wiite mode while

.
i B

thin a particular block cause the following to occur. The data fiag freod mode! signifying
Yz readiness of the word in the in-out register fo: trarsfer to the computer is fowered by on
#ARRD. Assuming an MMLC ferite) Is iszued just prior to the fransfer, the first word to be
eiten in the new write mode is writien in the third word spoce following the word space from
which the lost word wos read. Switching from recd to wilte within a block necessitates the los
o rwa word spaces, which ere neither written into or read from. The first data flag raised
ey the switchover indicates that the lost word read hos been trarsferved to the computer, anc
srst Phe sscond word to be writien can be relecsed by the computer.

Tneas is on exception to the cbove: if the fiist werd to be written after switchover oceunies

2opemoas

1 jmst i word space In the block, an RBF is roised. Also, if the first word so written falis

invo the chack sum word space, no flag is immedictely raised; instecd the next flag is issuad
v The start of the next blozk.

e



Any switching from write to read occurs in the boundary region following the last word loaded
for weiting. In this boundary region, a dummy flag signal is issued. Howevar, this flag signal
sorvesponds fo no special action; this flag is lowered 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.
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SECTION 4

INTERFACE

This section will be supplied at a loter date.,



SECTION S

MAINTENANCE

iaintenance of the Microtupe control and fransport consists of procedures repeated periodic~
ally os preventive maintenance s well aos corrective maintenance if equipment should mal-
function. Maintenance activities require the items listed below in addition to stendard hand
fools, cleansers, and test cables and probes..

}‘esi* Lnshruments

. Tekironix Scope
Type CA plug in
Type E plug in

P
i

-]

iest Programs
Rnckes’
Sierciser

Microtog

PREVENTIVE MAINTENANCE

R

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

Lieaning
Clean the exterlor and the interior of the equlpment cabinet using a vacuum cleaner or clean
cioths moistened in nonflommable 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 intervals. Always handle the
tape with care. Creases tend to destroy the magnetic coating and dict is a common culprit
when dealing with magnetic tape systems,

Visual Inspection

i AR RS TR

Visually inspect the equipment for completaness and general condition. Repaint any scratched
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or corroded areas with DEC blue tweed paint number 5150-8565 or DEC gray enamel number
3277~iR55. Inspect ell wiring and cobies for cuts, breoks, fraying, deterioration, kinks,
strain, and mechanical security. Tape, solder, or replace any defective wiring. lrspect the
following for securlty: switches, knobs, jacks, connectors, ransformers, fan, capocitors,
lamp assemblies, etc. Tighten or replace as required. Inspect all racks of logic to asure
that each module is securely seated in its connector. lInspect power supply capocitors for
leaks, bulges, or discoloration. Replace any capacitors giving these signs of malfunction,

Mergiral Checls

Marginal Checks are parformed fo aggravaie borderling circuit conditions within the control
logic to produce cbservable foults, Thereforz, conditions caused by marginal componenis con
be corrected during scheduled preventive maintenance o forestall possible future equipmeni
failure, These checks can be used as a troubleshooting aid to locate marginal or Intermittent
components, such cs deteriorating transisiors. By recosding the level of blas voltage ot which
circuifs fail, progressive deterioration can be plotted ond expecied fuilure dates predicted,
Therefore, these checks provide a means of planned replacemant. The checks are perfomesd
by operating the logic circuits fiom an adjusiable externol power supply, such as the DEC
Type 730 Dual Varicble Power Supply.

To perfornn the checks:

1. Set the +10 MC/OFF/=15 MC switch on the marginal~check power supply to the +10
MC position.

2. Adjust the ouiput of the marginal-check power supply so thot the MARGIMAL CHECK
voitrmeter indicutes 10 volis.

3. Stary Microtape operation in o noimal program or in u routine which fully utilizes the
circuits in the rack to be tested. f no program is suggested by the normal system appli-
cation, selecy an appropriate maintenance routine,

4. Set the top nomal/marginal switch to the up pusition on the rack fo be checked,

5. Decrease the volt marginal~check power supply outpus until rnoimal sysiem opecaiion
is intesrupted. Record the marginal-checl: voltage. At this point morginal transisiors con
be located and replaced, if desired,

6, Start operation. Then increase the voit marginai-check supply ouviput until rormal
operation is interrupted, af which point record the marginal-check volrage. Transistors
can again be located ond replaced.

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

4
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8. Repeat steps 2 theough 7 for the center normal/marginal switch on the logic rack being
checked,

9. Set the +10 MC/OFF/-15 MC switch on the marginal-check power supply to the =15
MC position and adjust the output unfil the MARGINAL CHECK volimeter indicates 15
volts,

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

12, Repeot steps 5 and 6, then return the botiom nmmci/ma?giml switch to the down
position.

13. Repeat stcps 1 through 12 for each madule rack o be fested.
14. Adjust the output of the marginal-chaeck power supply fo zero volis and set the
+10 MC/OFF/-15 MC switch fo the OFF position.

Maintenance Programs

Programs are available for detecting ervois in the Microtape control and may be used wigh
marginal checking, Microteg, consisting of five subroutines, s vsad with the PDP-4. The
Microtape Rocker and Exerciser programs periom similor funceions for the FDP-1, See Section
2 for a description of the maintenance routines.

Periodic Adjustiment of Stop Time

A idicrotape unit is commanded to stop by the action of energizing the siop velay. This relay
hos o single normally closed contact on it which carries the holding cument to the go relay.
Therefore, (after 15 milliseconds) the go relay drops out followed, after a delay, by the
vimer reloy. The time between go and #imer dropping out defines a “siop pulse™ which i
caused o drive the irailing moior and stop the tape. If this stop pulse Iy teo long the drive
reverses rather thon stops, and if it §s oo shai, the drive does not come to rest al all but
iather coasts fo a sluggish stop. The length of the stop pulse is determined by the chargs on
the capacitor in the filter network ond by R2 which s in series with the times relay coll, i
the drive Is only porfially up to speed, o shorter stop pulse s desived. Ctherwise the long
stop pulse will cause a reverse rather than a stop. For this reasen, the chaiging resistor,

R1, s included so thai the copaciior charges up af approximately the same rove that the drive
picks up speed in the first place. The procsdure for adjusting R1 and R2 Is now outlined.

To perform the adjusimeni:

!. Run a program soon to ke provided in Microtog) which storts the d-ive ond allows it to

!- #
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#un for one second or mare, ard then commands stop, followed by a puuse 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, etc. It ossures that the
capacitor across the timer relay has achieved full charge vegardiess of the seting of R1.

2, Wish this "long sunning time" program operating, adjust the oppropriate potentiomerers
(see figure) for a good abrupt stop in either direction over the entire reei .

3. Run the same program, but with the running times changed fo 120 milliseconds, to just
barely get started before commonding o stop (which should last for one second as chove! ond
adjust the appropriate shost running $ime pot for good stop time. Repect 3feps | and 2 fou
check,

CORRECTIVE MAINTENAMNCE

the equipment is constructed of highly reliable transisiorized modules. Use of these circuits
and faithful performance of the praveniive maintenance tasks ensure relatively litile equipment
down time due to failure. Should a malfunction occur, the condition should he analyzed and
correcfed as indicoted in the following procedures. For corrective meintenance no special
tools or fest equipment are required other than a broad bandwidth escillescope and o standord
multimeter,

Troubleshooting Randem Information Creors

B S A e S e

A check for strobe timing is a good first step when troubleshooting random information eivoss.
The position of the TP1 pulse ganém%ed fram the timing frack with respect fo the Information
located on the information fracks determines the margins the system has for skew and ampli-
tude variations. The TPi ‘or siroba} should b centered on the Informaiion contained in the
information channels (Figure 8). Unforfunately, this centering is primarily a function of para-
mefers which are nof congrolled in the field. The main factors are: the gap width of the heod,
the velocity of the tape, and the switching time of the head,

Yo a lesser extent, however, the write curren?, tape tersion, ond 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 os o
Tektvon'st Type D or E. Also needed is a shieided cable with clip leads to conneci the preamp-
lifier #o the tracks under consideration. The method i fo look of any porticular information
channel and sync on the #iming track TP1'%s, or with a dual beam scope, look ot both the thming
frack output and this informetion signal. % & possible o sse o bit of noise reflecied cnto the
input of the information amplifiers because of timing pulses oceurring of the output. This noke
joo, gives a good clue os to when the signal is being sirobed,
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Adjust upper potentiometar of palr RZ) with long run Hime. Adjust lower potentiometer of
ir fo: short run time. Turn oll potentiometes clockwise for clockwise for longer stop pulse =

more absupt stop
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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:

=h oo large o corriage relurn srobe lute when rsading i the
Bight current too blg coriage rejur direction s vritlen and
Head too fast carioge return Strobes early when raeiding in oppesis
Tave oo slow divection
fiming trock read amplifer delay voo Strekas lofe in 2ither di-astion

Sone

ke procedwe followed for troubiashooting and coirectlog the couse of foull widin sgeatile

siveudts depends wpon the down time ihntiatons of squipment gse, Wheie down Hoe moss e
pied o maiviein

lant of o mindmum, Bt s suggesied ol o proviioning ports progoam be odo

ome snare module of standord compoenens wh ch con be Imserted tato the wokiner whon sysew

Tonw

autbleshooting procedures have haced e “ocult fo a pruriiculer compenany, folipwne §
Ll 3 $ ‘

fise of shis fype:

Spaves Fer Gonmol
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sroubleshooiing procedwes cun thon be performed fo coract the defactive compunorts
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involves module removal by means of a Type 1980 System Module Puller, insertion of o Type
1954 System Module Extender info the logic rack, insertion of the suspect module in the module
extender, ond oseilloscope signol fracing of the module with the equipment energized arid

operating.

Static ond dynomic circuit troubleshooting procedures may be performed af a bench. Visually
inspect the medule on both the component side and the printed-wiring side to check for shori
civeuiis in the etched wiring and for domuged components, If this inspection fails to reveal
the cause of trouble or confirm ¢ fault condition cbserved, use the multimeter fo measure

resistances .

LAUTION

Do not use the lowest or highes! resistonce ronges of the multi-
meter when checking semi-conductor devices. The X10 range is
suggested. Failure to heed this wasning may result in damage to
components..

Measure the forward and reverse resistances of diodes. Diodes shouid measure approximately
20 vhms forword and more than 1000 ohms reverse. If readings in each direction are the same,
end no poralie! paths exist, replace the diodes.

Meosure the emitter—collecior and emirter-bose resistances of tvansistors. Most catastrophic
failures are due fo short civeuits between the collector and the emitter or are due to an open
circuit in the bose~emitter path. A good traisistor indicates an open circuit in both directions
between collector and emitter. Normally 50 to 100 ohms exist between the emitter and the
bese or between the collector and the base in the forwerd direction, and open-circuit condi-
tions exist in the reverse direction. To determine forwerd and reverse directions « fronsistor
can be considered a5 two diodes connected back-to-hack. In this anclogy PNP transistors are
considered to have both cathodes connected together to form the base and both the emitter
and coliector assume the function of an anode. In MPMN transistors the base is assumed to be

a common~anode connection and both the emitter and 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 the common lead when in the resistonce mode.
Note that although incorrect vesistance readings are a sure indication that a transistor is de~

fective, correct readings give no guoraniee thot the transistor Is functioning properly . A more
relioble indication of dicde or trarsistor malfunction is obtained by using one of the many in-

axpensive in-circuif festers commercially avciluble.

Demaged or cold-solder connections can olio be located using the multimeter. Set the multi-
meter to the lowest resistance range and conrect it acvoss the suspecied connection. Poke af
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the wires or components sround the connection, or alteinately rap the module Hyhtly on n

wooden surfoce, and obsarve the multimetar for open-civeuit indivations.

Often the vesponse time of the multimetsr is too slow o detect the ropid fransients poduced
by intermittent connections. Current intavruptions of very short durations, coused by on infer~
mittent connection, can be defected by wonnacting o 1. 5-volt flashlight bottery in sevies with
s 15300~0hm resistor across the suspected cornection. (Obsesve the voliage across the 1500~

ohr resistor with an oscillascope while probing the sonneation.

CGynomic bench testing of modules can be pesformed through the wse of speciol equipment. A
fype 922 Test Power Cable and either a Typ2 722 or Type 785 Power Supply can be used jo
anevgize a systems module. These supplies provide both the #10 vde and ~15 wde opmrating
supply for the module os well as ground und ~3 volt sources whick may be wed o5 signal in-
puts. The signa! inputs can be connected fo any terming! novimally supplied by logic level

by means of eyeleis provided on the powss cable. Type Y11 Faieh Cords may be ured to ravke
fhese connections between eyelets on the plug. In this monnar logic oparations ond voltags
measwements con be made. When using the Type 765 Bench Power Supply, margiral checls

of an mdividual module con also be obtained.

In all soldering and unmseldering operations in the repoilr and replacement of ports, aveld plac -
ing excessive solder or flux on adjecent purts or service lines. When solde: ing semi-conduntor
devices (hrarsistors, orystal dicdes, and metallic rectifiers) which moy be damaged by hest,
the following special precaviions should be taken:

a. Use o heat sink, such es a pai of pliss, fo grip rhe lead betwaeen the devine
and the joint being soldered.

13 -«

b. ise o b-voli soldering tron with wn iscletion trorsformar, 1Lhs the smaller solder~

ing iron adeguate oy the work .

c. Perform the soldering operation in rthe shostest possible time, o pravent dumags

to the component ond delomination of the module etched wiiing.

When any port of the equipment is removed for repalr ond replucement, make surs thot ald
fzads or wires which are unsoldered, or othe wise disconnected, e legibly faggad o marked
for ideniification with their respective terminals, Replove defective compenents andy wish

parts of equal or greater quality ard tolerance .,
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SECTION 6
PERTINENT DOCUMENTS

PUBLICATIONS

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

Co

Go

[P

Customer Relotions Depariment
Digltal Equiprient Corperation
146 Main Street

Maynard, Massachusetis

Digital Modules Caitalog, A=-705. This book contains information pertaining
to the funciion and specifications for the bosic modules and accesseries come

prising the Microtape Conivel Type 550.

Microtape brochure, F=03-~550, presents a general description of the Microtape
system.

PDP-4 Handbook, F-45A, gives programming information for Microtape used
with the PDP=-4,

PDP=-1 Handbook, F-15D, gives basic 10T programming Informetion.
Silicon Modules 6000 Series, C~6000, describes the specifications and funciions
of Digital's silicon system modules,

LIBRARY PROGRAMS

The following progromming brochures are available now and may be ordered from the Digital
Program Library at the address given above,

ilo

Go

P-4 Programs

Microtrleve, 4-29-10, allows the programmar o sove aveas of memory on
on Microtope and quickly reirieve such informaiion using the toggle swiiches

"~ on the PDP=4,

Microtog, 4~46~10, describes varfous progrums fo detect any erors in Micro=

faps confrol

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

PRP-1 Programs
Mierotape Control PGM, 1-26~10, is a subroutine which tronsfers data o or
from Microtape.

Microtape Formas Pack, 1=127-10, writes the mark frock, timing irack, and
block numbess from 0 to 1077, on tape. It also allows the operator to check
the supe ofter it wos written.

Data Transfer Test, 1-128-10, snobles the operator to check data fiansfer to
and from the computer and the /Microtape conirol. This program also indicates
which flags are being defected Juring the test.

Microtape Rocker Program, 1-129-10, allows the user fo oscillate tape over o
desired area for debugging purposes.

Mierotape Exerciser, 1-130-10, evaluates the performance of Micictape and
determines $he nofure of any ervors that might occur,

Microtapa Dump and Reirieve, 1-131-10, allows the operator fo store dato on
Microtape or refrieve data from Microtape using the TEST WORD swikches.

Error Message, 1-132-10, funciions with o Microtaps coniral fo fype out
eryors on the on~line fypewrlter.

ENGINEERING DRAWINGS-

Engineering drawings in the following list are supplied with ecch Miciotape system as an old
o understanding and maintaining the control and ramsport.

Madule Schematics

RS~1011 Diode
kS~-1105 bnverter
KS- 1802 Relay
RS-4102 Inverter
R$~-4105 Inverter
RS-4113 Diode
RS-4114 Diode
RE5-4115 Dicde
RS-4116 Diode
k54117 Diode
RS~4127 Capacitor-Diode~Inverter



RS-4129
RS-4151
R5-4202
RS-4214
e
RS-4228
R5~4260
R5-4261
R3~4301
R&-4303
R5=4401
RS-4410
RS5-4523
R3=-4604
R&-4605
RH=-4606
R5-4672
F3~4680
RS-5102

DD 5500~ BD
£S5~ D= 550-0-C1
B0 D 550 (e €2
05 E~5580-0-1IN
DS D 5500 TM
G D 5300 W
T D 5500 T

 UAL-D~555-0
WA 5500n2
CleA=550-0-3
P\~ A= 550-0-4
WLe A= 55009
CW-D-25326

Mode! Schemotics (continusd)

Copacitor-Diode-inverter
Binary-to~Octul Decoder
Dual Fiip-Flop
Quadruple Flip-Flop
SRS Kofnier

3 Bit Shift Register with Buffer Register
Maork Track Decoder

Black Format Decoder

Daloy

Integrating One-3hot

Clock

Pulse Genarator

Manchester Reader and Weites
Pulse Amplifier

Pulse Amplifier

Pulse Amplifier

BCD Light Drives

Solencid Driver

invertor

Logle

Black Diugrom, 550 Conbol
Control Pring 1

Flag Resporse Data Control Cutputs
In Information Hondling

M Contiol Pulses

W Maik Track Decoding Evor
Timing Dlagrom

Madule Location and Wirlng

Usilization Module Lise

Logic Wiring (42 Sheets}

Cable List (9 Sheets)

Power Wiring

Ground (4 Sheets)

Chessis Wiring for Type 555 Tronsport
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