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MENORY RE- MAPPING I N A M CROCOVPUTER SYSTEM The present invention relates .
{o .nenory addressing arrangenents in mcroconputer systens, and in :
particular to memory re-mapping circuits. NMany arrangenments have been
suggésted to ninimize the effect of faulty nenory el enents W|th|n a '
corput er - sygh&ilgsodd) Sone systens, spare fremory nodul es are sv?_

repl gce nodules containing faulty elements, in others this rep acerre
perf‘bured at byte, word or row or colum IeveI and in others error
correction-techni-ques ar@M@ﬁpIR@ymme@ mXﬁlmlcﬁoéﬁMpbm fsyg-ﬁgm of .these
systens is shown in U.. Paten - japman) . In

t hat system a nmenory m)dul e is marked as a substitute m)dul e whi ch, _
detection of. a fault in any other nodule, responds to addresses ord| narlly
directed to the.faulty nodule. An exanpl e of a system which operates at a
| ess than full nodule level is shown in U S. Patent No. 4,527,251 (Nibby,
Gol di n and Andr &hg)present F-mntsylst!&h?te; s altemeryrmddrgsssn@raesammpts How ng
the faulty r a Japsiase] SnelBHR, FEL

_response toﬁ{n‘gﬁlﬁ?ggﬁtggt%r%g% I %ﬁ&o;izlr at oﬁul?lhgb map | sl}g %&5’3‘2&59‘{‘%&%& d
faulty areas in the random access nenory. Error correction systens for
correcting dat aua:aadriaxfyasméﬂé hyvembaeﬁ )éub@&e’ﬁedoﬂ's mBAfniSO0MMe bffddt SF Pat ent
Nos. 3, 436, Z Ait Poner en q’ﬁ ) ‘and 4 63 Rot henber er)

of these pl‘l%uf a2 S Ty e cr'hﬁg‘é‘ §n°§w‘éﬁfg§%% P, SY Y ﬁ'fs&’&Ff |s
detected i nmtmqrsrmd}alb*wb sldftchedt] ibyta Ireplamemdulas wnadthmesmlthat bl ock -

i s-di sabl ed e y rrgg%?'

previ ously de i ﬁ%%' %ﬁ e;:gzéﬁ' rgéensgggsfélj%%gfdl at &s& I’%’e‘eve exfowest
‘val\u€ addr e®% é‘§1“"“‘|'i3r8§e1 4 RRd tigy a?h% NYFEPE @?@%ﬁ@@dtﬁmﬁ-ﬁ@sﬁéﬁ% eppleyedyie
di sabl ed menory bl ock BC9- 86- 008 .2 This
arrangenent i.s hi dvant ageous i i nwhich the Io t order
Tomory bl ock 5 A ARG B S At 8 R Sl 1P o, e

, No. 4, 150 528 (Inrig and Chapman). In that system a memory module is

marked as a substitute module which, on detection of a fault in any
":;other module, responds to addresses ordinarily directed to the faulty
module. An example of a system which operates at a less than full _
'modale level is shown in U. S. Patent No. 4,527, 251 (Nibby, Goldin and
Andrews). 1In. that system, a static memory stores a map showing the
faulty areas of a random access memory, this map being generated in.
response to memory testing. In operation, the map 1s employed to avoid
- faulty. areas in the random access memory. Error correction systems for
':'correcting data read from faulty memory 1ocations are shown in U. S.._
. Patent Nos. 3,436, 734 (Pomerene and Melv;lle) and 4,251,863
'(Rothenberger). '

' ﬂone of these prior art systems'includes an arrangement in which,
if a fault is detected in a memory block defined by the lowest value -
addresses, that block is disabled and these addresses are employed to
access the memory "block previously defined by the set of addresses
immediately above the lowest value addresses. Thus, the total memory is
Zreduced by the memory in the disabled memory block. - '



the planar circuit board of the m croconputer in order to mnimze basic
cost.. These | ow order nenory | ocations are used to store control program.
data and wi thout themthe systemcan not work. On the other-~hand this v
sol dered nenory is not normally replaceable., the usual service being to
repl ace the conplete planar circuit -board on detection of a fault thergun,
_Accordl ngBF-8$70P% mappi ng t he | ow order 2| ocations to pluggable menory, the
systeém can sti II operate W|thout pl anar board repl acenent. In accordance

“With the present invention ovi ded a, mi'cr oconput.e '
AT PP RN SRR SRR A e - RN AN

attached uowesandruha:rnmeodrgdblqa:kcis Golldgredooy osheﬂvipeaﬁaednpaltdachednmct or .

nmeans on I A e to :
e e R o T L M T ST
means andceet-saﬂ-‘ueasomearéermm floFatidus earsi wepditeratpre r@pamled in the.

system S%rgg%dd@iﬁﬁaﬁdldnﬁﬁéﬂtr Qhen{r%ﬁ@%y's@&i edh bt QEHC NG e Sthes €l ecting
- bl ocks of _the instal -addre55|ng usi ng. | owest ordered

" addr esses bpRt ?afosqlpfﬁﬁdnemr y“ﬁé’&ﬁs“%ﬂa - gRelacspbiea.c bhe, dgPRL SEEVESS: said

further hrreemg/ taemdacamﬁn&mpseéebé&e&td vt l{tcﬁ&&torﬁ aeebémaﬁtﬁfrrgrmr y
means, charagcterise t ha addr ess ns.,Lnc es nmeans
for Tecor drRg Shefeid o aeafuup e’ R Fesi Rl tof U Sl HReIoRA8T) eans
“during tepliggpbiy mpwmaqssyfsoem tcast $tid) eperdte sgtbouterbanachborracoupl ed to
sai d Meang.ep{fMembcor di ng for -disabling said first nmenory neans. by .
directing a ? nmenory addresses.to said connector. neans-in response to a
'said indication in sai.d means for recording. An enbodi ment of:the inventien

will now be de:hcad:&&dan&eyww taé greasit enveﬁdioﬁefuaaeaqe bfbvtih@d accorrpanqu
dr awi ngs, re eneral bl oc am, ocorrput er:
system Fm&°$°°°m§“ “ﬁowg“ (%‘t %’ngd%fggf W ESRAEC PR lf( ?{fcﬁéﬁtﬂmég gur e 1
: .BC:986 008 memory means permanently attached t,mdand connected to circuitry on, -

said planar board, connector means on the planar board for removably

coupling further memory means to said circuitry, address and control

means coupled to said first memory means and to said connector means for

addressxng memory installed in the system, said address and control

means "including logic means for selecting blocks of the installed memory

for addressing using lowest ordered addresses for said first memory _

-means and higher ordered addresses for said further memory means, and

means for testing at least said first memory means. characterised in
;'that said address and control means includes means for recording an.

indication of a fault detected 1n said first memory means during testing

. by said means for testinq, said logic means being coupled to said means- \f/
}for recording for disabling said first memory means by directing all N

menory addresses to said connector means in response to a ‘said

indication in said means for recording.

".An embodiment of the invention will now be described, by way of example

with reference to the accompanying drawings, in which- .
'Figure 1'is a general block_diagram of atmicrocomputer_system;

Figure.z'shows details of the connections to memories of Figure 1



Fi.gure 3 is a logic diagramof a nmenory remapping controller. Figure 1is a
bl ock di agram showi ng mej or conmponents of a mcro- conputer system The
system conprises a microprocessor 1 coupled by a bus 2 to an address buffer
‘4 ~a _data buffer 3 and a bus controller 5. Address buffer 4 is coupl ed
thr‘gqgh an address bus 6 to a read-only nenory address system7, a main
menory addrg§§.9%ndog:ontrol system 16 and system expansi on connectors 9.
Data;’ uffer 3 is coupled , through a data bus 12, to a nmenory data buffer
10, YHe data out put. of ‘a read only menory 11, and connectors 9. Bus
controller 5 i sag@upled through a control bus 15-to the address and contr ol
system 16 and-the connectors 9.  Menory address and control system 16, and
data buffer 10 are coupled to two random access nenory systens 17 and. 18.
Menory system 1Figerepdrimmeeledig diagyanef &oremhoy Hempppingi ¢antirellssar d
-supporting and coupling all the Figure 1 conponents by, for exanple, .
soldering its leads to the. printed circuit wiring on the board. . Menory
system 18 is a Fépteicdati @ Riarkr iagipr Fhewing IR FeRRARERLS GE KR ifERINS 8
which is i tas&.ﬁutaersy&tement-hy sahtac eonbrilys 0 hilefdpRfedssot NE cpupliedr b iar C Ui t

board Ieadsﬁ}’%% reas rief §1[ t rraé'raq:ﬁng’} fek_s th %’ng cr&}&q&grrpgter

requires a ﬁnry #h ki cos i STSoTder ett
directly tonesbda:ﬁferEktisacmM ehrodghy eqmddedss bus 6o aldeadtomly he

system by p Qaéﬂ_-gg flhgfst%rmrx Mﬂ%&éz&@cﬁr@é@%ﬁ& JdRers1 Systhm 2 and

exanpl e, rrermry ystem rise- 128 :yt es, and the rrermry system 18

nodul es may mswnaﬁ% G°5‘192=K°5§/t9es Rafaphyddex ?dﬁa@‘iﬂ’-e%mkh{ﬂﬂgésa Fi gure
2 shows songagiebas!,0to. tahaeesiqreser BEf RRd16,0thé (ﬁatardxﬁ.ﬁﬁe-oﬂTEMeaﬁ%nlﬁrhe

nDrles Addr ess It|p exer, 20 re ves ee nes t dress bus
espondi BFES At PRECBPELEES %‘h gﬁ rf°ﬂ§’5°)it1§ﬁ} iy °°é‘8 dgﬁ%‘eqq‘vm th the

vaI ue of an centiroéslsxssesetn the gnddtesmahd rrengrgl pmlﬁelamﬁethebpolmeﬁ\@!mr ough '
A7 or. A8 thg quaure Eﬁré%”?ﬁd %n&%lagys%ﬁ :(éhQK\E' AR AELY 1852FPEBEN ea

system 17 in Fi sockets 24 ‘an hown general |y as socket
means in fi ger@oeyandonsaqssmqmmcﬁmte% 1dy§‘\"ém"-%' r MERRITh SNSHeRsltdfory

systens, adgé?ﬁ%bﬂgly %t@&ﬁi@m?%_d %ﬁ@%lﬁﬁaﬁ%ﬁr&i&gb&r& supporting and coupling
' ' all the Figure 1 components by, for_example, soldering its leads to the-

- printed circuit wiring on the board.r Memory system 18 is a replaceable
_memory;whieh.is pluggable into socket.means 8 which is itself-perma-
;nently_attaehed{ by soldering to the planar circuit board leads. The
‘reason for this-arrangemeht is that the microcomputer requires a minimum
emount of memory which, for lowrcost,"is soldered directly to the board.

Extra memory, if required, can be added. to the system by plugging

o further memory modules 1nto socket means 8. As an example, memory

. system 17 may compr;se 128K bytes, and. the memory system 18 modules may
_comprise up to. 512K bytes to make a total of 640K bytes.

3 Figure 2 shows some details of the addressing and control arrange-
_meht for the memories. Address multiplexer 20 recezves sixteen lines of
the address bus correspond1ng to address. bits A0 through A15, and, in
laccordance w1th the value of an address select signal on line 21, passes

' -elther b1ts a0 through A7 or A8 through alS to memorzes 22 and 23 (shown
- . generally as memory system 17 in Figure 1) and sockets 24 and 25 (shown
" generally as socket means in flgure 8) ' As is well known, in dynamlc

random acoess'memory systems, addressing is accomplished by applying a



BC9- 86-008 . . _ 4 first set of address bits together
‘with a negative-going row address strobe (- RAS) signal followed by a second
set of address bits with a negati ve-goi ng- col uim address strobe (- CAS)

signal. - These -CAS and -RAS signal s are generated by control unit 16,

Fi gure 1 Mil tipl exer 20 is swtched between first and second states witl
t he - RAS 93% signals to apply the A7 as row address:and A8-Al5 as®
coI 1 addtéss signal s respectively to the nenory AG A7 addr ess inputs..

“Mermgrd es- 22 and 23 are 64K organi zati on DRAMs, and, therefore, require 8 'x |
2 bit addrassge 's!é’%“&ﬁ aaa;ftgeg hé@ttagéeautmntmtegte{\;@-eains 2. aaafttsapp' led.

to a data bus 12. Beoth nenories 22 23 recei vé a common - si gnal ,
and nenor yStFobe s"§é§’e(§t‘é‘é?1b§°hl°‘”&3t§?é’ §|§ﬁ?8f‘dvﬁ‘ﬁtl of ddensp bits §1§1blaect ed- by
a | - CASH ?‘ lxgsgaftwe-ibﬁxgrraanﬁm sadzgeseéuebwg(-thgseldhélf erfhdse- -G?S smggaﬁs to
sel ect the_ different nenor e, desc e '
Further. HORBE <53 sstarsieccpy pFio,anly deadbint® oo JRRTRISRE A 0Fe orae
26 and 27 swsphat betrepn fixstwand) seéandietatesceithotin dRES anttheads stymalses are

addressedn@ﬁ)’ aﬂﬂ[r%ﬁé M-hF a@ozwraaugttm i@ iy & %ﬁﬁéﬁe @%?g and

- CASH si gna heir data |ines are coup at a I ffer
from menoriespegtivaly te3the mepoxy #ﬂ-it"na@dress %myshamlgﬁe?a% éﬂdo@paﬁ ty,

tggy requi g4k a:&ahriwsenaﬁtdmsseﬂaopstezu@&ean ¥ d RCeIpie aa&letéerent row
address styo '

The deyvel o nto RA nal s .
o] Che SelR i R e P ARUS COOHaRLE R eAch AT Ed 5 B St sssed
by a totalbwsf 120 Bbtls offrsemories 2examd 28, rechive a’ cdihenf+mt sjnall ¢ eandof these
bits provi | o)
et cen! urilackd %2 0 sdhele BYY SBRSD ol Qe REIR pdd el A ABOedlaBbE b d
Menory 23 TCASHesignakd \%ert"an%qul gengrating thase ﬂifeh‘ﬁyh ~Cag rﬁiﬂes}‘;?oﬁee to =

the next tduieet Ninaheirfairést AddoriRE 0Lk e il knoWe HRAI VA1 2601088 debciifea
sel ected.. For_ conveni ence the description of the Figure 3. systemw ||

‘reference ’%B?’fes 22 ‘and 23 as the sol dered ITEITDI‘IES and menories. 26'and__
27 as the socket rrermrl es. : L

Sockets 24 and 25 are arranged to accept pluggable 256K byte DRAMS
26 and 27 respectively. ' As with the memories 22 and’ 23, ‘these memories
Vare addressed by address bits A0 through Al5 and controlled by the ~CaSL
- and -~CASH signals. Their data lines are coupled to data bus 12. They
. differ from'memories_zz and 23 firstly_in that, as they ‘have a greater

. capacity, they require. a furtherraddress innut MAS and they'receive a
different'row:address"strobe, -RAS.S. The development of the -RAS and |
-RAS. S 51gnals ‘will be described in detail later. o

_ In general. the memories are addressed by a total of 20 bits from, - \‘)
for example, ‘CPU 1. The first sixteen of these bits provide the
1ndiv1dual addresses for memory 22 wzth no higher bit values, and cause
the selection of -RAS and -CASL to select this. memory. Memory 23 is
selected'when -CASH is active with AlG'highgf”In response to the next
three higher bits Al?Ithrough'A19, memories*26 and.27farefselectedl:

For convenience the description of the Figure 3 system will
reference memories 22 and 23 as the soldered memories, and memories 26 -

and 27 as the socket memories.



BCO- 86- 008 ' 5 Figure 3 is a logic diagramof a
portion of control unit 16, Figure 1. This circuit incorpor'at es a register
30 which is newto mcro- conmputer architecture. This register is CPU

addr essahl e and is enployed to record the results of mermory and 1/O tests
dur {Ags m croconput er power on self test. (PCST) operations. These POST .
oper at.i ons arggodss-ebgbed, for exanple, in tshe system Bl OS section of the
Techri cal Reference Manual, Personal Conputer, Form No. 6361453, produced
by |hérnational Business Machines Corporation.. The POST operations are,
of course, contr digece [Byis e loyixt abad@hl dfl a( poxyioe of) contkbe whieves, Teidurecal
Ref er ence Manual; 0, t S test for any
16K byt e’ bl ogk h§'%13<\'(r751's)frcu%E 1%%9% §a§§s P&lsﬁéﬁj 3&@’%‘ [ JESO v,c'iem d-%en

readi ng the ﬁ&!‘?ﬁeﬁ @HB‘&E&@Prﬁﬂd hsrresh@eaa%q SPH %ﬁ%%l%lewhlmﬁory

| ocation in kBerddoRgkeraNbesulys RF hénbreN@MK TN tedel FuFi il RYcRIRbmBiteRl wer
Pages 5-37 and 5-42° of the nual. show the routines for determnin

size on the PPRaFRAE-BEH (POSH oRFatHRor yTRESS POST ?R?é'aﬂ‘{ﬁscﬁ%ﬁlﬁéf%nge%al n,
t hese oper at |fanSe:&anp1eJ.denvuhet 8y sten(BOS(sEtA0n ofthd) Tebhican Refgretiiea
previously a i n al tions, determne whet her or
not these | otgtg? sg?iérsgmﬁ &?%&{L elg%g en 63&%§ ﬁc‘% &% ]!nt?’é'?ﬂff‘ﬁﬁ
st orage test Bsﬁineiﬁe Yrobings @ﬂmqrasi%r eﬂl%&@'i’%@p?rmm yre, |of cd:mtseexanpl e,

the test is Q@BakdiibyY Lt ROk QSC t.§m S woul d be
made on the 12§K byt es],ﬁ?)?het ﬁgssol gered rrwslr?g?é 8 ﬁle ér‘égr}}g??%iﬁgéaland 23 in

Fig. 2. Fi né‘FF?Fe”&F Manyal phavs, @k page; §'§’no€3ﬁa 59‘?‘&!(1"%?1% steradectRftdfeR a
failing addraag 16X BR®bYodkoflGlemdbty ONBofefln, aih&ercomp}’rasewfmhgn&'ﬁd st

other, simlar St ut| Ki n t he size and, any
errors therei ng‘girn ¢ a&necf\f\‘n angagi ng e enﬁg'fterﬁ"c}éc)il@&ﬁﬁgt‘iﬁ &7Stens.
In the pr esemems:;vstlemtiphem &hey Ihtlgclgfangorte' Bérlttheclt@;kLm.aﬂetm@xmadn}r n an
addressabl-e iegist erpfds EiHULE %-—42 I Ehé ‘ﬁﬂh@lesh&ﬁﬁ éer eatﬁ{es' gut DO to

give a high out put at. QO an error located in the sol menory nodul es
22 and 23 (Fi9gheEiping he R alze ﬁ’f‘s‘”’t‘*«a@’raé‘ta‘ﬁrb‘?aé’ﬁw.aui\'l‘s1 She, memqry, sizepemithe

until it is gpecitanfidld.y AfEQl hesdipelrativhsSyuiiane iveitsatha WeqGadeghed

of f, bOtl1 of npéh, b§(¥glhgné”data prevrously attempted to write in sequential

RAM

locatrons, determine whether or’ not these locations are, in fact,
present. Page 5-36 shows a read/hrite storage test on the base (lowest
'fprdered'address) memory. In that example, the test is on 16K hytes. -In
. the present system, a similar test would be made on the 128K bytes of -
" the soldered memory, i. e. memories 22 and 23 in Fig. 2. Finally, at
page 5-43, there is shown a routlne for recordlng a failing address in
| memory. on detectlon of an error. These routines, and other similar self
:-test routlnes for checklng the size of memory and any errors therein are

well known and employed in most macrocomputer systems._

. In the present system, the results of some of the tests are
:recorded in an’ addressable register 30, Fzgure 3. This register '_
'f'records, at input DO, to give a hlgh output at Q0, an error located in
Zthe soldered memory modules 22 and 23 (Figure 2). Note that this
reglster remazns set after a POST until it is speciflcally reset or
-'untzl the system is reset or switched off, both of which condltrons
' require a further POST before operations are continued. The remaining

_ register 30 locations contain data resulting from the I/O memory size
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require a further POST before ope'r ations are continued. The renai ni ng
register 30 |locations contain data resulting fromthe /O nenory size
BC9- 86- 008 ' 6 tests. FEach of these locations,

dri ven through inputs D1 through D6 to provide respective high levels on

outputs QL through 6, relates to an associ ated 64K byte block of 1/0 W

menory. ' These 64K byte- bl ocks relate to system addresses as fol |l ows: ~Qf

- edual s mrbdgesmms 256- 320K, @ equal s .@ddresses 320K-384K, @. equals

addresses 384-448K, 4 equal s addresses 448-512K, b equal s addresses
512-576K and 6 equal s .addresses 576-640K. Thus, at the end:of a POST,

r egi st e¢est. c Farhigfs thesd Adcaribhon doiven hmadix@nwmm ﬂhtdnghtmseorrermry

Ref erring back Figure "3, deco

~and an 209168 QP b N IRl BOKBHS GPURERI &, €0 gk/ O cards.

een I|ne decoder

recei vi 5&%9&@&?1&% SIAIL W’ﬁ-he%?piﬁ‘sh!#‘ hiocks velatei nited in
the di agsy systen hmdsaaerisedon%aut m Lk rﬁdﬂ&n@zéwszétﬂab'{d&is ~ Note -

that a gh_A y ss bits required to .
addr esg‘(yrf‘g?r%ry %rg%f@ggé’b’z%a?ﬁ“ 3 rgml'“i'&dpgs%q‘% 1% Mddresses g and 19
are ad#48~512K. Q5 edls @ddeésaee 51‘23-&76!033:1&5 h@anomssa«mm t hose-

enory nunbers,

addr esSfipgabay @hd 23i& of m‘"ﬁgg et ween 128K
and 640K. Wth address b| L%{E')E.regar '%our %§8§ P

each bilfsated errendh: the °¢U§M|ons are

dggl gecb;g.e §¢ajnbﬁ%of%ﬁi8otﬂl7owdsm Ql QZ Q3 Q4 Q5 Q6| Q7

1 0 1- 1 il 1.1 . ' A 110 0 -
0 Raferring back to Figure 1, degoder 31) is & fout-to-tixtebn line. 0 .

1
é de%oc:lez'L :ec&i\ﬁng Jﬁsteﬂ dngss b%ts l\f%-n tb%ogt&tf &i fhldb &e 1
1 l:lfitetb in Ehe di.egrep to ten inverted mxtputs -Qo tln:cmgh -99 for
_. simplicity. Note that address bits ao throngh A:I.6 e:e the only addrees
bits required to address uemry nodules 22 and 23 :I.n rigu:e 1. Addreee
bits Al7, Al8 and 19 are edditioneny used to def:lue locet:l.ons in the
sockets RAMS 1.e. those addresses above 1281:. i.e.. in the riguze 2 .
system, eddtesees bet:ween 1281( end 640!(. llith add:ess bits us-ns

rege:ded as four di.git meuoty numbers, eech b:l.nery .'mcre-ent zep:eeente
64K of memory.

|_\

Decoder 31 functions dre defined as follows:

Al9 A13‘A1i'a1se-Qo -Qi,;QZ'-QBe-Qﬂ er.§Qs ;Qj.-ga_-gs

O O B & H"“ © o 0.0
.o'.o_. - o o o-_......o =)
.'._.. N ... ,..HH,_, o
- H.'-,_.:;....;-._H ) ov-o-
H'_-o-... " .u:_l.H'IH OH -
e ,,..,..... ».o r-v- - '.n-t.'_'. N
......... u.-o.-'.w H'H_'H'H :
e e ol':o-_-_- PHHHH
I-"l_H..O..‘.H'.."l-l-..t_-'_..l-:' HH H _
- oo-o-a HHHH H '.-'-
o b m :o- PRV

(33

0

1\.#

10-
1



@) 1 1 1 1 1 1 1 1 1 1 0 1 1110 0 0 1 1
11 1 1 1 1 0 11 0 O 1 1 1 1 1 1 1 1 1
i 0 - BC9-86-008 _ . 7 Fromthis, it can be seen
th_a;\_,__f or- addresses up to 128K, "that is, the addresses whi ch correspond,
undegsnornal conditions, to the sol dered nmenory, either -QQor -Ql are
act 1 ve (zero?;i _asnd_otahe- remai ni ng out puts age passive (high). Thereafter,
each{.i_ c,rem? ?- ﬁ'% 1 ow output in an adjacent -Q output, represents the
gczidLesse_s_ of an adj acent 64K byte bl ock of the socket nmenories. A NAND gate
2 has a pair.of_.i .S GQupled.r eg iV : o3 Q tputs of
decoder 31.° Thé’%ﬁ&%’&?' o_Q: m%egg%g g’%’ﬁ?’%ﬁ%ﬁf‘% sgs&%)ﬁgn%r?gﬁtt#g %é AND
gate 33 whi the raddopsaes, whichi carreeprnd, | nder nqr@al)gonditiens oftor Bkt spidersd
inverted DY nbi%s!,t @itndg- —goTbe Rl Prd a0fi AN BN £hddehd remh GRsig BikpieUl tO
a NAND-gate 35 which al so receives_the systemrow address strobe ii nal
-RAS (act i var® ®RSFivea (P her TIRERRS G AL geash incrapent. 4 fy| ifa" P8R4 ’-‘& and
-Q -out ]P-Ut' S ieia-d:aeoq;a bubgut,t hiprebtiiNs gind @dlresses ofOED [Adjacaitpb4Xl byte one
input of a-further NAND ggée The Q0 output of register 30 provides the
ot her i nput ?%°-'N2ﬁ Jat e ,me cr)éee ‘output forns one input to a NAND gate
40. NAND gate 40 al so receives the output of a NOR gate 39. The first
i nput’ to NOR 39 j fakd gat& N Gap&A4f Gt £ dohpldacsipeetivedy - €& 88 d-go(B

out puts of decoder 31 °directly and outputs - and_.- of i,s decod :
through OR JaEeQRLIULHTYS AF FARCIASE Fhrel The OHHRILOER %@eégdsr ggﬁ‘ﬂa\?el y
ggcel ve -t-'][]e'oﬁk ﬁﬁg\tgb @ﬂth.ﬁ?Atﬁc 3?]&giiehed’ec89ves,T£’ne isecutheriimput the DR gate

cones froma. ate i ch, receiy f RS o e .
decoder 31 't%%‘tfgﬁyrreegb%%eﬁ 33 o dgéyéfé&; %o%éﬁ' 43" %&&Qg%ﬁgﬁﬁ SO -
reSpecti vel Y3rpowiides one prpst 3 ahRABgbates 36whicli aserreggivess thdgiftem OR
gat es 48.-'an-%§r9a<ﬁ§&£s RAYEbe sl fld10-RAW YhciRWPigd) L 0 the QO output of

_regi_ste-r 30. The operation of"the Figure 3 systemwl| firstly be described. - :
in E : o T , _ . _

-

" A further NAND-gatg.37 ié alsé coupled to the -Q0 and -Q1 outpdts
 of decoder 31, this NAND gate has-its'output couplgd.to'one input of a
further NAND gate 38. The Qo‘outputlof registér'30 provides the other
~ input to NAND gate 38, whose outpﬁt- forms- one input to a NAND gate 40.
._NAND gaﬁe 40 alsb:re¢eives thefoutput.of'a_NOR.gate 39. The first inéut
_éo'NOR 39 is from a NAND gate'42 coupled to receive the -Qz_and -Q3
outputs of decoder.31 directly and outputs -Q4 énd -Q5 of thié decoder _
through OR gates 44 and 45 respectively. These OR gates also
. respectively receive the Q1 and Q2 outputs of regiéter 30. The second
\,/"'. - input ;o N§3 gate 39 comes from a NAND gate 43 which receives outputs
. —Q6 through -Q9 of decoder-31-through respective OR gates 46 through 49.
 These OR gatesfalsd respectively receive outputs 03 through Q6 of
 tré§i§£e:-30_as'shown; OR gates 48 and 49 each have a third input-
coupled to the Q0 6utput of tegistei 30. L '

o  The-opefa£ion_6f the Figure 3 system will-firétly be described in
the condition in which no data is in register 30 or in other words, it
" contains all zeros. This méans that no. fault was detected during power

'~ on seif test and no I/O'card memory‘was,detected at that time.



el

the condition in which no data is in register 30 or in other words, it
contains all zeros. This neans that no fault was detected during power on
self test and no I/O card nenory was detected at that time.. - BC9-86-008
8 For each address of the |ow 128K bytes of menory, i.e. the soldéred _
menory either address bits Al6 through Al9 are all zero or Al6 only of .
these bitsgis.a gae. As can be seen fromthe above decoder 31, in these” -
cgses ei ther” output. -QO or.output -Q is zero with the renaining. outputs.of .
t hg /decoder high. Accordingly, the output of gate 32 goes high and with a

hi gh input. to ' - ] € aqus3: , lster .3Q.i.s_lC t he. '
output of gat o rer prafese QY Rkt dabf it Bk digh) Xied dtkeSsoithea 1€
t he out put™eIPryAishes aﬁ%’%ﬁ?e?#-?ﬁ/é%é“‘éf"_“-’tl"nél%l#ﬁmlloﬁe#mvérlblér_ osky ofThus, . -
- the out puttiekegsiite 85 of 6hd.OVEs Ida8 b AGe® i8R | tHRPAIVRIadDaLP VAt £ thBse This
out put- signal is, een described wi.th reference to Figure 1, the

h b [t ] ,
si gnal m%ﬁ?eée"r%l??’z "f‘ﬁ%éutr OB oF1 I8RO TR A8 PSRN ERR FEMRANLnG QUEPHES sane

time, the acfutheitdecbdegrahigll7 Accogdinglys the bitdut bfilgatécsd gues hpeti and gate =
38 from out;put . fsregi IOt al 0 ut fe 38 hi.gh. As .
all the i ;ulﬁysa%;ggalt 5284‘? g%\%é%g%og ﬁ‘lk%%é{%g g%{)ghtés)g'g-'%%f%-%‘?"ghese' -
gates are 1l sthet AutPuge® 9abe Spps indgha MWith thatinputite gate 350fromAs both .

~inputs to gaee3tRighe the Butpht d¥ g¥ieds8s i LAY IQVERIY of Andabspat dhose |
out put, therefore, remmins i gh irrespectiye of the |evel of "the input L
inverted -TXEFETAQt . TR SRR HWBUE O5nBAtaRAS fSLiovmAhe IS $iWalocket RAM. .
"i's not selappllbed 'toNnvertéh&00pahas i atpubianignal dd¢raashas bebhailesogikrid menory -
is selecte ' L4 BN dat & i b, | st.e 111, _be consid LoIn
i o case detoaneialld o dPolR A nd SHp il stloces Bl B "
out put s - (ZPlipres gamengoelementsy adt dthe| samst timp bhe sutipets ofbdate A ot hr ough'

AL9 will b{aee_sdn 118 MhighASbliOkhe 110RULsbut Ot Jhke 38 dh BEWR 88 ot Blgisdaie -
applies a |ow jnput. to gate 33 which _therefore -ﬁﬂ)l les a | Ow input to gate -

whi ch _t
35. The -1a¥ B fhenentelE ,8F€¢ PEnikkghs HAsyRil the inputs to gates 42

and 43 are high, the outputs of both of the#e-gates are low so that Qate_-'
39 supplies a high output to gate 40. As both inputs to'gate?40_ﬁre
high, it prpvideé_atldw.output to gaté 41'who§é:output; therefore, -
“rem;ins-high_ifrespectiie of the 1eve; of the inpdt inverted -RAS -
signal. Thus there is no ~RAS.S éignaiy and.thg-socket RAM'is not
selected.- ' ' | T |

Next, the pperation when an addresé“in'the'socket.ﬁemory is.
séleéted, again with no d&té in'registe:'Bo; will he éqnsidéred.ﬁ In o
this case decodef_o@tpqts_-Qo_andf;leboth,remain.high,.énd ogé’of.ghe- -: \~>
"Outputsu-Qz through -Q9 is low as at least one of address bits Al17 '
through a19 will be be high. as boﬁh inputs tp'gate 32-are'now:higﬁ,'
'-thissqate'épplies_a low input to gate 33_which-there£ore'applies a low
input to gate 35. The —RAS-output line therefore ?emains high
* irrespective of the inputs to gate 35-frdm;invértet 50, so nb'ekas_-
siénal.ié.gene:ated and the soldered memory-is, therefore, not ‘selected.
'In-response ic thé -Q0 and -Q1 déqodef.31 6ﬁtpu£s;:tﬁe.qutput of gate 37
goes.iow.so.thit.the gate 38.out§ﬁt goes high.-lew one offthé_éutputs .
-02 thrbugh -Q9 of Ehe decoder.3i is low, sé'that the”oﬁtput of eifher_-
gate 42 or gaté 43 goes high. Thﬁs thé'outgut of gate 39 goes léw, so
the output of gate 40 goes high'deSpiﬁe thé.high input ﬁo this gate from



irrespective of the inputs to gate 35 frominverter 50, so no -RAS signal
I's generated and the soldered nenory 1is therefore, not selected. In
fesponse to the:--QO and -Q decoder 31 outputs, the output of gate 37 goes
l'ow so that the gate 38 output goes high. Now one of the outputs -Q@
_thf@h @ of the decoder 31'is low, so that the output of either gate 42

or gate 43 g%c%s Iﬁ[&}% Thy_s the output of ?ate 39 goes | ow,-so the output
. e40 despite the high input to this gate from BC9- 86- 008
99 ‘W-th the high input fromgate 40, the output of the -RAS. S |ine

is the i nverg%e%mgﬁéa%ﬂgtr‘l%Fixg\aerfz%fn ke 26, ttn@ &Qﬁf@tofne{etm 3

sel ected by hé next .- exanp et us assune that a
power on sel¥ineeig "é"éq’dé’ﬁé’ﬁe i?ést*éﬁef’é‘é&"é:d°5ri-n§?¥‘iﬂ‘ F‘Pv FRetheofrdiet 19¥R ¥renor y

‘el enments,. ang isB14 AR @t O-KaB| $ sdghAGt i-on, a one bit has been entered
into input DO of register 30, so that the QO output is- sw tched to_'hi'gh.
The first effect of the hiigh | evel on the QO output of register 30 i's that
 the out put of i nrer tthe xih&tge)emples/v leo ugaassuﬁa thatpaitpoiver ainnesks kest

Accor di ngl y_I0gieQul AL SreBRle o kS A ngg@c 156k WSy 01e3ASs Slaggal s

produced nmeans ere te menory i's not accessed,
whi ch i s -whatn irespansgi te@hme%tacmam ta ﬁaﬁl tbé sibeen eatered iato $RPWHORPwi sh

to use the |gpgakihe8Ks@ddsoERe st 08 iRpst lideswiteked toERIyhy nodul es.
These addresses, in which Al6 is either one or zero and Al7 through Al9 are

all zero, produce a low output on either the -QD or the -Q -outputs of -
decoder 31. Theseh®\fipst effadtseftthe bidhplevell ogathe 0B Putputyof hieghsterTBPs

e out put et D3hat!&rd bioel! O (RUIQUE 14 800 bR TG 3§e&tt§§@ris391r1wg9§useé |

out put of*® e out
Mt of gaL@AOAgmglmlghther cutmcof \aatef3% ﬁé aixpye ndgh; 189 B‘?ﬁi’efm'i‘rﬁ&ﬁt
Wt h the highidnaRUis fkodacaal & Thds tnalatthat lehe! BbEielrad ti2br gsite hexsey tss t he

i nput frominvert Ot -
_ F\’RS Si gnal nqiheggersseé |v§\kgé?1}/sl glex}at[ flg re%ﬁ?resd %vhgrp aal fMtCHaJ %leler? V&te&:e | nput .

Coimcit.

_ We now wish to use the loWest 128K addresses to access the socket
- memory modules. These addresses, in which Al6 is either one or zero and
" Al17 through 219 are a11 zero, produce a 1ow output on either the -Q0 or
. the ~-Q1 outputs of deooder 31. These outputs cause the output of gate
.37 to go piqh;"This output, together with the high output from output
.Qolof-register 30, causes the output of gate 38 to go low. With the
: output of gate 38_low, the output of gate 40 goes high irrespective of
the value: of its other input. With the high input from gate 40 to gate
'41, this latter .gate inverts the input from lnverter 50 to provide the
—RAS S S1gnal which follows the input ~-RAS signal. Thus, the lowest
. 128K addresses now access the socket, rather than the soldered, memory.
‘AS ind;cated above, each -Q output of decoder 31 represents a 64K byte
" block of storage. Thus when -Q0 is low, the lowest 64K bytes are
'-accessed, -Ql is low when addresses 64 - 128K are used, -2 when
' addresses 128K ~ 192K are generated, and so on, with -Q8 being" ‘low for
- .addresses 512K to 576K and -Q9 low for addresses 576K to 640K. .With the
- Q0 hlgh signal from reglster 30, the soldered memory 'is riot accessed and
only the 512K bytes of socket memory are used. The generatlon of the

fRAs.S sxgnal for addresses up to 128K has been_descrzbed above. ' For



128K addresses now access the socket, rather than the sol dered, nenory. As
~indicated above, each -Q output of decoder 31 represents .a 64K byte bl ock
of storage. Thus when -QOis low, the | owest 64K bytes are accessed, -Q
is | ow when addresses 64 - 128K are used, -Q@ when addresses 128K - 192K
“are generated, and so on, with -Q being | ow for addresses 512K to 576K>de-
-Q@ low foxf(?@ gopses 576K to 640K Wt fythe QO hi gh signal from regi-ster
304 the so red nenory i's not accessed and only the 512K bytes of socket: _
mekofy are used. - The generation of the -RAS. S signal for addresses up to .

128K has b%ﬁ Seshei fifdeshny s tl'EOﬁext 3&@'0@%&9&3& that is, up to. .

10 each of g’qresses %I t he next 384K of org%? 18§, up to

addr ess 51% 95?1 6Fr SO Rf SUERPES TRD ﬁ°“957'%7f of§ 8@?’ :?i R8s 1Pw.  For
this addr R thiw eddtdser edrgee, trtelrefcmet,ptﬁe ofitmitt bereigaé:e gé?em ghtgatd3 goes
non A EDGSed il | AE GHIEPHIn fflbEeRL bF el {73500 gsét@oq are

hi gh), so gate utput s hi'g s % 42 or -
gate 43 paahfesl lareuljigh) arre ggtq ﬁ@emtteuttgs high.e 1383 tleglploswm ef | ow i nput

to gate 40emaezt¢se #4208 et wtgﬁgsésotﬂf&;\ghdema 0 Q'_Bvéﬁéﬁt ,}Ogg 8odo

This gate, there continues to_generate the -RAS.
t-he socketprr?éfﬁfﬁ)? ﬂéﬁéﬁ’b‘é#n?%é?' SR quﬁaﬁ%@%ﬁﬂnﬁﬁéﬁ Hﬁ?l’éﬁ? a Bialyn|'y.
‘have 512K B\p&tlﬂ:blgetmrynﬁddet%$e&erh!Box@ancm%\ke§)|ﬁoajen%ﬂe BBopens i f

“the top no 1 resse I s _addresses from 512K to 640K,
t%ﬁg gg{rq{’ %f%st glaér h)?etmemﬁ’fls range, -

are generate =i eac one of decoder
outputs -8 and -Q is. | ow. . These out puts normal |y pass through: gates 48

and 49 respectWemgsmtchw%atﬁeommwmmp 06 Vg el 4 NPUL - .'
t hr ough gate 39 to gate 40. Wen, however, the (O output of gl ster 30y

hi gh, t hi s3¥addaRle, ?‘Fﬁrﬁﬁﬁﬁs'bﬁﬂf"aga’t‘%lﬂﬁk éﬁd"lﬂ' h%?ﬂsf‘éb’f ®FoPng t he

| ow i nput SmdsltOlJl&iemadﬂly ‘addressées -, Bnaanils - @zess’ébus:omvsmm&beaoﬁs ardd ‘and
no RAS. S si

: ;‘gnei " UG i BB o p iR 1 B Bty G Dot s s
wth the @mti)uIQBodndr eQ? disclowd0 Thegle, outipets normally pass through gates '

48 and 49 respectively to. sw1tch gate 43 output high to provide a low .
input through gate. 39 ‘to gate 40. When, however, the QO output of
register 30 is high, this,level passes through both gates 48 and 49,
_therebY'negating the low'inputs.from decoder outputs -08 and-égé."Thus,
via gates 43, 39 and 40, the lower input to gate 41 1S low, so- that no
RAS.S signal is generated. and . the memory does not respond to the
highest addresses. Thus, with the Q0 output of register 30 high, the
: address range is limited to 512K and each address is used to access the
socket.memory.-n:- o -'_'- T _ . -: ”_ ) l - \\;)

lt“has'oeen explained abdve that register 30 is used to indicate,
. in addition to a soldered memory error digit in position DO, indications.-'
" of 64K byte memory blocks on devxces coupled to I/O sockets 9 (Figure
- 1). For simplicity, this memory will be termed I/o memory. ~The =
addresses of this I/O memory start at 256K and extend to 640K. " This
corresponds to six blocks of 64K addresses wzth .each hlock, when present
-in the system, being 1ndicated by a high output on a corresponding one
'of the Q1 through QG outputs of register 30. As can be seen in_Figqre
3, each one of the Ql,through.gs outputs of the register_is cOupled'to

an input of an associated one of OR gates;44_through_49i Each. one,

access to-



address range is limted to 512K and each address is used to access the
socket menory. It has been expl ained above that register 30 is used to
indicate, in addition to a soldered nmenory error digit in pasition DO

i ndi.cati ons of 64K byte nenory bl ocks . on devices coupled to I/O sockets 9
(Fidure 1). For sinplicity, this memory will be termed |/ O nenory. The
addrasses OBcéddesodd O nenory start at 25@K and.extend to 640K This
corrfesponds to six blocks of 64K addresses -with each bl ock, when present in
the\srystem bei ng i ndicated by a high output on a correspondl ng one of the
Q through Ghexdfopelf whefi seegtciachi@levels segatbe theeceffegt Rifyar low3outmth one

f th t.h h
Seson ated TRoHR cEeBUbiibg G fblL f?]&g'a%l‘:s&ee 51004RL £ grbferd HRDUrQ-an

Fou one
therefore, mnseﬂm%gat%ﬂgrpn é%eﬁmmn‘lﬁjét’é%ifl‘?hé t%ﬁ*‘e?ﬂtPB'f' ‘é‘ F?J"W%ﬁ‘f Gt to

the corres pQ“ﬁamQu%étQﬁ&l fth® Bodtee g nyl outpU‘tl Sf whev&abaef heusdwrr €is
pondi ng NAND gat e

fromdeliverjn h. out put . espon t
| ow out put FPBRAtiAR, ¢BEr JEBYRAER AL gf%"ﬁgg ﬂ%r ﬁé’g ﬁfgputo :
conditi on blzerauhm 30f iORogAtthe 3dutpat h:fgbafza’lda i bigh.ngIn res@®seutput of

eGSOl 90 g il EagHPHapPLall S Ya! $0.L80 cuehlh LESPAASR 3 14, 110

hi gh i nputs e ou ut ‘0 ate 40 Is 1ow, soO that-the
out put of gasbethhl: the rmtmtapﬁeshthl fhis mnmmﬂehm -t TR ¥PaF&t inFben which -

addr esses ofg; @Aéi%ﬁ i Qﬂlﬁﬁlfdfu@é@éf& & RueBCERE msaidup@aae o Béivlg wsedi des
a conti nuous h| output. -Thus neither th

S
produced. 19At9i B’P° PRPGLdeR A (cRBFinGPUS H&ggo‘f“ﬁ'@}‘gd Sf‘uss c%géter rsr;)rgggél sI >
addressed. . n'Eblﬂ-;é eRMES biymal/ {3 peoducgdf orInavickwess ithgs, neilther ofjitheer -

'adilwl?/ljt Q- hlf%?(a déﬁszgﬁ 256Kry §§048d§£§se&l” tﬁ‘islf(ﬁ?vgﬁ@ﬂgyl/d/\h&kbr@f@ gh-

ésses 3 i*s “renor rou cor r espond
respect i vel yadtivessikg e Watly rislgb%ﬂ@s‘ awtpap&d@eélée‘s: Séﬂﬁésseﬂé?éﬁ 2 48RK ars by

512K - 576K, leﬁyngogﬁfowlﬁ{heé@%t;hveddﬁressﬁls' 380k an364ﬁr‘tﬁse Of thQBaendfyd heSe .
addresses can b .
Outputs Q3 through QG correspond respectively to 64K memory blocks
at addresses 384K - 448K, 448K - 512K, 512K -~ 576K and 576K -640K
' respectively. All or any one, oxr none, of these addresses .can be
' transferred to I/0 memory by entry of data into appropriate ones, or any
one of register 30 stages DO through D6. By resetting or over-writing -
any one or more of the set register stages. addressing can be switched _'
back to the socket memory for memory blocks corresponding to the reset

-stages._

_'In summary, what has been described is an arrangement for
' addressing soldered memory, socket memory and I/0 memory. Soldered and
- socket memory accesses use different negative-going row address ‘strobes
'_-RAS and -RAS.S respectively. A decoder decodes high order address bits
and a logic circult is responsive to the decoder outputs and a register
bit indicating a fault in the soldered_memory (which corresponds to low
order addresses). The logic circuit'switches memory addresses to the
'f-socket memory on detection of said register bit by disabling the -RAS
SLgnal and replacing it by the -RAS.S signal for the low order
~addresses.. In addition, the register includes further stages each of

' . which can be set to indicate a block of I/0 memory. When one or more of



transferred to I/O nenory by entry of data into appropriate ones, or any .
one of register 30 stages DO through D6. By resetting or over-witing any
one or nore of the set register stages, addressing can be swi t.ched back to
t he socket nenory for nenory bi ocks corresponding to the reset stages. In
summary, what has been described is an arrangenment for addressing sol deréd
menory, socket rrerrory and |/ O nenory.. Sol dered and socket menory acoesse??“.'_ .
use di; ffer@ﬁ? sﬁeﬁ i've-goi ng row addresg2strobes -RAS and -RAS.S . '
respectrvely A decoder decodes high order address.bits and a logic

circuit isg lE 23PQ sive.to the_decoder out. puts and a .regi-ster bit-indicati ng

a fault in the Solusr ¥ SREndMs Iemirctizestt aepponds by dlisablahgle:rotadd{eesses

The logic CMScand -gwsts:beSpumrrm yehael de@ 8565 + c L
detection ,ngggrg ? R i t b)_(t i sablin %ﬁego?ge%gsﬁcg}nggg "epl acing

it by the -RAS'S s gna br: IT6%, 5PeEY e dsseddressed adeltﬁardon t he'

‘regi ster includes further stages each of which can be set to |nd| cate a

bl ock of /O nenory. . Wen one or nore of - =~ BC9-86-008 ' '
12 these stages is set, the'logic circuit responds by di-sabling both the
-RAS and -RAS. S out puts so that neither the sol dered nor the ‘socket menory
is accessed, but an |/.0 menory block is addressed instead. " BC9- 86- 008 .
1.3 CLAIMS 1. "~ A microconputer systemincluding a processor pllanar circuit-
board, first nmenory neans- (17). per rranently attached to, and connected to
circuitry on, said planar board, connector means (8) on the planar board

for removably coupling. further menory means (18) to-said circuitry, address- -
and control nmeans ('16) coupled to said first nenmory means and to said '
connect or neans for- addressing nenory installed in the system said

o _



address and contral means including |ogic neans (Figure 3) for selecting
bl ocks of the installed nmenory for addressing using | owest ordered
addresses for said first nenory neans and hi gher ordered ad resse

furL.her menory neans, and neans ‘for testing at |east ' '

rreans char acterised in that said address and cOntroI m m%ﬁgans
(30 recordég%ﬁ n i ndication of a faujlsa'z detected i s@idefins

maan;s dur| n e 8 by said neans for testing, said. |ogic nmeans being

coup‘Led to said neans for recording for disabling said first menory neans
by directing al'l menory.addresses to saj gAﬁ@nnector means in response to a
said indication in said neans for recor 2. - A mcroconputer system

according to Gaim1l, in which said logic rreans i ncludes neans responsive

to a said indi CaA'u&Eré&hp@éeiaQ}éﬁéﬂ Mabesiy Qr&%rcegs&em&éraéiﬁfcﬁ%%aﬁ sai d
further nenory neans: corres- pondi ng in_nunber. to the nunber of addr esses

in saidfirsHrRERSPFTHEIARS. (é% Pemeeftbm‘iﬁa?laﬂ E‘iﬂst‘é%?ﬁ’&ﬁ%‘f"ﬁfinﬁ to Claim
1, or d ai ma'&rlcmwsn 6:h saidl pllanad bamd fudsﬂﬂ&etoﬂwq (Wmmmumdem c

random acces marmr said acdip gﬁés and control

el aps rst
addr ess strob& ST gna °uplm ry: rreaﬁ r'fa %ag\éoﬁl ﬁi‘

strobe si gnaﬁdslrésﬁ asél@ntmlt Iweima”rdﬂr@)r WouMnso sand SHxst Nengiy mmn@nd to

i ncl udes NMEaDY af &HAGBELY fedfs oS aa'dﬁréé!;‘ih& ﬂg&ﬁséﬁﬁh&cﬁ eRE eysednl Lhist
addr ess strobe signal by a second address strobe si wher eby saj d second

address st r Gi9resg;Aaf s°°&F€-°1d gy ﬁ&ﬂl“!"df‘g HBLAHBRS @aa?%s §b5f°"'4sele°ﬁ\m9
M Cr oconput e51ceks temie AAE€H118d nembhi for SaddrassitgClisingi Toweddraxdered r obe

signal s are raw address st%(}ﬁrsélugg;l’l_g Pﬁ%“s gg:gvsh hop%rd%re]d aédressé for

mcr conmput €1 2§yt em ac o ogi c. nea
‘udes decwdér funshes nfemorsd@em ngndimghns foer teaging yntabhhssssai@ ferﬂ:or

generating. g Apahe PULRHICtSEPR) 50 Whatl " Rce ! cdhkRSE nbEf CS e ng.

di fferent, commonh fixed size cks of said nenories ic circuit
means for rckGlydes;means) (30X SaF %chﬁ%wg an AndicatdPe A5 enéa“&ﬁ stestRd Bdress
strobe si gnaéaiaomem xhé]llb‘ﬁr ads ST ifd reebeidd Bp Ja(ia means for testing, said - -

logzc means being coupled to said means for recording for disabllng said
first memory means by dlrect;ng_all ‘memory addresses to said connector

‘means ih_response to a said indication ‘in said means for recording.

2. A ﬁicrocomputer systeﬁ-according to Claim 1, in which said logic
means:incluges means responsive to a said ind;eation_for'disabling
“highest ordered memory addresses of said further memory means corres-

; pending in nﬁmber to the number of addresSes in said first memory means.

. 915 A mzcrocomputer system accordxng to Claim 1, or Claim 2 in which
: said first and further memory mears comprise dynamic- random access
'jmemerles, se;d ‘address and control means develops first address strobe
sibnalsifqr said first memory means and second address strobe signals-;
for:said further memory meens, and said logic means_includes means
_responsive to a said indication to replace each said first address _
fstrobe_signelrby a second address strobe signal whereby said second
' -adéress strobe signals are developed for all memory addresses.

4. Almiéroeomputer_system acebrding to'Claim_S, in which said address

strobe signals are row address strobe signals.__
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- generating said first address strobe signals on-a-first strobe line coupled
'to said first nenory neans and second addreS’S_GEt_LQ,Qe/SLQ.Bﬁ-L&ﬂn a second _
strobe line coupled to said connector neans A m croconput er system 3
-accor ding to daimb5, in which said decoder E n‘m”“\g out put 1ine
fort |nd| catl ng addresses of the |oyest orde Emm“‘ mu ck’of: rrem)c@u
ang ﬁgput line for indicafi ng addressas bf ®he® néxt higher -~

or ered flxed Size bl ock of nem)ry fromsaid | owest ordered bl ock; said-

| t b d d i S
N Y A A TR O L R TR e

sai d fimeunsotncdeden decaltbresennst fahdesoding| high osbpanmryaddrgsabits -

consi st {0, %eﬁ@ﬁﬁé&h&&i&ﬂ?ﬂfw@ﬁxé ghgnalgp&t QYRR Gt gﬁhwe

concurrent n act respective o said-first- and
second mnrpaenqinaébtffsrentwmn Fisag mize, dalssleqnoécwﬂdvmries cepdm 6, in

mﬂh ch smgicd@ﬁedee n{eﬁﬁi\%oknﬁ’écﬂgeﬁngf Hléicheﬁtlﬁitt §idnallh @218 OfndiBsk f6Rs i ngd_
a [ esses res ctive OC or ger e ove Sa
oneer o s Slghafion o dnash AUTARER o HoPE Re e | o

f ur t her geneutpt ing soidsﬁrhtf edd:hss snmpetsihnmrss ohos firsw istirole 3fmal second
address, d‘ﬁ‘&’ﬁg&e”%%;bkak#& In n.ﬁ&utsoaﬂd)'a {a] arsh! dt5obd &ﬁaisf g sai d_

i nput address_str I ne and one of sal urt out put. |nes and :
concur r&mecard sheohe dine; coppindste daﬁﬂmﬁ’ﬂ“a‘&fd’l‘e%%a@trobe line and said neans
for recordl ng. 8. A m croconputer system accordi ng to Caiml, in whi ch =

said ne or, recor.dij ri ses [regist neans | flrst stage -
for rec le ;1 JPAeEPePIPR t?‘gz? 83?&;#}\&*1&1?{@% g'r tiﬂ é}%fg? f&Fer i ni ng-
the pr emsnsehss‘ abfirslt:souﬁpuexliaensdr lindm:ayinm addrnssboutqouhe dewestes *8# |
BCO- 86- 008 ed siz ock of memoryl %%@X&%yo‘ft%u?'ﬁie ﬁolf hput / out put -

’ connectors on e Sal anar circdit oard recor ng a S|gnal

rel at edilidd-cem E‘Hr@é?%ﬂj of| thecnext digher,grderedpfixedrsine blockcofited one of -a :
plural i hemory #rémt Serd iwﬁtsoﬁferSd“lﬂoEE,g |s%3.@rlo§Eéiﬂﬂrcuit means being

coupled to said first and second output lines, said input address strobe

‘line, and said- ‘means for recording to develop said first or second
address strobe signal ‘in response to signals consisttng of an active -

'input on said input’ address 'strobe line concurrently with an active -
input on the respective one of said first and second output lines

7. A microcomputerjsﬁstem according to:CIsim 6, in which seid decoder
means.includes further output lines for indicating addresses of
_respective:fiXed'size blocks_of_memory'orderedfabove'said-1owest and .
said next ordered blocks, and said logic circuit means is further ' /.
coupied'to said further output lines for providing said second address '
strobe signal in response to concurrent active inputs from said input
address strobe line and one of said further output ‘1ines ond concurrent

- active inputs from said input address strobe line and_said means for

. recOrding; ' ' ' - - o

8. A microcomputer system according to Clsim 1, in which -said means
- for recording comprises: register means including a first stage for
- recording said indication, and including further mesns.for determining
| the presence of'blocks of external memory on input/output devices
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9. A m croconputer systemaccording to Claim8, in which sai d first and
further menory neans, are dynam ¢ random access nenories, sai
cont t;,ol means devel ops first address.strobe signals for _s ;

, and second address strobe signals for said further »‘L@!&HEE"EMF
sal ' 0JBCEIRE-T08! S responsive to angindication in said firstes
repl ce each said first address strobe signal with a second address strobe
signal and is further responsive to a signal in a said further st age of
said r egrsﬁmbnseampm db Simphe/duepit conkbdtbfs lonatkk s8Ldpdamdideessuigt robe -

zo?pgls;o% | ngg?‘i ef%%l)ne%or? n!foglk ¥ afxrte‘iﬁ{]? Fﬂﬁaﬁéydﬁﬁg?@gﬂ%c}isgsvmereby the -

ext er nal exterpal meworyidncan adsoniated oneniimcpbuwlity pEabwthér stagesf of t her
Menory. $Rid régiltekOkaapyt €r systemaccording to aim9, in which said
| ogi ¢ means i1 ncludes decoder neans for decodi ng high order nenory address
bits for generating individual output signals on different output |ines

represengi ngAch{J:ewiﬁu;eﬁ@msm fak:&ﬁdliﬁgzﬁz chichs @f werhdsamelists, and
| ogi-c ci rece|V|n sai.d ut. signals. said-ndications and

[ far d out
i nput adﬂsess 'S ro ST gnal s on aﬁmf"ﬁﬁu gg acgesy medories, said "generating
sai d fir addredsransscentrobeneang develops fifsty sdd@Bscﬁ:tB'Obe rdgueispifex] saddsai d

first megbist RERRLS emssmadcaﬂdsms§tmbﬁe S1 GRS £6 5318 FaRBitbSt F ODE :
| ine coupled to said connector neans. . A m croconputer. system accordi ng

to O ai nPARPLY; PRARR, Andssaid agwda?%&ﬁsrq#agn%ivm%mom%mtﬂopn@for .
i ndi cat i ﬂgididdfﬂsseme)ﬁ:oti‘eplheymch Gadarfiast i adddess ae:&ﬂeoskgxﬁfl wiEDaY and a

prcond Oubdiils bdiel Yerbhs SR In@ UL E5358x Yooblie 480 Il Hiehy 'S

bl,o Ioglc ®reans
bel g coapide dutthesaﬂdisfel of said dt‘esém:dMMpm disalsle beth daid ;fdtsia,@dd ess.

strobe | j8&ndoidhirads Cg;tqrsea%imlsr e&padamsiag adsy&hpaf%&ddnr #lmd2y Second’

addr ess strobe g I n res onse to signals
consi st i Wit eddresges jcpzresponding, te fhese rﬂfu9 m e%fs said fyE hqrneemry
concurr eﬁadqs,vwﬁd‘teaﬁ thet emrnmpuem@fy tibeaddressed by those addresses in

place of said further memory

10. A nicrocomputer-lystem according to Cleim 9, in which said logic
" means includes decoder means for decoding high order memory address bits

for generating individual output signals on different output lines

representing'different, common fixed size, blocks of said memories, and '

logic circuit means for receiving said ‘output signals, said indications

and input address strobe signals on an input_sddress ‘strobe line for r. -
S '-3enerating'said'firSt address strobe signals on a first strobe line
coupled to said first memory means and second address strobe signals on
a second strobe line coupled to said connector means.

11. A microconputer system according to CIaimjlo, in which said decoder |
_ means hes'a first output line for indicating'addresses of the.lowest
" ordered fired size block of memory and a second output line for
~ indicating addresses of the_next higher ordered block'of.memory from
said lowest ordered block, said logic'circuit'means being coupled to'
said first ond_second output lines, said input address strobe line; and

said means for recording, to develop said first or second address strobe



respective one of said first and second output lines. 12. . A m croconputer
system according to Claim11l, in which said decoder nmeans includes further
output lines for indicating addresses of respective fixed size bl ocks of--;
mendiry ordered above said | owest and sai d next and sai d..
loglc circuit nmeans is further coupled to sai d”“]lﬂ"ﬁﬁ““ﬁj ,"II nes fOM,..J
provi di BG9s86-008econd address stroB€ signal i.n Fesborse ™ osconcurrent
active inputs on said i.nput address strobe’'line and one of said further
output lines and concurrent active inputs on sai-d.i nput-address strobe I|ne
and sai HeR8hnkp FﬁP%EMFﬁﬁ‘“li?msAs?ﬁ"&r%dﬁp‘!ﬁtéﬁ’es%l‘ﬁrﬁ"i Aeididi.ng a
.proceﬁsgipulel massllstew& mﬂardanc\gﬂrhﬁgwmm YannBetive (fhpht psy “‘?‘{S;‘t ly iy
attached to anar_Gi Leuit ar econ nory neans renovabl y.
pl uggabfeé“peﬁ?%‘ 'E g e SBF%{WZ?“E‘T“? hﬁ%sboard address neans for
addr essi ng rrermry |nstal led in the system and neans for testing at |east

said fifpt r¥cdiipater s%@ﬁ&fdﬂdiﬁ% tlaycfﬂiﬁnfl ( Eh%ﬂi%h:?aiﬂe&&%ﬁéi ve to

sai d neans for testlng t.o”control . sal dress mMeans to .access .sai d flrst'
and sectafasinpdndes fyptheraptres; BmIeFrEQr Mﬁﬁayiﬁa&ﬁ%m%” #fltless or said’

second faﬁwiv@aﬂseaoai% \me&ksabfi o6 £y ommyamnsams 1évddle! dnd
said next ordered blocks, and said logic circuit means is further

coupled to said further output lines for providing said second address

strobe signal in response to concurrent active inputs on said input

address strobe line and one of said further output lines and concurrent _ .
active inputs on said input address strobe line and said means for _'“ \_J
recording. ' SRR a o

13. A microcomputer system including a processor planar circuit bosrd,
first memory means (17) permanently attached to said planar circuit
board second memory means (18) removably pluggable into socket means on
the planar circuit board, ‘address means for addressing memory installed
in the system, and means for testing at least said first memory means,
characterised by means (Figure 3) responsive to said means for testing
to control said address means to access said first and second memory _
means when said first memory means is. faultless or said second memory =

means only when said first memory means is faulty




