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FIELD OF THE I NVENTI ON: The present invention relates™to the Tield of

‘ conputer nenories, 5 and nore particularly, to an inproved single in-line
dynam ¢ random access MeLmREY P oring and retrieving data
in a conputer system 2. A TYputer systens comonly
Ootilize banks of dynam c_r RAM) for storing data
and conputer prograns fo A retSe cnlier DL pl e, in a bit map
conput er di splay system each pixel disposed on a cathode ray tube (CRT)
display is assigned a single bit digital value to represent the pixel in
menory, or d.nmul Ejgbbeop i THEJINVENTIONAl ue to represent col or. Conputers have
traditionally addressed their nmenories in 8 bit, 16 bit, 32 bit, 15 64 bit
or |arger increnents.TheyRsesent inyestian reiatestp 1bg field of gampyier mapwEesi ty of

advent o g8 SEEHEICR 4 (b sBoe Tuohis e A RIT fst "¢
ar chi t ect ur afenhdty ¢©DRAM) nibNR! 1BPSErikP andidtidviryy ddi8 irdg chbMpiamRp s@stérh. dat a

processing systens. As will be described, the present invention discloses
an inproved single in-line 20 nmenory nodul e containing a plurality of

DRAMS for uge in | mputing system A nunber of conputing systens,
such as the engiﬁg%%%&tions manuf act ured by the assignee of the
present application, camputer systéhis' OmMoMYBlilizeHanks BEdyhari@Mndssm dynanm ¢ RAM
menory through the use of DRXM nodul es, g\rhgich plug into the main printed

ci rcui t 1boandcegssmemnery (DBAM) 19r sibringhdataand somputen prognass fdbRANMrietydefl es

provi de a kno nmount qf .menmqr er nodul.e,., with predeterm ped cycle tines
Bnd oper at | kAo RECexample. Y 21 e Sompuler Hishiay sveiee Fech piyekdieorsdhi ba
Cospor at i on oRr0Mdlste rhg tube (CRT) display is assigned a single bit digital value to

represent the pixel in memory, or a muitiple bit digital value to represent color.
Computers have traditionaily addressed their memories in 8 bit, 16 bit, 32 bit,
15 64 bit or larger increments. Typically one memory cycle has the capability of
transferring a predetermined number of bits. Over the years since the advent of
digital computers, a variety of memory configurations and architectures have
been developed to maximize the performance of data processing systems. As
will be described, the present invention discloses an improved single in-line
20 memory module containing a plurality of DRAMS for use in a digital computing

system.

A number of computing systems, such as the engineering

workstations manufactured by the assignee of the present application, Sun

25 Microsystems, inc., have provided dynamic RAM memory through the use of
DRAM modules, which plug into the main printed circuit board ("mother board")
of the workstation. These DRAM modules provide a known amount of memory
per module, with predetermined cycle times and operating .modes. For
example, a DRAM module offered by the Toshiba Corporation provides 72

30 megabits, 36 megabits, and other combinations of RAM storage capacity, on

printed circuit boards for insertion into memory expansion slots on computer
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30 negabits, 36 negabits, and other conbinations of RAM storage capacity,
on printed circuit boards for insertion into nmenory expansion slots on
conput er not her boards. However, these prior art DRAM nodul es provide
limted bandwi dth for data transfer to and fromthe processor, and further

| ack many of the capabilities (such as error correction and control.)
desi r abl e i MotherBeards.o owexer. sRasedrier an DRAMmadulas previde imited t he present

i nvention oV i S] - r e whi ch may
be- ased | n POt tatg FRRSHR e arHeiy R Rrb el b S e

di gi tal conpetcapabilitidte(sDéleas dtror BYPEdtioA andidohtréif Besifitia! th MoB8m bar switches
(CBS) for the multiplexing and | o pipelining of data. Mreover, the
present i nveoropuler systems.s t he nenory controller to conduct error detection
and recovery on data stored within the DRAMS. -2- SUMVARY OF THE

| N\VENTI N An i nproved single-in-line dynami ¢ RAM nenory nodul e is discl osed
for use in a data pr [ T ti i } i ncl udes
a processor coupl ed tﬂggﬁﬁgegegﬁﬁ)@h%%ﬂ@r@v%ﬁf?gﬂi% iﬁaslﬁgﬁsa})lé%oupl ed to
t he syst em §ingledmiiné DRAMBmENGry ncdulewbichmmay beusedhinnedrijurectiph withl i t y  of

. single in-line menory nodul es (SIMVs). Each SIMM conprises a plurality of
DRAMS coupl Bgderd engineedng worksigtionsof othes dp@ﬂs@ﬁp‘%ﬁﬁh Thefresent

invention utilizes unique cross bar switches (CBS) for the multiplexing and

\ 44

10 pipelining of data. Moreover, the present invention permits the memory
controller to conduct error detection and recovery on data stored within the
DRAMS. N’



address and data information is provided to the DRAVs through the cross bar
.10 switches. Each CBS includes a counter and decoder which controls a
"multiplexor. The nultiplexor is coupled to enable ID logic, and four input
registers [err] such that register ARis coupled to the output of the
mul ti pl exor, and the renmining reglsters are coupled to the input side of
tWe mul tiplexor. An input bSUMMAR . agl to four input
registers (Aw, 15 Bw, Cw, Dw). In aoo|t|on three of the input registers
(A'w, Bw, Cw are coupled to internedlate |nput registers [err] and Cw.
During each refresh cygle of enable 1D | ogic

t
provi des a uni que 2- bi "'Bpmeae‘"tgéﬁ F‘F’@erﬂé’ﬁﬁﬁ"ﬂp émWBW& "‘°FH'@r'§bé for][n ng
an I D byte. ( h entifies
t he rranﬁf act u@ggo%o?fejs%wp\%ﬂa rBées&u'hpr ?lag‘e gﬁ?’ as'%ybg:eg%? 3¥%e?ﬂgt ion, the
addr ess of 5 daineluties erocesdor coupled\to desysioyn bise A ntenery @oniéller & 4166 devi ce)
to the nenory controller. The nmenory controller transmts the address over

a menory bus S} P@?%“’SPW”E&S’H apgdp gimammens fus in cyspmupieation Wit 2 ecei ves a

i dd to th
PoavsThe regr G g iRl Boinbh Todes (SORT. Eabf sV GRSHERE 4 [ cnd
stored data, plurlifeéiDRAMB coupRedo fourichiss DR bitébs@BSs) Bach Thg dat a

provided to each CBS-is sequentially stored (in 4-bit groups) into
registers [er aqdramamcbdatp infournationds pevided dothasDBAMs though dmeecrbss bar egi st er

h d t t AR is
Shitred otfs SHlenes Fach G holicBaaicahy and geeedar Wt sITEISRexor suoh
that data st %ﬁﬁlple&or 3The muﬁiﬁ%&&ﬁ‘s’%ﬁgﬁl@& id erdbfb BRofe, &R fduF Sheu" ough

r egl ster AR and out onto the nenor
registers (Ag, Br, Cr, DRr), such that register Ag Is coupled to the output of the

multiplexor, and the remalmng registers are coupled to the input sude of the.

multlplexor An input buffer on the CBS is coupled to four input registers (A'w,
15 B'w, C'w, Dw). In addition, three of the input registers (A'w, B'w, C'w) are

coupled to intermediate input registers Aw, Bw and Cw. During each refresh

cycle of the DRAMSs on the SIMM, enable ID logic provides a unique 2-bit ID

value to the memory controller, thereby forming an ID byte. (The sum of all ID

bits from each CBS.) The ID byte identifies the manufacturer of the DRAMs,
20 their size and speed.

L In operation, the address of data to be read is provided by the
- processor (or other device) to the mémory controller. The inemory controlier
transmits the address over a memory bus to the SIMMs. Each CBS disposed
25 on each SIMM receives a portion of the address, and amplifies and retransmits
the address to the DRAMs. The memory controller issues appropriate control
signals to read stored data, and data is provided by the DRAMS to each CBS.
The data provided to each CBS is sequentially stored (in 4-bit groups) into
registers Ap, Br, Cr and Dg, such that as soon as data is present in register Ag
30 itis shifted out onto the memory bus. Once data in register AR is shifted out, the

counter and decoder logic selects the muitiplexor such that data stored in
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In the case of a wite operation, the address and data to be stored 5 in
the DRAMs is provided to the nenory controller over the system bus, the
menory controller transmts the address and data to each SI MM on the nenory
bus. Upon receiving a portion of the full address, each CBS di sposed on

each SIMM a de% iR %@g ﬂ.%d,?, ~
control busq%étgﬁ%%ﬁ % datetgq?'tgn e ore%q ?)s{&%i&g??/e Eflblt
groups) by é®&ash 10 CBS, over the nenory bus, through an input buffer which

is enabled by the counter and decode | ogic. The received data is
sequentially stored in registers [err] and [err]. Once data is stored in

t Dw, dat t i i i i f i nt
et modi at e rogi st en R yAa e eperalahng Alfresf phe dafa Bte 4ffte"ohi 1 e
t k oVidde drRANE 4-
gllil EIFnDEgEZgI dpﬂe&m OQ‘SFI'I—E DRAS\V“?I‘*GEve 'Elemcﬁ 1 |°g a fu‘nﬂ;ﬁ gﬁégﬁbgﬂggek di agr am of

a typ![ cal dmmmggalg@langamﬂﬂmmptwyiang i:!at(;latoteat:htﬁillall},i;os[oihe;lh‘iempryesent

i nvention. i c i a stratin

present inveHBi ﬁ#g 'B‘F%‘éggﬁ Mﬁgﬁ%@tﬁ @ssdPg‘ﬁbgbg‘h? ﬁ a%? singl e
in-line m”@lMWHﬁfﬁs@ﬁh%nsﬁ&ts the pddress g\{/erﬁhﬂaﬁregs lapd RohtfdiHusOnal bl ock

" di agram of eac ross bar swt uti |ze resent invention. FlGURE
4 is a tinm ngthb DBAMS Wheddata td be Storddis recehvagi(im4-ditqfroups) by wachi gnal s

STP! 9Y€00™Y GBS, dver the memory bus, through an Mput buffer which s enabled by the
counter and decode logic. The received data is sequentially stored in registers
A'w, B'w, C'w and Dw. Once data is stored in register Dw, data stored in ~
registers A'w, B'w, and C'w is shifted into intermediate registers Ay, Bw and Cw.
Thereatfter, the data is again shifted out in parailel onto the data bus to the

15 DRAMs for storage.



FIGURE 5 is a timng diagram of various signals enployed by the present
_invention during a read operation. FIGURE 6 is a timng diagram
“illustrating the sequence of 20 operations utilized by the present
invention during a refresh operation. FIGURE 7 conceptually illustrates the
present invention's use of bit scattering to mnimze data |loss in the
event of a DRAM mal f unckigk DETA IR RESCREPHENvSEA&HE | NVENTI ON An

i nproved single in-line NMENDI O U NPT oyT Ng dynamni ¢ random
access nmenories (DRAMs) is disclosed having particular 5 application for
use by a digital conputer for storing and retrieving data and prograns. In
the foll owi ng descri ptFIGYRB 1 iparfigoetionabbloek dingram Pgﬁﬁymﬁﬂmatms details are

set forth su ecific i . i .paths, etc. in
order to proReEtsNBRSHElTERMRRAEY 44 fERnigeE BT HebraSar aRER R o

However, ist will be apparent to one skilled in the art that these specific
details 10 are not required in order to practice the present invention. In
ot her instances, well HGYRE 2li®atfunactiohakblocicdiagram dlustratingabe psesene shown i n
bl ock diagram formin order not to gbscure the present invention
Cnecessart | yIVeRIPRF aRg B aMiches G Aepashd WIBLCRSEORIUVES syst em i n
15 which th hoife e present Invention may be utilized is
illustrated. érﬁ‘?@ggssorfgfgi‘p's coupled to a systembus 12 for comunicating
Wi th various system conponents, including input/output devices 14, as well
as a nenory controller_16 which is also coupled to the systembus 12. As
will be d&scribed nor FIGYRE3 iepdunctiopalkiadodiagamebeach ¢rass pat switshes dat a,

whi ch nmay conpfl [ or al phanuneric and other data in
si ngl e in-|i%ﬁ*r?e%en?}g§‘°r%§§%?‘r’%§ﬁ%) 20, 21, 22, and 23. As illustrated,
StV 20 t hrough 23 conmuni cat e

FIGURE 4 is a timing diagram which illustrates a sequence of
various signals employed by the present invention during a write mode.
15 _
FIGUHE 5 is a timing diagram of various signals employed by the

present invention during a read operation.

FIGURE 6 is a timing diagram illustrating the sequence of

20 operations utilized by the present invention during a refresh operation.

FIGURE 7 conceptually illustrates the present invention's use of

. _/.

bit scattering to minimize data loss in the event of a DRAM malfunction.



with the nmenory controller 16 over a nenory bus 24. In addition, a clock 26
provides tinmed digital clock signals over nenory bus 24 to the SIMVW 20
through 23. Although FIGURE 1 illustrates four single in-line nmenory

nodul es 25 coupled to menory bus 24, it wll be appreC| ated by one skilled
in the art that the pETA¢IE 2S5 TGRIP RTYANI ous nunbers ofwow
SIMW coupled to the rrem)ry bus 24. In operatlon processor 10 stores data
i n dynam ¢ random access 30 nenory (DRAM di sposed within each of the

SI MV 20 t hrough 23. fa to pe staor roces rovided to the
memory control ler 16 'é‘PP'PY]"éP%'?%‘Pé%'"" °’!é“°d?ﬂfPe(ﬁj{§'M§ %’#@%?9 ol ler then
coupl es the Z% t %a,tng é,,Frrg fo the
nmenory bus g aF:(S)rES%V\T t%et g't%gg% glggle\Mg? ;Erglgélésddnh %A\%SCH bed,

vari ous sontapplicatipg arl usedyea gighali chenputer fohstorimgrand retdevingdataranté t o

acconplish storage as well as the retrieval of data in the 5 SI M. In
addi tion, iPregramsd Ihthefgliowing dascriptign forpugrases of explanatian RR/@YS st 1 obes

for DRAVS disnigail ba) bHR sSAAE Bl aioff oty bbASBCGMa AN ) | &7 16,

and ot her timng S assocl a orage ant retrieval of data

in the Sl I\/I\/bmmeoﬁie%m providectethoRsughihdarstanding of ths @rdseht ihCentidc or di ngl y,
"the present invention's single in-line nenory nodule may utilize 10

dynanic r andl‘lﬂweélébé's\g'“ herapparant ia aoe skilleg 'i“éh? agrthatitbesecgpeciiic sletailst i es,

since all n fr C Inthe
pr esent I19 p Eﬁ‘r ’Z‘&gpﬁéoﬁ‘a‘?’#é'% Pqé‘ﬁlﬁ%“%‘{l‘ﬁ gﬁvﬁ;@g gﬁgh%{ qushz\ézg Sin a
Menory syst e@iMinowndelé@fical siradttfes and cireuid a%st@irﬁnmfdl g?énﬂéﬁh iS5 .
transaction. In addition, 8 error check bits are provided tfor each 64 bits
of data. Eacindesnatit¢ 2bscure theypresent invgntlonamneeessarily. of data and 2 bits fogs
error checking. In the presently preferred enbodi nent, four SI Mk are
utilized to

Referring now to FIGURE 1, one possible computer system in

15 which the teachings of the present invention may be utilized is illustrated. A
processor 10 is coupled to a system bus 12 for communicating with various
system components, including input/output devices 14, as weil as a memory
controller 16 which is also coupled to the system bus 12. As will be described
more fully below, processor 10 stores and retrieves data, which may comprise

20 programs and/or alphanumeric and other data in single in-line memory modules
(SIMMSs) 20, 21, 22, and 23. As illustrated, SIMMs 20 through 23 communicate
with the memory controller 16 over a memory bus 24. In addition, a clock 26
provides timed digital clock signals over memory bus 24 to the SIMMs 20
through 23. Although FIGURE 1 illustrates four single in-line memory modules

25 coupled to memory bus 24, it will be appreciated by one skilled in the art that
the present invention may be used with various numbers of SIMMs coupled to

the memory bus 24.
In operation, processor 10 stores data in dynamic random access
30 memory (DRAM) disposed within each of the SIMMs 20 through 23. Data to be

stored by processor 10 Is provided to the memory controlier 16 over the system
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supply 72 bits for one data transfer transaction. Currently, the DRAMS
_utilized by the present invention, which are disposed in Sl M 20 through
23, operate 20 wusing a 100 nanosecond access rate, and two consecutive
accesses are-required to get 64 bytes of data. However, utilizing the
present invention's cross bar switch (CBS) on each SIMM a translation of

the 32 bytes gis {0TRe RieRiHPESHRroliSEHAR Bouglosthe Rk of fedictd 8RRIRY fate of

8 bytes at 25 nanoseconds over the nmenmory bus 24 to the controller 16. 25
Ref erring noviotations GURE SlMMsatohhShiqurQbus 24,aleyig W) theidatatet beastoted. n FI GURE

1, conprises SIXt een DRAMs coupled to Cross har t ches (CBSs)
I ncl udi ng CBIMS Withg degegsied, uggeatrol é&"?h”o‘%ﬁ Rrovi %92"'9@8 S} M\/I (for

exanpl e SI WM W‘ad |§ﬁ.§§, I r switches
(CBSO t hrough go%ggg?,sip er gIB'I"l’Ee'aC éﬁéé‘g%g%s%g?@ﬁaﬁ’E’fcgﬁ’gﬁiﬁwo t he nenory
bus 24 as 5 | | siMMsit kdaddifion, #ehoals bamoted that row diiikess(diidddiymmaddmesipl ed t o
an address and control bus 50, and tRrow de,a total of 64 bits of data to a

data bus 60, HobesderDRAMSsdirposedin the SiMM=are providesby the e 2 as DRAM 52

wi tones. (1 TRUOUELES o 4t apidg nd EBkiciiod yih el ipBpeind el 7,

check bits topfREin theSIMRRNIre alse frEvidss by tHe' mémeRkcontroiert1®. CBS2) . As
illustrated, data provided by the sixteen DRAMs |Is coupled to data bus 60,

and t her eby pheoordiagly: thecpresendinvention's singlelinsling ywaraonz anedulp may|utitize:| vy

GBS compriGecHRTREIReoHT gerpsp Merory BYing s veyionl (i 5Gleng CaRDRS. FRES o ose

bar swi t ches JipymiplySfyniafs drightté rbmdna! Feftibry boritremer6.
e’
In the presently preférred embodiment, SIMMs 20 through 23 are
utilized in a memory system with a data transfer size of 64 data bytes for each
15 transaction. In addition, 8 error check bits are provided for each 64 bits of data.
Each SIMM (20 through 23) supplies 16 bits of data and 2 bits for error
checking. In the presently preferred embodiment, four SIMMs are utilized to
supply 72 bits for one data transfer transaction. Currently, the DRAMS utilized
by the present invention, which are disposed in SIMMs 20 lhrough 23, operate
20 using a 100 nanosecond access rate, and two consecutive accesses a're.
required to get 64 bytes of data. However, utilizing the present invention's
. cross bar switch (CBS) on each SIMM, a transiation of the 32 bytes at 100
nanoseconds results in an actual data transfer rate of 8 bytes at 25
nanoseconds over the memory bus 24 to the controller 16.
25
Referring now to FIGURE 2, each SIMM (20 through 23),
illustrated in FIGURE 1, comprises sixteen DRAMs coupled to four cross bar
switches (CBSs) including CBS0, CBS1, CBS2, and CBS3, as shown in
FIGURE 2. Each SIMM (for example SIMM 20 as shown in FIGURE 2)
30 includes four cross bar switches (CBSO through CBS3), wherein each cross
bar switch is coupled to the memory bus 24 as illustrated. Sixteen dynamic
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cell, customor sem -customfabrication techniques. In the preferred
enbodi nent, each SIMM (see FIGURE 1) provides 16 bits of data, such that :
the sum of the output of SIMw 20 through 15 23 provide a total of 64 bits
of data, which conprises one "word" in the conputer system In addition,
each SI MM (20 through 23) provides two bits of error check bits, thereby

resul ti ng RAMSNDRANMS) dve icoapledto ahaddreby aad cohtrbltusH50s tand iprévidsaof dat a
provi ded bé' each S each cross bar switch (see FIGURE 2) contributes
four bits 6tal@h64 bits atidala to adata bus &y as shewe lecadditiona twp BRAMS: 0ss bar

Co tho hendiap R 2tk DRRK 52 ahd BRRITES! ¢ pibiineBll dde o0, 01 bse
bar swi t cheidckitgbitsiié b YMhéi drbsstar éan6tids @meithedage filistritedan ow. | n

operation, processor 10 provides an address to read data from 25 or wite
dat a i ng o, FIGURE 2ORAMA2pprovides Toue cherk bitsstoi CBSOLancBRAMBSt he nenory

T P R b R A e S R ey - 77
address, DPBRARSs &%uﬁﬂdﬁﬁ%ﬁte%ﬂsss %ﬁ&%ﬁd?&ﬁ?’ﬁ?dﬁd%tﬁﬁg'eéﬁmﬂ% érb§$) to each

of the respective cross bar swtches on eac see FI GURE 2).

As 30 wi | barswitthes and ettimately transmitted bameswory bas 24D In fHeqeresdntlyaddr ess, and
couples Its portion of the address to the address and control bus 50, such

that the aPf@fersed embodimept, each CBSpomnrises apASiGe hawevaraitwilbbe K| GURE 2.

i | ardy Sl erofe Moo boulos AL hiRG o lanfed uFREREIET B, o
i |1 ust r at eggli, BuStofd-bitseni-dustdnh fabirtatfo Yethniqied. €r r ed enbodi ment, the error

detection and correction 5 nethod used is known as "single bit error ~’
correction/double bit error

in the preferred embodiment, each SIMM (see FIGURE 1)
provides 16 bits of data, such that the sum of the output of SIMMs 20 through
15 23 provide a total of 64 bits of data, which comprises onse “word" in the
computer system. In addition, each SIMM (20 through 23) provides two bits of
error check bits, thereby resuilting in an eight bit error check byte. Of the
sixteen bits of data provided by each SIMM, each cross bar switch (see
FIGURE 2) contributes four bits of data, and as illustrated in FIGURE 2, each
20 cross bar switch provides four data lines to the memory bus 24, and is also
coupled to the memory bus 24 by three address lines. The operation of each
cross bar switch within the SIMM will be described more fully below. ~

in operation, processor 10 provides an address to read data from,
25 or write data into, SIMMs 20 through 23. The address is coupled over the
memory system bus 12 to the memory controller 16. The memory controller 16
couples the address to the memory bus 24, which, depending on the bit value
of the address, parses the address bits (presently three bits at a time) to each of
the respective cross bar switches on each of the SIMMs (see FIGURE 2). As
30 will be described, each cross bar switch amplifies the address, and couples its
portion of the address to the address and control bus 50, such that the address



detection/single-4-bit byte error detection" (SEC DED S4ED). However, it
Wl be appreciated by one skilled in the art that a variety of error
detection and correction nechani snms nay be utilized in accordance with the
t eachings of ‘the present invention. In addition, in the present enbodi nent
error detection and lo  correction is acconBI I shed by nenory controller 16,

although, in oPitepreprpridedita hasi6PBAMsS FIGHRES: /Addipsaes associated with
f ti . Ref ' , : ' S) i
compr i sed of -t PEAN 8238 Bridl 5 R ¥rot cne Qi Breamisl cled 8 hE 0 1S 4

three 15 bit appropyate BRAMINOLGIVAERIRICBSO 00CBS2(as fuBrated iIMFIGURERIS 24
into a nenory address register 70. Simlarly, two lines of nenory control

(illustrated a¥n theqrasandly preferrediembedimentot eromdetestionand-gosrestian| ed,

o the memory BSESey TRy BRdutds SarioT o bohRpaedh afhsl “accoss
cycle. and a5 biodséiahge- 20 bita oricPleclon (E-BED. S4ED). | Foayel, o 2

register 76. A direction read (Direc.RD) fine provides signals
desi gnat e oper beiappeeciateccby bre skilaskindhe artithal aoyarietyt oferioridetestioman®RAME. The

direction read signal is provided over.a Drec.RD |in, oupled to the
Teecy bus. 5. carreiRn rekkBRRMSTESY P BUiBah asrirtenes vy e Brdivags otihe
operation, the VA=Y : hqgwm E’lﬂi?\dé to an
agdr ess in onep(%fgmﬁgg{ltm %@%5‘%@%@3}% us 24. '?ﬁgfgﬂgr ess '{éul%ld
menory contool cerrgetidhds acddmlished b hidnigry zonatrolise d 6y athdugheinadthéBS, and

stored in register 70, 72, and 74, respectively. The CBS 30 anplifies and

retransnits t h8PPHSAHPRS RraEsses 10 Mayrke ysad igstheln duncials-ol bus 50 (see
FLGURES 2 and 3). -9- '

Referring now to FIGURE 3, each cross bar switch (CBS) is
comprised of the elements illusirated. As shown, three lines comprising a three
15 bit memory address (MEMADDR) is coupled from the memory bus 24 into a
memory address register 70. Similarly, two lines of memory control (illustrated
as a single line into each CBS of FIGURE 2) are coupled, respectively, to
registers 72 and 74. An LD_L control line is also coupled to the memory bus
24, and provides signals to initiate a memory access cycle, and as illustrated
20 in FIGURE 3, the LD_L line is coupléd to a register 76. A direction read
(Direc.RD) line provides signals which designate operations as either read or
write operations into the DRAMs. The direction read signal is provided over a
Direc.RD line coupled to the memofy bus 24, and as Shown. the line is coupled
to register 78.
25
in operation, the CBS receives a memory address (MEMADDR)
corresponding to an address in one of the SIMM DRAMs, over memory bus 24.
The address and memory control signals (CTRL1 and CTRLO) are received by
each CBS, and stored in register 70, 72, and 74, respectively. The CBS
30 amplifies and retransmits the memory address to the address and control bus 50
(see FIGURES 2 and 3).



Assune for sake of exanple that the processor 10 initiates a read operation
to retrieve data stored in SIMvws 20 through 23. Processor 10 applies the
address (MEMADDR) of the stored data to systembus 12, and the 5 address
is received by nmenory controller 16 which applies it to the nenory bus 24.
As previously described, within each SIMM are di sposed four cross bar ~
switches. Each CBS within the respective SIMMreceives three bits of the
address al ong wi t h céssuroe farisgkebtexamplé that the processad i @ initiates alvead RAS) and

col um address strobe, (CAS) . signal.s | C re stor in register 70, 72
and | o 74,°P9§§'ﬂf§bﬁ°i’\93\g§f.° }?es‘gﬁ’?riﬂ)& ‘EWP%I% gﬂPF?iﬁ?'gﬂt of register
70 in each t °bé!%t hC in turn
coupled to %egyﬁam g@ﬁ%?@?@ﬁ?}&%@?@ﬂé%e t ﬁf’ﬂé\??hﬁddmlen FI GURE
5, the t3 m agdress islreceived by memayy abniraliepl 6 adhichcapplies TS thesmampiy t hat t he

menory controller 16 applies a Direc.RD signal (high) to each CBS. The
Di rec. RD si oifa?4.i Asqrevieusly desaribedcyitkin @acty SIMMsaretlisposed feur@gosss 3, a

d, d L Ui 90, i | ed h reaqi 76 N
Feqt st er - 7ePSCENER- Fagh GES PR 165 HibPub SUBR) threfieh e s cEelc. ro
signal, theadahesy dloA§ WithUonftb! di awthéaaaine_fwgdgfbss%i:esaknhbp%at0 register

76. The LD L and Direc.RD signals are receive y the counter and decoder
90. I n a recalumpaddrassrsirobé ¢CAS) signalspwhichl aceskoredip register 79, 22 andt put

buf fer 95, and | at ches ta read ,. and_ provi ded, over data bus
60, i nt P buf$-JPSPegyvely.1 ?%?%AM%B@ %ﬁqwmﬁwﬂeb&m e&her 1 or
checki ng an n;ﬁﬁ{‘ ' F,g‘,\_ rd | | at ched
I nto bu?fer§8§% t r%ggah%d(ggs% teroné;agr&é%ﬁ'e*ﬁeéﬁiekd‘ﬂﬁﬁﬁbéeo?’p‘g?qg;c es.

Ref er ence idynamle RAMS l{see FIGUREd?)aiksobesp llluBtrate®in FIGURE: S\ahedintingcul ar s

sequence of signals, Including RAS, CAS, LDL and Direc.RD signal sequence
utilized byotth vBAQuSSignals gapfteddn theGBS is such that theypemery santrolieil$ decoder

90 further golibE @l BirdBRD siyrak fHigh) 16 each CBS. The Direc.RD signal is stored in

15 register 78.

As shown in FIGURE 3, a counter and decoder circuit 90 is
coupled to both register 76 as well as register 78. Generally concurrent with
the application of the Direc.RD signal, the memory controller 16 applies a LD_L
20 signal (low) to register 76. The LD_L and Direc.RD signais are received by the
counter and decoder 90. In a read operation, the counter and decoder 90
enables an output buiter 95, and latches data read from the DRAMs, and
provided over data bus 60, into buffers 100, 101, 102 and 103, along with the
respective error checking and correction bits (ECC). The retrieved data is then
25 latched into buffers 100 through 103 after a predetermined number of cycles.
Reference is made to the timing diagram of FIGURE 5 for the particular
sequence of signals, inciuding RAS, CAS, LD_L and Direc.RD signal

sequence utilized by the present invention.

30 The counter and decoder 90 further controls multiplexer 110,
such that once data read from the DRAMS Is received In buffers 100 through
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such that once data read fromthe DRAMs |s received in buffers 100 through
~-10- 103, the follow ng steps occur: |Inmmediately upon receiving the
first four bits of data in buffer 100, the data in buffer 100 is
transferred through the multiplexer 110, and stored in register AR Then,

séquentially as data is received in buffers 101, 102 and.1 he

cof r espondi nd03<hg following,steps P?Wé@ﬁ‘@?@?@y{@@]feﬁﬂﬁmﬁ%e grspéﬂbé'gsa%ft ially
concurrent w . ' | rrtsfd i of data
stored in reg%{sét'hiﬁ%}i&?g@éﬁ%%&aﬁsﬁﬂmgey NEM"S?‘?R@UP%'E@HPE@%%I lel to
the nmenory byso2dnd §ors inlregisiet AgbiThen sdequentially as eigtasisgecoiredindutiaist t ed

t hrough the output buffer 95 nultiplexer 110, as controlled by counter and

decoder 90, d8&utad ard 193.Jbe seresponding datads stored is ragigterBa ek ANGdPR ¢ he

contents of I ' Lt
Chrough t Re SupBEPUByERLERintng siteh oF Buraif fodibr AR e el oEBEY Y, DUP B4
t hrough out pkh%tEéééCtgﬁeﬁr inYegistar ARGre Shiffed Burfover MEM DATAOKNes| ivysdralien® er ror

checking bit C) is also provided. It will be appreciated fromthe
previ ous di sthssiemorpbus 8¢ Once thedata bitsistoredrin registeAr ae-shiftadyoughat t he

w th an 8 chdtkoWPPLDYIESS, MRIFIRART 41D Ar bl By BleretynclisBalfag 7, 00, o

sequence of %?gﬁ%ﬁi;a?f'%eﬁé@%éi%@ﬁ%d%gﬁ@éﬁchitﬁﬂqm conmeiis!df thegedescr i bed

W th respect g data’into i sposed in each SIMM In the event

that proa®@ssaegidiers 41@,als shiftdtboutioh( the meamary bus 24 shraughithierautput huffes) MM
IR e ety ool o el B B8,
7 S gy A i s i 50 St (o
addi tion, thexilrBeRpprevited fbmethe brevigus! disceission of the structure and operation

of each SIMM, that the 16 bits of data outputted from each CBS form a 64 bit

15 data word along with an 8 check bits (ECC).

Referring once again to FIGURES 2, 3 and 4, the sequence of
operations executed by the preSent invention will be described with respect to
writing data into DRAMs disposed in each SIMM. In the event that processor

20 10, or other 1/0 device, writes data into the SIMM memory array, the data as
well as address of the storage location within the DRAM memory is coupled to
. the memory controller 16 through bus 12. Memory controller 16 applies the
~ address for the data to be written to the memory bus 24, which is in turn
coupled to SIMMs 20 through 23. In addition, the memory controller 16 applies
25 control signals (RAS and CAS) to the memory bus 24, which are received by
each CBS in the respective SIMMs. As in the case of a read operation, three
bits of the address are received by each CBS disposed on a SIMM along with
two control bits, CTRL1 and CTRLO. . Each CBS clocks the address and control
bits into registers 70, 72 and 74, respectively, and then amplifies and
30 retransmits these signals to the DRAMSs over address and control bus 50. As
illustrated best in FIGURES 3 and 4, the memory controller 16 maintains the
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25 control signals (RAS and CAS) to the nenory bus 24, which are received
by each CBS in the respective SIMM. As in the case of a read operation,
three bits of the address are received by each CBS di sposed on a SI MM al ong
with two control bits, CTRL1 and CTRLO. Each CBS cl ocks the address and
control bits into registers 70, 72 and 74, respectively, and then anplifigs
and 30 retraRia¢.RD linedp & lowptalesanchprovideORAMD_b\psisetachegirstharwriteont r ol bus’

50. As illustrated bgst (.n Fl GUJ 3 4 he menory contraoller 16

mai nt i s ¢ ngpareiog.  on 4 terpl ot s LB sfunel ur Bhd SRGRRT 30 T 1 pul se
to begin theqiwablb8 tHGHBH tifer $58Rd bRSLIESER inplt Biittdr 120 Phb o2 count er
and decoder 90 di sabl esa‘?he S{Jt put buffer 95r‘aand enabl es an ?ér%%ﬁée buf fer
120. The dat stored isdheri applidd by ndmory axppliroled 16 o thermemorydmisr 24, land 1416 t 0 t he
menory bus 24, .an our bits are provided (plus one ECC

gf r 5 each CBS, f ;
check bity s8R¢HEPS: ?%’PH&*‘T%B’&V“’BMP'B? ope &C Gt spdally te thg joput)

i vel ' ' ' . d
PCe] hoeve B 128 ERHHS o bioWHe St plarthy Bofsbehio b |, "
regi ster Dw. giiprofidata inrebisr® A, B'w/ and Cly, however(itiedloants cpdi@teBe i N

. register [err] CBS shifts data stored in |err] and [er& Into 10
regi sters [ ergceivadds stored diractly inctegistanbw. ndhe fastgroup oblauibide of egi st er s,

the data i mmgdj at el t t_of .the. d d _caqtr.ol bus 50,
thr ough- bur r BRe &8 sloreB it by, B ¥R e suore nf B B ariidiec "1 of
an identihi CoddiABrsOAw! B, a4t CQRiFospb@RBlyS ORLé SHNBERIANeSS regislam! fhePr OVi ded

by nmenory controller 16, in order to acconplish a wite operation using the
15 present idatadmmegiatelRsippeansan the obipGlehe Hataandicontiobbus §8.4htough

i nvention's yse of__an nmber dentify the, ve he particul ar |
DRAMs, al o_ng%fﬂﬁ?'ﬁ @e‘é&;‘gﬁaﬁﬂd éég'eh‘efﬁm?‘??\és ﬂﬂ@s‘?r}'ﬂéhﬁgﬁf’?’ﬁ as part of
an ei ght bit 4dififiddtioh ot thé VarfbiisSsignals and sequences of signals provided by

memory controller 16, in order to accomplish a write operation using the

15 present invention.

Referring to FIGURES 2 and 3, the present invention's use of an

ID number to identify the vendor of the particular DRAMs, along with the size
and speed of the DRAMSs, is reported as part of an sight bit identification byte.

20 In the event a Direc.RD signal is applied to register 78 and counter and
decoder 90 without a corresponding LD_L pulse, the counter and decoder 90
signal enable 1D logic circuitry 150, which couples a two bit 1D value to each
CBS. The two bit ID value is determined by hard wiring each of the bit lines
either to ground or to Vce (see FIGURE 2). This two bit ID value is coupled

25 through multiplexer 110, and shifted through register Ar, and output buffer 95,
onto the memory bus 24 as data. it will be appreciated since there are four CBS
devices on each SIMM, that since each CBS reporis two bits of the ID byte,
that a total of eight bits are reported for each SIMM.

30 With reference to FIGURE 6, in the presently preferred
embodiment memory controller 16 Initiates a refresh mode which is required in
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20 In the event a Direc. RD signal is applied to register 78 and counter

and decoder 90 without a corresponding LD-L pulse, the counter and decoder
" 90 signal enable IDlogic circuitry 150, which couples a two bit 1D val ue
to each CBS..The two bit ID value is determned by hard wiring each of the
blt lines either to ground or to Vcc (see FIGURE 2). This two bit ID value

Is” coupl ed 25Rccprgaperywitivihe pastieulas DRAMS ulifizpdsinithe §H\4Mhr'61ﬁghf9$@@fl ster [err]

d tput b ata. 1t wl
ngrggi g? ed gH??‘i"’?ﬁ‘@?%%é}gé delE@fﬁié' tgple C'H°'§PW°'1'W§F' ¥ nce each
CBS reports tgeﬁemwa fu‘fre%h%yé@ ABUD, byimtcoaplbabﬁio 16 nfd cﬂ&?d&bt&té‘r e
reported for each SI MM reference t | GURE 6, in the
presently prdihes aedemw |abem iﬁharusqot:ﬂmtudemmeaﬂoma)ytmby theet presentr ef r esh

de whi hI d -12- th the particul ar DRAMs
ITiTi vod B dneRdPRRETHsyaPaS bimes B DBAME R b ioerporRiRcie the MMy such

Lot B i RtbeETHERA Yo RRBLER eifibr the SIARFA@HER«fo oF DEES hingtitfon, T1e | O

byte is coupled onto the nenory bus I'nes as descri OVe.' The use

of the i dent irol spetifio timing eircoitryt isadrbecprotided in the\CBS,| smep@lrﬁmtn‘g jgarious
types of DRAMs to be incorporated in the SI Mk Wit hout the need to redesi gn
ei ther the Sccompigtedihreughire mamarpsontrales 6 basashon the typref PRAMS ni ng

P ough  ne” SO AL BRI e BIEC Sh " he type o DRAVS Uil | sed as

reportedigy the I D byte. 10 Referring now to FIGURE 7, the present

I nvention's use of bit scattering to mnimze data Ioss in the event of a

DRAM nal function is ddieferringaowAe FIGUREST.dhe prasentiavéntipniseyse afrbitach 64 bit

vvo\r/d provi de%cgﬁ/en%g(w minimize_ data loss in the event of a DRAM malfunction is
described. As best shown in the figure, for each 64 bit word provided by each
SIMM in the system illustrated in FIGURE 1, each bit comprising the 64 bit

15 word originates from a different DRAM. As previously described, each DRAM
provides 4 bits of data, however, the present invention requires that on each
cycle only one bit of data and one check bit is provided by a DRAM. In
addition, as shown in FIGURE 7, it will be appreciated that for each 64 bit
word, in each cycle, the same bit is provided by each DRAM. Accordingly, in

20 the event of a DRAM malfunction, only one bit of data per cycle is lost. The
loss of one bit per cycle due to a defactive DRAM does not constitute a fatal
error condition, and in accordance with the teachings of the present invention,
the error would be detected and easlly corrected by the memory controller 16.
The structure illustrated in FIGURE 7 may be contrasted with an architecture

25 wherein a single DRAM provides 4 bits of sequential data for the same word. It
will be appreciated, that in such event, the loss of the DRAM will result in the
loss of 4 bits out of 64 bits. The loss of a 4 bit group out of a 64 bit word could
prove fatal and nonrecoverable. Accordingly, the present invention's bit
scattering structure shown in FIGURE 7 minimizes data loss in the event of a

30 malfunction and maximizes the probability of error correction once an error is
detected. '
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SIMMin the systemillustrated in FIGURE 1, each bit conprising the 64 bit
15 word originates froma different DRAM -As previously described, each
DRAM provi des 4 bits of data, however, I iggyenti on requires that
on each cycle only one bit of data anHMﬁ“ﬂ!iﬂB‘!ﬂlmms provi ded by a DRAM
In addition, SdeAldoWn in FIGURE 7, it sec+rated that for each 64
bit word, in each cycle, the sane bit is provided by each DRAM had
Accordingly, in 20 the event of a DRAM nal function, only one bit of data
per cycle is lost. The loss of one bit per cycle due to a defective DRAM
does not constitute a fatal error condition, and in accordance wth the

t eachi ngs of the presehtdalapronessing sistemeeormoprisiggll d be detected and easily
corrected by the mam)r'%{ contl( ol | er %‘16 Thgi structuredi | | ust a‘z\t ed.in FI GURE
7 may be €ontrast SETRY FORPISF PiFAPS 9T Araviding mgmony;gd gsggﬁgc{ A BRAM provi des
4 bits of se 1 a for the sane word. It will be appreciated, that
in such even?gﬁ?g'eéb%%g:t of the DRAMw || result in the loss of 4 bits out

of 64 bits. The | agdurafityf dmdry grotiujesaedupled ta said inemonocahtoded, @aph ove
fatal and nonrecoverable. Accordingly, the present invention's bit
_scattering stof g8idunadulasiteiudingz] GURE 7 ninimi zes data loss in the event of
a 30 nmal function and . i . r Qe tion once an
error is detected. -13£er£ﬂg§'3'ﬂ£&%9{3é&?8£ kkg%aﬁéaﬁéé‘%é%@&gg%ystem
conprising: 5 NErGBE BaC§iitchGhédis ¢oupd fo@aidrevior) Béviceyand said
addresses, data and control signals; a plurality of nenory nodul es coupl ed
to said menory comemgryeontrelies meansssaid crasdhas switel means including a

plurality of cross bar switches (CBS), each of said cross bar switches
receiving a respective portion of a memory address provided ~
by said memory controller means and providing said address

portion to at least one predefined memory device, each of

said CBS further including input/output means for providing

data from said memory controller means to said predefined

15

memory device, and receiving data from said predefined
memory device for transfer to said memory controller means..

20

2. The data processing system as defined by claim 1, wherein each
of said cross bar switches is coupled to said memory devices over a data and ~
an address/control bus.

25
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a plurality of nmenory devices for storing and T€trieving data 10

cross bar switch neans coupled to said nenory ﬂ‘l aMHLmermry
controller means, said cross bar switch neans 1“1‘ ﬂmml\ ﬂl lity of
cross bar switches (CBS), each of said cross baﬁ s tichds fecéiving a
respective portion of a nmenory address provided by said nenory controller

weans and provi dBng sHmdaiacwrwssimsvstem asdefmedbastaimﬂewmamfn thed nenory
devi ce, each o urt her | udi | nput./ out put neans for
o ovi G g R8N T feask aperAion YPAUE gy of Bt peedined Berist 8gBBl e morory
device, and (g ehiyi rﬁﬂvﬁ%m‘}él@ hel, duch b 6B SSbSTRaERIVYs HEHM fiin ba !t ranster
to said nenory contro rreans 2. The data processing system as
defined by qredetingd m&mryldoveadndcp‘romés:lsaw esceivedrdatavtd sdid mensorgoupl ed to
said nmenory devices over a data and an address/control bus. 25 3. The
dat a pr oSessontolgrdpeansas defined by claim 2, wherein in the event of a
read operation, upon the receipt of first predefl ned control signals from
said nenory controller neans, each of said CBS receives data fromsaid
predefi ned menory device and provides said received data to said nenory 5
controller neans. 4. The data processing system as defined by claim 3,
wherein in the 10 event of a wite operation each of said CBS receives

data to be store id menory controll ns, an on.recei pt of
second predef | neg %B]P% ata %WQF?xq Pb???@aﬁsof%%@ CI?HH%r H'P'Pﬁ' nitBls, said
CBS stongs bk &l‘aé write'bpefitidn each of said CBS receives data to be stored from
said memory controller means and upon receipt of second predefined control
Y signals from said memory controller means, said CBS stores said data in said

predefined memory device.
15

5. The data processing system as defined by claim 4, wherein each
CBS includes: |

first input register means coupled to said data bus for receiving data from

20 said memory devices;

multiplexor means coupled to said input register means and to counter
and decoder means, said multiplexor shifting said received data out to said
memory controller means upon the receipt of multiplexor control signails from
said counter and decoder means.

25

6. The data processing system as defined by claim 5, wherein said
CBS further includes:
30 second input register means for receiving from said memory controller

means data to be stored in said predefined memory davice.
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predefi ned menory device. 15 5. The data processing system as defined by 
claim4, wherein each CBS includes: first input register neans coupled to
said data bus for receiving data from20 said nenory devices; nultiplexor

means coupled to said | nput reg “nd to counter and decoder
means, said nultiplexor shi L\!ﬂmm\a“m ed data out to said nmenory
controll er neans upon the r of mul%i Pl exor control signals from sai a'(
counter and decoder neans. 25 6. The data processing system as defined by

claim5, wherein said CBS further includes: 30 second i nput register

neans for receiving ffﬂ%&ﬁ??ﬁoé@ﬁﬁQ&&&%@%ﬂ@?g?%ﬁmcka}tvﬁleﬁ'an%giftOrEd in

sai d predefined nenory devrl Ce. ocessi'ng system as
defined by skeomd hput\registermeansiinsiades degisterst A'g £B,s Oy anet®ys andcl udes
registers [err] = and [err] and 5 wherein registers [err] are coupled,
respect i vel ywhergin;ragigters Ava BowrCyi ale spupled, regpectively, tintermedigte 5 provi ded
by said ne ; I Okl ' ' e ' menory
device is rsrgé%'g%?gll éY‘I y E{;Upgg&l? H{ﬂ%"gﬁﬁg%ﬁfg? ?ﬁﬁgggﬂgéf@ﬂoggfegi sters
[err]  and mhédris]to Bachiéragin said préddtifedm davi6e fs Sic@niidlly’Reredtier [err]
data previously stored in registers [err] 1 and [err] is shifted into
“registers [&Y bi/ groups in epel) of8id registesAipl B, Cav and Bwrnd:pnegdn Nobitsai d
def i ned deyice. 15 dat ing, t
grefe i ﬁ e:jngy gﬁﬁfﬁy %fee%!éﬁ él? ﬁegblsé?rdDw. daqa prevms%ly stored"h %geigt%'rsnﬂ w? &S\'N em as
10 and C', is shifted into registers A,,, B,,, and C,, and then coupled to said data
bus to said predefined memory device.

15 8. The data processing system as defined by claim 6, wherein said
first input register means includes registers A,, B, C, and D,, wherein register
A, is coupled to the output of said muttiplexor means and registers B,, C, and D,
are coupled between said data bus and the input of said multiplexor means,
such that data received from said memory devices over said data bus is

20 sequentially stored, in N bit groups, in registers A,, B, C,; and D,.

9. The data processing system as defined by claim 8, wherein said
25 data stored in register A, is shifted out to said memory controlier means and

said multiplexor means then sequentially shifts out data stored in said registers
B,, C, and D, to said memory controller means.

30
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first input register means Includes registers and [err] wherein
register A |Is coupled to the output H‘\mmn‘@!\jh\%or nmeans and
registers [err] and [err] are couple\ BaHy ata bus and the input
of said nultiplexor means, such that datd réceived fromsaid menory devices
- over said.data bus is 20 sequentially stored, in N bit groups, In
“xdgisters [err] 18nd The dgtagrocessing sytem asrdafieed by slaipst wherain gaidi ned by
- claim8, wherginSal : r ' IS r.l i to said
menory contr 8 rglr'&?f’vksg\ré# A ggé'g?%éﬁucﬁtg P‘pepetégg'dnégﬁgét%oé‘ﬁog%qﬁéeaﬁ% %ﬁy shifts
out data storsflemdnsiisd registers [err] and [err] to said nenory
controll er neans. 30 10. The data processing system as defined by claim
9, wherein said plurality of nenory devices are coupled to said nmenory
controller. means over a nenory bus. 5 11. The data processing system as
defi ned bi claim 10, wherein said plurality of nmenory devices conprise 16
dynam ¢ random access nenory (DRAM devices. 10 12. The data processing
system as defined by claim 11, wherein said nmenory nodul es each contain 4
cross bar swi t chedl. 15The3data pracessing systemeassdefiged by iclaimd9, abbreikdaidy cl ai m
12, wherein e?ch,CB?, amplifies and retransmts sai dg\portion of a menory
address to s&ayof ARverSeAMRrFe IR Aynemic, ;andeny RCCeas MW ¥ ont r ol ~ bus.
14. The dat QDWA%e&ajié&_system as defined by claim 13, wherein

10

12.  The data processing system as defined by claim 11, wherein said
memory modules each contain 4 cross bar switches.
15
13.  The data processing system as defined by claim 12, wherein
each CBS amplities and retransmits said portion ot a memory address to said
20 predefined memory device over said address/controf bus.
S

14. The data processing system as defined by claim 13, wherein
25 each CBS within each respective memory module receives an address portion

comprising three bits.
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25 each CBS within each respective nenory nodul e recei ves an address
portion conprising three bits. 15. The data processing system as
defined by claim13. wherein said control signals provided by said nenory
control |l er means 1i9)cl Tthedataprozeskinpsystemasdiedined dyradim B3 gereinfsgid said
DRAMs. 16. The data Féoce,ssi ng system as defined by claim15  wherein said,
menory cont r BPMEN sighBtssPro¥ided by said TSmS’VpF%@é'%F‘eﬁééf"ci‘%sr?‘grﬁ"rgus. 10 17.

The data progessi t y j : LM 16, wherein four nenory
nodul es are Eﬁﬂﬁer%#%ésgﬁggﬁéﬂﬁgyﬂﬁugs',mbegéﬁgbf said nenory nodul es havi ng
16 DRAMs. 15 18. The data processing systemas defined by claim12,

wherei n each of said nenory nodules further includes two DRAMs for storing
error 20 scheck bits (ECC), such that for each 4 bits of data provided to a
CBS, 1 error check bit is provided. 2 5 19. The data processing
system as defined by claim 18, wherein each CBS outputs 4 bits which forma
64 bit data work {@r SeNelidiabmcRENRE Sydien fYSéimed byliaim ¥5).whelféin saai a
processi ng system as defined by claim®6, further including enable |ID neans
coupl ed to saietharp conteslien mkans iochupledetarasprlocessor over a system bus.

10
17. The data processing system as defined by claim 16, wherein four
memory modules are coupled to said memory bus, each of said memory g
modules having 16 DRAMs.
15

18. The data processing system as defined by claim 12, wherein
each of said memory modules further includes two DRAMs for storing error
20 check bits (ECC), such that for each 4 bits of data provided to a CBS, 1 error
check bit is provided.

25 19. The data processing system as defined by claim 18, wherein
each CBS outputs 4 bits which form a 64 bit data work for said data

. 0 g



storing an x bit identifier. 5 21. The data processi ng
by claim 20, wherein upon the receipt of a predeterm ne mmmm I’Bj m‘
counter and decoder neans, said counter and decoder meansf coup

bit identifier to said 10 nenory controller neans. The data
processing system@gs dﬁid&bﬁ&'pkaeeséxﬁg By{éém Mnﬁbalbwﬂnﬂémr%edet erm ned
si¥gnal is provided by said nenory con nmeans. The data

~ processing smmmgaenamé i ovkalns oobwlemtozsaudmgnter andaiedocm meangdet er m ned
signal is provi a processor coupled to said nmenory controller neans.
25 245'°"1‘H@“d§'?'b'dﬁF'WteéSS| ng system as defined by claim21l, wherein
said x bit identifier conprises a 2 bit value for each respectlve CBS. 30
25. The data processing systemas defined by claim 24, wherein a conplete
identification value conprises 8 bits, 2 bits provided by each CBS. 26.
The data processing systemas defined by claim?21, wherein said 5 x bit
identifier is coupled through said nultiplexor neans and said Ar register

to said memory coptr oLl odiEBResdfl systam affeyned B LD RBRTR! 1O, System

as defined by clarm 24, I's € to tw 1
bit lines sugboh i rezaipt oRa Prddetdrired §?ﬁ@tv@rs§w@&hw drf dbodbiéd ng each of
said bit lines to either ground or a voltage source. 15 28. The data
processi ng syaaemsa;daemmaewd)c}eqmm means CWE%Smdstehlﬁdimﬁier o shitht i fier

identifies the manuf Hrer -si ze and speed of said nenory
10 memory con rol ermeans.

N
22. The data processing sysiem as defined by claim 21, wherein said
15 predetermined signal is provided by said memory controller means.
23. The data processing system as defined by claim 21, wherein said
20 predetermined signal is provided by a processor coupled to said memory
controller means.
N

25 24. The data processing 'syslem as defined by claim 21, wherein said

x bit identifier comprises a 2 bit value for each respective CBS.

30 25. The data processing system as defined by claim 24, wherein a

complete identification value comprises 8 bits, 2 bits provided by each CBS.

- 8-



devices. 20 29. The data processing systemas_defined by claim19, wherein
each bit conprising said 64 bit word is provided by a different DRAM such

that 25 for each read operation mmnu"mlmm data and one check bit is
provi ded per DRAM 30. A dat amI‘ m substantially as _
her ei nbef ore described with referénceé t'o theSaclonpanyi ng draw ngs.. -

26. The data processing system as defined by claim 21, wherein said

5  x bit identifier is coupled through said multiplexor means and said A, register to

said memory controller means.

10 27. The data processing system as defined by claim 24, wherein said
enable ID means is coupled to two 1 bit lines such that said 2 bit value is
determined by hard wiring each of said bit lines to either ground or a voltage

source. ~/

15

28. The data processing system as defined by claim 24, wherein said
x bit identifier identifies the manufacturer, size and speed of said memory
devices.
20

29. The data processing system as defined by claim 19, wherein ~
each bit comprising said 64 bit word is provided by a different DRAM, such that
25  for each read operation only one bit of data and one check bit is provided per
DRAM.

30. A data processing system, substantially as
hereinbefore described with reference to the accompanying
drawings.




