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FOREWORD

Thit rasrmal describes the FOP11/05 and FOP-11/10 Compuicrz. The POP-LLJ0S and POF-1 110 are clectrically
identicil. The PIHS11/05 & spevified for the Origios] Equipment Manufactucer (QEM)Y snatkel wnd the POP-11/10 iz
specified for The end user omTket.

The FDP-11/005 is aeailable i twe versions: v provides 3§ moximem of 8K words of core memory and the ather
provides a maximuom of 16K words of coee nignwory. The FFOEFS 11700 s available only with 8 maximum of 3K words

of cors memary .

This miunuzl & diveded creo four paris.

Fati ] Computer Description

Paze 2 KD 1B Frocessor

Fari 3 MM 1E, MMT1-L Memuories
Par: 4 Power Supyly

Chapter outlines of cach part ace shosn below.
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PART 1
COMPUTER DESCRIPTION

Par: | oprowides 3 goneral physicn] descoplion of the FUETEOS and PIHSD00
compiiers. Unibus operalion i dise ssed priur 1 (he Jdiscusdiong of ool
instullation und upsration. The chuplers of Pact | are:

Clapter | — Conpurer Covpousnsg
Chiapter 2 — Unibua

Chapter 3 — Unpicking and Ingtallalivn
Chaplar 4 — Operlion



CHAPTER 1
COMPUTER COMPONENTS

[l MNTRODUCTION

Thiz chapter bruefly dezezibes the majer sompovents of the PDP-11/05, 1010 Compucer. Tt inclodes cnesliole
ntlization dispranss far both compater confipurations and a backplenc connecear 2od pun dasipnation diagran.

1.2 COMPUTER COMPONENTS

The {:-:H_'nFII.I'ET COmSiEls ol 3 |.'|'_||1u1||j115 |:-||:t, Lot be, PrULEsOr, CIre mEmuary, p'ruw'iruu:] I:|:|:.:I-r.pl:m:p,-.r pamer EUFP]}'.
fu1|.-:, arid i11l=r|.:1:-'rl1'=u|:|i11|'.|I cahles. The prfOLesdr in evmtained om Llwn 1r|-.‘5-|].|.t|=:~7 ad each 4K or 3K MEMATY 5
cuen Lai necl on Lhree moabnles.

.21 KIMA-H Processr

Thee procesdod complises the M7260 Dara Path Modale and the MT2600 Controb Logie dnd Microprageam Mucdule.
Thes e loew Beight ncdulas which mezsae 8-102 usches loae by 13 inches high. A hex Beigh € wodole conlain: s
edge connsetocs (&-F).

All the processar functiceal eomponcots are condained om these modoles, The M7Y200 Data Path Madule
coataing. deta path loge, processos seatues aard lozie, auxiliary aritluaectic Logiz anit cantrol, inatmaction resigeer 20d
docodusg, Tezic. and zerial contvunicationd ne intesface. The M726]1 Contrel Lome and Maeroprograc Madule
coatdine: snteensl addocas dareceayg lopis, stachk controal lopic, Tniboz contrak logic, poarity arbitration logic, Uncbos
deivers and receivers, microbranch lopic, microproyram counter, concrol stors lesic, power fail loge, line clock, and
proaessar clock.

The serial cornmunicalions e {SCL) inlerface is dicsetly connected to the desiced 2ovial coanrmuooicaions device, 11
can crperare &1 gp2eds of 110-300 baud and @ program compatible aith che KL11 Teletype Contead Interface
aption. The SCL i@ campatiblz weeh the LAI0 DECwriter at 30 charaoterz por secord, the VTOS Alphanumeric CET
Thaalay Termvinal at 30 charseters per second, and che Toletwps Model 33 ASR at 10 characters per seeond.

Thz line e cleck (LTC) allows the program to measure fime by censing the S0 1z or 60 Elz ac line foegquency . This
clock is propram cornpatible with the KW11-L Line Time Clock aption.

Tha tine time clock and che sedw] commumicilions line inlerfce are pol conneced o e Cndbas: ey e an
internzl bus and san be addressed endy by the procesor md the consale.

1.1.2  Core Memory

The PTOIP-11#05 b5 available in two vesions: ce provldes a mastiomwn of 3K words of code wewary and the viber
provides 8 raximum of 16E wrards. The POP-11/00 i@ svailable anky with & maximum of 8K woards of ecre naenoy.
A ceparute add-on core memoery sysicm (ME]L-L) s available to provide an additional 8K, 16K, or 24K words of
pure memnery. A POP-1L0S or PLE-L1710 procesor provides provmm conte] Gor o misimum of 32K worde of
inciory; there fore, The sel Fonnt@ined meemnmy plos the METT. Lot not ke greater Chan 32K words,



1.2.21 Memory Orzanization — The meaicry s argasized in 36-bat words cussistaregg of e S50 by ey, The bydes
ilez identificd a2 Jowr and high. The memory contans 2192 words o 16384 hytes; Ueerelnre, 16,484 locitiome ame
issimed, The addoese lovadons are spcoified as G-dimt octal owinleses, The 10,384 locatenns Tor e 38 memory are
designated OO0 throush 05777,

LEuck byte i addeessable and las s oom address Iecation, Tear betes are sven smwtbesed and hivh byles are andld
manbered. Wards are addeesssd at even nunbeced jocatans ouly, aod Uae Tigh (eaddd bvte is aolomatically isclwifed
Consecutive words are thersfor: found in even immbered sddresios.

The PO¥F-11 address word contains 18 bits [ A& (17:000] . wlnch provides the capability of addressing 268 1,144 {256K)
lociions (hvies) or 131,072 (128KF words, The basie proceszor providss 16 bits [A (15003 of addsess
inlurmation, which handles 65,535 (B4 bylzs or 32,768 (22K words, Dodng un wddressing operation, ii bis A
132030 e all Ls, Bils A D1T:18] ane dorcad 1o 15, wluch celocites the st 8K byses (4K woeds) t0 become he
lighest Iecations accessad by e e These top 2098 word Locations are ressrend Gor pedphersd and togisier
addrazses, and the uses theelfore bas 2807E CEREKD words ol nemony o proogrmn.

1.2.2.2 Momory Speciflcation -- The coss wemary 18 2 acadanize, sandos access, colncident camenl Lipe wilh a
owcle dime of 900 ks and an acocss cnse of 400 ns. 1t orzanized anoa 3-danensioral. s plaar condiguratbion
with 1 word lenprh of 16 kits, The memcry is offcred in too word capacities:  the MM 1-K Coss Momory containg
406 words and the MM1L-L Cure Memory contiins 51%2 words. Each memory s contained on cheoe modules
dhesigmated the stck, conteol, and drver reodules. Fer the MML-K memony, the stack modoalz is 112135 13214 55 che
siack mesdale For the MMI1-Lomemony, The G110 Coateol Module aod the G231 Driver Module are che sare for
both memeres.

1.2.5 Puower Supply

The poweer sepoly consis s el 33 regulalor maduts, icnslfonoer, and i, moonied in = chissis, B s imstadled inoche
cunipuler ownpling box, The power supple conyverls 115 ur 230W, 47463 Bl lime yoltage fo thees meprulated dz
willagss thal e usecd by b seoowcesson, msrmdry, ani ||p1i-:_:|1|:|! sipchicles . h i repplaiec] vl Lagges, e 15 om0 1T A,
=AW A AA, end —15% al 1A

A associaicd companaid, the power semtedl, provides the ac lime yoliage oo the poaer sopaly and eonling Gms, The
powes concral i3 Installed in che rear pael of the compuotar rmmuating o, [ corsisla of @ Hwe cord, cieuil Ineaker,

and oulput comneciol. & nudel s evailable for cacly of the Leo lne wedooees (0 T5Y o0 LI, as shosen below,

Power Contenl

Part Murmtecy Rating
Ba51d TAat L13WATLE Tz
=1 44 at 230V4T63 1

The powee swpiy provides three addifionad antemas, Signal LTC L & the Line Timea Cleck spmal ue deiees the line
timc clock. The B AC IO L and BUS C47 TO Loslanak aciuate tle processor posoer-Tal asto-restart cieailr.

124 Backplane

The hackplane i the cusmacing assembly inda which he computer mesd ales are plepged, 1F provides infom onneciions
betwoan the Unitus, proceszor, memory, and optional mochies. The interconections are misde win o printed sinot
boatd aond wirevropped pins that are parc of the backplone sssembly.

Tl backplane = wlred differendly foo the 8K and TSE nensry vermiong af the conupaier. As a tesalt, The maodules

stal b inslalbed in specific lecations as shown in Fiouss 1-1 for che VoK sersoon and Fipure 1-2 for the BK weesion.
Thess illustrabiors show Lhe hackplane g5 viewed from the medels sides, The slets ars numbered 1 theoneh 2 tron
o o hoctor, and the seanectos are lerlered A throaweh Folrom Ll e dehil.
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Comlgaration 1 is the LK versaon {Feparc -1 Unibuz M930 Terminator Mosiule: are jnsballed fnoshors 422 an:d
ASES. I othaer petinlerals ar: to be connocted to the compules, the lemmimaior maodobe a0 sl 2082wl e
realaced with 2 BCLLA Unibus cuble, and u feominator modote mos i be installed f the last devize inthe sieitenn. Sot
C1-F1 provids the eonly space for o sl peripheral coniroller. T thiz slot i wot used. A G727 Grant Contenuiiy
Module musl e inslulled fnoslot B31, 150 sanall peripheral eontrodle iz to be ansralied, the GP27 module must Be
ramowad Hrsk Skos A1 gl B ame wired Tor the KM Maconleowee Modude. The cor merocies (3 medolss cach)
are physiilly interchungeable i sestens,

{'l;_:ll'll-\'-FJ.riH'il.!ﬂl *is the BK veminn {FI.!'.‘:_UIr_' |-2 Unebuzs M950 Temwaator Modolss are inssalled noslats 43-B3 and
ASHA. I reguired, 2 BOLLA Uncbas cable can be instzlled oy place of the tecminator in slot A3-B3, Sloes T1-F1,
CEFL OCRFS, and 24.F4 can e uzed for sensll perighesal controdlers, Slat ALBL &5 wired ror u [2FLI]
Conmnomigationg Lene Adegiter that asovides aignal conditieaing for comemoniations devices uzing sigruls thar ure
of TTL compatible. Slorz A2 aind B2 are wired for the KM11 Maintenanee Moshele,

Figare 1-5 shows the bockplane counssior blosk configumrcion as vieeed dtom thy wircwnp pio sidz. The o
arranasinent for cach conncctor Biock is identical. 1t represents che total pins (367 availwble on the deable-sidsed edss
connezzor of & single height mestole, Connesctor AL bs shoeen i deladl, Moeshals contag | desimations are shown in
Cigare 144
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Figure 1.4 Module Contact Doapnations

1.3 MEl1-L CORE MEMORY SYETEM

Aalditivmal come memaory is aviilobie Tor the compuler nothe sellenalained add-on MER1-T, Core Mernury Syslarn.
The hasic MED-T. gonsgsls of an 3K MM11-Loremory and power supply iwilalled i a anowntng, box. It s
exparslshle 10 TEK words or 24K wards maxinwm by aslifing one ge Lwa inore MMLL-L moemnovies. The MELL-L uscs
Uk samre hackplane cmislraction s Lhe coanputer, Nise slots sce poovided and ey acc wived to sccommodnts chres
MMIUL-L rernoeses, These core memdries {3 modales cach) ane phyawally oeerchanpenbic as systems and oz
eedividual nosteles within & systeoy Mo orouBleshooting pocposea. IF ooy owe eemory is used, te moduics musi be
isstalled in the theee botooe siots 47, 5. and ).

1.4 EXTERSIIN MOLNTIMG BOX

Additionu] interface Jogic for she computer is instailed in an edlension muounting bos idenlical Ly these wed Mor the
ezt of the PDP-11 famaly. A rock-mounted box (BAT1-IS) ot o tabletop box (BALT-EC) van by wsed, The muioting
box coatacns 2ooling fans, flter, and power cord. Space s provided to install six sysiem units and an 137200 Power
Supply. Betails of the cxtcrsion mounting box, svstem wnite, and 1720 Power Sapply are included in the PR 1S
Feripherals Hendloak.




CHAPTER 2
UNIBUS

21 INTHRCHIJCTIOM

Thiz chapler deseriles in geseial the opasanon of the Undbus.

The Tollowing ducwimants, i comuoction witls dus maral, will 4id the resder in enderstinding interlfacs technigues
anif Lthe averal] PIE-LL aysoer.

a. PDP-11 /05, 11710 Proccasoc Handbook
kb, FOP-11 Peripherals Hasdbook
o Diaital Eopic Handbook

All soshitnication between PDP-11 evstem componends & Lhrough ke highespead Unilaes, The Thiilaus Speczoonal
winiceps are vital to the undemtanding of the hurdwsare amed sl lware implicitions of she Ciitas.

1.2 TIMNIBLS STRUCTURE

The Luitius 5 a single cammon path thar zonnesie the procesor, memiory, ol wll pemiphenls. Adiremses, iila, snd
cartruf inlznation sre wansnicted along the 56 lnes of {he bos,

Fvery dewce on the Unbus emplovs the sume form ol comooumication; thas, e proeessor uses e sane ser of
signals 0o comunadcare with memorey and with perpherl deices. Periphera dawices also convmorcate with the
piocess0s, nenary. of ather pershera devices vin the ame sel ol sigrals,

All bstewetioas applicd co duta in memeory cun be applied egually well teodata o peaphaal deviee egiseers, enabliag
pengprheral devier regisict 1o be manipulated By the prucssor with the siee flexibchioy az memory. This featur: is
especially aowoful. considering the capabifily of PDETT instmoclions oo process data in any meenary location us
thewgh o wene an occuimulaten

221 [Ibidkireclional Lines

Munl Uiz lioes are hidirectianal, alowing inpul Tioes Lo also he drives as sutpol lees. This & sigalicar: oo that =
periphena devioe regater can e cither roud or wsed for transler operatons. Thus, the sane segister can be used for
Enlly impaitt it onetpeat funeions,

222 MasterfSlave Relarwmship

Commmunication beroreen vaa devicse on the bz s basod on o nsstes'slave relationshig. Thabie any hes operation.
ane device, referred tooas the bes master, has contral of the Bos when communicating edth anasther device, the slive
A Lypicas E!-L'°|1r'|r||-re al Lhiz elilicnibip is the procssor {nu-:le:ﬂl Iransfereenp dald Toe meamery {RI:-:-'.IH']. Masier ) slve
celationships are dynamae. The processor, for example, passes s oomtrol mooa disk, the disk, as masesr, thea
rommunicates with a slawe memony,



The Uncbus i eed Yy the processor ond all 1O devices: thus, a pricrily slctiure detemmines vduch demee paimns
conerol of the bws. Comequently, every device on the Unitus capahle of becooving hos moster has oo nssipned
pricrity. When two dovices capable of breoming bus master have identical prioeity values omal smodteacously request
use of the bos, the devece that w elecirvallv closest o fhe bas reccives contol.

223 Intefocked Commwnication

Communication on the Unibus §s intetlorxed bofween dewices. Each condral signad issued by the master device rust
be acknowledged hy a4 rmesporce jfom the slove to zonmiplete the Lrensler. Lnnsmquently, commiunicancs s
independent of the physical o length and the respenae time of the master snl <t devivces The maeimem tracs e
mte on the Urabus. wilh optirmem dwvice desipn, io one 163t woed cvery 0 ne o 225 million [o-bit words per
secnnd.

13 PERIPHERAL INVICE DRCANIZATION AND CONTROL

Periphoral dowice regslems ane asigned addeesses silar oo meernoey, thos, all POR-11 instrociion: thae address
memory lacatices can become 1O instnections, cnablog data vegisters in periphueral devizes to rake advantage of all
the arithmetic power of the princessor,

The PLNN1T comerols doviees differenty than vt computer systems, Conteal Fanetions 2ie assguead Dy a TRIISTET
addreis, and then the ndividou] bits within fhat repsster can cimse contml opecitions 12 cceur. For eanple, tha
corriand to rnake the paper-tape reader read a frame of Lape = provided by setting a bit ithe reades enshle bit) in
the zoateol regisler of the device, Inetructiong sucl a3 MOV awd BES mire be used for Zas purpese. Sratus conl:bons
are also handlenl by 1he assimment of bits wathin $os segasten, and the 2lamus is chovked with TST. BIT, zad CWD
inzibdctiong.

24 TINIBUS CONTROL ARBITRATION

Thz Unibuz =5 capahle of performing tone bazic and parallel wsks iv order b allow {rnsters by multiple senpheats
gt muximum 2pesd. The fira iy the actua? transtor of dafa bzraesn the coarrend hos mpster sad s addicsssd shave.
The sceond i e selection of che next bus mastce, e o2oapherd which w1 be allvwad 2o asscct contiol & somn s
e s becomes fiee. It i oeportane e aole that the prantiag of Muters weasteship is inoeo way ileeaced by either

the curreal masier e ils method of abtainiag the bus TUis Lhis Tl which ollows these furetiam 1o be par lomeel in
purallel and albows lransfers on elic Bus al a oo aie.

14,1 Priotity Transfer Requests

Lav guin miastership of the Lndbug, o peripheezl noost Dist wake o regquest e the progesser tar the bus and then wail
tor itz sclecticn. The procesor containg the logic necessars o arbiteere Thews requases becauze nonmally there are
several roquests pendiee ol any siven Line

There are twe clisses of requesta; bus roquests amd repregemsor requesis & bug request (B ) wosineply s reeuest
by a poripheral to ohLein conieel of the Unitus willi the wadersinding by the proccasor thas the peripheral may et
its use of the bus with a proceser intermapt. A inlenapt is o coearmeeel 1 he Erncessor o B execuling @ new
rautine peinted o by oo boction selected by a dewice, A woneprocessor reepesst § PR i similanly a cequest Tor the
fras, Bl with the axception thal it may nol inteoopt the processar. Siowe the sranting of an KPR canaat afleer the
exctulion af the provssor, it can ovour Luing or beceeen ingtroctions. BRs howeves, by nossibly comsing meecution
to be divertad oo wslally pew roucne, can ouly be granled belwsen irstrucrions. In fuz way, SET we assivned
pricrice mwgr aay BE.

Helween Bus roquests, there ane lour levels ol priority coeated by e sepamina recpuast linzs, Tlow asz assizoed
pricaity levels 3 through 7; BRA i the luwest and DRET is the haghest. These iovels we ssociaisl with the program
coatrolted prionicy level nf the proceszor continlles by bils 7,6, and 3 of the processor status vewister Tnly BHs on
a prinrity devel hugher than the level of the processer ane clighls T wesivieg o bos grne Thes, deeng haeh prioiiee
prowram Lasks, 31l or selected Uit requests Chence intermpes) can be inhibitad by rising the 2ol el the erocessar
priociiy.

[ o]
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Ancther form of prority azitration scours through the sysiem confipuraticn. When dhe procossor grants a vcguest.
th prant Aravels alumy she bee onti it reaches the fEct requesting device which temminales ihe grane, Theetore, alon
tha sume prand line, the device clecimivally nearese the processor has the highesl pricrily, Also mote thid i The
K111, the dnteemzl e slock s Togically the List desage oa BIRA, aml the seral cormnuicaion e inlerzee &
Faggilly Lhe sl dawice on RES,

Aller o mequestng, dewice neceives o Das gran il asaerls i selecoon a5 nexr bos osstes il te Bas is Tree. thess
inhibiting siher reguests froo Beicg ganed, When the bus becomes frze, the sclecded dewsae azsets contal ol 1le
bag and celinguishes its selecticn as nexo bus mascer 20 chat the priocity arbitvanon among pending reguests may
COMLILILE,

242 Processor lntcrmapts

Aftar paining concsol of the bus throady o BIR, o device con peclorm one or moze crinslers o e bus and o reasest
i pracossng ntcrmepl. This is tvpicatly requesbad alter 2 device has compieled o miven Gisks e g dypime o chamicber of
compieting 2 block dara sransfer through MFRs, W o periphenal wishe: (o inletoup! the provessor, il mus) asserl the
intemupd after gsining conieal of the bus bul beivre relingishing its seleciion s naexd bus masler, Thus the processar
kouws 1hat QL mwy ool fowh e nexl mstcaction, bul st sail for e inlerropt o be coonpleled. Along wilh
imeriing Lhe inlerowpd, the devie ssseris the omioue menaory adibress, knran as the interrapl vecior acibiress,
cuztladning, tbees slariingg sidcdress al the device service woalline. Acldress voctor +2 conlzins the aew prrcEssnr sladus
wiish TPAW) A0 b oamed b the procesas wieen Begimiag the seovice sootne, AfRer recapnizing e interiu s, s
pevecesRar reads the vecton addiess and saves or imoan onzemal regizece [0 then pushss che current PSW and arogram
eodncer ance the stack and loads the vew propram coontcr {PCT and PSW Ioom the veotor address specified. The
scrviac rouling e then oxceutad.

MNOTE
Thesie wperaficns are perforneed auloematically amd o
tlevice prllinp is veqiciveyd o detesinine whach soutine b
Execule.

The device service Modnine can ccese the procossor to reseme the imiercnpled process by execaling the renzen from
intesropt § T inscznetcn which pops the top twa vords Jtom the prosessor <Gk and transfers shem back do the
M anel o regiaweis.

243 [Mara Traosfers

After asserung contzol of the Unibes, the devics does aol gy sorinsl oalil iche completed enfier one o mare
dzta transfers or an interrupe. Typically. endy une trmsher is compieled each tinz the dewee gaing sonteod of the bos
hevauss Taw snple devicss can give of receive informantion: at ghe Tasimeon Ueibos zate, Holdiog the Tos Sor multiple
txansfe s inhibits other devezes o usina the bus.

A trangTer i anaatad by the mester device asserdng o slinee address and conreal siguals oo the bus e d 3 mastar s
address validity sipnal. The approprdace save recoprizes dpe wilid addnass, reads on wretes the daca, and sesponds with
g teznster complote signul. The masier teeepmires the s Ter complere, sends or accepts data. and drops the address
valadating sizral. It can then asserl o oew afilbress and repeat the svoeess or telegse cantral of the Bas complzaly.

The imapoctance of this 1vpe af ieaciurg is Lhal o0 enablez direct device-to-dovico transtors without any intesaction
frowm thee contrzl procesor. An NP device, such & a high specd CERT display, can gain {ast aczees 1o the bus and
tramsder data at bagh rates while refreshinp itscll from memocy withour slewing down The processoern.

L5
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CHAPTER 3
UNPACKING AND INSTALLATION

A1 INTRODDUCTION

The comnputer is shipped Toady 10 operale in either 3 protoetive box or a 1%-inch cobines, Unless required by
pariphendls. thore are o special shippiog mowsts internal o die computer. Prior In final electrica] testing. cach
eomputer is thermal cvcled, vibrated, and sub poied to mechanical shuck with all rnodiles in place.

Busic. computers ate shipped in the package uatmtsd n UViguee 2-1 SafTicicnt hardwass is snctuded in the shippiog
carton Lo ok mounl the conpeater.

3.2 UMPACKIMNG

Bemove the compuler Nom the box and remaewve the protective plstic cower from the gonaar, Slide manrls am
atimehed to the compiter, But owscg screws ane packed inoo bag located o the same box, Adso imilicled is one
KGO0 Serial Commsaricalion Ling (301} cable and fwa keys for the consnls ook, The 83600 54 L suble fues o Beg
1270903, )-pin comvecioe ca onc ond that macches The SCL nutpat conneseor on the compure. The uthar gl of
the SX600 SCL czhle tenminates (2 a Mate-t-Lok 1309320 which matehes thar nsad on the VIS, [, and hode]
31 ASH Telulype™,

I the compute was orderzd os 2 sysiem with ogplions regoinng small ppepherl conirelien, the controllers may be
jrgite Lhe crenpater box. Small peoiphenst commnllens arc used o interfics options sacl ag @ Loe printer or
paper-tape readerfpunci, s well o to imelement 3 devies sach as a progmammahte ok,

Aftar omoving the corepicter Tron aos packape, i1 shoabd he ivspecbed for damugs, 11 is advisabls b osave the packing
carlor iz case 5 s neccssany to retusn the vl Vo serice,

A gnpepotar shupped inoa 1%ineh cabinet is locked in plave by o melal lock aliaclied to the Teur of awh dide
assernhily, Fach Lock 15 J-staped anl is artachad by ag 8-32 sepewy tial passes Teough the dot in the vhesds section of
the slide and s threaded inhe the eer les of 192 lock, The shorter teg s hooked 2ecurd the end of the cabin=t
seclicns of the slide to prevenl extension of the sids. Both Lows must bee c2neoved in ovdsr 10 slide e comnpeter it
of the cahinet, Retain the Locks aned screws fror re-nse il the erpuipmentis o be shipped o moved gy dislince.

33 WECHANICAL DESCRIPTION

Figere 2-2 iinsiretes the 3109 by 19 by 20 inch curnputar mouaticg baox, dneluding wekanoontaile slide and
eogate, The emrpovible top cover of the meunting hos @ fasrened by foer Carnelack soiews. The romovablz side
panzl is fastenesd by Mor Plillips-head screws.

Ligure 543 shows e mounting hos with the too cover remnweik, The Backplane unds Jivides the power sapply foom
the wmcdule side of the muanting Do, The ineernad 861 cable nuns fuom the bockplane under Lhe power qugpl uai
1o the ezar of the mmLing Box.

‘?"I'J,-,Im}--l:e is o registered trodemark of the Teleoy pe Corporulion.
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REMOVARLE SIDE PAMEL REMOVABLE TOFP COVER

SLIDE GUIDE
COMNSOLE

RECORATIVE PaMEL wET

Figure 3-2  Computer Mounting oo

BACHPLAKE LUNIT ¥ODULE SiRE

BOWER SUPPLY FAN POWER BUPHLY IMTERNEL SCL CSBLE wa

Figwie 3-3  Computer Boec With Top Cover Hemiotad
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Fipure 3-4 shows the mowsting box with top cover and side panel of7, amd the processor and wmemary modufes
piuped 0. In this cse, the compater is o Comiguration 2 mackine, using an MM11.1, 8K mamory vt Three anal
perpheral controllers ase shown with the external cobles artached. A G727 Grant Comtinoity Card & i the tup
perpheral slot and an M930 Uniboes Teoninalor Cand iz in slet A3, B3, In Figare 395, (he Daibus cablo is i placs.
replacing (he Unibas terminator cand.

Figure 36 shows the mounting box withowl modules, The path of the console zable is wnder the MT360 Processol
Modasle, then up and over to plug into the top of the M7260, The module guides aid in inserting the modules into
Prapnsn §lors.

Figure 3-7 15 a rear view of the mounling box with ottoched rack-mountable dides, 10 the compoter containg
periphenal controllers. outside tha mounting box, the Unibus i exrended from wnder the 1op oover. The power
conteal sircit bresker profeces the power sugply foom ovedozd, 103 motad gt TA for LDV waits o 45 on 230y,
The S3CLconnector and 52 reinnle power comtrol connectons ame 2lsa shown.

URIBUS TERMIMATCRH GTET GRLNT COMTINUITY CARD

FROMNT

S5LI0E RELEASE FERIPHERALL CABLE CONSOLE CABLE SMaLlL PERIPHERAL CONTROLLER

; FEIEE
Figrre 34 Compurer Box with Top i Side Covers Bomoved

UNIBUS CABLE AMD UMIBUS CRBLE CLAMP

]
¥
¥

1
&

.'J

Fippre 3-5 - Computer Chiassss (showing poenpheral sables and che Lnibog)



CENTER
SLOT & SLOT & S5LOT O EUILE 5LOTF 0 SLOT E

FRONT

CORMSOLE CABLE CLAMF CONSOLE CABLE MODULE GRIDES

CONSOLE CABLE COMMECTOR

Figure 3-0 Mounting Box Without Modils:

JHIAUS CABLE

.,

FOWER CONTRGL
CIRCUIT BREAKER AEEE
N

BETEL HOLL —

CARINET POWER
COMTRAL COMTACTS

UMNIVERGGL LfD
CABLE CLAMWP

-'--- | |’
o | ﬁ
SCL CadlE
LETTER 0OIH CCMHELTOR
FA&CE UP] KAk

Figure 3-7  RFear of Computer With Cable Siriin Feliels



3.4 IMSTALLATION

The computer mounts ir a standard [Sech wide |:|-_..- *Hnch dl:n.-p |:|:'||Li|:|r|'||:r'||: ha}-. The cnrmpurer i% rmeounied on
dlides for casy sesvice. To mwoent the anit, fisc artseh the Aved i Licen of the slides tn the colbdnen : the fixed purlicn
ot the alidea can be remiaved feom the eompacer By actuating the stide releage shown in Figure 3.4, He spry 2o mount
the slides 20 chat che Txed guides are paratlel and |evel with the zround,

340 Mounting Computer an lustalled Slides

Dhice the slide grides lave heen seearely [slzoed in the cebinet using all aiplt aorews, Lift the comgates and 2lide i
carefully oot the slide gaide: undil the slide m=lease Locks, Lite the elde release and push the sonipoto Bully it The
vack, heinmg careful nol Lo i any existing cubling,

Skphily leasen ail sighe wobinet slide mountng screws. Shde the comzutes back and forth seveeal frnes o allow the
lidvs 1o assume an opiimem position Push che coonpuiss kg the sakinet as Fas as sosaible, leaving moeess fo the
(ront meantino acrews. Tiphten all ciphit czhiact slide inauuting serews. Slide the zonnpuler hack il Torth and check
tor hir&dj.ng al the shidss. il 5 i ﬂi:lg, repeal the shovee _7:-r|||,:|:-|,|.||.r|:- urilil i is slimizened,

The cor ks should tlen be I-I.l|'|3.' axdended unlil the slide release lecke. &s shinwn in F‘it.’!l]’3 14 the punn::l oi 2he

rodule side of the eosnouter shauwll be mereved Lo permit ingtalbinion of 110 cables ynd the Lnibus i tequired. The
panel is reracved by laczenuig amd cemoving Tr Phallips-hens] wpows,

342 Securing Computer to Caliner Rack

IF the mek-movnied compurer is used ina noving evvironmmenr, it st be secured 1o The cobinet rick o prevent the
mackine troo movias oa ds shies, This opticis. Fdeswed, is implecmenred as Tollnwes.

1. Bemuve the conscde bezzl from the compotor by remaving, e Tonr serews at the rese nf fhe eeed | beepg
carefil oot to tzar the cable thar coancets the consale and processcr,

2 Dl the partizal 703 2-inch holes ac coch tap mside carmer o e berel chirough Trore The v of the el

3. Countae-berz the 7/22-inch holeg ac the fsann of the canzale Berel 102 ach in diamater oz ng;-lh I
pooommniedare the fall head of a 18032 machue soezw.

4, Breplice the consale bezzl,

L

Uz twer 10-32 by Zinch Phillipshend sorews 2nd twn Tineerman nols (PN BO07T8& ) o seours the
coimguter to the saldng| tick (hoough the brael holzs ot the daswed ek position,

#. Toomake the TR3Z by Zinch Phillipsbwead sirews caplive. machine & 1/8-inch deep hy 1 /%inch wede
groapea, i each 14032 by Zinch Phillips-head serew just above the threads comard e head and ceserl a
/8 LIS, Oeripgin eash proove,

543 Installotion of 1/( Cables

Flar ard rourd EEY cables shocli he fed throagh the npiversal 170 coble clang shown in Figure 346 $or strain ralist,
Tezy showtd then be comiegtel o the approprate smabl peopheral contralzs, Note that che strain rolicf clamp
prevents tansion ono the saldes Trom damaring the connector block inside e comnypeter. The wide Unibus cable, i
reguaeed, shoald ba folded as showa in Figuoe 3-3 and routed cvae and thaough o clame attachad oo che 1op of the
Fan i shown in Figuoe 370 Moce that thers is 2 ouidz sxeending faa the Faa thar peesonts the Unibus cabls frem
Rlowking air Miw o the comoutes,



Az shown in Figure 34, systoms in which the Tnibos e terminzeed in the computer Bae most have an W90
Terminatos Card i shie A3-BE3 55 well as in slot AS-B5,

55 INTERCHANGEAELE VERIFHERAL SLOTS

The four periphersl siots in Configomrion % are identical; therefore, it s pessible woamange the small perigheral
ceartrollers far che best mechanical convenience. For egumple, e disgnose a failure ina small perighezal controller, it
may he somverdend 4o 2lace the selected aplion in the eop slot where its comporeats will b exposed.

J.6 SIDE AND T'OF COVER INSTALLATION

Fimures 34 and 3-3 ehow che conypotas ready Boe imslillation of the side cover. Moto that the consoles cabie is rodded
imder 2 Byt Joop e order ©o clear the ude cover. Allached 49 the side cover iz the continuanon uf the leii-hand side.
Al four B-32 surews that hold che cover i place stiould e drserted ond tightzoed secucely. Tlee top cover sim mow
be instilled using the four Can-Lock scoews.

37 ACPOWER SUPPLY CONNECTION

Compulers Jesignad tfor wse on 115-¥ae cirowts are equippesd wich o 3-prong connceror, which. when insaried inre a
properly wirsd L13-Yac cutlet, grownds the case nf the compuler, It s ansafc to operase the somputer anles the
g js grounded singe normal leakage cwnrent from the power supply flows into maral pams of the classs,

i ihe inteprity of the peound circuit is questionable, the user is adwsed to measure the notential between the
sumputer case and a known ground wedh an az vabtinerer,

371 Connecting to Yoltages Other than 115

The curnpuler will eperie ul voltapes anging from 95% o 135V amd Mrom 190V 40 270% (47 Hz — 63 Ha,
prowiding the proper power control is artached to the sorpoter. The commpeler i5 omdezed for nontiogl wollages of
LLSW or 240, The stundard 3-prong connector for 115V i identical 1o thal Toumid on most houschold appliznces. A
atandard ﬂapr\-:'tll'.p; coameclor 35 alse psed for 230,

Cn instnllationz oucside of the Thited Srates or where the Mobanal Blestrica] Cade does not govern building wirng,
the wser i adised to proceed oich cantion.

3.7.2 Qulity of AU Pooer Sowarce

Comnpuler systems ponsisting of CPL, memory, and petphorals are often sengave L The inlererenoe present on
somme ag power bines. T o conpeuer syatem o is e be installed inozn cleccrically “'ncasy™ envircannenl, il may be

necessdry 1o coadition Lhe ac powsr line. DEC Field Sepdea linginears can assiat customera in detenmining it their a:
Line is satsbartony.

5 CAEINET FOWER CONTHOL

Provisicns have been made for the compoter switeh oo ogerace a cabinet poweer conbrod This d=aiure sermits (ha
curnpular key lock switsh wo control the power supply for peopherals attazhed to cthe compoter (Pasc A% The power
contid conlacls are chsed when the key Tk switch is in thy POWER or PANEL LOCK aocitions. Tle wirne
didgraim for a tyoical cahmel power conteol system is shown in Fipure 3-8 The powss oontrl contaces of the
cotmpatsr moy B used to awiceh & maximuoo of 230% ar 44,
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A% INSTALLATION CERTIFICATION

Qe e crmputer hey heeninstalled, i sirengly recommmended that & system duganstic Be ron i ensuare that the
erpwizenent aperitles cormely ard thar insmllztion has een propedy perfomted. Because syamem configoralicns
wiclely wary, nnvne dingnoste will commpletely esecise all the artachzd devices.,

The MAMET Ciee's Maneg! thar coonies wach she dagnostic packape shoeold be consulicd tor the appropriate
diapaostic to be mwn, depending wpon the attached devicos, The MAFNDEC Cser's Maread 11515 cha Bavives that mch
diagnentic wll cxercise, The  thres  sestem cxcrciszrs presently  avuilablz oaze TLT Nyslem Lwersiser
(MAINDEC-| [-DEK AP For ealatively smull systems, Goneral Tost Progricn AT LEC-11-LEA00G A for medium to
largs aystems. and Communications Tzst Proaam (MALNDEC-] 1- LU A Tar commrinicin icns-ocientes] systems, A
lcast ore ol the above dingnrostics and. if aporopriace, the other cag, showll he uszd ity svstem aneration,

Chice the diapnestic s selecled, e respective didpnoste wiite-un shovld be coosolied for zpecific cporating

imstructiore, I the wser s o Fmilir with consede aperntion 2ndser prseduenes tor leeding pupsc tapes, he should
read Chazter 4 ol this mamal,

LR



310 WARRANTY SERVICE {Dorestic Only)

If the machae is <61 covered under the 30 day retur-io-felory warmnaty, and it iz desaed Ioorebum i for factory
series, the fallowing procedure shewld be used. I the mackine i mis lunper on wacronty, the lacal REC Bield Service
otfice should be conda: lal

I, Cull the bavnard, Massachesetls Repoir Depor, Telephone §17T-80T-5111, X4079 op X135,

2. The cler will roveive an RaA (Retnnm Anthorsiliond number, sdush st sppezr on the shipping labes
al e package Bring ooturned.

L

Fackage the machine in an cquivalent shappeng, cesldiner, similar to the g Lhe sumnmaler arrived i IF
muessible, sy the oriaingl compoer shipmsing conbinar,

1. Sencl 1he machine 10 the faliooing addiess:

(Fagtanl bquipmean| Carporation
136 Main Smymer

Maared, Massuchusacts 01754
At Depol Bepair, dg. 214

S =

A T XEEN

14



CHAPTER 4
COMPUTER OPERATION

4.1 INTRODUCTION

Ihis chepier amumes thal the computer is instolled and connected to the ac gower line. It is aled assianed thal the
reader hus acvess to the appropriate disgnostis materials, and 2 copy of the ahaolute loader paper tape. It i Duriher
aebmand that the wser is using papor tupes to lond softwnre and disgnostics. For syatems that have mass storags
seryices, i, disks or DECpe, the user should refer to the appropriaie software manuzls for mass soorage operaling
!'i]-"“l!'.l'l'\-\..

4.2 POWER SWITCH OPERATION

The key lock power switch showrn in Figure 4-1 has three positions:

LRl — Pally courderclockwise
POWER — 907 dockwise from OFF
PANEL TOCK 1807 el kwise Trom (T

[ the OFF positicn, o power i reoooved Trom the primary of the compacier power supply, and the cabinet power
control contocts are open-circuited. In the other two positiens, the ac power is applisd o the conpuler power
supply and the cabinet power control coniacts are short-cucwited. In the POWER position, the comsole Tunction
swilches (lhe right six switches in Figure 4-1) are fully operative. In the PANEL LOCK position, the console
function switches have no etiest on the compuoter’s operation, PANEL LOCK 5 used to secure @ running computed
frarn mischisvons I.|r|'||'||,'ri'_|g-'..

ADDRESSS DATA FURNCTION
SWITCHES [18) SWITCRE

L BEE

Figuro 4-1  Console Hhestrating Switch Movameanis
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4% FUNCTION SWITCHES

The sight sis swigches in Fipurs 4-1 are called funation switches, Thae ane listed Emlony in wmber ol 1isir appearunce

Moo leld o r1|5!|1..

1. EAATE ADRE | oacd addresi)
1 FEXRAM (exarmine)

3, UM {eomtine

4, LRADLETEALT

5. ETART

& DEP [(gzposit)

Furstion swilches | through 5 ore 2atuxted Sy berp depreized as i the ENARLE/HALT switeh in Figure 4-1, The
DEF swarch st b Litted sor 2etaasion. AN of the Tmoiion ssilzhes, will 1he escepiion of BNARTEHATT, are
saing loades and relenn to thair rest sl athen released,

4.4 ADDRESS/DATA SWITCHES

Tke 1o ADDRESS/TATA switches ure ta the lefof the Turstion switctigs {Figure 510 These 2opreizian -wilches
reprosent a manually set fipflop register with the vp position cepoeseniing o legical 1ams) B dosen pesition a
Togical 0. The ADDRESS/DATA switches may o used in conjeoction with the fnmation switghes orin conjumaciinn
witls 3 prazram stared an the compeier™ semony. The ADDRESS/IATA switches aze ofigm releread nooag the
Switch Rzpistor in DEC documonzation. 1 Figuee 4-10 1he conterts of the Swilch Register is ecpual Lo MR, because
bit ¥ 55 act taa L and al? achers ans sct 1oa 0.

4.5 CONSGLE INDICATORS

Thers are 17 indivaters on the sempuier censuls. The copnants of the 16 ADDRESSDATA lighte cither represzot a
ta-hit Laibs address or b contents ol o 36-bil Ladbos address, More thar the state af the ADDEESS/DATA Lights
is deiined only when the compater ELN lizht is ot iiloninal=.

4.6 CONSOLE OPERATION

The following parzgraphs desoribe che agoration of e fenction swilclis, Table 3-1 jdsates the nszaang of the
ADDRESS TATA Tighes fou all cases where the cantents of these lizkts are delioed,

461 Lood addres: Switch

Depressiizp che LOAD ADRS swiccli when the computas s haleed causes the canterts of e Sweilch Hegisier 1o e
sooted i 2 teicporary regiseer st the sorepular. This dutz = alsor displaved in the ADBELSS AL ligfos Tar
vetification. The lead addvess operatian pedoens the following functions:

i SBelegts o Ubiibeas achidress Doz subseguen | ciancizne apeodtion.
s, Rulzicds o Cimvbos Awldhess Toz o absegnend desssit opeatan.
[+ Selacts Lhee starlinge addness ol 2 omopznm,

46,2 Lxomine Switch

The BXAM switch peonits the display of the contents of i selecied Unikws address in the ATDDRESSDATA lighis,
Neloct the apprepriate addoess in the Switch Begister and depress the LOAD ALIES swétcl. Then demiess and releasy
the LXAM switch. The cantents of the selevted adduess will then be displavesd o the ADNRFSRTIATA lignts.

Severni letieres 2rc 3uilc into the sxarune function to okl 30 poegmooming Lhe sorspuler.

A Whilc the EXAM switch is depressed, the addaess to e eximined is disphineed, 1 he dite itzell s displaved
when the switch is releaszd.

b, B the EXAM switch iz mepoatadly depressed, the Unibus address is neremenced by tao on eash
depressioa®, This pernits the exemination of a list of adires.es withoat repeuled Lol addies
GperEtions,

“The Unibie: peldress is inzrzmenned By one Whok cxaumining penan redisteds.
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Tahbe 4.]

Bipnficanee of ADDRESSIATA Indivntors

Avdicas

Quulilention

Informateon Displayed 1o
ADDRESE/DATA Indicators

Pt i

Lol Adddress

LEainine

|2 prisit

RAS gl G

Propzan Halt

Prosgrizin
Fxceution

1. EMABLEHALT awitch wn
NALT posicion

2. FRAGLEHALT swiich in
ENABLE posacion

LOAD ADES switch deproesad

L. EXAM saitch deprasacd

A, LXAM switch relensed

1. DLV switch rinised

. DEF switch Teivnsed

2

1. EMARBLETIALT switch
in HALT positicn

T HART inslrickivin
exeruled

3. Dxouble bus ercor which
IS Wi AUCgERsTE T PErIpEs
I rccess Rof-rXislenl
PSRy G inpiaper cdd
bptls addriess.

L. START swilch deprcsssd
ANINT sweiteh depressed

k2

I Condents of lecition (24),

L Lhelelined — depsnds on
CHONLET ol rerrry

Contencs of Soritch Bogistee

1o Unebus addicss 1lkat s e
b cxamincd

2. Contents of Unalws addreas
thar was exsmninsd

L. Cribosaddress thar is to
be deposrtesd

2. Conegnis of Switch Registcr
witich is the da1a deposited

Lindlefined

. Addeess of instrestiog w0
b execnncd when TORT
switch is actuated

2. &g an 1

3. Contents of program
wsnrer I:'I*‘.'."] st djrme
desuble bus error oeewrred

. Addiess of sl load addeess

20 addiess of msliwetion o be
cxzcuted

[f an abiempt i omade o0 gleming monegislenl smaenory, il b5 w=eessary Lo perlorm the ioitialize

L'upt!T.i'Tinn % pl.l.i'lml in Parugraph 4.7,

Only Tull wosds arg displaved i che ADDRESSDATA liphts; s, Bt U, the bt aclibress 26t s dgnoned
vhien wsing the EXAM awitch with the following excepliom. Mute That the genecsl mopaters ave ocared
on hyte pelodresses. Teere fore, when 2unninieg the general registers, addresz Bt O s recopnizn) amd the
increrment Teatore is madifizd such Usat sequental repisters may be sxamined by repeated use of the

XA M swiich.
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Fote sl (e EXAM switch bus oo effecl while the compecter is in the RN siate ar when the key operated powe:
swilicle 1 in the PAMEL LOCE posation.
4.6.3 Theposit Swlich

The physicil upemtion of the DEP swdlch rgeprivas 1R 00 be Blted for agnsation. The IRF cwitch permils the
gtenls of The Swilch Repister i b cleposilend ina Uvilar adelress, wiich is Gy picaily spevilied T previvas load
aullress cperalion. To depesit the bssruetion BRANCH SELF (777, ) in lcation 200, Ml st tha Switzh Ragiseer
r 2000 az ahowa ol Fagare A-1 wnd agtuate Lhe LOAD ADRS sencch. Set the Switcly Hepistac to 777y then Jict and
i s the DEF switch.

Seven acddilional Fratures imz boill ints the deposit Tuncljon -

a. While2 the TEFP awiteh s acrusted, the wbos addesss to0 be effocted 3 displayed i che
ADDERESSDATA leghts. When the swatzh is relzaged, the dara deposited is displayed far verification.

k. [f the LEP switch is copeatcdly doprcssed, the Unshus address is incremenoed by two an cach
deprossion®. This pormits the depositine of an crtice progrom with only cns Iead address operotion.

C. 1E un z2clempt s mdz 1o deposit inlo non-existent memary, i3 @5 necesarye o perform che indtialice
operation expliinsd in Faragraph 4.1,

d. All depsosar opeaticons aflzel Mkl 1e-hil weords, Bl O of 1he adidress is ased on'y when degositing inio
congral registen s, nherdase, bit 4 ol eha adylress is ipnore:d

4.4 EMABLE/HALT Switcle

Flace the CMABLE/HALT switch i the HALT posinon (Fagwee A-10; the conypaeze will balt at the eud ol Lhe
current inatraction, providume the ey swilch iz oo i the PANBL LOCK pusiticen. All ingenrupis and tzaps will he
exceutcd proor to halting. Thos sweteh may b wsed v conjienclion with e CORT swilch 1o step thromgh programs
iParagniph 4.6.00 With the ENABLE'HALT swacch in the FMABLE positina, propiens may s esscaist opee
slacted by- astuating the START switch. actuatine the CUPNT swacch, and rhe anccricitart powos-si sequence.

46,5 START Swiich
The seyuegice Sor stacking o prozeam itam che consale is oz fallows:
I, Setthe starting adiress of e progre in the Switch Legister,
2 Dhxpress the LOAD ATIRE sanich.
3. Position the ENABLE/HALT saitch sin the ENARLE pesitinn.
1. Dwpres<and reivase *he START awitch.
Whilz the START swilch is duprossed, she following actions oocut:
i, Aninitialize zizpal s gencrated an the Dnibiass This iniralize signal served np resel all petipherils,
i e progrim statiss word s pescr 1o 200,
A Fhe progrum coanter. BT, i3 loadad with the Basr address lesade:d with the LUEATY APRS <witck.
Wihen Lthe START switch is relessed, propram execulion heging with Me insireclion combiines) in the locotien

spedifiad by MY arl the RUM Yight is wrned on. IE the ENABLE/HALT swatch is in the HALT position, the
somputes reaams b the HALT siate fedlowing the eclenss of the START awitch.

The Unibus addecss e wicremented by ime when depositing inee general reglstars,
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Obsceve the Following precauticns when osing the START swatcl:

a. [f the keylock is net in the PANEL LOCK position, depressing the START switch while & program is
nunadog :nitializes the compuaosr syseem and restars e progam.

B [risgood prectice o procede every propram stact with a toad address operaton.

c. A propram should noc be stacted ot on odd adidesss o the st Petch opeation witl be ebarted and an
ol address drap will be attemptad, IF the stock pointer, Bé, is net propecly set up. the program in
memery may ke destooved.

4646 Conlinue Switch

The CONT switch is used ta continue o proggam without sllering the progrem coupder, BT, or The minchine state, To
continue 3 hulted program, dopress and release the CONT swirch, The propram is resemel when the CONT swilch is
releascd.

The COML seritch is used with she ENABLETIALT switch Lo step thirough programs cose instraclion aca tire., T 1ha
COMT switch & octmiied while 1he ENABLTHALT swilch is in e HALT psiion {Fogare 4- 11, 2 genple inatrociom
will be expcieled, Miola thal inlecrupls are serviced in sangle i lretzon rminde. [n single step mode. 3he addaess nE 1he
next instouction 60 be cacceted 5 displaved in the lighls.

4.7 UNCONDITIONAL COMPLTER AND UNIBUS INITLALLZA TN

Uneondivonal ilialeeation of the somputer sysiem uwsanlly ocours bacawse of un witempd 1o cximing From, or
deposit into, non-edistent meowsry fram the console. Loweyer, o peripheral or procsssir smmor may wvogur Thal can
emly he cwvercume I inolializing the system from the console, The procedens ic simply 1 depress the START switch
with tle ENABLE/HALT =witch in the ELALT posigaon,

45 LOADING PROGRAMS FROM FAPER TAFE

When the computer is first recgived, the corgend of its memmery i3 oot delfied (it knows absaluczly oothang. not even
how to receive paper-tupe inquat). However, the compater can acze pt dats when togpled diceacly into core using the
console switches. The Buolitmp Loader progran @ the feat propream to be loaded, and thecetare must be 1egped
intn core. The lxadeis deseribed in this section facilitate the loading of programs from gither the low or high speed
paper-tape reader. The lew speed reader is pare of the Mode] 33 ASR Teletepe and i nperited wu the SCL. The high
speed reader i DEC pare nuimber PC-LL.

The Konlstrap Toader progoam mstrocte the computer to avcept and slome in cure dits Lhal i punched on paper
taper i bumels lrap Gormar. The Bootatrap Loader 1 used 1o Lowd very shorl paper-lape pragrane of §62p 16-hil words
ur less {prinenly The Absolute Loades and Memory Domp proprams). Prograrme longer thin 162, EG-lnr wiords anst
b asecnbiled e absolute biaziv Tormat wsing the PAL-11 A Asernbler and loaded into menkory using the Ahzoluce
Liuigler.

Mhe Absiclute Loader (Paragiaph 4828 i5 2 swstem program that enables data pooched on paper-tape in absoluce
binary larmal Lo be loaded into any awilablz menwrre bank. T iz wsed poimarily to lead the paper-lape sysicm
suslvopere (excluding certan subprograms) ond objes! proprams assembled wath FAL-11A.

(he loader prugrams we loadad into the upper must are ol available rency &0 that they will be avaidable for use
wilh systemy and user proprams, When wriling prograns, Lhe locations used by the lowdzrs should not be wewed
without restering their contenls; olherwize, the loadess will have to be refonded heciuse the olsject program will have
ilrered them.

Menory Thompr programs are used to pring or punch the contents of specificd areas of memory For example, when
develogung o debupoing weer prograoms, il is ellen mecessay o got o copyr of the program o= portions ol memony.

-5



There are wo dusbip proesans pplied in the paper-tape software systein: TUMTET, which prines <c ponches the
ocral representation of &l or specified pocticrs of memory; and DUMPAR, which puwzhes all op specified poction of
memagry in ahaolote binary formac switable for loading with the Abaobote Loader

48,1 T Bootstrap Laader

The Bootstrap Leader should he Ieaded (osslded) anlo The highest sneanoey sank. The localioas and corresponcding
inscnetions of the Bootsirap Loader are Hated o Tabie 4.2 2o explyinsd Tebow.

Table 4-2
Bootstrap Loader insiructions

Lacitivm Instmicziian
®3 1T O1ATI
R R T (UHI028:
MNP 0127012
WAL sl
LR a2t
LA A A 105711
KXTTR) 1003 7a
w2 11RIRE
KA1 CXHI 2
%X TTRA WATAH
KT 2R
w72 177756
AXITHM QOOTG S
XTI YEYYV

In Table 3.2, XX represents the highest avziluble menoery bank. For example, the €est Localion of Ue leder weonld
be as wndicaied in Table 4-3, depending on ooy size. and XX in all subscquent locations wouald be the sisne as
The {irsl.

Mule in Tahbe 4.3 that the centents of location XX7704 shouid reflest the appropriate memory henk in 2he zame

nanner ai Lhe praceding ko licons.

Tulde 4-3
Memary Bank .Jl.m'ipnmtnlx
Lacatiom Memaory Bunk Menwery Sice
f1adg i 1K
(137744 1 q3K
057744 2 12K
077744 5 16K
117744 < 20K
137744 3 HK
157744 fi i
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The contenis of otion XXTIT6 (YYYYYY in flie anstruction calumn of Table 4-27 shewld contyin the device
stulus repister sddiess of the papertape rcader to be wsed when Loading the hoorstrap Tommaled Lpes. Fither
peper-tape tead= oy he used, and the associated address is specilied s folloee:

Taletype Papzr-Taps Beader — VTTI6AL)
LLigh Spzed Puper-Tape Beader — 177550

4.8 1.1

Lowding e Laader Tnie Memoty - Witls the computes initislized for use s dosedbed in Pocspraph 4.7,

Iougle in the Bootsteap Locer as explzined Delow.

=
F

L.

Bel XETMA iz 1he Switch Register (SEY and press LOAD ATRES wvadteh {87144 will be displuyed),
Set the Ticst smstruccson, QLOTO], in the SE and Lift DEF switch (O EET01 will be displivet).

NOTE
When depoditing data nto consecutive wobds. the DEP switch
automatically bcreinents the pddrvess to the next word,

Szl the next instruction, 002G, v the SEound Litt DEPR switch. Concinue to deposit subscque i
instrciions:

Dheprsiz 1he desived devios staras register addeess In loeation 3207770, the last locaon of the Bootstrap
Laader.

MNOTE
It s a powud prograeeaing practice to verify thae all mstouctions
ime storgat comectly. Pepceed 1o Stcp 6.

el KETM i the SR and pooss LOAD ADES switch,

Press sl release FXAM awitch (the oceal instruction o Locition XX 7744 will Be displayed so that it can
be commsred oo the corcet instruction, O14FIEE IF the fvstraction 5 casreet, proczed e Sep &
celherwise o e Step 10,

fress EXAM switch. The instrustion of the iocagion displaesl in the ATRIRESSMATA iadicaters with
the switgh rlepressed onll he displaved whicn the swisch i released. Conmpmre e indicaror cantaots oo
1he imstrmction ol The propes Incarion.

Fepeat S10p & untfl obl imstrugtiong have been verified or go to Step T The correelinstioagtion is rsl
displuyed.

MOTLE
Whenever an incomrcel instuction o displayed, it con be
corrected by porforming Steps 10 amd 11,

With the incerrest ikstrostion displived n the ATDRESS/DATA raydster, et the corrsel insiruction is
the SE and Jift DLP switch, The contente of the SR will bo deposited in the Socanion displayed with the
ey Jiftad.

Picss EXAM switely o ensurs that the instraclionn was carressly storcik-

The Bootstrap Doader i now ancare. The procedurss abowve aoe ilustatend in e Muw chare of Fagure 4-2.



I Initicize :I
&l 5R
@ T e xaTTdd

Preny
LAL 4w

wasidy

Se1 HKE Freds EXaM
2 QIeTEH
1
| 1Pt NCD | M
EHHE “‘I ]-
0 KA
Iesliucl iun Ser BRIz Yua
Corract
Trelrestlaa
Lirl DEF

' Lill DEP

Ei i sl :}
1

20

Figure 4-2  Leding inid Yeritving the Rosstetrap Loader

4812 Lauding Bootstrap Tages — Any paper tape panched in boutilrap foemal s ceferred 40 23 3 boolslngn laps
and s loaded inlo nemory esing the Bootsoap Loader. Boulsiip tpes bepin with sboor tero feet of speein
boorsiep leader code (ASCIL eode 351, aot blank leade tape ag is reguined by the Absolute Loader).

With the Bootstrap Toader in memory, it will Joad the bootstrap tape ince memdny statling anywhere betwesn
Ication XETHK and lecaticat XXTT43; Le,, 162y words. The paper-tape input device wsed is specilivd n losstion
XXTTC. Boodaliap Lapess ase losuded ingo memory as cxplainad below:

1.

Eor e EMABLEHATT seitgh to lIALT

Flace the bootstrap Lape in the specified resder with the special bootstiap leader cosle aver the readsr
sensorE (undor the reader station].

Ser the SK to XXTT744 (1he sturting nddress of the Basteteap Loadae) and press 1OAD ADES coritals,

Set the ENABEEHALT switch 1 BN ALE.

Press STAMT swilch, 'The bootstrap rape wnll pasz through the reader o dotn is being loaded inlo
LY.
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.  Thc bootstzap wpe stops after Lhe last frane of data (Fipure 4-3) has been road into moemory, The
program o 1he hootstrap is 0ow i memory,

The procedures abowe are illustraced in the flowechact of Figure 4-3,

W |h r
L II:?II'?EII:-?; - —_—_— I 9an Frguin 4-2
Y= EMGELE FHALT
1o HELT
Fraie Qeisrod Took e Caza 341 mead bE
in Sprclfmd Aeader papd Fgder anenm

l

r &1 R 10 v TTHA |

1 Hrasa LOGL ARDR |

T

Sk FYAMLE SHALT
1a EHAB_E

l

l Frean START I

Tape Fready in ned
nazee o Eng ol Daia

1 Golatumn Cora |

NENFRL]

Figure 4-3 Loading Bootsirup Tapes Tnic Memosy

If the booisitap tipe doex aot ad in immediglely alter depresaing the START swilch, it iz dwe to one of the
folloaring teasons;

a Bootstiap Loader not coreecily fnaded

b szing the wrong inpal desios

. Code 351 not direvtly owver the reader sensars

d Bnotstrap tape not properly positoncd in ceader

48.1.3 Bootsirap Loader Operation — The Booustrap Laacder scorcs poogram is shown below. The starling address
in the example denotes thar the progmm is 1 be loack=d inlo neorey bank zero i1 4K swslemn).
The Boowerrep Loader source program iz a Brief bat faily complex ssample of e PAL-11A Assembly Limgicie.

Explanations of the program asd PAL-114 are found in 1he PIP-11 Peper-Tipe Sufiware Progranaming Hadbook,
DVRAT 103,
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000 HI=%I ISED FOR THE DEVICH

ATHHELRS
000002 Rz &l LTEELY BOHE TELES 1LRALY 410
DEESSE DTSPLACEMENT
1 7010 LixA-17400) DATA MAY BE LOADED WOy
LOWLR TUAN TS
natvdq RN ATART ADDREESS OF THE
BOOTATRAF LOADER
LT OL&Tat START: MOY DEVICL. R FPICK UPF DEVICE ADDELRS,
LRI R FLACLIM R
01750 D102 LLHIP. MOV LOADEZ, H2 FIE AL ADRRE RS
(X352 DISFLACEMENT
017754 KF211 ENABLE- IKC i R ENADRLE TIIE PAPER TAPE
) ) 105711 WalT. TATTr R READER
WAIT UNTIL FRAME
O el 1EM3T R L WAL I5 AV AILALLLL
02 TTRIAZ RiCiw B T, LOAL (1L ETDRE FEAME BEAL
LRI E HRETHA TARE |N MEMORY
L1400
) R 2367 IS L2 TRCHREMER L LARALY ATHILESS
177756 TS ACEMENT
M7 COHIThS HRHCH: RLL T.O4OT 61 BACK AN TLEAT MOREFR
DATA
0TIt a0k DLEVICL: 1] W IHHELSS OF IMPUT LW ICL

4.5.2 The Alsnlute Loader

The Ahsolute Toader is a svstern pragram that enitles dita penched on paper @pe o abselule bivaey oot oo be
leaded imee any oeermoey hanke I s wsed pritnarily to load the papo-tape svstem softwane {exchnling ceriain
subprearang and obiect progrinns asamble] wilh FAL-13A. The major fezteres of *he Atsotute Toader inalude-

. Tasting of the checkson on the mpul Lape I snsuee complsie, necuraie Joads

#. Btorcing ke leaded program apon completion of locding without addisonal user actinn, as specitied b
the LRDan the program jst kadwl

t. Spavifving the Iead address of position independent programs 3¢ Joad time rachar than at assemhbiy rime,
biy wsing the cesjred loader Switch Register nption.

44.2.1 Loaduy the Loader Into Memory — The Aheoiuez Loader is supplied on penched paper-tape in boatstezp
format, theceione. the Bowlitrp Losder i vsed 10 Joad the Absalute Loader iwie memory, 1 occupics lneations
AXTATA thyough XXTTFAE, awd s starting address 35 XX7300, The Absolute Loader propram is 724, orards long,
i is boaded adjeecnt 1o the Boatsirap Tasder,

A4.K.2.2 Londing Absolure Tapes - Any pager-lupz ponched in abaciote Tosmar is veferred foops an shselute ape,
wink & leaded Into memary vsng the Abarlule Boader, When gsing the ARsoinie Loaden, Dhers aie i marhonds of
[exzuling awilablz: mormal and slocated.

A normal lad ocowers when the ¢ota s lowded and placed i enwire ascomding 1o the load sddresses on the aljes
tupz. [r 15 spoified by secling hil @ of the Sudteh Registes to 0 nnwediately befve starting the load,
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There ore tem types of Telocated Jnuls:

o, DLoaling 4o contanue from wices the loader feft off after the previons load. This Lrpe i3 used, when Lhe
abject peogram being loaded iz contained o more than ome ape. 1L specilied hy seting the Swilch
Bepisler e 00000 awmediarely betore siarting the boid,

b Lowling intn = specific ares of memony, This is nomully wed when ading posilion independent
promiang. A poation independent propram is ane chal con e lossded and ran anywher2 moavaitable
manzocy. The program is written wsing the position independent instroction Toonal. The type of Toad is
spacafaed by sctting the Switch Feaister to the oo adedress and ackding | 1ot (e, sadting it O to 1]

Optional Switeh Fegister sottings dor the three tepes of luadd aze Lated Below.

Seitch Repster
Type of Load Bitz 1-14 Rix @
Kesrmpi [iemicared] ]
Birslora L2 - oo Loz |.'I |
lading wlhees ledt oit
Felazated - load in FIFEIE 1
spesiliad arei oF mermury [ Nl
aild eyl

The abselule tipe gy be loaded e sither paper-tape reader, The desited ceader s spacilied e the last word of
awrilable memersy (XETTT61 The input devies staows word moy be changsd o uny lime prioe te loading the absolwte
tage, With the Absalute Toader oy mernory, absolute fapes ane Loadsd as explained below:

1. Sctothe LNABLEFWALT switch o HALT. To wse an apgrut device other than thao ased tor Loading the

Absoluee Luager, change the address of the deviee status word (in location XEPYTRY Lo reflect Lhe
dessired device; ie., I 77300 for the Toletvpe mader or 177550 Mor e high-ageeed reades.

3. 5ot the SEoto XT500 anl pres LOAD ADTES seitch.
3. Sed the SE to refleet Lhe desited 1y pe of boad,

4, Plue 1he sheslite 1pe w the groper reader with blank bzud er tape directly owver the reader sensors.

5, Sl RNARLE/HALT awitch to EMARLL,

&, Tress START awitel. The absolutz tape will begn passing thiough the reader station as dota is being
laded it inamary.

10 Lhe zhsolute tape docs oot bopin possing theough the reader stagon, the Absclute Loader is not in cemosy
enzactly. Relosd che Joader umdh stare over ol Slep 110t halta in the middle of the fape, 3 checksum geroT ocpurmed
m the last Dlock of daia read in.

Murmally, the alsuiule ape Wil stop passing thesuph the rewder stitisan whan I eseouncers e trzneter address as
seneraled by the sratement END, dencting the end of a program. IT the gystem halts after loading, check thit the
e Ble of RO & 0% T eo, the tape s corneetly Loslall 1T aul 0, a checksom ersor hos accrreed in the Block of dieta
jusd loaded, indicating that some dity wis ncomecty baded. The wpe should be reloadsd starting ot Slap 1.

T read R, load address 177700 and prese EXAB swilch.
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4.5.3 Momory Dumps

A Mermmerry ump prostam is 4 spsiem progoam that enables the condcnts of all oy any speadizd poction of mernucy
b b clornpedd {print or punch} oalo the deletype prinder Andfur punch, line printer, or high speed punch. Thess ane
twer shmnp progrums awiilabte in (ke puper-tape suftwure westom:

a.  DUMPET, which dumps Lhe uclaf repressntalion of the contents of specified portions of memory anto
the lebzpeinter, low spesd punch, high spaed punch, or line printer.

b, DUMPAR, which dumps the absolute binary code of the cantents of apecificd pactions of memary nnla
rhe breae Spetad or hiph spoed punch,

Bnils dwnp programs are supplis on punzhed paper sape in bootstoup and absolutc binery formats. Puagraph
4513 explaing how the Absolpte Loader is Joaded over the bootsiap lapes. The absolute Binary tapes are pasition
udependent and rway be foaded ard tun soywhers in memuory 8 sxpluined in Parasraph 48,22, DUMPMT and
DUMEPAE are very siwilar in fnction:; they dilfer peimarily in the fwpe of oulput they produce,

4831 Operating Procedures — Neither dump propram will punch leader or coiler zpe, hue DUMPAR will always
|:H.II:'I.».'.'|1 ten Hlank frarmes of tape al thie srart of each Block ol dala L!ump:d.,

The oporating procedurea for both dimp programs folinw:

P Eelect dhe dwmp progrem desiaed and place it dn the reacder specifiad by Iogation X777 (Parapraph
LAY

L)

M2 husptsicap Gipe is selected, lwind it wvsing the Bootstrap Toader Pampreph 4.8.1.2). When the
computer halta. po to Srep 4.

3. P an ahsohute binnry tips is selocted, load it wsing the Abeolute Loader (Paragraph 4.8,2,2), relocaling as

desited.

Plzez fhe prineer slerl wsbdress ic the Switch Register, pross LOAD ADRS and START swilches, [The
start adduicsses are shown in T‘ar.l._puiﬂ'l 4 5030

4. When the compwrer halts, enter the addreas of the desived nuipon devics sratus regisier in the Switch
Repaler and press CONT wwitch low spred puach and teleprintee = 177564 high spesd punch =
L77554; line printer = 177514},

o When the compucer halts, enler mothe Switch Register the addvess of the fust byte 1 be dumpet ged
press COMNT awitcl. Thes addiess eensd be pven when |,|:-:i|,'|g eLIMPIT,

6. When the computer lLalts again, enter in the Swilch Bepister the address of the bsst hyte o he dumped
amad press CORT switch. When using the bew spesd punch, s=1 the punch 1o OM hefine pressing, CONT
swilsh,

1. Deistipur g will wivw proceed on the selesied oucpue devce.

2, When dumping 35 complete, the conputer will ball.

If further duwibipeng is desired, procesd to Stop 5. 1t s oot accessary o mespecily Uwe oulpor devics sddress cxcept
when changing o another ouwlput device. In sl cose, procoed to the sccond pasacagh of Siep 3 1o posare,

IF UPMPAR s being nsed, a transfor block muost be gencrared as described Below, 1 o tape read by the Absalare
Loader does nnl have g transfer block, the toader will wet in an anpal lnop. Insach g ocise, $he program may be
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manually iniidaled, however, this praclice is nof recomemensled beciuse there is no puarintes tha load eerors will not
wocwt when 1he end of the {ape i mad.

The tmnsfer block i genetaled by performiog Step 5 with the timsfer addres, in the Swilch Repister, and Step 0
wilh The transfer address minus ©in the Swilch Register. 10 Lthe Lzpe is wot o be sellsdarling, an odd-nvmbared
address must be apecslied i Step 5 (esz., DOMOL).

The dump programs use &l cighl gencool registers amd do not 1estore their original condents. Thoerefors, after a duing,
the gencnl remiston: shoeeld be loaded a5 necessary peies (o their we by subsequenl proprams

4.8.3.2 Qutput Fommats -- The oota] output from DUMPLT iz in the Mollowing ot :

RORXSYYYYYY YYYYYY YYVYYY YYYYYY ¥Yyyyy ¥yyyyy
Where XXX NN i che address of che Dt locytion printed o punched, aod YYYYOYY are words of data, the st of
whivh starts at Jocadion XXX, Thiz s the Tormar for every line of output. There ace oaly gighl werds o datn
per line, bl there con be as many lines as aceded to comptele the Jump,

The eutput from DUMPAE iz i ahaolote binary.

45,33 Gtorsge Maps — The DUMPTT prograis is 87T words lomp, When wsed in absolute formal, e storape oop is
ils showm in Fipure 4-4.

XA
Bapeststzap Lowder
Rl h
Abzolute Lozdes
M50
X474 Lagler Bck Spje:
KM M Me7ht
LLIMPELL
MO
Twowosd Stack Spacs

OO N 7 qieziTed load address = stazl address

Figure d=4  MAhsoluie Fommal



When usad in Pootstrap fornal, the storpe wap is ag shown in Figere 4.5,

X1 a

Boodsirap Loader
AxTT44

TIMPIT
starl
Addras = X X740
ART4TE
T worri] Seac’s Space

Fipure 4-3  Bootatiap Forne)
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PART 2
KD11-B PROCESSOR

Parr 2 has heen revised (norelec: hardware changes o the KDL L-B Processor. Chagler
3 haw heen revised bibd Cherprer & remmadns as it was in the cadier edition. Chaplers 7, 5,
A, ard T have Besn deteted Trom shis manoal, Cusrent verssions of Chapres 7, &, 9,
and 100 are availzhle B dhe KDML-0 DProccmsar Manccnance  Mawual,
DEC-11-HEDER-A1). The furmer chapler structure of Part 2 aas

Chapter & Procesier Gereral Description
Chapler & lastraglicn Sel

Clhapler T Qonscle Desgziption

Chapter & - KIF-B Dedpilsd eseription
Clapler 2 - Micoopragrm Comipol

Claapter 160 KENT-Hard Canwele Mainzenamss



CHAPTER &
PROCESSOR GENERAL DESCRIPTION

1 KIM11 DEFINTICN

Fhozizally the KDJI1-B consiatz of two 2-1)2 by 15 mch modules, the MT200 and M7261. Bach module contains
opproximately 100 dwal w-line integrated civcoits of the L4-, L6-, and 24pin wanety. Thess ie one MOS-LS[ 440-pin
mteguted circwit wzed on the MT2I00. This MOS circuit iz the ecdal commurication line (SCL) recciver and
toansmdtter. All other inteprated cireuwits used on the KL L-B ace bipotar. The connecoions Bodween the two modules
iipg Tade through the backplanc.

The KT I-B pregaammc™s console interfaces to the pooceasar via a 40-condueror eable char is atrashed 1o the
M7260 module. The consmle i deserihod I detail la the KDLE-B Processor Maietcnance  BManoal,
LEC-1 1-HETDEE-A-D.

51 K[HNI-B AND TUE LUNIBLIS

The proceszor iz interfaced with menery anil most peripherials by the Unibus ns shown in Figure 5-1. The KD 1-B s
capuble of arbitsaning bua requests (BRY akd won-processur regueds (NI as they are asserted onto the Unibua by
the s:omncyted peripherats.

The ling clock and the sera] comounications Jine (5CL) do ot interfaee with the processar v the Tidbes in the
traditiunal FOB-E] sense; hoth connzet 1o the KD 1-B througls an ateimat bos. Far nst programs, thes peripherals
are irlislinguisheble from their sppearance on other POP-11 implementanons. In olher words, the program may
access (he liste chock aasl the sedal communicntions line by using instmctions that saove daca 4o =id Mrorn Lhe Unibus
sddsrees gpecified for these periphesal aprions o Lhe PO T Porjpheradt Hardbonk, These Coitus addresses aee as
tallows:

a.  Line Clock Stalus Repister Acddress = 177546

b, SCL Receiver Stalys Hegizlar Addres = 1773560

C. SL Receiver BulTer Regisrer dallpess = 177562

d. 5CL Transmitrer Slalus Fegistear Adidres = 177564
c.  SOL Trangmitter BulTar Regisler Addrews = 177366

[t is not possible Cor the line clock and SCL to be addrewed by any devices artsched to the Taibus other than che
K118 processes. For example, it is not possitle o peroom WPR- e the SCL froo anothor peripheral such a¢ the
[YEC Lagee wnit.

The SCL input/outpit is avaiduable tor comnection w such devices aa the LASO DECwriter, the VT8 CRT Teninal,

ar the Model 33 ASE Tzletype. Thess SCIL inpulioutput signals inmeciace ut the fingers of the processo’s MT260
modvle via a Berg vomnector lucat=d on the rear of the compuier chasis as shown in Chapren 3

S-1



GerD [ ] e

, CLCGE

K0'-E m
SHF SRR TR IL KA BLI

[TLS T e

SERIFHERA.
VaflA L DG
Al
CONYERTZR |

- 2

FCRIF IERA_
1315 KN

Figare 50 KDE1-BWiath Tesecornections b Menzay and Perizhaials

3 KDI-HAS AN INSTRUCTION INTERFRETER

Figarre 3-X cllustetes tha livision of the KDIT-R into Unitws coatrel and imstruction wteiproter. Thos divas e is
sightficart beoose i the KDTE the Unfbos ventrel 5 implemented a5 g Block of §ome that s relalively
independoint of tae resn or Hse prosssor

INETHAC T Ok,
[MTERFRET:ZF

= h\._ HHLALE
l-l__.--"' SONT 0L

UKIEL:

{/

1 =3
Pupare 5-20 KDL 1-F Procgssor Dok Does:

Mo ligune 543, The nstraesion cterpeeser s turther divided into a daca pach (DP), a data path conteol [TAEC), 2nd a
crmlblrol fiore [thﬁl Whien =2 wer TR msT 1 .Erl'_:l|[ﬂl_| tn the LTl eT, she LA conrinm iy exesone: q proscam that it
seored i 1he C50 Al instrwctinns, sntermopl seqoeezes, and consale Tomctons are perfurmend by the DI when
CECTUENG 4 micozprasrar coatuingd in the O, The Unibas contral acd the TP ase Fazilioezs wsed b the DR i ke
cnu=ie ol perfo-ming s Lasks, The prooeam contained o the 5 G5 referoed fooas the micro@rogron.
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F.4 MEMIM AND LARGE SCATE INTECRATED CIRCUIT REFEESEMTATIONS

WXL and TST integeated circuits (Figure 5-3) are epresented in the KD 13 mint a0t 35 reclangles with inpars on the
lett amal costpaats g the right, Coniod lies often cnter the [C from the botlon. The fuactona] Gescriplions uf the
K131 108 MEL and TET ICs are contoined in Appendix A

Figure 5~ ALTL M5 Curcwir Twpe 7418 | Beprosentation

CCOHTACL SJTPUTS

The
18]

zad
o
INETS -
EEL-
210

o1
|07 g

54.1 Microprogram Deerumen Ladion

The microggogram s docwmented at three lewels in e priet set, The firet Jevel 32 the miveoprogrem (low lsting
{K-MP-EDN-B-1), a1 this lovel, the microprogram i deserched ot terms of register tramslzrs The mictoprogam
symbolic fisting (K-MP-KIV 1-H2) shows how the mictopmgmm @eeomplishes sach steg. (Reforences ino the
mictuprugron listing e syinbolic, cg., serutch pad addres = 3y The bingoy equivalenl is shown in The
micrup e binary lsting (K-ME-EDE 1-B-3), which actoally showe the Bnary contents of sich word of the
microprogran. The mucrogropram cross oeference Hating 1812 the neroprogram by address [R-MEETH 1-B-4). The

v & T
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G.H Cor [ L
B3 N
Iy fa13
[
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n2 THIEI
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n EOFS
r, b
a1
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rq :H.'ra-J
nrl
%2 5z By Ep oW oin
P |
i !
oy 04 OF DE D80T,
-

CIMIEL IMPUTE

li- 34

miroproprarn it discussed o detal in e KDT-B FProcegsne Maintenznee Maoual, DIEC-1 7 HELHR- A1k
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5.4.3 Read-Only Memory (ROMEMaps

Figues 3-3 05 & typleal BOM oap lisbong. BOM map Tetings For the REOMs ased in The KI2T1E pracessor are prosided
in lhe fumneering Deeaose Meepef (E-RL-MT2004 and K-BL-M7T20]1-3).

£ e¥d (PIW ®¥) CONA InT TRAN Syne L

+Ft wf7? MY WT) CONA REG AJCR L

YA ZME {FIN #§1 COMA RECEIVE i

PRS0 =YD CPIN #5) CONE TRANSMIT L

tree/0 w¥d (PN #4) COMA LJ4D HDIEY PSw L

Pt/ mYS (PIN B3) GONA LCAD |, gLE PSH | *
Fregdt sl 2Yd (PIN #Z2) CONS SR WHITZ L
Trrartadl FV1 O OFIN #1) CGNG LOoD PSk L
GITaL DECIYAL Trrrstoy OLT4-
dD0FESS ALIRISS Epcas ThrrrT Ry CaTA
JAa bl Zpaau 11151111 277
Agq 1 tagal 11111121 43T
g2z 2 Ap3dld Ili1311: 577
Eal B Ap a1l 111112112 177
ded & Falee Ali11:112 L78  A5H .T3a% OUT Ba®mav7776
il 5 PpiEl 11131121 37T OPSH .Tugk 0JT,BaR
AEE & fa1L@ di11vi 173 LECLK .TRamouT
gaz 7 Agiin 111:15132 dF7 LCLA JTRANDUT, ByR
E1g d A AR A g1 191@y 75 GRCRAIRLTY ,TRANIUT 34m1TTP4x
g1L 9 g1091 1E1121:1 42T GRARMIRYLTY TRayoUT, B4R
@1z 1 NELY  Pi1111:) 177 QI BY¥TE (LC_KATK T2
Pl i1 2181l L1211 SF7
E14 1& Aq1gd 1114411 i3
E15 143 P41l *lisd11 27
d16 1= ez Ali1iing 177 SKR .TRANDUT BAw177572
B17 15 F2111 11114111 377 SRR L TIANOUT ,BAR
22 1% 1paga d1Aqe12 127 THRE ,T3aN0UT BAelTTRAE
az; 17 1a3z21 11291141 8T THE L TRAMGUT ,EAR
g7z - lg21k ELipiil 147 "P53 .TRAMOUT Edal77oas
22X i9 Lpalz 1ii7121: 357 TFS ,TRanQUT,5h4
2ra e iplE? wldialag 13T TWa T2a%QUT Biw] 77354y
EPE 21 g1l slg1a11y JIT O TKE L TIANOUT , AkR
Az g ar fprie Paigliia 127 TPE ,TRAMOUT BAel77'544
22y 24 iplizi 1:1z1213 357 TpA « TRahOLT , AR
E5g g4 11264 2111101t 27
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CHAPTER &
INSTRUCTION SET

6.1 INTRODUCTION

The EDI1-B is detined by its instoaction set, The sequances of proccssor operations ate selected aecording to the
inscruction decoding, This chppler contains fubles Lhal describe the PDP-11 instroclions amd instroction ses
adldvessing modes. Instruction set differences between the PDP-1105, 31710 and PDP-11/20 are listed in Table 6-5.

6.2 ADDEESSING MODES

6.2.1 Tntoeductien

il atared in mcmony must be pevessed and manpulated. Dac hamdting is specified by a PDP-11 instrection (MOV,
AL, etc.bwhich usualky indlicatas:

b,

C.

The funclion (operalian codel.

A peaaral purpese segister for lealing the sowes opersnd andfor s general pusposs register for lowning
ibe deatinalion operand,

An addressing mode [1o specify ow the selecied registads) s 1o be used] .

A lirgs partion of the defe bardied by a compuler 32 owolly struetured in chamncler SUgs., anays, lista, ete. Thus,
the PIP-LL is desioped to handle struetured deta officiently and flexibly, The peneral repistess mmay be used with an
instredion many of 1he folluwing ways:

i

h.

i€,

As accummlulors, The data 10 be manipulated rezides withen fhe register.

A pointers. The contents of the register ure the addreesz of the nperand, rathee than the operind el
As podnlers Lhat automatically siep tuough eore kocalinns. Auwtoamatieally stepping Tarweered tlarough
conseculive oote locations is lermed autoincrement addressing: automuticully <lepping backwards =

teremes] pubindecwerot addressing. These modes anz partizularly wseful for processing fithucle ks,

Mg index regiaters. In this Melance, the contents of 1he reeisten and the word Cllowing 1he enstruction
are summed 10 produce the address of the operond. This sblows eady @co2ss to wiriablbs ¢nines n i list.

POP-115 alss hata mstruerion pddressing neede combinations thai faeditace demporary dala sSlodge struetices for
crnvensent headling of data that must be Erequanily neressed. This is known as the “stack”.

-,



I the POP-11 any eopister can by wied us a stack gololer undsr propram control; however, certiin instructions
dasnnilud with subroutine linkape il interrupt servce aotomatizoliy we register © a3 o aodwars sk pointer. For
Lhis reasen, B is Erequently referred o s the 3P,

Ty types of instructions utlize the addressing modzs: single operand and double opesand. Figure 6-1 shows the
lormals of these two types of inatrugrions. The addresing modes are listed ia Table 61,

G 1Y Enstraction Timing

TTae POP-LL de an asy schroneus progessor in which, in many cases, memery iad procoszos openitinns xre oeerlapped.
The execution time Tor g inslmction is the sum of @ basic insteuchon time and the time to delermine and fetch the
source andior destinabon pperinds. Table (-2 shows che addoesing times required Tor the wadous modes of
wddressing sowrce snd destinatinn operunds. Al times stated are subject to £10% v riacion.
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4.3 PDP-101005 TRSTRLE TIONS

The FLIP-LE instructunng can he divided inco five sraugunga:
v Single Opecnd Instrwe ders (shilt, awlipk precision imseactions, Totames)
B Double Opeacd fnstroctions (zichnsse and Tngical indlrustons
& Program Comimnl Instrnclicns §dranches, suboairines, [nps)

o Dperate Graup Tostreetioms { processor conirod apesabiong)
e, Condition Codes Opernnem {processar status saord bit ins racrinng}

Tables 0-F theough 67 st each dngtrugtion. inclading by le instroctinns {or €4 respective “nseruction grog ps. Figuse
Sl showes the six different instcucten fonmins e the instruction 500, and he judivideal ingenetiois in eacy 1590eat.

6.4 INSTRUCTLON SET THFFERENC S

Table -5 Liata the diMerences hawreen e POP-1 85730 and FLP-11005 instrstion seis.



Tabk &-1

Agddressing Modes

Biwary Asscmbler

Crorde M Syntux Fuviinal
DIRECT MODES

0] Repister Rn Register eontains apacand .

Tl Autoincranienl (Fnp+ Fegizeer conrains address of nprerand. Regiser coaterts incre-
menied after eeborence.

Lo Antudezrement -[Ra) Repsster contents decremented hofore iotierence register
containg address ol cperand.

110 Index Xild=n) Value X {stored ju o word Follawing the instruation] is added
o (Rnl oo produse iddress of apeand. MNeither X nor {Kn)
are mueditied.

NEFERKRED MODES
oL Register Deterred E Rrgister contying the addrese of the opsrund.
or (T
il Autoincrermenl aiRng+ Begisler is Mrst usad 35 2 peinter 1o0a wond caantaining e
e lerred addrras of she opetund. rhen imeraented {alaars by owo:
even tor bene snstrtinms ).

m maicdce rcment @ - (Rl Repister is clecrenrented (always by owes voen o hyre in.
struciincs) and Lhen used 35 5 pointer Lo o wird wonlainitg
tha addieas of the operanl

111 lucles. Delerred EXR Value X (gtered i word following che instooctior band (Ko
are sdddad anat he sen s usad e a painter 1o0n wond vorkain
ing the address of 1ke operand. Neither X nor (En ) are
mindified .

Pz ADDRESSING

1§]¥: Toateediats i erand aodboas slraeLin.

o Mlasolute | Absclute ndadress Golluws crslin snio.

110 Realaviv A Address of A, relasive Lo the mstiuetion, Bellows the instructio.

111 Melalive Mrelcied i Address of Locatiog conlwining address of A, relutive tothe
mslieetion, fellows rhe insiroclicn.

Fn = Bepister
Won, &= nexl progam ceonter [P word (zonstant)



Tahle &-2

Addressing Times
Addressing Foemat Time sk
Masde Denuriplinon Srmballe Siurce™ Destination®*

#] Remister B ] ]
| Fegister [eleremd R or (R) | 09 24
2 Autvincianent (K + IR 24
3 Aurcdncrenicat E{R + 24 14

Dwxterecd
4 Agtodoctamant (I (] 24
§ Antodeciemant a1 24 54

Dwefesied
] Indexed + M {1t 24 x4
b Index Letorred X R 34 1.7

or iR

* For Sauree time, add 1.3 w5 for 0dd byLle addies<ing,
*& Fosr estinuticon time. modify as tollows:

A Add 13 g Tur exbd byte aildressing with 2 non-moditeang
insrTi tian

b Add 2.4 ps Jor odd Biele achibressing with o modifring
insteo sticn.

veoemlaeract 12 pa Tor a nen-mcdifiving instroctio.

-t
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Table -3
Single Upemnd Instructings
Bnemonic/
Instruction Time OF Coudr Operation Conditics Crges Dreserlption
CLE Q05000 |_’.;15-,j|T [ B cleared Consenes f speaified detinalien are replaced with weroes.
CLEE 105000 L oset
14us YV olearedl
C: oclearsd
LIk AT B {dst}+ n (dst) H: et if most zignifican: Rephices the contents of The destination address by their
oMb LOF 10D bit of resalt is G Jogiva) coenplement {sach bit equal to 0 sst ar ench ML equal
34 ps I setif resuli sl to L cleared),
%o cleared
L
[ (S 2100 (dsty = {darh + M; sel il reswll i less than O A 1 96 ihe gontencs of the destination,
INCB 105 DD Lo sue il resull is O
Iaue Voo if {dsth wos 00T
. nat cffected
{RIELN QOSEDE (s L]+ [dst) -1 M: selof result is tees than 0 Subitract | fiom the concents of the destinalion.
ned [0z300 Looseldf eemlr g )
34 ps Woose| il (st was TOO00K]
U mnl elfeercd
NEG a05400 sty + —{dsrp M: el if soswlt s legsthan @ | [eplaces the sontents of the destination addres by s 1's com-
MLEGHE 105411 2o wanaf resull 50 plencit. Note that 100000 is replaced by itseld,
1.4 s Woser if result is FOOCCH
[*. cleared af resolt is O
AW 0530 {dat) = (dary+ C b wet il resoll is less than O Adds the contents of the C-bit into the desrination. Thiz peroils
ALK 105500 # selalesult is 0 the carey fiom the addicion of the jow order words/bytes to be
Fdus Voosed iM{dst} s 077777 and | curried inle the bigh order cepult.
Cisl
Crosed i elsty s 1777TT and

Cisl
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Tuble 5-3 {Cont)
Sulegh: Thzbuied Tins T

Mucrnomic
listmaction Tisae OF Cridex ﬂpem[iun Coanclilann Ciades T]Eu::rip‘ril,m
LRC NN5aln fder] 4[] SUosel i sesute G leys then O Xubtracts the contents ol the 20 from the destination. This
SBCE HILLIFLE Fooweliimesul b0 Permits tae sarry From che subtraction of the low arder wacds/
1 Vooset i (dst] was 100000 btovtce to be subbiacced fram the haghoooder pace of the sl
Coooleaced iF(dst) is Oand €
i |
THT TET0D Citsl) ¢ aled] NLosen il resuln i Jese than O Sets the condition vades B apd £ ycaocding 10 thre contants of
T3TT (MM ool reraic il the dostinatios address.
A4 ps Vo olezred
C. zleared
ROE ] Cals1] o 1elsed B s if high order bit of Kotzres all bits of the destinztion right aac 2lace. The low
ROEE sl righ: The resulr is sed vrder bt Toaded oeta che C-bil and ihe prevas conrenls of
s34 us ane F::Il:-l:'. £ aotFall lurs af sesull the C-baroame logdfed jung the |‘|ij arder kil ol the dessinativn
are M
Vo lnaded with e ovisiugive-
OR of the ™bj sod the
Celnil s gt by BRIE
Rl 00| O [dan) —{dsd Mo oseral the ligh oecer bir ol § Rooare all kits o the destingtion seit ene plage. The high
RiH K JO| LrLr ridais Iedt ke resuln wod is sen comiLer ket s sl o the © bit of the statas world and the
T NTE urie place., Creanlt <2 04 alenred arawnidg conderds ol e O kit ore loasdal into the low anles
ulhrrwise ber ol the deslivatinm.
£ ot d all hits nd the
result word = 00 clearad
olhenwise
Voo loaded wcth rhe eaciijee
COR el e M-Bit g i
[+ <el By The compledicn
uf 171 Totate oporationg
Co loade? with the gl arder
hit oif the destination
. u
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Tilbde -3 {Lant)

Single Operand e fructjoms

e
T

Mnermamic,
[rstructlon Time

OF Code

I:'I]':-eml Hin

Condition Codes

Llescmiptissm

ASE
ASEB
JA

A5l
ALLL
4y

O0a2IH)
10211

MIRzDh
INGETT

(ds) —{dst)
shifled one
place s thie

ciehit

{dsrp+ (st
shibted oy
plazy oo che e,

1lr.

o s i the high urder bit

ol the result is se1
(resale <5 G clearsd
orhersise

o oaelal the zesull = 10

slegre® alhersise

Juggad Tronn (he exeinsive -
O of chee Nobgn and -
fus sel by the o plelion
of the shilk I1|_'.IET.i'||iI.I1I:|.

© Jopabeed o tovsd ceder it

al the desginzion

oosel A hph ursler [EL nl he

{resuld <2 0F; cleared

il =rwise

el if 1 result = {05 clesired
Ut herwise

v leaded wilh Lhe exslusgive-

CF ol the B ade aned C-bil
and C-bit (us g2 b che
camplerion ol the ek
npeation g

o lavindeed werthe thee high owde

hit il che et izatan

Shidls all bits of 1he deslieation right one plags. The bich
aribes it is replicalsd, The Ol s lesded fromo the low ordet
bit af fhe slestinatinn, ART peslocms sigecd divisian of the
destination by v

Sluites all hiss of the deszinaticn left ore place. The low ooder
bit 15 loaded wath 3 0. The C-Bit of the status word is Jonded
fream the nigh ardes hic o7 the destinaton, ASL pertorms a
sipned mualtipheateon of the destination by 2 with overdlow
inclicarzin.
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Table -3 {Cowat)

Sinude rprrand lusomeions
Mnemamic,

Insdretion Time OF Code Uperntion Conditiun Crades Deserption

P oo | DD Moo [dan) Mot offeeted. IMT provides more Slexible program ranching thin provided

JEATH wilh the Prunch instructzon. Cootrai may he wranslerred dooany
luezticn i meragry (a0 raepe lmitsoon) and can be sceom.
plishecd with the fuli flexibility of the sddsessing mndes with
ke exceptinn of regiseer mode O, Exceution af o jierp with
e (F will cosse on Olepal instrwerion zonditinon. (Program
ciaz =] g on be cransteered 10 a vepecen ) Register defarrend
winle =5 legsl uml @l ceuse promram contesl w be pramsietred
1o the siddress el e the speaitied reaister. Mare thil o
slrezons ure ward dats and muse thaefare be farchead (tom
an even cimbesed address. A bowilary etror Irup condtition
will ezsulz when the procggor atiempts 40 f2ech an instruction
dinon i cedd :|-:|.||.r|::1'\_-..

SWAL 0a03non Bic 17 Hyre 0 M: set i hiph order but of Fatclanges higlh onder byre and [ow erder bete of the destinaion

.3 s B te O/l te 1 lewr ovder by (hit T) word (destimeion et be a word address?.

ab reaulr is ser, clegred
athiErwise
Koosel i Loy onder byte

V.

ol pesult = 0. alzasd
atherase
cleaad

c|ri|re:":

* DT = destivpzion duddrzss mode and remistoc)
T (idsl) = desticntion sonteits
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Tahle 64
Lhpihle ﬂ'[u:mml TinsTHL[HOINS
Mupesnanic o
Insirurdion Time OF Cinde Ciperntion Condition Codes Diescripfion
WO Q1550 [clatd +~ [zrc) T coselal i) <0 cleared Word: Boves the sowrge apszrand 1o the destinetion lesutiva.
MOYE [ 155130 wtheraise The previcus concencs of Lhe destivation are Jost. The sowrce
1.7 e soser if (sel = 0 cheireld operand is oot cfwetzd.
3] s nesle ntherorse Byie: Same as MOW The BMOYE o g cesisoor {unigue among
" cleared byie instractions) carends the most sigrifizint il ol te low
o onat cficctsd preler byte (ugn exlonsion). Grherwise MOV E upenles us
by es exactly as MOY operates on words.,
T 0255000 {ure) - [ds) o owar T resolt < 0. cTeared Compares the suusge and deseenation operands and se1s Lhe
CMFB [255TIT) [en derail il herwise combitivn vosdey, which rnay then he used for arichmetic unied
3702 [are)+—~ - et df veaule =0y eleured logiva] conditenai hranches. Both operands are unefTected.

(dazi+ 1]

o ochoared if there wasii

alherwise

self thore was arithomatic
et §.e., aperanid s
were nf o pIEiie SiEns
anid the sign af the des-
timiedios s A same

us the sign of the esac:
alzared nrherwise

carry Srorm the mued sip.
mficant bitl of the remll;
wal nrherwe

The unly agtian = 10 sct the eendition codes. Fhe com pare 1
customarily falkwed by 2 conditional bronch instructism. MNoce
(Tt wmlike the sibteset snstroction the order of vperatinm is
Csoe b folst ], wer 4dlat) - (arel.




I 1-4

Tahle &3 (Comi

vruble Oparaud | nstructiones

Muceomie,
losceuetien Tune N Code Opie b tign Londicion Codes Dhes Hiailinn
21N CEARALELE rarcl Sy dar) g OF high order hil of Per rares fopiza] AMD comparison of e suurge g descination
BITE RN result sed eleased orhi - opnrds wnd madites condewon aodes secondingly Neithor
17 us Lk by senrge nor dostinzrion operands zie clMesred The BIT in-
2o set il resulk =0, zieared slreriun may be vsed 1o leso whetherany of the correspoading
ctherwise Tgs Mot are ser i she desbivatwn are clear ju the source.
Weocheared
Ooaetettcted
EIC M5S0 (sl pe =~ qgre) Mooserid nigh omdes B od Clzacs cach ko the destivition that corcaponds ta o o<en i
I3 1455k Al risull el gieared othe:- ol 1l soree. The seigieal conseros of dhe destiation ate lost,
ATus % P The somternls o che souces are weeTeciod.
Loosel i mesuls = 0L clemied
arheranae
Veowlearcd
C.oaat iefTewied
J1}5 kL RTN] {dar) + isaz) P ogag i highk corder hit of Terlarzns inglecive-OR crpaal i baiwesn the sonrce and des-
JETRY: LiksDD Ao{dald sesdld sl clomiet other limation oprerands ard lesves the regult of the destinaninn
A7 0% e addreas: iz, corresponding bite set inthe destnation. The
Loowenal result = (e cleassd cottlents ud the dusticyzion azo les,
utherviss
Yo ovlvared
Coonotl effoeed
ADD aE0D [eladd o frc) MooaeLinresin 1) cle e Adés e anurze aperpod o 1y Sestinazion operand and siures
+ {ulst ) otherwise the reslial the destination address, The original cunlenls of
Lo osetif resii =2, cleared the desvivation: are [ost, The contents oF the sounce are sl
atherwise cfiveled. Twa's complemment cddiczon s perforiaed.
Y - 4
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Tahle 4-4 {Cant |
Doutde Operand instruction:

Mncmonic! L
Iuscewction Tme O Cogles Oparalion Comdition Codos Dwescription

ATID (Cont) V. oaet F chere wos arithmtic
vezlaw as @ result o the
vpetat:on; that i both
apcrands wers of the spme
sizn end the result was of
e oo posikbe sign s 2leared
ol herwise

. selaf thore wasza carry rom
the vl sigmificant hig of
ke resal clespcd orher-
wis

ElE 55T (st < [dsid W:osebf vesuln < O clzarad Suhbacts e souree operdnd fromm the desinalion opaaed zd
EROT el in detail. nthizwiae [eaves (he reanli ol the destination uddress. Toe criginal coneats
(alsl1 + = {arc) £rosel jl manel =10 cleared ot che= ddesdinatFon are tost. The conteats ol 1he e ome it
FL st oRiErw s eifected. In dovbie precision aethmelic, the T, when s,
Vooaerif thope wa< arichnetiz Jindiczatcs & borrow,
re il a5 d resul of
Lhe ap2raron, we.. i
vprerimed s were Gl -

posite sigrs anid e s:g0n
ot The conree wis the
sare as che gign of (he
resulic. cleareld otherwise
0. clewed of there was g
carty N the miost
5i;-'.ni|'i-.:ﬂr'|1 kit of the
resil], w2l nohorase

b 55 = souree {address tnode il —=piian)
1 [sre) = woli oz coatents
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Talile #-5
Prograrm Coaral Instructions

Musernmeic)

lstruclion Time OF Ciaale Cperation Condition Codes [hew:ription

{113 L PC~P0+ Linelteroed Provides a way of reangleming propram contenl wilhin 2 range

1.5 ns EXET (2% niTaer} 0f - 128 40 +1 27 wands with & ene word instoection, Lt s an
uncet difisaal branch.

EME CC D BC o= My Urncifecled Tosts the state of the £-bit and causas a bianeh il 1he 7-bit is

L2 s on branch XXX 12 K eltsur) is clear. BN §s e complementary opecation to BEQ, (@ is

2.5 k= branch irF-a el 2o 1281 dnequalicy following o CMP, 2o fest that some hics
se1 i the destueacion were alwe in the source, tailowning a BIT,
2piZ generatly . to est that the pesult of 2he previous apemtjon
wds not £,

EELQ e [ LinelMecied Tesis che seate of e Z-bul a0d noases o branch iF 7 ¢ set. As

1.9 L no branch HEX (2% oliset) if an ewnply, it s used o 10l equality Tollowing a CMP opera-

2.5 ks hraech £=1 Luiarn, [ 145t that oo bits sor i e destinacion were also set i
the source [ollowing a BIT operai-on, aud geoerally. 1o tost
that The result of the peovious ageralion wys 0,

EGE T2 P oe-To - Ul e Cawses a branei i0 N and W are either bk cteyr o1 botby set

1% g5 20 hnmich o (2% offset] i BGE s the qumnplementury eperanon to BET. Thus, BGL

2.5 ps brangh MWV =0 lWAYS euzes o« branch @hen ot follows e operation thar
conezed aldition o toeo pasitive mimbers, BGE wlos causez a
branch oo & O resale.

- - ¥ 1
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Tihle £-5 [(Cont)
Program Control Instructions
Mitermiicy

lostruction Timoe " Code Chperalion Condition Codes Descrpbion

BLT Q02400 PL+~PC+ Uneltecred Cuwses 1 braoci iF the exclusivesO of dhe M- and Vibits are 1.

1.9 5 o hranch HHE (22X oifset)if Thus, BLT always brarches following an opecation that added

25w el NV =1 1w nepative numbers. even i nverflow occusred. Lo particulac,
BLT always cawses a branch i it follows 2 CMP irstruction
Az lieg Gk a negative wonres: and 4 posstare destlnacion {even
af v rfioow cretusiee). Fusther, BLT newer causcs a branch when
i Tollgwes w CME fnsiroction nperating on a pogabive soaree and
negative destinalion. BLT does nat case a heaneh o the reaolt
of Hee previcis aperatinn was 0b{aithowt overflow).

BGT Q02000 PP Lipelizceed Qpeation of BGT is similar to BGE, cocept BGT docs not

1.9 ps ro branch bt (2% uflseth cabse a brsnch oo a0 result.

2.5 us brunch if £ v (N

¥i=0

BLL Q00 - ™+ Thefiectad Qpcration o smilar o BLT bur in addition will case a branch

L. w5 mo branch FrE] (2% offwerd il if the reswlt of the previous pperacion was 0.

2.3 15 branch Lu{Nwy)

BIML. | OO0 PL~PC+ Uneffecred Tests (he state of he N-bit and caes x brancd iT N i clear.

1.9 e e brarch ET1 (2% offscr)af BPL is the complementacy opetution of BMIL

T bracls H=n

BMI TR0 ™. ™+ Tneffesred Tears the state of the N-bit und cavses 3 breoch (LM is se1. [ is

|9 w8 mo hranch LT (2% olleery il wizd bo ceae the sign (most gignificant hit] of ¢the resuli of the

2.5 s hrureh

M=1

Py uperi Lo,
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Fable &5 (Cont)
Propram Conerel Instrections

Mnemonicy

Instruetion Tivne OF Cinde Urprention Coandlition Ciodes Descriprion

ERI Latong P —P0C+ (NTERREE | Cousez a branch :F the peavious gpserstion suosss oeither a carey

155 s rn brazch i 02w offaeryar oo a 0esule, This will happen in compurisen (CMP1 operations

2.5 1 brarch =0 i b s U2 snoree has 4 hiigheer wosipsent valoe than the
veaiingiiun,

BLOS 101400 Fo+~FC+ LMoo Causes a branzh i the poov:ois apenalion cansed =ither & carry

L9 s v Byl AN (2% 0T il o g O zsell, BLOS is v sorsplementacy operation t2 BHIL

258 s bramh Celf=] Tre bl oewrs in wonearisor oporziions as loag as the
stz s eqund booor bas 2 fowes ansgncd valus than tw
destigion. Comparian el unsizoed salues will e CMP
wedpastion tes b 122120 For “highe oz sanie™ and “hoeher™ by
o siznpie eyt of the O,

LA REEI 0 PO =100 Eneitecied l'es1s the state of the Y-bit znd causes o haanch 7 the ¥aliq &

1% w500 brunch KHN 12 % allsegiidl clear. UV iz complementary operation o BYS.

25 Ms hrench V=0

Y3 102400 M Ce Cnoifeciel Tegts the state of Wobow fovor Mow ) cod zanses o beanch il che

L9 x5 o Braach LEE (2% ollecry ot Vobit a5 st BWYE 3 wsed 1o detest o metds overtlow in e

2.5 us branch Vo Provns G Licw!

R [ D30 PC—T 4 Liziedt Toz 12 Tesig the stare nf 1he C-bit and causes a boanch il © s 2lear.

RH1% xnn (28 uilenbel B is 2w gomplemanzary operation 10 BCS.

.4 5 s hranch =i

2.5 s brunch

ECE (03400 PC—PC - Uil Tost the staee of e Cobit aned cavses & Braack o C s sec. [Uis

BLC XX [ X wlisely il 1zl Lo el Tor g carcy inthe resudt af & provaous reenlion.

I8 g 2 bransh =7

2.5 ps hranch

- -t ) g
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Table -5 1Lonth
Fragram Control Insiroction
Mnemonic,
Instuction Time G Code Qpesatian Conditivn Cisbes Descriptinn
IRS o4 DD [zl < (st Unefterred M axecuton of the JSR. the ald vontants of the specified
By (i is aminier- register (the finkage poinico) are gutomatically peshed anin
nal procewsnr the pracessor stack end new Tinkage informaticn ploced in
ropistec) the cepietar, Fhus, subroutines nestad wichin subroutines w uny
LI5F) ~r2p depth muy al be called with the same linkage remster. Theoe
(push rep oo is Ao newd #ither (o oy (e maxitwm depth st which any
tenis anke proges- partizulac subroatine will be zalled or to inclade instruccions
sur slack) in each routineg togpve ard reswore the lnkaps peintee, Purcher,
mep ¢ T M e all linkjpas zre waved ana re-entrant maenes an che pro-
salds wgtion ol cegsoer stack . execulitn ol a subheantine inay be interropisd,
iaing 1510 this and tha sazne subrouline re-celered ard cxecuoed by an in-
sl dress I« TGP servicy Tocing, Fxeguijon of il initial subroatine can
(ILP L. Fow PLL i then be resumed wheo iher reges s are satisfied. This pro-
el s [zalled nesting] van proceesd (o any level.
JER PO dsr i3 2 special case of the FOP-LL subrouting cal’
sitilible Mar siclroattine @adls that transmit parsomeoers.
RIS LA P+ ) UnFizctad Lainds comitgnts ool regisler antes PO aad popa the wp element
35 as freg) - 5P 1 ol Bt procdsor <lagk intn the specified regito .
Ferurn trom @ oon-te-enteane subrontine is 1y pically made
through the same vogiscer chat was wsed in its cull, Thos, g
salernuting called with 2 J5F BC, dst cxits with an KBTS PU,
aricl o sadiroaline called with o JSF RS, dsl may pack up
piramerers with adidressivg modes (RET+H, X (RS or @88 (R}
and rinaliy exit, witk an TS RS,
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Fromram Contral Dastoucrsons

Tahle 6-% (o)

Moemonic,
Instrustion Time OF Cade {perution Conditiow Codes Dreesrp I Eidn
[0 TneInoe; b CONHING NN L Ndnaded froan tesp vecioz Perlorms 2 1rap sequence with a rap veciog gddmess of 14, Used
B2 | 15F) « PC Lo hded Mmom Lrap vector w2 call debueging axds. The wser iy cuntioned against soapleying
M+ (14} V. coaded Moo loap vector cade COCHHIE i progrnns ren wnider these debupging aids.
FS+~ (16} L. fouded loom rep vecto
[T L § ST - PS B loaded $Tom trap vootor Terfumrs o trup seygeence wich 8 trap veolor address of 20, Lsed
B.2 bSFY- X £ Toaded from vap vctor o girfl the 1O sxecutave rowtine TOX w the paper-tupe softear:
L+ {3 O loaded T trag vezior system . and for coron veponting w the Jisk operating sesiem.
P& «-{22%
EMT 1040 N4t Rl 2 MN: lxinlesd from teap vectar Al aperation codes Troes 104000 to 104377 are EMT instruc-
B.2us o [SE - PO £ louded fram rep vocio ricarts il miry by veed to transmit mdenation w e anuating
L 430 Yo loaded fromn trap weeior ronting (2g., function to be porformed). The trip vector tor
Py 321 O ioaded from brap wacior EMT is at addrasa 30, the new ceniral processor stulus (P5) i
taker from the word a1 address 32,
CALTION
EMT is wsed Frequently by DEC systern software and
is therefore nut recommended for geiseral .
TRAP 1i4010) 1 LI +~ 5 M0 loadzd Feans kmip vector Operziion codse Erom 109400 (1 1047797 yre TRAE instroctions
B s ICH77T AN A L £: lcadsd from rap voerns TRAPS gnd B s are identicsl in aperaoon, exeept that the
P+ (3} Y loaded oo rap vectoe Lag vaztar Nar TEAP is ur addross 34,
P&+ (30) C: loaded trom cesp veemne

MOTE
Sinve DEC software reakes frequent wse of EMT, 1he
TR AP mstruction is vecominended Tor yenernl use,

WOTE: Condition Codes aie uncfocied by 1hess instrecrions

oy = affser, B B (0.7 of instruction format
R = register (Fvkape proinoett
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Tabk &6
Qperate Geoup Instructions
Muemonks)
{mstrution Time 0F Cuode Opesation Cautdition Codeys Deseription
1iALT LR AT Mot efteored Causes the prasgesar operiiion t<ox o2iee. The ennzols is pdven
1.5 oz coitenl of the procossor. The corsele data lighes display the
address of the HALT instrection plus Uwa. Transfers on the
Lizibus e corminated cnmediately - The DU peinls 00 the acse
instonstiun 1 be exccuted . Prossing the CON key un the evazaolz
CEAEEE processuT o pEadlion to resame. bvo INIT signirs is given.
AT 000001 bwoat et T 121 Provides a way [r the processor b relinguish use af the bus
LH e while it waits fur an exrerral inlerrupl. Havine been given o
WATT command, che processer will o canpete far bus Ty
Cetching nkstruciens of operands oom memneery . This peimats
higher Liansder vabes Betwoen devics and memory, sinee 13
procesan: nduced latencivs will e ancountered by bos re-
quesaz from the deviee, In WANT, 2« in @l insteuctons, e PC
podnes ta che oext ingcrweion tellowing e WATT ogration.
Thus, wlhen an intercapt couses the PCand P8 0o be pushed onio
Lhe siack. the address of the next instrucsion foellewing the
WAIT 5 3avce. The exic from Ahe isuerrogel sotine [ic., coeeu-
i of an RT1 instouction will canse rescanpdios of the in-
terrupiad pracces 2t the instructisn Malhewing the WATT.
RTL [HIOHEE PC {51 M. loaded from pro- [lsed tu exar from an interrupt o trap setvive roeline. The PC
4.4 s PSW {5¥) cessarr siack and PSW ure reatoned [popped) from the processur stack. i a
2o waded o pra- trace trap is pending, e first instruction after the BT1 will e
cessor slack exeovuted prior tothe next T trap.
Wo laplest Troon proor
cessor sk
C: loaded feem pree
oeanr stack
ILESFET (HERLIH . (5F) ik elTected Lencls [NIT un the Uncbos fer 20 ms. AN deyie=s on the Unilos
20 s I'W (5P} e reset to cheir stale ol powar-up.




Table -7
Condition Code Operators

Mukecricmicy

Inustruction Time OF Code Dicserigetoomn
{Lr oan24] Bet ol clear cordition cods bits. Seleetable combination of
{7~ 242 these bits reay be cleared ar sor oegethes. Condition code hits
LM 244 verresponding 10 bits in the eoadilsm cole operator (hits 0-.3)
LY o250 it mendified pceording to che sense of bil 4, the seticlesr b
Sor all C0s [KKIZA] nd ke vperator; Le., 501 the b speeified by bit 0, 1. 2,00 3 F
Clear all CCs IHKIZED it 4 isa 1. Cler corrgsponding kits if kic 3 =10,
Clear ¥V and © (U EA
S pgeErution Q270
M operation 000277

g7
NEh Q0024 5

L0244

0260

Logiyn Dekranc e I ELGRCEDR COWB TR, RS DEC EESE  REG, MESE, S0, Al S SACR %1570 RIR, A79E, 300 Flc B auF, RSEH
RUL AR R RS SReT]

(e o
1 i 1 1 L 1 1 . 1 | L H
th & 5 o
sl dpenard Gesapd BTECTR SIC, AICE LIS, SE, AL, =EHI
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G lizde o Azt
i i ] 1 1 1 1 ]
A1 1z 11 & - T
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a.Fuars=in | Lidrr ipkiFaingng
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L Ul iodn nH a-
1 | | 1 1 1 1 | I | 1 1 1
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ho e T Subedalin: 1059

| rea Sl
1 1 1 L, 1. I

c.Sehralrag Jean 13T AT

A Toaps i beeab pent, ST, 5K TRAD

Q03 COOE
] 1 ] I O | ] i i i e ]
S ipmima Greeaps (sl T @nlT 377 RESET)
ne oo
] 1 ! - | i ] 1 ] 1 1 | 1
SCurdt et Cose Qpeodlees (ol ousdilbien cods nalrechoasd
o ) L] 2 L] H I i b
] i ] oL i 1 1 A1

telFIR

Figuze -2 PO 11 Destvaer o Fonmsis
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Table f-5

Mk 11 Differences

FUP-11/15. FDP-11720

PDE-11/05, PLF-11,10

OFRCEE, (R H-{RY souwree operund f= 5B afier autoincrementjautsde-
pemient of DES P regsler oaly wien suuree and destination tegisteis acs
the s2me,

Lxample=.

10 MO 2= 100 RA) 1640

1R MOY RO (R 1 O HALT

Aller Execution:

Ra=102

L LO0 =102
I SR G- B ST (T + uses R atter autondeciement/surainerement
gt ok pperand.
MOY PO LK, siores PO of INST +4 o [OC,

sw AR doca not dungs V.

Program bl displays PC ol halt iosisnesion in ADDRESS Relis. DATA
lighez dispioy 4 RO

Ity e ups 1 the odd beie of the PS cavee odd adiliess crap.

The RESET instrwcrzon cleors the RN tizhe cuch that program ioops
thar make frequent ise of RESLET niay ot appesr to be runmng.

Fower fail durivg RESET insiruction i not seeagnized until after the
instraction 2« finlshed ¢ 70 msk. Teoss kite. w0 don't vse RESET. RESLL
instruction vonsisrs of 70 ms panse with INET ocourcog during first
21 mis.

OPR %R (R 1) Wsnuree operand is 56k befors aeinincesmentiinug ndea-
recnent of DLEXT regisrer whether source or destinalion cogasters are e
same or net
Lwampls:

12700 MO wind, BE Lk

10020 MO RO, (RO0+ 0 HALT

After Frecution:
RO=102

1OA100 - 1iH)
[Mals chat LOWLOO is - 100

OFT FH, G- R i (R 4 usee B pefors autodecrement vl tAncrokent as
souece aperand.

WOV PC. LGS stores T ol I95T =2 in LOC,
Sith lenrs W,

Displays next PC.

Bvete ops fu udd biyte of PS5 do pot inm. Mot =11 hite may eaist,
RESET does mi ghear e BUM Light.
Peower fail immediately eads the BESET inst roclinns and craps i an INIT

it in progress 422 med A o [T of 300 s ecowrs i the msrucion
phoeed. Power Tl during RESET fetch is lutal. 0o pomrer-down segquenge.
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Talshe 6% {Cont)
FIYE-11 DNfferences

FDE-11/15, PO 11,20

PT¥-11/0%. FOF-11/10

The Eargt insrracticn i an ctenupl secvice routing js guacanieed o b
exncoprcd.

Seyuense of intemal jrovessor traps, extenal jnierruprs, FLALT and
WAl
BUS EREOR Trap
(il Address
Data Thme Chut

HALT Insteuction for Consnke Operation

TRAPF tnstructions: Megal or Reserved Instractione,
TRIT, 10T, EMT, TILAP

TRACE TEAP: T-hit uf procussoy srati.

UYEL Trap: Stack ovecllowr

FPWH FAIL Trap: Power down

CONSOLE BUS REQULST: Coszole operalion atizr HALT swilch

ULIETIS BUS REQUEST. Peripheral Bequest, comparal with Frocessor
Frivrity - nsaally an inlermupt ocouss.

WAIT LOOP: Loop on a WAIT instonction in 1B uotic an interrupe allows
axit. A CONSOLY BUS REQUEST retums ter this Jnng after being
hicenared.

The dirst instroction in an indetenpe rontme will nod be exeeued i gnothes
intercupr fecurs i o higher prionty level than was assumed by the [inst
intesrwp .

Scquernices:

BUS ERROR Traps
HALT Tusiruction
TRAPF Tusdructions
VEFL Trap
FWER Fail Trap
LIMIBTTS BUS BECUESTS
COMSOLE STOP
(HALT switch]
WAIT LOOE
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PART 3
MMI11-K AND MM11-L. MEMORIES

Part 1 provadea both pencral and detaded descrptions of the M1 1-E und MMEL-L
core memories that are used in the FOE-11M05 amd PTHST10EDL Mainlengnos
intormation is alsa included, The chaplers of Marl 3 are:

Chapter 11 W1 1K and L General Thsaripeon
Chapter 12 MM 1K anid T eeailed Description
Chapter 13 Memery Maintenance



CHAPTER 11
MM11-K AND L GENERAL DESCRIPTION

1.1 INTROEAICTION

This chopizr provides the ser wilh the theory of opertion and legic diaprans necossasy to wndererand acd mainczin
the MMI11-K and MM11-L Bead!Wride Core Memesias, The lave] of discicgion assames that che reader s Fanuloar
with basiv dizilal computer ey, Bodh poneral umed detled dezcriptionz of el cnre memnries are mcludad.

Allhouph memery conlrol spals and dals pass througd B Unitas, it s Beeond the seope of thiz discossien 16
drsezibe the operation of the Unibus, A delaiizd description of the Unibu: is presented in he POP-PS Porpherale
Flanidl b,

A complete et of enpineering jopic druwings is shipped wilh each core muenney, These Jrawiags are boawnd inoa
sepacate volume entiled MAIK and L Core Memories, Bopivcericgr Draowig®, The drawings reClect the laces prand
revisions und correspund to The specilic memoey shippad fo the psar

1.2 GEMERAL DESCHRIFTION

Thi paragraph provides a physica] deseripiZon and spociliculions Tor the meaoocy, The owajor Tunelicnal units of 2ach
memoory arz hricily goeeibed, and the basic memosy openntions ane discussed

11.2.1 Physical Brescriplion

The MM11-K provides 4056 (4K] 18301 words: the MM 11-L prosicdes AE92 (8K 164k wonds. Both configusacions
require thyce standard §-1/2 invh wide modules: e uze hex-height and une i quad-heght.

The wqlbeght module contains the memody steck: medule 11213 for 4K: and module 11294 Tor BE, One
hex-height wogdle (G0 100 containg the control loeic, inlihid deivers, seose amplitiecs, and L6-bit dute oegisters b
ulber hes-height modufs (2300 conlaing the addness selection logic. cocreot genssacor, and switches 2nd drivers.
Pin-lo-pin cosnpalitclily exists beiwesn Lhe C, T3 F,aud B eonuiecesrs of hosh these modulss are also compatible
wilh the slandun] Enilus pin assigninets.

1% cecommmensbed thal Lhe G220 Thiver Modole be iascalled betargen the G119 Contes] Madele and che 11213 or
214 Srack Module, Phatographs of the compesient sades of the nesdoles ace slown in Figorez 11-1, LE-2oand LL-3

11.2.2 Specifications

The penceal reciery specilications are listed in Tuble 11-1,
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8197 X 16 BIT CORE ARRAY
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i,

an, lldh T, e ; " . r=||
i O

o c E AV &
3. 1D

Figure 113 Component Side ol 8K H2 4 Sack Modale

Tale 11-1
MM LB and L Memary Specificaivres

lypu:
Maznetic core, seadiwiibe, comncldent cuncnt, randony acosss

Chrpanizacion;
Mhaar, 30, Lowie

Capacity
40006 14K ) wonds tos MM LK
A2 (KK worids For MMILE-L

Aciess Time and Cvele Time

Bus Muode Cycle Time Access Tlnae
DaTI N1 s 44000 12
DaTIH ELIRIE L IR TE
DA DATLHE e LN RTE 200 ns

(FALISE L)
DATO-DATOR 430 ns 200 s
[PALIZE EH




Tabke 11.] [Conr)
MM IT-K amd L Memory 5preifications

XY Curren) Murgins:
B O, TR T, e 6 0%

Etrabe Pulee Murpins:
FI0ns @00 O, 2340 ns 08 257 £, 230 0y @ 507 C

Wilruge Ragquirenienta:
+5% 5% wath lese than 0.0%Y cpple
- 15 £50% with l2ca than O Q5 rpphe

Awzrams Current Beguireinens!
Stand by
+i¥: L7A
-15%: N.EA
Mernury Aeliva
+iV: 3da
-15W: 604

Power Digsipation [worst case):
Contrnl Madule (GLLOY: == GOW
Drive Madule (2311 =40
Stack Module (H213 or H214): = 208
Tata! ar maximucn repelilion rat. 1H0W

Evwsiosmeat :
Ambicat teraperaturs: 0 O e 505 O35 Fro 22 F)
Relative Elumuidity: D-50FE (pon-condensing)

11,27 Functivnal Description

The memory is o readfwrile, randoin wecess. coincident cugrent, magnetic core 1ype with g cycle tims of %04 w8 amd
i ceess G of QOO0 s T g vrganeed ux @ 30, -wiie plana: configuracion. Waord tenpthois 1O bits, snd the memory
is i Tared 1 Iwen wazl capacites: o WM I-K containg 4096 (4K words, and M1 containg & 192 (5K ] words.
The g funational wcits of the memory (Figure | E-4) ane brictly described in the Tolloraivg meagrphs.

L1231 G1L0 Coutred Modwde — The G110 Coromol Module concins the menory control circeiss, selabil didves,
gznsz amplificrs, dute register, threshold cironil, - 5% supply, il Jevize selaclor,

r Memeary Conprol Cirenity — Conloel girgoils are prowidest o acknowledes the wequest of the oeastor
devicr. determinz whish of rhe o hasic operations (TRTL DATIP. DATO or DATODRE is 10 be
perionned, and set up che oppropials lning and contral logic oo pecform the desiced 1ead or wrir
aperation. I a byte eperilion s besn selected, adidress ling AQ0 L deteoniines the brie Lo be selecred,
The actuud read or write ope milicn s osgleciad e conbeol lines (OO aad €017 The memery vonloe! g
alea fronsters duts o ond reom the Lndbos.,

L Irkihir Dricer — Luch bic e conlaing i single inhibityseoss: e rhat pazess throuph ail cores oo the mat,
To write a 0 into 4 seloesed Bit, an inhibit suzeent is passed theougls the inhibutfsense line that cancels the
s cucrent i the Yliee, The core doos mol switch, o il remding :m the 0 state. With na inhibiz
curetit, the eicieats o the X- and ¥ dines switch she core oo the | state

Li-
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Senge Awifices . Duting a read opesston, the serse amplifier picks vp a wolape educed in the
sensefhilil winding when o vore iz switehed Mrarmoa 1 on a8, This sipnal @ detecled anif mplified by
the senge wmeplifier whose output sxts & data register Mip-flop to stoze a L. Do effeet, o 1 % repd bot the
core i swilghed to the 0 stats. Cores which wens previossly set to @) ore not elfasted.

farg Regisrer The dara remstes s a Dk flipakop repister usad o stos the conlends of a word ofter it
is deslruatively mad our of the nenworys the wime word can fhea be wrilten back into memany
{restoeed) when in the DATIL mode. The register is ol wed to accept data Mo Lhe Unibos lines to
accomnwadile the huading of incoming data inla the cone memney dodng the DATO or DATOR oyrlos,

Deviee Selector  The devive addross is decuded in die device selector to detectune o Uhe memacy hank
Tras Baen addressel.

Threshild Cired! ared - 5¥ Sypple — The threshold cirzuit provades o refecence theeshiold wollage 1o the
seose amplifiers. Therieg a wed operation, i the theeshoald suéape {3 mV) is cxeeeded, Lhe sense
amplifier produces an outpul. The 5% supply provides a swogative wollage Tor The sense amplifiers.

11.23,2 G23E Driver Module — The G Driver Mo ele conoaing the addoess zetect i levgiez, wwitelies and drivess,
Tzl geaeraler. stick discharge coeuit, and TR TO protestion circuit,

L

o

Afiderrs Sedeetior Lome — The core memory reccives an 159-bir addiess loonu the muster dovice, The
iclibresy is Jalched ond dezoded 10 determine i the memory i the selected device suid 1o determine the
vore Iecilivn specifically sddressed. 17 the oportion is 2 byte opeatisn, bus e A0 indicates e
bwle b be used. The X- and Yportivn of the address is devaded choough zeiectian seilches und o diods
rresiria Lo coyble passapge of weadiwrils current Urough che selected M- and Yalvive lines of 1he memary.
The coincidencs of these currenis selecls the specific L-bit coe vmmsay hozation desirad,

Swirckees wed Frivery — The swabehes amd drivers drect the flow of coereni through the mapns:ic cores 1o
enawrs the proper polagty for the desired Numgtion. This action =5 necssssry beranse 2 single readiverils
line 5 imel, sl the eurrent for a weile aperation is oppogite in polaniy go the coment reaquires] for
read operalive. There are separals awilches and drivers for the sead -l woile circaits bn the selection
Nkt s,

Cuvvenl Generelory — X- and Ycurrent gewertors provides the cieren] necessany 10 changs the stale of
the nesprietis coves, The lingar nse lime zod smplitede of the cwpytcument wavefomm hive boen
sefecled 4o provide optimum switching of the core states wrd maximum ~<imal-ta-poise Mt for 2 wide
runige of lempezacures.

Stack Divcfinge Cireuft = Tle stk discharze ciccoit mantans the proper stack charge vollpe durine
uperalion: approzimately OW aluring o read operation and  approximately - 14 during o writs
operilicon.

DC LG Profecden ecridt — I any de wnliage is ot of tolerance. T T8 is ssserted on the Thiibas. 11 s
senged by the T LAY protestion circuit, which anbibits {he memory operation by opening the - | 5 lins
L dbe cucrent sousee. This prevents spuricus memocy speratiom.

112233 N3 oy H314 Stack Maedale — The stack cwdole conuins the ferdte core army and the XY dicde
nutricea. For the 3K memeny TH203), 16 wre mals arz used, each wied inon 64 % &4 mutcix: |6 core mals, eich
wired ik & 128 ¥ &4 nairix ave used Bor the 8K memnry (II2E43, The stack also eontaing (he resisoos the risior
connliracion o contiol the X% carrent gonmacor temperalure gompensation.

114



[1.2.4 Basic Memary Operudians

The coze wmerary has four basic modes of operation. The mnin funciion of the memory is smply 1o eesad ancd wrids
dats. Additlonal modes are provided, howewer, 10 allow For byte oporation uned 1o eliminzie The reslore cycle wieen il
iz not peeded, thereby increasing overull system efficiency, The four basic menwry greralions are:

oo PreadSrestore (IRAT )
Tk, Femd paese [TRATIT)
c,  Write (AT

o Wrile hyle (TATOE),

These Mo cpodes are discussad heiefly o the following pamaraphes.

NOTE
I the folbowing discussions, all wperutions meior to the masier
[controlling) device. For cxample, the torma “dids oul”
undicates data flowing cut of the master and mto the memury,

11.2.4.]1 Data In {IATT) Cveke — The DATE ovele 15 a readirestore memary oycle Dunng this operation, the
memoly reads the information fram the selecoed core logation. transfers it 1o the Unibes, and then wriles the
infarmarion beck into the memory location, This last step i necesary becsuse Lhe core memory is o destructive
readout device. During the tirst pact of the cvcle, the memory leads the ety into o regisler; ar the sane time, the
memory oppbies the doti e (he LUnibes. Then, during the second et of the eyele, the memacy takes the daia toom
the register and weites it bagk inle Lhe addressed memary location.

11.2.4.} ixata In, Pase (DATIP} Cyele — Mormally an reading feom memovy. the Informition is desceowved o the
particular Iocaton aceessed. and the datn muse be restoced, [owowver, sometimes it i not actunlly necessarye bo
restors the information after reading, bevause the hovation is co howve new dati writlen dimnin i In this bslance,
climinating the teerors operetion decreases he memory <ycie lime by approxiresaely 50 percenl. The DATIP
opetotion is vwwed for chis purpose. The ala is resel Tecrn rresnory and the cestoce cycle is inhibited. Becarse ao
resiore cycle i nsed, o IXATIF must alwawes be Tollowed by 2w cvels Ceicher DATO or DATORE on the sume
ackdress e kit in both adedresies wolll he Lle&lll.‘l}-lad- T a DATIP is noi falloared |:I_‘." 2 AT o DAY, 1he memoan:
contmaller wall 2 wnshle o conbial the bos, 2nd odhze deviees will ke unablz o scesss the bus (his is knoean as
Frnrgivg, Che s

11243 Dt Out (DATO) Cycle — The DATD cvele is a write memeory vvele med by the master device Lo transfer
data intw core neenrory, To cosure ther propey data is seeced, the memory wnit mest it e clesipesf by reoding the
cenes (therely seliing them all ta O) before writing in the new datw, Dering g warmal I3ATEY, The mesnory Tinl
perfonng the read oporation t2 clear the concs ond then pedforms o wrile swcle eo lmslze data froen the fus inlo the
gzlected core Iocation. IT a DATO followrs a DATIF (oither thar 2 LA, Lhe seiquerace is ot the sne. The TIATIP
clears cme and genesates 4 pawse fag; the DATO skips the redd cyede and dmanediniety begins Lhe write cyele. Thaz
prucess resluces TPATO eycle tine by approsimately S0 peroent.

11.2.44 Data Cut, Byte (DATOB) Cyeke  The DATOE cycle s amilar in Paneoon o2 fhe DATO cycle. exeops
that during DATOB duta is transfeered inte the core memey frone Uhe s i Byte Torm rather than as s tull weerd.
Thizing the read cvele, the oon-selectad byle is sioved By readbng ir intn the data register witlle the sclected byt is
tramforved inca the eopister Prom the bes, Ducing Lhe wrile cycle, only the selecied hvte poztan of the word is
loaded loto the memory bocacion from the bus. AL Lhe s Lime, the non-selected byete §s sestored fram the daca
repistar intis the memory lacalion, In eMeel. the mewary is first cleaced and chen simultineously periommes @ re-lore
cyele for the wonselecred byte and a wote cycle for the selected bryre, This meade cm ollowe o DATIT s deseribed
a |,

11-7



CHAPTER 12
MM11-K AND L DETAILED DESCRIPTION

121 INTRODUCTION

This chapter prvades & detailed descriiption of the MM11-K snd L memories, The discusson is related to the 8K
mernnry (MMIE L), The desedptivn of the dE menwey (MM LR is bisicolly the fseme: cely the differences are
tlisciziged.

The derailad desespticn covers the core arrty, deviee and word szl oo, sarches and drivers, corrent ganenition,
grack discharpe wircuit. DO LD drcil, sevgefanhibit cireuitry, vontml and cosiag loge, and memorny operating
cyches,

122 CORE ARRAY

The Terte-core arcay for (he BK mewnory consises of 1o mats sreanged inoa plamn configararion. Each mal conkaing
REU2 Mermte cores arvanged in a 1356 X% Ad array. Esch mai represents o single fir position of a word. This phickr
ennfiguratinn presides 2 tetu] of 8192 16-hiL woid lacations. The 4K memuory core nray consists of 1o mats vach
arrnmgend in a 64 ¥ &4 planar conbfiguraiion to pooside 3 total of 4096 | A-hil word lecatiens. Tach ferdte cors cin
asgune o slable mapneriv sete corresponding e ethec 8 bineey 1 or o hinary 00 Evenad power is removed from the
cure, Lhe eore etauns its stute ontil changed by appropriate contrel simals. The vutside dameter of cach cone 3 1%
rriil; the insede dianwetar is approsimately 11 il Each core = 4.5 mil thick.

Salection and switching of the cores is peovided by three wires trversing eacl corc n a specizl seleclion lechigie.
An X-awiz vead hocite winding pases tdooogh all cores inosich o astal row for all 16 mals. A Yasis eadiwots
winding passes theoaph all soses in cach vertical ow Gor all 16 nate. Throvgh the sse of selecton circuits which
controb 1l vurpenl apphed o specfie X% windings, any one o e § 192 ar 4G word Jocarinns can be addresscd
for weiting data imlo ey oc reading data oul ol smemnory. A third Tine passes throngh each cone on 3 mat to
provide the senselinbibil funcrions, Thers is cons sensefinhibit line per mat. This single serefinhinn line. as well o
Ihe sebeclion cirgails, are diseigeed in subsequent paragiapls.

12,3 MEMORY OPERATLION

Fizine 13- illustrates a gypicat pectinn of the come memery. An K- and Y-winding pass through eich cnse in the
mizt. The current passng throwgh 2oy one winding s sueh rhat mo single windiag produczs a rmagmetic Deld stiong
a4 BUEH L0 CEUSE 4 vory to chanpe is nagnetic state, Only the reinleeng magnetic feld civgsed By the coincsdent
eiieend of hoth an M- and ¥ awinding can canse the core locased at the pnint of ineesction e change states. 1t s this
principle thal allows the telalively simphe winding armnpgemen o sclect one and only ane rremony coic ot of the
toral contgined on ench o The easrent pissine throngh vither an X- or Y-winding is elerred 1033 the half-adeae
cureznt.

A Qallselect cunent passang thiough the X3 winding (Figaee 12-17 feom lebl tu nght pecdoces 2 magnetic field that
eends 1 change all corcs i that hodzonea] row from the U 1o 1 stale. The lux prodoccd by the cureent iz, however,
insuffic:ent to compicts the state teansition in any core. Simul neously passing a halfselect cucrent throogh the Y2
winding From wop ko botiom produges the same efeet on all eores o that partizuliy vertical row. Raote. however,
Vit buelhy enrrenrs pass throogh caly one enae whick s located at the Snismsection of he X3 aod Y2 windings. This is
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the selzcted core and the combingd cunent salus=: ame sufficient to charee Ui s of the core. The arrows in Figwie
L2-1 sk purrene directinn for the wrime epele. All %K. amd Yowindings are wezarged 10 sl 8 nznner Lhal whe newer
a halfselect carzaat & passed (hrough each, the esuliar rapnetie elds coenbine inthe come at the il of
infezgecrion. This combuned. Tull-eel=cl curnent ensmes than The selecred core @ lelt in ihe binary | =tule. The

curcents vied Lo seleck the corz sie nelerred 1o a8 wiite cunents. A typical hysterss loop for o core iz shown
Fipgury 13-2,
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Figuwe 12-2 Hszicresis Loop for Core

Io the MMIT-K and L Com Memyries, the X3 windings in all 16 mmts are conneeted In seaes as are the Y2 windings.
Therefuce, whenever a futl-selecl cerrant flows through o sebected core on one mat, i1 aso flows throngh anidenticad
care an the other 13 mabs. The X3-Y72 cores op 211 mats switch to 2 binary [, cousing sich of the 16 comes o becomne
one bit cf o 1A-bil slorage ool



Breause of the seral watwre of the X-Y windicgs. 3 metliod iz wed thal 2lws cores to emain i the O srale clarimye i
wTile operition: atherwize, every | R-bil word selevied orowdd be all Ls. The neechod e in fhe MMI11-K and L Core
Menearzes is o Gt clear 21l cores o fhe O siale by mading znd then, by usiag 2o inhibin winding dudog the wote
operation, To inkibil ¢ores on pardeular wacs. The inhibitgd corms rempin 05 even when identical cores an other mets
are sct 1o |,

The halfeclect cuent Tur The inkibic lincs i3 applied froast azoshibil corrent driver, wldch 25 a swstel ard a resis Lo
betaven the nlddl Loe awd 15V, The cwreent in e ialubit Lne Mows in e oppositz dircction Feorn the write
current in ull ¥-lines and cancels onl the write cureent in any ¥lioe. Thene i o seporate inhibit driver tor each
rermry mul. and cach mat repesanls nne bit position of 2 word, flos, aelecied bils com be inhibZted to produce any
combinulion of Bioary Ls and 0% clesited in the 10-bit word. It niust be cerszrnherad ¢har the inbbic Fuciicn o
aclive only dudng weite time.

The zengefinhitdl Hues orz also used tooreed ot infernmboe ieoo selected Lo-bic memon e cell. The speecific core is
selecled 31 reml time in the samz marnes o8 dwing Lhe wrile ovele with one aomable exceplion: e X gnd
Y-cumients are in the opposite divection. These opposite hallselect coreents cause all coes previemly st 1o 1 1o
change 1o O; cures previously set to O arz cot eflecisl. Whenever the core changes From ! w1, the s change
induces & ¢wrent i Lhe sensy winding of that mat. This cureen s dategted and amplificd by o sece amplifier, The
amplifice outpul i strohed info the duta repistzs T evenlos? Traveler lo the Undbus, Bipare 12-3 shows o 1 Rewprd by
4-bit plaisy merory. The MBI 1-1 Core Memary (3E) Tunctwng in Lhe sume munner, cxcep? thal it bis 188 S-lines,
4 Ydincs. and L6 core mals. The core stringing is identical. snd the sense wimdings aee seoong floomeh all 8197 cope:
with the iaterchangs kerwesn X603 apd X604 instead of betwean X1 amld X2 For the 45 Imctocy. e inteszhar e i
betwcen X531 and X32 il bas 64 X-lines and 04 Y-lines.

1T4 DEVICE AND WORD SELECTION

When the moeessor or a pedphery device asteanga t predorm g imrsaction with fhe memoey, 1he processer jpsezly
un 18- addiess on Unilee: address lnes A (L7000 Six o Uhegs 1R bits FAQD and A 01 T:133] iadicate the acddress,
né (he memory a2 3 dovies, Deperling un the memesry confiperation, enly four m live hil combinations of these bils
are e gy shown in Tahle 12-E Elevan ol 1he 12 rensiiwing bits [A 012:021] plos A and A T3 drclicate Thy address
of @ specific sord within the memony. Addezes bic AT is msed 10 selest the bee (8 bers)d tmensoclize when in
D AT srnle.

Talsle 12-1
Addrcsaing Functieims
Bus Address Function
AK Manle MK Manle
A0G Conrrals byie mods Lantoads byoe imode
Al Becones AL {23 Bocarmas A07110 o 3231
A2 A0, ANl Dircode ¥ -aver: Deead s % Tirivers
A, ANS. ALR Lrecedn Y -Bwitelns Lrecods Y-Swatches
AQT, ADE, 409 Idecomle X 0ivers IIecule X Drvers
Al AT ALZ Devode X -Saviches Diecode X-Swilchas:
ALl Cioes o device seleclin Decode X-Swilchies
Ald Cantes, pov e selectiar Lrnes nir devics seleooos
AlS AR AIT Ceozs 1o idewive spiscing Caes Lo dievies seleclor

A0 g nar a Drabus sigral,
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Tlhe mermory ashiness is deeoded by e ddevies selzction ciezinl oo the 01 M Control Mislulz, The word addras s
atceed in & register on the G231 Dover Module whose onepur iz decoed 1 solivaie the X-F line switches and dpsers
which seleet the addieased word, These cirouits contzin jermpers which are indluded or excluded to 2stoblich a
specidic devies eddrese and select 4K- o7 SE-woed capacity. Jumpers are provided to selecl iwlertegved or
non-dnierlsayed eperation for the SK modsl; howewr. the memory s o be operagad i che non-inlerlavend] mede
ondy.

Talske 12-1 Tists he funetion of each addes bit, Figure 1244 s a sinplilied Tlock dizgram of the devicz and o
adiiess selection Grouics.
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Figure 124 Dievice and Word Aciiress. Selestion Logic. Bloek Diagrarn

12.4.1 Memory Organizelien aud Addressing Conventions
Prior 1o 8 detailed discussion of the address sebection logic. it s imgperiant 19 understand PIETINAC Y GEARIZAtica
Addressing conventions,

The merany i nrgandzed in 16-bit wonls each conssting of teg B-bil bretes, The hytes ane ideatifi=d as bew and high
25 show'n heliw.
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Each byle is addressable and bag ote oma address location: Low bartes ane evan nunhered and high hates sre odd
numberesd. Words are addressed at even muabered bocations only: the high (udd) byt is antomateealty includod,

Fir exarple, an 8K ward qemorny hos B192 words o 16,3084 byles; Lherelaes, 10,384 bocstions are amsigoed, The
adidress locations aee spocificd a8 6-dipit octal numbecs. The 16,384 Jocatons Tor the 8K memory are desipnaeed
Q0000 thinugh 03TTT7. Fipure 12-5 shows the orpanivalion Moz an BK memoy.
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Figure 155 Memory Orgarmzation for 3K Wards

The address selzclion Joge respontds 10 the binary equivalent of the ouisl address. The benary equisitlent of 01377
is chown in the fdlowing 2xaingle.

ANOZRELES ATH &<irnn e

L IR T O T B IR0 Bl B b B T I I o | (1] -] ! Q5 |04 D3 0oy joa] BT PRSITION
L)
alplaloflal1]1 101 y [ 1 L T - | & | AIMGET
[ . 7 ¥ | T 2 DLTAL

Fuch mamory bank (4K or BEK words) reguites sis own wiique device addeess, Uor cxample, asume thal o sy3tern
cintairs three SE memery banks (Figure 12340 The device selecter for 1he BEE noneinleclesved memory decodes
four address Sines [A (17:04)]. Examlnacion of tha Binary stutes of these Dils Jor the three memeory banks shows
Lthat the chiangss in dhe 3tazcs of bits A14 and A15 wllow Lhe seleceon of 2 wnique combination for each hunk . The
connbrtation, which is the devive address, is hapdware-se lecied by jumpers in the device selecior.
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Fipurc 1245  Adidress Assipnments For Tlres Banks of BE Wonds Lacl

Thisieyy syslem upetylion, the procossor peneiates B hinary epmivalens of the et address on Unilas adiress linas
A (IT:HH, The provessor wies positive Jogic and the Unilis wes negative logv, Wich thiz in miod, the Tllowdng is
included to remwird the reader of the negative lopic convention of the Taihus.

Proceasor (Peaitive Ligic)
Slgnal Asteried: H'i|_d1_ = Logical 1 = +3%
Saprial al Besl: Low = Logical O = 0V

Limitnes { Meputive Lopie)
Sigmal Asserted: Low = Logical | = 0W
Sigmal ot Rese: High = Logical 0= +3%

1247 Deviee Sclochor

The dmdce selactor located on dhe G W Conerol Modele {dowiog G1I04RT, sheet 2) choms a lexgie: diagram of the
device seleclor in Ihe 4K contipuration.
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Address bits A and & (U7 3) are decoded v The devica selector to provide the device seleetion signal T SEL H
fhirt is used in fhe cmemol losic. Two enmbinationz of these bits spe decoded. depending ca the memony
Com i Tal i s shown bekow.

Memory Canfigutation Addecss Bits
4K Words AT 13
AR Words AT 14

Obviowsly, the memory copoeity is deternined by the srack medole: H2Z135 for 4K words and 12148 for BK warads.
The same conioe] medule i psed fur both 4K and 8K memovies: therefore, varn jumperns (WY and WD are prisaded
to include or exclude adidress hic A3 comoensucate wirth the memory waord sice. Twa juinpers (T3 and T41 an the
(G231 [yiver Modube (drawiing G23140-1, sheet 23 ure presddled for ALS incluwion or exclusion in the wond addressing
bwjc. The aane dosee moduls 35 used for bolh menory capacitiss. In the 3K word size, the compamen| iz
with the addaraonal Xdinz read and write swilchied neaded Tor 8K words may be removed. Twe jumpers (W7 and W)
i the deviee aclestion logic on the conleol modube ane med to select interleaved or non-inerleaved uperation ok L=
4K memery, They are configwresd Lo provide won-intedeoved operation only,

Lach memery bamk (4K or BE) st hawve its own vrigoe device address. Five jumpess (W2-W6) in the deviez
seheciur provide (s capabulity, On draoing G101, sheel 2, all the junipess are shown in place and the device
selecior reipinids only when high sipnals appest o e Unibens addeesz lince A {17:13) Some jumpess con by
remaved to alloe the deviee selaclor 1o respuoned fo o methcokae sombination of high and Juw simals on These addiess
lires.

All Inigls ac the joputs of the 7330 Unibus receivers (E12 and EX31 pree Lows at theic oulputs. Pach recediver oulpul
e Do one Wit of 3 type 242 Daxglosive NOR gate, Because of jumpers W7 and WE, hil AL3 is decoded (or 4K
and 8K confizwsations. An additiunal recesver is wged to sense BUS DC LO L. und s espul {E22 pin 14} 45 s2nd to
an 8242 pata (E24 pin 5). BUS W [0 L s sserted only when the do voltapes Trom the moser supply drop below
specified limits.

The other inpul of the #2342 pales assnciated with bits A14, A13, 415, Alb and A17 can be comnected 1o 3V or
arpurd, depenading om whether o no jumpers W2-WE aes dnstalled. The input is low (orouad) #ih the jumper in:
with the jumper remwid, the gt is Tigh {550 Ench B242 pale is wsed 55 a dugiral eomparator; its oulpul i high
onby wlen hoth inputs are dentcal. The 8242 gates have open eollecters and they are connected in commen;
therelure, the cormpamber soput D SEL 1 & high only wien all wates derear matched inpuis (both lows or both

hi@'n:l.

An wietalled juwmper ceguires @ Yow sigrag ot the outgut of the 7380 Unibws recsiver. The 7380 15 connected a5 an
vereer 20 this sipnal is relectad as o high on the Unibus (opica] o asseled state for the Unibus). Ter com Tgure (he
jumpees for g wpecific device addees, find the binary gguivalanl of the assigned octal aldress and insert a iamper in
ccl bit pusilion thal contsing a . A epecitie jumper confapuration is shown in Fipurs 12-7.

The peevious isgusgion dealt wich the 4K memory configiration of the device selesror as shown in drawing
G1100-1, shaer 2 Address bits & (17213} aze decoded and the gwtput oF bir MIE Lnites recerver {E23 pin 20 15 sene
via joenpe s WA o the word 2diqess regisier 35 ADL H.

In {he RE memory configuiation, jumper W4 is remnved and WEG is instaled, This removes It A 13 froan the npau
o8 Drikis receiver E12 an GLLD and replaces it with +3 via resistor B0, This ecewer autput {pia F4) always
rerraing low o that jomper W3 rmusl remnam instalied 10 enswre o maich onoping 82 and 13 of pate ELS, The jumper
configurations for memeory syaleams wp o 1 28K words are shown in Figare 12-8.
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Derice Address Tunpees

Mermnmry Marchine ws W W w3 w2
Hank (Words) Address {Wardx) All Aldor AD] AlS Alf ALTL
O—4K CHNN 411 77 [ 1 133 iy I
A-EK 020008 127176 oUT IR 1w 1M 1~
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Figure 128 Dovice Dequling Guide [Cnid

12.4.3 Word Sedection

Warel selecton moquiss twa levels of decoding. The weord addres: bite are placed in the 13-bit word ilelress
repistars 12 bits are wed For a 4K memery, amd 13 hits are wsed Tor an 8K mensary. Some bits trom The reeiiler
sartyaLt are combined in a gating aotwork, The iutputs feom the giting nelwork and some cutputs dirscly fram the
sepister are used s inpdts 10 2 group of decoders {Figere 12-20. The outpats of the devoders seisct te prope X-and
Y—n:a,d_l"'.'.'ri oy swilehies and deivers.
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12.4.3.1 Word Address Reglster and Gating Logic — The wond addres: reaister and gating tomiv age eoalanedd on the
G131 Thiver Module, The evcnit schemitiz is shown in drivwing (3221 0-1, sheet 2. Tie rerister in co et of 13
TAEH dasl Detype edge-trigeered MipeMops, They ave idectlied as 111, E22, EI3, E14, k15, T19. and E20. The
output (pia 3p of mie LY provides o high smal oa the gpaset input {pin 4 or gn 190 of pazh Bpflop, which
prevents direet prasedling of the flep-Aop. Direst clearing of cach Mipaep & preveated by o hish sipnal o the clear
Impar {pin §oar pine 13} vl te output {pin 23 of gade B9, The regster canmasl by directly clearad or presets its oulpul
responds only to e sigoad st its daca (0 inpu.

Aulidress bits A {13:02) are pivked off 1he Unilnss wia Ly FAE0 rzccives® (15, ELA and EL7). The receiver outputs
are fenl o the cormspondmg fdip-flop Ddagaees. The inpul o the scociver assucialed with Bit A15 e lwo
seurces: Tlhdbos signal BUS ALS L wia jumper M, or =5 i jumper J3. These [impess zre associzred with {he
Menrny wurd sive. & 3K memory redquites )3 in and T4 ond: an 8K memory iU cs v aed I3 out. Becauss LY
AlE Lo wel un the G110 module ss par: of the deviee sclectur, this ITCENEERICHE preverls Sonding BUS A13 T
Pwice per e mcsy bank.

The P11 Dipflop associalal with bit ADL sccerwes il input from the devies selvctor (drawing G114, shept 2).
The anpl signal is ADL H, which is ebiained focm hee AN Dnibos reccives for lnslh 4K and 8K memario:.

The rogister Mipdlop: are clocked sy rchronously by CTE | H [tom the control Ingic Sulriwing GLIO-03, sheel 2,
Clocking acewrs wa 1A positive-pong eclpz wf CLE L H. The gereration and timing of thes ek siEral s descussed #n
Farageaph 1280, When the wegister is chocked, the outputs of Tip-flops 401, ADZ. A4, 405, AD7, ADS, AL and
Allwe gent tuche type 8250 X-¥ devidens on the G251 Dirver Moduk (drawing G231 0.1 sheets 3 and 43 The
outpats of Mip-Mops A0G, A12, and A1 are zombined ina grep ol six type TAH I RANLEF pates Cchree B275, ol
trea EX33), whisch are erabled iy sipmal T5% 13, Table 1222 lsis the staios af flig-flogs AOR, 412, and AST that e
required o ecable these pates. The oupors of Nig-Foge A3 aed AU e pated with TR 1L i high-speed 2-inpat
BAND pares uril then gpplied to the degrslers for the divers naly. The six siznals fsred in able 12-2 ase sevt iy
ro 28 XY b neanlbwerine switeh decockers on the deisor nodicle.

Tahle 12-2
Enaltling Sinals for Word Hegider Gotine
Untput Slmals Enabling Simals
Cat Ascerted Xignal FF A FF A2 TF Al

E?2pin L2 rAORH )L S L x

E22 pin h AL Feart X bl

E22 pun &2 {AITH - A3I0 L x Sel 4

2R pu 1l (A12L - AN L X Rozscr e

L23 pin & (AlZH - A1315L X 5t [eepd
L5 pin & (AIZL - Al3l)L X Besel Iteset

Sighat 135 Hix pevemied il the oulpul Cpis 1) of neaative input €11 gats B Susiag a sead e write cperatinn. [hricg
&oread opoitun, the enabliing signal iz prodoged ac s gate B, pin & ke ANDHoe READ Hoand TRAR H. Imiting
iowriie aperation, lhe snabling seaal s powluged gt MANE gare Fa, rin i be ANThow WEITLU I and TWM H,
Sipnals RUAD, TNAR ard TWID are pereezied by the control logic oo the GG Coatrol Modale, WEITE =5 the
conplement ol RLAT {prriduce by joverter &) Signal 1RAD 11 comes from e 1 cutput of kYW Nip-tlop E13
{drowing GUIMRE, shect 20; dhe REALR LI signal is poostuced when the Sip-flop @ sel When the ROW Pipeflop i
clzared, READ H i low and 3z inveroed by EA o producs WRITE H.
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124,32 ¥ and ¥ Line Decoding — The Basic decadum o iz 3 Type 8251 BC e Decima | Beccde: that converts
i AR 0L inped code 1o g cne-of-ton autpul | howsser, oaly epht oopures ane wed. Figure 1229 shows an 8251 and
mgpiated touth table, The dnpats are DO, 10, 172, and T3; they are aejgheed 1, 2, @, wod § with TN heing the Touse
sipnificant it The outpots are 0- 7 aril are andoally exclosive. The selzeied inipal s b and 211 othess are high,
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Figare 120 Type §231 Decodor, Pin Deaignation aml Trieth Tatle

For the 8K memory, ten decoders are used: sin for the Xeaxis and four S the Yeanie, Bach decoder contmols T
roadwsise wwiteh pais. Fach pair s associated with o specific switch o drivir, This swilch malria s combined with
the srack XY dhide watrix o allow selevtiv o any location sut of the tolal 2192 heations Glack devwing
Ca S-112714000 dun inlercuatections ).

For the ¥ wmenoey, ephi deveders are sed, fuw Toe cach s, The stk X-diode matnx s halved tooallow
sebpctinn o any location ol of the tnlal A0 cations Tatack drawing IS 130T Ton dziconacetionsh, &
discnssive of Lthe confiparation and operation of lhe seatehes an0d diode nuiicces is given i Puagiaph 12433,

Thee ¥ arel Yies switchos oee fissl cisferentiated as switches uned drivars, The drivers aic those swilches 1hat sre
coneected 1o the diods sod of Lhe stech . Drivers aad switches ane further diffcocnnatsd by Sanetion: githes 12ad o
wiile, Aacther Gitferentiatinn & nade by polarite: nesalive or posilive. depending on the physdee | congction. Bead
rivers and wrine switzhes are cornected to the varrent penemior cutpuia and are considercd posilie; s te divess
and read switchys pry conmecled 16 - 13% and o comsideral negstine,

Bipure 1200F shuss e decaders associnted wille Yeline cead and write swilches 1 T aad ¥elne read and wrre
drivers 4 7. (Refor alse o the truth dable in Figuse 122200 1o both dedinders [EZ28 Froer switclice umed 178 50 drivers],
the signal 12 nput D3 selects the Block of switeh paics, This sigpal st be Tow for oy cetgal 1 be selected. The
s.enal o imput ¥, which i READ L for all decoders, conlrals the sclection of rad or wrile suibches)drivers. Whan

1211



REALY L is Jow, cutputs 0—3 ase aelected: these are read switches and read dovers. Wien BEAD L is hivh, DUEpLIE
47 are salected: dhese are wtite switclhes angd wrile Livers, The four comkanations uf the staoes of mpals 11 and
M sefect the paclicolas switeh/drver.
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Fioure 12-30 Dhecoding iof Bend % ite Soisches and Doovers Y417

The: Tonr driver dzcodess {E3. ES, BA3, ol Fab om douing G23 101, shesbs 3 and 4) have 2 KART gate conecied
Lo dnpeel 3. 3imal TR H is an ingat oceach zale; theretons, the dover decnders cannuot bz enabled unlsss: TR 1]
55 high. This sigral is senerated en the G231 Driver Madw'y (draveng G231 5-1, sheel 2, coomdingtes 4-5) by ANIDies
TWID H and REATI H ur TNAR || and WRITE H.

Each awilchfumver & soanacted fo the decoder ontput through a trnzferomes-coupied hase dhve cireus. When the
deeoder onipuc is o gogd (awl, the switell'driver is wreeed ons i is ooened of 7 when e decoder oulpul = al
LRSSV (high ). Tle Dase divee cirzuit for write switch Y57 shown in Figore 12:11 s Typical.

In this cxample, the decoder inputs hove selacled ootpot 7, which 35 ot ground. Curient i) Goae into this decoder
i puk gircait froan the =5% supply via rosistor B L and the prirme wirgling (lermimals 4 and 2 af translaaner TS
The wilue of §y s detezmined by the salue of BID and the voltaee reflecied imin fhe tansformer primary
fappn codmaenely W) An equal current iy is induced inothe hesccrutier cizewdl of write seicch E2%. which w
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connceled to the fransformer sevomdury winding {lerrdnals 13 and 14). This current furns on K29, All the buse
curtent for E29 & provided by this cirouit: iz i the collector cocrent. When the decodor is turned oftf, its oucpue
pull-up trensistor trics to drive the swm=T currenl iy in the oppesice dsrection, This revorse current memsyes the
forweed blas from the base of E29 aod turos it off. Capacitor C30 alkows the decoder to pump reverse current iy into
the iramsformer primary; it alo speeds up fwm=nm guerent i Thade DL peevents reverse breokdown of the
hase-cmicter junction of E2%, it zlso protects (he decoder autpul.

-
[
] FRIW
1 - CUMHEY™
AEMERLTOR
Eao
WRITE
IWITCH
i
Tl E 2 O
= 51ACK

ROATIAN IF -
RQIFTRUT T

Figere 1211 &witch ng Driver Base Drive Circuil

11.43.3 Dhwlvers and Switches — Difivers anil swilches dueat the cuerent thoough the X- and Y Jines in the prope:
abezctionl as selected by the read and write operiiins.

For an RK menwory, 10 pairs of rendwrite switches and 8 paire of readiwrite drivers arg provided in the X-axiz;, 8
pinrs ul readiwrne switchos and & poirs of readbwzile drveas i peovided in the Y-os. In corjunction sach the
slack duwle et {deswing LI2040-1, shoel 2, one driver and any one of L6 sadtches selacl 18 lines i the Xaaums:
une dower aod aav one of cight swilches meleet eaghl lines in the ¥eaxic, This allows selection ol 128 linez in the
Waniz and 64 lines in the ¥-sxis, This provides o [28 X 64 niatiix that selects uny Jucstion pal of 8192 Iocarons.

Fos a AE memony. aiphl paits of remliwnte switzhes and cight pairs of readteritz devies e provded Tor cach ws
(X and 3. One driver and any une of sight switches select cight liney in both aaes, which allows selection af 04 lines
in cach acis and provides o B3 ¥ 64 gtk Lhat selecte any Jocation osil of 40%: locations. The size of the Xadiode
matrix for the 4K momery is cne half the 2ine of the samresponding matris fon the 3K memory {droaing L2331,
dlymet 24 Lo both menories, e diades provent sneak corrends in ihe stack and stecr all switched current by the
seleeled stask line,

Vigimes 121015 one fenrth of 3 ¥-seleion maiex showing the interconneetion of the diodes sml the lies Tiom the
savililes and drivers. Tt also thows how Towr patrs of switches and dearers are connected loseigct TR lseations. Refer
to drawing 1121301, sheel 2 for an axtention of this method thit uses eight pairs of sacteles and dovers to select
04 lozuticoms,

Fipure 12-12 shows four paies of drivess and Tour mics of saecehes for the Y-oxis unly; polaritics are shown for

contienee. The dindes are identified m asisl in associating them with the drivers and switches. Eacl line from &
twin diede imterconneetion to g eadiwrite swatch poar passes through 64 cores and reprezents one Jine on zich bil
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ik, Assume that a write opeation 8w be periermed aod the woed addizss decoulers hive selactad write swite
WSO and wrile deivee YW The Y-current gersrator sends carrent throwg o waile switch %Y 500 {conveiianal
Moy, wilich puis 3 positive wolage on Lhe el ol dicds GIW, 029, O1% and OUW. The non-selecred ot
drivers (YMWDE, YNWD2, and YNWDOE peovade o posilive weltame on the cuthodes of thair aeociaied diodes {03%,
U2W ol W, pespactively ), which reveise biases then gl prevenes cordiction. Write diiver YW1, which Las
heer seiected, turny oo and mokes the cathode of divde 00 W e live with respeon e e anods that Terwird bisses
it The dinde condugs and alloas curient 1o Mow @ owrite diver YWD, A haliscloct currsnl o Mowes ihrouph:
thos line that Hnks &4 cones per bit ot 1024 total for 16 rmets),

ML

EXE
- [weso _:-:'#J + 22w I o ;' W ..
S
f
i

- Fni'-'-'- .

rrw | K czw | X caw E'

-
Py

iq CORLET « WaT

0 £ a4 JF 0E4 TITAL I T : ) ~mwnn | -
| I'i:?"r +| ggﬂir-u'. kL & F 3 } aw & o |L|
1

!-!F[ — ——
TR F B ialc] * 2GR F Sk Pl
— | R T | E
. e i v e Ve
ITTIHCRl JUNCTINH ¥ORRIG A SETTION Juy S0 a R
[ERBT L

Figure 12-12 ¥-Lice Sefection Stack Diods Marri

Fogve 12:13 iz 2 simplified schemanic of rom paies of switches i drivers intercenracled with the core stack znd
cient generator. Read/write swelches Y807 and read/onite drivers Y17 are used as eaarmpdes. These swircles zid
driwens are choser: for convenienze. For aorend or write operation, thers ane 64 switeldever saimbingtions aviilable
o thie Y-asa aml 13 on che X-3x0E. For oo wperation, descder ER selects posizive reud driver BT sia timsfooer
13 and docodor E2A selocts negitive read swilch B2 g transfotme: T7. Bulh BT amd B2 pee tused va when sy
die selecial. T condvets and removes the everse bias or diode D6T, which allews currewl T the Yoenreent
genctatue G fhwe Through DGT. EY, the associated macny diode, and dhe cozes oo the selested line. Alvar Pissing
theoveh e cones, the currzat flawa throngh 1726 and B27 to the - [5% line. For o write cpciaton, desider EIR
feleili pogiirive woile swilch B29 via fransformer T; ond decoder FE sclects negiive write diivers E19 wia
tans et T4 Borh 29 0md R0 ae twmed on. 829 conducts and semaves the revarss hizs oo diode TH 7. wlnch
allows curtenl trom e Y-cierrent 1o How thiowgh 1507, E7%, and the corce in the oppRsite ditaction, After pasre
cirangl. e comes, Hue cursent Mowes thronph e associated matric iode, K10, and B340 o the -15% line. Bead
eorrent flow s showe s g solid Line. o hroker Jing shows weite cirren Mo,
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12434 Word Address Deroding smd Selectionn Sequence — This paograph tikes o speecilic word sddiess tnougl
the deending and X-and Y-ine welestion sequence.

The word address is OL77TZ, und 31 & sswmedd 1hat a spzeific nemosy bank has been szlscl=d. The hinary equavalent
of the addrzss is shown below, A read nperalion s L be perfocned.

EACDAESS LILITL a=ZuT.Cllin
s a1 el e [ fes celorjee sn|asjus walu oo
I .,|;_-.:|;-.'1|'||:-1|11 [ B |
2 A - r 2

DT PESTION

FIMEFT

s TaL

Fits A (13:01p are used to decode e wond sddress. Bit ADD 55 sood 1o the devics sefectus Qlrawing GLLO-D-1. shee
E_:l and Appeacs at woorgl ashdress ﬁip-n“p Eil . |.'I.i|'| 2 az A01 11 '|:l;] rH'D|I'-II1E £3 RENE LN ' zhes: _'_]. Bits 4 [!‘Z‘,l'.li'."l e senl Lo
the Laibus receivers, which ane inpwss to the associated ward adiress fip-Mups. Bie ALS is not used, The inpot oo the
Unihus receiver assoiaied with this bit & sonnacied direcUy e +5% theough jumper 13 (Tor o 4K memaowy, 13 6 in
and T4 is out). Tabke 12-3 shows (he suake of bils A (03:01) and the dacoding signals generated by the word address
Hip-flops atter they are chocked.



Table 13-3

Word Address [ending Sipnals

Adilres Unibus Receiver Flip-Flop Flip-Flop
Hii Receiver Cha e Htite Cutpot Siginals
Inpuat

Al 1. L 1 ADLH = LI

Al H L ot AlNYH =4,

Al L H o AlEH =H, AlEIL = L
A4 L H L1, AlMH =H

AL L H LT AOSH=H

LRI L H st A0GH = H, ANGL= L.
A L H net A071-H

MR L H w2 AJEH = H

Adld L H s AU =11, ADRL = L
Al L. ] 3ol AT =H

Al I. L el AlIET=H

A2 1. it el ATZH=H, A12L = L
Al2 resed M3IH=1, A413L=-1

The output signals from LMo A0R, AT3, ond A3 ure not wsed direc?ly from Qe MigeTlops; they are sent o
puling logic (E22 end E25) and are AMTed with signal 15% 10, In this case, anly two out of a possible sis simabs ars
peneateds ADOH G5 low feona E2D, pin E2 angl {A1ZH , AIZLY L is Jow Feom E25, pin &, These sicwals and <he
nutpuss from the other word address Bip-Nops are sent o the iopues of the type 8251 decnders 1o sslect the
appropriale swvitches and dovers. READ T.is am dnpat 1o each 8251 decoder. A cead aporation is o be pertormned:

hetelope, RLAL L is low.

The dreodess, switches, avsd drivers are showa in diawing, G2E10E, sheets 3 and 4. Using the deending sipnals i
Tabiz 12-2 and the opermtng charcledstics of the decoders, it is possdble e determine which deciders huve been
selecied for word address QUYTTE. A decoder is aelected valv when its 133 inpoz iz lowe. T Lhis cose, The selected
devodrrs are B34 and Fdé for the Xdine (deewing G231, shess 5} and 1223 and ES Dir the Yline (dnwing
L2301, sheet 4)0 READ LLis Juw and is soat to inpoc D2 of each decedar: it sclects read drivers ims switches in
this cusz. To wenly this guind, reter o the truth rable and disgzam in Ciguee 1249, Decoder gl LFang D selees
lhe purticular swatel oo diiwer s showen beloa.

2. Decode: Fa4

Ll is Bagh. [0 is Bigh: s=bects output 3 (pin 100, which = read swiceh 25507,

B Decoder Ead

D] 5 high, DN 55 bighe selevis cotpuoe 3 4 pio 100, whick is resd doiver XPRDT.

C. Decoder E23

I} is high, DN} is high: seleces outper 3 {pin 109, whizh iz read swileh WSIKS,

il Degoder ER

D0 s Yo, 1K) is hish: seleets oikpit | {pin 12%, whizli ia read diover XTRIMS.

The Inst step is to follow 1he wutputs of vhe drivers ond switches o e stack dicde malsis {drawing H2130-1, sheat
2). Fur the Xdine, the sircuit i from diiver XPRIT o cdiswde junction E7-11. acrass termination 35 to switch X507,

12-14
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Far the Ydine, the circuit is from driver YPRDS 1o diode junction E42, acoss termination 15 wo switch Y303, The
terminalicns indicates the puint on the stack printed crcuit hoard whese the X- or Yine is suldered. Physically, the
wime thil i conmected aeroas the temmroation is strung through 64 cores per bit mat (total of 103 cares in series fur
16-bit memesry).

12.5 READWRITE CURRENT GENERATION AND SENSING

In wdditean to the sddresging and comtrol bogie, four funclional units are inweslved in pencrating cucrenl [o swicch the
comes and detect their state. The X- and Y-loe curreot genetators supply the drive current (vis switches and drvers),
lhe Lnhikit drivess allow Os to be written dudng o write operation; the smse amplifiens detest Ts during » read
operation; and the memory deta ragister (MO} tamporasily stores dals to be writden or dita that has becn read
fromm the memony. The folluwing paraprphs describe cach functona| unt and their interrelationship.

12,51 Read/Write Operations

The tead/write operotions ure discussed in terms of the interrelation of Lhe curient penecator, mhalic drovers, sense
umplifiers, and memory data reepister. Detuils of opessdion of euch Tooetional wnit are disenssed in subscquent
purapraphs. Severol control sigals ane mentioned; however, details of Ther generation and {iming are descrbed in
Furagraph [ 2.8,

For clarity, ane data bit {D07h ol lhe slected word & discussed and the tel is referanced o Vigure 12-14, which is
a simpiifisd block dispram, Pelailed logie For the meciory data regisler [WMDR), Unibus eeceivers and drivers, scse
amplifiers, and imhihit drivers for atl 16 data bits &5 shown an drawing 311041, sheets 3 and 4.

Dusing o resd operation, halt'select currents fow in the X- and YJine. foa the selzcted worst in each bit mat, These
currends {low opposite to the write curreats: therefare, cores in the | slate arz ewitched to the O stale, =nd cores in
the © state are wnchanged. Switching the core from the 1 state to the O slale induces 2 vollape pulse in che scose
winding, ‘This pulse Iz detocted by senss 2osplifics 132 s a duferential woltage on input pins & unad ¥ Lhat excopds the
threshold reference valtage, This pulse is amplified aned when STRUBY O H is generated ut pin 11, the ouiput of
sense umplifier 52 gocs high. Juwst pricr to the sirobe segnal, the voniral logse geoerates KESET O L, which clears
froscts) Lip-flen B34 The sense amplifier autput s inverted by 1156 and seat to the prasst inpul (pin 107 uy MDR
fip-flop E54. A low nn the presel inpt sets the flip-Tlop. itz 1-owtpat {pin 9) == & high and it Beoactpeat (pan Kb is @
law_ The high from pin 9 of the Rip-flop s sent o inpul pin | of the Unibus driver E2L. The <iher inpot 1o this gate
& the datn oul signzl. When the suntrel logic genersees DATA O H, lthe ootpur of E21 45 Juw (logcal O for
memary logic and logical 1 for Unibus ogic). This is The readout of bit 107 and js sent to the reyuesting device vz
tha TTaibus, Timipg diagrams tor the sende oparation pee alao shown in Figure b2-14.

The cead opesation is destuctive: all cotes . The specaficd losalion are now {0, The data that was resd musl be
restored by a write operation, which immediat=ly follows the read wperation, Flipup E34 iz still in the sel staoe;
thersfore, ils Ckoutput (pin ), which i5 Jow, is snl @ npul pio 9 of WAKD pate E53. The control Lopgic ge nesarce
the inhikil driver comtrol signal TIMHG B, which js the other iwput to gate ES3. The gate is not asieried (pin B3
biph), and the inhibit dreiver s not turned oe. With neo mhilic coerent in the inkabit Bioe 4o oppnae the laif-ccles
Yline current, 4 1 is writtan back ot The approprints cores.

la this example. if B0 P07 4 a O i core, 3 does ool seitch during the read operatiun and e outpu of sense
pmptitier F52 daes noi e high. Flipdlop B34 remaine cleared Creset): its T-unlput (pin 8) 35 low amul il O-oucpu
{pin &) 13 high. When the contec] logic generatss DATA QLT H, the output of Unebos driver B2 i hagh (logical 1
faar merony logc and logieal @ for Lniluas logic). The Drourgut of Gip-lop EX4, which 1= hizh, is 2cot to NANLY gate
ES3. During the subgequont wrile uperaticn, TIMHAO H 5 penerated, producing a Jow nutpot sigrat at F33, pin 8 1o
activaze the inliblt driver which in tuen produces a current that opeoses the Y-fing Urent and prewvents @ | from
being wrilles uste this bil af the selected word.
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Figurz L2-14 Incerconnsction of Uinebus, Dera Resisier, Szasc Anplifier, ingd Loluber Tariver

1he readfarite cparition that haz boee iscussed is 5 resdfesiore vperition (DATE. Fhe requesting desice wants tn
_rr:ul A word rony memiry, and as an larecnal sequizemeat, the memory must c2slore the word By writing it back
lato cnre. In this caze. the YIHE (Up-flops ace geesed by the scos2 amplifier out purs whes 1s agg read frem ihe rare
Ahe MDR i Nop cutputs are wsed o che sehsequent write (restore) operalion 1o contiod the nlchic drivers, 1T |h;~.
reclaesting device wams g arits g wonl into memeory (MATOY, i muse lead the Jats inte tie MI3E 1lEp-tlogs. The
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recuiedeing device Lhen asserg the dita on the Unibus, from which It s picked ofl wia Unibus receivers, [n Lhis
exarnple, bit [T s s2nt to pin 7 of Unibus recebvor E10, Bit 10T 8 iveried by the receiver and gent to the [Mupog
{pin 1) of flipflop BS54, At the stort of the TATO operulion, the control Logic gewerales LOAT O 11, which clocks
the f:p-tlop. 10 the Deinput is high, E54 is set and its Qoutpat it low. Concrol gate B3 &5 not ssorted by TTNHC H,
and the imfibil duiver i@ not turned on. A 1 is written infe the selected core, 3 the Thinpur iz Tow, E54 5 resst and it
O-output is high. Coatrod gate B33 i aerted by TIKHO H, aad ihe inhibit driver s luened oo A D s wrilten into
tha selecled cnre. Becarse RESET and STROBE nre inaceive in this mode, the resd operation is weed omby to
magnetically clear sl the cones to the O state,

1152 X-snd Y-Currenl Geiteralors

Toeo identicah cirrent genagators ure provadeds onc eich for the X-and ¥adrive lnes. They gonerate 1he curenl
pulses thil are wsed during rewd and weide operations Lo swateh the cores. The currenc gencrators and assoviated
melerence voltage supply are shuwo e drawing L231-0-1 shaet 2. Figume 1205 shows the ¥-corrent generilur ard
reference woltam: supply.
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Figure 12213 Y-Cwrens Generatur and Reforencs Yo' Lage Supply

Cpbamy core swilehing requires repeatible carrent pulsas of constant amplieuds with o liwear size o, The summend
geesator am relesence voltuge cirenit provide carcent pulses that mcet these neauirements. The amplitude al Lhe
outpul curent prlze & determined hy the fafcrenre wollape ciromr; the tse tiwe is detaosured by an KO cireail in
the eunent generator; and putie dwation is determined by the lengih of the Irggering pulss TWID H.



During the quicscont state of the cement genealor, iopuc transistor O & on; its collecior vultage is 4.7V, and i is
cormseled te the cathode of diode D62, whicl: reverse biases {. The anede of DA2 is comneclad (o the emitier of
rraisistor 04, which s the outgut of the ofoence villape cicclit, In this stale, A2 blocks Lhe outpat fram the
refzrenee voltage gircuit to the curgeni ponerator. With Q8 on, hoth uglput transstiors CFF and GO are tugned off,
und the cusrent genapu or is off.

Uperition of the curment generator is topgered by 2 high TWID H signal From the cusipol logic. TWITH 1 iz double
imvetted by two Eb invertera and sent o the baze of O8, which e it ofT, Wiien 08 35 ent off, capacilor 052 atarls
churgring, which provides base drive (o oeipal transistars Q9 and Q0 and they besin o condwsr. Wigh O off, ils
enllestor goes meyative until it resches the forwand bias level of T2, which iz the vaue of the relerence vollage
s the vodtaee drep across T2, The mse time of (he cureen? pulse js detenmined by the tinse constant af C'32,
R&T, and RES. The amplitude of the pulse is deterinined by the value of the zeforence veltage. When TWID H goes
low agmin, the current generator & tumed off and the autput pubse i fermingted.

A resistor network o the bese cirewil of Q4 {in the T fereme: supgely ) is used to set the ampfitode of the cursent
genetalor 1o approximaiely 410 mA. The total resistance of paralle] nelwork B, B9, and O3 iz chanped by the
oonfipuralion of jumpsrs J1 and 12, The amplitude of the current genersor oupnt pulse i Factony sel aw clos: as
poasitle to 410 mA 5t 2570, L should s be chanzzd i the field.

The baze eircuil of 4 iz temperature sompensted by a resistor and theemistes thinl ace mowsted om the seack. This
emsurcs thal the emplitode of the curent peperator ourpe palse cemams willin specified wilscaoess aver o
temperatiee range of 0°C to 5070, This tengerat wre vompenzation i approximately - (LK maA~C.

12.53 inhibif Drivar

A delailed schematic of the inhibit drives for bit 137 i shown in Figure 12-16; it is cypical of all 16 inhilit drivers
(drawing G1§0-0-1, sheets 3 apd 4)

When the inhubit driver is off, none of the cutrenis shome ey the schens £ ama flowing. Tromsistor 07 iz Teld off by
Ihe negative vollage om its base. The nulpur of NAND patc E53 poss low (groundy when this inhibit driver i
selecied. Coreent ) Mows into the outpir ziccwit of BS3 fioun the +5% supply viz sesistor AT and the priviery
windiog {tecminals 15 and 16) of taimsfonoer TS, An egoal current i imduced in Uk bass-smitter circwit of {7,
whivh Iy connezted o the transforoer secundacy winding (termenals 1 and 2). This base cutrers oveicomss the
reverse bias vobtage ond tieems on Q7. Carent iy and therefore induced-current is are detereniner hy resistor RET mud
the reflecred hase-emitter voltoge ‘l.-'h,al of QF, When QF iz tmed on, curoent Eaws P arcund through Halun
transtormer T7, isolition diodes TH3 and D14, and the serefinhibil winding 4o the cumman inhshd 1erminil
(UFINY. The Balmn Iransformer bakances rhe fwo inhibit halcusrents, AL termiazl D718, the a1l inhibit cupeem
Mowws through resistor R72and Q7 10 - 1 5. The waloe for the ihibat current is caleulared o Futl [ -

it 1Y " Ver w1 97 Ve diodis

1T +R COE fanl
T - - ]3 =7 .
=15-0k 172 175 Fa UL AT

Fach leg of the zenzefinhibit winding s=es halF the inkibat cus rent: iipproximately 31 ma, Cagacitor 455 decoozses
the rie lime of the cuizenl.

The irhibit drver is durned off whes Lhe owdput {pin E) ef gale 1353 gocs Tronn low 1o hiph. AL turneotd time, the
back emf ciused by the stack inductive resctance triss to drive the collector of 07 kgl positione: lowever, diode
D42 clirg this voltage o pround, When the vulpal of F53 zacs ligh Lapprocimately +3.2%), its outpur pull-up
trapsistor Caninlegral paet of the gate cirsuic) traez Lo drive the turn-off cusrent iy in the oppusile ditgction thinweh
Lhe trapstorose: privary winding, Aa eouesl cacrent induzed in ihe secondary wWhikding remevezs the forwand hias from
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(he base of T and wurne it off, With QT ofT, all dynamae currene fow ceaces in the cirouit and the nep pEve ol Lage
o Lhe hase of 7 kesps the circuit turned ofF unlil the output of gade E33 pora low apmin,

Capacitor C74 allows the mie {o pump reverss current ia into the transfommer privary; iz also halps to deercas: the
tum-on time of 7, Diods D54 prevests reverss breakdown of the emiiter junetion of CFY.
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Figure 12-10  Sense Amplifier and Inhihit Dnver

12,54 Sense Amplifsr

A detanled zchematic of the sense amplifier cucuit for bit DOT s shown in Fuguee F2-10; this sireait is typical of atl
6 sersc amplifier circuits (drowing G1I0-0-1. shests 3 and 4). The circwt consists of the sense amplifier,
terringting network tor the sensefinhibit winding. and theestold voltipe w=lwork.

The serse amplifier input (K33, pan & and 7) is across the sensedinhikil wonding { points 3TSE and O754). [tesislors
R135 and E14 sce matched 10 ferrminats the sense/inhibit Tine in the desited Lmpedance. Praceically speaking, duriog
the sense operition, (he inhibu dorer connesticn & an npen civeost thoough the deiver transistor 7. The eflect of
the inhihit driver circuil, Balun canstormer 17, wnd isolanon diodes D13 and 114 can be ignured ducing the scose

uperition, because 1he diodes are reverse biwesl.

Seise amplificr L32 i one hall of a dual B0 packape (type 752R} A amoplified Block disgram of the packape =
shown in Tigure 1217, The Lwo sdentical circuits are matked 1 and 2 Each one vensists of o prewmpliliee wed sense

122



amplifier, The ovrput of the preamplifien is avzilable as o 1es1 point to obseres the amplified eoce gGenal and s
facilnate accursée sirobe fming, Both circurs ehase 3 eferenze vollage for theeshold voltugz amplificr (pim 4 and
*b dn this agpheation, pin 4 is imounded and o positive threslold voltage of appoosiznalely 5 my is supplicd 12 pin
# Ths voltage is oatained frorn e +3% sepply thoooph tesistor voltage divider BS7 wed RSS; 030 s 5 byposs
wipacitor. Opcration of the zense mnplifier is discosaed in Farapgmoph 12.5.1
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12.5.5% Memory Dato Register

The rueenzry data repister {MDE} 6 = 1851 Nip-Nop ragister thal s used Lo stare 3 ward aBez o0 s e ot of the
My of Tu Slone o word drgm the Unsbus prior o it beiog weitcen it the msnnmy, The MOR cormpnsa o
vight 741174 doal bopheapeed D-lype Sipfleps: b G007 e shown in diawing G101, shzet 3 and are
identifizd gz L34 ESD, Bad, and 03 bits DOB-D S cre shown in deswing 11001, shenl £ and aes identified a5
Pz, U5, C48, and ESL.

Al b slare 02 3 merary opersticn, the MOR & clearead cdirecily win the clzar aprut (pin 1 or pin 130 of cach
flip-Nop: the clear spnal i@ RESET 91, for bits TEO-D0T and BRESET 1 1. fer bits DOE-D 5.

The nperation of the MDE doring o readfrestore operation (BDATIY aud o weile operation (DATY) 5 (iscussed in
Paragiaph 12,51,

tri STACK DISCHARGE CIRCLET

Lt srazh discharge ciieuit aedals the stk capacitanee o recovering nd shostens the eise rine of the stack cursenl.,
Tt alsur relieves unwaned currents iv the wven unseleored Nines associzled with the seleased derer.

Figure 12-15 shows dhe stck deschaige cienil. s ouipod is taken fromn the windller of transistos Q2 and gues to the
Jjunstion of each X- wml Yreadfwiite swilch pair via o resistor, This commeen ineconmgstion i labeled ¥y. T i
desivzd that Wo = OV (greaud durng o cead operation, and M= §5Y during o werite ogeeration. The effavtive stack

ca paciLa tce asscsiabed watll cach live is shiown s Corack-
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Durinz a write operation, REALR His low;ic s inverted and ANDed with THID LLat NAND gite b4 The ow nadpnd
(pinn 017 et b4 is invereed by Fé and sent to the cathode of diode D1, which teverse hiwses i Phe enitler of £
hecomes more prsitive, nvercomes the constont positive base b, and tums on brassistor 000, Wheat Q1 conducts, it
provices base drive for O3, which alee turn: on When 02 concdygas, it reaboces the hase drive on 2 and it tarns oft.
The enwitler ¥nltage of 92 poos to approximately —14%, which is ¥y un tha awiteh node Toc dhe stacls, Diode D37
prevents hard sarurotion of 3 diode D53 heplgls 432 il During a wiite opesation, ¥, = - 14% and the stuczk
discharpe cisouir is considered to be fucned on (inpul troeator QL iz o).

Craring o read operation, REAIH ishigh. it i3 mvesced and ANDed with TWIL 11l NAND gate B4 The gals i ol
aszerted ond dts catpar Cpin 10} is bigh. This signal is inverted by B and seat o the cathode of dinde 1, wheh
torward bases it The woltage on Lhe ernilte of QL produced by the ciecreod threagh RIT and T351 5 nol enoweh o
oyercome the cunsinl posilive bi and QL s tomed off, Wath QI off, 03 Lo ils hase drive wd tarns off. Mo,
155 cannot Rl €12 o, As long =5 the stack capacitance is churped nepitively, huse current exnsls for Q2 and i
remeins om. The stack copacitance now chasges o the positive dinection wnlil i reaches ground potentisl, During a
reaid nperation, ¥ = 0% and the stack discharge eiroudt is considseed 1o he ol {inpat transstar G s off).

Figure 13213 shows how the stack discharpe sircuit peduces snwanled currents on the aewven unselectad Lnes
asi oz e willy Lhe selected driver.,

Dhuring a sead apeadon, the stack dischage cirenil & ofT and Wy = 0V The curcent generator drives the read dover
nade of the srack towords ground; the curpsnl generalur oatput s clamped to ground by diode DAT. The annides of
the eight read diodes arc at pround. The <lack dischuarge ciccoin iz on and the eathudes of the seven unselecied diudes
are afso at sround, whiel back biases them uff. The read switcl pulis she eathode of the selacled Lne towarnds 14%,
whtich Foraard bigses it amd allows conduction througls e diode. Curmenc Hows only Through che selected line.
Ecverse Binsing of e dicdes in the easelecred lines prevents surrens from Nowing betwesn the masalected nodes and
the selected read driver. The stack dizcharge cicsyit perfotmes the same lask during the wiite operation by back
Iiasiiog the ancdecs of the diodes in the eneeleclad lnes witl - 143

12 2%



127 I LG CIRCHTY

A cifewit on the G231 Driver Module ddrawing G231-0-0, sheet 2) opens the - 15V supply line oo the cucent
generators when power it interrwpied to the power supply. When power i interzupled, the 3% aupply 5 lost and
the operation of all legic i iudeterminate. [n this state, i Is necessary to cul af The - 15% supply to the ¥- and
Y-line curreint generadars o prevent them from destroving stored data. The circuit that perfotms the - 13 cutaff =
called the [+C L0k cireoit { Figuwre 12-0%)

HUE B oo IE.EP.- oy
FRIM LAIEJE s

- -INW TH CLIRRENT SENER&TORS
E- « tuv [HOMW HUSELY
Figure 1219 1K L0 Cireudt, Schematic Disgram

The -13% supply Tor the X- and Y-line currenl genenitons pases theouph transistor 97 a0 the DC LD ez 7
must B turned an far s - L3 oo oreach the ciormend generators, The cireuit monigars BUS DC LG L Eron the jsaows
supply via the Unibus. Thiz signal &5 serl o the hase o imnsisior 05, When power 85 on. BUS DC LD L s heeh {not
isserted],

The vodeage gcross B96 forwaed kisaes Q5 aod it turns an, which iums on (6. The conduction through 043 ang 06
lowwairel biuses Q7 which tumns it on. The - 15Y Tlows through OFF Lo the X- and ¥dine surrene penscators.

When power & inlermmpted, BUS D LO L goes low (aszerted}. 5 is now reverse biused and it twrng of, which tums
off Q6. With 0% and D6 off, Q7 is also turned off, wlicl opens the 15V lips to the current penacaces., This cincuil
gnll funetinns when FLUS D LO L is psserted evan of the +5% supply drops dn sepo.

128 OPERATIMG MODE SELECTION LO(G1C

When the memery i wddeessed by the musior device. oac of fow bus wrnsaclions is selacied. The transection o
aporationt salocted is determined by the stales of controf bits CO1 and COG and sddress hit 400 as placed on the
Unibus by the master devics. Table 13-4 shivas the states of these bits Eor each transaztivn.

The legic that decodes the eode and bayle contoo] bits i3 shown In deawing G LO0-1. wheet 2; it appears at the
buliemm of the shect and is identified az the hale nuesking loge, Bty BLS ©01, BUS C06. and BUS A are taken
from the Uhibus te thoee B29 roccivers, One mpul of each gate associated with 01 and C00 6 carmesLud to the
putput af the PROTECT LOW pate (E29 pin 3). Both inputs W this gate are led Lo | 5W 50 thar its output is always
Inwe. For cronhleshootitg parposes, 3 jomper (W10 can be wstalled that nukes the gos output high, whizh allows
unly DATI oporations 1o he peifooned regardlas of the states of bits O01 and CO0. This jumper hardwires the
rearreery i G Teal-omly devies,
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Tabl= 174
Sedection of B Trivmsplanms

Mudle Congral Byt
: Coaira]

Truwaction Myt L) Dctal ADD Funclinn

1Rt T THATT o ] N Lk Frorm by Lo masten . Mamany
per [ pel inng.

kita T, DATIP 0l 1 ~ Creta from memary o master. Resiore

FPzuzc apceztion i nhibited,  Besl b
Follamesd by DRATHE or DATOR: Rexd
oprration is tnbabioed,

] R CIATLR 1Lk 2 X Dt Teonmn msipstes Lo rngnin s Cwednclsh,

(ETEX AT DATOE 11 i 1 Eia Tieat mazeer to memory. Bigh

High Bye: hote on data lines D §15:08).

Trata O, DATONE 1 3 LIl Datu Ttem master o vy, Lo

Lo Bwtr Bt onu ity fivss D {IFT0RE).

Tl output: of the threse F29 receivers {001 OO0, and ADD) arc sent to the byie masking fopis oo penemale TOADD
11 und LOALY EH amd oo qualite a groog of eatea, which are cnibled by control sigrals by pensrale RESET 00T,
RESET 11, STROBE 4 H, STROBE 1 H, and DATA OUT 1L The lugic alsn condidwms the T-input of the PACSE
n'i["rl"[' {FA, puz |21t allaw it to be set or oesed. 1 also :|]'.-]'l|1|:ﬁ condibinmning Sl o e wired-AND that provides
Lhe cliching signal to the shuve syochronizatinn (S5YR) Nip-Tlop. The PAUSE fip-tlop and the S5YN ip-Nap e
arl ol the contral Tagic,

The mgnals pencrsted for cach s mnsachion are shown we Table 12-30 The memeory operiticral saquanoes acs
discussed in subsequent paragruphs. To aveid eonlusion o intarpietieg the transactions Listed in Table 1245, the
pui pose of the PAUSE dlipflop i+ discimsed briefly. Thuicg TATIE, the PAUST flip-tlop is wet ducing the read
operation, which inhikins 1he redore Dwnie) operation. The DATIF must be followed by a AT o0 DATOR oa the
cam: address. The DATD or TFATOE that Tollows a DATIP is shocter tham s standand AT o1 TRATON hecanse the
iitial reid wperalicar is elimdreed. In Tahle 12-5, che suffic PALSE Lidentiliss Hee laadard Dangactions, the seffx
EPALNE I identifies The TATO and DATOR transacticns thar muszl Tullow o DATIT.

124 COMTROL LOGIC

The cunlrel g generates the precisely timed sipmals thal iniliate and siop the memocy oporations thit are
reqquester] az a result of the decoding of the bus mamsaction. The leart of the eontrol logic is the delay Line 1iming
vircwit. Fuos Tetter wnderstanding, the timing circuil, sbave synz cirowt, pausswTite Tostacl circuit, and sioohe
genernting virsuit are described aeparalely. Bach b ransaction is alto discosed jn detail. The discussion s 1o the
detoiled Jogic [rvel bul Lhe signals are not tazed shrough coch componenl. The tex is refeenced 1o logic drawing
G0k ], shieet 2 and e rowing diagrams in drawing MM L3,



Table E2-3
Gerealini of Meml:lr_l,l ﬂp-u-.mlirlg Hignuls

! Hy ke Mide Stare of
Mude Cunired Contral | FAUSE Sigrads Generatsl Operation Sequence
A [ CO) OO0 Flip-Flap
T
= - E
b lole | - = =
=215 |=1&a|l5]=
Zleid|z]2]|32]E
Zle | BEIS|Z|E
ATI X 04| Raset XXX | X %o Fesd-Rosloze
NATHP X 1] || el X X X X X Fread-Piuse. Besion: in-
el libited by PALSE Nipriup.
[ATH X L 1 leset x| x Cloat-Write.
PALREL
LATD x 1 I Hel L Wity Moaan follow DATIP.
LATOER 1" 1 || Hase x X | = Llezr-¥roe selectad bare
PAUSEL 0, Clear-Bestorn aon-
selected bete |
PaTOE 0 H [ - X A Wit sufectod Wvee 0 Re-
Palibl il shure non-eeloctod btz 1.
i Mid Tl IVATIE.
IFAFH} 1 | 1| Resci X X X Clear Wrile selvcoed 3vie
PALEE L P.oClmirTesiory non-
selected bote O,
DATOR L | 1 { =5el X X X Wity srlecoed byiz | Re-
ALl Bl stuare non-selected byte 0.
Must relloa DATIF.

1231 Timing Ciceuir

The Dizaz o the mevry contoed Jogic i the Timing crcil, When aclivetad, it penesates o e e prosisely roned
signals that contonl mepmery operatien. The majo cosnporient of she lming duewt s s deley fine (DLLT with
multipls 25-a5 Laps diewdng G001, sheet 200 The delay iy outpens aee gaced U poondass the condre siznals.
Fipurs 1220 shows the timing of the defay tine owtpets aed the siming of the contzol signels sbicined by pating
thie cutgnis. A heiel stalement of the Sincton of cach contro sigoal i incloded. Abzalere oo is ohegined from
the engiczcirg coting diagram {decaing MM L300 The dizcosgion s referemend o Frouze 12230 al the contra?
Igtin: lrivwein G0 D01,

When the sysiern o tamnesf om, the progessar assarts BUS ENIE Loy the Unibus, This instialicing samal is sent o s
Sl T oaf bus recowe: BEORC i imvesiad by 17 to produce o high. which b sent teoping 9 and 20 o the memacoy
gelecl resel (MSRL RESETT gare E0G. The onnpoe (pie #1af L1 6 low i 6 esen] 1o clear (Toset) MSEL Miy=flup B2
Va the 100w debine LS The serpar of ET 8 alsa vvertanl by BUS b peevide 3 low that clasms peadiwrite [FRCO%T
Mip-Mop 150 The ampes ol EY s ala dnverted by BLS Lo provide & e tha ez PACSE Mig-Cop BT Tl low
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tulpul of 13 is dunble inveiied by two F3% mites to clesr Lhe [3EL lip-flop E2R. The master places the pddeess,
riwnde control stata, wod Jada CiF raquiradd on e Unikws. The deviee gddoess is decofed] und DSEL H is reneTited
and send 23 pin L3 of Ei, which is oa2 of fuwr irpuer SipEnala {gins 10, 11, 12, and 12} Pin 17 i high via the Dol puze
of MAEL Wpdlop B2, S35YN Nlipflap B4 s preet, nuikiag gen 14 of R Righ wvia ats I-owiput (pin 33 Whes
masten jeeres BLS MEWN L i s rezesver E23, pin 17 af B i high b, The autput of B (pEn %] poce low and is
Bl Lupin L ol ES. ping awd § of BL4 aodl pen | oof delsy Lie DT2. F14 inverts the low from EL te sta e
poditive ULK L LLpulse. DT.2 prosedes & 30-n2 delay dor the Joor sagaal froen R, which ia nvarmod By 15 to stact the
positive CTE 211 polae. The oulpul (pie 3) o T2 is also sen? 4o the presel inpus (pin 4) of MEEL Rip-flap B2, and
pin & poes bow wiich o tom is fed back to pen 10 81 te disable . The output (pin 83 of B is now Tizh, and the.
sgaal terninmaies both elack pulses (ULE L H ol C1LK 2 L) vz zates F149 and K15 Those pualzes are approgimately
F0-rs wiil=,

Gate ES st fwveres the low T E1 becaose pia 12 (WRITE RESTART Lyow E5is hizh, The positive transition at
e output (pin 110 of EX elocks delry (DELY ip-Nop FIK whicl sets e, Pin 5 ad P28 is leigl: arnl is connectad 10
pabis 1 oaned 2 uf DT dziver gate BA T2 Jow Feonn the B32 gutput § pin 3 s the input to delay line 117, Thiz simazl
rernans luw bor aporoximztsly 2235 ws ongil DEL Mip-Nuep P25 3= clzared by D¥LAY [F RESET L. Fhis providas a
negativee pzlie et propapates theowph Re deley bne aed zim be picked off a1 25-ns interels,

DL Lapes ra s, O, T, a9 oare med ta Soengiale conlpol j_:g;'|;1|g_ F|..:||r.\_- |2, dgpigﬁ cacl co il ':-i|_.r.r.i|[ and
resates it Lo lopge d-awing G006, shuer 2

DELAY FF RESET

Tap oL s inwerted by 115 and song Lo pins 1 anpd 5 af Feinpul NAND gtz E27, e chird <ngat d pon 4 s tp kL The
walpat Cpir &1 af E2F clears the DEL Mip-Nerp F2E; however, i is 1 Fed witl ISIT T.in pitle U2 (pins @ and 700 and
reverted by DI, pan 18 s that cicher (81 . 81} or BUS INIT [ can groduce DELAY FF ELSET L. wlich claims
E28 i its clear iapot (pin 10 This signal &5 penersded in beth read and writs DPS G i,

RESETH

Tup 2L, tap AH, und signul BEEATY H ars aitzd oo penerae BESLT 1L, which rivpers dhe strobe delay ciranir and
generates RESET A1 L and RESET | T durng e read upertion cnly, Tegp AH wnd READ H (lugh Jumng read
nreciiony ars ARGl ot pies 100 aad 9l EET Bl Tow vulpol ol B17 is AMDied with <ap ZL ia pate F7. The high
valput (pin 31 BFSET 1],

TWHIH and TNAK H

Tl ppoe of DRV Nip-top E2£ i ORed with tap 51 e Hap TL i seperate w8040 o produce siznals TwY
Hoamed TNAR H. Tep 51 35 sent to pon 13 of E14; the uthyr trpat ta this e (pin 120 s Tiom the Qlongpu of 1F]

Rip-ig K26, Tap 71 & sent o pue 10 of apothes F19 paie: Fim & af this pate is alse cocected 1o the Q-outpul of
DEL fipdlop LZE. These pates ez 2-npun NAND pales Clyps TA3T) homnsver, they ure shows w logically oquivaien
negative-inpur (MR pates, hesiuse it s desited to have them asereed Tigl Mool 1% ohen TWID 1 op TWAR H s
PEETTLEE.

Al the starl o g read of wiile cyele, just hefime B2% s sor, TNAL and TWITH are low bocaoss Bath inparly 12 eazh
gate Hre ligh. B3R ds ser and pins 12 aad 9 of F14 o Jow; TNAR imd TWID are hoth Riggh. wrhach siaris the positive
THAR and TWIL pulzes simulis neonsly. When tape 5 and 7 o low (528 2 200 serd, TV AR 20d TWIHD remain high.
AL he end of the read or wiile cpcle, B2 is eleired Craps 5 amd T ore 51l lowd zid TRAR and TWIT 24l remsin
lugh. When wap 5 @ high acoe, TRAR pes low heeause bath inputs (pins 12 and 131 of B4 zre lugh. This
trinuieles the pogilive TNAR polse. Approximately S0 loler, ap 76 e agein and TWID oes o, tosrisnelingg
the posilve TWID puliz. dn summary, TSAR [ znd TWIS 1] see stared bmether Ty setbow 13RL p-flop E25
Belure taps 2 and 7 are bow, TRAR 11 20d TWI 4 200 gt eflected when s & aml 7 o low, Siznals TSNAR [ and
TWU L are tevnivited when taps 5 and 7 relurm bigh. The merervening cleaziag of E28 dues rot affecs TMAR 1T or
TWIlx 11,

| 20k

e



Slanals TMAR H and TWIER H provade waziows contral funetiens elated to the aperation of the seeecles, drivess,
carrent gendcators. (nhikit drivers. and stack discharps clroult, At this point, the discussion dapresses oo follow TRAR
PE and TWID 11 through some additional bogie ik ordor oo undemstand dheir Punctions, The bogic @ spread theooghour
seveTill e nr-nr_:rjt; d“"""i-“l-'-"" Tn k;in]'pl;ii'_l,-' the discssion, alb Lhe lopic is shoawn in Fip:u.n: 1237,
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Figure 1231 TWILH and TNAR H Control Legis

Sigra: TWID 11 i AMDed aith the G-oalput Cpin 2ol TOW PEp-Map B3 ac pens @ asad 100l zate E25 Wb TWIDH
kigh, L25 is assurted only when 3, pint A i bopte this ooeusa only dwnesg o owreke apeiation. Tle oatpon Cpin 81 of
123 3s inverted By F14 o pocue TINH O H ad TINH 1 H The cacgut of B4 s phoyncally divded into tao
piilhe: TINFLIEH agtivates the inbibit deivess For duts T (07:000. and TINIL 1 1 activaces the inhibit drivers far bite
[¥015:08) These sspoals doonas leave the condrol modols Becanse the inhibit devers o also oa this nusduls.

Signals TWITH H and THAR IE leave the contoe] medule 001100 il aoe wenl v the drive spodnle $G2385 5, TWID H i
aeit oo prie 3 of E2R, and TRAR s sont to pis 2 of IZW, Drites F2and b are rarked W oand B in Figurs 12-21 1o
shiow their pssaciation with woite o1 ad operitions. KEAL H s s2ni Trom the -mamper (pin Yol K% Tip=iup B3
on the eontrol madule to pin 9 of invecter 126 on the deiver mesbule, BEAIT H i3 bigh durieg o read ogernion and
low duricg & wrice operation. Assume thas o read operlion is salecial, READ H iz kigh aopn % of E6oand i@ sent o
par: 5 of E2R 10 be AMDed with TWID EL This pere iz asseried amd i1s Leat nugpon s sent to pan b2 of aceative-input
MOE gate 2, which inveris il b prasdoce TIHE H. Thos signal 5 a decodong input for the momory roadiarite drivers
nnle. Cale E2W s nol asserted hecawse WRITE H, which iz the inversion of RLAD 11, 95 Low, Therefore, TWIL [0
winrrnls dzeoding signal TR B during a read operation. Dumng o write cpenitiong, KEA LR H s Jowe and WRITE His
high. Sigial TDR H i asseried via the outpul of gate EZW, usdng the ARNDing of WEITE Hoand TRAR H. Decoding
signal TDE M iz controied by TRAR 11 during o weile nperalion.



A simelar legic vetwork is used o control siemal TSS H, which anubles six dizcding siguali that ez in farn used oo
coaateal iz y rendfwrite switehes only. When paies BAW, Fal, and B34 aoe used, TSS H o penapared a0 e oo e
imin 3 of B4, Ducng o read operztion, TNAT H controls emabling sipnal TSS H; seenal TW0 11 contecls TSE H
during a wile opeilien,

TWHY H vemirals the operation of the X. and Y-urrent geacratas. Tharine read and write operstans, when TWID H
iz high, the sigral is dowblz iovected by two Fé inverters ta tarmn both curresil genertons oo,

The TWID H sigral zlao contrels e operzlon of e <tack discharee cleew. Tt iz ANDed with WRITE H a1 pins 13
amd 12 of MANT gale B4 The cutput dpin 111 of B4 @ imyveried by B 10 contol The sk dischurpe ciccaic. This
wwranil s gensidered o be tamed onowhen the output {pin 2] of EA s high, This aeowus daring 2 write nperaticn
when TWIHE M and WRITE Haie hinh hizh.

Altlough nat perlof the tming vircwit. Figure 12221 showy BEAD H inverted hy twe F& inveriens to becone REAT
1, which 5 a deending sopat 1o all #2351 decoders For the memory switches and drisvers. P o cead aperativs,
EEAIY I i high and READ T. i low, which sclocts only read switches and drivers; coave-sely, cduring & write
apsriinn, BIEALYL iz high, whiet selecs only write sodches and deivers (Pampemph 124321,

MEEL RIXIT

The memmwory select (MEELY flip-Nop B2 & cleatad (resct) at the end of a red operizsion i DATIP neode aad at the
end ul o write uperation o all other wnce (DT, AT, and DATOB) hy sipral MSEL RESET [ Ths MEEL
H#ESET L .'~IP;IIH| s __qurmr.ll:_'-.{ ac the tidlpual I:[|i1| 8yl Silte L16 |:a (TR T4HES 2200 i_1-|_l:,|_|-_ ANDOR-ive l"-““’l'l-
Theee of its Fowr AMTY inpus uee wsed o facilitale the wanbors methods used i generating MEEL RESET L Figure
|32,

Whea the syitein is lursed on. the processcs asserts BUS INIT L o the Unibus, The conpus o2 3us recoiver B s
ughe this Ligh cotpai is sanl toopins % and 12 6T ELS Logeuenny MSEL RESET L at s awtpnl (pin £1. Tl MSFI.
BESLT L signal o pasted Lhrowgd o 1000 delay Tine (T3} U the clear jpo £ pin 1) of WAL Mip-tlop E2, which
direily eleaem (reselsd il Al smemury operations starl with B2 cleared: howevee, this Mip-lop = set approxmately
3 ona pller the progesion weerls WS MEYM LIt reihaing sel ontilin i cleared By eoe of tha luilowing aperaticas.
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I the DATIP mode, pin 12 of AND gate 46 15 high; in ol clher nesbes, it is b, diagealifeing BA. A read operativa
is perfarmed in DATIP, and B/ fip-flop €3 issel. The 1-oulpul of E3 5520t to pln 13 of BS A this thee, pin 13
is hizh and o hiph i= pemerated ae the ourpal (pin 117 of Ea. Thas AN angut s qualified when pin 1 s alsa high,
which accurs when DL wp 6 is high and 2000 p & & lew, Tap GH i loverted by T35 and zeat to pun 12 of E20.
Tap A1 52 sene directly = the other dopal Cpin 110 and the gaee & aszerecd; this garc sends a high o pin 1l of ELG,
which generales MSEL RESET Loac ehe curpuc (pin 8} of E16. This low aiznal clears MSEL tlip-Gop L2 o1 the cad of
Lhe reel nperation (limned by 6H and 8L).

In all other modes (DATE, DATO, and DATOB), sipnal MSEL RUSET L is penecated at the ood of the wits
operaiion (exeept DATO o1 DATOD follawing o DATHT, The W% 15p-Raop is sel, making its D-outpod (pis 1 law,
which dizgamlities the 3-input [pin 4, 5, and A A1 gils in 14,

Teps BH and AL comuor qualite teis ANT anpper o the other ART opeat (prees 1 and 13) because Lhe mecary is nel
in the DDATIP wnde., Thevetoe, the scad aperatlon is completed and MSEL BEESET L is notr gencrered. The wene
npeation 13 aow stared and the BW flipflop is cieaned, which puts a high oo input 3 of L6, Input & & high
hecause the PAUSE flip-flop is reset (pin ¥ i5 0 1% Now, when tap & is hizh and 1ap % is low. input 4 of 114 is hich.
This geoerates sipnal MSEL RUSET L 1o clear MSEL flipstlop B2 at the enid of the wiite cperation This cicowit
pertorms the funchon of o memane bus NipTup.

R/W HESET

The tisning lor the gensation of the signal 1o cear foesech BW Aipdlop 133 is ablain=d Trom baps 8 and 9ol 1301,
Tap 9 is senl drectly o pis & of E3G. Tap # is inverted by P23 and sent 1o pin @ of E26. When Lap ¥ is low and Lap
A is hegh. E26 e asserded {output pin kO is |:1_l'.gh':|. Thas =igrezl is s limes calledd W RESET L M s AN with
REATI H at guns 2 2od L of KAND patz ELS to penerate 1LPW RESET ToWhew Lhis sigral is o e, i erecthe resels
BW flip-Mep B3 ia sts clear inpud [pin 130 KEAD H i high when Lhe B/W Mip-flop 5 01 becaw it aones Coon Lhe
T-putpnt {pin 93 The remainder of the control signiis shovwersin Fipure 12-20 aps dizousged o chd Siacanr degeaiptions
cotained in Pazagraph 1222, Slawe Svachromization Cincsl; Paragraph 12,93, PauseyWoee Restan Curegit; and
Parapraph 1294, Strobe Cenerafing Ciroudt.

12.9.2 Slave Sy clronication (S5YN) Circoit

Slave synchrunieations (35YW1 5 she eosponse of ¢he <Jove dedce Lo the mmaster, usoalle o responze Lo omastar
synchoonueation (MSYM]. The mastey piuccs addoess infarmilion. mede cantrnl infornalior, aasl Jate (G2 TRAT or
DATOR is selectedy on the Unibua. It then usseols BLYS MSYN L bud gnly iF IEDS 853 T, om The slave is eleared,
which indicates thae the slave car participate in i bus trinsseion. Thy stivs asserts HUS S5YN Towhan il has dala 10
zend {DATT or DATIFF or when it has roveived fala (DA T or DATORY. The master mceives BUS 357N Lan botl
cascs and cizars BUYS METYH L, Wher the slive teasives Lhe cleared BUS MEYW L, it clears BUS 55N L wlech Erocs
the bwe, This befel sinemuenl ol the SEYMNCMEYM witeracinn @ nocessary o anderstand the operstion of the
memery SSYR cipgil. Details of the S5YNMSYN snceaccion dusing all bus trunsactions car bo jound in che
S Peripbergly fpadhoed. The SSYR circwil @ sheww e drowing G110-0-1, sheer 2; however, for claney.
canly ke 358%™ civcuil s shewn in Fepore 12223 along with che approprials timing diagram.

Durng o DATE or AT rrmsaction, sigra: BUS 35YN L s asseated By the nemory ohcn the daca s oplaced @ the
Unikias by The MOR. Thorivg 2 TIATO o DATOR teacsaction, BUS 55¥M L s asserred by the owmory oducn it
recesves dbats lront e Diebs.

Al the slarl sl @acl transaction, the master fimsd places e wemeny address {device und aozdh and mode control
infurnatum on the Unibus. 4Daty is meluded iT The razsaction is DATO or DATOR) For 3 DAT] or DATIP
teausaction, BUS 01 L is hiph 0= pin 100 of b recesen B2 The wutgut (pin 14) of D28 is low ani is szt o the
D-input d pin fpot 00 ek A0 und tu poe 3 of the ES WERITL raos, Sigoal BLYS BN 1. has neal el heen agserted:
chuss, the colpul ppin D30 of s eceivey E23 js Lo, This wdpsal is seul wapic 2ol MOR gare E26: the otlwer inpuat
(pin 3} ol this gare iz alweys low bocause MEYN A L 6 nomaly eor zonnected. The ourput dpin T of 126 @
arveried by ELS to produce 53 M RESET L this signal sols S5YM flip-fop 14 wia ils preset inpud (pin 1. The uw
D-putpwe { pine 6% @ 3ent to both doputs of bas deiver BS, The vulpul aof Lhis gate s the slave syacheonization signal
{1BLES 55%M L and. at this point. it is aob aeseriet.



As lonp as DUGS MEY™M L s vot asserted, the S38YM {hp-Rop s prese i The maslar oo asierls BUS WM3YH L, wldch in
turn disables the proset sigrat to the 55YM lip-flop (88N RESET Lis highl. Clock sgeal CTE 1 1 is gznerited and
tlecks COL kateh E30. Latch E3D ig voscd and stz high Q-ourpac {pin £ 1735 seet Lo pin 10 al the £3 READ gite in 1hs
wircd-AKD, The wired-AND cocpur CLK S3YM s Tigh, and i cebising high a5 iong az both B NAND gals ouipots
arc hipli this occurs when at least one input of cach gate is low. The cutput of BY WRITE reoming hiph becaose
input pin 5 is held lew By the output of Q01 ceceiver E29. The oudpai of this gate iz woc changsd when th= CLE LT H
pulse ippesars af pin 4 The owepur of BE5 BEAD remnins high untid STROBE H gocs low again; Lhe wihed-AND
subpul is igh agoin. Fhis posilive dramsition clocks the S5% N lis-tlop, whish noa resets beeauss its D-mpat g ticd
e grenkr] [Juw). The high Qacutpel {pin 6 of the S5YN Qip-Oop assers BUS 85T Lot the output (pin 2 of bus
diiwer B The rmsrer receives Lhe asserted BUS 35N L signal and clears BUS M3YK L. The memery oeoeives the
cleared BUS MEYN L ican the naster al has recever EL3 and peneries sigral 3570 BESET L via gares 126 and
L1% toser the 35YW flig-Sop. The mcanry Is new ready Tor 1lss next transetion.

For u DATO or DATOE, the sequence is the sane axcepl 1kat BUS CO1 L iz Tow al pine 100 af Bos recgiver B29, This
cunditicons the wired-AND 5o oac the owtput of B3 REATY icmaing Tigh. In 1hiz zaze, 1he CTE I H pube peneranas
the CLK S53YM pulse L clecks (he 55¥W Bip-dlop via BS WRITE.

(2035 PapseWrite Besiort Circnil

The PALUSE Mipfop is weesl 1o inhdhil the resore e} operation ducing @ DATIP transacrion. This ransaction is
el whien Lhete is mooreesd boorestore dab afler reading becnss the locaton is 1o hawe rear duta wrickan o it By
aliminating, 1he 12sime aperslivn. memoery avcle e s despeaasd by approdimilely S0 peesent. A DATIE vasd
almays be fellowed by a DATO or DATOR. Trthis case, the DATE or DATONR is shutienad by viminuting che clesr
groadd opeation thar 5 moomally peelozneed prior fo the restore (wril2] operation. The Jocziion bes besn clesred
previously By the DATIP, consequently. the DATO o0 TPATOR need only perlvans Lhe vestore Cwrite’t operation, The
penscurrits restzet ciccuin is ehosen e drawing GLEOS0-1, sleeel 25 Tuswewen . Do clanty, wely The paee st testam
ciTeuin is shoewn in Fipoee 12-24,

At the stare 2f 8i bus tranzacoons, the PATIRE Tlpdlap is reien; il rensiing resel |hr-\.:-h_!l_|'|-:!-IL| lhi* ks Lo lions
cxcopt durtng a2 DATIP. in sbeeh case o5 seLduang he eald nperalicn. The Pallzb fl'ifl-l’l:'.p- i clocked By Lhe peser
Ceoutpat [pin G of the E5YN flip-flop. The statz (s or eseth of e PALUSE Tip-Mlog is delerenined by 12 Denpon
ipin 12): the D-aopot s high to set and loor oo reser, Tl stace af the D-inpat s ecabaobiod by Uneleag vond= conieel
bits CO1 posd GO0, (Qnly the mede conlrmal repraseating & DATIP pravsdes a hieh oo ehe D-inpot af Uhe PAUSTE
Fiip-Nop Dednr a DATIF, COL s hiph snd 00 i low ar bus recoives E29, pia 10 and B2, g 7. Thisse sigoaks oty
inveried by the bus peceivers and applicd to the Tapat of the COE and COO faczhez, OO0 Luch F30O, pin 3 s bigh,
arel CO0 Lateh B3, pin £ 3= law, Whea the Jutches ace clocksd by the CLE 1 Hsienal, Tateh COT s veset ol OO0 s
el This petion puls 2 Jow on each inpal of negasive npul AND pate B35 which pencrancs a lagh ouzpet. This hizh
outpad 0 e Iopul to the PALST Tip-flop, The PAUSLE Eip-tlep is nowr comditioned 1o set wdhcn it i clocked.

Boturning 1o the stast of the DATIF aperation, the PAUSE Gip-fop ic el s Ddnpan is conaditioned (D s hiph)
but 1he PAUSL flipHop kes not been clecked, thus, 2 D-ourpa (pin 83 is highe This iph cotpe poes (o ghe Danpan
it the Fad Wote 1lip-flop {RW L3T; this Rip-flop is cocked carly i the sequencs by CEE | H. The BJW Min-Cop s
ther sel whech peremits g cead aperition, The bow D-oatpud (pin 8) of e B 1ip-Hop iz sent oo plied of E17. The
othar input (pin 3) of BIY comes e Te O-outpen {pio 8pol the PALLSE p-Hop, and it i g high o1 this sine. The
owipul of EIT s a high and is civearted by ELS, whichi pots g lowe on tbe clear impos of (ke Wity Bestare dip4Alop
(WERS EZ]. Th: autput of BIZ alen gocs to input 2 of B2, The WIS Tip-lop i clepmad (roscth ond s high
Lt Apin B i sent e the othes fnpat (pin L) of 25, The outpat of E235 iz the WRITE RESTAKT 1 zianal. This
signal is produezed to trigger the Liming, sircail omd b initiote 2 write operation. Signal WRITE RESTART L iz row
high. irs propor state whion a ead ageiation is heing pa-formed.

AL the enk of the read opecation, the 35YR flip-flop is clocked shich resecs i, The prositive ceansition arils M=o
Cprin &1 clocks the FALISE TipAlop, whick se1s the 53N flip-tlap and puts o low on pin 5 of E17. The Lming cirzuil
clear Qesers) the BW Mip=top, which is 1om puts g hipgh o0 pin & of L7, The output of ENF emaing Ligh,
inhibring the WRITE RESTART L sigoal zrel prevenring he iwitintion of o write operacian.
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For aow Lcansaction ufbeee Cthan LRATIT (DATT, DATO, or DATOR), the PATISE fipdlop & not sel when i1 03 alosked
becamse it Danpul is low, 1 reenaing rese! which keeps 3 lilgh an pin 3 af E17

When the B/W {lip-Mop ke eleared, ot pors a high an pin 4 of E17, The low oncput of E17 is now inverled by RL3 amd
sent 1o pin 2 of F25. The WRRS Mip-Mop o reset so that pin | of E2% i alse high. The oulput (pin 3} of K25 goes
law, which zzoerates WRITE RESTART L. This starts the Forrmation of a low WRITE FESTART L pulss. This
output is inverted by E25, pin 6 which ciocks the WRRS flip-flop and seta i, because s DHinput is vonnected 1o
+3V_Pin & of the WEEREA :I'_Ii_p-:['l.:lp now g I, wehich is o tom fed 1o pin 1 of E23, Thus, the outpur of 25
heovinea high again, which terminates the Jow WRITE RESTART T.pulse. Thee pulse trizgers the ciming cirenit aod
ineiales a wrete aperatian.

For s |}ATO ar TMATOR following a DATIP, the PAUSE flip-Hop is resel by tie 35¥ fp-flop, becanse the TATO
or DATOE Lransacticen started sith che PAUSE tlip-fiop set previously by the DATIP.

1294 Simuby Genemting Cincnil

The strobe zeneraling circwil prodiges o sarvow positive pulse (STROBE 1) during the resd apecation o enable the
STROBL O 11 and STHOBE 1 H sigmats for e sense armglifiers. The strobe generiling circoit is shown in drawing
G110-0-1, sheel 2; however, for elanity, ouly the strobe generating carcuit is shown in Figere 12-35 aloog with 2n
appeepriate timing divgrm.

Truring Lhe read operation, the todng citenit generates o positive RESET H pulse. The RESET H pulze is s2nt te pan
5 of the steobe delay cneshat (ST DEL E35); this 74121 one-shed provides complemeneary sucputs but galy the Q
{regative pulae) outpal (pin ) ia used. Pine 3 and 4 of the 81 LWL one-shot are connected oo geournd so diat it ezn
be trigeered hy a positivespoine edge ar pan 3. Prior to receiving the reiggeding spnal (RESET H), the sreobe
generaling circuil = in the guieseeat state. The STRCBE 05 fip-flop E28 [z in the ceset state. (When the memocy is
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powesed up, E28 is driven 1o The resel state by E36 i it did not come up resel randorly. ) The low [-output (pin 9
of 1528 s sent 4o pin 13 of E17. The ST DEL one-shot is inhibited so that itz 0 outpor (pin 1435 liph, which is sent
topin 12 of EIT. The autput (pin 116 of ¥17 is high and iz invected by the acal EFT gaie (pin 2} This 3 the

ATROBE H signal, and iz kowr & this time.

The Srmng cirowt penorabes 3 positive RERET H pulse that s sent w2 pin 5 of E3&, The posilive edge of RESET H
Crigeers E36, and its Eﬂulp-l,ﬁ (pin 1) pesss oo lovow, This @ the start of g singls negalive putie whost duration is
determdned by an exteroal RO cirewt concected to pins 10and [1 of E36. The outpot of E36 directly scts STROBE
E 0F flip-flop U248 via its presel input (pin 100 The 1-outpud (pin %) of F28 goes high and i2 sent o pin 13 of EIT.
The oher Inpal o this gate (pia 12) iz aow low, EFT, pin 17 i bigh aned s inverced 2o chat EL7, pin 3 is sl low [
stoobs pulse yelp, When B38 Lines ow, it3 pucput (pin b poes high azain. Fins 12 and 13 of ELT are now Both Righ,
wod R outpet {pin 10} of ELT iz lJoar, This sipnal is inverted and E1T. pin 3 iz figh. This iz the beeinning of the
STROAL B piclee. The posilive teansition of E17. pin 3 afw clocks Rip-flep E28. B2 is reset berawse ies [Minpud i
com kel Loy E”II'““I |;||_':.|.v.:|; [l S of G2k &5 now low. % Ted back th |.'l.il'| k3 DTL]T. which makes 17, p]l'l L[
wgiit. This lerrninates the positive STROBL 11 pulse, The circuit is hack 10 i3 quisseent state wherz il rzmains anlil
another KFSET H pulze comes zlang o drigoer 5T DEL une-zhal B36.

TR SIESS MY HedsTvE PULSE
4 PRSITIVE Wiith RISEREL .
—RAMGITIEN "ol

RETET k [x |
EF FIN 5 1

. i oo TIWES LT
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FAE PN 1 y
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12.9.5 Data Tn (134T Oprration

Ia the ditcussion of the BATE oprration {25 well a3 the DATIP, DATO, 2nd DATOB operalions) signals are nnt
rraced thicogh circsil componencs; mther, vadous events ure istegrated 10 describe a complete memosy apecating
cwcle. Al the circnils dnvolved hive been disomsed in detadl in the peecediag paragraphs of this chaprer. Reler fo
engineciing logic drawiags Gl IR, sheeis 2, 3, and 45 G231-0-1, sheats 2, 3, and 4 MBL-L-3 (iraing slisgnem);
and Figure L2-20, wlich is a flaw chard R enannry aperstion.

Iev o AT nperation, Lhe master requests that o selected memory locarion be read and ke infirmation irssfecred 1o
the roaster via the Cnibas, The readeat i destructive becanse the read oporarion foaces all eores in the selecle
Toeataer g 0. Hiwever, during rencdowl, the infinmarion is tempovacly stosed ia the MDR and 5 sutucmationl e
restcered 4o the selaelad localion by wowrile nperalicn that immediitaly Follows the read operation.

At the start of the DATI, MERL lip-tlop iz roscr, DEL Qip-Nop is nsel, 13W ipflop is reset, PAUSE iliprflop =
reset, and SEWN Mip-Mop is ser. The adioess Lines o0d mode contral lines (CIH amd CO0) are decoded. The master
sssorts che BUS MEYM L signzl ansd The zvele begins, Signal CLE | H iz ganemaied, the DEL flip-flop iz 2ct, and The
W tlipdlep is set. Setting the 1L ipdlop iritiates the ciming clizin via deday e DLL. The timine chain
geneites TWELH L and THAR H. AL the sume time, CLK 2 11 s penerated and ot presers ihe MSEL fip-flop, which
prewanis the stirt of another eycle untib it is peset, Signul BEAD W frcm the BdW Mipaleg ot sigouls TNAR H aed
TWI H e 1o e doiver module oo select the approprinte read drivers aad swatehes, Gun on ibe X- and Y-cocent
pevers s g conirol the steck discharge cireoil. Az 2 rasult of these siznals, the X- and Y-haslFcorrents are directed
ter Lhe sglecred memory locztion, and all 16 cores (ane per bit planc) are 5ot to 0. Faal peior in ehis evest, the timing
chain pererntes RESLT O L and RESET 1 T.; Lhese signuls vlear the MOR. The timine “laur then seneraies STROBE
H, which wseels STROBLE 0 1L and STROBE | H; these siganls ure sent to the sonse zmplifiers. The slpale pulses are
timer] fnamrive it the somee tioe 8s the pelses deducsd in (e sensedinhibit fine. 17 & sclected aore is 3 1, & pulsz is
inulieed i the wnsetinhibit Tine ot exceeds e seise amplitier theeshold ond produces ar smplifed Prsitive pulsz,
This ot pat i inverted 2nd prosers s associzted I Aiptlep and 2 1 i= stored o e Mg Mloge. Sigral STRODE 11
alsn clecks e ANYR ip-flop wiick sosas, The S35 Mipdlep ovtput asseets DATA OUT H and HUS 55%N L.
Signal TIATA TV I gates the output of the MDR tohe Lindbas, BUS S5YM Lis a Unibus signal That imTorms the
faszer codl the nernty T rend the selocoed locata awsk pliced The Sikon the Unibus. The master takes the daty
ind clears BUS MEYN Lowhick ™ iun generotes S5Y W RESET T sel the 857N Hlipdlop. BUS S5YW Lis claare
ber indzewte thae dhe Unidws is Tree; boweyer, yaother hos tsanzaction canant be iniliates) even iF the master asserts
HLS MSYN L bezauss the Lackout fealure of 1he MSLL flip-flop is still zel. Brice tu he wssertion of BUS SSYN L,
e timeing chaiv generitzy DELAY FF RESET [, whivh mesets the DEL fip-fop and allows the TRAR 11 and TWID
D pulzes Lo tenminate s a Manction of taps 5 and 7 wf the deliy fine. The timing chein zlzo gerersies BiW KESET L,
whizh resels the BSW Mip-op.

The mewmary now coters the write or restere) eyele. With the T fip-Nep and BAUSE Aip-Tloep both esen, the
piuszwTite rostact cocwil penersles Che WHITE BESTART L stgriel, which wiliales procher ming oyck by sstting
the DEL flip-Nep.

The linwng chein penerutes TWID H acd TNAR H. These siprals, plus a Jow READ H sgnel from the 1K/% lip-flop,
£a i the dsiveer vznclule Lo selest chz approptiare wiets dovers ol swilphes; ten on the X- acd Y-cierrel guneTutors;
and conliul the <tack Jischorge ciesuit, In addimon. TWIED T1 anel un aulput foem the BAW dip-Mop are AMDed 1o
gengiate TENH O H and TINLL L EL Thess signals contzol the sperion of the inlubic dosers. Sienals TINI00Q 1] gnd
TINIL 3 Bl oawe ARDI=d wilk 1he culputs of the MOR Miplops. 0201 s swned in rhe MOR Mip-floap. the gsncinted
ochibit ddriver is ot tuenzd onoand o T i writben dno this bit of e selectesl memaere leenticm, 1§ a O is stased i the
MDR ip-Ilop, the sssociaed oehebic driver is Gorred o 2nd produces a carvecl that uppeses the Y-line cenosot and
prevents o | Joem being wristen ineo chis Bac. The tindng chadin zanerates DELAY FF RESELU |, whizh oesets tle
DEL Mip-Mape aned allows THAR 11, TWID H. and the inbiksic polses {FINE OO0 znd TINH | H} v lerminats, The
fiming ehan zlae geocrales MEEL BESLT L, which rescts the MSEL Mip-lMop.
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1246 Dato In Pause (IDATIF] Operniion

In o DATIFP apezation, the master mgeests thai a selected memory lncation be read aad the mirmadion franstaresed
L the master wa the Thibos. However, unliks the DATL, this informacion is not o be eestoned af'ler peading: thas
locintion s 4o hawe now informelion written into o The DATIP performs ondv a read openation; s wrile operation
i initited. A DATIF muse abwsys by loflewed by 8 wree opertin {either [FATO or BATOER).

The road vpereon of o DATIP is identcal o thar of o (T Parzaraph 12.9.5) aati] the Tane e S5%N flip-flep i
ezscl {olecked by STROEL 133 At chs e, Lhe 53N Nip-flop output clacks the FATISE tlip-Nop, which scts o
Because its D-ingat @5 o 1 {umly duting DATIP duc to the siate of mode contee! bits C01 and COO}. The lingog chain
generates BW RERET T. which resets the BW Myp-Nop. The oadpuis of the PAUSE flipfloep aad 145% [ip-fop
provent the fausewele: raelarl cirort from gencrating WRTTE RESTART L, With this sipnal inlabiled, ihe wrije

npertion i nod peeducad. The liming chain genesates DELAY FF RESFT L, which resets the DEL Mip-Mog auid
tereninatas TNAR 11 and TWIE H. The timing chain aiso penecares MSEL RESET L, which resets the MSEL flip-Moge.

The reerory s now neody 0o accept zoulher rerpiest from the master. The aexr aperatior mase be g DATO or
DATOE. Mormally, o DATO or DATOR stzals with o et opercion 1o set 2]l seleaed cores tu sero {elein) Bafore
Wriiike ok inleernibion inka ther, A DATE o TRATEON Millowing w AT has thes imsial clesr SPETaLin
aliminaeed because the cores bivee bren cleaced By the presioes IBTIF aperition

The DATO of DATOR Mollowing o DATIF stuies sthon the mzstier weers KUY MEYN L Pulss CLK L iz genenned
bul 31 does ot ser the W Tipdllep beeaese the PAUSE ligefop i sel. The rster phices che information oo be
wrillem on The Uikt where o0 s proked off by bos recesvns and sent vo the [Minpue of the MOR flip-Mops.
Deceading. the made aontral bls (OO wwd COI o 3 DATO or DATOR peoerales TOAT O | gnd LOAD L H. which
cluck The MIBE flipflops. The owtpils of the MR Tipflops soe gated witl TINH O Hoand TIRILD 1T te conteal the
astceiated dnhdbil dhwers tooweite 15 ar 08 fnlg the se'voted memosy loczton. As in e wrile wpenition of a DATIE,
the linving chuin generates TWID H azd TNAR B which szlect the apaprcgaeats werite d-ivers el swirghes: carn on e
He-and Yezurrent gensrarors: and 2ontool Lhe Stck disckarge virenit. They alen senerate ocb?hin driver sontrel sipnzls
TINH D H anad TENI L L SBignal CLEK 2 H 2locks the 5558 Qlip-Rop {eosets 0. whieh assens BUS 55K Lo 1ell the
mastn thed the dats his heon liken Az e Uik, Wher the master clezis BUS MEYR | the 557N fip-lop is
reset. whicl o L resels che PAUSE Sip-Negpe A the end of the weite opesntiog, the trming chain {rene T
DELAY FF EESET Loand MSUL FESLT L o reatone the conirol sipnzls ho thcir orzpieal aaes.

1297 DA Qut (EFATN {“I[:Hnliﬂ-n

In u DATD aperation. e mester wends o 10-bit woad Lo ke weten inb; e wlostzd menmy locslion, The
transngiZon starte with 3 ead Celeat) nperation to set the selected cones o0 berory wting aow desa into ther, The
stansland DATQ consisez ol a real opemation followed by a wiile uperalion. {As desoribed e Paograph 12906, 3
DATD Nullewing & DATIP dnes minl perlerm the read cporarion.)

The read operation of 2 AT is siamila Lo o oread opertion of @ DATE excegd that no RESET 0 L, RESET | L.
STROBE O H, awd STEODE L 1] pulses ae generatl. The MDE is coc cleared and e seause amplilizrs are not
strobed. This vond ogsstion is reguined only to clear e rermory Jocation hy setting all the salectad sumes 1o O it js
ol negesry to resdaie and slome the imlenmetion @ che MO, The informtion on the Unibas dzda s 4 enc lo
the inpuls of the MR Tip-Toys. Decoding e meds contesl bis (001 and CO0) penaraves LBAT 0 H sl TOAT T
H. wtuch cluck the MDE flip-Aops. The MO oulpets (36 beteh aee gated wilh TV and TUSEL ] H e coeol
the azgociated inhibit driviers. The wising claie geocrines the othee cearsal swnzls that provide the selecticn af e
apprepriots write divers amd swiiches @nd o weite operation is infutad, Thiz writz opesation i the wime a3 dhae
Uescribed in Paragezph 172500 Fur 3 DATO following a (AT,

1298 1l Out Byte (DATOR} Operalion

In a DATOR operation, the masler wends o byt (8 bitgd 1o be wirtlen intn the selected mamory lasation. A& high
by [bits D (15:08)] o o Sow byte |bits DT can ke ssiected, Byte seizction is made by U stale of axdiress
bil AGO. A TRATUNE S5 the snme 2 = TIATC exaept that the selocted and ninielecied bils re handled d:Ffescnly.
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Acsurne Lhat the lawr byte [bits DTN is selected {AD0 = 0. Meither RESET 0L or STROBLE O 1l ure pensraled
Ter the selected byte bevause new datd 5 oo be written inbo bils [ (0700 Ciowr Byre). The LaALFOH zigrial is
genanated so thot the data oo Onabos bitz D 07003 cin be written into the selected byte locilion.

The nonselected byt [bis D (35:08)] & oo be eostored 5o that BESET 1 Lanmd STROBE | Hare ganerated. Thess
signas strabe the bete into the MDR for restoration during the writs nperalion. Restoration u necessacy beeausc this
Pl dres mol receive new data, The LOAD 1 11 sipaal is nor _tl;euurzl-.-ll. Msgrafore, any data on Elnibus bice D1 5:08)
Ters min e lTe et 1 the nois-delected tlj-'tl!.

When Lhe DATOB i complete. iha selechs] Byle conlaing n2w dada and the non-selected by remains unchanped. A
DATOE operaticn following u DATI is the sne, excapt that 1he read portion is eliminaed.
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CHAPTER 13
MEMORY MAINTENANCE

13.1 INTRODUCTION

This chapter providss the preventive and correcuve mandcnance procedercs tor the MMI1-K and L memories, The
wseT should have a {hdneuph understanding of the normal aperation of the memory (Chapter 121, This kaswledge
plus the mmintenanee informatinn &ill 2id te wser in isolating and corcesting maltuns:cioos-

13,2 FEEYENTIVE MAINTERANCE

Preveplive maintemmee conzises of specific tsks pecformed at iotenvls to detest condilions that could Tesl o
subsequant performance deteriortion o malfunction. The Tollowing tisks ate considessd prevenlive mainlenancs

jlerm.

a. Visual Lnspection of modules for broksn wited , conmeclars, or other obaaus defears.
h.  +5V and - 13V checks: Bath mus] T within 237
¢, X-and Y-curzent gonetitor chevk (Parapraph 13.2.2)

Two picees of rest cquipment are mesommended Mur checking and troubdeshiooting the memeory: Tektroniz 433 Dual
Trace Oscilloszope of eguivilent, und Huneywell 33R Degiral Yoltmater or eguivalent with 3 pereent acaicacy

13.2.1 Inital Procedurns:

Belarz attemypting to check, adjust, or trovbleshust the memoary, pecfocm the Following steps.

MNOTE
All tzsts and adjustreents mauat be performed in on ambient
iemperaiyre range of 20°C to 30°C (63°F fo 867F),

L. Werily chac bl nxodules are properly wnd securely install=d.

CAUTION
Ensure thal all power Is off before ivstelling or cemeving
momdules,

2. Visyally check moslules st hackploie Mo broken wires, conmectnes, or other abvions dedects,
i Werity thil prewer bides are wal shorled togelber.

4. Tarn o primacy power and cheek that both the -1 5V and +3% power are present and within tolerances
(L35
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S0 Stadd the systene The memory shoeld aperte wilhe aroms. 15 wne, check the outpot of the cuneat
seneralor (Fumngruph 13,220 15 the memory sl dees not operste properdy, & malimeelion has neearred.
Proseesl with cotrect ive meictenance {Parazeaph 1330

153.2.2 Checking Guiput of Cumrenl Dienersloms

The amplitude of the curceat plge Mo each corrent generios [ gl ¥ 3 faotory set an 43005 mAL Tu s nol
adjus bl ir the ficld.

The X amd Y-cerrenl ponerators are Tocsted on the G231 Driver Modole, Bach cuipal les o cotrent loop on s
eulpul line for giluching & test probe. Loop J5 de Jor the Y-peaziares and leap J6 iz foa the Magenenier (draving
G, sheel 23, The implitude of cach BEAD cugrent pulse should Te 4 1003 mAL AL the Live of mmse orement
3% qind +5% power msst B2 within the specified faleanse of 13 pareenl.

133 CORRECTIVE MAINTENANCE

This paragraph describues the method of interchangng the posicons of the memorny modules o eain aceess Lo lesl
prints. [t alie duscrilas dhe strube delay odjudment; which is 2 specific corrective mainterance prozedore, Fusthe,
tlues aids are cluded N peerlomming comestive maindensnee . a eoubleshooting chart and waveEarms for the dive
and genzefinbilsil ciremts.

1331 Strobe Delay Check and Adjusiment

CARTTOM
Strobe delay is factory adjusted and shoold Te adjusled only
when one of the theee owdubes s replaced. 0 s 2 critical
adjustenent and miust be done carefulky,

The strobe raust be set while oycling samst-case noize test palerns (MATRNDED-1T-DMGAY, The proper saciing i3
midway between the cand end poines whore the o v stats oo geror 2 shoobs lime is mowad from carliest to laoes: .
A the skrobe liane & variad, allow pdeguite cms to cvele somplatcly Uhrokgh the weoasl-case nodse fesl ol cach strebs
positicen. Figuee 13-1 shrrws e sirube palse waweborm and the BELATY palse waveform and flie penls af ahizh (hey
arc picked off for dsplay. Stiobe-adjuting poteniiommebec B120 & on e G110 medals noxt to the Toee delay Tive
(DL ) and is scoossible wfzonn gutomg e ssdale o ibe extengder.

W—T =TI -

Fiousz 131 Serobe Pidse Wave losm

1332 Comective Maimtenanoe Aids

Fipura 13-2 55 a troubleshooting chart arranped as & bwo-exs grid tha idennifies faolts versos canse Inctaon. Fire
13-3 illwstrates the seasefinhibit waveforme, and Figooe 13-4 tlustreees the drive wavelomms, Both fiouses izelisde
schermlics 1o imdizate the pomnts i the circoil whers thae wavrforrs ocouz, I sddetion o nomipn? wovefarms,
dotted lLnes are wied B indivate waveloms that appean i§2pecifie sormpoeents aoe fauloy,
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134 PRIMGRAMMING TESTS

Cerrin DEC progroms may e ised ro rest wudons meiory aperztions as an 2id to troukleshooting, The pusjsoe nr
eazh of hese remrmery-relaed et progoms, 55 well a3 the progron ahetiace, 5 given ia che iollowing maragraphs
Eich progracm containsg irslructions Nur m@e,

1341 Addres Test Up (MAINDEC 11T EHAAY

The purpese of the Addeess Test Up propnm is To derwsinin: thal e szlected menaesy area s capable of basic
read and write opemacions when address propagilivn is upward throush inenacy. Tleis tes1 pragram wiltss the
addresa of cach memeory location {within the test limies) into desclf and thea incremerts Jeoagh memory il the
gddsass corresponding to the high linnt is reachca. Atter this loestion has Been wrillen, ez meznory enders D mid
cwcle, The r2ad ewcle stacts with the high Limit Jocation and roads and comgiures each wornd locolion, degresnenling
dovary to che Ty Tigner leszatioz. The poogram Talts onoso ooz,

The mugram ensieres that all addresses are z2lectable and can alzo he wsed o asalate bod switches, wirlmge wrmoms, or
acddress selection errors. [0 will also Nend doahle selection e s when by bae addieszes select e sama cone il dress,

13,42 Addres Test Do {MAINDEC. TL-INEA)

The purpuse of the Adsress Tesl Downo proginn is B demonstiale that Lha se’acied ownsary aca is cupable of busic
rened amd wride -::-]'renlli-::-nj. when afdress PraspagLli 13 dutaiiraar:d l||rl.|:|.;.|.|'. I N e [riza -:-:rupunif_m teet 1 the
Adelress Test Up prograst (Paragraph 13.4.11.

Thias test pragiaon wriles the address of each Tocation vaee kel T dowiwzed through mzmory. Afler writing doswen,
Uy progrion rels amd ehecks huck up Uereagh the necresy ceat anza, The progsam halte anoan ecror.

The Address Test Thiwn prigrinn resitles e Lha |'||g|'| P Lt Of 2o MEmory. [t does not <leck IO Ty heliw
address 100, a5 these Docatisns ape reserasd Tor tmpoand veaton Toczoges, The pregram weifies 1 all modules car
p:[fl:.rm their basie Functions, checks thae 207 addresses are gelaclable, and ecoe alsn b2 wsed oo solaie faulor swicches,
witing cmors, or sddress selecrion ez,

13.4.3 Mo Dual Address Test dMAINDEC-11-1IC A

The purposs of the Mo Dur Address Test peozrm is tockeek e cnigue seleztion af each memare address tesced.
Thus 1631 13 disided iato two perts. The fiosc pocticn of the tess 55 gk bt Tield witl T and wotes O ot e e
test Tucutnoe, This is fodlowed by a read clieck from this Locatican The prowrane than checks each Jeld lcston b
sminre Lthete are no vazations fiom the 1s configuation. Upon somplation 0 this teen, she ted location poinler is
ingremenled. The next Localion 35 thet wratefread oxercaed with s ond che sest feld nechecked forany chanae o
sorlen:, When the selectl Tecl feld las been tasted i Unis cownde. she prognamn soes o 4% and The sezond purtioe of
the test is bezun, The progrm Gl the lasn Geld with O3 amd the 1213 iz thea cested wizh o wTice /o sxerciaed with
1s.

This progezin checks Sor faulty switvhes o wirime srroes, checks the complets addsess selzctien schemic, znd chacks
&l1 14 bits o the date Geld for 15 umad s operation.

13.4.4 Bacic Memory Patlems Tesl (AAINDEC- E-INDA]

The Basic Meovory Patterns Test program has twe i parpises.
3. Vool that the seloctod memeory tost ficld iz capable ol weing, and =scdng, Dued data patrence.

h.  Werify 1hat theinenney plane 5 peopeely siTung.



This test program writes o specific puttern throughouwl o given memncy #aose, then reads the pattern back and
comparcs il with the origing) for cearectnass, 17 the pattern read tadls to compare conectly wish the ocmnal. che
proprom inikiutes a ol Lo the eoror subroetine. Afeer comphetely checking the pattzen, the progrm coulinues on o
[ mesel pallern rest,

[3.4.5 Worst-Case Nokse Test {MAINDEC-11-DIGA)

The purpose of the Worst-Cse Nudse Test progoaos @ to generate the maxiomeam posdblz ameaonl of plime noise
during execulion of memors neferewse inglroctions 1w check system operition wndsr wom oz conditiuns.

This Lest peagrar is desipned to produce the prentesd amozmt oE plane noisa possible daiog nsonsoy read and write
cydes. The nose parameters anc aticeted by 3 nomber of Gelor. The oouse geaciated is distriboted across the core
plane aleebazeally and adds to the momwl dymamic miize present on the sense lines, This can cause misrcading of
data (wlithin the plzneh thut 35 in dhe bea (03 ur Bigh (0] categeny. Tl sease windings of mest memeric: are such
that worst-case putterns can b wised by 2l lernately writing -1 aad 0 data confipuraticns throughout memory . Lder
these conditions, worsd cise noise % genersled by pecforming a resd, writz, complemant oparation il each loealisn.
The test is repentad afler complementing all of the patteen dara stored in the memory test wone; thug, all cooes are
tesied fior worst-use as huih 1s and (8. The pattern or #s complement i: writd=n inlo the reemnory 1260 cone s
determined by the sxclusive-DR hetwean addezes bits 3 and 1.

The WearstCase Mivise Tasl progran s dsvided ineo two pacls, Part 13w ren Gt and, during, Ueis paze of the peeia.
a | ennfigeration is weilten inta sl locations having an addzess with an esciusive R s1312 beowcen bits 3 and 9. All
ither lozitions ase lnaded with the O configuration. Afer the sl 2one has haan laded. tha inemary is rescanned.
Th time, each lucation @ read, complemented, read. srd complemenial {ECRCE Any Toczoon detecred as being
disharber| by a previuus RCRC aperation 15 Blagard s ar erzor, Lpon grnelnsion ol the read gean loapa. the program
wnbianalicaily swilehes to Pasr 2.

Thiring Paet 2 of the programy, the doo pateems sfared in roerieey are complemenced. 1o ather words, O patte mes are
srewed ia Locations luving addsesses with an 2schsive-0R beraecn bits 3 and 20 AL olier lociisns ame load= wilth
the -1 confipurssion,

Tha exclusive-U¥E pattem dialribulion Tor Pars 1 and 2 it summaceed Tor relererce g follows.

Tt L
Lxclusive-00F () and 93 =1 patecm
S ExclusiveLdR (3 and 0} = 0 patoemn

Part 2
Exchmive-OR (3 and 9= 0 paticra
M Encluzive R 13 and %1 =-1 patlem

After mermory is loaded, i1 i seanned agan werh a read, complement, reod, compigment {RCRC) op ez prewnonsiy
descabed. Any locition delecial as being distarbed By g provicus BUEC opemition iz Mapged a5 an cronor.

Bofore writing or teading wry Josation i edher part oF the peogramt, the program ssucs 2 call to subroutine
KORCK (eososive-OF chegk) that tests bils 3 and 9 and zois the XORFLE it the exclwsie-0OF. condifion & presene,

Subcoutine LEEORA i call=d for aey locatioa distnhzd feaen the -1 vonfigoction; subrooine FREBORD is galled
Far any lecazica distorbed from the @ configuration,

The progmm prints et armoss ancd repeats when compleee siehout iccoruption, Vpon cempletiar, the propram rings
thee telmtyrpe bell el ther lralts o swiccl | 2 s present, A continue ltom the hall initices crother poss.

If the program indicates an erur, wie the trouhlesheoteeg chart as & guade 1o locate the Gl



PART 4
POWER SUPPLY

[Fart o provendes specifications and a zeacral physical deseripifon of the powsr supply
A fetiiled cirouit desenpoon and maintenznce intermitior arz lse inclhglad. The
chaples of Par € ore;

Chapter 14 - Power Supply General Beseription
Chapter 12 - Poower Supply Detailed D criprion
Chapier Ta — Power Supply Mointzniney



CHAPTER 14
POWER SUPPLY GENERAL DESCRIPTION

14,1 INTRODUCTION

The power supply is 3 forced air-couled vnit that convests sinple-plase 115V or 220V nominal, 47463 1z line waltage
lo (he three regelated ouipel voltuges reqeired by the computer. The oucput voltagpes and theic poneipal uses and
charauieris lics are;

Woltage Else Characleristics
+[ 5% Comemnization Circuits Serics regulated and oveecureent pestecied.
=5V IC Logic Switching regulated and cvervollape and overcemrendt protected,
-15% Cove Memnty SwilcBing Tegulated und ewervolage und overcutrend protected.

The power suppy & used in conjunciion with the BCOSHXX {113V) or BCOSTXX (230V1 Power Comimol
Aszzenhlies, which souriin 2 line cord, cironit brcaker, and RFL capacitors. Line cord lengeh i specified in the pir
nushber, e.g., LISV, 6 fead s desiprated BCO51106,

The power circuitry aleo penerates BUS AC LO L and DO LO L pevwvey fail @acly warming signals, and the LTC L
realtione clock synchrooizing sipoal.

A therrnal conlesl mounted on the heat sink wil eeeirupt the ac input showd the bsn siok demperaiere breoms
excessive due bo fao toilure or other cause.

142 PHYSICAL DESCRIPTION

The power wupply comprses three major subasserablies and vy cables;  The power control anit, powse chassic
ussembly, de repulator modole. de cable, and ac calle.

14.2.1 Power Contral TTnit

The power control writ (deawing H400-0-00 is pewenred 40 the et of the scompuoter by two screws. [t sontains lics
cord, circwit breaker, RFT capacitogz, 115 or 230V omnections For the power supply ramsformes. and an ootput
Gyocker Mare-2-Lok comnector. Physically, it consists of a sheet metal bracker and a slide-an cowver that iz locked in
place by one sceew. A slngle pole dhermal breuker and o line cord scrain-reliet gromimet are mountzd on the Gonpe of
the bracket, making the line enrd and brepker mssl button aceessible on the rzar of the computer,



A ssmull prntad sircuie eard is orounted discetly o the breaker termanals, This card intesconoesis and mouats the
EFl dsl-lsc ceramic capacitor, the oulput MateM-Lok conpector and three fast-tabs for ac inpul and ground
conmncetions. A dual fast-rel i commeciad directle 1o tha brackset, The blzck ol white line cord winss are connected
via fast-tab to the PC card: the green (groamid) lose cord wira 35 cormected to the dial [sst-tak, shich i tum g
conneeied to the third fast-tak oo the PO caad.

Tha 115% and 230% medels diffor anoonly vao respects: beoaker current saring and {poated coacwt) juanpess fion
paralizl orsenes connestion of the power supply transformer pomacies. Power contral part asibers are; BOOSHXX
-113W, TA: and BODSIXCK - 2300, 4A: where XX denotes lne cord lenpth: ep . BOOSHOG Tas a O foot e cord.

14,22 Power Uhassis Aszembly
The 700 8731 Power Chassis Assembly (Fipuezs 1421 and [4-2) consists of @ long, imverted Ushaped chassis,
TORTI0 power translformer, anid o S-meh fan 1t s seoured to the hotior of the somputer by Tous 8232 by 308 inch

Fhiflaps paan-haad bolis,

GF11-2

Figuse 141 Poweer Chassis &ssembly (witl DC Regulator Maodile)



HFI1-1

Figure 14-2 Power Supply Assemibly (with DR Repulotor Modole Hemoeld p

The chasels 5 mounted to the nght of the connector blocks, when viowed from the fromi, anid airtlow £ from frond
to pear, The fan is held to one end of the chassis by two serews; the ltonstormer i held to the other 2nd by Poor
mounting studs, The transformer may bs removed by locseaing bour nuts, which are aceessible threush impe holes
o the betiom of the power chassis,

Thi do reputator modele is mounted to the chassis asembly By six screws amd most be remoeesd For cabde nocess. e
de czble cnters a slot on the coanector block side of the chassis; the o cabls entérs o sln8 on the alher side,

Conoections to the tin ozre mede by osmall Castelnhs, conmesiions o she transfommer are meebe vin Maie--Lok
connectors: G-pin for primany, Fsocket tor socondary,
14.2.%  1TH Regnlibar Maodals

The 3409728 DO Fegularor Moduts (Flguees 14-3 ond 1441 s a ponded cireo assembly, mounted s dhe power
chussis assembly by (our 372 by 9006 dnch and fwe 6232 by 113 inch Phillips ponchead sereas,

153



PORER SUPPLY Fan

[ REGULATOR MODLULE

= THERMOSTAT
e A TE-N-LUK COMNMECTOR

FAST TAES
TRAMSFOBRMER ] i
{ x'“'“w
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CHARSIS
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ER ]
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COMMECTORS
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CONKMECTOR
A
Figuse 144-3 DO Regubitor Module {Top View)
OC REGLULATDR MOIMILE
DL CABLE

CHASEIE

T

e
= FaET TADS
%3704

Figare 144 DC Repulaton Module (Bortorn Yiew In Mounting Box)
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Compuzers that were shipped during the firsd chree or four menths of production e o de regulstor medule
designiled 3409725 A-0; later shipments we o module designnte 53097 28-0:40, [ revision. Thess arc differences in
compiment vaiues on The two modules. The discussion of the de regolator module cive wits 40 this manuow] is directed
Lo the lacer modobs, designated 5409728-04). Engincering drowings applicable to the module used are shipped with
the equipment, These drawlags provide schematios and cotmpunent values of the dc regulator module,

This module comtaing alk the circuitry betwaen the lraoktlormer sccondery winding and the power siymply autput
hle. The fransiormer soeondury S4ucket Mate-N-Look connector is plugped inlo 3 mating conmecor that is soldcred
direetly to the printed circnit Twwpl and B aceesible undecncath 1t The 9pin Matc-N-Lok cosmector on the de
utgut coble 1 the eomputer is similarhy mawd to 3 commaetor undemeaih the other cod of the buard.

The de repulator module may be probed for iroubleshowsling payposes frum the cop; Bl points on the circuit are
availeble. It may also be removed fream the top for cnble access and for mrtz replacement by removang the aix
Fiecl e SETEws.

The printed circwt 8 approximately 5 by 10 mehes, with about half of tha top surface deveded o the heat sink. The
power transistors and power rectifes are bolted 1o two shelves on the sides of the heot sink and make contact with
fhe cirguit board disectly underneath via solder vl scraw connections- Tlw leeat sink is hard aadized for cloctoeal
Insulatian,

The other half of the top surfigs i devated (o intergminecting and mounting 1lie balance af the cireil. Thees small
outprat voltuge adjusleent potentinnelers 2 arcessible va Uiz top partion uf e board.

Two small pico fuses anz mounted cn the top of the PUC tomml om the fan end, Thess Mas-acting fuses il typicly
anly Blowr when sume component is defecuve or when the #*5% o7 -1 5W is too high. The two input filter copagilom
are leeld to the underside of the beard by o bracket and are connected to the circuil viz jumper @bs on the Fom el

The +5% mna =15V output filter sapacitors and industors we alio mounied under the board, the (ugmer by screws
and the letter Ty woes.

Care must be tiken o ensure that all elecurical apd mechanlcal conneclions are sccure. In manubigting, e
hacd war is tightered with a wrquing device set ta £2 incheponids.

1424 DC Cable

Thic is a simple whle connecting the comgauter module Lo the de power mocul2 via a 9-pin Mate-MaLok. The 1aticr is
inade secessible by Youszning the six muenting screws ind Kting out the ds meslule. Cable aceess iz throagh a slot on
the compurer mesdube side of the power chassis.,

14.2.5 ACCable

This cable interconnects ull e podions of the compurst chasis {Fipures 14-1 through 141}, The ac poriieas of the
compatier chassis are as Moblews:

Prwer Supply Fum — Lwu fast-tabs

Puwer Supply Thermustat — one 2-pan Mage-N-Lok

Memory Section Fan - two fasi-tabs

Tranzformer Primary - one G-sackel Mate-MN-Lok

Tower Control - one G-pin Male-N-Lok

PDF-11 Swslemn AC Power Cunteal — t2o 3-pin My Le-M-Lok connecliars o ear of compuater.

T = PR e R = ol =

The ac cable i located on the rght-hand side ind rear of the computer and is inherently sheolded by the power
supply clessis and the ¢nmputer s,

L4-3



14,3 SPECIFECATIONS

Tahles 34-1, 143, and 14-3 lisl all the powen supply specifications wecorling 1o input, outze, and mechanceal ang
civdronmenial specifications.

Tahblke 141
Power Supply Input 5pecifications
Purameters Specifivations
Flnmed Voltage (1 phase, ¥ wires ond proand) H5 13501 00—270%
I Frequercy 47 -83 Hx
[npel Curraen| EIEEA MY
Input Power 323W at Tuall hpand
Inmish HOMOA peak, | oyele
Kisae Time of Outpeat %ol lapge: 300 s man, 8t Cull luast. Tow line
Inpul Chreprcitaee Transient (I T 1 T
ATV, 1 mz
Slorage Adtes Line Faiiure 25 s min, . stastioe ol fuw Jine, full Load
lipui Hrsaker 4 part of BCOS Maver Colcolb TALAA sinple-polz. mameally tesat, dhermnal
Thermoatar Mounted on Heat Siok (upens 209 Y 2A onlacts
truns fueamer and fan posse } Cipens Sh— [ 005"
Antespuatisnlly resets 36 - 897
Trput Connections Line cord yn BCGS Powar Comtral, lenpth
wnl plug 1epe spesificd with ROUS
[Panagrugsh 2211
Tus-Onyf Turn {4 Applicution o resowa? of poaer
Hipial (input 1o 2hassis and cutpa b 20 kVode, 00 see

Hlnpur valeng: sulvslivn, 154 ar 2390, jx el e by specilving e s pproprivie AC o Bos, DR Madel HOBE
Al specificutions ars with respece 10 the: BUYS jnpot.

144
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Table 14-2

Power Supply Outpul Specifications

Parmeter

Eqecifwntion

+i5Y

Lextid Rasige
Klalic
DvEanie

Max. Beypass Copavitince ia Load for 50ms oum-on

Clvervoliapge prolechon
{uerent lisod at 2570

Bisick up Fuss

014
1A

00 mF
bane
[3A 0 L TA =62 mAS T

15A (alao used tor 15V

Adpstimaal FE5 min
Begulativn [ANl canses inchding line, Toud, St
ripple, neisc. dzift, ambiert tempst turs}
+5Y
lnad Bange i
Static O—-134
ThrRaimit £1 134 dwithin 01 7A load range)
Ty ic: 427 Bio Jesad - [l Taad

Wlax, Tivposs Capacizancs in e for 30-n1s
[ T:=000

Owerwelsape Crowbar (blows fuse)
Curcent it at 25°¢

Backup Fuse (serics wilh raw do)
Adjusiment Range

LEezulation
Line
Sratic Load
Cynimis 1oad 1
Lwrinae Losd =2
Rippls and Paoise
JOCE Hewar Dl
Trem prrataie 1|:'—{1|.'|'-":I

IR aF

soF £EY aznusle [TV bk, max. cutpal}
10944 (-0 AFC)
%4

=5% mdn

10.3%:

3%

b

LRIl

4% prak-1o-prak
HEZLG

1%




Talde 14-2 {Con)

Power Supply Qulput Specifications

Pararmets=r

Specification

-15%

Tl H:lngl:
S Lalic
Diynammic #1
[iynamic #3

Max. Bypass Capacitancy in load for 30-me
men-oq

OwervalLage Crowbar {blows fuse)
Cusrent Liwie ol 2570

Backup Fuse (geries wilh mow do)
Acljustment Bange

Remulatin
Lirne am! Stalic Laag
Ihrnacie Towad 51
Dynumic Load w2
Ripplz and MNaoise
TLNY o Dirift
TElnplﬂ':l Lre §0—i300'E

0-Ta
A= TA LEA s

B Joad — Cull ool 00,54, s )

1000 ul

BT 4—20.5% { 22V ahs. max. outpuc)

L3—L334 (-003470
A

5% M.

+]4%

+2.5%

3%

g [ k -|||-F|:3|]-;
~0.251%

|

BUSTHC LO L and RES AC LD L

Atefie Performance et Full Locd
e 230% conneation, double below voltapes )

BUS [K! X1 1 poes to high
BUS AC T80 L pows (0 high
BUS AC 1.0 . drops to Tow

BUSDCInI. drl,mps-; to lowr

Hysteresia (eantained in ghoye spocifications)

Clutput vel Lages s4il good

T4 —B Vag Line woltape
E— 11 hugher

B—5t Wac ling voldape
T—10W lower

G—34 ¥ae

M Vs lime yoleage

14-8



——

Table 14-2 (Cont]
Power Supply Ouiput Specifications

Pararmeter Specification

BLS DO LO L asd BUS AC LO L (Cont)

Dhvnawtie Porformamee
Worsh vise v prAve - ia high lines, S
Eulh Iowml,
! ALOMEST OUTALT
i [ COMES L7
' !
aAma
T i CIEN
1
i
I
L
r BUS AL DL
my
R WGL R
Worst vase on power-down is Juw line, —
' .
full o FowER DIWH
1
! B !
o L - \ FASTEST DUTPUT
' I UoES Lo&A
1 Rmis
™ N
! I nus AC LT L
: :
:-ul-::;:--dl— | mn WK '"—I-i
' BUS DO LD L
[T
Rurpier Chara lerti ek
Dpen Cellzcior 40 et sinking cagschilioy
HAY max. offzel
Pull-Up Yeslbapz o Unibus SV naminal, 18052 anpedance
Elsre and Fall Tisres L gz max.

Diutputa alaall remain in L slats
subseruent i pevwer faibore wntil poowsr
in cemalnred despite Lnitios pulling
wiltages remuining.

[4-0




‘Tahle 14-3
Wechumical and Eovivonmental Speciflcaliung

Fimimacier

Bpecificatinn

Wewhi
L F.':'.p_||.|:||||r

Pomcr Chussiz Azscmbly usaludag AC
Fregulaior Maodok:

Dirmensicors

Cocling Mauns

Minzrmwm Cooling Regquircments

Rated Heat Sink Tomperatuss

shock, Nondpensing,

Vibrotior, Mon-Cperaling

Arnbicnt Temporator:

IeLitive |y oy

Altilnle

T 1h approx.

T8 tb appns.

4500 in. levetl:
5.0% in. wndth
325 in. heigh

Intexral 5 ia. fan

375 CFME thoowagh heal sk
2500 CFM aven capa, chakes, i imnsbormer

3570 e,

ACACE (eluratiop 30 oms 102 sine in cach of
six oTicntarions

| A9 158 IVECEpE, ) rlr::ll:'_ 'r.l'r].'irlt', Frisn
4] e 500 M, B clbborctave roello 07 S0 300 He,
each of six duections

O to +4G0FT operating
=40 ta +T17C storape

WS . Cwithent sooidansation)

[ OFC it

Ot |.'-'I.'It TrErn lars are 'S-FIEI:]I]E‘{I at the FHIEE ul |h|,! g-pjﬂ_ Bats-M-Liak connector “'if:.ll'ﬁ 14-571 which r_|||:~;:l.\_ ey the
ourput caaneclor v the SAIFTIE medule. Allvalpal voltiges are given with espect 1o the common ground 30 an

his pofrector, TR drops in the distribution wiring are minimized to aclieve pood renilatiun ut the Sad.

Pin | BU5 AC L0k
Hn 2 Coninean

Fin 3 +3% outpur ) T (%1
M4 LTCL {Chock Sugnzl) - il
Fon 3 H13W cyipus _
Piné BUE DC 10 L R
Pire T Mot 1sed
l'in: & Mot used - - —
e % - T5% anrput L S W
— —
NOTE:: 1. The cliceit cimzecled 1o pins 7 and 8 & net wed @norhe PTP-1].

[

backtanae,

Pan 2 e el connectesl Lo clussis within the power sapply, Chiasais groural s made at the

Figwe 145 Dutput Conacerar. 3:HIM 725 Regulator Modole

14.11



CHAPTER 15
POWER SUPPLY DETAILED DESCRIPTION

151 INTRODTUCTION

The powe sopply is divided ‘nbo Peo fecuonss the go inpet cireodt and the de regalator ieduolz, A detaiied
descripton to the cireul level is prvdded Tor cach section, The ac input circwil descriptoun discusees the pomce
suprely intereonasctions, power contral, poarer switeh, transfoemer, power cuntsol cocoit hieakar. and the power
supply theemostut, The e regulstor module ogeration descripling diszus.e the peineration at the arcudt wvel of
cach of the five poaer supply nutpurs.

15.2 ACINPLT CIRCUIT

A delwled ae intereonpeetion digsmny is shown in Figore 15-1. Digures 152 and 15-3 give this anformation in
acheratic Forn.

The Nine cord, sitple pole hreaker, RFD capacitors, and connectiong or nzosfonmen LESY or Z3Y wicog ans
eontuined in the puwer contred wdt. To selece LESY input or 2300% ieput, osc the BCGSEL or DCORE power cunl ol
unie, respeckively,

& daaction mrnaped koysaateh is emploved aed moanted on the console. One szelion: interrupts the power L2 Lhe
irimsEnrner primdry. & seeond scotion is wirsd o owo 3-pin Mate-N-Loks: it che PDU-VT gatired poses cantral bus
i phugped into anz of these conneetons, the kevswitch will torn o the wduole crbive] as eell s the arempriter. The
wthier Liree-prn Matz-b-Lok is provided Mot daigy-chalning o the cabined power conizal syslens. The third sceion of
the keyswiceh s for Paac) Lock sl is descnibed i Chager &,

The teansformer is v o Do 47403 He 2nd s cquipped sich tee windings that ac connecred by the power comtrol i
pazalle] tor 115% uperation amd in seeies for 230%, The Fams e connectzd aeress half of the prmary snrhal they
are always prosided wilh 135V enmiaal, There 5 a0 slesimostatic shicld hetween primary and smoonilary of e
transfarmar,

The poarer contrel sitenit bizasa containg g sipgle-pole dheonal zircoit breaker that profscls mginst inoad averload
aned B pesel by pressiog a bactionr: on the rear of the corputer.

The sheamogtar is mouiied oo the power supply beat @ik 3F the heat sink ermperature nses 1o aboat 100°, the
thzrmcsiar will open ore side of the primare circoit and de-creagize the poweer supply. 10 will sutomatieally reeet ud
aboim &1°C,

153 T REGULATOR MOIDULE DPERATION

The dsassion of the DO Regelator Medule ciregits v thin manual 5 diccetzd to the modwle designiced
SA00T 2800, rather thua cha easlier ineadale degigrated 34007285 A0, A block diaerion of this mndede is <Jussn in
Figure §54, The venter lapped ontput of the pewer traostormer is spplisd e positive and negeeve ceetifier snd
filter ciccuils, The ecofier cizamts prodoce *28% gmal - 28Y roeninal raw de voorapes which are unregulzced g aefl
MilL2red Ty che D pot stocage copacitors.
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The +28% P ois el by an aclicient awitching meawlalor circnit to peodece the 3% de oalpal. Peavgione (o
vwvercurrent detoction are meorporated o the regoledor cireuit so char excess current is linweed when there = @
malfuneiica o the Tead. The +5% outpat is also pretected againgt cvvrvolizpe by o crowbar cirouii whech limits the
ovtput to under 7V bofore che outpet gets to this wilue the crowbar cirzuit blows the Tuse in the utpt zitcnit of
tha meiitier.

The - PR e is owsed bw The - T5W cincwit, which @ siocdar in opecation 1o the +3V egolaes ciseds, The - 15V
crivgebir circmil lipnits Lhe ||l.||.[|u'l Lin 2%,

The T.TC . Rea' Time Clock synchoomrieg signal o oeoeraced by = osimple Zooer clpper 11ia1 i3 fed tror che
tramaiormer secondary.

The BUS AC LO L and BUS DC L L sipnals am used toowarn the Lindbus of immiren! poseer dijuze. Cirguils on the
repulator module detoct the cansturmer secondsne seltare and generie o HimesD TTLcompetitte openscnl lecer
sipnals thar arz wed For powrer tail feoctions by devices on the Lribus,

15.5.1 Generation of 2Rnw DC
As staied in ¢he provicws peraprach, the centerdapped translimmer secomslacy wollage & reahifiel aod Dilesed price Lo

bring fod to the three s reglulors.

The cipspiley sl is shasen in FiHIJIH- i5-5. The '|:l||dgk.-'“ soctificr T4 s mouated on the hieat siek and she i|:'||:lu|:
capacilors O st G2 are monnded oay Lhe Todabmon of the wegulator modole. These capacieess flter the input dz and
are largs encagh o proside 2l least 25-0a slonage whet the input powe is shut off or Fails.

345
q,7m
g3 EE-30 17zm
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R o
AT-3H2 | Fi,150
FROM! Lia l S & A N
TRAKSFZRWER | - : REGLLATOT © RIUIT
EELOITARY . o+,
NI BE
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i I -:u-r:'l i
o _‘ r 1
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R NN ) FE— Y
- -+ N
.
'
XL e
AT Lo A
H "||:|'r-c|':'|:||E:I
I B Eﬂf‘“ To-ify REYILATOR

CIFZ™

Figuse 15-5 Eecelivier and LT 1 Chireuils

A fuez s wsed oo each outpud 1o protect the cepalotor and load ducng S2olts The fuses wall ool nocmatly Elow ahen
o regulator ovtput @ shoried Beconss the three onlpuls are gectronically ovaicoreot protceted. Howerer, the
approrprionle Tuse will blew i case of 5% o - 15 e rvolease crowbur o in case oF fhilere 3n e o3 the overciernsnd
cireuits,

(=

=h
0
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The pesistor ey cach tuse provides o sloar { 10 - 130 secondsy discharpe of C1 or 2 afe e power 5 turned of T
noepse o Fese blews, The capocitors are placed sheadl of the Fuse too limit the ensoey inoany fawlt and thus berter
profect the mpnls.

15,32 LIT L ireuif

The T.TE 1. Real-Trrse Clock :-\.'J-'||I.'|1r\-.||'.i:-.i1|5 S I'Figurl: |5-:5|_] 1% t'J!I1ETiIII:IJ |:l:|.' i Ferar I:If[l[.ll.‘.]' citiuil, The cutput
wiavabonn e 2 sz (elipped e wave al live Cagueency. For ome pobioaiy ol corgal sine waee, D13 cpe gt abog)
AN ol s the ctler palerice I3 eleps al ws Tosweed vl Lge o = 100%

153,53 BLS & Lod Lound BLS DHC L0 L Circits

Thz ciroweary shown in Figare 1500 s emplosced o genernts the tinaed Laibus power seaos sigias speeafied in Tabie
1d-3, These are vl Los power Pl funcsons. The cronsterrer seeondacy woitame 3 oectidfed by DL acd D2 acd
[ =eref Do OOzl 1, K14,

k1
] 18
L BT | [
T [ ] e 1
Hewnlll &f Rasr PN | A4 =
TIALEFIRRD A SITUNOLEY e e
INGCCa 1 |
S

®

uta .
.E LUK B iﬁ'-:';:x
2y
ZHASLE R E]
- Fqr0

Froez 134 BUE AC TO zad BUS DO T Cocails

Cirrwil pararerers 30z chosen o Szt the vollage somoes 09 will riss sloser than the thrce regulaed owtsul vol lages
vir puvener-u e A6d will decay festes Ui Uhe thiee zepulatsd ouiput woltages on aows-dowa.

Ty didterental amplbier cizznins ge gzzd boodetec! poser <tz C07 015 5 usad oo gonerate BUS DO TO T anst
L5 QUG is used to 2anciate BUS AC TO L. The dilerer il amplifiers shums o common teterece Zemen dinde 63
vehuick s 1o ueereatiomately 1o e T

A T chasges schyieguent o meseerapn, sk LT, L8, aed the 05, Q6 Change nloke; she revermse is (oug 2uging
porr-down, Whea O stacis b charge, AT ot 416 ane o und QLS and Q18 ame wor coadueling. As O% charass
lomtheer, FTE sburts to sondec banto BT and idies S ealiags onccnthaede 3. This ucts as posszive feedback zad soaps
Tl amel TR o mane =alidoy & Few milliszesnd: s, the ol L don o U9 bz pdsen, sniliciznty for e same
proczis 10 wke place i diofesenlial aooplilier 015, 006, The stamus of zach dilfzcoentzal zeaplitien & Mlawed By the
TR N transistor opan-collector satear slages LS, OO ror IN0E 130 L L. 2nd Q03 QLA o BLS A0 L0 L.
Tovese sluges climn tz Unibis at dbonl #2045 wan, the diffevennial s iler cieodis seopertiafhy siznal them across
Boll anZ B1Z that mewwor is ape The eatpure chen rise o abou? +5% a8 declated pe the Unibas Loading and pol-up
lerminacion regiatons,



i

The sayuence i as follows:

[rrAef-up = then BRIS D L L =0h = thew B AT LOL =0
0= High (+3%)

power-down + BUSAC LG =1 +»RUSDCLOL = |
1= low (HLAW]

Anyv gme thal BUS DC LO L or BUS A0 L0 Lozo Jow, thers is salficient storags o cipaailor Clerd C2to
muintain eaipat voltase long enout o peomt B power 12Q0 vitouil weooperaty The open collec e sages upe
desimred 0 chusp the Unlbes g iAW maumum. oven wher Siwe @o0d &0 mput e the reglered. They are
inhcrensly hiasen oo by RLL and Ri7 until the dadferzntial arnpliliees sigoal shat power i (K.

1534 +13v Regulatow Circuit

The 415% resalater thown in Fimre 13-7 i a sunple sedes regulator. The gass trnsistor Q1 i a higl-paan power
Drarlinghun and is meunted on the heat sins. Base drive currerd is sugphed 1o G iy R 08 et Lo lanat the valus
ol this current 1o the required wshue by shuating it away fromn the 9% Tase. O, she wollige b2t tor amnsiificr, bizses
em 003 and thus lmits coczenl in Q1 The +D5Y oulpnl wollage o sampled on flee viewing chaan B34, 35, 3% amld
cmparzd e (e valogge aemes relaronee Zones LR, which is fed by AT, 1 the oulpot shoal 2 oy 1o ineoeas [rusm
the eepulated valug, the emitier of D4 13 made more negalive {relataedy ) thun it buse and coaduetion thoongh 2
increcses . This wnerrases the consdetion theoooh 7 apil ciases G o shet down alfisently Loowesare the warpo!
woeltage 1o the Tegelated value, ambiect semperatre sowmeiation of the voltge detecled e eazeotially flal vnee [3%
has a <2 m¥! € temperaluie costficiont and lee bese ewecler joncsticn ol 0 lias a =2 mV7 L Jerepeiatag
cacificiene

T w0 DipC
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Fapaire LE-7 #55Y Megelawar Ciesuig

BA% acts as the +15% wollape adjustment polenlimeter, Ci8 s o hivh Treqrency ssabilizntios copaciton, 2s ths
envprlow] deteorors when e oetpot earrenl Teches 1S A naminal, the woltage aciess BRI bs sesficien: locause 2o
candasl. Thas comeves base drive Erony G and cinses Hhe veguletor t cerranl it

1535 +5% Resolater Cireudl

The +5Y copuiatar ic smilan o (e +15% regalaion in that e sumipleel woiput valtage I8 sompaied to de wolage
ariuss & refemence Zener by oo voltige detecton nansistor, whicl in tozn contrals the d-wers Tor the ranin s
rransistor. The #55 1egelesor cireail 3 shnwn ia Fipurs 158 An overcureent cim sl is like wise croploved.
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Figun: 155 15V Bepulatin Coeuwil

The viewing chan cunsisis ol B, 500 51 wad the teterence Zener is D9, which is 1zd Ty R 41100 s the doiestio
amplliier, The pass Dansistor 05 and fuse steee d=ver 07 e ainunted on the hese sink, The pralrives 8 is ticned
car by W0, The custens is diveried droean the base of Ok b abf-drive: 09, whicl i entrolled B QS The +15% 2nd
3 requbiiors are ginilas i COCTUERDIL] k., = lendercy Jor che catpul voliage o dse rosuMs i meosre sopduction
tareadgli Q0 znd cesulaed linitiog o conduct:on Diraash G,

Here the amilarily ends. The 45% circait s a regulaine i operates m fhe swilehing made For mereased eFivicacy.
To get the mgulator to swich, positive Fedback i appliad 10 ths voliage delestor inpot via RA7. Thes e whole
regulator ety as i power Schonill inprezer and i eithe: eoapletely tumed on or tarnes] off, depending nn o whether the
SRR vulligy By 200 hogh ue oo low, When 08 s on, 7 supplics canenl throniph filter chake T to e aoiper
sathing capicitor C7 2nd the lowl Whea Q6 is oIl The LL cunent decays Ikronph sommutating dimdis 1130,
whizh becarmes furwsied bozsed |:-_'|-' the huck zmf of L1, The wivcfarm aoqoss THIO 15 o S noemingl rer Ggilar _._"lilﬁl'
i The fitered colput aies CF bs thus +5 Ve with abont a 200-m W pezk-tepesk 1Kz nomeeal sawlonth of
supar-impoicd ripple, A dhs coest of e ripple. Q0 turns o7 angd a0 che valley O vrs nn, This el niimle ol
nperition limics the dissiparan @ e cinzait to the satarated forwird loases of Q6 il 1O and the switching bses

of G The mesultant high elicizney sllows the heat sink to be sanall e d rhe ambee 2 poewer semienductors wohe
Fawy,

B30 s the valtuae adyialinen petencicimeton. B30 is 3 pogitve wemnpeniure coel¥izizat wire-wonrd Tesistar that
pomzenesti for the fct that e D10 Dase-cnctler junction ond the referenee divde 19 both have negative ol lige
Lempem e CoelBoiemis, 035 currend, Swited by RIS, 40, delecis (T e reurcsn vigrial peneridod 200088 ronisioer
EAL, whizh is in sories wit the 96 collestor.



Chatpier fault cutrent is limiced 1o a safe volne hecanse conduction of (5 makes e reference vollage across ]
decpesse tiowenn, Thi canges Q10 1o conduct and shute down the regulatos. C3 5 an overging capacitor. which is
necesary i L caccuit Besause the curent through B41 85 pulating.

High Frequency bypiss capacilos ate uszd on inpat dod @datput of dhe regadaon, C3 and Co, respective’y. £4 5 used
b slow down the treeun of 06 1o altow D15 o recover from the on stife withoue a laggz teverse current opike.

In the cvent o malfueetion cawses che oulpsl soilags 1o incrzase beyand shout §.8% pominal, Eener diade T2 witl
sondust and live silicon-controlled testifier Q1 1. This will crowbar the ootpol volfage o o ke value thoough DL
und wilt Blow Fee Flin the esctizier citeuit Ouough B32,

1556 -15Y Rogulator Ciecuit

The - 1 5 repulatar circnit is shown in Figure [5-8. 10 is sssentially the complement o7 e £33 regelatar sirzail and
JilTer unly i moinec de kil
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Fipurz 15349 L5% Regulator Circuil

The ctimabar dovice is o Triae Q27 tstead of 2n L E [N PECATUTE Commp=nsaling segastar Ls n:qr.lrt'-:l hiescase G20
and DM teack cush nther, & in e +15% regalaor (Paragraph 15,340 The detaded imerconnection of the drvers
and the cirewil valoes ace dfferznt, The  15% ouepat woldbape is aujusred by sotentiomster 2R
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CHAPTER 16
POWER SUPPLY MAINTENANCE

161 INTRODUCTION

mfucmation is provided in Lhis ehaptesr o mainfain the power sopply  This consists of adlustnents, cincuit
wivelurms, iroibleshoaring, and pares dentification. The adjustments consist of threz owipal poleatiomerers. The
cirewit wivelunes provide a guide 1o proper operation ot various places in the drenil. The rroubleshaating sectizn
prowvides rules, hinis, and a troublosheoting chart as 3 maintenance aid in iseluling power sepply maltunctions.
Finall¥, ilie parts ideatification scetlon pravides a dizective to obtaining parts imformation for e eroire power
supply unit theougl a pan: locanon diceedory to the mechanical engineering driwings ia the Erpinering Drawing
Mannal,

16,2 ADJUSTMENTS

Foree adjustinents o the power supply sdjust che three d: outpot woltsges: +IEY, +5Y. and -15%, A small
sepeweriver ix all thal is requised. Cleckwise adjustment of any of the polentiomerers increases voltage, and the
polenticaneters are lagated on the top side of the de regulator module, The pofentioneler desigiiations are:

a. B35 14w
b RID. AW
o Blg  -15W

[n peclorinigg any of these gdjustinens acre the fallowing:

CALITIO
L. Daoneet odjest veltages heyond thele 105 percent rating
und udjust slowdy dn arder to avold overvoltape crowbar,
which will Blow de ot fuses.

2. Do umx a calibrated volimeter, preferably 3 digital
volimeter. Volteges should he wdjusted b chely center
values: +15.0, #5340, and - 130, 4l snder boad & the de
cable teomimoton on the sistem wnil.

163 CIRCLIT WAYEFORMSE

Ihe two bazic regulatar cirevits vsed on the de repulitor moedele pererate +3% and —15%, Ligere 161 shoes six
wavelornsg of the +5% regulatar cicceit taken at ten points (A and B) o the cioowit [Fignre 14-A}. Wavelorrnsa, b,
and & are ko at polat A, which iz the 5% cireuit, Q8 mmansistar cutpud, Waveiorms d, ooand ©aze taken gt painl
k, which iz +3% power supply output [J2-31. Figure 16-1 alsn indicates the Inad conditions and time scales for encl
wavelormn, Figine [A-2 shows aix waveforms of the - ESV repalaior civeucl taker ar two poiots O and D) i he
cireeie { Fipure 14-70 Waveloring 2, b, and ¢ are taken at point O, whicl i the - 13% pawer suppiy cutpat (J2-9) The
lead conditions and lime seales of the ropective waveforms are mficated in Figure 16-1 Theswe wavetorms wers
taleen om & Tektoonis Model 353 Qscillnscope. All wavefoims are with respect o J33, power comimon.

in-1



ay Piarl A B fed oy Poen B, Mes Bl
2 ms div_dand I readaliv, st
T, B0 i e,

ke Pobrt &, Mo lcad, = Poing B Wa lcad,
20 wsdiv, and 20 usrede, ol
TN e, o H N A TS

£} Poimt 4. 2008 koad, i Poiml B, 2000 Do,
20 cadiw, and v tline, ad
no e, B0 e vl

Figure 1o-1 43 Regeltor Cieeuit Waveforina



A Foineds, Mo sl dl Point O, Mo losd,
5 msfdn; and 5 misfdh, and
105 i B0 il b,

b Paoing L, No load, al Point O, Mo o
B0 psrelid, and ':'U T e
[ TR ol mhrdes,

13 Paniid C, O boad, fl Pogpt B3 58 ke
B paadlin, and [l WTLLE ST Ty |
A e Bl iy

Figuie LG-2 =15% Hepulato Ciceult Wavedorms



la.4 TROUBLESHOOTIMG

Teeubleshootiag informabee: o the powsr supply aonsists of trewbleshocting reles, hirts, and a trovhleshonting
chard, This acformation provides z agintemgres a9d o0 Buiadng  power supply malfunecionz fdiawing
D8-S0 T 26000,

1640 Trovbl=shooting Rules

roubleslenting rules Tor 192 grower supply are as Follows:
a Make cerfain 1hat power is farped olFacE unplugeed betore zervicing the power supply.

b Exsare thar inguwt capacitors C1 and C2 arc discharzzd Before servicing the gower sapply, A 10 10 1005,
10 registar cen be wsed o hasten the discharge of the capacibs, {Be swre powes -3 0f1.)

[ The v remlater moduele i= oot eeerpally peounded 42 the chassis: therefare, shores oo geewnd san be
lexzitted alfer disconnscting the de output coble 0o che swstem uot.

d.  The de owtpod Fuses FL oand 12 can B replaged without removing the du cepolator module, Betorz
wrsaldering fosss, chserve cantlicas descr:bed in Steps o ool b,

e For proper apcration, all hardware mast ke secorssd lightly o abea B2 incte-ponmd s (e, capaciturs,
chokes, semiconductors]. All hacdware showld be reploeed with idenlical hardsaes repdieciment parts,

I The e repulotor module may be remoeved Grom the top of dhe power chassis asgemnhly whils e arter is
still Iaallend o the compoter chussis. The o oeguinior madule is held in placs by 2ix sorews,

2 When replacirg power semigongductor oxnponsnes that are seoured 1o the heat sink, apoly a thin coat of
Walelield 4128 comppund or Dow Siteon Grease to the heat sink conraer side {batwem) of the
seriicoriductor, Insilating walezs ace oot reouiced.

16,42 Tronbleshoeting Hints

CAUTION
Unplop computer befare servicing.

The mase likelw souese of poaer supply malfoneie sk de regebior mealole. A cwick remealy Tor g malfunctiog
oy he we replace thiz endire mnedile, The probles, howeser, could be 5 short in the syelem unit < possible a
defeefive componenl o arlier peohlens in the g e girgni,

The +3% and - 15V regulziozs congain veapvoliupge detection cicceitey, 1IE RS0 or B26 ars ndjested too far clockwse,
the carresponding ezowlsir cirenit will tripred Blow Tuszs, To correr? 20is comdition: adjust the potensiomster tully
counterclockwise seplace the hloans Mose, ond readjus: per Papapripeh 16,2,

Maks & wisual cxamipation a7 ile civew e, Check Toa laeran registors, eraciest sz, Burn| peinted cieeit Boasd
#ich. ©il feaking Crom capacice:s, and lonse corneclioes. A visual chacs g he a quick mataesd of healicg thie caos
2f 3 maliunarion.

1543 Troubleshooting Chart

in checking che varice: greas of ke gower suoply, the rales listed o Faagoapl 18,25 dloedd B fallawed. The
savelneme relerenced v Pargaph 185 poowide o compazison fon she boableshonlimg seadings Fable 1é6-] provides

*he e pegulaier tnoadleshoing olacl.

| £}
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Table 16-1
Trowhleshowting Chart

Problorm

Llinrues

M +5Y and +15V ootpel

+5% Qutpul Toa Laow

115 Cutpat Trea High

Baas - 13 Ohal g

- 1AW Oucpit Too Low

RIS AC 10 L Wil S Go High

B AC T L Wall Mar Do Law
ganalinr wots coralically on
powesrinf posaegesl |

ELM IM O L Wil Beod Go Lligh

EUS D0 D0 Lwi0 Mol Go Lo

E'1 openesd®
[31 4 or transformer opened
+5% aljusred ton high®

05, D0, 00, 09, 011, 12, o THO
Ghowted £5 or O7 shorwed
A0, RS0, Ras, or B4d upencd

OG0T, 08, o DL shorted
AT 10, o DY opened®

31, or A0 aprned

(1 shesriad
128 up2ned
F35 ar B26 vpencd

I'2 upeed
1114 o Leapsformer opencd

I 3% adjustes] oo high™
025, [, 26, 921, 027, 7 or 05 skocted
C14 or 012 ahoriek
B2, W26, B25. or RIT opeoe

272, 023, 024, or Do shoried
0125, 126, oo T openet

13,014, or QLS shorled
0l or D3 npwixed

7, B3 Eh. or BE opened
% shocted

013, 914, or Q16 epened
(215 e T¥3 shorted
R1Z, 1Li3, R7.or K10 oponed

Y9, 4¥81, ar Q1% shored
Q17 v 133 cpensd

T, B2, o B nipened

L4 shorecd

O 020k, of QL7 operd
217 or 133 oocned

E7, 163, i Ro noened

£ sluted

# Thie coscs, make i croavhar G, which in oern, hiows e apsropridle L

l43-5



Tauhle 11 (Cont)

Troulleshowating Churt
Prohleimn Caus:

RLES D LY LWl Moot Cres Foae 9, 20, or Q17 apened
ardfor gots ereatizally on & or 133 shoried
perwer-nn e - R3_ K1, 1211, o7 RS upened
Mo LT [ Sdpna BS55 cpenid

1113 shorted
LT L Croviesg, Toue High BVl 3 opensd

16.5 PARTS IDENTIFICATION

Facrs isdentilizution fin 1he et SUpply is provided o rae .I’-'luqu”{'ﬁf.li-g ﬂm—.-'.lng MWariga! This inzluges the :.'I:‘.-\-CII!H'_'.'
grawings with asecowalod parts lists, wheel st the respestzve ueit paree, e part designacion, s diei: DEC parr
muibers. Thase drawengs: aod the reapecve drawine numibers are g5 Sollows;

ao Proeeer Beppiy Olasas: B-L 453101981 /0.0

b Power Contiol Buanl 115%; C-LA-3 209K 34.020
A0V C-TA-R4TER 250010

B Bepulator Module: E-LA-Z4092724-00
DLCE5AUI 28] fachemanic]

L]

d. Powrr Bupply Assombily pad Fan: T-ALRTO0ITAL 4040
oo AD Inpan Box Aszzmibiy. DRl 001D

Foo Lo e 118 Vae 7A0 CoLA-BCOSHOD
230 Wae SAL L 8 BTOS T4

[ it



PART &
10-% INCH MOUNTING BOX
AND POWER SYSTEM

Fart § discusses (ke ollowing PDP-11703 and FDF 1110 Compnrer mud sl

Model NC-115 W, 47 R3Hz
Model L2300 WV, 47 R3 Hz

Thesy medels ore pockaged ina 10072 in. high movnciog Tes, The prewfred backplne
can aocommodate 16K of core memney and the somguters ase normally supplisd with
4F of vors memory insaled. Par 5 describes enly the L0-1/2 0n. mowsting lxes end
povecr sestem, Tivess ftens we different foom the corrcspending items thae ars el in
the 3-Ldin. high munlels.

Chapiocs of Part 5 inchols:
Chagzler 17 Mouitang Box

Clapter 15 Copacking and Installutisa
Clapater 19 Posesr Sysiern




CHAPTER 17
MOUNTING BOX

17.1 INTRODICTION

This chapter contalng o detalled desedption af the maanteg Box Gor chassis assanhly b owsed for tha PRE/05,
11010 Meadels WC aud NI The szine r|'||1ur|l'i:|ﬁ hers is uged For hath o lels euceal Ir the aw T linz sl whizh s
ebred Tem JLEY, AT 63 He for rrnde] NG o 23008 4T B3 He Tor aneslel 513

17.2 OVERALL MECHANIC AL DESCRIFTION

Figire 17-1 shows (he PLH- 1 A15MC Coppputer meacied ina cabiner. The conaalz and cap dezorctive pmel §heeel)
are attached to 2 ncadnring bax with Uor serews gieh har ane dnsecled oo the mear <Sle ol the consoly and paned.
The Tower Nller strige is simifarly msrailed with two semews. The mewnting serews are acaied along the serlical 5oy
and are accessible when e compurer i getenged] Frorm the sfionet.

Figurz 17-2 shows {he compuser Tully gxsernded Crom the rack and lockad in the trooi dewn 00" position. The Lup
and kodtorm mownting box envers have beed semevenl The poser sapplby cower bas besn rerioved gl The Log anel
bortom monnting bax eovers are cach held in pleee with G Plillips pan-head sereaes (32 8 0037 in. long ] anel
bour +6 lock woshers, The powsr supply coven is hald in place sdth foar Phallips pan-lhead sceses (710-32 5 0351 e,
Iz} und four 210 Loek washors.

The incegrior of the meuntioe Box i divided into throe compertments, The smallest ane sxtends parcaily across the
freat 2nilcontaing the powst distribuiisn boacd and fwo fans for cooling the modulzs.

The power distrlbration hoanl is swared dooa riganlipg '|'.-3:|I.4-! wilh 1y T']|_i!|'ir|:-. punchesd sorews (37 M O8] in,
Iong) and two 76-32 nuts witli i1I|H5rH: Ik wathers, The L iy '|'.-|u||;: sunbaing culeals Tgoaceepl Tha connectors
on the power distribodion boasl. The twas :Iltllzq_' Fang have prodective seceens oa e intekae <ide. Fael fan is novntad
an the coenpariment pﬂ.l:j[jl.'lr'l with Toiw F'l':i”'.pi |.lar'|-|'|E:1d. gepps [THR-32 ¥ 0062 li. 1!.|r|;.;]-.aﬂ|] fous i leele wesshors.
The screws anz secured By caprome niats om the f2l Intake ane enters e conypartineit Brough glols om the lein s,
iz Foreed wwer the rcdeles. and exits checaely slocs i the rear of the nwonting box,

The pext largest corepartment extends foom Froat 10 rear alonp the dght side. This secomn conlams 1he power
sipply thar is insralled as an asscmily aod s held G placs by six Plillips pan-head szecws (51032 003 in bang,)
and six =L Jock wichors snsericd 1.|:I!L".‘"JEI:I hales in the .'igl-:'ll zicle ol rhe N IEEANH AT T it it s el e tndeprsl witlli
the powrer sup ety claossia.

Tz l!l.";,{'E[ samparnnenl contains 1li= ;::-\."-wiltd |:lu|.'L'|1|:|1|-::. readudes, aed ool s ::l,.li:,l:x. The Hesic CITIpL BT
aondaing 2 standard sieeewered 2=zl ::la_'k|:||:|r||.' mstalled ]'."i"l < clomen newl L The [veer -=|,||_;|:_|':|.'. I s spered 2o
boch the Tront and rear |||-.:.|.||Ii||!.: Hrackeis |l}' LA Fhii|i|:'|:-: FHIE Bressind s Tows {.,!,!'III..!-'.? 7 i Jaoel amd lwn W0 ok
wishiers =ach 190 e ineested oo ke Bosioms ||:n.:-||._|.:_|| |Falesin tha |:-'_||.'k|:|'|.1||l: frame {F':_E_ll:-_' 17431 There s EJ’-.DI.:I_I‘JJ
apdce n warall ome addidima ] F-sle haskolone aned ome 4500 hill:.hr\lLI = op theen dslal '|;|.-'|;:L'__:|!i|,r|¢.-:.



Twir rows of module guides sre installed o0 mounting box brackets al the Front and rear af the hack plane
conspartivent. The bottom row is slatied to guids the medule into the alat for istallalion. The top row s slotied for
the same reasod bul i also contains o stesl sod that Is cincular 9o cross section. This rod sngazes the slotted acm of
the pivoted handles un the hexaddth module to provide the mechamical advantaze required 1o propeely seat and
wiEeal the modole,

Thz line soe i alteched to the reer of the mounting box (Figure 1740 with two Phillips pan-hesd screws
(=6-32 K LY dn. Iong), Space is wvailable n the r=ar of Ihe mounting box for cable acees. Thrae vable retaing i ane
monnted on a breckel on the mar of the mounting o,

EHOT-E

Figure 17-1 FDI-1105 NC Comgpiites Monnisd In Cablnet



LIMd R RS
CABLE CLanw

. CONSOLE
CAaBLE

'

Sl
r MODULES
;.ji

BACKFLANE

LOHEIE FARES
EHEE-G

Figars 172 PO LN MO Compitier Extended and Dockad In Front Down 905 Posiljon



COMPUTER POWER
- HARNESSE

_LTC TO PIM Pz
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e HSVET | ADULUSTMENT On
H744 AEGULATOR

GE95-a

Floucs 17-3  POP-1 1705 ME Compuater Extendad snd Locked In Front Up 207 Positicn



UMNIEUS CARLE UNIBLS
CLAMP CABLE

L]
LIKE GET CAHINET POMER SCL CABLE
CONTHOLLER CONNECTORS

Cli b -

Figure 174 POP-11/05 RO Compater, Hear View

17.3 BACKPLANE

The backpiome is the comrector asseobly oo which the modisles are plugeed. It consists of & groug of molded
connectors nitached to o metn Trome {Figare 1745 1 One side geovides slods wilh fingsr type conlacis indo which the
mvixlalet are ingened, Tlese contacts enninate in wire weap ping on the other side of the backplanz. The pins ane
irserted through and soldered woa printed clicudt Boord thar is part of the backplape, This bosrd prosides most
backplane intersomnections and the remeanng miterconnections are meade by wire wrapping the pins (Fizure 1763
The plsced ciocwlt hoarnd alzo containg eight Faston 12bs thar mate with Faston connectors on the procesor power
distrifurbon cabla, This cable provides power, proung, and sensing siznois from the power supply 1o the backplane,
The cabie also contamns = shp-on connector that sends the lioe time clock (TG sigmal from the power supply 1o
hackplars pin FO3W2



Figure 17-3 Connector 3ide of Bockplane
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Figure 17-7 shows the backplane pln layout and method of identification. The glots are numbered 1 through % and
the rows are lettered A lhrewgh F. Esch row i pinned to aocommnealate a sdople-beipht doubbesided module
edpe-connector, The backplane accepis zingle, double, quad, and hex modules. A backplane pin is identified a
followms:

&lot
Pin
Lide

5LOT FIN ‘ﬂ‘-

L&F LT 2 B T E 5 4 3 2 | mLbI
"B T H |
Y ORY __,._" L
i L 4 F
T HT
LE B ]
L I ]
Fdor &
= N EN E
Wil W
L I I i -
KB K B i
L I ] ;
Hilk 4
&% F &F
EW E @
%o #n
TR
& H @p

AE L@
4 1

RZw B,

. EW FRDM WIAE WALF Pi1M 510K,
COMPLITERE W MERTFHANCE 1535700

[REEE 1]

Figure 17-7 Computer Backplane Connector and Bin Designatiues

L7



Each muadube connector contains fnger contacts pn each side. Module contael designations arc shown in Figurs 17-5

The beckplune i5 pro-wired for the cunfiguration shown in Figure 179 IF an additional backplime is dnstalieg o
acconuisbile additiona] memocy or opllers, The M2 Unibus Teominator in slel AYE mus: be emoved aid
nsralled in e sppropriate slot of the added backplane. In place of the MO0 jeineved from slob AS-89, an MO0
Lnibus Jwrsper rmodute is instolled to coneect the Unibies signuls to the added bBackplone. The WMYSTO Cable
Conmecter modwle Inoalol ©07-121 containg o $0-pin Becg comnector it goeopts the consecius oo the sl
commupications lne cable, which is used for the ASR-23, VTOE, amid serial rrodel of the LAI0. Slal AL-B1 i wiped
lor w DET1 Coowmonbealions Ling Adapler hat provides signal condetioning for communications devicas using
sigmals 1hat aee oot TTL conspatliele. The DFTT wocks with the sxaal sonwnoameatioms line ioterface 5o chat when o
i imstalbed, the M9 noodule oot wsed. Slels B oapd FL oaes wiced Gur (he KM D Meintenano: modules Uat e
usadd sluming Imoubleshooting operations. The coce memary modules muer be installed i the dedgnnted slots {Figae
17-0%, e they ace interchimprihls.

s COMIRITS
e o
!"._ Ok E&ZH 2I0E |'-l

SIGE -
CONTA K
CARUHPNTS

T Ww=-r T

|

b o B R =R I

i voun

MLUTE X

1 Side | v femzvnund zide

= Larh gl=e eontdlng
IE Ltz lzcka thui ara dan groaas
AW iorMbng G I3 Q& 5%, £

3 Kocnmpinca dsslination (3claina
SR L LTI D TR RN F..-.IEI
sinlas1 pbrpr ors § 98 Swilic marbar
lzy geumpm A

Flgwe 178 Module Contael Desipnutions
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Fipure 17-9 Modole Utiizetion Diagram

7.4 FPOWER 5YSTEM

(R b

The power sestem voosise of the U750 power supply, BOOST/LD Ene sel, power sepply wiong hermess, power
disvmibution witimg hamiess and beaid, and peosessor powsr hamess.

(e HF50 Power Sopely cansets LES W oor 2300%, A7 63 He line waltage o regulatcd 43 %, +15 Y apd - 55 W for
e corsputer. The power supply also peoernies BUS AC TO L and BUS DC LO L. which are the power tail sy

warlilng slgnals and LTC L which is fhe eeal-Lime clock synchrouzing signol.

The line el prsddes ac lne power oo the processer: BODST is nsed For 113 Y and BORSU is wzed for 230 Y.

The grows harnesses and digtdhotion moand interconnset the power supply. line sel, conling Gins, and fack phoe.

AL el clissosainn ng the powsr aystam is 2iven ia Chapoer 19

173
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CHAPTER 18
UNPACKING AND INSTALLATION

161 INTRODUCTION

This <hapler provides informalion gu the wopacking and Installation of the compuizr. Information on iostallation
cedificzting and WIlTRnly %ervice is alen ancluded.

16.2 TMNPACKING

The coinputer is shipped ready Lo aperate o a proceotive bow T 2puce 18-1 por mounied ina 19-in, cabinel . Remose
lz2 curnputer lioam the bao and visualy inspect For damape. Sive the shipplug carlon and packaghiey waterials in caze
it ig aeceasuy or otusn the computer for seovive. The slide moonis are ailached o the compoter, bt e mounting
serews ace packed in a bag placed in the shipping sonlainer. Two consele keys and 3 serial conimuonizations line
(SCLY cable are also included, The kews ure attachend eo Uhe line cond at e rear of the computar. The standard SCL
cable (70083500 hus 2 40pin Bong comnecior on one erd et neates with the MO0 Cable Conpector module. The
other end has a Maz-B-Lok compeclor st mates o the one used or the LAID DECwriter (serial modelh, DEC
YIOS Alphonemers CRT Display Teeniial. and Tel-e-lg.r|.ua!‘1£:I Medlzl 33 ASE, IF the D] Communicilions Line
Acdapeer is wsed insteaid of the MP970 nodele. the spproprate zahle is included.

A coenquter shigrped in a cabipet i3 Jocksd in place o prevent caovemenst during slilpogn . A shipping bracket =
mounicd cn the back of the cabinei, The heads of swo T-bolls are insezted oy the cooding slats in the ccey of the
pomputer mounting Box. and (he heads aee Do 47 5o that they cannot be withdravm, The bolt bodies pretoude
through heles in the shipping hrackel sl are secoed o it by cwo nuts. Remove and serain the T-holts and owts for
pe-use iF the cubinel is Lo be slipped or meeved iy diatanse,

14.3 INSTALLATIOMN IN & CABINET

The sliskz assembly 15 installed on the compurer. Lnhwk Lhe shice releaze and mainove the oweer slide Erom ezch side
of the conputer. Theae are the fixed postions of the slide assenahly ard a2 ocanted in the cabinets as Tollows,

The front of the fixed slidz his on infegral hrecker sl |z mounced nthe cabinet with teo scmees thet e seeuredd
with coptive outs {Cinnerman mus). The rear of the fived shde is stteched fo o scpamine L-shaped brackel with twn
serews and nuis. The bracket is o lached ta the cabinet with two scromes that are secorel with ceptive o, Muont
she tiael sliges equidistml fruns and parale] o he oo,

Laft the coenputer and shde it camfully o the fixed gides ungil the slide releass enpages. Unlock the slide roloase
and Pk the cornputer fuly jnto the cabinet. Uxiend the sompuler ewsongh s allaw aceess o the frond mounting
semwi. Slightly Loosen the front and rzur sde mounling screws and shde e computer bagk and Farth. This allows
the stides 10 sssmme & position (et ceuses mionens bisding, Rrtighoer mouncing serews.

E Tululyon iv s mopisloned tesdenirk of Teketype Comoration.
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Tigurz 18- Contpuler Packaging

154 INSTALLATMON OF OPTIOMS AND CANLIES
The basiz computer i shippad with 2 9slon backplzne el aczornmmdaies The prosesser and B o0 JOE of core
ereerary. Pucaph room remaing sodnstall thees dalot backplenes orone 9ol mad e 2-0m baskplanc,

IV eptions are perchased with the compuote:, they are installzd oo the rmounling box. space seenictine, Adjzces
backpianes are inlemanmecbed with an M920 Unihies Fomiger nsonlule.

1841 Installiog Oplicos on Side

Rernove s anwnting bax rop and boclomn covers. Foons Wee foqa, place the backphires nest re ooe snother with
canazetor sow A al the tear ol the hox, From the botoenn, secaie the Backplane o Use mcnting e e at the frant
and 18T wsike four sciews Ton the Z-alol veraiom i) b sereaes Jor che d-5let vorsion
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Fur esch npuen, 3 powsr hamess & med o cormect the backplane ta the power distdbulion boand. Al cables wes
identicsl Mate-B-Lok cornectors o vonne o the jsewar distiibution board, The sdher end of Uhe cabrle larmdoates
in Fasron connesters or in o akle ward, depending oo the type of backplaoe. Fislon commecloes e used for &
hackpdanc thol has jis power connectinns binught ool 4o Faston tabs on the pin side. Refer 1o the power hamess
drawing to identify the Faslon connestors on the cable and slip them over the lahs o lhe backplane whizh e
ideatifizd on the etched suoliece af Lhe hackglanc,

[T the bockpling does nel e Fasten tabs, the other cnd of the power harness Le rrinales in & cable card. Refer to
the module ulilizintion drirwing fer the option and insert the cable card in fhe designsred slot o the connector side of
the backpiims.

The Fve conrecturs an (he pewer dlsizibuoon board are J1 05, with 171 nexe do the power supply. Mormally, the
processer becioplume i comnected to T, and 12 is not used. I chis mownting hos s wsed 35 a0 expansion box, 12 zan
be used becauss i1 §s pessibla i install five 4-:1ot backplanes in an exlansiom box.

1F ar ME11 T, Mamacy i3 oo be added, place it next 10 Ihe progessor hackplane. Conozed the MELL-L power hamess
(TIOes] tn J3 on ile power distribution boaod, I anciher bslot backplane ia 1o be added. the box would be
Eller; sl the power harncss Tor his backpione should be curmectad oo 13, Connecrar 14 35 not wsed besnse the
WF1I-L backplane 1akes the space of tan 4sln hackplanes.

If thrze d-slor bagkplimes ame 1o be added. connect them e X3, J4, and 15 See Tuhle 3-1 for aption power haimess
part numbsrs.

CAUTION
I. Menary iotercaving is ninl wlbewed i Lhe PDE-11ADAS.

3. MMII-E snd I Memuories most ool e isstelled in the
FDE-11/05 muunlin@_ hax. Mesllser Hie HTS0 Fower 51.lp|:l|_'|-'
in the PTW-11/05 now the MM11-E and F Memories contyin
the DN LU circoil that cuts off - 15V to de memary
during u power niletuption to aveid destrsction of stome
dota, These mewnosies must be stalled in oo box that s
powered by an HT20 Fower Supply contniming the DO LO
eiroil,

The MMITE and L Memordics thal are inslalled o the
PIH-11/0% mountlng box contrin the D LG cineuwit,

Afuer the options ape iwalled, we MS20 Urivos Jumper moodules W distiboee the Linibos sigmnals te all nschplanes
Dnsert an M0 Cnibs Tenainatne modulz in sots Ad-Ba 0l The kst hackplans. 56 it iz the last devive comnecied o
she procosscr,

A BULL-A Unpibis citle 15 wsed co conneet devives in anclhen Tox w0 the provessor. 1 the hox szl only the
aroecssar bickplne. install the Unibes cuble zcher ian the W230 Torminntor in slois ARBA. T ochar opoons have
heon added. irstall rhe Uribus cabls mither than the W30 Teoninator in slets Ad-Ba of the Lasl Backplane. Secure
the | Irribics calle in the seroin relisf climp un the op reas suctacr o the mounging bos (Figure 174}, Ramove the tea
soreae (hal bild the Unibus cable clemp Lo the baox. Place the cable between Lthe bux and the clamp. install the
serows, and tphten loosely. Phop the cable into the bockplame, leaving siane glack, and tghten the sonws.

Thoes strinn reliel Clanes ame provided om the teporear sariaee of e moonting ixs Mo [0 dewice cables.
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18,42 Connecting e Serial Communications Device to the Pormeesswr

The 7O-053GD SCL cakic coniaing an £-pin Mate-N-Lok conncctor on s ¢ that mates with the cabibte on Lhe serial
commumnications devies (Figure 18-2). ‘Lhe other end containg @ 40-pin Herg lenale connectos that nates with o
A0kpin Merg male coancetor on che M0 Calle Cand chat is Inscrted in slos C1-101 in the computer backplae. The
siymals are wiced, wia the pin sede of the bpekplae, 19 the M7200 Daca Paths mcslate. Tahle 15-1 containg pla and
sgrial desigrations at these points and a deseriplion of each sipral. Figure 18-2 shows the JO-0RIAD cable and Brrg
conieclar on dhe WM9ITIL Connect the scelal cnomuendcations device [ASRE 33, VTOS5. Cre.) 1 the processor is
Eollonss :

I. Remove the MO Cownscior modnle fTom backplane siats ©1-Tk .

2 Plug the Herg connector on the 7008360 501 cable (supplied with the computen) intg the Lerp
crnnstlor nn bhe BORNI

3, Inzzut tlee RSNV fncee Tackgatime slobs 4 -1

. Comnuct the Mpte-I-Lok comiteelor on the 500 cable to the Mate-N-Lok connsctar an the cnble thar s
alickest e the serial someaincations destios.

3. Pace L SCL eable in one of the strain reliel chanps

I1K4. 3 Console Cable

Comsole cable BCOSR-03 is o 3-1LTlan cable with 40epin female Beig caceeciors on wch 2nd. Table 18-2 1t e pin
i siznal desimateons Tor (e consale calle,

15.4.4 Unibus Coble/Tumper
Tahle TH-3 jsts the pin and zignal designarinns for the Unibos BC L LA Cable angd Tinikao M9720 lumper.

155 AC MOWER SLIPPLY COMNNECTION

Compirers desigred for s on D15-¥a2 ciedits are equipped with o 3-prong connzeior, which, wher inserted thne a
properly wmed D15-Vae oetled, prounds the case of the compuler, [1 is unsafe o operate the compurer vnless the
case js moonded sinze nuenzal lukage corrent foem the power supply fows inte metal parls of e chagsis,

1M the Srteprity of the groved cireoit is questionable, fhe user is advised 10 mensure the potential helween ths
comipaLler case arl g known groouad wathoan ae wolimeler,

1551 Coonccoing te Vidlages Ciher than 115 Y

The compurer opeeztes at voltges minging from 95 ¥ to 135 ¥ oand from [90Y to 270 Y 47 He #3110,
provviching the proper line sot i attached nr the compater. The plog is part of the lne sed, The plee seafiguration ant
apacilicatiung are shown jn Figare 18-%.

On insraileticn outside uf Lhe United Saes or where the Maional Flecerical Code does act govem building wining.
The uscr iz advied to poceeed with cautjon,

18,5,2 Quoulily of AL Power Source

Compuler systonis consisting of the procosor, memary, and pedpherals nee often seositive Lo Lee igterferenee
present un seme e powet Lnes. IT & competer sysiem i5 to be instzlled in e 2lectrionily noizy aowinenmenl, it MLy
be necesaary Lo conditien she ac power line. DEC Field Servicy Enginees can asist alomaers in deteriiniog il vheir
ie Hne iz sacsfactony.

184
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Tabde 181

SCL Interface Plu and Siznat Desipnations

MATE-M-LOK MM BER.: PIN BERL FIM SMGMNAL MAME

MeO0EIG0CABLE O TOH0 G0 0N TOHDE3G0 OM BM5270 0N M72460 M7260 SlGMAL

SIGNAL MAME CABLE CABLE CABLE CARD MODILE PN DESCRIPTION
SER O+ {20 mA) 5 AS Ab DFHSER QL FE2 +20 mA SERTAL OUT {fram conipdet )
SERO - (2 mA) 2 E¥ KE DFHSEROQ-15L F12 -20mA SERIAL QUT
SER [N +{20 m4) 7 K K DPFH SER IM H FHI +20 A SERIAL IN {1 comipuler)
SER [ - {20 mA) 3 8 3 DPH SIS L FP1 -20mA SERTAL TN
READER RUN + [ X maA) B PP PP DFH RDR ENAB L FE2 +20 A TTY READER ENABLE
READER BN - (20 mA) 4 LE LL O RE-15L1 FEI -2 mA TTY RLADLE ENABLL
SER OITTL} - 55 55 ¥ SER ¢ 1 D1 SERIAL DATA OUT (from compuier ) HOTE 1
ECRIN(TIT - F E FS&SERIMH FMi EERTAL DATA M {1 computer) HOTE 1
CLE IN[TTL] CcC CC FSCLE L FH1 EXTERNAL CLOCK INPUT FOR 5CL WOTE 1,2
CLE DISAR(TTL - HH HH ESCLKDISABL EH2 DISABLE LINE FOR INTERKNAL SCL NOTE 1.3

CLOCK

M A ISTERLOCK - H.E - - - NOT USED ON THIS [NTERFACE
15 ¥ - TT TT - - +5 ¥V FOWER AVAILABLE EXTERMALLY
+15 % - L L - - +15 ¥V POWER AVAILABLE EXTERMALLY
(RO - AR LAY A BT - - LOGIC GROLMSD

MIUE L Thess signals are T'UL compatible

BOFLE 2 Uxternully supplied SCLCLOCK must be U6 Limes desiced buad rate

(s, Bauwd i is L0 buud)
BWOTL 3: This signal most e asserted Jow to disable internal clock if che excernel TTL CLOCK i5 to B used,
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Tuble i8-2

BCUSR A ©onude Calle Fin
and Signal Dexigiations

I_*.E%'E:h

Fin

fap LAK H

L SW 15 (11 H

301 SW 14 (1) H

FF SW 13{1)H

13 SW12{1)1H

LL SW11{1)11

NN SW L0 (1)1

kR SW 09 (1L

TT SW 0 (1] Ll

[ SW 0T (111

L SW 6 [ 1} El

N SW 065§ L}6I

1 SW 0 (1} KL

T W o (1} H

v SW 02 (L H

¥ SW Ol (1} H

7 SW 00 (13 H

HH SCAN ADRS 01 (1} L
KK SCAN ADRS 2 (1} L
MM SCAN ADRS I (1)1
55 SCAN ADRS 04 (13T
o PUF L

¢ RUN L.

T KEY LOAD ADES (1)L
H KEY EXAM (1)L

K KLY CONT {17 L

M KEY LT ERNBCI L
P KEY START (11 L

5 KEY IEP(1iL




Table 19-3
Unibus BC A CableM920 Juinper
Pin and Slgnwal Destgriatinns

o Dhezipnation Eresipnation -
Fin Higiaals Fin Sipmaks
Al IMIT L. Bal IHr & H
2 POWER (+3 V) BAZ PLWWRIE (15 ¥)
AB] INTR L Kk WG 5 H i
ABZ CROLUND BB GROIMNI
ACE DI L B RS |
ACT CROUND . GROUMNL
ATt Dozl BTH GROUNI
Al ool L B2 ER4 L
AFl 1304 L. BLL CROUNE
ARz Lo L BLz BG4 11
AF1 e 1. i0l ACLDL
AF: TS T. RF3: No L
Alll DoE L EHI AT,
AlT? 17 L BH? A0 L
All NELR BJL AD3 L
Alz 1Ak | 13 AL
AKI TnxT. 1K1 LN |
AKX Ral . BE 3 A .
ALl Ti4L EL1 A7 L
AL L3l EL2 A6 .
AMI PAL EM i A0 T,
AM2 LLsL BM AORT.
AN GRONTS BN AT
AN PE L ki AT,
AP ] GROCNT ) Al
AP BESY L 151 ] AT
AR GROTMNT ER 1 AT,
AR 3ACK L. BR2 Al4 1
AS] GROTNT K51 AT
AS7 NFR L ] AET.
AT! GROLUMNT ET: GROLIND
ATZ BR7L BT2 C1T
AUL NFG H BLDI SEYNT.
AUz BR G L BLZ Ci L
AV L B 7 E BY | MSYN L
AN 2 CIREILIND BY 2 GROUND s
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ECCET RC0CU

WAELE PLUG W&LE F_L3
|5INGl £ SHASES YEIMGLE FHASE )
— PN
MEUTRAL
OR RETURRN
COMKNEST N SPECFICAT JNE
RALINE L NEMA‘ I F_L*3 RECE=TAaZLE
GESDRIFTIDN  I'DiES WIRES
HUMBER | CAMFGURETION i oEc | LED
) N pant Ha ' MBEEL | oy37 yp, | HUBEEL
aczsT E-1% sy, I9AMFP = 2 |=r-oRRIE E2EE-C | 1Z-UmSERI LZEE
ook - PAGY 15 AMP b3 2 |Ac-caprEnd] LesS-C " 1F-17RL £
®aop A surr.x FOR PoUE
AL K SUFFIX 7OR AECERACLE voaTEl

Figwe b33 Coansctor Specifeations for Ling 5o

14.6 CABINET FOWER CONTROL

1h.a.0 Inwrodnction

The PLP-1105 and POP-11,30 Computers have pratviszons fo alow The consule awilch o control the operation of
Lhe cabinet imounted 860 or 361 Power Cotrolles.

Tl computer is connesied Ly The puoawe contrallce vig Mae-M- 1ok connecton 13 ar T4, cach of ohich is part ol Lhe
power supply homess (LI These conmeetais are mounted on e powse sepply chasss and ane aceesdble at U 1ear
of the computerfFigdre L7-11. Two coaneetars uen provided s thal esther dewioss in the cabinel con be conmsceed m
a deisy=liin mawmser to the power contraller. A wypical cabised power contral sysleny wiring didgsam using 4
PIOE 1103 and ooe pows conteoller 15 shoowmin Tigure L34,

When the POP-1 105 console switch & in e FOWER o PANEL LOCK posiliuns, Ui powes concroller is actvated
aril prawar 15 sy pplied 10 alk devices in e cabere L T li-cabinee syslermis, approgr aely wired power corcrolers in
the addiliona cabinsts are aclvded wher the PDP-11/05 sonsole swdich s 10 the POWER or PANEL TOCK
poeitions,

The gower controlier provides siehl switclied power outles and four unswitched onllzts. The S50 confroller vutpul:
are availible a1 Iwo cmnecton stips instatled in the cabinet, The #6101 coubwller outputs see installed i The
cuntrgtler ¥rond penel.

Funclionallv, %oth the ®00) aml B&L operate in the wame way. & Faire cable i3 wsed Do infeicaRnest power
comtralleis, computer, und elher penpherals in o sysiem. Line | 3 POWER REQLEST, Tine 2 s EMERCLNCY
SHUTDOWH, and lioe 3 is STOGNAL RETURK [growmuad) Line 2 s conpzeled 1o Ling 3 through a theemusal,
monmted an the conbroller, The rontroller LOCALADFFREMOTE switeh & plaved in the BREMOTLE positian Fur ki
applicaliin. Macing she PDP-11/05 consale iy the POWER or PANEL LOCK pozitior, connecl- limes T and 3 whizh
eoenzizes the power comiroller wd supplics ac power b Lhe systea 1F a0 overtemparalurs dews in & rabnet, 1he
thazrostar closes, comnecting linea 2 and 3, and disables the soatehed cutfles of all contiollers s the system. The
answitched oualels are oot affected, Refer to the $81-4 860 Fower Congrolier Mpintensnes  Manal
Dl -N0NRA T A-A-D, Tor addicional inlurmatinn.
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Vigure 13-4 Tepacal Cakinet Prwes Control Sysiem Wiring Diapran

156,27 Typical Multl-Cabinet Tnarallation

Figue 183 shows a typicul multi-cabinee installation. Specitizafly. it shows the interconnecticn of the PR 105
Cumpuzer, Theee power conlrellers, and thee odet B30 1F Power Bupplics in a theee-calvinel svsrem, The
inlercunnsstien s idaatical For mode] 5000 or 861 Powess Conirolle=s,

The 3wwire cibie {7005288] that is used oo inEeiconne the powver coatiedlaes sl cenanter sllows the conralles
to be eperded o the local wr remote mode and pennits seiiched powes o be shul off it any powss contriller
VErEpecature switch is dciivaled .

In this cxample, sich power comtroller should have iz LOCALOFF 2 EMOTE swicch i the REMOTE prasioa in
order 19 wipored by the computer key swilch, Flocivg 1he cormpuier key switsh in che POWER or FAMNLEL LOCK
psition, wicth tha pawesr controller swilch in the REMOTE posilion. energizgs the ontesller ancl supplios as puower
Lr Lhe switched mocpors. T the pawel cofilrolfer switch is placed in the LOCAT. prsilion, 3¢ powar o supplied 1o the
watched ooipuis and the compoter key switeh does nel affect eantrolle wpemalion. Individual caboen on he
rarned on and off gsing the LOCAL switeh pocition. which i convenienr Loring systerm ipenbleshooing, Power is

pphed o dhe wiswilched outputs o the LOCAL or REMOTE swilch positions as Bong as the comiraller cisou
bsreiikoer is om.,

Figure 18- shows two wethonls of supplying powes to optionz that wes H720 B/ type powsr suppliss.
The Timsl, or lacal mathesl, relates 1o the F720 E'F that is conneated to the power coetroller in additional cabinet 1,

The power cunlrgller intereonnection sible is not uzed: juniper plugs TOOTEM-E snd TOOFNMIA-Z ace inscadled i the
Lo unused eoncectoms. The 40 lne corl Tor the T2 E/F 5 pluggend inte the power controller switched ac outket,

18- 11
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Figere L5-3  Interomection of Poaer Contruilzrs in hulti Cabinzr Installulicn

The 1190 EfF REMOTL/LOCAY. wwitch b5 placed in the LOCAL position. This power sugply is turmsd nnowhen the
compueen key switeh s plaeed i the FOWER ar PANLL LIHCE positinn.

The secinml, o remots methud. reliles 1o the two LIT20 kE Bawer Supplics associated with 2he prwzr contiadlen in
aritfiral cabiner 2, Both supplies ae daisv-chainad e he contraller using the inleraeemesiing cablz, The first
17200 EXF 13 eonneeted ta the corlrodles with 2awine cabrle 705964 In tam, 1 35 coanasied 1o e seend H720 LY
wialy owire able TOOEXEE, This powes supaty Tas jumnper FE00A-1 nstalled in (he oosel comescior, Both HTZ0
FIF REMOTE LOC AL swilches e ploced i the BRUMOTE positen, and both ac peaseer conds are pligged inta wall
uclets, These enggiics ame wmed an when the compuier key switch i placed in the POWER o PAREL BOUK
pusi ok, el 117200 1FF can b turned on individwal by with the compozer kzy sailch Qb by plasng the powsr
spply awiteir in e LOCA L posi L.

5.7 INSTALLATION CERLIFICATION

Once the computer hus hesn matalled, it 35 stoor by recornmendsd tlu a systen Ui igtic e mn oo ensar shat the
sqipmzn! cperales corectly and that instalaticn bas been properly perfonmed. Berguse svsten conliguralions
wiadely ware, mnoeee diagn estic will completely exerose al the witichesl devices,

The MAINEEL Tver's Marwal that come: with ke dlagnestic packize shuull be consultzd ter she approgriale

giagnesiv 2o he tun, dspeading vpon the aliached devices, The MATVIED Liers Manzo lisls The devices hat cach
disppontic will cxercise,  The  lnee  system  exerciers  gnesently  available e M7 Syatem  Exsroiser
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(MAINDEC | TROKRY for relatively skl svatena, General Test Proprom (MAINDEC-11-DZQGA) Tor rmedivm He
large syatans, aml Communicztions Test Fropran (MAINDEC11-TERCAY for communicaicns-oreated systems, Al
least oae of dhe ahove dispaslics und, if appropoate, the other van, shoadd be sed fo vorify system aperation.

Oner the dispnoenc is select=d, the mespactive divgnostie sile-up shoadd be conselied for specific operating
inzlructiona. IF the wser & il Tamiliae with eonsole operntion andfon procedures Gor ading poger tapes, he showld
read Claprer 4.

Iff WARRANTY SERVICE (DOMESTIC ONLY)

The PIHF-11/05 Cosnpuler 35 sold with the 30 day. returm-lorlsckory sarcaty, I (he compure: warran Ly periong has
expised nr IF is coversd by on-site warcany, tho iocal DEC fehd service Gffice showld br contaceed. I the enrmpler
is still comerged hy thee 340 day, retem-ro-factory warianty, and Gactery service is required, the fllowlne procedume
should ke wsed.

L.

T

—J

Call the Maynawd, Massachuseils Repair Depet. Telephone &1 7-897-30 11, Z4074 or X135,

The caller will receive o retum avlhorization (RAY nomber that mn3l appear on dhe shipping lakel of the
serwimed packape, o nod relem equisment for vepaie unless io has an cssigned A nomber.

Packag: the compurer in o shipping contwiner cquivalent to the one Uil i armived ine Use the ariginal
shayiping contabeer, i1 puesible,

Send the compoeet oo e Tollowing auddres;

Chizital Equiposeat Carpsnalion
14 Muin Sircce

Mirvmacd, Massuchuscrts 01754
At Tkepol Hepair, Mdg, 8-2
BaA =R

The D011/ 10 Computen i soll wiih the 90 duy, on-sice wareaney, Call the local T fiel) werdce offics i s vice

i olasinend,

LE-12
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CHAPTER 19
POWER SYSTEM

(9.1 INTRODUCTION

This chapier provides a mechamical descriplisns of the power Syarem Lhat zonsists of the HT3Q Power Supply,
REOSTY line sct, and threa v.ﬁriny_hnmmus.. A sysleam functinnal :|Eﬁu:ipl|cn| anal detinlesd eleclmcal InlancminesLims
diapram i included,

The [I:S'I.ﬂutl:l[ cireuits are discrssed i dekidl. H:I:EIIJII"I]]' matiml=pamee ol Ir\-.|||.|:-|uﬁ|'||:|-:_:-|'i:|13 wnbummalion is drcluged
also.

19.2 MECHANICAL DESCRIPTION

13.21 Powes .':iu!'r];ﬂ}'
The pawsr supply consists of three transforners (T1, TL T30, e regelato (PRLE +5 0 regudatar IPRZ), relax (K i),
divde baird (P53, tezminad boasd UYL aul firmomeamied bseasheel meial chass (Figares 19-1 apd 1923

The chagsls is mecianeulsr in <hapa ool netzunes approximately 22 0. lang by 9-12 1o, kigh by 5 o vade. The top
amed lest? dide are epen aud ol the comnpoeents ars oamted on the aolld bodtooe and eight stde. The maia stroetoal
mernber i% b rroenting plare thal i oo siagle piece of sheel netal et o forin the aght side and bottaen of the
chasses, Twnr end pieeet ame wealdad toothe wgunnieg plate. Componeiir mounting s facllitaced by thrzaded inseits
thiat =re installad in i legral brackets sind by Bodes b the dghe sode aind bottom af the ehassis. The front cover has o
galewat e the e ol linles Moe the Tan mooeting feows. The rear cover has cutoons for the fne ser 2nd tao
hlare-N-Lak coiritee lors, Sesvaral ooz In thes cover allosa alr to be drawn in by the 2o oo coal the powse supply.

Tlee prowecr sujaply ecanposizinte are imcited as Tolloas.

The de vopalator {PE1) &5 actachad toosie intepral brackedz on the side of the vhassiz with sic Phillips pan-head serews
[a0-22 00 172 dc lenel and = bock washers. The repulator is inatalled with che heat sink Facing inweard. The seows
pasg threagh linles Inthe 5oand and ane theaeaded oo ingerces in the brackaes.

The additiongl +3 % pepubalor (PS2) a5 arlached o the slde of che chasais with foar Philtive gan-head sceews
{3-20 ¥ 5016 i lamghand fonr 7 lock washens, The seoews pasa rhongh baoles in the chaszlz and ae thieaded into
P slimgogfi (e300 3063 i, loag) that are atachad 2oocthe +3 Y eegilator eownting hrackel.

The dinde boird (753) 35 attackied o the side o the clhessis with tvo Phillips ross-head soews (2632 ¥ 304 in-

longh and twea #6 Lock washers, Vhe serews piss through boles o the closss anad ame heesided inlo fwo standetes
(2R3 K A0 n, lenak thal eee altached 4o 1he diode board,

19-1



<5V REGULATOR
DICDE BARD PRI TRAMSFORMER T3 Pz DC REGLILATOR PET

[}
’
’
.
’
'-
#
i

!
agp
BESTINE 20a

RELAY K1 TRAMNSFORMER T3 TRANSFORMER T19

anaE-1

Figwie 19-1  Power Supply Sida Yiew

Relay K1 3s attuched to the side of the shassis with four Phillips trasschend sorows (24232 2 808 do Tong ) s four
R e l;,':_:r_l muais Thinl Foee i|||:_:!l;r:| Ik washears,

Tramsformeas T and T2 me arcached sdentically oo the side and botiom of the chassis. Cach tranaToniner s attachad
to the bottom of the chassis by four Phillips fachoad serpws dws-32 % 174 in, long). The screws pass throush
dinpled holes in the chassis and are thresded into 28-32 standofts chat are ostoched o the tmmstormss, Bach
trsisormeer s atlached po the side of the chaessis al it Dopoand botlom. Al the i, the ai tachrnenl 1« rmde with e
Phillips truss-hread serpws (FLO32 2 Y0086 e, long) that pass tooagh bedes b the chassiz and transformer brackel
and are secnied By teen 10232 Kep puis, These nuts aie acéesalble trsede the chasgis, At the botoom, the attochment
B omade by tw identical scoews; hiowgver, they ae thoadsd into twe w10-32 Usheaped, sclf-retoiring speed nuts
{ linnermin nuish attached to the transtormer Brackas. Tinnermon niecs axs psed becapse these ditaching points ars
next epcessible from inside the chassis,

Transformer T3 i atkched with tan Phidlips tross-hed sores (8530 % 308 du. lomg) that piss throegh holes in the
chassis amld I former brackel and e secered by two $830 Bep nuls,

Tirminal Block TRI s atdachod 1o the side of the chassis with two sach Phillips pon-head scmewes (=657 % 508 in,
InngE, o6 lock woshers, and 2532 Kep ouls

The Fan is albached to e Tron Do of the chassis wich foer Phillips pao-head sereas (06325 508 i leag b and Towm
= |ock washers, The acrews pags theough heles by the chassiz and ae secwred by sell-retodning nats on the Tan.

I¥-L
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19211 DC Regubator — The 3M972E de regelator {Figupes 1923 and 194 sonsists of o printed circust oo
leat sink, disciets electrome coanponents, hamostal wilth gahle conneciorn, i ppetl sl gl outpod connectors, and
artaching lardware. Takle 191 lizes the specifications fur the 24097 26 do repalinlm

+15W
ADMISTMENT
PFOTENTIOMETER =

+ Y
e . ADLLISTMENT
: b FOTENTIGMETER
- ) f - ' . —15%
. 1 % W e i .~ ADJUSTMENT
k"
= o % = FOTEMNTIOMET ER

HEAT SIMEK

THERMOSTAT : A W,
MATEN-LOK , " J
CONNEGTOR
-16% PICE
FLISE
-
-
H"‘-\-\.\_\_\_\_-\ﬁ
T 4BV PICD FUSE
AZTE1:F

F"igur._' R R:'|__l.|!i||:-r. I Wiew



Current shipments vse regulator 5409728-040. 1 evision that is disewssad in this mznoal. Farlier revisions differ in
cormpunent valwzs and eurrent mtings, Engincering drewings applicable to the module wed are shipped with the
agqubprrent. These drawing: inclcls a schematic of the de repalotor medule thar shows componanl walues and purt
L b

C?

FILTER CAPACI TORS

¢
BC OUTPUT
BMATE-N-LOK
COMNECTOR

AL TNPUT
MATE-N-LOK
CONNECTOR

EZ111

Figure [94 [ Regulator, Bottom View



The princed circedl buand messures appeoimately 10 in, leng by 5 ine wide with abual balf of the tp sirfae
devared o the beat sink, The power tracsictors and peser reciifiens are halted 10 two shelves on the sldes of (he
lwar sink amd make contact with the ciccuis boord diescily wndensall via selder and serew connections, The heac
vink ix hard srexlized Tor clectincyl Josulation.

The vzhier labl of the top sucfoe is develad o hileszannecting and moenting the balaacs of the vicovid companeots,

Fhiree nuzput voltage adjustment polentiometers (45 WO 15 W oand - 15 V) aoe vcoesisle on the 1op susfics of the

Tz

Table 111

DU Regulotor 54T IR Specifications

Enput Specificalions

Furameler

Specification

Irpu? Voltoge (1 phase, 2 wires and grouod )
lepus regquency

Input Cuarren|

Tispot Poarer

Inrush

e Time of Chapal Volrages

I puat Cvervnl Lage Transient

Stornge After Tine Failwre
In o, Hreaker [rrl ul BCOHS lise w20y

Thermestal Muaunied nn heat sink (opens
transtozmer and Fin power)

Input Conncctions

Tuse- 0w T HT

Higenl finpuet 10 chassis and outpir)

95 1ESIe=-2T0 Y

47 [% Hz

13 Ams

25 Wt Tal] oad

B0 A peak, 1 ocwcle

30 ma mox, at full leamd, low Line

18260 Y, 1 secnal
0THN, 1 ms

27 ms mim., stariing ad Lo line, Tull load

10 A5 A sinple-pale, moanal e resel, tharaal
2TTW_TL A cantaty

Dpens 387 - 1057 1

Auramatically ressts 5A° - 667

Line cord on BEGS Lline sz, Iength and plug
e gpieifzed with BCOS

Application o eemonval of power

21 BV de, A0 seconds

=Impur vaitige selectian, |15 a0 2300, is made by spoviZe by (e appeaprate line set, DEC Model DOO05T er
HOYELL AQ spesficitans e with oerpes dophe BOUS iopyd

163

Laandiries)
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Table 19-1 [Cont)
D Regulator 5409718 Specificatians

Qutput Speciflearions
Parameter Specification
+15 ¥

Loed Fengs

Hrulig 0-1 A

Ty narmiis: n1a
Max. Bypesa Capacitance io loed for 30 m: tumm-cn 00 aF
Chremyollage protestion Boune

Charrenl limic al 257 ©

13 AWTITAL A 2ma” )

Backup Fuse V5 oA Calso wsed Nur +3 %)
A juar ment =5% min.
Bomalaticnr (A cavuscs: including Lo, laad, ripple, =55
nioise, 4rift, ambacnt temperatoce}
+3Y
Load Fange
Sratie 0—-154a
Thrnamie =| =5 A (withen O—17 A load rang:)
Ty pacnie =2 Mo Toad — full lead

Mz, Bypass Capacitanes in load Eor X-ms tum-on
Crvervestage Crowwhir Ol Muse)

Cuerent Limet at 25° €

Bickup Fuse (series wilh row de)

Adjuslrment Range

Regwlation
Ling
Sratie Load
Drypanne Load 1
Cryoamue Load &2
Eipple and Haise
I T Hor il
Teenperalurs (0-60")

2000 g

57—0.8 Y acouare [TV ahi, onax, oukpiat)
24-29 4 A4-001 A C)

5 A

5% Mmin.

H).5%

A%

+Eh

FIEL

A parak-to-peak
A5

1%

1%7



Talde 191 [Cunkp
D}C Remulator 5400724 Specilications

Oiput Specificatimms

Parometer

Specification

-5

Luad Ranpe
Sl iy
|.'J:|.'r|:|1'|1'i|;. n
r:l:.-'rlin'rl'il,: .

M. Ty pas- Cipacitance in Joad for 304ms turn-on
Crvervolizpe Crowhat (blows fuse)
TCorrenl Limnil a2 357 {"
Ba-:i:up Fuss (seras wilb miow -.|:;]
Acljusement Rangs
Buzpudation:
Line and Statie Leoad
Drenamic Lead #1
Diynamic Load 42
Ropple ard Woize

[ CCH] Hemiar B30
Tomgaeralure {1 A0 )

0-7 A
Al= 5 A0S Afps)

Boir Do - Pl Doseek (1.5 &4 fpes)

[ Nk pF

| 7.4-20.% "l."'{lf Woahs, mmas. o I]'.|||.|;'!|

0132 A {-000 A D)
5 4

+5°% mim.

)%

215

130,

58 peak-lo-peak
A0.25%

1%

BLIS DHC LY Lol BUS AC LD L

State ferfonence et Sl Load
{For 230 ¥ cornoction, double voltages below

BUS THC L0 L gues 1o high
BLS AL 10 L goes Lo high
BLS AC TO L drogs to Low
BUS DG TO L clrugs 1o low
Huzzewzus (wonilzine jn above specificaons)

Lniput voltyges =tili 2ood

T4 —E0 Vae line wolLapa
E—11 % highe

BO—EO Vae Hoe wollape
T=10W lawar

34 Vac

M Wiac line 1.-|_'||1':||_rlv:

[ 43



Table 191 {Cant)
DC Regulator 5409724 Specifications

Ooiput Specilicatses

Paraneter Specification

BiSS [N LY L and BUS AC LO L [(Count)

IDhywarie Performance
Worsst case on power-up is high line, full lead. FOKER 4l
1
I GLEWEST QUTAUT
: I COMES IE
1 1
1 1
¥ima |
|
}._l'l"“-i" 1 BUS OF Lo L
I
I
1
trch_|
i BUS AC LD L
I
|
ng
ReOH 1ML R

Warst case unl Puw:[-cl.u-m-n % Lenwe timee, Tl load.

FZWER DOWh

]

i

! Zame _:

i MIN i FASICST CLITRU
: GTES DDWH

—— s
Tt E
; - BUE AC LG L
1 ]
H’,‘,:--— “mp MIN —--
' gus ac L L
Clutput Charaed crishics -
Crpen Collector A0 e sinking cagability
+HhA % man. offeer
Pull-Up Yaltage on Tnibua 3% nominal, 130 [} impedanae
Riz= and Fall Tarmes I ys max,

Outputs shall remain in 0 stite subsequenl
to power failure wodik pawer is resbored
despite Unin publing volispes remaining.

Lt



Table 19-1 (Cont)
IX: Regniintor 5409725 Spectfications

Mechanical and Ermvirenmental Specifications

Farameter Specificating
Woeipht 7 b approx.
LE b approx.
Dimensions 14050 3n. length
A.1%im. width
425 im hedpit
Minimum Ceoling Fequircments 375 £ fmin through ey sink

Hateil Heid Sink Tempermstures

Elaoek. Won-Lrpeczting

Vibration, Monfperating

Acchient Temp=ralure

Balitjve Lunudity

Aldfifude

250 rI.HIIII'II'irI Ciwer G, chikes, omd rraosbormet
05% C imax.

40 G (duration 30 ous) 402 sine i each ol zix
nirtent i Licoos

L8 rms averape, & O peak: varyiag (rom
01 1o 31 He, d d3fensave roll-off 50—200 Hz:

Sach ol sik direclions

£ 1o +30" C operating
-} 1 1717 stozape

Q53 naax . Cwi b cosd=nsation

10K £t

149 11



Twen sl i @ fuses arz sobdered o split 30g cerminale on the fan end of the M boord, These fast-acting
fuszs blow cnly when gome comeenznt 1g defective or when the +3% or - 5 teo hish, The two icpoi filie
capatitogs are held to e wdemside of the board by s Tracker and are connscted Lo the dirsuit via jumper tabs on
Lhe Fan enid.

The #3 Y aod =15 Y outpir Nler capaziton and tnductars are mounted on the badtom seclaze of the board. The
capacicass (07 amd C14) are attached with screws rhar 2re shrzaded into the copacitor serminals, The indesters (E]
und L2y are alloched with integeal leranival stids that pass chroagh the boeed and ar secured by kep nors,

19.2,1.2 #3 ¥ Reguolator - The H744 45 WV Regulator {Flgwres 19-3 snd 19-6) consists of u prinled vircuit hoard, heat
glnk. discpere cleviTonic compuomen s, i:l]_'.-nl,"-::-ulpl.ll centacton, and airactung hadware nounded oo a sheer mctal
hracked.

The main structeral member i o Ushaped sheet sl hruckel that measwes apposomacely % in high ¥ 5-174 40,
wide % 2-3/4 in, decp, The heat sink 5 meented in the open top ol 1he Backet wily its soaliog fins facing ootk
and component mounting secface facing mwand, 1 is beld by twncscrsas tn eact side that pass theouph boles in the
hrackel and arc threaded iote heles in Lhe heal sink,

The printed ciseuit Board is mounted with its component side faving inveand oo Lhe redr of cdie Bracket. It is mounted
s Lwo cormet lugs on the lower cdpe of the bruckst by o seras Qi pass throweh the hoard and are thicaded into
inserls in the Lugs. The top of the board is attzched 1o she reut side ot the heat sluk by the same hardwars thut s
usel 1o actach the rranziscar (02) and diades (D4 and D3) te the dop side of the hest sick, The Jarge input flter
capasitur (517 3 retated In an Lshaped holder that is attached 1o the bosiom ad Seft side of the hracket wich oo
scraws, The capacitor is electically comnected by two simps thin 252 secured 1o the capazilor @rnslngls wich screws
anel are zoldeesd in the printed circuit board, Ouipot sapacitons (02 arnd OF) wre sechanically and clectiicady
capmccled 1o the prinded eitewic bossd with screwes, The onlput indwstor (LT i3 wmechanically and clectdically
eonmecied to e princed cicowit beard with intzgol fecminal stods tha pass torougl the boacd and are secuted by
kep nurs,

The inpotfouspwl Mate-Nel ok conrgior is altached o the bockon dght gide of the board and 15 acesssible ||‘.|I'I.I'.Ig|‘.| Y
hide in the side of the bosked.

A small potchin The bullorw ol the bracket grovides acaess to the woltape ndjosiment poleniinnwder.

A clear plstic cower w mowrizd on o snouating logs on the front of the brschet. T s behd by Tour standorfs thal
ave mile threads onoome el 1ooaltach the cover aad female threads on the sther end by which the egalaiog is
muunted Lo the power supaly chassiz.

1921 Line et

The Boe set consists of o BCOST O LS W or BOOIE (230 e povesr cond sistalled im0 and wiscd 1o an ac inpast bux
Chrawing C-UA-BUIST-0M0 o1 C-LIA-BCOATE, The Box wos Ushaped sheet mctal bracket with g slide-on cover
Thart is Jocked in ploce wath one sorew (Figooes 1527 and 1951 The box corcains a clrewit breaker. prioted cirudl
hestrd, RF1 dual-lise ceiamic capacirar, and 0 &sockel MaleN.Lok zunnescers, The girewic brezkes is mounted on
core gl ol the hox so tliac the esel bulion is ascessible when he lire sel i instzllad in the computer. The printed
circnil fuared % menueced <t the cicenit breskor oermvinals with e somews oo peoide The glecnical hitercanacetion
foor the girenst hmesker, The boad is used 1o mount 2rd intzoconmest te BT pacior, Mate-™-Lok coacector, and
Laston tb convectoes Tor The ac powes cond The phase fblaek) and aeotral paebie} wires ol the ac jowen cosd drz
conneetad dirsclly o the Fasten st on Lhe pinred cicwit koard. The zround Cprecok wiry ol the e aowe cocd 5
connccted to oy dua? Faslon lab onothe brociel =ml then 1 iz Faston taboon che printzd ciocui? bours

The L15 W and 230V meslels differ i lwn respeelst breckes conectoating €00 A Tor LE3 Y and 5 A for 231 %) 2nd
e Tayout of the pAnted ciocuit jumpsss Mo conmzezion o tha racsfames,

.-n:n i = tademark of Lick luse Clectdsat Sopply.

[5-11
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Figure 19-5 45 ¥ Repulator, Side View
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- CIRCUIT BREAKER

- PG BOARD

_———RFI CapaCiTOR

¥ MATE-MN-LOK
" CONNECTOR

o

Hr1a-1E

Figure 197 BCOST Line Ser, Cover Bemoved

power control

bcostk 4783 Hz
M5 ¥ NOM 68 AMP

“-._ AT LINE
CORD

- CIRCUIT EREAKER
RESET BUTTON

T E-e
Figure 194 BCOST Ling Set, Bear View



19.2.3 Wiring Harnessas

Twno mechanical features conceming the withiy larmesacs arc worth meofGoning. Omes is that deonima® block TH Ls
considered purn of the powsr supply haneoss (drawing L-LA-7O0RZ004041), ©f i a Cinch W8-540 and contains dght
[Ain of semew Lype lenninak.

The other feature |s that the power distiibution beard i part oF the power o distritretion board hamess (drawing
ETAICO2208-040), Ir iz a proted cirewit howrd anc Lhe hamess wites am soldecad o evelets on the board. The
sipnals on these wines wee connected & flve Gfeslload 9-pin Mate-M-Lok connectors on the board via the ciched
2ircui,

Iv: SYSTEM FUNCTIONAL DESCRIFTION

A Tonclivma! bluck dingran of the power system is shown in Figuee 199 Assome that che line cord is phugged inaod
the consede switch is OFF. Line voltape is applied 10 the pricnary oF teansfoamer T2 and produeces 28 Vac in the
secondary of T3, which is conpested to the diode boar] (P33, The dicele hoacd rectifics the secondany outpat of T2
to encegize the ooil of relay K1, The +28 % fooon PR3 powt pass threugh relay codl K1, PEY repulator. thermestat,
and the consele switch to grownd fe comphkets the cinenit. T the conacde awitch is OFF or the theomostat is open
(cvertemperature condition], mlay KE canmt be eneglzed. This preveots ac line voltaps from being applied to
sransfarmers 11 and 12 and all dhees Fans.

When the comsole switch is placed I the BPYER position, the elay coil ciecut s completed and the mlay
energized. Tweo sers of normally opencd melay coneacts now close and & line voltage is npplied reoabl three fans and
the primasies of transfnemens T1 and T2, The 28 Yac sccondary woltnge from T1 is applied Ty the rectiflar cancult o
the "1 regulavor and the 28 Vac secondary voltage trom 12 is applied 1o the rectifier circail in the P32 regulacor.
The cwrpmis of the regulators are sent to e power distiibution boar) and nn e the backplane.

The power supply bemes cootains two Miie-M ok cornector that allow cornection to the optional cabinet
it ted power controb wndt, This device aliows all wnil: in a single ar meltl-cabliat system to be turned on vsing the
enmputer eongole switch, The power control wnit astemarically removes ac Line power it ao oyerload oo
overicinporarurse condition eocur o cabinet.

A deipiled prower system inlezconectlon diagram is shown in Figare 19-10. All coanectar and component pins are
idearified 1n allew detaded ¢lrewin liacing.

194 SYSTEM CIRCUIT DESCRIPTION

19.4.1 Introduction

Thi~ purwgraph prewidss cincolt desedptions of the 115 % and 2300 W line sels, power distobacion board, d2 regolatar,
and |3 W ropudaloc,

15.4.1 Line Sei

The 115% and 230V ling sets differ only in the circwt brieaker cwrrend ating and printsd cicewit oanl jumper
configuration. For 115 Yar power, the jurnpers conpect both primaries of iranstorrmens T1, T2, and T3 4o 1135 Ve
in peealicl (Figure 19-11). For 230 Vag power, |he jurnpers connecl both privaries of 2ach transfuzmer {T1, T2, ard
T3) to 230 Vag in weriss [ Figere §911).

1943 Power Disfribution Banrd

The ciceuit schematic for the power distribotion bugrd is shows in Figure 10-13. The eutpets of the 0 regutalor
{PE1} and +3 ¥ regulator (FEZ) are senl win the power distribuwtion hamess to the board. The hamess wired dee
seldered to cvelets on the boand, The signals on these wines are distiboded vin the etch Lo the Nve S-pin Mate-b-Lok
cannectors [J1 —J._"u':l om e heard as shoan in Table 190-2,

1315
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Table 149-2
FPiaer Distribution Board Sipnals
Soufce Signad Dicstination
H744 5% (2} 3,24, und 15 pin 9
3% Regulaoor GTH 2] J1 )5 pin 4=+
(¢ Lo T1--J5 pinn | *
AL LD JI-I5 plwl
LTI JL-I5 pin ¥
240071 < RV (1} J1 and 12 pin 9
de Repulatos +I5Y I )5 pin &
=AY N Ispin i
, GHO]) JI—I5 pln 4*+*

Motes:  *Conrecied to =ach Mate-K-Lak ve 3 junigHe.
=*Tlectricily carmect=d an the haard, Plea 5 and 6 oo [1-15 are spares,

CAUTEGMN
Output +5 ¥ (1) & generuted by the 5409724 regylator and is
avabable ou consectom 11 and 13, Qwipal +5 ¥ (2) is
penceated by the HTH Repulator and & awailuble wm
gommectors JE—1%, Thear supplies are separade aied shoald ot
he connested l{lﬂ:thh‘n

o4




The zuercat ratings for the power supply outpons are own below. The radngs Gsted ane maximem; that is, Faar a
particular output, she sum of the leds oo the cunnecioes uwsed must not cxceed the specified wles.

FARTIE de repulalor

+3 % (1T consgstons I and 12 5 20 A total
+1 5V anconneerors J1-013 is 1 A rotal
-15% on connechtars J1-0535 8 & holal

11744 Beaulator
5% (2Fon coome boes 13, 31, and T35 s 20 A total

Paritlel connecliors of 15 ¥ (2) amd GND (2), using Faston tabs an che power distributival huacl, are providad to
correcl thigse oulpals to the computer consale printed cirouit beard.

The pewer distriboron beard contans a DC LO jumper For each comnecier (11 -T50 Ouly one TR TGO connection is
reqquiredt per wnoweting box. In the basic computer, jumper W1 iz insralled to Tring the DC L signal to the

hackpslane hecase the processer power hamess connests the backpdane e the power distribution beard at connector
Il.

A jumper tor each connector & provided hecause it is posalble to mown a backplane in ony position and commest it
1 any puraet disirialing hugirl comuecon.

The requitement for caly onc installed DC LD jumper per bos is gmphasized in che following speciad cose.

Assume that o PRE-11/0% moomling bos is o he wied a3 an expander box with o DELT-A Bus Bepeater installeg
alonp with other cpeions, Unlike previow expansion boces. the PDP-1110F bog alloses The DEYV-A bocbe inslabled o
any ugition. Whan connected to the approgiate distiibution board vormeclor, the asocined DE LO junper 3
iristallaad, Al other DG LOY juimi pers must be open 4o prevent lnivhing up of the B T circalL by Tooping thiough the
prwer hamess of more than ooe jumper i nsealled.

Dpwnns For the basic computer include o prewired backplame and speealic poewen haimness o cernect the backplane
wa che power distaibution board {Table 19-3)

Table 19-3
Orptivmal Power Harneasea
Optlan Power Harmess
MFII-L TO-0HR 20
LDl I-E TO-Cr QL
LDil-A TOORI05¥

*fnt shippsd with compualur.
Narrecs ot B vuglieond
sty i nsrall cuscomers
IHFT L-A

9-2r)
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The 10300-A and TFO 1-B are pre-wired hackplanes wsed to moand wp te four zonall pecphecal infaGees (eguivalent
b fioer cgnadd hoarda). The DOL-B & 8 later veszlon of the DD 1-A that oses Faston tabs on the wipe-wrap pin 2ide
g comeeg b wich The posger harness Tlee DD - A uzes o power hamess that contais a cable connegiar modate whizh
s o the connecton slde of the backplane. Tlhe DD L-A 15 noc shopped wath the compaer; rather, the sl
LI 1B wersicar 15wl TP ihe comtoneer has o DD L-A and waniz ta inatall it i the computes. be mast ordee posear
areass TIN5,

The KB ]-B Procossor cequires 50 A a0 +5 W and 1 A a1 —15 Y. The power requirzments for the MELL-L Memaore
are listzd below.,

MFi11-L Clurrent L uthent
Capaeity at+i y at-15v
BK 34 A o0 A
16K 4.9 A4 G5 A
MK A A TOA

1944 1M Regulatur (PS1)

19,447 Funcliomal Operation - A block diapram of the de regulater i shown in Figere 1914, The cencer rappad
nulpul ol the puseer Inmaslomner 1 applisd Lo posuve od negave wetifiae and filies esecoics, The rectificr circuits
prosluce +39% gmed 2% wrnleal mee e voeltapes, which am wirepuiaied but aell fikcered by the inpor storapoe
cipaarila s,

The +39 % 15 ussel by an eMeient swilehang pulatos ciicuit to produce the +5 Y cutpat. Provisions for coverouencid
dieLactivn ave incnorgrarated D the meeulator ciscont sa that exeess cecrent is lmnited =hen there is 2 melfunciien in the
Izad. The +5 % pucput is alse protectzd apains: overvolape by 3 ceowbar cicooil which Lhmits the onepuc 6o an
ubsolute rauxdimum of TV, at approcimuately &%, the srowbar circuit blows Dese FYojn the owlpal sircwil ol the
rectidier.

The 115 W oudput is prosluced by o sedes meroakilor dosit. T8 has oo overval Lagg poonaelion clreait, Foss FE s used
furr prestection in cise of o mallunction e #1535 Y regulaton.

The =30 W je used hy 1ke —35 W cloacwe, mhich iz similar ia operation to the 3% repulutor ciocoit. The - 13 Y
corvwhar clrewt Limics ghe oncput oo an absolote maximum of =22 V. Al appreximately - [9 W the crowbar siruit
hioeas Tuse B2 in the cutput circuit of the reetificr.

The eeal-ime clork svochronizing sigrinf (LU 1Y s generited by oa sisnple Zeoer clipper that i et Troam the
trenslommer secondany,

The WL AC 100 Lol BITE TR 1.0 L signals an: et to warn the Teibus of inuwinent powsr Tailuss. Ciseoie doocel
the teansfnrmear seacsida-s woltage and goocrate v Hioed TTLcompatibke open-collectar sgnals that anc weed ot
prrwer fall Tunctions By dewaces ain the Unilos,

19442 Geneeation of Kaw DU Yoltages — As stated in the previows paoagraph, the cxniestappes) trimsdormer
srcondary woltape s rectifled and filteved poior 10 belnp f2d ta che theee do eegulators.

The cievuitry is shown {n Pigeee 1915, Bridgs recifer D14 3 mounted on the keat sink and input cepacicors C and
Cz are mounted on the bottom of the egulator modele, These capicitons filler the inpoat de amd ace Lirge snowpd 1o
mrivicle pivaret slarige For al least 235 mys when the inpal povweer is ShotooFl s Frils.
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Frowra 19-15 Rectifier and LTC Cirenils

Twwar fuses ute used 1o protoct the repulitor and 1oad during faults, A 15 A fuse protects both e +5 YV and +15 W
valpuls sind a5 A& tuse protects the 15 W outpol, Mormelky, the fises do not blow when a repolator oatpod is
shorled becinse the thees cutputs arz clectieally overcuroe ne protected. owever, the appropeiate fuae docs blow in
cagse ol 15 or =15 % ovoovoltoge cooomarc or in case of Bilure in one of the oscrcemment cdrauis.

The resizior across soch Fese provides & slow (100 - L3 secondsY dischurge of O or C2 when the power is temed
of 7 afler a Tuse hus blown, The copueitus are placed ahead af the lige o Do the enaegy inanye Gl and thes
Lo pectect the muargaars,

19443 LTCL Circnit  The LTC E realdime clock synchronizing senal (Fipwie 19-13) is geoeriled Dy o Fener
clipper circuit. The oudpuat woveierm s 8 chipped sine wave o bne fieguency. Foar the positive badi of the output sine
wirve, [FLF clips o about 139 W and for the pegative halt D3 clips ot its focaiod soltage of 0.7 W,

19444 HUS AL L), and BUS K L0 L Circwits — The cireuilry shoser ine Figure 1906 i wsed 1o genetile the
trmed Unubus sower status signals that are used Tor posser Tal Mfancticn.

The trasmsiormers eecondary woltage s oectified by DL and D2 apd filtered by C0 and BL, R14. Cirewis parameters an
climen so that the voltegs across 9 gecs stower than the three reonlared output voltaaess on poererup and decoys
{zster thio the thrce epulated cotpor valiapes oo powcrdown,

Fawo differeotial amplifice vircuits am used oo detect power stotus: Q17, T8 peoerates AL D EAT 1 and 4115,
QA peoecites BOS AL LU L, Both diftersntial aenplitiess shore o common reference femer dicde 1B, which is fud
:|[.=]'.|n:|-c'i|_'r.|:|1cly' 1 mA I;-:.' K1,

As 09 charges subsecpisenl o peswerup, frst 10T, QU8 arl then 015, Q16 change slate; she reverse is true diring
peewercloan . When U9 staces Lo charge, {07 and Q16 g ca and €15 and Q18 are not comdocting. As C9 chargss
further, L% srarts to conduet inee BT and vaises the voltags on the cathode of G, This acls as positive feedtack
and =rops Q17T oft and QI8 onmore solidlv. A dew milliseconds latss, che voltage across O has tsco sufficicntly for
he wame process bo ks plige in differsntal amplifier 15, 976, The saus of ch diflferentia] amplifier is
fodlowed by the geananivum transistor spen-colkelor valpal stages Y, Q04D Tor BTIS DO LO T, and G103, 014 Tur
BUS AC TO L. These stages clantp the Lnlbas a1 abiowe #0044 % unddl the digTesential anplifler ciocwits sequentioly
signal them aciess R and RI2 ther power is up. The outguts then dses to about 45 W oes dictated by the Unibos
leadimg nned pull-up terminacion esisd ors,

T2




The sequence is a5 Fellows;

pwerap - then BUS DC LO L=0—then BUS AU LO L =0
0= high (+3 V]

proweerlowat = ien BLS AC TO L= *flea BUSCLCLOL=
L = lowr (+H2.4 V)

Daring a power-down soqucnec. atier BUS AL LO L poes Lo, there is sullicient storage o capacitors ©1 and C2 to
raintain ouipus voltape lonpe cocugh 1o pernil the power Fail circwil wo operale. The open collector srapes ane
desioned ta <lzmp the Unibus 1o 04 Y maximom, gven when there s oan ae input to e regulater. They are
inherently biosed oo by BL1 aod B17 anlil ihe ifTeranlial angdiflars signal chat power is QK.

H4
2t Lk
M40 1%
LHWAC, 47-E3H: FROM L TBH 1%
TROGHGFZRWAFR SF CDMIAHY
[K1ird 1H
=4y Lo B H xnak
an Lo L F ni

I TFUT Nk |

ars vl

LHEE ""I.E!- v i

! qga
Zhinug : ar° 306
ok
afy =
]
o -
Zhi M h By
iu: 1%
- H-um

Ligare 12-16 BUS AC B and BUS DIC LO Cireuirs

194,45 415 ¥ Regulater Cirewdt — Tl ~13 'V regulator shuws i Figre [9-17 is a simple series regulioer. The pazs
transistor 31 iz a high-eain power Dadineton type and i mounccd on the heat sok. Bese dove cureeod is sopplied Lo
Q1 vin R3S Q5 lunils the walus of this curvene 1o the rcquired valee by shuncing i weeay foom e 01 besc, Voltyae
detecrar amplificr Q4 bisses o Q3 and chos limits cmzeat in Q1. The 115 Y ouipat weliape i samapled on the
vicwing chain B34, B33, B30 and compared to the soltuge across refercnas Zonce DR, whizh s f2d by B37T, IFthe
cutpal Lées To dnceesse from the cepaiited wilug, the emitlor of Q4 s ks mens nepgntive {relilively) than i base
asnd camaduclionn ||'|'r-nu|_l;|1 ['_!r-'l- irensmes, This inereoases Che ool acteon |=ITIIIJH|'l 3 arnd minees € Lo sloel dossen
sufficiencly tor restone tlee endpot voltaee oo e regulaced value. Ambiznt teoperatoee compensation of the voliages
detector is cseengally flat since D8 has o +2 mV C tempertore coetficien) snd the base emitter junction of (4 has
a2 W Lemperat ooe cosdlcien,

B35 i the 415 ¥ voltige adjustment potenciomsder and C1R is i high freguenacy siahilicalion capacitor. Q2 s che

uvarlodcl dlaresior; when The alputl cirrrend reaches 15 A noandnal, The woltaee across B33 08 suMcient tn cause Q2
to conduar which seimoves Base dnve from O and cawses the ragulator 1o current Lt
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194446 +5 ¥ Berulater Cirenif - The +3 % cegulatar is sirmilar 1o The H15 W regulatar in Lhat The ssmpled oo pud
woltage is comnpared to the voltage acroas a reforence Zence by 8 woltape deteetar trapsizior, which, inooarn, conteaols
the dowees s the maln pass tranaistor. An overeurscnd ciccuit is wsed elzo, The +3 % repulator cavcuic is shawa in

Figure 19-15.
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The viewing chain consist: of B49, R50, and R51. The sefereoce Zener s DA which iz e by RA4 Q0 iz b
deterior amolitizr, The poss oronzistor Qb znd Saae stage diver OFF are oonunted ot the heat sink. The predriver Q8 j-
lured on by B46. The coerent is divered from the base of Q2 by off<diver OF, which s convinlled by Q. The
HE4 amd the 5 Vo regudators anz sindlay in operason; e g dendeney Tor the ouput woliage tao dse resale in oo
cundngiien throuph Q10 Gand resoltant limdring of condociion theoweh .

Here the similarisy ends. The +5 W regulator oporates in the swilching mode for increased efficizney. To get the
regulator 1o swiich, positive ferdback is applied to the volrage detector dnput vie B47. Thus, the whole regafatng acis
w3 pivwer Schmin 1dger ond §s either completzly tumed on or tumned off. depending an whether the nutpuat
wnllages s fonn figh o 100 low, When Q6 Is oo, §1 supplics current through filier choke LL oo che o smcocthng
capacitor C7 arul the load. When (34 is off, the L1 coment decays shrough eommmating diode D10, whizh heennes
newanl hiased by the Back emf of LE, The waveform scross D10 15 3 30% nominal recranpeular pralse trzin, The
Fliergd nulped agrows €7 s thus 45 ¥dc with about o 200wV pezk-te-pezk 10 kI mominal sawteoch of
superimpised ripple. A e cresg of the ripple, Q6 turns off and of e valley 30 toms an. This swdtching wads ol
opesitinn limits the disipition in the cirevit re the saturated forwand losses of 6 2nd DEG end the swirching leass
of T The resuliant kigh etficicncy ullows the usz of 1 smiali heat sick and relacively fow power transiscors.

BA0 s the widtage adjusirment potentiopster. K51 s a positive temperature coetficient wire-wound resistor thar
cont pensaios for the facl that dhe G0 base emitier juncrinn arg] Bl melerence diode 12 Lath have nezative voltaps
torperaiore coaifcients. Q% cwioent, lnated h_l,- 3D and R-‘H'.l:, delecrs the overcurmeul xi311:|| g«.-.n;-.rulr.q] AGTUISS
resistor B l. which is in serics with the Qb collecer.

Cutput fagalt guerent is limited 1o safs valoe because conduction of 05 makes the reference woltase across 9
tlegneaas Lo owgrn, This cegses (A0 to gondeet und shuts down the ceeulotor, UF io an avocoaping capaodor, which is
nesesry in Lhe cizeoit bhegsoss the cucremt theough B2 is pulsoting,

High Mmoguency hypass capacilon are el onthe inpat god oiput f che repulutor (003 aod C6, wspectively ) and C4
@ psed 1o shew down the tunz-on of OF Lo allene B30 000 peenver From the on stabe adthoet a larae rewersc ousrent
il

[f o malfunction causes the outpor voltage 1o increase beeond aboul &%, Tener dlole TR oo s angd fires
sillcon-comerelled rectifier QL. This crowbars e ouipot waltaee €o o low salae theaugh T andd blowes Tuse B i
the peciilier circuit throuph RS2,

19.4.4,7 15 ¥ Replator Cirewit - The - 12V regolator circodir is showa it Figore 19-19. 11 05 essenially che
cormpl=rmenl of the +3 Y ceauliator circuil and diffees anly snoche following miroe details.

ER I'he crowbac devics is 2 Triac 163271 inscead of a0 SCR. Mo tamperatoee compensating resizoor Is reqivised
b (20 aod P erick each other, a5 inthe FL3 Y sooulatoy,

b, The detailad inteeenmection of the devwers and the cicauit valoes aoe diffenem
. The = 153 % putlput vallage is adjusied by poseotiometer B25,
1%.45 +5 ¥ Regulaiar (P52)

19451 Fooctkeoal Siperatinon - A Tunclional Block divgram of the =3 % regulalor s showat in Figore 13931 The
28 Voo T the secomifary of Iemsfommer T2 35 foll wase rectitied and Gltered. This rawr de voliase (approximatoly
VY s used by a swaching regalator citeuin to prosfoee the 45 ¥ oulped . An overcutrent detection gt s
imgerporited 10 the regulator cirouln o lnit excess curreit wles Qoere s o Bl i the load, The +3 W nupun s abso
polected agninsl vwerenliame by a crowbor ciredit cthar Bmits the voltages to +7 %, Befo the outpud ceaclsas 47V,
the crowbar cireait Dlows the Nee v The eclifier agipot. A edecuil schemaric of the 15 Y regulisor is shown in
Figure 19-2] and is referenced in the subssgues) patagriphs.
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t9.4.5.% Generation of Raw DC Voltage - The 38 Vac fom transtormer T2 is zppli=d e il vaye rectifier 131 wia
pinz & und 7 of connecter J1, The rectilier owlpol i approsienately +3% Voand is filsered by capacitor Cl. Resislior
Kl s o Blooder resistor and dissipates the charge on CL doetng shutdown. The 13 A fawe (1°1) protests the ropulatoc
aod lead dugdng Faules, Mommally, e fuse does not blows when the cepulator owlput is Shorled becimse the cotpat iz
protected apwinst avergwrrerd uperallan, The fuse docs blow §f the crowhaz cinmil fires or in case of fiume n the
wgrcurend profeciion creoeit

19453 FRegliior Cirenit — The cegulated +5 ¥ is snmped by resislors B9 20d R7. The magnitude of chis vallage
ia comnpared 1o & precision $ ¥ refernee veltage prodweed by volispe regulator B1 and voltage divider B17, K14, and
R18. This regulazor responds to 20,05 W differenges belwzen e semsed oucpoe and the cetersnce.

El 5 an integrated circuit ina L2-pin dual sp-line package . A simplified equivalent ciecuit and puckngs contipurikion
are shosn m Fioure 14-27.
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The +5 ¥V oulpul passes theowgh transistor G2 o the omtpul fller (08, C%, and 117 and o the lond, 92 is calied 1e
pazs Dranglator and is rovunted on the leal siok. Tresislor Q2 s opearaied in he switched mode; therefore, it &
gither an or ol Tt |3 contrellad by drvers G5, Od, and 03 Lhatl are controbled by volings epolinor U1, A simplificd

+5 ¥ regularor cirewdt and associled wavelumms are showm in Figore 19223 1o illustrete the operacian of a switching
cepudator.
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I
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HE] n'
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gy e . e SO I e Y
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o
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CRIVERS £z ——L o

[ LI 1L o

Figure 1923 Simplificd 3 V Swiching Begulptar Scheronic and Wavetorms

When powgr is applicd . Hhe deivers 1o oo QF aind the aulpul volage starts oo pise toward 30 %, Bocaose aof
tkductier L n Lhe cironily vhe volbage e is pelotively sow. Whon the outout waltaee reaches 5005 ¥, B1 signals tha
drives to ol off ©20 As the feld zssoeated wilth TUstans o collapse, 10 earent fows theooeh 1 lozd G groand
arisl relams (o the gther side af LL theough comuoutaling Ehxle [33. which is Mrward bissed by the L1 back emf.
The vulpil voltuge decyes, and when i1 reaches 495 Y, B sieoals the deivers w taro oo 002 and gurrene s sy pplied
through LI to C8 and C% and the load. The cutpoar woltape mses umd shen it ceachos 5.03 W, B again signals (he

158-34)
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deivers 10 cot obf 2, The cireuit ozcallates in chis manner and persrates 3 392 ¥ pop rectangular oolse Train senes
diods 135, The repulator cipeuit acta Yk a power Schmirt trigeer and is either onoor ol depeedlug ol whether Lthe
outpwl voltame i tng low or too high. The Mliered ourpet across CH gmad O is thus +5 % with ahout a 100 mV p-p
10 kHe oominal wawrneth of superinmposed dppte. The outpet tlter is an averaglag devles an the rectanpolar pulaz
TN DDpasiTs &5 N averags wiltage [+ % nomdnal) at the outper termina .

If the lnad increases. the owtpu volam decays faster and Q2 Lums on sooner so that the wavefarm frzquency {dury
eyele) increases, Conversely, it the iond decreases, 1he warefoon frequency (dory cycled decreases.

The dnving choin for (32 comsists of frst stoge driver O3, predeiver G4 and off driver QF. which is coatrolled by B1,
OFF dudwer 05 diverts curpent from the base of G4 and thos contreds 1. 05, B2, and Zener diode 132 are used 1o

genarate +15 Y for the operotion of B Erom the +3% W raw fnpiit

[9.454 Overcwrent Prokection Clreuit — Tho reguletor is protected from damage by high curcent due o a Gaell

izhost circnitt in the load. Fhe corment i$ limited 1o abour 30 A by the overewivent protec o circit that consists of
QL. B2 thzoueh R, B3 R27, Q7. ud U4,

The current drawn by the load through pass Iemsistor 17 6 sensed by monitonng he voleage drop across (HO2 52
cesisior B thar is in semes with the 39 % ow yoltige. 15 1he cament execeda 30 &, the drop across B increosei and
forword biascs O and it tumms on, Capasitor C4 charges and overeomes the biss ain Q7 which tums it on. This 2ction
furce on B which, in fue, suts oFF pass tmnsisior QX The foowanid hiss on 0 is redeeed and i cumns oft. Copacitor
C4 discharges ané helds E1 off for a periodd of time durlog wlicl the ewreenc drops oeaddy o zero, When €4
discharges, L3 tums on io ressiablsh the outp voltage. 17 the fault still existe, the osercurmnt circoic tums oft4}2
azzin. As lomg us the Baole @xisis, Che replator acillates In this meode and imits coipur curcent o approximinely
&0 4,

19455 Overroltupe Crowbar Cirenit — The +3 ¥ js used 1o power digital Ingc devics Lhat onust be priect=d
agsimst wollagd in excois of 70OV, This protesnan s providad by the ovesvoliage crowbar vinewil thar conslsce of
gilicon controlled recoficr D7, Zener diode DF, diode DF, 6, K22, B2, and 7.

D nornat operatian, the thigger input te SCR 7 i 0l grosmed polentlal bacawse the voltage acrosa Zener diode
i Tess Lhan the 5.0 ¥ ecgquired o case it to conduct. 1F s malfangtion oeead bat Iacreases the ourgur voltage shove
a0 Y, Feaar [ rurne on which farward binses 9, When OF conducts, wesisior R23 an the SCR gare ciscuit draws
current and roms ot DT, The +5 ¥ oucput is shor circwiled 1o promnl. Capazitor CF bypazees B3 1o graund o 1ha
line transients of shorl daration thar might cause L snd 1 o conol di ot fire the crowbar.

i9.5 FOWER SUFFLY MAIMTEMAMNCE

1951 Iorodoction

Prwer sispply snaice eanee indonmarion includes the fallowing stems:

a.  Cheekug and adjusting voltnges
. Bemoving gower sugply
- Tenubleshonong precedu s

1952 Checking ond Adjusting Yoltags

The powsr supply has fuwr adjustable aulpot waltages Throe volwges [+5 W00 1SV, omd - 148 V] are assocdated
with the SWETIE 00 Begulaor sl e #3535 (1] is assaciared with the B744 13 Y Remalid o
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The computer must be extendead snore Than half way oot of The cabingt o provids access o all foun adpustments.
The three de repulator adjustments are [ocated inoa vertical lne midway on e right sige ol the compater; from top
to hattam ’]1%:.-' are +15Y, +5 W and -15V_ The H744 Rugl.ialllr :|IJ:|J=.I|'.|-='|I i located on the hodtom of 1he
cormpaler approximately 15 ine from the frone and L-102 o0 froow the righs side. T ezch cage, aceass is providel
throzk holes in the « vrnpeler moynling box and power supply chasss | Figere 19-24),

ADPIETING TOOL

+15% ADJUETMERNT

+HiW ADJUETMENT

-15W ADJUSTMENT

Gy 2

Figurs 1924 Power Supply Adjusimeats

ALl adiustrvents wre vontrodlad by potentinmeiers wilh slobied-hoad shafis thotae convenizntly eotated wiing a sl
blade type screw-drver, Clockwise nolation inenenses the wol bye i each case. The cutput voltoges should be shecked
amid adjered as close toonominal as possible, The nomenal values and allowabla tolarances o showen helow,

S TIR Begnlnter Cucput Yoltages

Mominal Yalue and Tolenmaee Erpivalent Hanpe
SOVESH .00 W Lo 3ASY
I50Yz25% HI5Y 1 1595 Y

[540 % 25% 14253 to-15.75 Y
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H74d Regulator Qutpuat Voltage

Memmanal Value and Tolerance Equivalent Range

50% + 5% 475 WV1io 525V

When adjusting the woltages, use 3 dipital woltmeter and meiswce the outper woder Inad a4 the canpeetors (Faslon
tahs] o0 the s gide of the computzr backplanes, These conneciors ane reachel comveniently by excending the
gurmputer From the cabined. Iocking it in the 0% frone op position sod semoeving Lhe botioe cre.

Observe the Fallowing caation2 whain adpesting the corput valiages.

1,

EJ

Do et oot the woltages beyoad the 105% rating 1o ovedd aclivieing The overvollage protection
{eruwhar] civguil. T e case of 1he H744 Regulator, the 13 % oneput is drislically reluced when the
crowhar fires hot the Tuse does nat biow. In the case of the 34081728 Reaulater, Tuse FEES A) Blows o
the +5 V outpol i adjusted boo high, and fise F2 010 A) blaws if the - 15 % oulpat is adjusted on kigh.
Thess crivabar girculis a2 desipned to blow 1l fuses when activated. The 153 Y ccipal a3 ao
gvervallage prolectlon cireolt but it mes Mose F1 for protection n cese of o malfunction in the +15%

awpply,

The tan +5 % ouwtputs, +5 V(1) from the 3409728 Rapulator and 5 W(2) from the HT44 Regulaton,
musl nel he shaorced legeller, Qutpor #5 Wi is available an power dislibolion daard coanectois T1
undd T2s amd oeitput £5 W20 5 available on connecrors 13, 14, and 5 of this hoand.

19.53 Power Supply Removal

The following provedwre mst e wied in preveitt damage 12 the paweer supply decing rernnvzl fron the emounting

oo

i

Tum wt] power,

Bemove the bwo screws dhat hold dbe Hye ser by the moze of the mounting box, withdrow The line el
glowly, and disconnect Jine w1 connecior 15 fram pewer supply haress conoector H1-PL (Fizure 15250

Eemaove The six screws un the right side of the mounting box that hobd the poseer supply chassis to the
muanling Tox (Figwre [9-261, Dosconnect tie congsle cade connezoer from the Borg cennedior un the
M7260 module and mowve the cabile away Moom the powsy sUpply caver, [emove the four sciews thac
securs the cover uml renuave il Mroon Lhe poswer 2upply,

Diczonnect the following conreciim thal are scvessible st cthe war of the power susply (Figure 19.27),
a Power Supply himmes cornector HU-TZ Troan powee distrisution hames: cormez L H2-F3.

b. Powwar disiriztion birness cunnecisr H2-P2 fem eansformer conesctor T2-T1 02 red and 2 blask
wires),

CAUTION
The de regulator output connccior PR1-J2 ix stlll comnccted
Tt it 35 ot aceedsible.



5 Lift the power supply chasels slowly agwand wneil il 3 fres of the compartment in the muousiting box
CEigure [928), Mest the bollomm ol Lhe power supply chagsis on the Lop ol the muunting box and femove
poweer diztribution harness connecior HEPL from de regulator oot put connzelor PR1-J2 {Figurs ]9340

f Mace the power suppky on a beach. Be cameful when [iMiog sl carreing the powar sugply becanse itx
cenler of gravity is near the front cnd,

POWER SUPFLY
HARMESS
CONNECTOR H1-P1

LINE SET COMNECTOR IS

HAT1E-1

Figuee 19-25  Disconcecting Line Set From Power Sugmiy
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T

PORER SUPPLY COMSOLE
MOLINTING SCRAEWSIEI CAEBLE

Figurz 19-26  Remoaving Power Supply Mounting Screws

FOWER EUPPLY
COVER

B712-5

PUWER DISTRIBUTION
HARNESS
CONNECTOR H2-P3

POWER SUPPLY HARNESS
COMMECTOR Hi1-J2

| gL 149

N

FOWER DISTRIFUTION THANSFORMER

HAHNESS COMMNECTOR T2-J1
COMMECTOR H2-P2 (2 RED AND 2 BLACK
WIRES}
7136

27 Ri":lll.l'\-lrl'r'\.“I-'A'E' Listributicon Hirness

Conngctors H2--P2 and HI-F3

| 335



POWER ISTRIBUTION DC AEGULATOR CLTPUT

HARNESS COMMNECTOR H2-F1 CONNECTOR P51-J2
ey - -—_ N T — — e -

| sie i N

67127 67128
Figure 19-28  Lifting Pawer Supply Figurs 1%-29 Disconnegting DU
F'rom Mounting Box Feopulator Dtput Cannector
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1954 Troobleshootbivg Procedures

19.5.4.1 [otroduction — Mosl of the rroybleshooting infarmation oseated relites to the compononts S406728
Bipulator and H? 43 Regulaior,

Troutleshootiag the uther puwer syslem components sueh 55 the lioe g1, reliy, transfoTmers, conecioes, ete., can
be woeomngplished by perfoming an electrcal continuity check uslug he power swsrem interconaectlon dugran
(Flgure 1930,

19,542 Troubleshouding Hints

WARMIMNG
Dangerous voltopss {115 or 230 Vae) are prsment in ihe power
systemn, Be @retal wheo servicine these climils.

Becawse of 1he phosical confipuration of the power supply, very [iitl: iroubleshooting can be performed with the
power supply installed. Voltiges can be checked under foad on the pin <ids ol the computer backplase. For some
malfuncticonz, the problern cin be jsolated to the load o power supply iy diconneciiog che baskplane cable and
checkdng the power supply oulpols o the power distibution board coneesctors, Refer to the power distribotion
Teard cirewdt sehermatic {Figure 149135 aml list of spmals (Table 1921,

The most fikely souzce of 0 power supply matfunztion g the 5408718 Repulalor or the [1744 Regolator. A guick
reredy Cor o molfenction in cither of these regulatos ig 1o repdaoce the coanplels onit. The ceplacement reeuscor
may need adjustment o compensate tor the load. IF the new regulacor 1 initially adjusted too high. it mey activae
the crowhar circui. Ino the case ol the 11744 Repulator, no output 8 genecisd. nothe ouse of the S400728
Bepulatar, no outpur is gereraled qmd the +53 W fuse or - 15 fuse hlows. 1T Uz shoadl bappen, remove powes and
ratate the spproprate voltage adjustment fully counierclockwise. Beplace the Mose. 17 equired, and apply powee.
Adjust the ouipue 2o the recarmmended wales per Paragraph 3,5,2.

WOFIE
When replacing or swapping te 508726 IX Regulator (F51),
elch revision D or Jater onest he wsed. Eatier 2ich mevisions,
such g3 revision C which i used in the 5004 in, FIP-11/05,
1110 Compoter, must oot be jostalied becamse of insolfcient

cutrent capacity.

19.5.4.3 Troublesooting the 5400728 Regulator - Table 192 iz o rronbleshooticg char for che S40M 728 Rapulotor.
It shawld be wsed wath Fegures 19-15 theough 919 or cegalarr schema e doawing DRCS-5403728-0-1 in the pring s,

A visual cleck i wtuable aid in bocating the cause of 8 malfunciion. Chazs for lsse conneg lons, bumed resictoss.
burned grinted clocudt boanl eteh, cracks? crapsistors or Suky capasitoss.

A an 3ddicianal aid Lo Lioobileshocting Lhe 2409728 Repolalor, wavetarm pbotos are provided lor e +5 % amnd
18V oudpues. These wavefomns were taken ot s Tekruniz Moslel 153 Oscilliscope. AR waveforms ave ol acspecl
1o power common (12 pin 21
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Tuble: 19-4
5409724 Regulator Troubleshewating Chart

Frohlem Cnuse

Mo +5 W oand +15 ¥ oulput Fl apen
D14 o iparesfomner Tl apen
+3 ¥ agljusred too hish*

+5 ¥ {hitout Too Low i, D, Q0 R N1, 1IN E, or 210 clenrtad
C3 ar CF shorted
R4%, K50, Baf, o1 RA4 om0

(h, £17, 8, nr D11 shorted
Qu, O e 0O apen®

RS o BRSO open

+15 % Jutput Too [Geh Q1 shocted
[ ovpen
B35 or R1G open

Mo-15 ¥ Ouipan 2 open
14 sap trimsperreer T opeln

=15 % Ouipint Tuw T - 18 W oadjiaslend oo Ligh*

(7S, 18, 026, 921, 027, D7, or DF shorted
£14 esr 12 slyrred

B3 Rn, B25, or B2 apen

O 023, 024, e DR borted
025, (26, ot [ open

105 AL [0 T Bod Go High D13, Q04, or 01 5 shartcd
0 F s D3 cpen

kT, T3, Ré, o BE open
9 shuowned

BUS AL LOY L WLl Mot G Low QE3, 14, or $118 ope=n
u]:u:]l"-;:-r el E'rr:lli-\'_'u|!|_l,l 2l [At5 or 153 shiori=d
prwsrin pewesrol T RED, R, TV, wr RO open
BLS D TO L Will Mot Co 1ligh O G20, v 015 shorosd
17 o D o

BRY, B2oor B open

Ot shorted

RIS D L0 L Wil Mok G Loy 19, GV <o LT open
(N & o1 03 open

BT B3, or B8 open

L3 sherred

1958



Tablc 194 [Cont)
54007 EE Regulator Trowbbeshooting Chant

Prabein Cause
BLIE DC B0 L Will Mol Gu Low (9, Q20 or Q17 open
andfor wels ermadacaily on C3UE o B shaarled
Puweoren, puoacTob]’ Ba B0, B11. o1 RS open
M LTC L Sigoul Bi> apen
D13 shorted
LT L Coing Too Eligh D13 spen

Tlhee: cuuers make 1he csowbar fin:. whick, in turn. blows the appropriate s,

Figure 1930 shows i wavefarms Tor the +2 ¥ oncpau taken 2t points 4 and B in the sirewic {Vimre 19-18], Peint A
i the pucpwr of pass trangistoe & and point H s the 415 ¥ cwpul (12 pin 3} Wevetforms a, b, and ¢ are taker at
poinl A and wavelormg d, e, and are lyken ol peint B, Fipure 19231 shows sx waveforms for the - 15 V ourput
taken at poists C and T3 in eche civcuil {Figune 192190, Point s che cutput of pacs transiscar 022 and paint D Ja the
=15 % outpor T2 pin 9. Wavelnnns . b, and care taken ac pecee Cand waveforms £, ¢ end £ anc takcen at point Ok

19.5.4.4 Teoubleshooting the H744 Hegulator  The desipm of the +5 W 11744 Bepalator iz zimilar to the +5 W
postion of the 34409728 Regulatea. Th gerkeral, e sarne tronkleshooting proecedures and fault isalation techniques
apply o both regulaccgs.

Jomz sproific roubleshooting procedorss are listed for the HTA, Reler b Figure 19927 which i= the B 72 vinnsi
scharnatiy,

i A cepuleten hizc provides noe sulpal, or e ecel, willoowr causiag Juse Floo dow 15 poobalbly
wizklng uite @ shazt-clvooited owlpot. Clheck Tar o ghiorl ciccsil in Lhe lead or 2 compenenl Galurs o the

crivwar clrenll.

h. A regulabior that prowiles no oulpul ard has lase T blown uselly indicates @ Gl din the poss ransisior
et L% i rie Lwecerks. PPrimgeess] g Follogwes:

1. Check Tor seprching of the sichad hoand in b aren of OF aud £ Check 1he associaied
hage-erilier hlepcdar mesisiors for shmmge.

2. Check pass canslsorn Q2. dove transisiors OF sl Q4 anel level shifler OF wth an obnosezter, The
Baiell wrsald be cawed by coallawmas Base drive e Ol

A0 The Fawlt eould be caused by an extemal shost-circain that Bosdds recision voleags repulator EE in
eoiducrion. EX pla 4 1o grownd shoukl reasume approsarately 20K 820 EL pin 5§ 2e provnd sheld

[N[L TR apprm-.malely 15K 0

4. Cheek for sheats e gioand al the Toge teanlnals and composents maunsed on 1he heit snk

13.34



al Pabne &, Mo ksed, dl Falinc 8, Mo losd.
= Ve, Ll 2 e, 2w
v all W liv.

B Pond & B ol al Point i Mo foed,
20 I_.-:u'ﬂll'_ Al A pstoie, el
10 el AU m i

el Paint 0, 200 o, Bl Poini B 2008 b,
20 pafidey, merd o=
0% diw S i\l

Figare 1930 +5% Regulator Circuit Wavetorms
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il Poinc T, No laad di Point O, Mo load,
O misielra, arel B insedbe, and
T il GO e i,

4l FPaint C, Mda Ingad i) Foint D, e boad,
Sl pal iy, dmed B0 i, amil
16 el i =T R PR [N

-

o Poend L, By ko, 1] Perinr 0, B booat
B0 pediv, and S0 oy ey, e
el ke S0 mW iy

Figuee %31 - 15 ¥V Regulator Circuil Wavelorms



APPENDIX A
INTEGRATED CIRCUIT DESCRIPTIONS

Al INTRODULCTION

The MST and TAT inlegrabed circails (108 which are shown i the engineecing drowings are discossed in the follawing
paragraphe, The descrignions inchude o pin lecalion Jingroem, sdrplified] logis divgram, umel ttuth dzble, These
descrigiions aré intended s sradnmerace ails Tor fronbleshonsting e the 10 Eevel, Toble A-1 lists she 25 by par
niugiiher, na e, and Tespeclive paragnph nuniber,

Table Al
Dkegraked Ciecuits
Manu i ures IPEC Mame Para.
Iart Mumber Fact MNymber
Hobek 19419934 Tirput. 4-Bit Trgisal A2
Multiptexer
T3 R I Dhuzl NAMND Schumitt TrigacTs A3
AT LDOs54T Dzl 1-X Mastor-Sluve Mg
Flip-Flopa
T4T4 1005347 Drral D-Type, Edpe-Trigeeted A5
Flip-Flups
Jaivs L9410 A0 4.-Bit Bistahle Latch AG
T4ED 19-[03 4% £edabbil Lesad il bemry AT
T4L2E 19-10223) Monostible Mul fivibrsior AR
T4L3a0 fU-1(¥ 53 Lxda Selector Muliiplexer A%
T4153 19-114527 [naak d-Line-1n-1-Tane Data A LD
Sclectors/Multiplexers
Tdl54 1405701 el immel ip s Lime [Decomlers) All

I}H'rnull'.'ipli::lcerx
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7473 DUAL J-K MASTER-SLAYE FLIP-FLOFS
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A5 7474 TUAL D-TYPE EDGE-TRIGCERED FLIF-FLOFS
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A7 7484 64-BIT READ'WRITE MEMORY

Functiom Tahle
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A% 74150 DATA SELECTOR MULTIFLEXER

DUAL-IN-LINE PACKAGE  (TOP VIEW]
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Al 74153 DUAL 4 LINE-TO-1-LINE DATA SELECTORS™MULTIPLEXERS
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— A1l Td154 & LINE-T(:16-LINE DECODERS/DEMULTIFLEXERS

DULL-IN-LiNE PACKAGE (TOR VIEW}
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A12 T ET45158 GUADRUPLE 2-LINE-TO-§-LINE MULTIPFLEXER
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a13 74174 HEX/ 74175 QUAD D-TYPE FLIP-FLOPS WITH CLEAR

Igsz !gll
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Add T41IED ARITHMETIC LOGIC UNIT/FUNCTION GENERATOR (AL}

Active-Low Diata
M-H M = L; Arithmeti: Operations
Selecliom Logic Co=0h I'le =1
55 5% 5 5 Funciinms {'.'“ 2~ L Coel- H
L L L L F=X F=AMINICS F=a
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Loo1oLomn b - B F=ABEPLUS(A+E) F=ARPLUS{A + B)PTLS |
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PIN DESIGNATTIONS

Deagretian Pl Mo Fuunction
Al a2, Al Al L9,21.,23, 2 WORD A INPUTS
B3, E2 B ED 19, 20,22, 1 WORD B INFUTS
53,52,5], 50 3.4, 5.6 FLUMCTIMN-SELECT 1WPETS
{:u 1 CATERY NPT
M b MODE CONTRCL TNPET
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P 15 CAREY PROPAGATE OUTPLT
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A 15 T4182 LOOK-AHEAD CARRY GENERATOR

Equations: INPUTS OUTPUTE
e ;E EE Chn Cnag ::nt:f E L]
C = {3y + PalC
B H o fe el e o
e L e e = S St BN
Cney = G 111G H B gty -,
; ]
Cobr =0 + PG +PoF L + PoP FC P2 &2 En Cpex Crey B
ol G Cnez

= G_':In + F_:IG-I + P_:IFE{-'I + 1’»!.|"2T‘1Gﬂ

Fi 40 Po G2 B2 F

T B o T A ND

INPUTS OUTFUT
12 anzs
PIN DESIGNATIONS
Dl e o Fin Mo, Function
Co0,G1,G2.G3 3,1.14,5 AFTIVE-LOW CARRY GENERATE INPUTS
Py, FL, P2, B3 4,2,15.6 ACTIVE-LOW CAREY PROPAGATE INPIITS
C, 13 CARRY INFUT
Cortnr Trrter Tt 11,11, 9 CARRY QUTPUTS
¥ 1o ACTIVE-LOW CARRY CENERATE OUTFUT
P 7 ACTIVL-LOW CARRY PROPAGATE OUTPLT
Yoo 16 SUPPLY VOLTAGE
GND £ GROTNT
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— Alt T4193 SYNCHRONOUS 4-BIT UP/DOWN COUNTER {DUAL CLOCE WITH CLEAR)

J OR N DUAL-IM-LINE PACKAGE (TGP VIEW]

=TS IKPLUTS

—_— TRITR ———
W MATh Tl FAR pe—ef—— LOUD DATA UATA
et & HINRCA CRANEY = L1

p——

16
r—

& CLEMNR CARRY
BRI LAl

COUNTEOUNT
I:IH o p POWR P ':'I: un
] r

[ !
[

o—— 'I- 1 2 3 4q -] [ T gy —
QAT dGp Uy CCURT COURT Gy G, OHG
IRET — L S—
JuTPUTY WFUTE QUTPITS

L0 IC: LW INPUT T LOADR SETS =, g8 =, 080 a4

+5an

Ao



BLRAO®

SITPUT

“ o ARy
CUTFUT

F—= GLTPYUT I:lj'

Qe —4—u CUTPLT Oy

—T—< CUTPUT G
|
i

DUTFIT G

DATa
INALT & ™
Lyiwn
COLMT .
LIp
COUNT
i
1.
DETA
HFUT B
PEETET
1] -
; a-
ag
GLERE
A A
RN R ' '
L -
ualn
1,7 Lt i B F. .
- L
"_%—_I> -
1
i
I )
DETS I
iHFT 0 ‘Do :
CLEAR Pl

Ladb = - c{>

[[RELE]

AT



a—

A07 74194 40T BIMEECTIONA L UNIVERSAL SHIET REGISTERS

Vop MW Sp 0 dc Yo opLoie S %0
16 13 14 1 12H®H1o g -
| re | [
| |
By Og 0 Op eooce S
[‘“ﬂ CLEAR %0
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|
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AR TAXE DAL SENSE AMPLIFIERS WITH PREAMPLIFIER TEST FOINTS
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A, 1% 9502 DUAL RETRIGGERARLE MOMOSTABLE MULTIYVIERATOR WITH CLEAR

IHFEAT S IRFUTE QATRUTS
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APPENDIX B
COMPUTER CONNECTORS

Table B-1 lists the compuler cusmeciors, the connector Lype, parl nunther, pin and signal designations, and the
associated cenmector cable. This includes the connectors for the 3CL cable that interfaces the compursr {Berr)

connector 16 an LA or Madel 33 ASE Telety pe cquivalent {Mate-M-Lok) connector. The power supply conmaghors
are describesd o Farg & of this manoal.

Table B-1
Cruusectons
Cannector Type Fart Number Desipnatinns Cable
Fin Signals
SCL A4)-pin Betg 545040 BB -5y TO-EE20
Cotseetor {Femule) ¥ SLR O+ {20 A}
1 270HrA) T £LK £ {TTL]
{BbLitke) Gl BER N — (20 mA)
F. EHAIFER BLUN — {20 mA)
M ULE IMSAR (TTL}
L SER O - {20 nA)
C +IY
D SFERAOCTTIL)
¥ READEFE. EUN ¢ {200 mA]
B4t SER IN (TT1.}
W 10 mA INTERLOCE
1L SEREAL 1N+ {20 mA)
Taletype Gepin § 20k sAL 2 SRR O - 8360
ar Laxn B Le-Ma-Laok a -L5Y
Connector (Feniale) 4 -§5Y
L SER. Ot
L READER RN
7 SLEEIN
Console A0pin I9wan er TAK N BCOHE. 03
Berr, [Farmaks} EE EW 151} H
Comnecrar 127003004 oo W 140} H
I'E AU R ED
AT SWIZ{1H
LL SW1I{nNH

B-1




Tobde B-1 {Cont'h

Conmccdors
Conneclar Type Fart Number igNations Cable
Pin Sigrals
Carsale Iy b BN
Foometh RR W e Cpn
TT SRR R
1 EWOTIIYH
1. SWORLYIE
M BWOS(LIH
H BWO4ILIH
T AW D3 (LIEL
W SW I
X SWin{nH
Z SWaoihH
HH SCAN ADRS Q1 (1) L.
KK SCAN ADRSO0Z (1)L
it (X SCANM ADRS 03I} L
55 SCAMADRE M 1FL
CC T L.
C RIINL
L KEY LOAT ADRS {1} 1.
H KEY EXAM1L
K KLY CONT (1D L
M KEYHLIT LNE (I L
P EEY STARLIIL
E KEY pErM{1) L
Theitals WILFAD p Al INET L
W90 Ad2 POWLE (+5%)
AT INTE L
AT L BN L
AT ¥ L
AL CrROVEIM L
AT DL
A2 L
AR Ed L
AE2 (LN
AFL T 1.
AE2 S L
A111 DHE L
AH2 T L
ATl (VLI
ATZ I IL
AKI] Bl2L
AK2 Dl L
ALl 1314 L.
Al2 DL
AN AL
Abi2 DISL
AR CrECOILIN




Tahle Bl {Cinit)

Connec ity

Commector Type Pact Mumber Desipnation Calle
Fin Signals

Tlnikhua AN PRl

{eant) AP] GROLNY
APZ BRSY L
AR] GROEMD
AR SACKTL
ARl s
A%2 NPR L
AT GROUND
AT2 BRTL
ALl WFC H
ALl BR& L
AV BCTH
AV2 GEROLUNLY
BAl Bl:aH
BAZ IMIWER (+5V)
RH1 BG 5H
EB2 CROUKD
BCl BE 51,
BC2 CRO LM
§N]] CGROLUND
BRI BR 4 L
BElL CROLUND

2 BG4 11

EFl ACLOL
EF2 DC LOL
BELL ADIL
Bilz AL
Bll ADEL
BJZ M2T.
BKK AQEL
BR2 A4T
BL] AL
BLZ Adial.
BM] AlISL
RMZ ALEL
EN| AllL
Bz AIDL
LFI Al3L
L[] AlZL
B AlSL
RlL2 Al4L
R&1 ALTL
BS52 Atfl.
AN RO
RTZ CiL
BUI SETYMN L




Tihle B=1 {Corni’

Connecbors
T tin Typa Part Mumhber oo Cable
Fin ]
Lloibus Bl CoL
(it} B | MEYM L
3 L GROUND
AC Ranote | Two 3-pin (k] I Iowwer Eoqueost fower
Puower batc-H-Laks ZO9350L0G s Emerpency shutdown Supply
Turn-Cn {JEund 17 (Pl & I Gepund AL Cabls
Conneclor DEC | 248351)
Line Cuond A Line (10w}
Coennecliog Mug HCOAH
(23007
BCTIET

Tid



CUTOUT G LOTTED LIsE

PDP-11;05, 1110 Header's Comments

COMPUTER MANUAL
EK-1 105-TH-(ib3

Your comments and suggestions will help us in cur continuouws offart to improve the quality and wselulness of

ane publications.

What is your penersl reection Lo Ues manual? In your judement is id complete, accurate, well omeanised, well

writhen, ere, Y Is il ayy to wse?

What Teaturcs gre maost mselul?

Whiat Taults do you Find with the manuul?

Brocs this manual sabisty che need woun ghink 16 wics inteaded 1o satasty?

Dracs ot satishy vewer nac]s? Wiy

Y L R L T LT

— . a

Flease deseribe vour posidion.

Mo Chvepanization

ol f (UL - Dhepaertoenl

Clitw Sdate Fip or Country




- e e Fol Herr e e e

_— — — — - - — —— — 1w Mt Teur - Fald Here and Seaple — — — — — el —

RUSINESS REPLY MAIL
MO FOSTALE STAMP NECESSARY IF MALLED (N THE UNITED STATFES

FIRST CLARS
IFERMIT MO 3]
MAYMNARL, MASS.

Ptk will In: pasl Tig:

Uigitul Eaguipponent Carrpertal i
Technieal Lisemmengitinn B partouend
Vb Ml Sirevi

Maynard, Misacloavetts 1 754



DIGITAL EQUIPMENT CORPORATION
MAYNARD, MASSACHUSETTS 01754




	Chapter 1 Computer Components
	Figure 1-1 Module Utilization Diagram for Configuration 1 (16K)
	Figure 1-2 Module Utilization Diagram for Configuration 2 (8K)
	Figure 1-3 Computer Backplane Connector and Pin Designations
	Figure 1-4 Module Contact Designations

	Chapter 2 Unibus
	Chapter 3 Unpacking and Installation
	Figure 3-1 Computer Packaging
	Figure 3-2 Computer Mounting Box
	Figure 3-3 Computer Box with Top Cover Removed
	Figure 3-4 Computer Box with Top and Side Covers Removed
	Figure 3-5 Computer Chassis (showing peripheral cables and the Unibus)
	Figure 3-6 Mounting Box Without Modules
	Figure 3-7 Rear of Computer with Cable Strain Reliefs
	Figure 3-8 Typical Cabinet Power Control System Wiring Diagram

	Chapter 4 Computer Operation
	Figure 4-1 Console Illustrating Switch Movements
	Table 4-1 Significance of ADDRESS/DATA Indicators
	Table 4-2 Bootstrap Loader Instructions
	Table 4-3 Memory Bank Assignments
	Figure 4-2 Loading and Verifying the Bootstrap Loader
	Figure 4-3 Loading Bootstrap Tapes Into Memory
	Figure 4-4 Absolute Format
	Figure 4-5 Bootstrap Format

	Part 2 KD11-B Processor
	Chapter 5 Processor General Description
	Figure 5-1 KD11-B With Interconnections to Memory and Peripherals
	Figure 5-2 KD11-B Processor Block Diagram
	Figure 5-3 Instruction Interpreter Block Diagram
	Figure 5-4 ALU, MSI Circuit Type 74181 Representation
	Figure 5-5 E068 ROM Map Example

	Chapter 6 Instruction Set
	Figure 6-1 Addressing Mode Instruction Formats
	Table 6-1 Addressing Modes
	Table 6-2 Addressing Times
	Table 6-3 Single Operand Instructions
	Table 6-4 Double Operand Instructions
	Table 6-5 Program Control Instructions
	Table 6-6 Operate Group Instructions
	Table 6-7 Condition Code Operators
	Table 6-8 PDP-11 Differences


	Part 3 MM11-K and MM11-L Memories
	Chapter 11 MM11-K and L General Description
	Figure 11-1 Component Side of G110 Control Module
	Figure 11-2 Component Side of G231 Driver Module
	Figure 11-3 Component Side of 8K H214 Stack Module
	Table 11-1 MM11-K and L Memory Specification
	Figure 11-4 MM11-K, L Memory Block Diagram

	Chapter 12 MM11-K and L Detailed Description
	Figure 12-1 Three-Wire Memory Configuration
	Figure 12-2 Hysteresis Loop for Core
	Table 12-1 Addressing Functions
	Figure 12-3 Three-Wire 3D Memory, Four Mats Shown for a 16-Word 4-Bit Memory
	Figure 12-4 Device and Word Address Selection Logic, Block Diagram
	Figure 12-5 Memory Organization for 8K Words
	Figure 12-6 Address Assignments for Three Banks of 8K Words Each
	Figure 12-7 Jumper Configuration for a Specific Memory Address
	Figure 12-8 Device Decoding Guide
	Table 12-2 Enabling Signals for Word Register Gating
	Figure 12-9 Type 8251 Decoder, Pin Designation and Truth Table
	Figure 12-10 Decoding of Read/Write Switches and Drivers Y4-Y7
	Figure 12-11 Switch or Driver Base Drive Circuit
	Figure 12-12 Y-Line Selection Stack Diode Matrix
	Figure 12-13 Typical Y-Line Read/Write Switches and Drivers
	Table 12-3 Word Address Decoding Signals
	Figure 12-14 Interconnection of Unibus, Data Register, Sense Amplifier, and Inhibit Driver
	Figure 12-15 Y-Current Generator and Reference Voltage Supply
	Figure 12-16 Sense Amplifier and Inhibit Driver
	Figure 12-17 Type 7528 Dual Sense Amplifiers with Preamplifier Test Points
	Figure 12-18 Stack Discharge Circuit
	Figure 12-19 DC LO Circuit, Schematic Diagram
	Table 12-4 Selection of Bus Transactions
	Table 12-5 Generation of Memory Operating Signals
	Figure 12-20 Basic Timing and Control Signal Functions
	Figure 12-21 TWID H and TNAR H Control Logic
	Figure 12-22 Generation of MSEL RESET L
	Figure 12-23 Slave Sync (SSYN) Circuit
	Figure 12-24 Pause/Write Restart Circuit
	Figure 12-25 Strobe Generating Circuit and Timing Diagram for STROBE H
	Figure 12-26 Flow Chart for Memory Operation

	Chapter 13 Memory Maintenance
	Figure 13-1 Strobe Pulse Waveform
	Figure 13-2 Troubleshooting Chart
	Figure 13-3 MM11-K Sense/Inhibit Waveforms


	Part 4 Power Supply
	Chapter 14 Power Supply General Description
	Figure 14-1 Power Chassis Assembly (with DC Regulator Module)
	Figure 14-2 Power Supply Assembly (with DC Regulator Module Removed)
	Figure 14-3 DC Regulator Module (Top View)
	Figure 14-4 DC Regulator Module (Bottom View in Mounting Box)
	Table 14-1 Power Supply Input Specifications
	Table 14-2 Power Supply Output Specifications
	Table 14-3 Mechanical and Environmental Specifications
	Figure 14-5 Output Connector, 5409728 Regulator Module

	Chapter 15 Power Supply Detailed Description
	Figure 15-1 Detailed AC Interconnection Diagram
	Figure 15-2 115V Connections - Simplified Schematic Diagram
	Figure 15-3 230V Connection Diagram
	Figure 15-4 Regulator Module Block Diagram
	Figure 15-5 Rectifier and LTC L Circuits
	Figure 15-6 BUS AC LO and BUS DC LO Circuits
	Figure 15-7 +15V Regulator Circuit
	Figure 15-8 +5V Regulator Circuit
	Figure 15-9 –15V Regulator Circuit

	Chapter 16 Power Supply Maintenance
	Figure 16-1 +5V Regulator Circuit Waveforms
	Figure 16-2 –15V Regulator Circuit Waveforms
	Table 16-1 Troubleshooting Chart
	Part 5 10-1/2 Inch Mounting Box and Power System


	Chapter 17 Mounting Box
	Figure 17-1 PDP-11/05 NC Computer Mounted in Cabinet
	Figure 17-2 PDP-11/05 NC Computer Extended and Locked in Front Down 90° Position
	Figure 17-3 PDP-11/05 NC Computer Extended and Locked in Front Up 90° Position
	Figure 17-4 PDP-11/05 NC Computer, Rear View
	Figure 17-5 Connector Side of Backplane
	Figure 17-6 Pin Side of Backplane
	Figure 17-7 Computer Backplane Connector and Pin Designations
	Figure 17-8 Module Contact Designations
	Figure 17-9 Module Utilization Diagram

	Chapter 18 Unpacking and Installation
	Figure 18-1 Computer Packaging
	Figure 18-2 SCL Cable 70-08360
	Table 18-1 SCL Interface Pin and Signal Designations
	Table 18-2 BC08R-03 Console Cable Pin and Signal Designations
	Table 18-3 Unibus BC11A Cable/M920 Jumper Pin and Signal Designations
	Figure 18-3 Connector Specifications for Line Set
	Figure 18-4 Typical Cabinet Power Control System Wiring Diagram
	Figure 18-5 Interconnectin of Power Controllers in Multi Cabinet Installation

	Chapter 19 Power System
	Figure 19-1 Power Supply Side View
	Figure 19-2 Power Supply, Front and Rear Views
	Figure 19-3 DC Regulator, Top View
	Figure 19-4 DC Regulator, Bottom View
	Table 19-1 DC Regulator 5409728 Specification
	Figure 19-5 +5V Regulator, Side View
	Figure 19-6 +5V Regulator, 3/4 Bottom View
	Figure 19-7 BC05T Line Set, Cover Removed
	Figure 19-8 BC05T Line Set, Rear View
	Figure 19-9 Power System Functional Block Diagram
	Figure 19-10 Power System Interconnection Diagram
	Figure 19-11 Power Applications Using 115V Line Set
	Figure 19-12 Power Application Using 230V Line Set
	Figure 19-13 Power Distribution Board Circuit Schematic
	Table 19-2 Power Distribution Board Signals
	Table 19-3 Option Power Harnesses
	Figure 19-14 DC Regulator Block Diagram
	Figure 19-15 Rectifier and LTC Circuits
	Figure 19-16 BUS AC LO and BUS DC LO Circuits
	Figure 19-17 +15V Regulator Circuit
	Figure 19-18 +5V Regulator Circuit
	Figure 19-19 –15V Regulator Circuit
	Figure 19-20 +5V Regulator (PS2) Functional Block Diagram
	Figure 19-21 +5V Regulator (PS2) Circuit Schematic
	Figure 19-22 Voltage Regulator (E1) Equivalent Circuit and Package Configuration
	Figure 19-23 Simplified 5V Switching Regulator Schematic and Waveforms
	Figure 19-24 Power Supply Adjustments
	Figure 19-25 Disconnecting the Line Set From Power Supply
	Figure 19-26 Removing Power Supply Mounting Screws
	Figure 19-27 Removing Power Distribution Harness Connectors H2–P2 and H2–P3
	Figure 19-28 Lifting Power Supply From Mounting Box
	Figure 19-29 Disconnecting DC Regulator Output Connector
	Table 19-4 5409728 Regulator Troubleshooting Chart
	Figure 19-30 +5 Regulator Circuit Waveforms
	Figure 19-31 –15V Regulator Circuit Waveforms

	Appendix A Integrated Circuit Descriptions
	Table A-1 Integrated Circuits
	A.2 8266 2-Input, 4-Bit Digital Multiplexer
	A.3 7413 Dual NAND Schmitt Triggers
	A.4 7473 Dual J-K Master-Slave Flip-Flops
	A.5 7474 Dual D-Type Edge-Triggered Flip-Flops
	A.6 7475 4-Bit Bistable Latch
	A.7 7489 64-Bit Read/Write Memory
	A.8 74121 Monostable Multivibrator
	A.9 74150 Data Selector Multiplexer
	A.10 74153 Dual 4-Line-To-1-Line Data Selectors/Multiplexers
	A.11 74154 4-Line-To-16-Line Decoders/Demultiplexers
	A.12 74157/74S158 Quadruple 2-Line-To-1-Line Multiplexer
	A.13 74174 Hex/74175 Quad D-Type Flip-Flops With Clear
	A.14 74181 Arithmetic Logic Unit/Function Generator (ALU)
	A.15 74182 Look-Ahead Carry Generator
	A.16 74193 Synchronous 4-Bit Up/Down Counter (Dual Clock With Clear)
	A.17 74194 4-Bit Bidirectional Unversal Shift Registers
	A.18 7528 Dual Sense Amplifiers With Preamplifier Test Points
	A.19 9602 Dual Retriggerable Monostable Multivibrator With Clear

	Appendix B Computer Connectors
	Table B-1 Connectors

	Reader's Comments

