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CHAPIER ]
INTRODUCTION

L1 INTRODLUCL N

This manvel deserbes Lae MAIE-TIRF Maonete Corz Memory, men ot by Ligina Fgaipment Coopa-
ratior. end poovides ke infeemcadon neaded reinstal and meinuon the cemney, inaddicorn, i presen s L
detsiled theory of operaling of both the lewe cireuis and the 3owire, 3-0 memary configuraton.

The munaul is interdal 1o e used hy DEC Field Service represenialives sl vostomers baving POP- 11 ez,
Memders who e familar woch dimial computer <heors aml whe Tave some knewledge of the PLE-LL Linibas
prnsiples can alio berefit frum thes mamisd (oodetoied deseription af the 1Ueibus can be foend i DR sanal
TIFC-1 I-HTAB-L).

1.2 GENERAL DESCRTPTION

[he MM LL-L0 0P sore memary is a low-zest, low-pewss, nigh-reliahility merary designed to bz tged welh the
PO 0 Zamily Uainas, 1t necpmes The role uf a sl dovies 1o the POP-11 processer o to any periphesal dovice
that i= desigrated bus masier. The memare provides stotage oo L6 oo TE-hitata wards (twe pariy bizz oy
inclucded in the 18Rt word), and bas o copacly of 18,382 C1RK] words, The sturting address ol Uig MM 0T DDP
zan be aet on unv BK bowdsty within 1he 129K Unibus address space (112K is The hoghest pessthle starting
pddressy o spedial feaiuipe of f12 mermary alows the cher o oassan sart of the 170 sage {123k -128k) 1o Lhe
MNTL1-12/TaT Aanther featore of che MM L-DGL - inenleaving - permits the user Lo decrensy be effelive
My gvele tima, Two memary modales are usel, coe heing assipned ke odd addresses within o 32K bl ef
Trnibes addresse, the other meing assigeed the even addresses within the seme slock, Thos, e enesecuzive word
adcresses. che memartes are apeessed alternatzly; hanoes, memory crvles oo paiesly overlap, reducing “he 2flee-
ve ceely L,

13 PRAYRICAL DESCRIFilLUMN . .

Tac WML D comsizts of an 812 0, %0 18 o hex rmuliilaver matherbeand 1525 and & her staek (H222
thar 15 ullached La Uie matherbme o, The £3632 mochernoard 15 insecte] inlo o Lnibuas hacplane it concaias he
Ulmubes irerfige ligee, the thniag and contro Sogie, the X and ¥ droiver sirewils, and <he acnse/inhigic cirouits.
The HT22 steck containe the core poane, stack diodes, stacs charge circuits. wod wmpernsi.se-scnang ciccuitsy
1hat facilitawes corspensation of corg driving currenss over the apereting lemperildee rage. Figures 1-1 and 1-2
show “he separute memory muoduley Figeee [-3 ghows the swo modules junead,

A Purity Comrol medle |_:"_.-1".'ﬂ_i|'lf| i5 waod with ke MM2T-LFP memory il moss he lnaertad inco the sine
backplane ax ke memory de YWYTLL-OF cen oe psed ag g oun-parily esmoryd, Refer o the M50 Pariis
Contreler mainlenance Mameal Zor 2 deserinption. ol the wanl-oller,
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CHAVTER 2
IMSTALLATION

The MM -G} DF can be insteled wisily, Afler ramoring the memory meodides from the sahipping carons, use
the procedure thar follews 1o prepane the memary for svslem operulicn.

I

wh

Salect the sarting address. Jumpers Wi - W8 on the 3652 module wee mvalved o this process.
Paragraph 3.4.2 discusses the starling sddecss devermination; read this paragruph befors inralling o
rERIOVIEG ARV of the femper wine.

Check the hackplane assembiy 0 =nsure thut the cormest de voltagea are present (Tuble 2-1 iisis Lhe
[T -F "mndified TInibos™ backplane pins and the signal wvailable on gach pin). The voltages and
their limits are Tsted below: i they mus! be adjoaced, use the procedere given i Paragraph 4.2.1.

Voktage (de) Backplne Fin

+200 Wile 15%: AL ALY, A2V

+5 Wijr =5% Aba Bl C2A DA 2N
-3 Wil 28R B2y

Ensure that the HEL module ts firmly altached w the (ph32 module. Insart the 5652 inwo the DD 1-
F buckoleoe: any ooe of skols 1 - 7 can be wsed. IV a parity contraller is weed, it can be ioserted in
cooneclers A and B ipany of slew 2 - # (Fac#y and non-parity memory saonot be mined on the sime
backpline). ' '

Caniiezt the RC 11 -A Unibus cabls to the memety, IT 1his is the lag deviee on the bus, terminate the
TTnikugz by placing 2 9302 terminator io Lhe BUIS T glot. I the memaory is not the last deviees.
continue the bus by plucing so M50 junpet modole or the BCLL-A cable econpector 1o the BUS GUT
slat.

If the avetern uses an M T8 Purily Conlealler, refer to the contraller manual for wnformation con-
cerning the mstallalion wnd pdjusement nf the 37830 modole.

L.oadd and run the MW 11-0 DF diagroseic programs. Yerify thal 1he program printouc agrecs wich
the potal memory in the nvatem.
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CHAFPTER 3
LOGIC DESCRIPTION

1.1 CUOKRE ARRAY DESCRLFTION

1,11 Genersl Core Descriptien _

T he Ferrive core memary congists of 16 memury mats {18 for the MM11-Ti™ arranged in ¢ pluner eonfiguration.
Fach mat, represeiting a single oil positicn of 3 word, contains 16,184 ferrite cores urranged in & |28 X 123
array. This planas ennfiguration provides a atal of 16344 1f-bit ward locations (13 for the MM11-DP. Each
£0re cuO assume @ stahle magnetiv staie carresponding lo either logic 1 ot logie 11 Eves f power i3 remove! [rom
the memary, the cote retwns it sune until changed by appropriate ceotrok signals.

Fach core is threwded by 3 wites, whch provide the means for selesting and awliching the core. Xeixis read/write
windings puss (irnugh the cores m each horizontal Tow: ¥ -asls resdfwrite windings puss through the eorss in
ench vertical vow; aenae/inhibil windings mass throuph all the cores in a piven mal.

Figure 3-1 represents 3 single cnre with an X winding, 2 ¥ winding. and o sense ! inhikit winding passing through
it. It curcent of mugnineds T #2 flows o bath the ¥ and Y windiogs i Lhe direetion indicated, o magnetic ficld
is produced in the gare. The flux lines of Lhe mag necic feld encircle the core in the direction showis by the arrows,
IF the dirertien of gurrenc flow ia reversed, The magnetic field nlso revetaos direction. Thic change ii flux induces o
yoliame pulse in the scnae winding |hal can be detected by u sense amplifier.

y SFMSEsINHIAI™

Jm.rej,i

11 F-J

Figure 3-1  Corc. Windings

Figure 3-2  Cloge Llyvsieridis Loop



Fiotr: 1-2 shaws a hysiensis loop that relates [he mtagreliy flua in the core wo the magnelisnge curtert in the X
and Y windings, The poiot desipnated "0 an che & axis represents the magnitude and ditection of the Aux for
logie T T eurecni s passed tbrough the X and ¥ windings in 1he “write™ direction (the direction indieated by the
rrows ia Figuee 3.1, he mugnetic feld reverses dircetion, aad the Mex wssumes the magritude represented by
point B. When the currenty s, Lhe fug decreases to pnint 0" aod w togic ©is now awored @p the core. To
“rend™ this logic | the magnetizivg currenis wre reversed and the flus assumes |he magnitode represenled by
point A, When the coreents cease. the flux decrenses 1o pednt O and the core row holds ogie 0, The kvsuerisia Ionp
must bie: eraveesed inihe direcizen indicsted By the areaves. Ths, iF o core has legic O storcd i i1, ru stenificant
chunge pecurs in the magnetie lizld when the core i read. Figure 323 shaws woveforms thar Tepresen] the core
vulliage auipul and che current thenuwgh the cure, L 1he care s in thelogic- | state, Nall-select rend cotrent (Tmd will
mrowice o pore vollyee output of appensimalely 40 mY. A half-select read curren) (Ems2) wlso praduo:s an
aotpur veilige, apprusimately 2 mv {the Deoutpnn wuvelorms in Figore 3-3 represent the sum of the cotpwis
irom the balf-selecal core aod all the wnscleetad cores): however, the cote does ot change stule and the valcage
output 14 nnt dececied by (b sense umnlifiera.

3 1Z BIMIE-DY Core Asray Duseription .

Figure 3-4 illustrates & repical purtion of a 16K care memary; X aml Y wires pass through cach ¢one in the mat.
The currenl pissing through any ore wimliug is such that no single winding produces a magnetic ficld slrong
enough to cause o woze Lo chanpe its magneic stits, Ooly Lbe reinforcing magoecic Feld, coused by the coincidens
current of bath ar X and a ¥ winding, can cause the core liwated a1 the point of intersection o change stutes. [1iz
Lhes prinziples that allows 1he relalively simple wiring arrangement (o select one (and only one) memory core out
of the possible 16,384 contzned on each mat. The current passing through either an X or ¥ winhding is referred to
% i hulf-select curcent.

A half-select currenl passing through the X3 winding from left to right peaduces » mummetic field that tems 1o
change ali eoses in [l hurzontal row From The | Lo 0 stute. The Geld prodoced by 1he currenc is. hawever,
imsulticien: to.complete the stale transition in any enre, Sirmullwoeously passing a half-select corcent through the
¥2 windiop Jrom ton to bottorn produces the same offeer oo all wures m that particolar vertical row.

Ne, h-::"-.t'l:wr, that bulh currents pass threrugh eoly one core which ia lncaled al Lbe intersection of the X3 and
Y2 windings, This js the sslected care. ard 1he combined current values arc snffivienl to change the stace of the
eore. The arraw in Fiygure 34 ahow corrent disecizon o the read cyele,

T the MMI1L-D/DP. the X3 windiogs in all 16 (or 18 mens are connected in serica, as are the Y2 windings.
Therelore, whensver a full-seleet purrenl Mows throoph a aeleeced core oo one mat, it alsa fows, through an
eoentical cote gr the other LS (or ¥ mats. The X3-¥2 cares an 2ll mas switsh L o logicd), causing cach of the 16
cores ta beeome nne hit o v 16-5it storage cell, or word,

Becauge of Lhe serin! nature of the X-Y windings. 2 method must be emploved 1o set eerrain cares ta the Fslate:
otherwise, vvery |B-bit word selected would be all 1s. The method used in the MM I1E-D/DP ic to Grst clear all
cored o e I stale by reading. During the wrile operation, cores on particular mals are inhibited by an inhibit
windirg. The inhihited cures cemuinds evea when idenlical cores on other mats are gel o 15,

The hall-selecl vurcent for the inlibil Yines s supplied by nne af two Irnnsformers, doven by an inhihid eurrenl
driver, which vonsists of u pair of swiwches and o corrent soorce. The eurren in the inhibic Jine flows in the
opposite dizecien (ipm the wrios carrent in all Y Sines and canesis ool che wrile wimeot in any ¥ line. Each mat,
represcnting one hit poeition of a word, has an inhibit current driver; thus, selegled bis can he inhibited to
produes any combriradien of binury 1e and 05 desined in the 16-bit word. Remember {hat the inbshic Tunction is
wclive only duting #rite cime, {U'be inhibit winding inlerchanees 10 the Y dfirection for notse cancellatm: this
inlerchunge i3 shown for illustrtive purpuses only 25 securring beiween rows X4 and X3 in Figure 4. Tn the
MM, be actual interchange vevoes helween rows X863 and X6d - e Figure 3-6).

T
[
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Figure 1-3  Core Currert,Yoitage Output Reladonship

The sepsesinhibil Tnes are alsn used to read out infotmution in a seiected 16-bic memory sall. The specific care is
selected al read cime in the same manner as duringe the write evele, with ons noteble gaceplion: the X oand Y
cuerenes are in the apposite direction thao they ame For the wole operation. These vpposite hillselect cureents
cauae all coren previously s ta Lo to chunge to 06 sorss previously set 1o 0 are ael allecied, Whengver the core
changes from 1 to 0 the s change duees a vollage in the sense winding »f that mat. This voltage i9 detecced
woed armpiified by @ sense amplifics. The amplifier cutput §a scrobed into the data remater for eventual truosles Lo

the TTnibus

With ucore wray of 128 % 128, the 125 X windings gl 128 Y windimgs can be used 1o selec any ane of 16,384
cores vm i il However, for space cconony, the MM -1, THP makes uee of the priociple of coincdsol and
anti-caincident cares; henee, although 128 X windings ure vsed, only 64 Y windiogs link vhe gorres in che vercical

direction.
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VFigure 33 MMLLI Mat

Figurz 1-5 illestrates a portion of 4 mat in the M1 L-T2 TP, The mat is divided, for descriprive purposes enly,
into um wpper and & lower hull, The cores a0 column YT and those in salumn Yid are linked by the sume winding;
the sure is crue for columns ¥1 and Y63, ¥ 2 and ¥ 66, ere. Ifmagnctizing aurrents lLow in the X1 winding and in
the ¥1-Y&5 winding io Lhe Jirections mdicated, both currenls passi trough core A und core B, L[owsaver, the
CuTTENLS reinforee euch olher - they are commgien - only in sore A2 kence. this cure 8 gelected. The currents io
core B are unti-coingidznt; thus, woee B is not ssiected, IT the currenl in the ¥ 1-T05 windiog 1% reversed, vore B
hecames the soincident core and is selected. while & isnot.
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Censides the X winding current ta be w write currend, Thus, currenin the ¥ winding wam fow in sither direction

dutiog & write opergeion. IF the X winding currenl is reversed

» W fluw in dhe read direction, ¥ winding cuccent

& zigain flowe in eicher direction. Consegiendy, ¥ asis current is nul termed Tead or weile current in the hbi11-
[ lugne deseriptivn. Kuther. it ia defined 1o terms af its suncce in the ¥ Drmver/Switch circuil: these definitions are

discussed subsequenly,

Because it s possitile to scleet either of two corss in @ mal during both & read and u write npeTaticn, swo
S /inbihic windings wee required fur each mat, e fir the upper hall, anather fos the lower hll. Each winding
hasses through 41l the cores in ita half of the mat. 2 ilivalraled in Figune 3-6 {for clarcy, ¥ and ¥ windings are
Nl shown; the sense/inbibil winding inlerchanges between rowa X63 anyd X6 For noise cancellaton),



A2 WMMILL-D BLOCKE NIAGRAR
A Fenetional hlock Sagram nf the MMI-T3 0 shown in bogune 3270 The becks are deserihed heielly 1o relace
ek 1o 1 Te azhers: el Sloce s desarhed o detail noa ruhseLeTs socting,

Voltwpe Blooitor {irodit

The Yaltage Momtor creeil checks The stancs of 1he RS DOLO L signal and f1e =5 Ve sepply villagme, 1FBLS
CrCLO Toig ncmdned, the cirelin genesares MEYN o wlken BLS MESYN Lic uscecied nn tae Tlnibos, aned provides
u vorage {+208W) hac s uwed in the cors selzetioe progess I he +5 Voo valape draps belaw a nimiFoos
vilue, Lhe —205W voltape is ramaved o provent urovasled seitching of come slaies.

Address ecodiop Leic

Each Linibug address that iz 2laced on o1z bua by the mazter ig exanival by che Aald ress Decodir g legie: it the
adcreys i ore cher has hemn assigned oo che MM LD che Sogic deseales Bils A<C17:11> L and menaraces the
BAME SLE 11 signal. Lhis sipnei allows MEY™ oo start the ciming clain i o Ben! Corlzel logic and o ceed or
wrile ool ion s ceerril ol

Cootrel Bi: Taogle

The bus master plazes Conlen? Bl iformation on tke Unibos aloag with the address da. The Comiral Bil
signacs — AU L CO L and O L — saccity the repe of daa treosfer thar is w0 he carried oot The Contral Bin legic
devodes these |bree signals and asserts WRITE BYTFE 0 1. and WHIFLE BYTL 1 L in varinus combinazicns.
I'bese twao agnols direg vy Read Control logic te asgen e sigrals needed for -he speritied oype af rranster.
Iable 1-1 hsts the (vpe ol Unibus date wansfers that can he wade and relates the contool bit logic levels m the
dalin ramshers, -

Memory Address Reglster (M AR Logic

Winlie edCress bits A< 10 2 Loare bemg decoded oy the Address Deeeding Jugmc, bits A< 1401 Loane applia)
to the MAR lagic. 1F the BANK SEL [ signal 36 usserred, the Read Conlrol logis will seneruie the TOOK WAR
I Land LOCK MAR 2L signgls: caese sieawls will latzh the 15 addsess il nlo ke MAR. The MAR nuisiils
ure apphed o the X oand ¥ Tirver fSwitch lune to seless the upproprizes cores Tur (he duts trunsfer. )

Read Cantral Lagle
During the read ha:f o7 g coving cecle, the Bead Contrel lopic senerates signal(s) thal;

Tuzn o the read comeaat gencratoeg in tbe Coarrenl Soutees cirewit

Cotrel the Kauml ¥ dnver /swiiches so thae rzad correrc Flows hrough the selected windings in the proper
diractinn:

Conditiens the SenceSlnkibiz ziccuit far an dnput o nolpol dale transter;
Tanches the meermury agdress into the MAR;

Starts the Wnie Conlrod Togig,
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Thbje 3-F
Ugibuz Dota Transters

Conioed 1Al ] ::g‘il.' | pwa!

Tvpe of Tronster CL CiL ARL {heeritwn Eftected
Drtain (ORATY) H1 HI X Mals ne-2a Dom. n2mn 7y b nlaseer:
' BYRINT] o L L s L T DT T
opcraticn.
Trula b Tausz {TIA T 1T 1.0 Bl X Morcually dictrozne zroo BATL bat

r UATIE meade ke MMIT-D

seriorrs . TRATT el i,
Laki [T]-‘Lm} Hi Lo L% Il st Fron anasien [o [T THIR

Dty Cuir, Bt I:J_'I'_.#.T'f_'ljj_:l 1.0) 1. 101 Lol tranes T2 Dot @208 0 T s s
1Eu Borrst '\-i.-:IIir':::"lrll. dara his zae
st vin e DT8R Linee.,

141 1 Data transtzr (om miser b memory
tlz & Leasr sianiticunt ducn bits oo
transfencd via the DR 000 liacs,

More: X opepreacints "don’o eare™ slale.

‘tite Coatrol Lapiv
Thering the weite ball ul o liming sycle, the Write Conerol Togic gencrzoes signaligl ral

Turn an the write carrent geastapors in The Cutrenl Sourees ciroul;

Contrel the X and Y Driver,/Switches so chat write currenl flovss Threugh the selecisd windiogs o the
propet directian;

Laluhes the memory address mto the MAR;
Lnables the SencesInhibic circuit 40 gonerate an inhibit coresnr, 3 nooctsary.

Corrent Sowrces Cirauds

The Current Suucees circuit contains cha X and ¥ current pensratars, which are curned on by contral sigrals
Tram the Bewd aod Write Controd Logic. The Current Soutees ciceiit generutes control sienals that direct currere
through ihe ¥ windings in lhe ditegion tha relleels The selecied care’™s locating in the maz, (Beoaise the 7
winding passgs thenwgh 1 cares, cne in the opper-half of the mac, the other in the loweer-Ralf, coincident coreenc in
nne ot is an-cningident cwrecnz in che ncher cnee; thas, soaerzns can flow chrough che winding in either diree-
Lina duaring cach half of the timing cvelc.]

X Lrriver/Swibch Cirowlt

The X Driver/Switch circuit decodes addeess bits a<)13:07 Lo selecl one of the 1258 X windings . Tzud and write
sutrenls supplied by the Current Sources grcul sre appied Lo The selecizl windigg aad Ao [in the diceglion
speciled By he Bead and Wrile Conteal logic sigeals) from the X Diriver SRwitzh cirewic, tirough che 128
[0 18Y enres an the seleeced windiee, and back to the Diover/ Saitch circuit.

REL



¥ Dhicer/Swlich Circult
The ¥ Tlover; Switch airouic deeode. sddrass bits & <06:00 = to select ore af 64 windings. Read amd write
surrenls uce applicd oo the winding and flow threogh the 536 % 14008) cores aod back 1o the cirouit,

femse/ 1ahihi| Cireuit

The seozesAnhibi cinguilis g olerface betaeen ibe Dby e | 300 Snes and the sack oores, Lrariag the rend
ball ul'a memaey reac! Lming eycie (DATT), Tecential amplificns sense <he ouipul ol |he selected corea (1 core
on each ul the 16 prais), Lagis levzls reprosenling the, vore autpuos are sicoced inoa a Memory Data Regisier
IR aned miated an Ue T3S 0000 lines, Muarning the wris qull af the timing oy ile the cores are restored 1o dheir
ariainal stales. selecsed inhibin lrivers might have 1 be Juried on o secomplizh the restosacion correctly. Ina
memney-write srcle {DATON, U vores are aisn sevsed, bul [he differential arnplifiems ure not strobed dering Lhe
resl hadl ab the evele. Tustendd, Ceea on the D21 2002 Biass je gated intn the MR During the wrls half of the
eyie, the data i the MOR is wririen inlo the seledzed corcs: enoe wigin, sclected inhibit drivers mighi v 1o be
wuroed on o accompish Lhe wrle apasation (o DATOR apesarion is pectarmed in the roe way az the THATO
for 1he selected hyte: howover, 1be unselezied hyle is hundled a2 @ simple reud-resrore apcration).

Htack Charge Cirgnits

[he Srack Charge vircuils - one for the X ede matrix, ane for the ¥ diode matris - are locuted or e siack
mudue. The circwils help Lz stzck capacitange 1o ceeaver, shasien the cise time of the stack currene, and roduce
unwanted correrts o Lhe unselected Cnes assoviafed wich che selseied dojver.

33 YOLTAGE MONITOR CIRCLUIT

The ¥ullge Moritar cirzait, shoewn s Figore 3-8, moniioes the BLS DCLO T aignsl wnd the =3 ¥ supply Tineg, L
the +3 % sunple drops helaw a specified vilue, cramsistor Q1 is surtned an, bringing ihe —205W valtage near
ground. IF BLS TICTO Lowoes low, indicaling o proeblem in the de power supply, QU is apuin turned an, Tn
chhien. after the an-going 1=mng cyele is corplelsd, he doouit provents RIS MEYMN L fron iwserting MSY™
H; this, oo asw timing evele can begin unrdl the system je powered again.
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Figure 2% 05 & timtiae diaeoum chot dllesiranes how B0 WTEYN T, tneked oot and +208% i3 tumed off when
RLIS OO L iy assected on the DTothws, The BUIS THOLC 1. sigral ia assumed io be asserwed alfter the memory
evele hay begun. Bevause bovh TN H and T.OCK YWAR H have been aaserted br the Bead Cootrol losic, the
timing crele will proceal w completien. When LOCK MR H moza Jow, howsver, NCHE e B35 Joutput pin gs
is latehed] high, Thiz lovel disubles ™ ANCE prie 36, prevenling BUTS MSY™ L oo generating MEYN H. Mo
et T RTIS DELOD Loretuens gk belorg LOCK MAR H s negawed, BUS MEYN L is noc locked out and the
+ISW volups i nol e 2l

" The circuit shuts o/ 1he +208%W vollge o prevent any of the cores [com accidently chanping stale when 30

DCLO L s aser e beciuse power is removed. Soch un wocidentul change of stale soight eooue #hes e +5 W
power supply = turpiog 0T aed sposinus ciming signale ace penerated. Vhe +3 Y lme e mensieead so that, gver if
the BLS DL 1 s gnal fzils, praccecion is atforded o arcwil cormnpoenents, which olbemwise might he suhjesmed
b eneessiee power dizsimation due oo spurious contrel signals,

34 ADDRESS DECODTYG [OGTC

341 Vemary Ocganizetion aod Addrzssiog Coenorcnzions

Peior 1o a detwiled dizeussion of the mld oess devoding wzic, FMDP-11 momase arganizazion and addreas:ng con-
venticns should be coosidzrad,
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Memory is arganiced inle 16-hit cords, wich vonsisting of twa 8-hic hyies, The bytes ace identified ag low and
buyrh, a5 shown Felow .

1 I I I I I 1 I I I
AIG- RAYTF ’ ICm ueTe
1 1 1 1 1 1 1 N
1= o5 nw
MsH SATH U|TE D SO

ala]
a
ot

j.'-ll';.']'l. b'_'_-'[':-' i addressable I'!il.a. |_[5 gwn 1ddress .||'||_';||i|_|r': |_|_'|'|.|,l h}'[:; are ever fumbered - ]-_.Lgh h}'lL"."\- are nudd
nnrnbered. Words are addressed al even-numbered Tocations onlv: Lhe high (add) byle is wiiomarically inelude,

For exarnple, u 16K word mereeey by 16,34 words or 32,768 Dyles; therstore, 32,768 locilions ate assigned.
The addiess Tnouliens ars specified 85 A-dint octsd nombers. The (2768 locations are designaled (KHHOOD -

SOPTTY, 3s sheswn e Figore 3100

The wildress dreading Ingic #eepomds 1o the Binary squivalenl of the getal address, The binary equivalent of
OHTFT2 1y ghown below a3 an cuample,

: BT -E
ANRESS d'TE A<iT:00> rﬁf.l_r_.:r'ur-l

OB s e, 1t afosios oy 26 |nE g ion oz oo BIT PDEITiNH

u_t:i-:

L1
=
-

1 1 1|1 1 1 1 G'I" = | BiNARY

5o B ¢ 7 T 5

! MTAL WORD

[

Each memory bun seqiires its nwn noique deviee address. 1'or examnle, assume that & svamen vontuins three
1GIC merary binke, a5 shown in Figure 3-13. The devive selector tor the 16K non-intecleaved mem ury decodes
five uddress Tines, ALET: 120 Examinetion of the %inary stales of these lines for the thees memary banks shows
Lhat the changes iv the stales of hits A 15 a ALé ullow the scieclion of 2 wnique costbiostion Far each bynk. The
eerthimalion, whizh is 1he devive address, is hardware-selected Ty mpes in the device selector.

he, El7 &
I
w—— & BIT WIFN—— &
HIEH BF TR Liow Ry 1 F
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CCoa00% o cangn s
0G5 GIE ' oennng

ITYTTA n STESTR
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NTicwT | n*Tirg

i=“Tha

Figrure 3-10 Memory Organizution
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143 Address Seluctn

The Uribus wldress space asasigned <o Lhe MB11-03 Jependa on what address is sclectad ac the MMTL =rling
adetress, This starting address can be goy ane b beging an 3K hlock of addresses: Jor example, (00000 (0K,
MO0, (BK ). 14D, 124K Lhe 5I_.;|]'|i|'E adhdeess 15 aamigned by insecting s mper wites wl spesified lesticng in
the Address Drecodinge Legde (b zgume 30120 When the starting address appenrs oo the Tonibus addeess bus, the
Addraas Decoding leziv asserts 1the BANE SEL H signal. 1 both the Dozbus and ke ML timing lagic are nac
hasy. the BANK EF[ 1T aignal enables BUS MEY M L 1o slarl the gy elain,

The BANK SFL H signal can be zsserted when efther  ANTY gate B27 ar E2E is cnablad. However, during
normal spratinn, wherzin the uppermaost 2K of Llvibos address space ia reserved for peripherel devces, Lhere is
na Jumper aice insteiled wr locasien WS conseqeently, only WAMD pare F3¥ need be consideral, Fhis gare is
enabled whenever an addoess foon the assigned 10K biock appears on the Unibus wddress lines, The starting
sddress o] this Block wilele-rvred hy the arrangement of jumpers wl locanons W1 - W4, Tumpers are fserted at
These J"-J.Jrl-.lt,ul l.11 w10 such o way that any ass.ened addoess couses The mll]:luls Tro wdder A wnae high, Tan of
thees outpuats, &3 und >4, ;.-m dicactly to NAND gute U258, A chird, 22, gaoes o mulziplexer ELe; daring non-
ineerleaved opsrat o, the &2 owgpue is peted through the multipleser v AN gate E2R, The tourth iaput to
the guse 35 [roe WASNTY gawe E7, whech is 2nabled enly Tor wdilnzdacs within the 3% reserved area.

Table 1-2 lists the possible stucling adidress Tur the MWD memiory. the ending addeess (plue 17 ¢t responding
ter eech srarming ao e, ond e dispesition nf jomper wires u! localions W1 - W4 Foresample, an M-I
memary i be assigied addness space heginning w1 aodress MK (EK o7 jumperisinacrtod az location %3,
The eoding wldress @il he 137777 (24K - 1), Luch wddesss i this LEE lock will caose MANTD gate E2E to 2
enuh’es, resuliing in the asserzion of BAME SLL 11,

d-13




BUE &|v

BlE AIB

ALS &15 ¢

EUE o°

;

ALS A3

a2

nu
L.
(L]}

ALIE all

Fis hde

b i;.:.;.rt: 312

iy

=D
1

el
D
D
QD '

u

'l
Y

[ " |

Mi -

— !
: - =7 :]
i —
Poomaw |
I o
|| Lo | |

Riw &% B
=m7

_F!ﬁ.#-?l.IHa
o

= Ahfe Y
]

T

=l

EE?

\

c'wAac

| I {61
T PR
- o :.
Wi
ot |
- -:J—'ni
Wz
- 2
Wt
|—. -.&J— a7
W TLET
Ny
Ay
0 o | it
ot

1A adl

: I:: _Sh AN

Address Devodine Logic

|||—|

T
e 1 o
S—— T
L
AT
o) E1E
|
ui h
e
| EH
— 3y esn— el X1
1] H
WE w3
=] =]

b BaHE SLL 11
i

T4152
s [zl ra Addrcons LEETRI S
T O - =
L= | 0|4n —_
SWiM ADUHELGEY [N
2
LoHUBM o se w- sLczr
_ uDC AJDRESSZS N
Foflmler o =2 w —BLOK
. . &_L LIDRISIES IM
i !H' R R e - RGO
L 1S Losin @

- ———

o . e e

e e —



Table 3-2
Jwinper Asgnoments Tor VML Searting Saldl res s

Skartinp LEoding L3 L T3 L E!

Slalrese, Beldmrse =1 H
0 ; 14K QT ol QLT [k
5K f MK OUT QrrE IN fauUT
Lk LU S L A v 1 & IN 18
14K il AT : L (L L0
R : Takl, 1HIT I [l I
Ak ! K IR D IM LT
A&T ; 6K 4 I il i
ahE R Hy uUT ] il | T
fedb HIIE oI ouUT O | IN
TR Nk . L HIT ™ T
20K MoK i HUT IN I
82K 17K LE [ DT Q.
NGk | 2K 1 [ (1 i I
NIE TS 120K It [ ™ i 1N
132k 12°K Ik L I I

Botz: OUT="Hmz 1 M= a0

Ad mentioned carlicr, in noemil operation the upper 4K ol memory sddoesacs is rescrved Tor peripherul devices
on the Lailva In spezial o pplicaiens, waeee She aumber of peripheral devices is scnall, some af chese seaervel
addresses can e vacd Wy the MW -T2 Thas, iFa jurnper 15 inserted at Incatinn W&, L aibus wddeesess from 124K
Lo LABK-] 160000, - TE7FT¥0 will cause WANTY gee RAY 1o be vpabled and BASNK SFL 11 will be ss5emmed. [T 3
Jwirper s inserial a) W70 additon to one 2t W, addresses froon L 28K 1o L2TE- | [TAMEN, - P74 wll e
easigned 1o the WAL Mot shay Jor syslems withoot Meamery Mansgenent, the oseful addiess pace can b
cxtended from 28K to MIK-1. ar 31k-1

MIFTFE
TF wse of the coserred LG page of addresses k Teliy cons
slderad, chech cyrefully to emaire that, ficst. op peripheral
devices (Including henscsrrap ROME] wre wssiymed oy of
the reserved addresses. and secodd, all YR aclfrware iy
campatible with the reduced peripheral address apace.

Two MM LTI memorics can by inleclearved, i, one memeny can be zssigned tie ool acdresses within a 52K
blugh of uodresses. whils the aher can be assigied the eeer. addresses within the same black, Tlerlegving is
serounplishen] by imsenanye jumpers ot locations WS and We of cogh memary’s Address Decading [ngic am)
asalening cach memery [he seme sacling aodress (the staring address for inlerleived memaories is assioned
diltereotly then is the scarziag 2ddress foe s single memery; Unble 3-3 relates inzerleaved <tailing asdlresges and
the disposilion of jumpers al lozecions Wi - W4y Fos waonples 1y interleave two memories =o that they cover
TInilvas actdress space fron DR - 32K, Jirst iasert & jumper e losaies %3 grd W ol euch memory™s address
Dszoding logic. therchy sciling Ve slucling addrees ac QK than, insert junsess af loalions W5 aad Wé o easien
OTE memory tae even addresses {WE e, WA guliand the olher memaory the add addresses (W3 oul, Whon), Any
adudress in lhe wssipned 22K block canrzs adder oo T3 el T4 (o be hich, However, the 372 aeeaut is ngl
gated through muitipleser E16 po S ANL gate L2%; instead. the (0 cvrpot of the mullipleses represents the s
ol lne BLIS AU L signal. Thus, e odid adileess (U5 A0 L is ussersads 2zuses fof the acdlonshlreseomemary
meallipleser o hgh; BAXK SEL H g assertod by chis memsrs, Allgrnutely, o even eddress (RUS A1 1 iy
negates) sadaci W of the even-pddress-memary muliplezar oy be gl gmd A MK SEL 1Lz gueerted by this
memory.
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Junnper Acdpriments lor MMIL-D Stavciies Addroses
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15 CONTROL BIT LOCGIC
The Coniral Ll loge i shown @1 Figwns 3-13. Teble 3.0 relales (ke contzel bits and the wrive hte hits oo the dalp
tracsfer mdes, iz, 13300, BALQ, and DATOR [(DATTE aud BATI ace the same in the KAIL-DY

4

e
TuT
e
oLuvT
Lh
RN
I
aOrT
M
ar
1M
IRV
I

Tnble: 34

Chreruling, iobe Seles i

Finide Bius CoL EUS 1L
Al Lilil) HIGH
DAL 1o M1
AR el Lipw
LATOHR ) Lo

A6 YaAR LAOGIC
The logic shown in Figure 3-14 Lawches [he seenocy addrew theoughose the meamory tining avcle. A ddress bis
AM L -ALTL und AL H are used to seleet e add nesced locagioes, Witz A14 B0S1 B and Ald BOSL E are uzed
througlont The MPI11-L logic o specify the upper and Jooesr Tzives of (e s

HilH Adil.

LiIGL
LW

WRITE BYTE IL

I
NITHE
BN
HIlH
Lo

WHIIE BY1E 0L

HIGH
HIGH
Lo
Loy
HIT:H

Mule tbhal Lae sieoal LEAST BIT H s dorivesd Teoon either BUIS ANDL L o7 BUS A5 L. In ooc-interleaved
npserabing, TEAST B0 L celleis (be stace of BUS A0 L. Hewever, during incerleaved-miernary operation, HUMS
AUl L iz osed to gencrale BANEK SFT L conseyuently, i cunnor 32 wsed to apecify the 14-hit zddress. Tn this
wse. B A5 Livaelected oo gencrace I.FAST RBIT F.
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LT CONIROL LOGIC

171 Read Cootrol Tamic

The Beud Cantral loagic i anown ic Figoee 3-15. Central [ (he Ingiz s 250-ng delay line, EY. A posilive silge
applie Ly ke input cravels down the Seluy line; when the edge appears at the output. 230 o8 later, 0 s retureed o
the inpit cireuit, zzusing che inpel signal b pn low, Henee, 2 250 a5 positive pulse s wewileble il sch nutpur tap,
the Lips appearing at 25 ns olervils along the ine.

Whoa che Address Trecmdivg Iegic asaerz BANMER SLEL L, the rescd conieal iy, kegirvs, providine ket Lo
cunditinms are met: . .

1. The BT7S MSYMN T. sienal mast e asseoed

2 The MSYM H signal must qeve been generatenl by the ¥Waltage kanitor direw . ineicdng e The de
vaitages are withem Uhe soecified toessnce

3 CLhe MOFT BUIRY H sizral muar e assecled, ivalicalivg Uun Lhe naeery is nol cuoeeolly execeling &
ey OPEZELICD

4. BNYS L moat ke pegated. indicating thist 1he 555 M Clp-Nuog s clear,
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Witk Lhese conditions salizfied, the BANK SEL H signal cnables AN [ gate F28, asserling SRT BT L (Suart
Fend). Truneiszor 04 05 iocoed ar aegd RIL [N H (Rcad Deiay Tine Tnbross high, Tn approsimasely 2450 s, she
delay Tine vitput. nin 13, sues high: the vulpur sipasl ia retoraed te gale E19. dizzkling iw. This (15 nmns of
and the delay Line input zoes joa

The Reag Control liming signels are desived [tom u pambes of gavss and tip-tops thar are conelled hy e
various Seliy Tine leps. Talle 125 heta the zignificaol sierels by mame 2l brielly deacribes (he Mnction af el
signal. Figuse 51645 » timing d iagram thet relates v noly the Read Cantral sigmls, bur slso the Weile Coneol
mignal?, Whieh are dewiibed in the Tollowing seczion. The imog s shown compietely for 4 DATT soeration, For
2 DATO oferation, most of the signals woe the same ax the DATE only the exceplions ace shown ahove ros
newding CEATOR A TAIATOH cperation dillers from = DATO ealy iz the WRITE EYTF 0711, STEORE 071 I,
aril INPUT MDER 071 H sigrals: these diffyrences are explained in Tahly 3-5.

sole that the timing ol taz STRORF N1 1] sipnaia is variahle, These signals are generaled, o part. hy the 5183
sl (be wrailing wlpe of the cne-sho, ollput wasers the STROAE 071 H signals). The ane-shar ouipu s
areitrolled by o currem genecator, (5, whick cen be varied for ma iz of the memory By conpectiog J 1802 10
grodnl o ko +3 ¥, Jumpers can be inszreed o locations Wa, W0, and W11 to compensate for viack difterences
and, heoce, o achicve 1he optimuom STR owe-shot outpiz salse wallh, When the npiimuns pulse width ia
Achivessd, the STROBE 0 1L wnd/or STROBF i 1] dznais @il be genersted ot seck a sime thal Liey strobe the
sensc awmpliliers vere near the muaimum of the ¥oltage ouput. The Beagees ore iserted ar #0. 70, awd Wi af
fe Becicry e weust mor bee oerpered wizh in the el

3TEY  wWrite Contrnd Tugic

The Write Contrai Ingic is siuown in Figare 3-17, This togic wleo Zearares o 250 ns deiay Une, FA)L lhal operates
lke P& olfiae Kead Contend iugiv, The SET WER L (Slarl Write) sigral begios the arie-signal liming: Lhe write
signals are derived ftom 2 number of putss that are controlled by the vasinas Uelay line tupa. Table 36 |isty che
atgnifican sigmiuy oy name and Brielly describes the Nenetien of each signal,

LB CURRFNT SOURCES CTROLILT

The cirewit show e i Figure 3-18 conluing the X ard ¥ cuccent generatns; in psddition, the circeil generies che ¥
by Driver ! Swilch timing zignals. The Orver M leh contral sigrals teen or the appropriale deivers and
mailches, enubling read and write curreeis Lo Cow in the direelions that prodice coincidencs in the sslecied wores,
In the X windings. read currents Aow in one diectan, wrile cucrents Gow in -he nppusile direction. However.
because the memary has coincident and anji-soingdent eorcs, the relulive direction of ie ¥ ourTens mus: he
reversed o delsgl the apper 8K, ol uddresscs. This reversal nf Y cirrenl 35 conerelled by muliizleses E32,a 74137
IC. The X read and wiite liming s:gnal2 arc mudzplexed by signal A 400 H to worm on ¥ surmente “her &
conztdent it " A" cores {Inwer K wddressest when AL4BO H g nol asserted, and to teen o ¥ curcents that ace
cooeident :n B cores (unper SE uddresses’ when A 140 H 55 ssseeied

Figure 3-19 ilustrales this concepr. Figure 1-19(a) represents twe sorss, A and B. will helh pq X and & ¥
winding pasaing through ewch: Figore 3-190hY depicts relative polarities of the turments in <he Lo wiriiings. 1 the
artewy shownin Figuee 3. 1%u) cepresent positive nead cuccents [x and By, There will be coincidence of rusoenls o
eofe A and aoli-coincidenc: in zore B, Write curenls have the cpposite polarity for X and Y and aecwr | aer.

Tao address 1he upper 81 of memory addresses, the read and wiile timiny 15 tniecchunged by (e mallipeser. At
read tince, the zource-and-sink combinatinn that had previeusly been lurned on o write inlo come A js now
turncd on to cend care B. Thie relative ¥ curren) polamcies (133 are ahowa s dulled fines in Figase 319k, Onee
again, wrice carrenis for X and Y are opposite in dicsction frem the read corrents oz che selecred adéress, ar
LIGEAIT fUEer,

Toeniilenticul sense/ichibil wondings carre the whibit corrert wher datn seros uee being wericten. The reversal of
relztive polurity indicated For [NH B in 1-19(h) is determined hy evre stack wiring anneslions inlerral to the
TOEM Y Sl koD

" =
) L.
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Triess Fam et 1 ome v e swmpe gl spdoa it e jag |Fe X
LIeivertsvanch cirseil, s line ressd ceroens va e [k o gzlbecoes
Jevidmding; in thy Cursens Bousces Sicouit they help sonocanc iz ™

- Digiverrawdnck contesd slapals,

Tares onche X czad cusrant Zenerass 1 o Gaoreat rwees alemt: the X
soad cucroat spnccancr Suraut 1 naed X REAT LG Tuns o th: 3R
I-shet dn cae Rzad Contro? Sicoaal cgic,

Lastrumental o perzrating the STROBE 071 H sianals; @her STRORBE EN L
i high. e STB C-shwot oatpos and the WRITE BY TE 11 Lsaanuds w113 asscrt
gilher, zoth, o= eilker o he STROBL 001 IL sioals, cepending on the repe
alalintan sl 11 2 venivingg eslpe of STTRODE U™ 1] is asen] b LeTrmivale.
ETROEF 1 H.

Thiczr sizpals strotc <he Seeeut of the serse anphdler i the Sengz: Tnaibit
cipzuit dse chs Memocy Dats Baaisocr [MDRY, STROEE 0 H 5 wsed with ths
A boast sigridicer: Sats Tits {070 whil: STRORBE | H s aaxd with tha & mca
sipnificane 18— 50 Far o DATT oparaticzn beth sicno’s are gorcrared; far &
DATE acithar is senecaied, il ile For 2 IATOR ac ar ke athes 15 asscreed
depanding ni which Cata e 3 o b amply fread and pestored.

(Ul M-y Dhna Wsginten) o Vs sigaa D isopplied v oolea S0 e
beimrmirng, ol ez b tiening, cacle, e signal clemirs e EVR Tor e DA
tpeitliom, sehire the Sulerpc st bus |:'|_‘.',-5_._'['_.5, KX i bgin 1) o [T
e DALV erperanlicog, e CLE MUDE L osivred is over-ricien by the Jata

aeed oo (ke MOE Toen the Vinizes Jusa liaes,

Tawsy vao siznals patz Juin o the Uriovs inks 1l MDR; TMPUT MEGE O [
i nsed with £a1a aita 07 wehila [NPUT MDR ) H = veed with 2its 8- 15
Fora TIATT ape-acon rather sigeal oassected: Sar a DATO, hotl ars
assorbed, while fora TVATOR oac o the e, dopendicg <o whoeh data e
I3 b w Lo peneiaked. .

Whea chis stz s aeseris e ee 3 DATT ozevalion, Uhe outpet o s
WIDTR 5 aated e the T las T 5000 lioes.

t Lock Meonory Addreas Rezster) - Thess sigaalz ars opolied to the MAR
th BLAK losdc, Whern he fddocss Is one ohut kas been gasizoed 2o the weeman,
Thsse sisT s Lapeke oce apededross om The A14 075 linesirher e MAR. Lhe
wtren rermaite o the reggisreT thra=ston Hhe virna 2 cyel= ae il the Sermals
e regale:l. ' )
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Table 5-6i .
Yerite Concresl Swoals  Mame und Funcoion
Slooal Doneme ) Funciiun
XNWRLTL SOLRCE | : Tleae tws giwnals tume on the oelad domegswinzh peiem The X
EWRITESIMKETL Tnivz Mawnreh eircuit, emzlive write vorenil L U v ooagh e selectad

% own dieglo 102 Curvent Soarers sirent ther el eeaeie e Y
D=t vt £l 2iznals,

NWHITEILOINACE TH Toaenson the % wrils cueons por erates in the ot Sorses civguin: e X
wrdne current eEnEr b bl s pamzd X WRITL 10,

PSH P iInlchit Fise Toned Wheneves o "op.e O mogt b owsitten ime o sslecled
cors, Lhe ISITE T 1L cigrad sond nens Cae Tebibin Jorde s vhan e cozat in
ke frdndbil wirnlire 2enilins 12 reeded chacnoeristics

TNHTOL Clonitut Limel Thess signale toon or the jomind crivers e e Takibis
NHTIL ciczw b, e abliaz currene o begia ivwir o e lnhibilwirdma, Tl TG L
| I8 e wirh e O=7, whie L0011 1 s e with bies 3—15,
i ' .
KETAUK CHUGH ’ Ture on she Stagk Lrenge ciened 2ez0ci00d i che X dioate ezt

LIJCK M8 T Bew Tuh e lhl,
LOCK darl T |




Tahle 3-7 indicates which X timing signal ia transmiteed (o the ¥ seleetion cireriley i muitiplessr E72. For
exdmple, when S 1480 H is law, indicardng che addressed word §s io the lower-halt of the memory, ¥ repd gurcent
Nows in the seiecied ¥ winding trom the commun saures 1n the diede sink. 5 rite curren] Tar thia address, Moy
frorn the diode socree Ty Che comminn sink [eminrmen and dicde refer Lo the common and Jicade sides of the core
stack; he meanicg will hecome clearcr in Paragraph 5.L0% I¥ the memory sddresy 540 che Jpper 8K of addresses
(A 13T 1L & high) che timing cianuls ase interchanged Tor Y. and the relsive cur-ent pocarities in Lbe selected Y
drive Yipes are reversed for read snd write.

The four corrsnl generotars @c igrmed on by the X and Y surpeot souree sigrals {the muliplexer outpuly include
the ¥ TROLURCE DIODE ENTY T Hoand Y [ SOURCE COMBMOMN LY T H sigrals). Lach signal lurny o g
trangiscor (N - Q1150 tha applics a remperalure-compensated selemence valtage {Veel - Perupraph 3.97 1n the
base af 4 enastamlwurrenl source {08 - 9],

ALY VREY TIRCUIT

The relerence voltage (Vrel) i dedved from the cincuil shown in Figure 120, Althongh the CRLIELE Ls Baken From
M, the reference voltage i- gereried oy the oporatiomal ampiitizc (R That is based by 3 temperalnce-com-
penaated cosisior netwaork. .

Table 3-7
Core Laepd e X7 Conalenl Signals
Al4L | Core Locatiuag Tn Wi ALMEGH | . X tentnl Sivpals ¥ Comiral Sizgnals
llinh Lemwen 1111 . | e X REAMFSO 200 T FOCOMMON SO T L
{AL e KOO0, —X2777700 X REATFSINE 1. ‘l:'_ OMOITIE SIME 1.
’ XWRITE BO0HCR 1T, ¥ DICME SOIRCE 1
X WRITE 5TRE ¢ ¥ COM MO B1YEK TI.
Lo Liacr Hall I Hizh VX RLAD SOURCE 1. ¥ NO0DE STIRCE ',
Caddresses XAO0U,—X777775) X READSINE TI WOCDMON SIE 11
| S WHITE SR 11 P COMMON SOURCE L.
| % WERITE 519K 1. N LIODE STNE 11

] €
r ) + oz L j
¥ o .
T R : I | w — “AFF
[ W Iil "
T E (e —
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SOCI Loag s £ 342 AZZ2Z mmdula
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lemperatury compensiten 8 provided hy thermisler 11 The bias veltage Tr FL iz adiusied at che facoony Dor
lbe pruper stick cutrern: wsine jumpers af Tocstion W1 gpd W2 The X7 signal 5 usend Cur external coaten? of
Vrel, only by Taclocy west equipmens. XY 10 woal XY LI ace brought out e the Field Secvice conmectar (7157
041 are ased Lo zoargio the XY stack swerenls,

Al DRIYER/SWILTUIL CIRCULT

21,1 X Drverswitch Cireoir

Lhe & DrverfSwitch areeit is pactzally dllostrated in Figaee 3-200 The aircui, cumsists of 7442 decoders and
TR memory dnivess, Luch decoder culpul connests oo owo memary deiverss fae garily, drivers uee skawn only
st ol s cgh dgeodsr, Parl of the doode mains iz also shown in the figuse: a0 X winlioes, with ther 124
rerrize cnec and 2 dicales per i lul ane represented.

Wher an assigaed momory lozation s aiddressed uz Gike pact oo duta transfer. the timing logiz wenerzies Kead
Coarral zigaals, Follnwed »y Weite Conteal stanals Thoring s read awliof the timicg cvcle, currenl rmusl puss
through the addressed eoce i one X dircction; dwrivg The write hall of the evels the current direoine musl be

- .-

reversed. Figure 3-21 aiows how the dircetinn of aurent Tow theough the cure = controlled.

Ay MAMLER aildeess That o buis A< 15075 L pegared (legic B cause: nolpoy [ of deceders E48 and FAZ wo
ga leva, Trariag the el Tl ol vay vempgr ey, conirol signels X REATISOTRCE L and X READSINK T
[ are asseceed; thus, WOR zatzs FA2 ol LI gre snobosd, Thee taa gates o on Che Tansisons a1 -heir
cutputs. Curment from the read correrr gevevalor, represenied by sigoal X READ 107, Cows throwgh seorce
Lrensizios A through the cores i the direction indicarcd, shouogh disels B, and tarough s 0k transistor =B
W prwsosd, Ducing the write hall of the timing excle. cantral sigeais X WEITE 30URCE T1. and X WRITE
EINECT Lowre aeseried: thas, MOR gaies 107 and B3 1 wrz enahled, lurving en the ransistors at thair gt s.

Woreie surren?, represen el oy signal XOWRCTL [G, Nows threogh diade A ang W ground throegh the rrensister

oA Lhe auipis of F&L

Az 1al an addnss lieng Bis A1 007> L perated uod bit A17 L asserted is decoded by the MM 11-D2
Sow. outpus BY of deceder LYY woos iow. Drivers 106 and F10O3 becyme pact ol ke tead wrive current paths,
coerat it execlly a5 LEY ang LE]. flowever, the current now pagscs tRenugh the apper winding and includes
rindes Coaml BY, rither Lhin A oo B

The weanory doivers, 75325, cun be deseribed in relation to their funecivea {for Welrive selection. onlel. Thus,
driver BINT is desigrited o pusitive wiile ddver, while EXL is designared a acgative wrile swilch. Conversely.
Fld iz designated a negarve e driver, whils LY i» 1ermed a positive read switch. There are 8 positive writs
drivcrs and & nogative read deivees; thene ang 16 msgalive weile switches and 16 positive read switehas, Fach pair
at drivers conneets to 10 X windings of 128 cores, and w V6 pairs of swilches; consequeatly. 128 3 windings van
be addressed by the complete X driver ngic shown in lowis drawiag D-08-00852-0-1, Table 2-3 m2laces the reqpdd
and write functora to the werious Arivar fawineh eavahling signals.

g W Drriver/Switch Circuit

The ¥ Driver;Swrch cirenit i= partially Tusteared in Figwee 3222 This cireud. s 2iimdlar 1o the X Driver/Sawitch
curodit. ie, woconssts of deeaders, doivess, and sweitches, However, sinse Thers are only 64 separate ¥ windings.
only vws decoders woe nesded e aceommoadetes che 6 address bits, & <NA00 > 1.,

Bemzmber that the YM-T hae colnddeat and anl-comngident corcs on the ¥ windings, Each winding. such s
that ilustrated in Figuee 3-22, passes ckoowgh 256 vures per data hit (one groop of 128 cores §s leoelad A, ke
other By Whea curvenn Tows through tas vures inoeither ¥ directing, 2 single 2onz in vile grocp wili saperience
aaiacidenl Woand ¥ currenls, while o single core i the ocher groop expericnzes anti-coivcident currents.
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Lhe directizn af curreal in the ¥ winding depends.an whether the core to be selected i lncdled in the Lpper af

drwsr=hiall of the mat. 1F the 2ore s io the lower-haif of (he mat, ie., the enre addeean is helwesg XO0unm, and
XTI, ¢urrenl ows from right w e (In Frgure 3-22) during 1be read half of the Lming cxvele; vurraol flows
trom L=t to right during Lhe write half of ihe timing ovele. Conversely,  the 2ere is lngited in the opper-hall ol
Lhe mat, i.e., the enre adiress is besween X40000y and X 77777, cuerenl Cows from lefl 1o right during che e
bull of the timing ccle: surrenl Mows from right ry leh during the wrile Ll of the cycic. Tabde 2% swmmarioes
nil only the relationship beiween core wddress and correnl ditestion in the Tt winding, hut als the relurineship
of the read and write feaciions Le the various driver Sswilch enabling signalz, The 1elationships eapressed in the
tabie are developed from the Curcenl Sources circwit, which wsy described in Parapraph 3.8,

Mote that the Y3125 Jdvers bave heen doesigewied drivers and swilches, ue were s of ihe X Dirjver ifwileh
logic. Each pair aldrivers connects to 8 Y windings of 256 cores, and iu % paira of serinches: consenquently. &4 ¥
windings can be addressl by the complere Y deiver lugde, shown in lugee drgwing T-05-40632-0-1.

Taisle 3-9
¥ Winding Signal Relaljonship
Care Mal Iuncton | Currenl S Enalele Sizmnls Driver Switch Toablcd
Locadiuu
v Hew ¥ LIODFE EWTI L0 YOG SOTUTRCE JT. Pocrve Dinde Driver
Lipper Halt . ¥ OMMON STHE TI. Begative Diod: Swilcl
) Wrile O MON LD TG YAINIMMON SOCRCE 11 Peeitivg Commion Swaten
' LY IHOAR MINETL Megindve Comuen Diisc
F.zad YAVPMMON LD LG, | Y COMBMOY SOURCE TL Frlive emimon Switeh
Lovwer Hal? ; Y RLINNDE SINK TL sigwilive Lomrioa Driver
Witz T TWHIF ERDY LD ¥ DIODE SGLECE TL Traslive THinle Drjwer
Y UDMWAON SINK TL fzanlive imde Switca

311 SENSE;INAIRIT CLRCUIT .
The Sense; Inhibit circail is shown in Figoee 3- 13, The logic tranefers informution hetwesn the welected core 2nd
the Llnibuz daia line. The Jogic Wosteated is foe ditg bie D00 2l other data bits kave idestic cireudcs.

Conaider a TDIATL operution - the logic siute represenced by the selected come mius) be wuied ta the ATTS DN dige.
At the start of the liming cycle. the timing logic asserts CLR MTMR L (Clear Mom ory Drute Register]s 1his syenal
drsubles gate C of Uhe 7520 sense amplifisr, which provides nne input of gate B. Since gty A are disabled unii]
lhe STRUBE 0 H signal iv-geoerated later in the cyele, pate B is disabled und the DATA 00 H simnal is latched

Tore,

Wheh the readd currents ere generated, Lhe selected core may ur may not change sl LT the cors cepresenied lupgy
L before current soipcidence. it switches stale at caineidence, volliye is induced in the sense winding, wisd Lhe
Senze Amplificr {$AY autpst poes high {lepending ar whicl half of the mat *he core i io, sithey 5A A nr B
provides the cutput). When the STRORE 0 H sipnol ia zazerced, gate & s enabled, causiog ple B Lo esacrt che
TRATA (U H signal. Becavse CLE MOR T, is row high, gate C ia criablad and ane irgue nf he 8641 NAMND paw
A goes birh. When OUTPUT 1N L poer lnw, the BUS DD0 L signal i assered.

daan
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Wheno the eare svwrinched shue ul rend current caineidence it wis lell io the D-ataze. Drirg the write half a7 (ke i

Lonizye cysle, current aoincilznee =l cause the core oy swilch back o the 1-state, restoring the iafarmation.
However, i the core had hean in (he Qestate before Tead curreny poipudence, write curmenl soingdenoes waeld
@i the gure w be restored oo fogic 1-slute, rathsr than 1o a logic O-stte, lence. in chis situat:un s okibi
aurrenl st be generuted duriag the wrile hull of the evele; the inhinit correnl will cppose the ¥ wongling curcent
and rhus prevenl the core from heing swilshed to the 1-3tase.

L che DATA 0 H signul i low b che stars of the write halb of the timing vyels, indicating that the selecied care
wils 10 the O-state heluce reud coincidence, the TNIL KL L ilnhibic Rise Timed siwmal will enable inhibil driser
FIMEA. Neme of the olher pules — EIDRE. O, aml T} - is enubled s vet; hence, na wurcent Hows through jhe
translormer vindiags, %hen the INH TOT. (Tnkibil Tine} sigaul is ssserced, Ei DR and esther U IOSC or D arn
erigbled. (1F the core is i 1he upper half of The mat, for exarmple, A1480 H ia negated and BLOSD is enabled )
Carrenl flews through the irsnssior of EiDEA . throogh digde Ty through the lower printsry winding of TIT,
and through Lhe rancistar of RI0SE 10 ground. Mo current flows m the upper primary winding yet, evea though
EI08B is ciahled. because the transformer voitage characeristios result io diode 1397 being reverse-5iagsed. 1he
lower primary surrenl (11} increasce, as illusirased in Figure 2-74.

When [NH BT 1. i3 negated, DY7 heconses trieward-blased; currens 12 stacts 1o Aow theough che fransizuor of
FilsB, through D97, through poth prinasy windings, und tbrough the cransistor of FLOND to eroond. 12 flams
nnlil LINH T L is acgaienl and reaches a maximorn of upproximately 350 ma. Fhe wvondury eurtent i [3% flaws
w8 lustruted in Figoee 3.2, aptaoning & maxinam of spprosdmately 700 mA. The currens Ul Dows in each half
of the inhibit winding 1 uhaur 350 A, encugh 1o counteract the carrenl in Lbe ¥ winding. thus, prevenling the
el vurren| through the selected vors (tom exeeeding che swilshing thoeshald of the corc.

The techicyie used 10 generate the inkikil current sesulty in 2 desiraile lalangs of fust currens sise time and Tuw
poveer supoly drain. That is. asglong 43 TNHTT L is ussected, the |11 transfoenier clio produces a rapid rise time
ol the seeandary vurcent (o near-masimeue value: when LNH RT L i8 negaced, the 2| trunsformer ratia produzes
i seoondary current Lwice the prirmasy value, obvigtinge che necesaicy nf deawing the entine cu reeol fremthe 420
FUver SUpRIY.

NI RT L | |

F e
IYH @ L ]
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Figure 3-3  [ghibit Corrent Timing
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TF & Taa L0 upeculivn is programmed, CLR MOR L is asserizd at the beginring of the timing cyele.. However,
TSPUT MU L s s asscrted; consequently, the duta plaved nn the B DOG Jine 2y the bus masler:s guied L
the MIDK and lalelhed aree the DATA OO line, The selected care ia sensed by the 54 byt STROBEQH is oo
generuted: heroe, 1he s2atz af the core belors read qurrent epincidence has na besring vn the DATH 00 H signai.
[f the BUS To0H T. signal is logic 14 il ), Lhe TIAT A D H aignal is asserted. The cure widl ke switehed o the Logic
[-slele 0 weite coinsidence; L] HUG l‘JI'II'IT i2 lagic 0. the inkibic curzemt mugl ke generaced wo |:‘-I'E".-4.'.I1t the core
[tu m huing switched. .

A DATOBR uperation ig q||'n||1r to w DRALCH The hyle snccificd I:-:r the EIL"‘: AlHD L s.gndl % -;1p|:r“|lm- niy as
decozibed Tur 1|-..ﬁ T2ATO; the other byle s handled as a simple read-restore OpETRLIUT,

313 STACK CHARGE CLRCUIT, :

‘L be-Slack Charge cireuits ace lovated on e H222 madole. There is a separate ¢ireuit For the X diode matrix und
the ¥ dinde matrix. The X Stack Charge circuit i3 shown in Figure 315, along wich part of the X Drivery Swilch
citCnit e per WS ir regeend for (eplant tessng; it showlid ser be eomoued I he field]. The Y Stack Cherge eyt
iz girtilar and iz ol shown.

The Slevck Chirge aireuit assises the stuck vapaciiance in recoverng und shortens [he rise time ot the stach current
Ishe eileglive dlack capacitunce ussuciaied Wil each ling is shown as © (STACK]]. Tt alsn redoces unwanted
co-cenls in the wnaslectsd Hnes sesocianed with the aslectad driver.
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The gulput of the Stack Charge ciecuit 35 tuken fram fhe emiteer of % und goes to the junction of each X
ecad Swrile switch pair vin g resistor. Diuring v read operation, [he emitter wolGage [Y{E)] of Q5 should he HPpTON-
imately- 20 vilts. During a real operation, X STACK CHE H is low, tarning oo 04, YiF) s held law hy the
parallel combination of L2 and D870, Current Nows through T2 |hus, Q3 s off, since its hase-emitter jung-
Livn is cevorse-hinserd, '

Thuring u write apcralion, X STACK CHG H ia asserted, vaesing Q4 ta turo off. The current fowing thro ugh L?
is forged o fiow into the base of 3, lurping it on and taking V{E) 10 nuar +20 valts,

The Y-axis churpee sircuit nperales e similar wiay: however, the phase selection of Y addresses Tequires thal Lhe
churge circoil uperation be interchaneed for kall 1he uddresses, |he interchange being canceolled by multipleer
F?2 and address bit A14. Thus, the stack ¥ common end will be pulled toward 420 volis during write for
adlresses in the lower BK (BUS Ald4 L poc assersd) and will he pulled toward 420 volts durng read for
ailddresses in the upper SK (BUS A4 L usserced). ' '

2349
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CHAPTER 4
MAINTENAMNCE

41 PRLEYYNTIVE MAINTENANCE

Dreveniive Mainmenince consisls of specific lusks, performad a1 intervals, to deteyt conditons that equld Lead o
stbsequent performance deterioration or malluncthon. The fnlowing rasks ure ponmidere] preventive mainle-
namee wd are resommendesd 10 be performed every six monlhs.

Vignal [nspertion

Yoltage mewsurenienns

S57 M DLY check (for pacity memarles)
Rirabe and Tirive surment mdrgnsg

. MaAlNDED testing

T

The two pieces of test cquipmeni roeammended far ehecking and tronbleshoeling the memary afc the Tekiranix
453 Duwl Trage Oscillascope [or cquivalent] and the Weston Schlumbenger Model 4445 [Hgital Voltmeter (01
cquivaienlh with 0.5 % acturisy.

CAUTION
nake sure all power is off hefare installing OT remariop
mndules.

4. L1 Yisuul Toepection
Visvally inspect the modules nid backpluoe Fos henken wires, connogtors, or oter abviouws defecrs.

MOTE
A1 reats and adjustments myst e perlormed in an omhient
lengperaturc ruige of 20 to H degrees C (#% tn B degrecs
Fl.

412 Yoltape Viegsurements
Tarn on Lhe primary power and measure the +H) V. 43 ¥ oand =3 ¥ vollsges ac tbe aplina backpline, All
voltages muy. he orithin. £ 5% lakerance. :

4.1.3 98YM DLY Check (For parity meotorles anly)
Keler to M7 purily coalegller mamual.

4.0.4 Sirabg and Dirlve Cucrent Marging .
A Field Servive vonnestor (T180p i penvided gn the front of (he G852 medule for maTining @ iven meMnry
while cunming a didgnostic prearam.
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43 WAINDEC TESTING

Cerwain DFC prugrams can be vaed lu lest varioos memory cpeenioes is w0 wid to troubleahacting. The [P
ot each of these rmemory-reluted test prugrams, as well as the progeam absleag, 35 given in che foilowing sara-

graphs. Lach nrogram gontwing instroction. Tor gwe.

431 e 1ME Memory FExerviser (IMAINDEC-11-DZQWE)

The purpase af the I-1 24K Memory Exerciser progean is 1o lesl contisuods memaory adl resses eomm DOOULIY o

IT{"'TTTH

=i, TLverifies that cach wddress is unique faddess teal) and Lhal sach memory lacstion vin o read vz wriien
reliahly (wurst case anise tesl). 1 Memorr Management i aviuilable, all esting is sedormsed witk MmNy
managertent wmabled (uitless disabled). Uhis pragram npae be osed Lo adivsl muzgin memney,




431 N-1Z4K ¥etory A0 Excrciser (MAINDEC-11-NZ0MLA) -

The parpose af e G 128K Mernory 170 Exerziser is oy s seguentiulle all Tegzciong of cure mu:r'_.:nr}-, arany 4K
scotion of aore memay, ering any NPRE device speqifiod. The progrum checks bank selectunl, effective addreas
bits. and memary. 1oean sun alede or with a Memary Manageneol device to zoress exiepded memory. Waorst
cuse moise pulterns are used with the NPR deviee Lo Lexl memory. Printawis of NPE device errors are ]'.lm‘r'ldmd
and include desigration of the device woder sesc, the pontent of i) contoal sng statis register, and [he content of
ira error register. Daca ereae prinloaly snclude the eddress of the Bl duty, the troe dsta sent, amd ihe bud daca
TeCeTved,

4.3 Coinbised Purity Memory Tests (M AINDEC-HTDICAMF A

The purpase af 1he Combingd Py Memory Teses is m locale the parity memaony regiaters and perform o check
of the hitr in cach. A map ghowimg Lhe memoery controlled by cach parily regdster is created by the program. The
parity regiauers and meroery are desled using the infermating in the bap,

Srveral bir pattzrns ara writen inin gich pacily memory Location 10 cnduee thyy no pedty ercom are created, Bach

Brle of parily memory is wrirten wit ke harh ol and bad purity to cnsurg thal The peeily bits can e mggl,ed aml
seised,

411






APPENDIX A
IC DESCRIPTIONS

This appendix contains deseriptiong af several mtsgrated eircais (105) psed 0 Lhe M- logie, Qrly Lhose
[Ce of un unuswal nupure are described; che more eommon oypes, L., MANT gales, invecier:, lipNaps, @9, wee
Tumilbiag 1o the ceader -



7443 4 LINF T} I-LINE DECNDER

The T332 15 4 BOD-ta-decimal decader consisting of eight invereers and ven $-input MAMD gates. The inverters
ure coniected in pair to make BCD input data wvailuble for decoding by the SAND pates. A logic diagram, a

irutlr 1able, and & pin jocutor are shown io 19gurs A-1.

TRELTH TAMLE
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1475 4=RIT BISTAELF. T.ATCL _ . . . . o
The 7475 ig used [or temporary storapes ol binary data. Informuation applicd to a Data T3} ipputl i tranaterred Lo

the € oatput when Ve clock inpat iz high; the 0 outpot loliuws The TYinput s long g I_I'u: -:_I-r:-ck rf:rna'sns. high
When the clock goes Intr. the informatzon peesent at the [3input pricr w the cloek Trmnsitian is rct:_un::d ul lhe Q)
autpue until the clnck again zoss high. A logic diagram, o circoic diagram. u trulb tahle, 2ad o pin iocalor are
shown n Figuic A-2.
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TaR5 4-BFL DINARY ADDYER
The 7443 sduds reen d-hit hingey ronbers and 2 carme-in big; Sum wulpita are sravided for eeeh hit a -".1 il G-
ol Bl is weutizble from the Zourth bin A legic dingram. 2 truch rable, und a pin iocator are shown in Figure A-1,
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7320 DL AL CORE VIEMORY SEWSE AMPLIFIFR '

The 7520 converts hipole millivall-level memary seose signals to satwearod logic levels. A common reference
input allows the input theshald voltage tevel of bolh amplifiers Lo be adjusted. Scparute steobe inputs provide
time giscnmimalion Tor cach chanel. A connection diagram % ghawn i Figure A-4,
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TN MOM0STABLE MULTIVIBRATOR - . _
The 74121 Multivibrator features de triggecing from FRsilive-going or galed nggative-poing inpuls, Puige trigger-
ing oicuts we a pacticular voluigge level and is not direetly reluted te che transition tire of the Inpie pulse. Srgs
ticed. the cwlpuis are inderendeni of the inpui puiess and depernd anly on ke timing vomponeiis oo the chip.,
Inpuc pulses muy be of any duralion relative o the sucpu pulse. A Ingn: diugram s pin Joceror amd o truch wahle
are shaarn in B igure A-5.
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T4153 DUAL 4-LINE T 1-I.INE DATA SELEC] U'Hl."['t'ﬂ LTTPTLFXTR
The 74153 aits us u ouble-pale, four-throw swilgh, Two seloen inpuzs, A und B. delertiine wrhich of the four
inpots is chomen: (e same inpue of hoth four-line sections i selecred. A logic dizprum, w iruth table, and a pin

licatar are shown o Figume A-6.
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TAIET QLAD LTNPLUT DATA H}ILFEETGHIM-“.‘-T.T“IPLEKEH
The F AT comsizgs of Tour Z-input multiplesers with cormman inpver select Togic und comon output disahte

vreuitry. W oabioes two groups of Four bits cach o he muliplexzd 2o four parallel ouiputs. A logic diagrom, a
Lrulh table, sl @ zin Teestor wre shirwo in Figune A -7
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TE2E VIEMOEY DRIVER

The 733235 contuing Lws sunree—swilch crangisiors and 1w sink-iwitch cransistors. Seleclion logic in she 1 per-
rrite axteraul contrel irceis o chanse one or moee of The switches Tor cironit vpecution. A logis diagramSpin
locator and a truth 1akle are shown in Fieure A3,
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