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The METI-E - MS11F Crelerred ju hersin as M31L)
rgoTies compreise o group ol MOS8 semieon .
Guctar, tandnin-aceess memarics thal are designed
in be vscd with the PDP-11 Ulmikos, Fachomennes
assumes the rele of o clyve devoee we the PDP-1
proveszor or beoany periphecul deviee that is desie-
ried bus master. The aroop provides storage far
[G- wr Li-bit duta words {owo paricy Lite are ir-
vinded in rhe 18-hit wardl, with capasioy ranging
oeern 4088 (4K words to 10,354 (16K} words in 4K
blocks, An MY memury cun be ssslzned adjucen
4K blovks of addresses anvwhers within the 124k
Lol aeddvess spaes A special Tealure of the LAk
MEN allows the geeignicens of par! of the 170
poge o mergre, ghFecgEh this van ¢ dune only
for prrosesiirs withoal, rpernocy nanagement. Tuble
-1 lists ke sigeilicgnn speeilications of wo MSLL
SURLCTH

The log:e vomponerss of an M5 memory arc
recoated o oa dimele e pringed circuil boeord: the
radole nas BEC dosigmien WM7537 The siorage
vlementy are iRy 2 1-mil. W-glinnel, BMOS rqen-
ory doviees. A ow cf TR of hese Jevices s
arunzed o owonteedale o ocach 4K blogk ol ad-
dresses thal s assigned o the megrmory: ez, o LK
memary has 4 rows of O8 Jevices, an 3k mernazy
aus bur 2 orows of devices, Tabde 1-2 lisls the el
dizle MEil uplons and the tespective b and woadd
LipaAi e

CHAPTER 1
INTRODLUICTION

The use of MOS mernory cireuits pravodes adven-
Lages iholh evonommcal and aperulional) naot avadl-
able wilh cure memory svsiems The oost-peo-bi
far MOS memores s luw and. uelike cure men-
are, TR cust rermnies approsiniiey consbiml wilh
AT

Lrlike core. BOS memore pootides non-dosdfoc-
sive  readouts: conscquently, Abhe wonc-afer-nood
cele lime associated wilh e memasy s el
aarcd. Furthermnre, wilh dyooerne MOES devices
such as theae wsed i e MENL ogecs e
sdmpoen iz omoch lower han wale 2nre mennerey,
The disadvantzge of MOS storage valadlity (i,
cued i el retaoed when power in losty is ocom-
pensaed  for by e avwilability of batery-sup-
puorlesd puwst suppliss thal enoble dats retention
fur s longe as several quars, The MELL i designed
far a special Tow-peawer sbmde o omasimiee the effee-
tivenass ol hatere-paaecead cperation

Beenuwe the data storage cicmenn is oo capacilnr in
the MOS storage deviee, all memney logalion: in
the MO memary must he pericdically seficilerd so
that the datwe remains valid. The anecraller on the
memury module inciudes cthe logic and riming eir-
cuils Lo surey oul the periodic refreshine operainn.



Tubde 1-L
Significaitt Syvelem Spocificarions

Characreretie Epegiflearion
SLarage o ly 0000 (451 1o 10, 23840 JGR T wnards iz 4K hlocks
Ekara Wl Length 6okl bils. 2 parity Snls
Macimua Avass i {ns)
Mg na Upeid liva axi
Refrzsh Condliec® 150
Mex-mem 250 Time [r5]
Muizir! Caerelivn mn
Bl Conllic.* 1406
loeimesh Clvele ety Vme owele every 25 ps {repical navirnie ol nne
cvele ewery 21,5 s
Muwirmmr Perver Crasurphem Cwarre] Il TG s sk
Ml b 123 A1
M=1L-F 140 143
BT LE 13.4 Iz
M=11.T 145 25 R
Yaxirmem Carrerd Liracrn om Al 1dle TR ns Azl
M5k
+5 Wl 1570 1571
B+ = W 0 Fa
+15 Wl 50 =00
=13 Wl M H 1)
MELL-F
+5 v 103 e
RA+S Ve SO giiv
R IS L a5
=15 Wi 1080 1an
M3n
-3 Wi 1500 1300
EH=-a Wil Al all
+15 Wi 150 sl
- A VIl 1non nn
M5
15 Wi 1300 1 300
EH-3 Wil glill] glill]
+14 v xmn nai}
=N an 10

A Chandcter e O3 dy cans WO meroy devcss B oIen thes most Le spohed pooicd iy 10 envoe card salidines, Thra spikesars
bt e 0L s CTeamn s Ll wdnloniles o Wldas e 900 todtLisa had 3% tle g% and Cimin oo s sooemarr thal
Phans i=abor s parles b Shenl s joes, i o MPR eg o JMEY MY orie Zodcg e edeeh Ve, o S ilelS ap uncd 1o ralresh
el sramploaal s e preiieeast T el de CooTiz i il cesdmemn s connl o7 Zhae il o narmal Secl2 may e hell
s s el e L am e nl e T T g 1 b meashers s el seloeds ozl v the g aetivity P asysem shae
S0 Ch® B ol g PRt T2l Do e ot ChE o 8 30 samnory pemmnbin = 1 2ok e Y perienl Feroa e wil oo ev 2 ags
e ey 13 o the 0t aF avallesd iy 2 vpicolly I Lan 202 perosnl.




Table: 1-2

M511 Optlona
Option Wood Bil Draca Word
Dealgnation Lezngih Capaacity
ME11-E 16 dk
M5 | L-EF Lk aK
WEIL-F L HE
h5T L-FF 14 KK
MS1 L-H 16 12K
M5 1-HP 14 1ZK
W&l L-] ! 14 1ok
ME11-IF F 1% 1HKE
WOTE

18:hil waarcls incluwde 1w miricy baes;, an MTES0 Pasity
Cozilresl mcabul2 wnuse be used wich the padlty aptions.






Il GEMERAL

Insta’larian of the MSI i relatively simple. 1 irse,
the user should versfy that Zactory-installed jumper
wires reluting o the number of memocy chip banks
are in pluce. Nexl. cerlain swilches muz!l be ws-
rappeed oo wssan Laibes address cpace Lo Lhe
M5, Uhe buckplaas should then be checked o en-
sure Lhal Lhe cespuired deoweoltepes c1e available, Fi-
nalle. the muedule 15 iasesed inio the buckplans and
i hisgnosiie coeck s gurried ool oosssure cornecl
[l illilll":. T‘IL'\.L |'\IFIII;I,‘!I\.|I.ITI:'\; H i - l;Ei:-l;:I.I'H.'\-q.'II "Iiire!
relly i Poellowing parag b,

Fipurc 3-1 shows the M5 modole (an BE mem-
arv s dloscratedl The array ol chips is locared in
the wpeer-righe guacter ot the boarcd. Az the leii-
centcl of the heard arg ecrelels W — Wi, intn
which -aapropriate jumpers are nserted. Too the
[oweer-ripnl of the ovelets is the CHP sadch (E1LN
which s vonlipurel guiord e o she MSTT adilres:
wstgnmenl, BULE Do wighe imsleidual gonacis Thin
may b idennricd e ocumbers o letlers nro e
epcrch; howover, the womaes are identiticd ‘ay oec-
ched letters A - T oer e prioresd corewit board 2o
nodating is Followad theeaehawt o s aad no1he
lopic drawinas).

1.2 JUMFER YERIFIUATION

Ihe ME1T Mcomons is =hoppocd @k ey e
slabeg jumpers appropnace [or the merinry &
Fhe gwr shocld chess the module o cnsure tha
Lhe vorrecl sumpers are in place. Tahie 2-1 liss the
rigrories b sire and indicates che jumpers that are
i Bl Ter vach, & oK memaors wil: nornaliv ape
erile wilh switch H elased. ¢ addicen 10 Zhe in
woalled umpess: however. o 16K nemaory iestaled
e AR LIP- 1] reniines specizl conzideration. Re-
T ln Sevtion 4 3, Aaldress Phecoding logic.

CHAPTER 2
INSTALLATION

23 SWITCH ARRANGEMENT

The MS1D erooy s assiemns! Lathos solidres
spie by the arrappemen) o swiches A - B, Ty
seavehes ooy Beoopronzed By the aser Befarme e
mewmory iy faddafivd Benl Seovon 40 belure -
temripling Lo st gaadulresy spage Lo the M3

24 ¥VOLTAGE CHECK

Hedowe she mendate - mseried im0 he |':-.'|q\:'u|||:-.'|r_'._
cleck the meckplaee Woocesone e The reguaired de
vollages are prezeet and wilhia releranee. The de
veellages are listed i Table 222, Teble 2= las the
MA] pin-outs

Ail four de valares mest be suppoed Dor system op-
cracicen. [F date retnbion is desired wben L zc
power i rersoeec, the +3 Wde sepply can bo pare-
cred down and the cther suppiies mainaines,

Table 2-1
Modude Jusiper Tivstalla cion
Meanury Mermasr: Eveler Ml Connecred
[desipnadinn e Ly Fumprers )
e | WEME WIWZ WA Wa
MSLI-LLFP gk L
MSII-F/FF_| 8K X X
M1 -HHF |2k x X X
W11 -IIP W14 s X X
Talale 3-2
METT LH! Vukbige Talarances
T Waallaye Minumwm Maxunum
+5 475 5325
=5 [1.50 Llead
-1z -1f 20 -L3.50
HH+5 473 325
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Tahle 2-3
ME11 Weinory Pinouls

4 15 . " D L . i
1 2 1 1 | 2 1 2 1 2 1 z
A +5 15 I x +3 l ™ 15 +5 !. =5
B TP i TP ] T
' [MH] G | GND i Lk ER L [YMTE GMD
] [H12 L RR+4
LK 104 103 INT AR TP
S5WM | TOFT
F 1203 1035 " TP
(]
I Do i Adl Anag
A TH TEF A5 Az _ |
ke ™M ;i mi1 | Ans | am | TR * L ]
L d | s |oare | oag - L ]
4 s EoOADH AE e ¥
I Bl Poanl [ a1 .
3 o 413 1 a1z T+ =
;R 115 | als | Ald ¥ 2
P4 -14 A1T | ALG v =
P T 1+412 LMY | L2 LaMD G - LMD CNL
! L ik I B e
¥ MS% M
EPaia mgaoel I 1 arc Lol cagcileee Lo oeesde prans condmuity o backoiies.,
Y3 BACKPLANE INSTALTATIONY tegl el i o he el oweith the WST0. 00 minyl he

When the de woltepes Reve been verified. inrert the
MEIND irra the Uininus backplare, Presently, three
hackplanes can be wwed with zhe MS1i. althourh
olher hackplunes muy become aeailuble: Lhew tares
wre LYLR -6, LYLal1-C wnd LRLYII-PA The LHLXZL-E
1t o F-clot backplune: the M1 can be inseried nle
elol 2 or sk 3, The [HAT1-[2 5 4 9-alnt hachplane;
slalg I — & cun ke used for the MEIL The Tl -T
i pnether -slol Backplene, which is used with e
FLa-: D704 o POP-112240 1F an M7TES0 Paney Core-

o
'

al

it lledd to the sarne Dok plane; The MOS0 can og-
TRy ANy ul :|'|-\_' ||.1q_"k|1'!::r|-_' :t|:_|!.- I|'|._|1 H bl ::'.-':_|:|i|_|'|||.'.
Lo the METLL

I6 [HAGNOSTLIC CHECK
When the memory i connected oo e Vaihos, cun
Lhe Mall dugnostic wrogram o verity char the
rgmary 1 useTable 15 g problem arises, follow the
inslructions i the diagenoste,






1 PHYSICAL DESURIFTION

The MOS memory device vsed wih che MSIT s 0
KAkl dynamiz, rapdom-scoess memuory sirenil
The circoit 5 packaped in e standard 16-pin DT
thar peovides hiph sveseent il densily and iz cuin-
patible with avwilabis aulomasiv zling il
sertion eguipmend. Figure 1-17 0 an el Jrasing
ol Lhe chip. shawing |;|i|' wiergbings, Talle 3-1 lises
1he chip supply vulapes

gy [ 1 oy
U 2 — 1y C&s L
WRITE 1 3 T Syr
SaZ L 4] 13 CE L
A S 112 A3
Rz Bl 111 o4
a1 1 1C o2
Ve B 19 wpe
11

Figure 3.1 Clap Pin Connections

Table 3-1
Claip Supply Yolrages
Varltage Diperafing Level
v{rr_r 112 g
1'-"(:[.: +5 Yo
‘-':55 l’_‘.::nu_uu:l
1”]3]3 - 1'.',' b=

1
A0epeokdinge v clup s,

CHAFTER 3
CHIP DESCRIFTION

A2 OTFRATIMNG DESCRIPTINS

A Tupenieral blugh lsagran of the chipois shown in
L TERTY g A3 The M8 storape Togalions g aoanged
it i 6d-row by &decalurmn array. Thus, ool [nga
Len can be specafied by oo Bl s oddress aied
Bl gl glebress Beciose asldvess iloemtsticn
i Ll ot neechizy cegislers, the capozaa e
dreiewen by i & adilress hiaes. The M8 logic mol-
tiple s arld=cas s, Boar o a o rame. onln the
AN AN lings. The BAS TR ow Addiess Stroksed sig-
mal witlises row emddicss infoomating o he Tatened
e o by eeisder, while the CA% L [(Cnlurmn Ad-
cdress ST siemal Gaoses eonldmn addre-s infnrma-
tinn, as owell as the U3 T [ hip Sclect =ignel 10 b
latehed aena s T-bor registen, Enahle signas appled
tn -od-0d decoders resuls on ane nl the 4090 cell To-
Ziativnns Paing seleewed Ber oo dica Lsinsber.

|2

Ao gimplitied represgatuoen ol the chip is showen in
Loggare 35 Gl the sweneoss ane mersiy symnboliv ol
roere o ed caip o upecatine ] The fwesi sell sier
A clement s o st o clares vichagee of A
Yorepresoms bogiz 0 while o volage of A= 12 W rep-
resentis lopie o, Booadse the charge an ihe capacitne
diszipates with ricwe. .0 s cnrciapally relreshed sn
that the datw it represene cemains vald, Any read
aof writa o sle teselz on o relreshoaf wie dacs inoche
dddressed Locatines, Drering such a ovcle, the moey
address g jawahed firss, and then e ol deen
des closes all the satiehes in the seleeted =nw. The
charee voltzee an each cepdcitor i the row s ap-
pled 0 0 3ense Amclilizz (5A), which reireshes the
dula by ressonng the churee ol o its ariginal
eedi IPor gximnles The rnaximum ckioee valiaese on



aocell cipacier i3 12Y, represeacing logic 1. Whena
the coil iz addreseed, o postion of the Full chargre
may havs Gcaked olf zo that tie wvolzage has de-
foor cxsmprle. 8 W, The A forces the
vilag: hack o its Tall-chargs walue of 12V, &in-
ilatle, sy vnizage berween W and 0V s rescored to
i leeiy O level nl O

cregael T

After che daty in the selected row s accested und re-
freshed. e cclime address is latched;, ke noolti-
seleels e of the 64 ealames. and the
ampliied cvee vnimge on a single capaciter isoap-
alicd o oaciar A in Figure 2-3. [T Lhe orie iz 4
“roeacd . the datw is strobed into che tri-slate ovipal
fatzh wad remaics valid unld Lhe pexl tme TAS L
aos low, 17 the ovele e Uwrits™, she impus bul-
Terflatch drives point A, overouding the 5A culpel
and charging che selecied cell capaiziar,

e

Siwe a celi may he aodressec inimeguenty, i el
dUsing pormal rege s wrne operations, g soecial ume-
ing cwazk - woreitesh ovcle = 1e carried ool al rerulas
mmteredls Iethe Mal D Memare, sueh o ovcle ozeurs
appriosimateys every 23 o A dilferant cow addoess
in acpphed By che M5 loeie diccing edaan mefresh
crcie in that che dica o all 64 sese sddeesaog s ore-
rreched s evcey 2oma, The refreslt aperaticn s
e santc as :']J.lin;.: wopid ool l\_"\l-l."'ll_': T, e
rowik acidiess 16 I:.n.-huI. e diiz |.:.’u_':"| ceil ol =hie
rei s petreshed: the zolcen addoss: s laehead {the
columa address supplicd By the M5 Toeiz @5 e
sz durine all &2 dificrens refresh oveles): end cre
cell datw e reed odb to peing AL However, duning «
refrash cvele, the U5 L signal s dizabled s Lhal ne-
ther the wpat circoi nor the outper circuit 15 cn-
abled., The cuarpol atch will ao o itd high-
impedanos staos, cnsaricg 1hat power consuampiion
&5 minimul.

M1u o
WRITE - D—
EM&FI F o -
] CLUCK  [ZjaBLE
CAS S —= GFNERATOR EMJBLE -
EMABLE
‘ |
INFLT 2ATa
LEL - T J ] B
C 1
T-RIT :
LATI R 1-07-54 L SRNGL G
ICO_UMM RFCan=3 | v |0ATa THeguT GAT HE I
ADUH 55|
S TEUT 0ATA
LY L B
| i
G- i -
4038 A
: LLATCH b I-CF -5+ !
| R LECODER 5:4 5TG|I=|EE:'.-:. E-:F;-'-A'f
ADTRESS) '
? T
LATCH I
ang ! —af CLODH
- GEMERMNTOFR | Zyaa E
=" e

Figere 1-2

[res = | (5 WOG L) ir_:-. Atk rJiilﬂl':|:11



B4 COLUMME

|||—]|—:

ity
=

LATCH

inndhey i
I |
- |
AW
ADDHESE —= =
= 1 F3 :
1: = !
I 1-0F B ' |
_|aTER DELGOER |
— I
_.5,-'|., |-—-n""|ra—
— — =+ 1 |
! I
- T
4 -_— . —_—— — -
P ——
i ey,
COL. Wi
LOORESS
—_— La L
L
LATGH ‘
MULTIFLEXE#
FUFEE
B | &TH !
I
I
1
WRITE | |
"o =
RS p - }

Figurs -3 KOS Chip, Simplificd Tata CGaling
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READ CYCLE elnlmae 1lming )

- T00m
W
Rag L 'H £ i
YL | - —— 1B T ——
j o 1=one = e 200ra |
|
-3 |
oag L “IH . ‘-J& ;r |
1 -
", . - .
Geng = -I 1300 Ona e =00 ""| ¥ 1o a0ns
LT B Fral | T
ADDRESIES C(H } ACORESS P?EIE'E?H X
- | :
"
L Ons i I ons
1
r X 5
WRITE L '°H }f | (‘k‘
iy, 1 |
T: | n:::.-a|- . !-nc-:*m
% Z
cs L [H I 1'.& :
| i
1L | -
o B Arrsy -
MoH | b ¥
] CRFN
i1 [ ¥ Y
oL |'|- e Ly !
WRITE CYCLE fminimum 1lming)
P —— .- T00ne -
¥ i I40ns - — -
- | IS0 s ———md I
cas L I"IT" :\‘. — 2O00m rlf:
b
Y1

e r' '-‘I:-'ﬁlwl'l Mre: -w-w] L [00 —-

- F o1 +Bina

m e 0L
T STTRI TR
ADDAZSELS ){ ﬂ..‘:r.EFHFm ap
¥

ans ECTes ———
Y, ! 300
WSITE L ° . | 20005
W I i . )
L iy hi -t B
- ¥ '
TN
YiL '

W bt - - o — A0
i Wuns -4+ pe i #
" l'l':H '*' ASFEY
T

I 220C

bugure 34 Chip Hewd /% me Toming

3.4



The tming of bath o reied avele ol o oweile cvele s
lustcated i Figorg -4, The RAS T, zignal starts
the timing cyele internully. To reduce Lhe geerll
syalent power, RAS L is decoded im the M3 Tepic
and supplicd o anly the selected bapk of chips
The CAS E sipnal is supphed Lo all chops, hatl ciops
thut do not recerve w BAN L osignal wall gooto tigie
high-impedance auipal slile:,

H oduka 15 o be ceag from Uhe adadressaal Tocation,
the WRITE L sigral s, be high and the OF 1 sig-
nil musl be asserled. The it s sirabald inin 1he

1.5

oupat letchyhutter at acoess cime (230 2% aho
EA% L is agserted) und remaing valid oncl Cas L
poes negubve dur:ng i subsegquent dmine cycle, A
write cycle requires thas the WERITE L signal po
low: belors acvese me: the WERITL L eommarnd s
wowepled by Lhe chip ooly of O% L dus oeen as-
semied, T he duli on the Dy line is strobed inte an
inpul tulch by Lhe negulive starsiton of the CCAS L
vignal. Mole thar the aeiput latch hoffer gocs in
logiz 1 atb access time.






41 HWIOCK DIAGEAW

A Rlack |‘|i.1:i',|.1rr| o e MBS r'.-1-¢rn-:1r_'!.' 15 shaown in
Figwee d-1. Thata is storal o the |'|'i|'| array, whgl:
cun 2amprise Tram one we Fewe o nf elogs, el
row: consisting of T3 chips waodas sord contans 16
dary hits and owen parily Dits iF paney clheckiag s
empleed . The Jara can e stooed o rericesa] un-
der conkral o 2 s maste. The mmpsler 5_:\-|;'|.:i|_|4.:'$
the address af a mciney It Lz e Tros wh-ch
Laoe dara is o he cransierred. The Address Pragader
logze derermines il the 3adeess s assigecd 1o the
MBI L i limcing sipnais are generaled by the
frning kapic o sloube Lhe address inta latches in the
Aukloesn 1ol Jogric, Oher Uming sienals fien pale
e led=ess mlormenen W the sworzee array where
M sl lgecenl lacalion 15 selecied.

The by masler suoples Lmibus control signals thae
desctine The alala vronsler dureclion. These zontzal
signals are docoded by he Doa Pogk Control Sue-
ral logie, which then generates signals el waniegl
the chrection of dacs Moo chreugh he Mg Fath
Tugie, IF duta 15 o e placed in the alblressed Joca-
tien, the bus maszes provides the il along wilth
Lhe Lombus control sigrais, The g w strobed tnio
inpal latches n the [dea Path logic and placed on
the [haa Eec (007 Lenes, When che addeessed Toge-
Cihon g selested, e daen s stored thercin, T i
stead, deta is In Be reeieved Trom the array, it s
Dluced orn the Tueta Out {THD lines when the looa-
tan iE aelectec. strohed ivco ouioul Lalches oo che
ate Path lagic. ard placed on the Unibus, I par-
iy vheckiag is emploved, a Taricy Copsrol module

4-1

CHAPTER 4
LOGIC DESCRIPTION

puncriles Aty bt durieg oo wrile operabion ang
vhecks ."-:llil'_-' ENERUMT ng e veraticn, To hatl
aprzrations, the pesiry odosmation s lalehed e
ihe aca Parn legic aieng with the data dsell

The coll matriz muoat be redreshed pecwdically e en
sure thal che stned dies
wqu::nﬂ]r. sl 2% pi, oa mTresh peTELien 145

umains vl won-
[erfeamed Tausing this L, il pesy 1y sLip-
[ricd Beoczhe Telesys Toeie ool s .5||'|p||¢|;| o 1he mel-
1i|'-I-:m:r:: ir 1he Addie sl :::_.liq,,:, 'l e |'i:r||nt_'
laric signals eare ihis address eforncdion o Lhe
el array. The dota i all &1 celis in he —ow spe:
e bw ihe wddress i refreshed. Ad e eod ol e
uperilion. 1 repister in the Relesh loeiz s e
cremented. undating the refreah adidiee by one; ales-
ing Lhe next operatine. the &1 2ells v the oew row
addresz ure redreshed.

Pl loyms reoresenied by each black oo Figuse -1 s
shasen ookl -nthe relerenced Zigeres. The log:c
odescnboed by secliues thal Jollow,

d.I  ATIRRESS DECOLIMG LG

The Acilress Deveding logie examines the See masl
sigicimt bils of the Unibes sddress o detecmane
il he scdidress s oneg thal hos been wssigned to the
MEN Memary, IF 2uch is e case. Ue Logic pener-
ares bedh rhe ADTIRESS PELESLMT 11 signal,
which enables MEYN IT 1 suol (he ML Giming
geaquenac, and cithar BRAa 1, RER |, RSO L. or
By L. which reaults in cone o of sty L"|'.i[:-
moeong selested Sor the dala Toanser.
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Firurc 4-1 511 Block Didoram

The Llechus achilress smave ngsien=d Lo the M3 de-
|'|l.:r|-:|r; nr hovw |'|r_-'q.: The: reizneory s, e, whal e b
:.'.’l:!l:il.'i1:. Seoane] el Ulenlras mileiress s 5-:|.'|t:::.:|_| Y
e M5 stanting addeesss Th snasing adidicss
can be way ane Ahal hegine 3 4K Block of ol
dregses, Tor cezmiple, KXKHING (0K, D40N00. (8T,
F20000, (240K e The staciing adilngs. s :|$~:i_|_rlr|q.:|,|
he wrrangivg ~witzles FOOL-A throegh ELLL-E O ig-
i 4 s mal wher jhis ailidnes appears on the
RIS A7 00y Dines, the aadder matwark proslioges
Fec o senals fas peant A othan Bive e hisaey
Irgic bewcls THIOD, These five sicaals cnakde MANE
cate FE112-A and, becadse d qampees as in place he-
twee1 W3 and W NAND pale L2300 LF bl ihe

Lirtbus and the M3 timing lowe are mol ousy,
che ALMMRLESYS PRESEN T 1 signal wals slarl Lhe
|im|||5-__' sln i1 igl.r{: J2-4] WYWhen  Lhe cip-l o
F1104 wens bow, laich R _u,c'll;r:11-.:|,| s
wlhich sewalzs b the fesse e ol clips boing e
Teeial; The ATXSTER H timing sigaal will *arch E119
mois saie, keepiceg BRSA T. dssesed anil <he tim-
g evele is wotploed Toata can he tranaferred tn
o Teorn e rreznney o Specitied by the star-
iy, addeess, All addrzsses i the 4K block that be-
eing with the slasiae address are identizal in bitz
B1'5 Alsl - BUS alTL: coasequently. 2l ad-
dre-ses in thes AK hiock cauvse ADDRESL PRE-
SEMT H oavd RS54 L. oo D dsscrted.



Mo AupoasT SRIpRY Do+ 208

W aT-11
“yk.g n O =B

puc map ¥ | 3o Bayda

'tjoaijx ang mu) aop [Eede]

L TR L TR T -0

L
fa)
H ELZCY
- _— = 557
_ a.ﬂu_ L 14720 2na
1 =11
d A
- ey —i I_
— I. 1 TiY w13
T 35 —i. |
— _
- g5 — I
— ] 14Ly 518
7wy |
I
] 1 L0 016
H 45 _
o3y _
I 1aln N6
|
i
|
1 1 L% S51H

3.3



ITake %511 e guestion has g wacd capaciny of 5K,
e P fews ol ey chips ane inszalled an che
rmsadule, al aildresses n the: oest higher 4K Block
ol Labes addresses will oo ke issigned by the
MELL When any ore of Lhe sdudresses in thic dK
Slock appeurs on the BT5 ACLT000 hines, Lthe adder
nelwerk procuces un uelpul representeal By 1HIGT,
The KSHE L sipnal b asserped, selecting she second
owe of vhips, A jurnper w ciennseied helween W
Al W2 thus, ADDRESS PRUESFNT 1 Gy asserisd
and daza cun by teanzPerred Woor Trom g nsmury
location in the second hack of chips.

A rhird and Jourth row af memacy chine can o2
dil¥ed vy the MEIL ineressing iis word capiaoimy o
as much s 16K, Additonal Uaisuz wddoess space
is assigned oy adding o jumper belween W3 gl
Wi Jor the third row al chips and closing swich
Lill-H for the lourth cow., Lable 3-1 ceates the
memory size. the adder cutput dgnul binacy cepre-
sencation. uné the jumper/switch LELT-TE arramnge-
menl, Apperdizs A lstg ke regquiced switch setangs
For E1NI-& through LLUL-L for all ol the L pue-
sible WM& s1arting addresse:,

Tabb: 4-1
Addeess Space Aasipnmcnt
MA1 Requlved Eveler Pairs Crnected
Copmelty | Adder Oulput e Junpers
JK Lan WA
KK 111101 WA, W
12k IARRN} Wik, W1 W Wis
1ok | 111017 Wi, Wiawa Waike
(zwitch PLLL-T Cluseal)

A apeciiic cample will promate Turher omder-
shinghing, Comides the BS-0 a 6K memary.
P our 3K Slocks ol [inibus addres: space can be as-
sinedd Lo e MSE-) The lawest AR hlock is as-
siitnesd Dy seiecting o srartiag address. ez, {-HI00,
r8EY Swilvhes Eori-A& - FINI-E arc sct so cthar the
alder cutpu s LHIEN, when address QXXX ap-
pesites e The [nikos address lines {Figure 4-20. Any
nlilinmz: nolhe 4K block of wddresses bepinmangs
with 40000, and ending with 37777 (e, RK
12K will canse ADDHESE PRLESEMIT FL 1o
sk .

b=

1.4

The zost wd<oeas in the next highest 4K bicck ol 1d-
Ureezey (128 e [RK] 16 QOO W hon chis address
apmErs oa Ly Doibus, cke outpus from adder
EI0OS beconzes 31100 With 2 jurper connacted be-
teecen "l ard W2, this wddress, and eack address
up o ard inswdee 07T, alan canses the AT
TIRFESE FRESEST R sigaal L s psscricl.

Fach scceccdicgis highes K Block al addresses
cawscs the addear oucoud o iscrease by 1. Thos, ad-
dresses Trom ok wo 20K resuls inoan addar ouipe
al THEDY,, while those Tram 20k te 29K pradoce an
cutpoe o 1L, Esch address within these blocks
can aaise the ADTMIRESS PRESENT H sicnal n
e oasserted 7 Phe appenpeiate jumpor s oonneesed.
(0 the gwecteh i elosed o The cage of te Zounh
Blnck. This ditfereace s cxplained shnitly )

Fhe uppermost 4K of Linibws addreess spece 95 re-
served Fouroicernal general resiszerss and peripheral
Jeviees. A special Featars of chis memory allowe
par: ol lhis addrese space o ke assypened 1o the
BEID fin progessors withoul memory manupre-
rmerc). Fipure 4-3 shows part of the Address Decod-
ing loeic, rmedidfied so thar cerlyin addresses in the
reserved spraee car e assigned tooche M5 1 -T Mem-
ary. [F the memory has been wssipned addresses o
woch & wev that ihe upeermost 4k Block of ad-
dreeres coincides with the reszreed wrza e when
a K momory is assigned sndce trom 1ok Lo 32K
in & 32K machinei switch E1L1-H musr he placed
in the aren position.,

A arpall svseem with few perpherals ries ool nae?
all ol the msecved 4k address space. Swilshes
LEil-L angd F110-) zom be closed selechively o gl
v che s o The b YK o loweer 3K addiesses
of The resereed db blocs, Specitically, when BI-P
s closed o FLV-F s epen, addeesscs from 28K
B MR e, - AT el cauase the AD-
LFRLES PFRESENT H o sivoal 1o b asscrmed. When
bt B 110 aomd B LU -F e closes], alldreessces Tiom
2R Lo STECCIRONNNE  FAET wall e aszigred b
the MSTLL Appendic & clates the switch setrings
e che M5 ophines aed the desired [0 paac

uneralinms,

=0TE
If & user s cmsidering wse of the rescrved [0 papc
ol addresses, he shauld check carctully o ensoee thai
ne peripheral devices (including bootstrap KO s) are
agalmecd any of the rescrvisd addresses,



EUS nt% L

E™

Gut ata
L1

110 ——@ 0@
110 —— - -
M0 —2 2@

AWENRESS
FarSeHl M

A.5 &'I L —— Fsi b

dUS &10 L +—
-{n
]
r———" :
IF” I L5
a.eall | ——d | i J
sl Tt
— 1 !
: 4
RIS ML 0 - +B
HATE:

Lz 1iw HIZ=. lag.c 3 5 LSW, ercepl For
the r.q aig=nie, awheew oy 1 iz 108 ana
‘mg < D in HIGH.

Figure 4-3

4.3 TIMING SICNAT. T

Three kiads «of L g eveles e carvicd o Dy the
MG locze: w by renl evale, o hos swerioe cyele, and
a relresh cyele. Lach wrrle e the g hasic tim-
ing sienals Lo oseliecl the addressal neemery Incation.
Thew timimg sigria’s are geecialed by che logic
shoren in Piwoe -4 OF peimacy importance are
Lhe AISTERE I, COlATY H, and BEFY eignsls.
whigh e instrementdl in gating the zddress inlor-
misbiven o the nn-chipr cow ard column sddress
Lpebes, avd The BAS, 4% L. and O L =-ig1'.'.l|.'.-.
whih o the address anformacan inls these ad-
:_|'r|;':¢-:1 Lanchies.

The liming chein is started when the SET CLK T
sizayl iz generatzd by swher MSYM L1 in the co-e
of 4 bus ovele, or Lthe Eelresk o, oo he gase ol a
reltesh cvele A bus oyele s preszrihed when che
bus masler plages un (he Tloihes an address thar
har bean ggaened Lo the M5, The adideess ol
mation i dezoded by she Address Desoding, Toeie,
which agzerts ALMDKLSS MEFESFNT 11 When the
bus master wsserls BUIS BASYM, (he Tineng Signal
Iug'il.: Eenarily SRT CLE H 10 hegie the tineing sa-
yigneg. Fvery 3% ws) the Refresh legic (Eimure 3-6)

1 —

|

] i
1

Aalilress Tleeoding, [0 Addrees Space Lopic

dzaerts the KLIS WAKN L ospeal aml aiemply e
stibtake worelreel orcle, 1o by wvele b progress
at Lthe sime. the Hefresl Dogoe st unul che BUSY
L osienal is aegated. mdicuting shat the bus oyole
has just besn cumnpleted. Chen. ke Keltesh loric as-
surls the SWT CLK 11 sizial.

Bevuiusy bus rveles sme varriad ool mgrg uller Lian
rieles b vweles, the g s always pegambinsed for
d bos ouvsty, Yeoon oo oreins b crdle s inlialad, ogr-
IS ||,1g:|,' glernunns i1 be choeged From Thar g
comlinioned state, A2ne al these zlerments s Mip-Mop
L1 i Eugare 4-3 This Mip-Nup rerman: in the
sl stale wntel ke 3ET CLE D sigral o geoeiied
by e Belresh logic; al 1hal time, sinee REF
WAR™MS 1 s lovw, the Mip-op is set, &sserting che
EFCYii) H sigaal, The RFCY( H signal, along
wiliv the COLATI H slznal, concrels ke omuwin-
alezers in e Address Path lewic [Figure =-3) z¢-
wearing  azither the address specilicd by the bua
mazter nr the address specilied by the Hefresh
ingic. Thus, the modiplexers also chanee fren theis
preconditioned stare. To cnsoze that bath Nip-Non
F1AY and the muelcpleiers have nesead chrough he
L-uasient period :nlo sheir relresh cvele condilions,
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“hex b':l_.’.il'll‘.li.l'lg aal ke L=arneg, SERITIE dc::'l}'ff-:i! i
the pong dwerann metween the respeslive wsserlione
of SR CLE H wnd ADSTE IT s Tnmger Tor o re-
fivsh cvale than lor o bus svsle, This e delay is
introduced berween she leading eilges nlthe 1en sig-
ruls e e intepreding sepaciter, G200 A 1he s1art
of v bus gvele Othe RFF YWARM 1. signal is ne-
waledd the SRT CLK 1L signal cinahles NANLY gale
FI125.8 ane® CLZL can hischarge rapidly to prouml
thromgh a very smoll resistanoe (RA7 35 an Li-ohm
reaistor). Howsver, a1 the start of o relresh cvcle,
REF WAR™ Lisasscred; consequertly, FL25-B re-
muirs disablad asd C120 must dischorge through
the achled reslsiaace of R2E (560 obrmsl, increasing
the delay time befnre ADATE H is wsserlel,

The timing sigeels are dusirated o Figures 325 and
4-7. Figuze 4-% iz oriealed woa bes ovcle and 15 the
baszs (o7 the remamne discussen i ches seclivn,
Pigery 4-7 05 onented oo celeesh evele wad 15 the
bagiz For thy discussion iz Secoon 4.4 The tning
Urizranmis bave the s sone saales s thal the s
Imgarn Hi_l.'_rl.‘llﬁ [ Ill.: l.:II.'|||1.IrL':I.\. .IIIII L'.‘I!_'I'I Ij'ilg-'l.'illlll re-
Lales e wparapriele address sigeal: and the
multileser aeeauts oo the dining sigaals.

When &ESTR H iz assewed, il gowes the aldiess ire-
Fermacen from the mobiplexer autpurs onto the
A=A ines. 1o alse clocks ach RIS, e aur-
pat el L s lotched low, indicating which SK
bk ol addresses containsg the decoded address,
When the BAS 11 srnal A |'.||_r,h Aller ALMSTH
H. omly the Tk el whips chet coressoeils g the
sefecteil 4K Elack ol aaddiesses will recerve the BAS
s, Thia selouciieity redoces the overall syslem
rereivs g LAY
cwiche ety wmnsd thus wse less

v i, snwe hips e
sl o el
[FRecr.

The BAL signal strobes the iafermation on 1he
AR-A0S lines into she on-ckip row sddress Taneles
ol she selected bank of cheps Afler the chip oew ad-
dress haodd time reguirerient bas been mec, che iafor-
mialios on che AUH-AUS lines cun be changed to
refect the coiwmn address Uhus, the COL40 H
sipreal s csgmienl gl a solciens delay Bas Deen ia-
vrenducid v the dleeraning goepasior C12% ang i
assgvine] cireetl cempanenls, One of thesz cam-
ponenis s oaull of o TSI0TA Dual-Lice Reociver.
which 1: bernz osed an o level epmparzios. Wnen
g wvulaae ol che noa-inverling icput is groeder

Thar thar at the inverting inpuoz, the output is lova:
this is the cendition fhat exiss belure the AR
H sigral w5 asserted. Shoole ofter ALDSTHE 1 pu=s
hogh. che voitage ab the inveriing inpat ol FLET.A
beging Lo rise, Aboul 1) us kg, whon i Bes nsed
e ovalue greater Lian the —eleience valige Al he
non-averhop inpel the COTATY 1T sigeml i
wrseTlind,

Woaen COEAIY I pues fiphe by aaddross snuii-
pleser: i thie Address P logic seleet the cniomn
adulress amformaagion; Lhis rifgrmatigen 35 pliced on
the ATHE=-ANS Cdngs ol Loer sheobed inlo The on-
chip celame adilress Linclus by The A% signal
CAN s senl Lo all ships e the arraye Chape Lt e
ceive g CAS bul no KAS will have their wuputs po
IRt 4 hgh-impedonoe slaly,

The sy swual an the linenge chain e L5 HE T
thy TR BTRE I sipnaAl Th sigman oo anly nesans
Phe teare, en by clearng e crossongpbal Tp-
Mlop (I F LIS bt alse cnes AN wale Fii
Lev ateirigritle: o |1.||-q: sal Tt el T clear I1i|1-
‘.-|-:'-[| k I'!':'I. H IT L'-:-rl-:_iil'l:ll'rl_l.'_ TR '\,'|||15-:|.':4.|-::.'|I ha-
cieche Tthe Cip Moo gleaesd ol the end ol cael ool
Celry Dimng cpeleh,

Tre end ol the timing avele g signalled whea
BUSY L oix neopated. 1nlike the nther capaeiter-
Sontrolled deley circuits in the rimine diagram. the
rcuit includipg C129 is corcerned wich che crecling
adpe of the sipnal. Thu=, the rading cdee of BURY
L gows Ligh quoite some lime alter BAS H = one-
reled Caprprasimately D3 on:) This saosies a chip
specilicetien ki regurss KAYS w o be aieh for g
rvrir of 1 as al the ensd ol g ciening svele.

dd REFRESH T.0GIC

The Relizsn e s shnwn in Fipe-e 2 B Fieore &
Torclales e sieeihcaet sigrals [Fioores 4.0 aml 3.3
Tizee Ahe same Sme scales =o0 thal cormrmen si2risis
can = ocompaiadl A oceleesh Cnvine oecl: s -
Hidled every 23 as when EI1G3 peneraies the BEF
CLE L signzl. This sigral clears fip-flop E L33,
th=oeby csserling KL WARM L. I the meemary s
ol hesw, che 3R CLK B sigral will be asserted.
s heg Thp-Cop BEME and slarizng e siming chain
ke 3081 CLE I sienal moghl alresdy B higk a5 4
rosall of she Address Decoding lovic having recow-
niged an M5 address; i &0, even thooeh BOISY [
may sl by hprh, the relresi oircone 2vcle vl b de-
feved  vnul Ly noermedl omemony ovele has o meen
v leteds,
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The EFCYON B sigoias. peneraled when Tip-flop
ELIU 05 zel. cuuses Lhe refresh addresz bis
EAUCCRALS L be piaced un che wuipul lines of 1he
multiplesers snothe Address Path legic YWhen the
urming chaim osseris ATISTR L alter o delay U
it long epough to ensuce that beth the RPCY Mip-
Fep (LI and the mulupleser outpel bngs bave
sellTed, the relresh mhlress s gated ouia The
A=A Lies Tlhe pddeess i 1hen Loehed oo the
r-sfp rawe dcilness el By the B A% signal, all a4
el Jomgped oo the addreegsed voree are retieeshed,
Winers the verag vlesin awsserns GO AD H, the mul
hpleser sl puls ol geadid, The A00-A05 lines
gor hiph and aee lefl in this stare in preparation For
e mesd mimeey timing 2ecle,

The COH AT Hosiegnal &0 rewes the REF LK L
sigial oower B cnabling WAND pabe EL2L. Lhersbe
wsmertng REF RST L. This sicnal zets NMip-Nop
E135 and cawvses che nming capustor, O 147 145, 1o
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discharge. When Lhe wellape af She nan-inverting in-
puc al LI drops pelow (e jeferease vnliape at
che imverting mpot, REF CTLK 1L is negated. When
COLATY I B gaes Low, CI/145 searte chara-
g an 25 s 1 w il by ehiargenl toosocho potens-
cod than L% agan asserts the KETVOTE T sgenal
ared aracher relresl i avele s el Al
woren COLATY ] e e, the Bzl voun,er con-
priseng hicary cuanier 8L ool Mip-Mups 1375
lorked  The vest o conseoutive 2clresh o dihioa. 1y
el e vae AR AN BFaes aod vhe &1 ce2ls n
calod wr Thaer o addsess will be sefiesaed during
the next relresh oecie.

Oira ol the fuse events to oceur duray the relTeh
vl i the cledring ol ihp-lep L3, wich Lhe re-
sidung negation ol RECY 0Ty H. Einalle, Lhe BLISY
L sipnal is necaced o identile the end of The relTe: |
evicle sl the aviclabille o he Loy Zur oo by
vl
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When an addiess i3 placed ar the 10nhas the Ad-
clpae T]h:l_'l:lili:'l_l_ |q;-|_l|i:_' leternimes il e sald=ees 12 lo-
the 4K hleoss ol adoresses
iz T the WIS The spealie sdiliews withen
the 4K alock is repreazaed be che AUS AL T -
BLYS Al2 L osignals. illiscrecsed in Fiedare -3, the
Aodress Fath Lo,

q._:::l_-g:|_| '.I.'I_I:ill ire gn'

Phe sddres: infurnative 5 appisd 10 thres 7473

Lockes TL76 Leb, wnd L5210 The T-outpos of 4
Litza Pellows Lhe respeciive inpus when the lateh

Sodvh IR 1 odiah owaea the cleck i gocs e,
the slale ol ke D-inpus a the time af the zlecl
IFR= 110 s SLoTes 1 Lae [-euspeal

I he zddrezs inlorrmalinn L& gppiizd o cke laick N-
inmuls before e ciming ovale 2omitiatad by the
BET CLh H signall i, bBoiore ADSTHE H 5 oas-
serted. Heace, the cddcesd s pleced ar the
LACT=L A2 dines helore Lthe timing signels are pen-
eriled, A i tme hech COE AT H oand RFCY
IT coe lowe: Laus, the steaals ol che A-inosuis ol the
TR mulnplesers (LAGY-LA12% are pated e ke
l-evspals, Waen ke ADSTE B signal gnes hogh,
starily citer SET CLE M w5 gsserted, 1he addres is
siocedd o the [-euspals of the kkoches, end the mo'-
hpieegr oulpuis are gared o the ADQ=ADS Tines,
FlFese & Il repressal the row address acd aic
Vwchead i the an-chep rove address latch by che
Fa% sinnal

o
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Ul o Towie nest asscrs the COLATY B sigral,
Muw. 1l semals a0 the Beinpuls of the mulkiplzser-
FLANI=TADN e el through che muloiplescers
ad placel oo the A0 AGE Epes. These n kis cep-
sl the colieem acilecss and are latched isoe he
cn=chip conumn wihiress Lech by the LA sigeal.
e thal the monmeey b Fos been seleased.
i wnn o read from o weiller e memory.

Tae dyramie el vsee Lo slore :nlcrmatan i
the chop siagle-trans st cells makes peniodic me-
Ireshicg of che aloexl do ecessey Lvery 235 a5 0
relresh cpdie i5 Catowal e o0 one of Lhe Od roe ad-
dregeez. Daring this aelress aming crele. the
BEOYCDT L signet is assond by the Relresh lowic.
Wlvke CUOMLATY A b Leew, st the heeincongg of e
cwcle, the zizrals ot the C-repozs ol e oealliplese-s
LRAKI-RADS) are cared io othe Focopala ooy
Phare they are geed o the AWI-A00% lites wher
ADETE H gews high, This rew sddicss s Lilgoasd
i e aeeelep ros ddress jabeh by othe BAS oo
nal, all 83 el bwsne! wnovhe saccilied row are e
lFeshed {coumn blrees do aot Jaler during - he
ru reshoceclel,

a-11

4 MATA PATH TAo0GIC

The Z-'ugi.: sk ar Ffﬁuu_' J-0 wrriersles .'\-ir'lli'- ] |.||._|.
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us cwcle, wane the deta Froas the Mip-lop cutpur
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Tl wfoemeiaon s tlies chsier s dusipeel (o sap-
plerient The Techecisn ™ Snoswledye of the MS11 by
sdeeesling poassihle courscs o dchon Boo bontle-
shceaing the ey, Those scepestion: aee hasad
i the assurcptiog thar the syatan S:ul hag heen
traced to she memiory module by anms mcans, 0 .
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proeeduras

= tronshleslne e e

[1 e anpenosice progran can he laaded and ex:-
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cvcs, 1l mig i by pesshle 1o lead <he
dicanstion v, the Chinenasiwe nagbl el execiie cor-
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52 DIAGNOSTIC FOANTNG PRODLEMS
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52, Bl & R%%Y™ [ ™ol Asserded
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BLOS 35V Losumal, A crap g the gesgesam an-
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I wrder PorAne WS 1o gene-ale BLS 535% N 7.
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Pacizmcups ol feaic, devies soome mgtiioe al check-
g Lhe cundilion of the BLS MSY S bug reociver,
the S5F M [lip-Top eeic el SASLE gale 122
CFigeme 4.3, whick 25 enatlad w0 the glar ol 2 bas
vl



Iz BUS 557N L Asserted

e merrery issue: BLS 5% Mowhen wddoessed
bz Al diagiesie ciower e Lwaded, five arcis coe
s I
ciete, wrie e vy o beber mocmwery oo,

5.
]-'
el creeenn, dae caeciils, addiress cine

5220 Refresdi Ciecuns  Chock The Tefresh o
i Fizure 4-00 Lnsure gl Lhe reltesh cvcles are oc-
curriir every 24 g S3copes the oncouts of 1he Te-
Fresa counler TLESS amc LTF, Dgrare 2-600 che
cavater cwpuls saocid ok Lhe the wivelorms -
Fastzazed wn igere 5-1

2.1}

Thaba Circuids  The sinple pesrs dascribed
s seeiion will check the MY dws ndoac
ashs Boae memase ncaticon SEHRIN0.. Depaasit and
aparnive @l ls then depsosic and asamine 42 D5 18
uncxpected rasules occur. Iallow an oan tha
ST ALGITIA.

Apaiing wse memcry Jeseion D0, Lfacck for
shivess e deacasiticg and exdrinine =ocaessively.
the Tolivewing dala werdas QOG001. 0002, QOG0
AN N, COCEZ0, mnobn, Onooc, 000208, (000,
NOO0CE, SO, mepoo, OTHIGE, C20000, G,
[N,

o =5

5LL3 Address Cireuits - The simale lest Jde-
scrivsec in tais secting will check the M50 addrcss
Circuis:

RYTEEN Trepesit dan woed OFEEERD i s fu: Tl
lowina lcatiogs: OOOCEEL GO0 UOUKHA,
CINCKD 30, CNCN, OO0, NG NS, O 2000,
JNCANG. GONoan, O, NeE0ie), QgL
(IR,

S Mpns T7E777 40 Tnrcan SCENNN
Svpre 3 Foa e cgesetionn THILCND [he ¢oig

sheuld b 000NN, s deposical S-Il;'p Ir
the daty is 79907, e curien: adldpeys byl i
stuzk oovwe n higl o sleelee] wo a0 preseseus ad -
dreaz [t

Slepd [hemgead T e lecabian HOUULZ,
.T.':-.'l ¥ Eealinne locilinn I-I'Imflrl; I|:-¢ |_|._||:|
sncld he (OOENKL al :'|L'|‘:q.'l~.ill.'-:| in 5'.-\_'[:- ()
the dara s TTEEET bl caveenn addqess hit s
stuck law nr Wigh. o sharmed oeoa previns ad-
dress bic.

Rnnlll|§|||||]|]||||||!|1|!||||l|||

o I S B B

a3 |

RAd

F&%

Figuse %-1

L]

RBelrezh Cownter Timing



Niee Coarry s e sdguenge Bepnn o
Slep 2 That i depesis 3773700 wre ol i
memery localizes istad in El:]'.l CoamE s
resi g e cxmirime the e locahan o ke
sunc that che dag o Lhal atil
Qg

MCIRNIENE

AXEd Write Lowic Mov sheck he owrile leaic,
fgegle in che raatny Fae:l seloew, scginiag ac lca-
o 0TI Seane U coreanl dlostenes i1 Feure
A0 Belaeen e CULo ] L an:l AN hus receiv-
ersoared ke W LoW N0 ] s,

nLz27ed
LR
005041
113110
Q1AL
EITOE

ML 5,

1Al

Ao H L
RS LB FRET IR
1HE A

145

———

5, L oizgalaer ¥y "'ipul;i' Lok IR
liis aar
I TEOTI TN T T PO PR T T S
s wimlisins ol oo b= sl pess, 10
it el |,'|Il\.:i F FYY 3 PR P

et bl Dow palome e e g, at
T L
iles i) ofTesr,
il shsrrs woithoemr & weml:

-

Thi sl was daooe e Bosticn 5,225

i le st carrial cann Locpe coeineeusis ured a il
b osede o Bt ol the 2ad oF g
Aomiss Tdhes
Wlwen e west halis ecacse of o
Tetlure, B2 hweods e Gailice addezas and B3 Dalcs
Lhe d dota, [F Lk pesl halls wesh che BO=30, H4
hos e moad dalcs o L hass el ke PO—52 1S
THEN K EUR TR RTH

N TR R | AT
peans bee claaeis Lealing 71 700 (L
alvwsal e s,

"

=P |

Lovativn L wnlemls

[t 27t
HIFSIAL
1270
(2R
Y

MY N Law) BTG
WO 1 s li4 1) R

[ I E P

I R CITR R

7d K CAIM TS

a0 SURHHE e MOV TR, WD
an T TE 15 MY R, G2
il TEIEH I LN R
i4 LT A7 BT H

T 1 RIFEH VIO BN 120

L R R 12
el Y, T
RE-0 T
Hal T

SO [ ie

H N IR
13 A0k
a0
KEREL N

Pl ol I 1

=2 arpin PV R3O
p ARH LN S RARA

AN
nnmnnnn

HEC} F
HALT

" mET2z F: TST R+
1 nznznd (WP RI R
iy 1 a0 s

T IR HE
Mms|ns
N[ H et

F < Tl
o] A
ERInY

2n I":' i.'l'll"l :
In

* Fl LE%) R | II'!I_i'H.l.'I'H. ol ra |'\-\.|I||'_
s ol Thane “1 reed nl he
Levpleddy ther fvaed "0 mes o s prigrae fesmniese oo e

o L Tleraen e s

-
st

I4n
14t
R U
14 (118
| LN
gl POV TP LR T YIRS TR TS ST, FLY PORSRPEIN TR T8 T (TS
LA TR AT S |||.\,'\-' I [ JECE T TP YR TR | |::'!|_ w2l

Iawpnt fosarnress casmer e GIENTN)

Highesd e oarivress phao ™ 2000 o J K



3.5 DHAGNOETIC EXECTTION PRODLEMS
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APFENDIX A
MS11 SWITCH SETTINGS

Teble A1 Tirst hsts the 31 addresses Chat cun be as-
sienend as Uie skazings address on the MSLL maodule.
Listed pext i the number of Uimbes sddresses he-
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Talde A-1

Switch Setlings Tor MS11 Slarting Addreases
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Tahde &4-2
Swilch Settings for 1/0 Page Operation
Memary Size Delermdrl b

Swiredi
Memory Option ¥ H I
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This appendis senlaing descriptions ol several in-
teraled wircails wsed s The WS T Togie, Craly 1those
T ol ae wnesdal varwee are deseabed; “he noee
coannon Pppes. i, AN mares, inverters, (ip-
Nnps. cto.... shaould e Familiar oo she reader,

T4TS  4-BIT BESTAHLE LATCH
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seat at the Caca inpul (0 ol a lacch is tranaferred
tex ihe | aulpuar when the clock input (07 Eees higzh.
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e L npul. When g Cmpul pees low, che | oul-

APPENDIX B
IC DESCRIPTIONS
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are shwewen i Figeoe B-1.
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Thc ME3 95 1 4-hit linare fall-addar esed o puarai-
lei-add fseral-carry applicacions. Noaadds Tao & b
bireoy namizers (A and Bl and prevides a sum 05)
culpat for euzh hiz. The resulan: carny (CARRY
LAY s taken fren ke last hit of cach adder. The
oo dimrram and a pia Ioeate are shows o Fis
ure B-2.

.:. .

L ]

+

oy o7

—(]
e

FURCTIGHA,., ELGLE
Dl aEAGM EACH B

pE

IHUT TLILE

- --d-.
el
- .
-
e ]

LGl 0 asiaw Lol il

[L&Cl- A7) L
. Tinel 1O erm e maplr It LRautFuT [ ] 15
N z[] &1, 21wt B.T E,1-5073uT "
HIEF HIZH .
.o I 5[ e zz-1ve BIT22-207FUT [] %
“+ ac- -
Tn &IT TIME RFFASE 1 T [] &7 3.4,c-iPUT AiTE4,2C-IMPGT []15
IHAHSITICH
Toutlp BI™ TIME &1 'L w ©O|5FU '4‘1: Wic 1) :]19
I FANSITICY
t [] &7 =.0-mpaT AT 2,2-00TRIT [
T[] mraz awveur 217 5 -CUTRIT [] 12
e[ wiram cumiem BITA -cuTaur 5
F.M _LCSIDS e

1igure B-1

475 4-Bit Bistable [alch



a8 =¥
oL

CahRY Y —

- CARET T

. LORIC B Aa34M

H
o [ |_| I_ I_'l _l I_I I_
. SA mi SEROY CARRY MWD 1
-I. N . -. l. rA_ I"
e 1 '\-||_-' T e i ] s
i« 1 | [ R RN 1
. 14 1 1 [ 3 I 1 E 4 c 1 1
E] 1 1 | t ! et [alck ] [
B R 1 1 T ad ak 2] i
R HH P sl ] )b i §
-l el -] - v late | Al
E 1 1 LE T 1 1 L :i 1
L © . : P
by e Ll ey
- . VTOR VIER GF L)
1 a 14 1 T 1 E L a 1
2 T T T I T T T P A T
1 L I 1 LI | 1
= 1 1 -, E 1 1 14 1
RN 1 | T 1
" = 1 1 k] I_ 1 I_'
- 1 1 " | . 1 = 1 I

WOAT vop e e d, B aeary e man e -
BEA] L 1AL el e e e, Ty
LA Re g Ry iy b IR ey
DAL Ly e et L

Figure B-2 7433 Bineoy |all Adder



T45153  Data Svbector /Mulfiplexer

The 745133 5 a <ami. 2-bd dzla

selec-

lersmullipleser that provides a single owcput lor
each ivpu] secton Phe bops diagrme, o imith eile

iII'I|.1 il |'|5r| -I'Il\_'illl\.'\ll il TE '\-IIIL'\I'A':I T Fiﬁ,lrl;.' H-:I

STIANBE 13
ek gt :D |
LI :
Ay 141 T
o —_ ——
e
LaTe - - b -
— -nll'
120 a4t :
L T B
1235131 ]
L= i e r —
— .
-
- el
[ HI.-'IDO C:[>
a - 1
YRR RS
l . COLTELTS
e Dﬁ' -GD}
o .-
e "1
.
P -
-
____ i
B 1 | 1
LTt - 7 [ & 1 5!
-ownEoaz; - el
FEEEN _ . I .
I .._D
. eCIMZ
e
510Dk EDR
S1HIRE 25 G018 .
CHRAH LY i _CD— Yoo SPIRAE
M2 FIN B
LAl dlagdrmal
R DaETA RPIT
TECEE 4 ALTFIT
Wos aE sL R ——— n ar
| — IE - -4 i ta | 10 1
EEMTRAL 9ELT | TA08E | JUTEAT o B B i N o O o B
: o= | - Vg  F R L L
[l Ldw a
Hiaw | _iow I Lo H )
Lo H!3IH L L
HEH Foom | raw .F [id E 3y 17 e o7 GHk
BN faar | o epga Low I Iy | C LT LT
1 2 a 1 ] B ¥ H
TAJTA TLILE fEA&H HALF: STREEE B — AU &0
15 ES e UATE I=dT T

lipure B-3

TAR1IZY Thana Selecrory Mulipleser

R-

-
- |




THIF PHESETTABLE BINAKY COLMTER

The ¥007 by o proseteasls bovary cosnler 1hat ean
her beoosed s ow latch, The | cunpssis of fnae Q-
L:'J|1|I:l|. I'I'.|-:|!:i'.t'rl-'.'~|:l'.-': ﬂi|'| Mooy connecied 1. -
wide d dneale-b-twe countzr ol 4 daede- be-cighl
counter The waie digaram, o truth tabie, and o pn
locaronr afe shown i3 igure A-4

DETa & —-

LAY R S 1, g
L B H

e

. Lok | -

HL YT P 'j—: ]

C.OCK £ —17

e =

0a~a T [
- I'.‘.\l —_— —_—

DATEA T _— )
— p— e ——

LT — ar

Figure B4 73197 Logte Digoram (Shee, | ol 2

-4



THUTH I'RE_E

coLy- el 1L

N ETH NI T By l.-,_,! S | dg | Oa
L o oojogo
I coooolo
z ool w
H o o1 1
1 ] I ] «l
- L
3 L
3 liz|lo o
o 1 il [a | '
" 1 oo +
. N A
12 ' I 4} Cl
17 1| e
1+ o LI
i i . . |

1 1

SaEraetTed e SLLeR 2ozl

FIN _QCoTCR
e 14 12 1l 0 El e
| I s v Y o 9
Wee SLAH L G A Jdp TEMIR
o E '
! z b = L] H T

e

Figore B4 74007 Truth Tably
and Fin Lovonas (5hea ? oal 2

Pry COMMECTIONS

The 257 cam =g LSS IR G ST i tkhree moaley:
The epvigde b Il-'.-||_.'||i'.-i-::|.'-||':'-:: ghl aroede Crecdizing
ropslernal intereosneetien ol 10 pinsd, e laoch
Fosde, ol cile looaey couacee ods Ol e
|lir|.1|':.- creantes mnde idoused oo e M5 P §
voil e ektecnalle commedted wnopen BT he 2leck in-
prd s apalied ar pon & The onitial 2o0at can w2 pre-
taoany wvelue by pldciae a low onopia 1oaed
areriee the data o ps A0 10, A and T Wohen
prin 13 5 4 teen lew. all oetpals wre sz low. -
pardleee af the state of the clock inpuots.

25

TRI0TA Dol Line Besviver

The 741074 4w o |'::_|:|_|'| wpeieed, Lwo-chorme’ fing e
:!.:i'-';;.' '|'|-"|.!| LT l-'!.:l“ilr:ﬁ ‘jl]]_"r_!l'.' ,,|r|-_i E'|II:II.II'IJ |.l¢r-
ricls, 1oy -;_:rh:g'lq:d 1o et il';\-u: .-\.ij__r|r|.;||5 al =&
W arplingle, omoEreater, amld cuneer the pulanne
el che sipnglicio cppropree N L-comipalible cul-
pu by wvels, A cutlice drawing of Jhe 2hip. giv-
i pen scnneghars, o logie daersm, wod g wrath
Lahhe e amy shewwr an | iguce B-3,

[ RECT D AT et A |

INF.I 121 v IMFX A —=
INPY™ 3] F ()] i INCUL U }CU'PUI r
w2 2for zmHEC) wa crromF 16— . |
auTET IV 4 I SwPUT EU STHIES 5 - - —
Srplpe 16 s N NG THFUT M — -
STS0RT A 6 al o ouE, T g LvE_T EE o b —wurE_T 2y
0 & STROAT Z06 )
cho i P S AOBE 26—
TAUTH TaBL-
Lol LSaN 1a, o Eea .
ThTL = T'EE' 2LTAUT
a-E S i U
TR Tr I - H [EH I 1
L= - -
L T LwH T
| ' 11 l-l _HLBEITESY HATF
HOTE: 1 ar H 1 TR
Wep (CPIRSETY “he apilcge a7 -ra Wiz —2mmi o "o T
muns"rearl =g inped walh rascapd o - %'_?-_' -
I inninling = ol ——s e ! L
=136

Fugares s

Rl A TRl Liny Recsiver

-=



sz \-u]tagc- H%m]!tnr COMBCE, {3 — £ DaTPRLUIT (23
Lhe THELZ s o J-Lermnal, posilive wallare reanlator,
Imothe MASLIC Lhe THIZ uses the 403 Ydo supply as
iti input wnd provides a regulatad + 12 Yde putpo,
whien woueed us the chin V. source.

n THOUT 14
An outline drawing. locating inpul and nulpul pins,
15 showr i Fapure B-G. Tahle B-3 Tas some g

cunt electrical charactaristios nf 1he TE, Fipare 3-8 7512 Ovciine Dirawing (Ton View
Tabke B-1
7512 Electeical Characterimica
i = —_
FParzgwter | Conulitisms Min, : Twp, Mua Lhifs
¢ Dhutpril Wolage =150 115 § 120 boLos W
5 14.5% = 'u' = 3 ‘;:'- ] _1I:I- B 1 El':lum:n";u._u
. - . o [ i T ThF . 1 R D
Linz Begaition | =35 L oo Vi 2V P ROTT &0 | m¥
. . a EFmAE L, = L5A H il i20 ik
4 F1h T = I el L
Laas Reguisclon | 1= 250 —eermg =, o = TS0 WA T [ & [

B



ANE

ST OUT 0% Do

1
L

M51I-E — ] MO5 MEMORY
WATNTEMANCE MAMNLIAL
EK-MS1 1M1

Your comments and suggestions will help us in our continuous effort te improve the quality and usefulness of

vur puldications,

Whaul is your genereal seaction 1o s moneal?  Looyour judgment is it gomplere, accurate, well organiaed , well

writien, cic.t 12 it casy fo wue?

Reader’s Comments

What Feacuns are mdst uselulY

T ——

What aults do yon Find wich the maowal ¥

Croes Lhus manual setisty the need you think @owas intendod to salsly

Lloes it madisdy joone needs?

L

[ T

Would yau please indicate any Fvbual erroms pon huve Lound.

-

Pleasye deseribae your poesition.

M

Crgancalion

Gl

Departmuent

Cily State

Zip ar Counlry




-V — — — — +. .= — FobdHete ——  —— —— — — — — — — —

FIRST CLASS
PERMIT MO._ 33
MAYMARD, MASS.

iHISIYESS REPLY MAIL
N ISTAGE STAME NECESSARY IF MAILEL N THE LINTTEI} STATES

P'oralings will T prgindl b

EXpiti] Eqpuipnuent Corporation
Technivul Docwsmentitomg e pard ment
I3 Miim SEreel

Muavnnid, Massscherts 0175






dlifgliltlall

diglal equiprment corporakion

Frintze In LG A,



