v, e3e $ X>R6T_r, . - 5. 15 JUL 202 A DATA BUS STRUCTURE FOR USE W TH

~MULTI'PLE MEMORY STORAGE AND DRI VER RECEI VER TECHNOLOG ES AND A1\/§Ttt®|_(ﬁ]02
OPERATI NG SUCH STRUCTURES FI ELD OF THE | NVENTI ON This invention rel ates
generally to electronic data storage systens that access (read and/or
wite) data storage nenory devices viaqa data bus, and, nore particul arly,
to an electronic data storage systemthat can access different types of

data storages bATA BUSIS'BRHcdm BOR USBWIEDMEL EPLEMIEMOR Yt STORAGE Or
| ef t openended as regw red the nenory storage devices used in the system

and to a medN) Ei SIRCHHELOIGHESIANDA 848 BHODOE §PERATBYG
BACKGROUND OF THE | NVENTI ON Conp i ons, servers and ot her
such systens, herein collectivel sb?ﬁg&@rﬁ@% systens, use many data
storage nenory units such as nenory nodul es. Each nodul e typically contains
a plurality of individual storage bits that can be accessed, i.e., data can
be witten into the bits wittEELDNOF dHE BAIENGH#AINt herefrom This is
acconpl i shed by the processor through a nmenory controller which is coupled
to the individual storage bits, in the nodules, via a data bus conprising a
plurality of dat I t j.ndi I ts in
each nodule to t?}eﬁlrérg‘;r%glbh it g %g%gérlﬂquse TE%(BIIOH&%W&@} gg?%ﬁlerﬁg g’&?%&rrzsegused
therein, i ngegbgriori writd) dﬂa@fwag@(iﬂ@hewideyxceé aﬁlasdawbahemdﬁoﬁeor better and

faster performance i. e., faster witing and reading, were net by the
creation of pastiowady, teian elecaric glatestermponstest that carraqepss diffewsttypes of 15 J' C L

forned of atB deaaerpVBr v bbb PR o R ird B e ivany

transi ti onsendtl@s iR fhie@ by th RS0 stotagedeweesslue@ S Bls9EEmANE th ¥RheétRdd y Dual
In-1ine Menmory Modules, comonly called and hereinafter referred to as

DI MVs that Err@ppotingauchopeslertionsmdnte slopigedyttemt he memory control ler via the
data query lines to forma data net. The DINIMs presently available, in the
mar ket pl ace, are typically 168 pin, 64 bit nodul es that use single data
rate 3.3. Volt Transi st or TBASKSROUNOD@OETHE. IBTWENTIONL) or 3. 3. Volt
Complinmentary Metal on Silicon (3.3 Volt CMOS) receivers and drivers,

her ei naft er coIIectiver referred to as 3.3 Volt DIMVB or 3. 3 V DI MMs These

. open: ended CORAR Sy RARERS Hi o BT AU SRS s ool B ory

l'ines in thefeRédtoidSyRemhvans g dbﬁ@tdfhg’eb'ﬁabrr@bﬂﬁﬁ%esubhh§rﬂeﬂmcirfﬂﬁldﬂ[ﬁﬂz'd' es
and the nenory contro?’I er are general pen- ended or un-term nated.

Processors Ha\sab f@ﬂ@éﬁ typisally gpriened P&H@J‘y W%llﬁdlglﬂee‘cﬁf@‘ﬁ%wﬁ daheanbe ncr eased.
However, thig LOgGr e@ﬁat%car%é’&??chg fntd Hl%e(gtshgﬁttéhotthe{ ?x?h'x%c{ &4 ltl%r%fp(?m.f ast est

possi bl e syStem speéds beécause access em nenory

popul at ed byhishe a&o&xﬁﬁsEIbMt}msarédeaidr ﬂd’otlg'l 4 henfdrp Bbntsaltke wlaush speapledir om
t he processor. For. maxi mum performance the system main nenory shoul d

operate at ﬂ@tledlv@e@bﬁtore%hﬁ&, Hetherpedules, i ao%a BYOIMprAtRS & pmfélty of

addi tional goin Ql@gnﬁrﬁas c eﬁlﬂ% tﬁ%( TR YA s?&aéé Bitd in¥ach faddu ttotqﬁ by the

nmenory systema W nMenory accesSs rate prevents e faster
processor s pesglsylcommdigi nG compliceshdihe ptdpismé Ssed thered, endpistd Bngek. To
elimnate this bottl eneck, there has now been proposed a solution, wherein
new DI MVB mBEdcempleainindusyy dsmaudsiion geiderand iostenrerfrpancss re-fageler t han

the nmenory cl ckrte reu d T r a Rate
(DDR) DI Mk i %Hf 3 st Ef%‘a ‘%%ﬁ}? S%f%‘”@?‘%@‘eﬁﬁgt‘g’@ﬁm

i nvention can be used 15 JUL 2002 3 with either of these new DI MVs t hey
w Il be hereinafter collectively referred to as DDR (Doubl e Data Rate)

DI MMS These DDR DI MVS require | ower voltages (typically 2.5 volts) than are
required the 3.3 V DIMVs and, when arranged in nulti-drop nets, also
require, BIUM, /MMWFM e ended, term nated data busses. Thus they are not
conpati bl der 3.3 VoIt systens that use ope

un-term nat edcebaza buses. New systens capabl e of using WI&” INI's
are now being devel oped. These new systenms wi ||, when popul g t hese
DDR D>I VJNI's, have a nenory access rate at Ieast tw ce that f?f“systems
using 3.3 V D>MVB t hereby boosting both system perfornmance and system
speed. , Although these new Double Data Rate (DDR) systens, and the ol der
Low Vol t age systens, all use DnVIMs, the need for data bus term nations and
| ower vol tages required by the new DDR DI NI Ms prevents the newer systens
designed for DDR DIIviMs fromusing the ol der 3.3V D>Zuvl Ms.



»Because of the wide variety in conputer needs, when new systens ﬁr&ﬂ{un&
i ntroduced, manufacturers, to maintain their custonmer base, nust 002

to manufacture the ol der systens as they sinultaneously introduce the newer
systens. This requires the manuf acturer2 to stock different parts to provide
both the new and the old systens. This“requires an increase in the nunber
of requir edyasksrs\MkmBryERD]lev@atRéoryl@eiusdsi cal probl ens, and the

possi bility of human error in assenbly &?_the_systens al so increase.

Mor eover nul ti pl Mepwry siodglspclormed of apbiialgy af ingtvidesd mesery endsdiusi on
during both nuf acture of .the initial conputer and.rerpair of the conputer
'n the fi el WIS BOSRIARY RASIGATE: (e netlSePIeR I HREHIn TR CHUTES Bieder

nenori es, i1 I R1odie i : t
thei o d napsegEIELH LS DERE BrodialhdEbAY o] B B SR Te i h they
are upgr adi ssdDINMs| thaf aretjbiged tdgechenend esuplddprtioy edmioBReditidlvE viayhe dam Wi | |
typically be nore costly and, initially, not be available in the

. nay )
necessary ouigAY lingste fomy agletaneti e PIMMg presantiyavailablede ierperke®lasst h t he

ol d and new techngl ogices these pr.opl wi l.] m L f.or it wll

permt the (ol pdﬁ@l'y gg p&%’n‘#%ﬁ?’%@%&%H%ers)}n%gﬁ?ﬁad%tegﬁﬁgg T??/%Stls_é%'based on
cost and perf.asisRRt8gic (BSreSIOTEL) 8t 3 ROKINCHRY s AfaBN®etABN Seidya |t to use
only this new DDR approach, there still exists a need for a systemthat is

caloabl e o; GpeNattiGdObprevcivees mrcliortrive&, Bureipiaftor oleghively rﬁlefenﬁdr\ma}sii-bv\er
| D . , .
\égnh?ggture E’@W&Pf ghﬁﬂ%@dﬁgsm@%?t@g@ Ygﬂéneggzdﬁggia ts'?omers

i ncl udi ng t hiecRineR: Gid tEintiRSiodsh fe NENELerAEd Bf‘@n-@rﬁﬁgﬁa’té@gﬂﬁ] glLegi gauvhi l e

reducing his inventory, logistical and assenbly problens. Furthernore the
present i nveachiofthepéataijtery dinenimuthadatarbers betevedn thsoindividvadi stosige fpets in the

substantial changes to the basic stem or signif.icant incxease in cost.
15 JUL 2_~~2m93‘_?13%m RGP r%ﬂﬁ%é%@cqpfgéﬁrk&? Pr USSR s of the
present inventi oprRE&oF Ha960hRY Hetn BRBRNENEAERYP&Id TBIAEARE Un&ESelio bui | d

a data storage system capable of accessing, 1.e, reading and witing, not
only the neldoBBRrD)Mukidasdint prateseortspecchadaros resitltiel y the édteanpbssibéali | y

avai lable 3.3V DI | VI NE Thi %gcan be accog%l %shed b Fgr ovi di nﬁl Eh menory
control | er DiSFELFRECdB3UFSHDE FGMOREAEFSS Wi Oa@@'%%?i T HOPH'S t he
ol der (3. 3VinereP@IDIRINIEIiS ViffiteQt6 BHY frontANE Hiﬁ@‘g?éﬂ@ fFéth end ssbi€q@rver/driver

circuits, neans for identifying the type of Ms in the nenory system
coupl ed t hemekopummparfermarceskd systennmas mhwprit $houldNBray at evdd {aster dranver

i it t d I t DDR i [ dri i it i t
access. the MEGHIIBIE B IORIAE SHE AGFISPa TGS T LRavitiy Ee H RGP ons ¢ 0
the data qugfye linfted bWﬂ&&BeanWeeﬂg%tesstra@. 51864 BENbECRCYR AR IPrdRhts

an

circuits to the identified DI d means for changing the data interface
and addr essthedastanprovessorapeedseiveh deingoedizdd agd thusas 8 sengrebettiemicl. dipst em can

be provided that can access,either 3.3 .V DIMVE O . DI and provide the
proper ternfmqaé%@“ O%ﬁﬂéecﬁawgfe&ﬁg nﬂ§veb§e?Brofeé%é%%éo%%ée.mﬁ%‘%prdi ng to
an aspect obHriMe MYRKRMapdtlY 8DpiRMHiIng HRE & ihe pRsRY¥dHEakt@nhal @etnidneg data
storage system for accessing data storage nenory devices via a data bus

conpri si ng: clackeatoraye sedr Agese AMiMsraa¢ kogviods Dattle Hatgy Ree (BOR)d&HMs
| at i | d X 1t |l er; .data b I Si
bl ural 1y o xdatdetyets R BREPB sa M Pirsed b veoReE K5 B BR dat a

storage devices; a plurality of data line term nations; and neans coupl ed
to said nenory controller for selectively applying respective one of said
termnations to respective ones of said data query |lines when required by
the nenory storage devices populating said nenory storage. According to
anot her aspect of the present invention, there is provided an electronic
data storage system for accessing data storage nenory devices via a data
bus conprising: a nenory storage; a plurality of data storage devices
havi ng sel ected data interface voltage | evels popul ating said nenory

st or age;



a2 menory controller; a plurality of parallel term nations; a plurality of
..receiver/driver circuits coupled to said nmenory controller; 151%?&%@19?@02
- Sa "a data bus conprising a plurality of data query |lines coupled bétween
said receiver/driver circuits and said data storage devi ces; each data
query line, of said plurality of data fuery lines, having a proxinmal end
coupled to a respective receiver/driver and a distal end coupled to a
respecti ve with etthersafithesdaes BIMMagthey ewil be hereamadtenedliesticay pdfeded to ai d
menory controller for_sel ectively applying a respective parallel
t er m nat i onPOR (PrubleRpaRat)DMMsal ends of said data query |ines when

such term nation } . . ] opul ating
sai d nenory st orzggewgm r‘?%‘"%ﬁg‘fvgﬁ@% %%@lg%q@tﬁgvggsz&aﬁtﬁgnventi on,
there is preguitedb@thes B¢ DIMNMES afiditvwhentadfadfed HHIENArEH ALK Aid@quie, TENDr Y

conprised of a plurality of data storage nenory nodul es; a nenory
control | er; siaglgar douhls endeds tarmennted datybussps. eTlnsttheyare mpt ¢ampadibbeowith ed

o7 ovi di ng- 1 15 St B0 ey U ekt e P RErR oae" WY 1 11 ng
the data st gaae JE?QHEM gﬁgﬁ@chelbbﬁelbm@ﬂ%@ﬁo%'%fng d_elb egi. ?;}tége [Bél@ dat a

r
query lines be open-ende nodul es that require Chat t us be
t er m nat ed. systanas whillh gvhen papulated iwitisthest DDR DRMEMVBT ket memusriccess ratelaere i s

provi ded an_el ectronic data storage t or .accessi ng data storage
mermory devi K@stiicethatafsyHemgs eaﬁggi%\fﬁm tﬁ?éwby@og%t@géz@& systef ural ity of
dat a stor agge.45V¥iae L said nenory storage; a nenory controller; a
-data bus co er%angég%%{rﬁ %I%E%d'of data query lines having & proximal end
and a distal endAtthopgh thgsesiedvdDivabile Datg Rater(DIDRY sybtoms pind tHabklesLowage

devices; a plurality of parallel data |line ferm nations, each respective
one of sai d%ﬁgfﬁ&q systems; alb uselP Byilis: thssed &qrsgtacyis epingpns gad {9Weral end of a

. : . : > _ g
Crrount moandfs RBlEl 40 SHPDOR DR SR neGRPRRShesithec Ry 210
lies for idEDRDIMMs from usitpethebldet 8133gPIMBIsL ces popul ating said nenory

storage and connecting a respective one of said parallel data |ipe
termnations to gﬁ’?@@ﬁ@éfhwdﬂi‘@'ﬂﬁw in computer needs, when new systems are being

introduced, manufacturers, to maintain their customer base, must continue to
manufacture the older systems as they simultaneously introduce the newer systems.
This requires the manufacturer to stock different parts to provide both the new and
the old systems. This requires an increase in the number of required parts which
means inventory, logistical problems, and the possibility of human error in assembly
of the systems also increase. Moreover multiple parts, especially when similar, can
cause confusion during both manufacture of the initial computer and repair of the
computer in the field.

In addition, due to a large investment in these older memories, many users

will require, when upgrading to new systems, that their old memories be usable in the



end of one of said data query |lines when required by the nenory storage
devi ces identified as popul ating said menory storage. 15 Ju1d JBL 2662
Accordi ng to anot her aspect of the present invention, there is provided an
el ectroni c data storage system for accgssing data storage nenory devices
via a data bus conprising: a nenory storage; a plurality of data storage
devi ces popnewisysigms tu whiok theyyarstipgradgi@ag. a menory controller; a data bus
conprising a plurality of data query lines coupling said nenmory _controller
to said data st osaaefua@n@éslpWa?aérl@@sovgﬁ@Q%ﬂR@H\ﬂs psteans wiliypicaly bei d
menory controller to said.storage devices: and a plurality.of rall el data
lines  term ALY g?%l,y a’é@t‘ﬂﬂ Zlgprgggpgt;%epaélpﬁgqlglm ﬂ’ﬁt‘%&g?%sﬂz qflgll){tmer?a%'on bei ng
coupl ed to BrdvidiRE sy Uit Bafli&io¥nrhbdie bAth I dAnd AeRAELHnYogRisithéel tch; a
vol tage source having a known voltage coupled to said termnations; a

sel ecti on ciprahléms willih¢ mitigaeeddoe it veidl o rthe gustanertolcbefiguea thesmemopar al | el
data line term natjons for selectivelgpc upl i ng and decoupling respective

ones of sai (Eoﬁ%‘é‘rneﬂflhéﬁ Syﬁ‘@?“rﬁaﬁé‘f PBAIs A8 PERAICTe ones of said data query
ines when sai d RALALE! bSLON NBLIPRSNEES: BRI Hiddhl iSs HETHIYR St O age
devi ces popul ating sai d nmenofy Storage; said nenory controller having a
plurality ofappash,alicrt eibbxiets/adickd €6r Adysteti that iseapgdblsef operatingdwitly thie/ dr i ver
circuits co risiQ? a low voltage driver/receiver circuit and a double rate

recei ver/dri 38V PiMMscandghedewer, baved vatiegs: fastes RIPR SIMBs. dSudan bei ng

pr ovi ded: _anpieg sl M s et iRty WPomRRa RIS A o

storage in sFisphteMER Bis cdstdiRere eidl@in€ tHeChbiceWE@NBerthe nSwdrastithergldet t her the
['ow vol tage receiver/driver circuits or the double rate receiver/driver

Tircuits to tedwelpgiastvdiledednding kig inkentorytlogisiical ded pssemblyameblsms. swit ch

activation neans for addi or renoving a respectivwe. parallel term.nation
Co & respect| ve ddrtrefiap o Fhanf HRERHTh RertS R il PR Bl oo B " or eoent
invention, tdi@eesubStaliifl\chegds dthRIbacicisoNed od atsepnsfi @magR &y S irfddst. or
accessing data storage nenory devices via a data bus conprising: a nenory
st or age; 15 J UL 202 -Sc a plurality of data storage devi ces having

sel ected data interface voltage | evels popul ating said nmenory storage; a
menory controller; a plurality of parallel term nations;



a plurality of sets of receiver/driver circuits coupled to said r N
controller, each of said sets of receiver/driver circuits conpri 2‘% .}JHLS[ZULZ

and second receiver/driver circuits being coupled to a respective data
query line through a selection circuit; a data bus conprising a plurality
of data query lines coupl ed between said geceiver/driver circuits and said
data storage devices, each data query line, of said plurality of data query
| ines, having a proximal end coupled to a respective receiver/driver set
and a distal end coupl ed to aSUMBARY OF THHEINVENAIGNdat a st or age devi ces
and through a swifch to respective o of said parallel term.nations: and
mans coupl ed to SRR LGSR & tpo predaitdalayiany e diFGEY (i frafiie
respective gafipltérehati@hdtinea fobuildQ datd SORPE sytemtaphtlk o€Rbcefing, iles sdAGid Ve
data query |line when such term nations are required by the data storage
devi ces popidavrifiag.siat @nhithsimp vsPBRaBEVIMickw ralionge ddeanyideby uedpadireasilyt he
present | nvankbol.3 SVHIROVS. ﬂ@%@aﬂ% oﬁkﬁ e'aqw @o@ﬁﬁ@; ﬁ%e%éxﬂﬁgﬁéfo%%ﬁh
conprising: a menory conprised of a pluralfity of data storage nenory

Irr_ndul es; aI msumr'd b ysedantsnch memomlstd»atm sgslsm_s,gwhh ibsﬁdtlhlefolalml(fijﬁM)_ee@mm/d(jumry

i nes coupl ed bet n sai es and said.controller, cjrcpuit ns

coup! ed_ bet G aBF dondrss PO e BRe b Bei bt Henbhe e diheotiar a
query |inespignd BEiHel ﬁlyma% byagent \oBEpled tkkRbtd, SleahaB6 $BRSTRY JHREMRS(3.3V)
popul ating said nepory; and sw tching means coupl ed bet ween sai d

t er mi nat i onEsceiier/drover sispiHBOr ithidaubleaaisd DR )arcem eersliveneigc s reduinstl tojagegsy i ne
term nationg,.t: 8 FRRA [ I i

when requi rtzlgtlgeiﬁtf lﬁg neno%’?ﬁ%at%(%?%rgdg dﬁ%@é@@@éﬁ%ﬁ% ngzé E‘SS&& a%lllelrll% ﬂggsi d
menory st or abehfinteraminedt the edelectpdoneceliv endiraac lvinceisp éx they adenrified DIBAVIS atat a
query lines_wth termnatjons thereb ermttin 2}’rl@e ata, storage nenory to
lae i ther TtTRt SiRee he i bteie anf Bdkrognin ol fed e85 pen- anded or
nodul es that requAé@rdifgly, bhéngatnderhot§ d38tchLEati Batpeevided Ut Thhr 22082 eith&d
Accordi ng to _anot her aspect of the present invention, there is provided an

el ectroni c 4aVDPEMs 5 RE IS spd Reevadss the preper Sergtipations ofehe Fgta bay tews
via a data Q%c&@%bﬁ@él@%i a nenory storage; a plurality of data storage
devi ces having selecte ata interface voltage | evels populating said
menory storage; aAesomding teentasprct ef thegprpdent idvientyorp ftheye isprorided eanndlecitongns ;

2 Gara bus SOARPREERYREn It A ey G RO HRPYy 128 o TR SRR T

receiver/driver camemotygstaragessai d data storage devices, each data query
line of said pluraljty. of .data query .lines having.a proximal end coupled to
a respective rece‘W]:é‘F%i’&YPf/ aatﬂﬂﬂgadgwgfsanop& HES%SII%‘%“‘?%S&Or%CSpeCti ve one
of said data storagen@eyédfllefeans coupled to said nenory controller for
selectively applying a respective parallel termnatign to the respective

di stal ends of sat daubys compesingieplusalty afedatd Mieryo Hacsa Feunled) SHACHEHYY he
menory stor ?:oﬂ@f’ﬂo%ﬁﬁl&?a"éibx%&éﬁﬁviéé’éid menory storage; a plurality of sets
of receiver/driver circuits, &ach set of receiver/driver circuits
conprising a firsaphedidy obdatatine trmiiations; andind a second recei ver/dri ver

circuit; means for identifying.the type of .data stor.age mory. _noduyles in
Che mermory - oyet colesoahel 8 fif dSeniokd SafiolfiR e 1 ZHRgE oPRTRIe R E5nd
recei ver/ drofedid eemitibiations ftorrespebited ong & sdie datahquelry Nisies meeai requitedr by elie
circuit in each set of receiver{driver circuits or the second

recei ver / dr MFEP:HPRER deYiResopiiating syf MeRYUY §10F38ri ver circuits as required

to access the idegtidriiag ©@ahfoiBirofdes PR YrddBrtulfentiG) dhBRANRS pfcRideadsh Ng
parallel termnations to the data query lines to permt the nenpry system
to access deledratiodaigstaregroyypien il aseesping oty serapamemasy dewicas watd ¢1a bboh
the data qug&xgji%ﬂgis. Accordi ng to anot her aspect of the present invention,
there is provided an electronic data storage systemfor accessing data

st orage nenory deyheewrystaragedat a bus conpri sing:

a plurality of data storage devices having selected data interface voltage levels
populating said memory storage;

a memory controller;

a plurality of parallel terminations;

a plurality of receiver/driver circuits coupled to said memory controller;



a nenory storage; a plurality of data storage devices having se t d
interface voltage | evels populating said nenory storage; 15 J13L\Tg&0m2

-Se a nenory controller; a plurality of parallel termnations; a plurality
of receiver/driver circuits coupled to said nenory controller; a data bus
conprising a plurality of data query |ingg.coupled between said
receiver/driver circuits and said data storage devices, each data query
line of said plurality of data query lines having a proxinmal end coupled to
a respective receauatd tus cempsasidg aa glusalely afhdata auptyetineso couples peisteen esaahe

of said data storage devi.ces; m oupled.to said nmenory controller for
sel ecti vel yreﬁﬁlb'w%rﬁlrf‘élgip?é’éts?‘@g]af?asg%flag%ﬁevt‘%eﬁm nation to the respective
di stal ends of sakgthdRtaquivelide,ldfRSY phyant td Qely NAdS, AAGng L Qréaadl 6RH by
the nmenory storage devices popul ating said nenory storage; an address bus
and a cont r eeupbesktoaggsnestve woeiserdirinerand a distal sadipeupledios werectve o lolaidus

driver that . hfferent voltage levels; a plurality of sets of
recei ver/ drfiigltgrgtog?gregﬁi{"tcgggﬂ a DDR DIMM receiver/driver; an identification

circuit neans formesmsntdupldadny saftbnteyoey obntodlea fort selentigelyeappiyingraduaspestive

opul ating the nory:; ..an ans for activating.a Rit switch.to c l e .a
P et ve bt e o ThE Respn iy "Bitat Bhas0r Rl du® nkess et GREP st
Accor di ng t eraiatibed aresafiled 8F thd1@eMbASRbYags mwsip@Pulaﬁﬂgeéaed e P¥oftRd. an

el ectroni c data storage se/stem for accessjing data, storage nenory devices
via a data bus coﬁnﬁ?qrgmﬁg o anotheropspeet of lage progendl invantiqny theredist Brogidse ae
devi ces popul.at.i Sl .a menory controller; a data bus
conpri si ng glegﬁ%@gfl?t%gé%&:}g%témq%tgg{rp?}gﬁﬁhes coupling said nenory controller
to said data storagendeycoeprisedadla phabhtyqpiaata starage themorygmadwdeyyr ce end and
a distal end; a parall el %BE 1a,series data line termnation coupled to the
source end of eac?‘lmc?g{c’éya cﬂ}ef’i ne in said plurality of data query lines; a

paral l el data |ingdatemi daipasedcstuntiggletdatd (Fl_%rﬁiiﬁésadouplbd tetwaachidhoddaea
query line in said plurality of data query [ines; an identification

circuit, fofng %i’é‘h?‘?rft‘;ﬂ“ﬁ@ afe type of storage devices popul ating said nemory
storage, coupled L,sakgd §@é€ﬁ'§f¥ltygg@i9{/d£¢% %o s&@%ata Jcﬁer&“'ﬁngso%th' teRhinafions

selection circuit and a set of driver circuits coupled between
sai d i dent i fherehyi peamisting dhe daiatoasagehmemope it seeeither anafludgsythpt require: theditiae
plurality Oﬁatg a&&yqﬁgg ¥e H)é}l@gﬂded or modules that require that the data bus be terminated.
According to another aspect of the present invention, there is provided an
electronic data storage system for accessing data storage memory device via a data bus
comprising;
a memory storage;
a plurality of data storage devices populating said memory storage;
a memory controller;
a data bus comprising a plurality of data query lines having a proximal end and a
distal end coupling said memory controller to said data storage devices;
a plurality of parallel data line terminations,
each respective one of said parallel line terminations being coupled to the distal
end of a respective one of said data query lines through a respective switch; and
circuit means coupled between said memory controller and said data query lies
for identifying the type of storage devices populating said memory storage and
connecting a respective one of said parallel data line terminations to a respective distal
end of one of said data query lines when required by the memory storage devices

identified as populating said memory storage.



each set of said receiver/driver circuits conprising a first
receiver/driver circuit designed for operati (r)nr:: W t hga paral | el 115( &,Uanon?
term nation coupled to the distal; end of a data query line and a second
receiver/driver circuit designed for operation with a parallel and a serial
data line termnation coupled to the sousge end of a data query line; each
said selection circuit selectively connecting a respective receiver driver
circuit in each set to respective ones of said data query |ines when

speci fic menory sfesoadiagdievamnskeraaspestdenther pragentsinyontignattherg saprgvidsdoany

. Th : f ' ' W -
FLorRe: TSy o84 il RbH et R e AR BB B e
t he dr awi ngsomiRlingds DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a block di agram

illustrating how a processor, nenory controller and a nenory are typically
arranged in a systBRMOEY §Ora8ei s a nore detail ed bl ock di agram of that

portion of Fig. 1y SReMIHBT ddIE BRIy IEANS AR saillRFeriBRiotaeaOPUl at ed wi th

3.3V DMk, and the interconnecting data query lines. Fig I's a nore
detai | ed bl ock di amemeroéontiodier;porti on of Fig. 1 showing of the menory

nter connect i ng. dhCae et S pRBEE apbihfiyior i Rucr el FPupliy sffomeiniol?

invention atshtlien® saidl dapstonagel deseast y control ler having both 3.3 volt
recei ver/driver ciycuits and Da[;;séecei ver /dri vgr circuits, provided with a
source series ter?ideseianA, commands buses couplingafad GuIRGrY| Fangoliehin said Ftqsase
coupl ed or ynageupifd froma distal end parallel term nation such that the
controller muy be used with a nenory populated with either DDR DI Ivvl M or
3.3V D) Zuvl Ms. Fi gplumlity ofipdspldel katdilings temmisfatioe i nventi on and shows the

i nproved nenory cgntroller of Fig. 1L R hie PR [ dri ireuits
provided with a s%lr(}frlgggp ggtévep;garrgh@e fﬁtl‘léﬂrent? Ir]{{z)alE1 ?%n ar%l('ag gg‘gﬁggﬁi gq[ ééélsgg%@eqﬁragr y
| i nes that queny hire thooyghedrespectinebitpivich;f rom a di stal end parall el

term nation such th t he contr.ol | gl m%gpe usedlgwith. menor.y gopul at ed
with either DDR Ot YRNABRSOYFe daving a snovyh ppltage; cQupigd 49,3318 CAmMyIalioRs:di agr am of

a data query |ine; §Asdtidd circdi® UbiRedBdtivesn §a8d MehRREY Bbhtrdilef and sdid puvllal dakLCK
di agram of a data query line having a distal end parallel term hation. Fig.

8 shows a bligtlermingtiensiospelgctivelncoppbing and decavaling gespegbigranss ph saif parallel
terminations to respective ones of said data query lines when said parallel terminations
are required by the memory storage devices populating said memory storage;

said memory controller having a plurality of sets of receiver/driver circuits, each
set of receiver/driver circuits comprising a low voltage driver/receiver circuit and a
double rate receiver/driver circuit coupled to said memory, each of said sets being further
coupled to a respective data query line; and

there is further provided:

an identification circuit means for identifying the type of data storage in said
memory;

a selection circuit means for selecting either the low voltage receiver/driver
circuits or the double rate receiver/driver circuits to access the identified data storage
devices; and '

bit switch activation means for adding or removing a respective parallel
termination to a respective data query line.

According to another aspect of the present invention, there is provided an
electronic data storage system for accessing data storage memory devices via a data bus
comprising:

a memory storage;



term nation and a distal end parallel term nation. DESCRI PTI ON T
PREFERRED EMBODI | WI ENT Referring now to Figs. | and 2 those pofFS JE[onOQZ
typi cal nenory systemgenerally relating to the present invention will be
described. Fig. 1 is a partial block diagramof a portion of a typical
menory systemand illustrates how a procggsor, a clock, a menory controller
and a nenory fornmed of data storage devices are 15 JUL 2002 typically
coupl ed together. In these Figs. | and 2, there is shown a nenory 10 which
contai ns a pl ural & plurdity dd'tdatasstonage) dedees leing selected dddadmtetfade vodtalye ievels
Modul es 11, hereinafter referred to as DI lvviMs. Each of these D luviM 11
cont ai ns nuﬂ@?"éﬁglg(fﬁtddnﬁp?gsttﬁra%ﬁ’ts as is well known to the prior art. The
i nterconnecting of nlegiog@cotitdmes,s of such DINIIVIs to formthe menory 10 is
al so well known to the art and need not be discussed here. The nenory 10 is
coupl ed to a cl ockplupality pEpasaliel termimptionss| ock Ilnes 14 and to a menory

20 and o daia bus® RN o onfarrriiver e ESBAREo Bla SRR Nenfas N0

menory control | ereath bf shid tsbtsr of: e et/ dirioert h:tfrcmltsacclombitsmgafmtoami secoml e

addi tional clock |lines. 22 ssor 23 an often raphi cs ..
cont ol |'or FACPATEE gt bR ble B ebosit 4a Bty i Hubhélld sEdrtion
busses 27 agigeu@® and respective data lines 29 and 30. The processor 23 is
al so coupled to the clock 12 via one or nore lines 34. The nenory

control ler 16 is #ulatahbys eomprising taopbrdity rofndate quapulinesucpipled betwoen ssigkes
31 via resp r and 33. The nenory
controller ﬁe&&k%ﬁ%@%ﬁgﬁgﬁts@% ?ﬁ'&fa{aoétm gez‘ge?\t%rg’/ driver circuits 39 each of
which is coupl ed, eachalata quesphmet, |o‘fealdmﬁxr@tﬁtytdﬂdadaqtmmhmsyhdmmga ptadimiahend he
data bus 21 respective data on each,.of VJNIs formn th
rorory. 10 69 G peecke e dbies o8 Boding! GufcomlstBis ety hine oF

addr ess bussal@ dand stohfeC@Vides | andUhred{dh 4 RQildHNBES redpeb@e oM@ of tHaid/ Phrallel
circuits 39, contained in the nenory controller 16, and the nunber of data
query Ilnesfe“iﬂﬁlatlﬂ'é%é’a‘ia bus 21, are equal to the data width in each DIvIM
in the nmenory 10. i

has a data width 0}5}{.1:300 fg% t(réiélrecel vg%ﬂ%rrﬁ;l\%rf&élﬁgggdlg%lz Cgﬁgecgggg aﬁeg%\teérwy
| i nes i n t hpargidgldetmipativh tecaitedpdntive dqitalread of @ tebpeictiva ditadpiery lqnmwjaem isweh
woul d i ntergonnect ecmf ata. bi.t | ocat.ion ach .DIMMto

eapect i ve [RBRORRSbiF Fotbired by By bras GBI boBaGRE R Phhard sBromg g o
bit, in a si ngl e Bt¢or¥inly! waandigerwispeéteof dic pesdeht invemtiomnhere seplovidedvan t o
the art. nlce t he use and desi gn of, such systens is widely and well known
to those skFPIFFENIS date foragesystPmCORBFISBEp| anati on of the systemand its use

and operation neeQnﬁﬁIorP@orﬁﬁﬁsfeﬁWfﬁ%ld}ﬂ'i@ofﬁhtﬁ stofagA¥RoSGH6dBE; cal |y and in
further detail the arrangenent when the nenory 10, shown in Fig. 1, is

fornmed of 3.3V D Musmesy cggrollsz  and 38. For pur poses of illustration only,
Fi 2 sh th I
I'g. 2 SNOWS 1N€ IR Hhis E%fnrl&!d oq{maiﬁ%l\gé’:(fg& d@l{&‘y fins RAbRA"R ée}’tes'é@drﬁb&g

circuit 39a that 1s coup via a Si uery fi1ne
21, to onl yaﬂdﬁmd&dtmollMs 35, 36, 37 and 38. It bel ng under st ood, by those

skilled in the art. that man h. DI N7 woul d no | | e

rermory 10" and-t neptehaPRerioatay Py Hemelk SRR nf SlidSingifs 8 by
the data w df Baidf ddthequaty \inky Ifor udeptifying tthe t§ys to€ndatal Redrages menty nuiodees of
recelver/drlver circuits 39, contained in the nenory controller 16 and the

nunber of dBYRE %}H@rsﬁldlmiﬁgry’?ﬁithe data bus 21, are equal to data w dth on

each DI IWIMIin t (e dfiP eah® cduplddNBERRES dalif té]&tﬁi?z&fon@farﬁlr 'fé’xercoﬁﬁercﬁﬂgtaS 15
are sufficient to supply the desired voltage level to all the lines in th

addr ess busresgectipg onp of saidipatdllebdata 2mpe terminations to a respectlve dlstal end of one of
said data query lines when required by the memory storage devices identified as

populating said memory storage for selectively providing each respective one of said data
query lines with terminations thereby permitting the data storage memory to use either
modules that require that the data query lines be open-ended or modules that require that

the data bus be terminated.



It should be clearly understood that, in this Fig 2, only a si e t
query line 2la, which is but one of many in the data bus 21, iihj)ﬂ/t. ?002

connecting a specific storage location in each of the plurality of 3.3V
DINlMs 35, 36, 37 and 38 formng the nenory 10 to the receiver/driver
circuit 39a. Again, since such data quergdlLines, receiver/driver circuits,
storage bits and their interconnections, operations and use are well known
to the industry, it is believed that no further explanation is necessary.
The receiver/dri vAecosding tehywather mspegtsofi-the. presend inventiony thgre ig provided an
recei ver/drj q I ' , t t..he
queri ed, i.éél&fgfovrxl/?c??%g ﬁﬁg%ersggtg@a{oh Eg?fgﬂh% d‘rﬁgssgoerg%e?lygm@gg%‘égtﬁﬁ ;Hréga.b ach
such dat a geomnprisingne ., n, 15 ,~ UL 2002 9 is connected at its source or
proximal end, i. e., the end adj acent to the receiver/driver, to a
respective recei VERPEPIX P8 cuit and is connected at its other or distal
end, i.e., the e J i j \ :

b1t on’ each DI 1y E e o (o els G e o Flothed qdR iolREIaLE 1031

| i nes have pepuldtiog ssidumerorystbrage; al | el nor distal end parall el

term nations. Also th iver circuits 15 are (3.3 V) driver circuits
capabl e only of S?J%lﬁfnélrﬂéo%{ogl%ol ts to the address bus 18 and the control
bus 20. Fig. 3 i saplublliogkf ghralgsl serinindtions;r at i ng how both the nenory

controller 16 and data bus 21, .Fig. |, must be dified to enable a
mermory systemto ‘b&l&'@w C%V‘?r&{ﬂ"i% .glr%tsy?e?éad H’Lﬁﬁ‘?}g‘m{nﬁ@’ PIHEOBPT v I NI s
require, in mltig qﬁ@pbﬁsemn?ﬁ%%g aQHl%_E:Mdié% iogPefatd QuBlyNBARIcAIpIdIObawRBS SaidThat

is, each data query line nust be provi W th termnations at both its
‘source or picosverddrivendireis and said<lat starage dgvieear m nal end. These

term nations may ' s t inafk i ' be
di scussed bel ow. %gﬁldgﬁdaﬂjﬁ%ﬁﬁ%ag?%&gﬁ%&@%ﬁ%@%@éﬁ% %ﬂg%iro%?)r&%\; %{g
bet ween a nerwpied to antspettiverreddverrdtiver mdia disial gndéouplddutb hai regpedtive oiie, of 63id 74
bei ng pr ovi(gaef\d W th a source series term nation shown as resistor 49. Fig.7
shows a dat PHHEFAECAFHESST0, coupl ed between a menory controller 16 and a
plurality of Dl MMaedik coligled 48, saitPmBRibAg catitidlliefl &5t sdchivelyipplyahg 8Respatiw | el
term nation, shown as resistor 63, coupling the line 70 to a voltage V.n..
Fi g. 8 showsPaialigdt irgination | tonthey gespedsivs| distabeends el Saidegbery Haet rvoiene puchs
and a pluraj 7 g I A
paral | el te!relg‘lh%lgﬁ’%anré Eéé\l'i\ln%%tsz} Pgsllﬁg%lo& Sé%é%ééﬁép I ﬁgaﬁywlgglﬁsr%ﬂ %x%nﬁrf&? %%g’
vol tage V., .i. anaplralty af stitsefaecavat/dpiaenditaits,t er mi nati on, shown as
resistor 63, also_cpupli the line.70.t0 the.voltage V.~ . .1t shoul d.be
Under stood { hat t FEGECNA PRSI R SiEdits RemAina TP Fpreiyer/doivgy Flatfpa
act ual conf segoidateceiner/driver eiteuninl e, the speed of the DIIVINIS may require
the source end of the dat ery line b rovided with a source _series 15
30 L 2002 to terReHSbIcariyEE tedVay ohdrasloEtea mERPRARPERS M e REBEDh
series and pafetl bRlpl&IOHERR;t erm nations and a distal parallel term nation.
Again, it nmust be renenbered that the nunber of receiver/driver circuits in
the menory cont r ompdls cpplgd do eeh st AbEaceiypr/drives caaifsyfor iseleefingreithge thealirst bus
21 nust equal..; e . - di-8C .
t he vol tage%g?lblg&ﬁ(thg%% gggﬁlfﬁel?/g#g Sggg feg%jlbtgﬂé&lévﬁg%gglg?seﬁtﬁggg&?g\ég%egﬂ?/ﬁgbg
control or cioswitaindedvhsse?®fmasdivdr@rivenveircuits. & reqRirdd tolacegss tthanddntified . ddta
vol ts requi rted b\g/]the 3. 3V. D>Nldl\/|s. Accordingly the controller 16a of fig 3
i's shown wi $TRra8C BTy MoGless®dy s and control bus drivers 15a and a DDR
receiver/driver 3@bansAbidddiny paruliglogaainafios R iHeydanduens naf td bbrasit tiag i on
only, Fig. 3 shows the nenory controller 16 with bul a single DDR |
recei ver/ dr FBIT3B15ied pAcsess dplasstorags wswnersalapgulawﬂymnigméra%fﬁteﬂpalaaons on
plurality Ofye @E{Wﬂﬁ% 41, 42, 43, and 44 which popul ate the nmenory 10.
Because DDR D1l VI require termnated data query lines, the _
recei ver/driver 38bcdrding ODRgtherepspeey df ithee presheit inventprp\thergdiswprovidgdsay i es
resi stor 45 . i S t Yol [ tS.; |
our ce.end St AR RIHETHE 8] e Flgkiold BFisBdtheilork S RES B Py,
and the vol taggrishg:., that termnates the data query line 21b at its distal
end. It should be noted that the series source resistor 45, can be designed
into and a memory storage;

a plurality of data storage devices having selected data interface voltage levels

populating said memory storage;



included as part of the DDR receiver/driver 39b. Because the distal
termnation 46 is required only by DDR DI Ivvl Ms, and because th'iﬁ?)dﬂ&l m&ﬂ
voltage interface has -reduced anplitude, i.e., 2.5 volts versus the 3.3
volts needed by the 3.3 V D)ZuviMinterface. Because the DDR DI luvl M are

| ower voltage devices than the 3.3 V DINgps, 3.3V DDNIMs and their

associ ated 3.3V receiver/driver and bus drivers cannot be interchanged with
or substituted for the DDR DI IvvlMs and their associ ated DDR

recei ver/driver anateiory emitollers or vice versa. Al so, as previously noted,

t he bus 15 JUL 2002..11 dri 15a .setting the voltage | evel on the

ad~dl ress bus 18 %@gmthkéog%aﬁ%ﬁﬁi?e%u%s’wst supply 2.5 volts which is

| ower vol tage t hanplutitBoecsiOdridiivecitduite dopled toesait memody tondroBlery DI | VI NI
circuits. This lack of interchangeabjlity causes the_invent oeréjyc/b | ogi st cal

and ot her probl enfs daieshifs SUBPHHRE @ RIMERILE o dags queryt Hnssnesipled: betwesn sgid
conti nue_t BB @it EFeilEne blfuatd shrifckplcegs as they sinultaneously
i ntroduce the newer DDR systens. nboél nts of the present invention
provi de a sol uti ogachidata query ling af ssdd phealdy of fdhiacquery bsesalmaying b proxumabérdy

overcones the ve di scussed.probl ens nrovi din uni que gl ectraonic
Gata ot or agB e P Arrieait e R Ce P BRy T o RB0A SR R
same bus. Tdues sysigedevogs this by using a unique nenory controller that can
accommodate either 3.3V DIl vviNs or DDR D)N Ms together with, data query
lines that can beMgARsdieHPied 49 Ispidpemesyetpnirollge frsselachvely applying arpperitror y
can use ei thered @Yk 1t iy B8 ends THEsARLALAYREY TihdOHhGAGude
readily, eaﬁs.]ff_y a%?fuaut omat i cal | Qplr oa{(}eder\l/ast{.nle?mdi fltgg trgr rlrll!lnati ons or
stripped oftetamafionstaroresuirbd by the memoriytstarage deveces populsting sagbmemony storhgest o
be popul ated with_ejither, 3 3V Dl uyv hat, . I ire that the data query
lines not have t K&l arddraﬂl%gpgﬁ a%inadc%ngrpmga 02181,%‘16? gg\ﬂ#f’he DM vIS, that
require that the ah ®idedss Bodlaraf a édnerotibiisdriee that tamigsseb & @irfersnd esltagetlévels;
paral l el term nation. An enbodiment of the present_invention is o
particul arly shovhPiFpligy gf scis ofjfﬁqey_qﬁidg.vewgcﬁtt%m&ﬂ% Di)'iswmécawggﬁa}ﬁrof a
uni que MENDry COMNy QRbhiPficaliGh cHefmt ldahd braabdiifFing hOBof @42 IsMeidedhbMBFy
circuits and DDR DI MM receiver/driver circuits and address bus and control
bus dri ver smedides pemlasiagdbs memory; ahér ent vol tage | evel s together with a
data bus forned | : ] . 0,.and
respectively 13{19&%%% %8’5%1325 ggégﬁgta?o?%uﬁgesag%g&lc@ige ﬁ)grra%gﬁtg&?%%ﬁ %tz]aor s 67
and 68. |t sitofledclbdatmquarg ltnhat separate term nati on boards are not
required. Instead,the..elenents on the boards 67 .and 68 cquld,. for | e,
e mount ed ai r ot MFGHRENS SPGB aBEd o Ber PrEey BREIREnGPe LA gviag)
substi t uti ngedittinic d@IBIoyagemybienl fofacddeing idata stdregdBigRioyy devitésovik ardatfbehown
in Fig. 1 and adding the term nation boards 67 and 68 to the nenory 10, the
system of FYPHEan be made to operate with the newer DDR DINIMs as wel |
as the older 3.3V fkmYM dbragdhe unique nmenmory controller 16b, shown in this
Fig.4, is provided with drivers 94, that can be set to provide both 2.5 and
3.3 vol tage | evel spluraditepidatd siprage dewees populating said anep@orystadgenf whi ch
conprise a 3.3 V i hwer circuit and a DDR receiverldriver circuit,
an identificati Oni@%@gﬁ%&n%glﬁxg 77, for identifying the type of DIvllIVIs
popul ati ng the mneardaty, busncomprisiie anparadity of datat qwexy i lngs tdvapling saidamemary
cards 67 and ?8 tot C(a)@pda%énd %ﬁrm' nations to the data query |ines making
up the syst ERTgHertosad ThEOBERE R fBent i fi cation circuit neans 77 can be as
sinpl e as a conpadaehdataGuesMire Ha9ing L0601 call AEd adistalendj fyi ng signal from
the DI I WI M when theﬁ are activated, The DIZWIM identification nmeans 77
is provided, in thea@Helans 3 sericsalita fipe faminatioh qogpledyipdhg soyspqepd of each
popul ating &he IBUBLY intSi@PRird] SHidry@ins tch activation pulse via a
strobe Iine 78qt09?helterlﬁ18n_§%|9}c’)hf§%rg]§ r€Y>7narid 68 when DDR DI luvliMs are
found to be popul apambel data hiweternindion Thospid Mt disted tehéd rof Facls of/ dBpZNNIIVG
or DDR DI NI . ar rov..d ith identification means such as a Programabl e
Read Only hgﬁ%lwaw{yc&?dcaﬁﬂe%ﬁ%%’knovvn as Serial Presence detects
(SPD s), that ar eabidehtificdtion @aah, Rr\bbmifyingehé itype of stotapendevideaopulatinglhi s
PROM i s writt(?n wi th a code that 'dgntifies tpé DINIM as either a 3.3V DI MM
or a DDR DMAd meRIpsy staeagenipusled dp said mempry sentiRilesrand10 can be nade to
identify




15 JUL 2002 13 their type, i.e., 3.3V DIMvs or DDR DIl vlIMs, to t
identification circuit nmeans 77. Many circuits, suitable for reaﬂgﬁgndhdZUUZ
writing such PROVB, are widely known and readily available to those skilled
in the art, and further explanation of themis not deenmed necessary. O her
techni ques for permtting the nenory cornttfoller to adjust its voltage to
the level required by either the 3.3 V D1ZWIMs or the DDR DIIvIN s are
known and readily available to those skilled in the art, and further

expl anati on of t heselpdioioeirgidlepid aniet Of 3898 ver/dgiyp cireuifsscquplage befdicer| saMat

t he nunber | LYer. Gl I .£:Sa it AV :

equal the. daraaaby St ak e (Sl g G RABRY SEAMMRILEST 1o TSy, |
10, thus, ifindsf is again assunmed that each DI luvlM 52, 53, 54 and 55,

popul ating the nenoyy 10, has 64 data bits then 64 sets of receiver/driver
B Fou 15 oul d bePePBaEh Tt Goelver g Sireii REIE § GoN I OROFVantH Gimce
each set of dersp%%%wdpéfdtmrwiﬂi 4 Patallsl dalid RARInAtich SMplRCHItHE Bisehl;l etdlof a
circuit and a receiver/driver circuit then, for the present exanple,
the cont r ol dai# qu®@y Wisaland peseond reenivar/dsiven cigeuitedesigned fafrapeeationiwighys parallel

| ed theyet AgaLN: dr | ' ' 9 t ficient
amber to pvt SEeP R A ReRHRURS bRl fo AR BB B 1500 e

command or cont r cdachuaid?feledtionesirznit febactipely promesctimz € lrespiettyvel recbivtih dtimer

drawi ngs and the. description of.the inventjqgn, the nenory contr.aller 16b is
Shown ' ¢ NI g SaEtger 1o BERPOEHs Sussooloid et dubfy JRRY ahef Petife anemdmng
76. Each Se§tox@§e H8AEds\aPe 1d§ﬁﬁﬂ&f asgjobﬁldtii[l)%sRalénﬁ:ﬂQ)r? Btok#pel espect i vely for rrpd
of one 3. 3 V receiver/driver and one receiver/driver. Thus set 75 is

formed of a 3.3V Flaeiapdother ifaturegof dredprgsanbinveatien vel beeome further shparset 76
is forned o : ' i : ands & R ' /driver 83 . It
shoul d be n%?lgléﬁ? %é%“@?ﬁcgésgﬁé%o%g%wnﬁw %la@ﬁgﬁ%&one p%%gglg‘ﬁﬁgg'ar rangenment out
of many that will be readily obvious to those skilled in the art. i 5 JUL
2f1 02 14 Each 3.3V receiv i i it respective outputs
80a and 82a respectively M@MM%WCH ve

sel ection circui tEig8# ian®idtk.didgen iPhiRalifg GbwWel prdbesser, nfdniciyticon#dlla@n@dad3 i s
connected through respective source termnations 86 and 87 to respective
out puts, 81m§mMehyargtyricallyarenesd 8 3 5YseWm furt her coupl ed respectively, to
the second inputspigf 210G H6HCEAIRA BIbEIE Habfindof A RRion BEFRU PR tdhese
selection circuits 84 and 85 are, in turn-connected, via respective data
query | i nesmsmophdomBioller,dhe ergmearyi pepuldted wathad-BY tI3INIMse ardh thef infaseonDeaiings
52, 53, 54’de§§§ué§liﬁ%’§3u' ating the nenory 10. It nust be noted that the
above described approach is but one possible way of inplenenting the

i nvention and di fFigr 214 a more detadedibibcb tdiegranm op terpottoni afifigwi shovaeg pédld | y
apparent to those skilled in the art. The. i cirquits 84 and 85 can
oy or - ex oS soniaties frmeropepguurd i GRS Bty of her sui tabl e
circuit, that will pass only one selected input out of a nunber of inputs
to its output The output of each selection circuit 84 and 85 is connected,
via its respective data query line 50, 51, to selected storage bit

| ocati ons meach DIMM 52, 53, 54, and 55, populating the nenory 10, and to
a respective one of the term nation boards 67 and 68 Because a neans is
provi ded whereby each data query line, formng the data bus 21, can have
term nations controllably added thereto or renoved therefrom only one data
line is required for each set of receiver/driver circuits in the nenory
controller. Thus the data query |lines 50, 51 are shown connected to
respective bit switches 88 and 89 carved on the respective term nator
boards 67 and 68 and to different, specific bit |ocations in each DIMW 52,
53, 54 and 55. Each bit switch 88, 89 has an input electrode 88a and 89a to
which a data bit line 50, 51 is respectively attached The bit sw tches 88,
89 al so have respective 15 JUL 2002 15 output el ectrodes 88b and 89b
connected, through respective distal termnations 90 and 91 to a vol tage
line 92 coupled to a voltage V~-,, which typically is 1.25 volts but can
range up to 1.4 volts. The switches 88, 89 further are provided with toggle
i nputs 88c and 89c for opening and closing the switch 88, 89 on each card

t hereby coupling or decoupling the distal parallel term nations 90, 91 from
the data query lines as required. The toggle inputs 88c and 89c are coupl ed
back to the nenory controller via the strobe line 78 and controlled

t hereby. The address and control buses 18 and 20, when used with DDR
DiIvllvls nust




:be set to 2.5 volts and cannot be the 3.3 volts required by the g.
.DIMMs. This is acconplished by providing, in the nenory controllié?l%hl.zooz
address bus and control bus drivers 94, such as push-pull drivers, that can
be readily set to provide either 3.3 volts or 2.5 volts to the address bus
18 and the control bus 20 as required by the DI MV popul ating the nenory

10. Initially the receiver/driver circuits 80, 81, 82, and 83 are all

turned of f,inteh@nnubtinpthsa §ralides9, of the terminal boards 67 and 68 are
open, and the data query lines 50 and 51 are open-ended, i.e.,” w thout

di stal parallel Figréisrblodndiagrath efitbe tnvention aglishams apfilprosed menigysyst em i s
turned on, the controller b causes e ident)fi {.on circyi.t 77 to query
the DIl uvl W“&’?ﬁ"%&“,"“ﬁ‘?m%#g‘ ‘S‘gt, reP‘?-lv‘ff?fg‘V& 8‘[‘%[5@ afgﬁwr%cﬁ‘e‘/e A"\ 52, 53,
54, and 55 (; i ; | 2V I o i £ dan circuit
77" acti var cara s I TR B oo O e b DEil AR e i o5 1
each set ofthatmaibeasohplet \oe uneouptad frem dqlistalend pachllehenamlation swwh thattheli t s
couple the recejver/driver circuits 80, 82 to.the D IvIM_ 52 53, 54, and

55 via t he eatrllgiimpy be pspdovitiha meanasy posslated mitherither PDRIGMMs s 3.3 r cui t s

94 are set bgﬁéﬁpply 3.3 volts to the address bus and the control bus 18

and 20. The feceiver/driver circuits 81 and 83 and the strobe line 78

al | remain inactFiges & a Blbtk aiadranhef Gviidventon Brld sHlsGBe gprBIEY BmbREi 1 15

JUL 2f102 16 normal |y open condition. Since the switches 67 and 68 are
open, the deandrollaeefiFipihevtisthe DR regewver/duvernicdichithprozidled withpesousteckad. | n

hi h . . 03 V. Dl vyl [f .h wh
the'syet em PR SEYRE s Ride e telr iy et 5 Rapplod M HEERPIRA e 52,
53, 54, andfiefa diftal &R SdrAld e mifatRRAGuENhaDInblchhtréifor np3: beatsed ¥ D5

identify thenmsel ves as DDR D>l vl Ms, the DDR receiver/driver circuits 81,
83, in the memerwpopulpted withgithetlPPR DBVIMper 33 BBYIMsat ed, i.e., turned on,
while the 3.3V regcejver/driver .80, 82.ciircuits remqain off. Sinultaneously
the i dentificati b GFPet ¢ blpsk diagramt oL gt byl e NG AsOUGESENER oggl es B8c
and 89c, Vigrhhfatishrobe line 78, to close the switches 88 and 89 and

t hereby connect the data querK lines 5Q 51 through the respective distal
term nati ons 90 Bigd7ghowsa blegk diagram ofdataguetyilime taRingSi disthk endawealley, t he
menory bus and.control bus drivers 94, in the nenory controller 16b, are
set to the F%“WﬁP? level to supply that voltage | evel on the nenory and
address control biss8shdWs 2BIbcR@idgest of 8 dadVqubRaideRvidsladolidepaparyl at i ng
the menory 10. Thus all the data query lines in the data bus, becone

term nat ed teneinatienand a disial@nd perabiehtcapingtion) i nterfaces, i.e., voltage

| evers, are set to the voltages or states necessary for the systemto
operate as a DDR DI lvllvl system By thus providing in the system of Fig.
with the nodified corpESCRETIOSOORNUIPRAFERAED ERMBEOMIENTg par al | el
termmations to the distal end of the data query lines and altering the

wvol tage on the data, address and control or command |ines, the present

i nvention provid . t i) perm L rage to be
popul at ed eit her ﬁ\?\nfc?ﬂﬁérgé‘gﬁ(gg% ﬁaat%q]rztetgg%er%gr{l#rlast&ta&]glagpgelg%%%ﬁ%nes be
open- ended, génefally WldtinB Qs thel (REdBnDBlvERTS, widl baMdsérittead FHigd it AhrtiagBldcke t hat
the data bus be term nated. Accordingly, enbodinents of the present

i nventi on pdiagrate ofa gattwngf artypjealreemery systemeant dlhistrates hgw-a pyogess@pa 17 can
be populated,wth either 3.3 V. DIvlM that do t require. distal end

term nated 9% HEEPPTY F%ﬁ%‘;ﬁﬁ al\% tHBOR rin\?gl%ggtﬁg{or%qdéiwrcgs distal end
term nated data query lines. Fig. 5 is a block diagramof the invention
substantially identical to that shown in Fig.4 but is further provided with
source end parallel termi nations. The operation of this Fig. 5 is identical
to that of Fig. 4 discussed above and therefore the details of its
operation need not be repeated here. Fig. 5 particularly shows the DDR
receiver/driver circuits 81 and 83 provided with both source end series
term nations 86, 87 and source end parallel termnations 98 and 99. This
circuit shown in Fig. 5 can thus be used when the DDR D)I WI Ms popul ating
the nenory 10 requires that both ends of the associated data query |ines
50, 51 be coupled to parallel term nations. Thus there has been descri bed
an electronic data storage system provided different receiver/driver
circuits coupled to the data storage in the systemvia a data bus that can
be selectively provided with term nations thereby permtting the data
storage to be popul ated either with nodules that require that the data
guery lines be open-ended, i.e., without term nations, or with nodul es that
require that the data bus be term nated. This conpletes the description of
the preferred enbodi nent of the invention. Since changes may be nade in the

______ o o, L, N o . Y




:CLAIMS |.) An electronic data storage systemfor accessing data r
-«menory devices via a data bus conprising: a nenory storage; a pligljﬁi 2002
data storage devi ces popul ating said nenory storage; a nmenory controller; a
data bus conprising a plurality of data query lines coupling said nmenory
controller to said data storage devices; a plurality of data |line
termnations; and neans coupled to sai d’ menory controller for selectively
appl yi ng r etypreally veupbetbtogétheraila these FigdaAtdndri theve iseshpentaimemoryeld whickai d
data query lines when required by the nenor stor_age devi ces popul ati ng

sai d menor yeostaipggplurality ofrdata &qoevcgprdswpés,ast,ﬁug bling Meery dvodilec] ki m 1
wherein there . r I ' : t age C led to said

term nati Oﬁlger 18%%#8%85%%&%% Vo tgglagi’l gg}gfgﬁmsa%&d%lgs 1(11%[3?59“? fl?‘ltgs when

sai d term ngtd GHbits Ak & WAVRhRSh f0ah8 pifr &at ThéllRerkohrcRSg of argENfinfleeebs oni ¢
data storage systemof claim1l wherein there is further provided: address

and conmandsushd¥d e tpformghe miethone b s\alssowelt known ta the artiagdneed nofdbedevi ces;
and nmeans fqor cha igg,igehe voltgége | eve ata, address .and command

l,s on, s ig d
busses. 155 tmemony, 1 coppieq fo & gy sYIBPRG8" BPLE €S claim 3
wherein: SafifbsTRTRY oCARbRBY @hubis RAURLAdIIREI SLQADIR M@l doKBlorset s of

receiver/driver Circuits and neans for determning the type o It storage
devi ces irn canmiandbuy CNTIoAgadsydatebns (DATANZ edrepisinnmaltipdt dats igoegge
system of cJ.aim4 wherein: each set of said recejverldriver circuits

conpri ses aflgf‘ét The e gerveliary Bis firher sewlediadhs glogk J& vias PRET TBORCUI ¢ i n

“sa’i d set bejng;ses LR Ants2, 00 kB ¥4 bid Bften to a graphics controller 24 via

respective address busses 25 and 26, respective control busses 27 and 28 and
respective data lines 29 and 30. The processor 23 is also coupled to the clock 12 via
one or more lines 34. The memory controller 16 is further coupled to one or more
Input/Output ( /O ) buses 31 via respective address and control buses 32 and 33.

The memory controller 16 contains a plurality of receiver/driver circuits 39
each of which is coupled, via a respective one of the data query lines forming the data

¢ bus 21, to respective data bits on each of the DIMMs forming the memory 10. Other

driver circuits 15 are used to set 3.3 volts on the address bus 18 and the control
bus 20.

The number of receiver/driver circuits 39, contained in the memory
controller 16, and the number of data query lines, in the data bus 21, are equal to the
data width in each DIMM in the memory 10. Thus, if it is assumed, for example, that
each DIMM has a data width of 64 then 64 receiver/driver circuits and 64 data query
lines in the data bus 21 would be required so that each data query line would

interconnect a specific data bit location on each DIMM to a respective receiver/driver



‘8.3 V- DIMM and the other receiver/driver circuit in said set bei 353&1;%@
~for operation with a DDR D)ZWIM 6.) The el ectronic data storaa

claim4 wherein: each data query line is coupled to respective bit storage
devices in said nenory storage system to a respective set of
receiver/driver circuits through a selegtion circuit, and to a parallel

line termnation through a switch. 7.) The electronic data storage system
of cl ai m 5 aienite Imthiswaha sisglediit, dma dingleddiMit gagrbewtitten oroead,n asnanmep| ed t o

ti t i t h I ' ' L., Th
 CoPect YGRS Ll SR BELARERGR SHEREH il
' I ti t ' : L.My7 wh '
55 T BB o 0oL OO,y USSR el

el ectroni c gietaiontneediget teyresentedfhecd.ai m 3 wherein: said menory controller
has a plurality of both |ow voltage receiver/drjiver circuits and double

rate recei ver/ driige showssghematically pad in Rirhar detaib thsrayrapgementiviheqtbe y | i nes;

means for i I f 3 t . . j | , n or

el ect i ng vgnety i Ml HEPE 4 tortist MM BBl 7e P ot o P8 oY The dou e
rate recei eirpskels ¥EINuStratfdn dnly, Fog. 2CHOGS thd@eindBNddntloler [ WithWat a siaglemeans
for adding or renoving termnations to the data query |ines,

i Nt er connectergiyeridives eirat 4 thatde coeplediviaesingledets query bng b data ed DI | vI M-
when the i eur%tzilf {oeoan)P%/ulr Mg 5%;3%, §l7]%ﬂd Bgr H‘ b%?r;[gi u%%%istood,lgy ﬁxolsJe Is'klﬁgc? 2
in the art, that many such DIMMSs would normally be used in the memory 10 and that
there would be as many receivers/drivers as required by the data width of the DIMMs
used in the system. That is, the number of receiver/driver circuits 39, contained in
the memory controller 16, and the number of data query lines, in the data bus 21, are
equal to data width on each DIMM in the memory 10. Furthermore the number of
driver circuits 15 are sufficient to supply the desired voltage level to all the lines in
the address bus 18 and the control bus 20.
It should be clearly understood that, in this Fig 2, only a single data query
line 21a, which is but one of many in the data bus 21, is shown connecting a specific
storage location in eaéh of the plurality of 3.3V DIMMSs 35, 36, 37 and 38 forming
the memory 10 to the receiver/driver circuit 39a. Again, since such data query lines,
receiver/driver circuits, storage bits and their interconnections, operations and use are
well known to the industry, it is believed that no further explanation is necessary.
The receiver/driver 39a, shown in this Fig.2, is a prior art (3.3V)
receiver/driver capable of operating only with 3.3V DIMMS that must be queried,

i.e., written or read, through a respective Data Query line. Each such data query line



."-.‘21 11) An el ectronic data storage system for accessing data sﬂag&wg
t

devices via a data bus conprising: a nenory storage; a plurali

storage devi ces having selected data interface voltage | evels popul ating
said nmenory storage; a nenory controller; a plurality of parallel
termnations; a plurality of receiver/diver circuits coupled to said

menory  conyd glin@Eted 9t LAt prJE'EH{a'l ehd'q.e2 Rl é{{cﬂiéij&c)énf’{o dtﬂ?}&eﬂ’é?/ﬁﬁvérj nes
coupl ed between said recelver/driver circiits and sal d dafa storage”’

devi ces; each rekpbetivguecaivéridiger otciivand ipcourbkietyat itf oflet ar disel ¥nd,iiRES,

havi ng a proxinmal end coug%ed to a respective receiver driver and a distal
end coupl edhe enddistanpfsemitherespizersdrivs; 1 agpeeifis datadytonieachdVMa dtlisteans

paral vel ¢ SepelaFand P 2R fhe Rt e bie B B8 e FTRGE | T nes
when such tdedliend pafilicl fRhfiTalehs. r&l%g lﬂh{eldﬁl‘j%r Bﬁ@%fzsylzgér? gﬁ)QVAQﬁVérctﬁﬁzuits :

popul ati ng said nenory storage. ~ L 20 n el ectronic data

st or age sysapahle onlyrof sipplying 3rfevaltsyto tlegsldrese uo18 angthgrcahtrolbuwsf20dat a

st orage nenory dul es;, .a nory controller; a data bus conprised of
nul tiple data q[]r‘g%- ‘Fiaﬁﬁgckﬁﬁﬁpédﬁﬁgf%rﬁ‘o%t?‘ggﬂﬁdﬂ?‘@gwa?ﬂﬂﬂ@ﬁf:g{)@%?ﬂ rol | er;
and neans f l\actiwiely | di 12 dedndo L, 1 ]

term nati or(lfsa{at er%bﬁ)lf% 'rlm“?{s%égﬁ? ﬁgiegg%?gﬁﬁl%? age gg‘éﬁ%mtt%gﬁiledye@?ﬁer

modul es t h@ IMMguiAsaotddaiboté)ehaBDR DM retunies i mubipdropends, datw quepdul es

that require that the data bus bhe term pated . . )
] lines terminated at both ends. That is, each data query line must be provided with

’

terminations at both its source or proximal end and at its distal or terminal end.

These terminations may assume different arrangements and combinations as
will be discussed below. For example, Fig.6 shows a data query line 70, coupled
between a memory controller 16 and a plurality of DIMMs 71, 72, 73, 74 being
provided with a source series termination shown as resistor 49. Fig.7 shows a data
query line 70, coupled between a memory controller 16 and a plurality of DIMMSs 71,
72,73, 74 being provided with a distal end parallel termination, shown as resistor 63,
coupling the line 70 to a voltage V1;. Fig.8 shows a data query line 70, coupled
between a memory controller 16 and a plurality of DIMMs 71, 72, 73, 74 being
provided with a source parallel termination shown as resistor 65 coupling the line 70
to a voltage Vi and with a distal end parallel termination, shown as resistor 63, also
coupling the line 70 to the voltage V.

It should be understood that these various terminations may be further
combined in an actual configuration. For example, the speed of the DIMMs may

require the source end of the data query line be provided with a source series



«.13.).The storage systemof claim 11 wherein the nenory controMl gr NtRHANS
-va plurality of sets of receiver/driver circuits; each set of l1s'ﬁﬁ- Z,ﬁd?
receiver/driver circuits conprising a first receiver/driver circuit and a
second receiver/driver circuit; nmeans for identifying the type of DI luvl M
in the nmenory system coupl ed thereto; neans coupled to each set of
receiver/driver circuits for selecting 9 ther the first receiver/driver
circuit in teryihatimtandfa distekparaliol dieriminatiani arovith botbseri¢seand pamali¢] source
receiver/driver circuit in eacq ?et of receiver/driver circuits as required
to access tHEINYImSand adisthlpatalle! texmipations for adding terminations to the
data query linesd 1 r OLAge | ces
requiring term ﬁ%étalﬁ)%ﬁ@hggnt btehrgﬁafg:?)gﬁ é‘ﬁte‘%ﬁ‘f rl%r%%& mél;c%ﬁ?r%hﬁ&é éﬂ%d 14.) The

storage Sy&h@meﬁfo(;yﬁb(&itmllkﬁw\b@d themubiber otdms Yuergnineoid the datarbus@n must! udes:
an address bus and a control bus coupled to said nmenory; an address bus and
a control sqyaldhe deta widthroneash PIMMtas discussed abavgranddhatdbevoliagelos and sets

of receiver./drive Lrcut ach of ,said_set,s contajni a 3. 3 DI VIM
Fecei ver | anfoaptlebis aipiddtp (TP oR L ARE IR EROS L Voinfhgidf o
circuit meapgstbelowstend.i 3.5ivols, thah thekpess Witssbuirdeytay BaasDRIMG. at i ng t he
menory; and neans for activating a bit switch to couple a respective

paral | el t eAesordinglythe eontnollentbaodf fegad is shawa withe?.§ voltraddresshusrnd coptrobm of
claim 14 erei.n sai.d identification.circuit neaps is a c atator circuit.
16y The sy dLBEHAPSda AN SN EENFTRHETIR VI HGR PP OReR FGIRTHAARS, 1 n L he
menory contdaed befilugthatonidn®) ¥, B shoWhiChembly doatloABr RIHVER bYi Asifgled Strobe
‘lirne to the termnations when DDR DIIVIIvls “are found to be populating the

menory 10. DR rétrivesidsiven3 Af caiplidovibd suhgle dita guearyd il NbMe aplargitpoef ded wi t h
Serial Pr esl%ﬁfﬁ)ﬂ\ﬁdes%tl,s 44,%%?&183 44 gvﬁlr}:wpfolpﬁlaagel t Q mrreen?oﬁ 10. Because DDR

DIMMSs require terminated data query lines, the receiver/driver 39b is a DDR

receiver/driver that is provided with a series resistor 45 that terminates the data query
line 21b at its proximal or source end and with a parallel resistor 46, coupled between
the line 21b and the voltage V., that terminates the data query line 21b at its distal
end.

It should be noted that the series source resistor 45, can be designed into and
included as part of the DDR receiver/driver 39b. Because the distal termination 46 is
required only by DDR DIMMs, and because the DDR DIMM voltage interface has
reduced amplitude, i.e., 2.5 volts versus the 3.3 volts needed by the 3.3 V DIMM
interface. Because the DDR DIMMs are lower voltage devices than the 3.3V

DIMMs, 3.3V DIMMs and their associated 3.3V receiver/driver and bus drivers
cannot be interchanged with or substituted for the DDR DIMMs and their associated

DDR receiver/driver and bus drivers or vice versa. Also, as previously noted, the bus



15 J UL 2002 -24 18. An electronic data storage system for acgessing data
storage nenory device via a data bus conprising: a nenory stor§£;Jkﬁ_ 200
plurality of data storage devices popul ating said nenory storage; a marmr;z
controller; a data bus conprising a plurality of data query lines having a
proxi mal end and a distal end coupling Klaid nenory controller to said data

"espect  ve She bl sRiiiadhy uhiabe ek i odobd bun d8 sui HF Solral B 2 e
Cbanact §vo Bust3upfly BIdSyRERislbw Rl a8 iba e, WoRERAMEEIDrior 1 o

respective swtc and circul nmeans co n - sal

and sai d daira3.goeDIMMefchiey 1 dentifying the type of storage devices
popul ating said menory storage and connecting a respective one of said

paral | el data | iTHais{iaskmifirtcichangenbility casethe inventirg; lagisticad and othee of sai d
data query lines when r ired the nenory storage devices identified as
popul ati ng Eﬁ&ﬂ“ﬁ%i‘?gegggf"é"g@db‘ég‘.“r%ﬁyﬁ ?Wf?@“fg?éﬁ%c%'%t%.é‘é system for
accessing dg AufalifANE pIREBIY 5@%&1&%’% éyéfsiﬁuﬁaﬂe%upgﬁnﬁ&dmra ki%d Aiver DR Y
storage; a plurality of data storage devices populating said nmenory
storage; a syewemsy controller; a data bus conprising a plurality of data

query lines coupling said nenory controller to said data storage devices;
address and comrefidbddisestsafuld pregertahebntionpryvidonisolmtibe thitansadiothted thesge
devi ces; an(gga Fl urality of parallel data |ings term’&gti ogs, each

respect i ve PHicaftesand spbstantiglly pusreemes the Abeys digpusssdpreRiens oY Praddiagt i ve

data query J {ifigué RILHEHicAIHE SRP e #Btel] thet Wah Gcesd Hofh BADE DIVMNVECdaPDRY a
known vol tage coupled to sald term'nations; a selection circuit coupled

bet ween sai i4/the same bis. eFheagystonndlaps this Hyusingd@at a | i ne terni nations for
sel ectively coupling and.deco ing respectjve,on j d Il el
termnati o%%mﬂ%eo?lgg%@&??l\?é) Sﬁﬂ’g{ %afngascgplgﬁﬁ)gl? edilllgf 33@%0&&?@% d parallel
t erm nati onBINIMS togstHér With Bita lgheryTRIER ihat SAPb&S@ofRUEABSMBAIFeHati ng sai d

menory storage; sard nenory controller having a plurality of sets of
r ecei ver / dr Deeessapy fuehithas thesmemory can use either 3.3V D s or DDR DIMMs..

The data query lines can be readily, easily and automatically

provided with modified terminations or stripped of terminations thereby permitting
the data storage memory 10 to be populated with either 3.3V DIMMs, that require -
that the data query lines not have their distal end terminated, or with DDR DIMMS,
that require that the distal end of the data query lines be provided with a parallel

termination.

An embodiment of the present invention is particularly shown in Fig. 4. This
Fig. 4 sets out s a block diagram of a unique memory controller 16b containing both 3.3V
DIMMs receiver/driver circuits and DDR DIMM receiver/driver circuits and address bus
and control bus drivers that can be set to different voltage levels together with a data bus

formed of data query lines 50 and 51 coupled to the memory 10 and respectively



~set of receiver/driver circuits conprising a | ow voltage driver ceiye
circtit and a 15 J UL 2002 -25 gguble ?ate receiver?driver é‘gfaﬁul-QUUZ
coupled to said nenory, each of said sets being further coupled to a
respective data query line; and there is further provided: an
identification circuit neans for identi$ ing the type of data storage in

said nenory; a selection circuit means [or selecting either the | ow voltage
recei ver / dréoupleddo respeetivederminationdeasrds ¢7an 68edéslm§d b noted thet peparate t o

For - addi ng Granaion g SEhR oB BaRGL BHeF s A0 bl T miBict Ve

data query ddulte forkkamle, Bk @fdunfidl direda} 8n ThO§ARe BY:34 BARiRE tlﬁ:%@rﬁé%rn g data
storage nenory devices via a data bus’ conpri'sing: a nenory storagé; a

plurality dioadhtBy sibstiagmgdies neasorh @ontnglles d bbcfoe theda¢monyrdoatroerel 6vol t age

| evel s popul ating_said ry storage;. a nenory c roller; a plurality of
par al | el teﬁhﬁfvﬁdﬂﬁﬂﬁé;angggg@géhq WHP*@%P@*‘%?#@B@%B}Vhs;ﬂilqmr}’dpr@ei ts

coupl ed t Oosﬁfgfeﬂx W_r Vca%%;r{r}géé t%rdgﬁgl?é:aitﬂfthesﬁl% ri’ﬁﬁﬁ IﬁfM[(/I? gf {év\éﬁ raé ﬂ{ei ver

circuits c rrsing=firs sec receiverldriver Ccircui ei ng coupl ed

to a respecgldyes. samnaMery line through a selection circuit; a data bus
conmprising a plurality of data query |lines coupled between said,
recei ver/driver Eheeriivemgmenseqnirolist tobs showey in tisfiadsis psavidediwith query

line, of sajd pl | .t f Jer i Vif roxi mal _end coupl ed
to s respectitre: Phdhc iy Bhof Je PR dorh 23 e VO R Ve BiE ey it
respective @neet9fs ard d6,tatRosWRICATONHRIYE & 8 \AfedeivBr/ QiR cacoMhAFADIDIR a
Tespective one of said parallel term nations; and neans coupled to said

menory contfegeiverydrivsr ckenib@njidestijicaiaomeltquitigeans/ds e idantiéyipgtheltypd of

Ler mi nati onp gy A £ SSRRRL YIS b A mBrs PG b5 B8tGn ST, |1 e when
cards 67 and 68 to couple end terminations to the data query lines making up the
system data bus.

The DIMM identification circuit means 77 can be as simple as a comparator
circuit for recognizing an identifying signal from the DIMMSs when they are
activated. The DIMM identification means 77 is provided, in the controller 16b, to
identify the type of DIMMs populating the memory 10 and to transmit a switch
activation pulse via a strobe line 78 to the termination cards 67 and 68 when DDR
DIMMs are found to be populating the memory 10. The DIMMs, whether 3.3V
DIMMs or DDR DIMMs, are provided with identification means such as a
Programable Read Only Memory (PROM) circuit, also known as Serial Presence
detects (SPD’s), that are built into each DIMM at the time of its manufacture. This
PROM is written with a code that identifies the DIMM as either a 3.3V DIMM or a

DDR DIMM. Thus the DIMMs populating the memory 10 can be made to identify



“ternt'nations are required by the data storage devices popul ati 553%
~-menory storage. 21. An electronic data storage system conpri si ng® anQQz

conprised of a plurality of data storage nenory nodul es; a nmenory
controller; 15 J UL 2002 -26 a data bus conprised of nultiple data query
| i nes coupl ed between said nodul es and said controller; circuit means

coupl ed between said nenory controller dAd each respective one of said data
query | i nestheitypedéns BAM R riI3R DIMMaitte the idertifecationsirquibmganses/.

popul ati ng id nmenpry.. d. swi t.chi ng neans ¢ I bet we ai d

Permi nat i onbian TR OR. SHRUCEF Mgt 418 ARG wCh PRG35 WRER B anfac o 11 ne
term nati ongaHfly SvdiRBRA6hALE sRillSH & tiR¢h, @hd ARthePéxpidlatiof dF thefBMmdt | | nes.
when required by the nmenory storage devices identified as populating said

menory st or dggmeddareceshnc tOthe tgchorigues dompprmitting thespembiywentinberab adpisd dat a
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data storage sys or’ accessing data storage henory ces via a data

bus conpri sthefh isdothdsedied iwceysage; a plurality of data storage devices
havi ng sel ected data interface voltage | evels popul ating said nenory
storage; a menor{eeidt isdp benoted thatshemymberof recgiver/dayercaichithiitthens; ~ a

plurality of receiv r/%r' r circuits coupl.ed 1o w%ng Ve LOntsol ler; a
data bus cofﬂ?m"é’( ﬁ%rﬁg’_l Fﬁz?/%".sfﬁq“%f {hﬁﬁaﬁl ‘3@&*} g“ %;allcrh’e_s oupr é %ﬁ?r\%esrn sai d
receiver/dr palﬁnatﬁig]rtﬁa et d0sthbél i0R iFagalniss@acditit &858 DIRAA2088 ss4query
line of said ffl urality of data query lines having a proxinal end coupled to

a respect i vend g giopulatiog theanemay 1), basthdate hids e o sefs vbregeverdidvari ve one

of said data. st.ora evi ces; . Neans upyl . t 0 ,SAl ry control l.er for
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the menory syt B CREREISE dueietdprovide the desired voltage levels to the address bus

18 and the command or control bus 20.

However, for purposes of clarity in both the drawings and the description of
the invention, the memory controller 16b is shown in this Fig. 4 with but two sets of
receiver/driver circuits 75 and 76. Each set of receiver/driver circuits 75 and 76 is
respectively formed of one 3.3V receiver/driver and one DDR receiver/driver. Thus
set 75 is formed of a 3.3V receiver/driver 80 and a DDR receiver/driver 81 and set 76
is formed of a 3.3V receiver/driver 82 and a DDR receiver/driver §3.

It should be noted that this arrangement is but one possible arrangement out

of many that will be readily obvious to those skilled in the art.



15 JUL 2~~~ -27 neans coupled to each set of receiver/driver C U
selecting either the fi rslto receiver/driver circuit in each sete' §TJBE éﬁﬂz
receiver/driver circuits or the second receiver/driver circuit in each set
of receiver/driver circuits as requiredjjo access the identified data

storage nenory nodul es, and neans for adding parallel termnations to the

data query |ines Eqhm3Wiréceiveg/diRendiscus bl 82 had esspsctivéaiuipifi§ @0@ge menory
nodul es requiring parallel termnations on the data query lines. 23. An

el ectroni c @ad 828 respeiivelyyooupledto thesfirstiopits 9f tespectveselegiomeinenits 8evi ces

i data b i Si . to ; | | it f t t.
devi ces hav AN SdeFech DPRiisesverdeya siguiy BF aad 8 Fspopected fupuah Sopeciive
Menory stor aggy e?erﬁﬁﬂ?fo)ﬁs 88 9hd 87 kc?fe'sP%g%C g{d%}ulst Xl@&ndog’%a?'“lh?éh el tions;

a plurality of recelrver/driver circu ell to said’ nenory controller;

a data bus domwriceuplgd sespretivaly, tythefsectalddngute o theistlestieweiphuin 8daindssn sai d
receiver/driver circuits and said data storage devices, each data query
line of sai dhsiawputs efthese sglectionciseyits| §4pnd 85a5¢.r18 temgpsngdted. viswgspestipe ed t o

a respective, receiver/driverc..and a di.stal .end.. d td,ve one
of said dat éiagch\}e%gnﬁgsr\ﬂ %@55;1’ ‘é%ﬁ%“é‘&%gﬁté‘apatd“’égg‘g%ﬁ‘n%ftég? ? “E’@‘ﬁ??%ﬁ%r for
sel ectivel y sapphd/ 59 gopuldtaiae menorpaval l el termnation to the respective
di stal ends of said data query |lines when such term nations are required by

the menory st or adémistbecratedthptitharbaye desctbedanprgachiivbutoane nossibl¢dvaysef bus
and a contral__bus coupl ed to.sai ry.. an address.bus and.a control bus
Gr ver o nat e RERng Gviidt o A aant cigd T B08PERT iR AR By B bE: o
recei ver/ driggdilyCcddpatént & @O &illddRa Mk r ecei ver/driver; an identiftcation
circuit nmeans for identifying the type of data storage nmenory nodul es

popul ati ng the nehinrselecting ciredtss84f rd §fctanost fargxamplef a swiltiplhxord Mdkpbe a
respective parallel termnation.to an end, of ch data query line. 24. An
el ectronic c?é‘t(jks“t‘rﬁl'"é@éa@g/% %WtapleééreégstPﬁtgw’ggqaﬁs g’i?léfroﬁ‘géee]ﬁéﬁﬂr’?/p‘ﬁé\‘ﬁ ces
via a data bys, qeaRTioPidRits B iR ThObAPS: of eabR s@edion ARMA 8426hdBs is

plurality of data storage devices popul ating said nenory storage; a nenory
control | er; eondattadbusitemspedtive dgtasquehulinel 30, y1oto sdleciedgiarage bit sstiemupl i ng

v e aoe) SRR TIREUSR 52 5 b S ahaniOhg R SERbE D, aff s FRPEWTY of' N

the termination boards 67 and 68

Because a means is provided whereby each data query line,
forming the data bus 21, can have terminations controllably added thereto or removed
therefrom, only one data line is required for each set of receiver/driver circuits in the
memory controller. Thus the data query lines 50, 51 are shown connected to
respective bit switches 88 and 89 carried on the respective terminator boards 67
and 68 and to different, specific bit locations in each DIMM 52, 53, 54 and 55.

Each bit switch 88, 89 has an input electrode 88a and 89a to which a data bit

line 50, 51 is respectively attached The bit switches 88, 89 also have respective



~a parallel and a series data line termnation coupled to the C n
reach data query line in said plurality of data query Ilines; agggéwglqua

line term nation coupled to the distal end of each of data query line in
said plurality of data query lines; an identification circuit, for
identifying the type of storage devices popul ating said nenory storage,
coupled to said nenory controller; andl& selection circuit and a set of

recei ver/ dr PuiByt edgotiodes &8bcandf%B sopeaciask threvghresprstive distahtarminations B0t and

each respect.iy, at ef. i pe i i I | f .d ry.lines, each
set of sai d}mrdeééletl \?e%}tgg? (}éef bicfx;r%J ltlfi[q t?%‘%’r%&%g?g?hvgvmaéhmlgﬁfyﬁ@gg‘l%v‘)é}tf hmever
circuit desé@ﬂﬁ%d‘wmqp@omg. Ofhehlifehes $8188!fli@herdad prolvided Wil tabpatih _
coupled to the distal end of a data query line and a second receiver/driver

circuit des8&pand 39oforgpentgiand clasing the partel 8889%amccagh sandi the¢rebpeauplinge
term nation copupled t he source end of d uery |ine, each said

sel ection c?rr@ﬂg?ﬁ%ltg%éﬁs%l’%fa@%ﬁﬁ‘@%‘f‘?%@% gtg@%\‘?‘@@aﬁaéﬁ’ﬁwséﬁi ver
circuit in ' [ i n
cpeoi 1 c mefiied ihd BEEIORE LGATEE o BN BBk fo StTRMONGREE
storage. . AMafhd'stidbe ARE78ANd AdhtroNedAbdreBy. AS. . Al . As. AhY. A . Au3. A9. A . A3. Aa

A(_. A NYy. AY. A{3Y. A . Ah). Aal . Aaly. A A A A2 A A | 3zF
Y{vql gb] X] ca] ca] &hg eddressjend sprteql bhsesdiband|0apdsn vsgdoxite PRR ROYIMsIpEgy] ca] c:

?g&§$gl/;v/§ ]&gigﬁ t&%&%?f gii 84"?'84+%@§J]3C3 ?‘%}%fg@qifﬁdi%]%‘%f@a‘{c]) aD] ﬂc aIT'(;r a{ﬁi Sci:i] caJcalc
<Ia] Za] Cﬁ] ca] ﬁca:bg1@(l)i§l&:]d(1i§,r]5’)5| S;ﬁl\'jg\]éigﬂ\kpian]tﬁahfeaicﬁyibcﬁt&]lm]l66‘,%6%@6@5@:@1(0@11&63 ca] ca] ca
1 4-e-h-s-x-".9, 0<57 ; ) . . .

====BEEEK) KMo a5 ush-pall deiyers) thay caa)heraadibysg) wajrewpe aitherj3e> a] ca] ca

| ca) c0aU <Oplealion gl satgal eoathodal ool AELEMGMAShGe kg e o! <00

Y{vgkfa\ W ] palmad sophtating tied mahes] ] ca] ca] ca] ca] ca] ca] ca] ca] c*al] c*a] ca] ca]
ca] cal ca] ca] ca] c"a! ca] ca] ca] cal ca] ca] cal; Y>YGY£ [a]n"v"" & i _aa#a%aa( bNbbf f

hChhhi i *kwkkl |~ Initially the receiver/driver circuits 80, 81, 8 d 83 are all furned off, the

T o ) Lo anlamig ittty o
Mop* pappaq! UheszSoehaVIarX sponendbd zize { withdut ist) phidlie] emaleabesdciaheal cal cal ca

] ca] ca] ca] ca].ca] ca] ca] cal c*al] c*a] ca] ca] ca] cagca] cal c*a]ic*aU] c*a]ca]ca]calc

a] ca] ca! 6: RAA%yy8Ress(aff Yiexthy waFaep suped ap.dhg edntediies Apl squsay ®&] caj caj cal ¢
aJcal c*al] c*

150t e s o e s
ca] ca] ca] c( eld DMl BRcd, 4] arl 53 idbmity chdmslved as 873A1 DRMS)sx griidenfificaiion] cal ca

] ca] ca] ca] caj ca_Lc*a] palsca] caj ca] c%ga] ca] ca] cal ca]ca]c

> alca] ca] calca]ca]ca]c
a] ca] c* a] caFEeiEAT pERVISRAL A BPIms YNt S Y Tecsiver T &&FE‘&%@&%%‘&F@ ¢déa) cal ¢

* * ; 3 * 3l . I'Yb w$
Zod b o) xoR BB AHETERER 78 A7 B8 AR AR AEL AT BT IR carcal
ca] ca] ca] calkiralies(8l] 82}wehk CIMN 2] 335 ¢ adndap]50da the B0 DR [DhessIU #hdA1] ] ] ca] ca]
ca] ca] ca] ca] ca] ca] cgﬁ]ly(za] ca] ca]ca] ca] ca] c*a] ca] ca£ca] cal ca] ca%ﬂ(éa] caJ ca] ca] ca

] ca] ca] ca] c aJeultarigoushy the)deiyoreinauts SAiage St 19 $uPR|e] valte o hapddpesusapda) cal ¢

ajcal] calca ¥ . ; C. cal". 3#
+1/ n% S| glvr n}wg@ﬁcﬁ%}@g‘})‘gﬁgﬁ%{d?g? Lg@cgﬁgﬁgﬁgc@ﬁ:‘gﬁ%gﬁlgﬁaﬂc&i cai cag"]%z:tg I:a] cal ca]glz
a] ca] c, al c sadisalita] 8] fajaininad e @ cfbhbihe 8 WitBhdsz6 714068 e mhiMn 1B &' () -
10%<& ()-3y 10%<& ()-y #Y*10% <"<& ()-Y*10%&&' ()-zIl "P19%d0%& ()-Z 10 10
100 " @!'10%& ()-'@!'10% ,& ()-'@!109%<& ()-109%& ()-3zbF dE:/ 10Z 10z
10%Z& () -y




109Z& () -

109@& ()- 109&& ()- 109%&Z& ()-&gl09%&Z& ()- >uSl/ !f 10%25%&2&&2
10% h h& ()-"'f 10%h h& ()- f 10% & ()- y10% h& ()-9%40% h& ( 7
| 10% U& ()- 10% U& ()-$10% U& ()-Z 10 10 10 !, 10% & ()-, 10%

& ()-Y] dEuV7 !

U& ()-%@! ! [3"10%5G& ()-4 109G& ()- S1096& () -, &109%G& ()-F 10 U 10 U 10

normally open condition. Since the switches 67 and 68 are open, the data query lines
50, 51 remain un-terminated or open-ended. In this way the system operates as a
3.3V DIMM system.

If however, when the system is turned on, the identifying circuit 77 queries
the DIMMs 52, 53, 54, and 55, in the storage 10 and the DIMMs 52, 53, 54, and 55
identify themselves as DDR DIMMs, the DDR receiver/driver circuits 81, 83, in the
receiver/driver circuits 75, 76 are activated, i.e., turned on, while the 3.3V
receiver/driver 80, 82 circuits remain off. Simultaneously the identification circuit
77, sends a signal to the bit switch toggles 88c and 89c¢, via the strobe line 78, to
close the switches 88 and 89 and thereby connect the data query lines 5Q, 51 through
the respective distal terminations 90 and 91 to the Vr voltage line 92.
Simultaneously, the memory bus and control bus drivers 94, in the memory controller
16b, are set to the 2.5 volt level to supply that voltage level on the memory and
address control buses 18 and 20 required by the DDR DIMMs populating the memory
10. Thus all the data query lines in the data bus, become terminated and the data,
address and command interfaces, i.e., voltage levels, are set to the voltages or states
necessary for the system to operate as a DDR DIMM system.

By thus providing in the system of Fig.1 with the modified controller 16b and
with means for coupling parallel terminations to the distal end of the data query lines
and altering the voltage on the data, address and control or command lines, the
present invention provides a storage system that will permit the data storage to be
populated either with modules that require that the data query lines be open-ended,

i e., without terminations, or with modules that require that the data bus be

terminated.

Accordingly, embodiments of the present invention provide a data storage memory
system that
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109G () -, 109%6& () -]//0R0012wX6npC 111 3" 10938 () -3"10%& ()-!V
"109& () - irFigéddug is futher provided with source end parallel terminations. The operation
of this Fig. 5 is identical to that of Fig. 4 discussed above and therefore the details of
its operation need not be repeated here. Fig. 5 particularly shows the DDR
receiver/driver circuits 81 and 83 provided with both source end series terminations
86, 87 and source end parallel terminations 98 and 99. This circuit shown in Fig. §
can thus be used when the DDR DIMMs populating the memory 10 requijres that both
ends of the associated data query lines 50, 51 be coupled to parallel terminations.
Thus there has been described an electronic data storage system provided
different receiver/driver circuits coupled to the data storage in the system via a data
bus that can be selectively provided with terminations thereby permitting the data
storage to be populated either with modules that require that the data query lines be
open-ended, i.e., without terminations, or with modules that require that the data bus
be terminated.
This completes the description of the preferred embodiment of the invention.
Since changes may be made in the above construction and method without
departing from the scope of the invention described herein, it is intended that all the
matter contained in the above description or shown in the accompanying drawings
will be interpreted in an illustrative sense and not in a limiting sense. Thus other
alternatives and modifications will now become apparent to those skilled in the art

without departing from the spirit and scope of the invention as set forth in the

+ following claims.
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10GG a memory storage,

a plurality of data storage devices populating said memory storage;

a memory controller;

a data bus comprising a plurality of data query lines coupling said memory
controller to said data storage devices;

a plurality of data line terminations; and

means coupled to said memory controller for selectively applying respective
one of said terminations to respective ones of said data query lines when required by

the memory storage devices populating said memory storage.

2) The electronic data storage system of claim 1 wherein there is further
provided:

voltage means coupled to said terminations for
changing the voltage levels on said data query lines when said terminations are

coupled to said data query lines

3) The electronic data storage system of claim 1 wherein there is further
provided:

address and command buses coupling said memory controller to said storage
devices; and

means for changing the voltage levels on said data, address and command

busses.
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operation with a DDR DIMM.

6.) The electronic data storage system of claim 4 wherein:
each data query line is coupled to respective bit storage devices in said
memory storage system, to a respective set of receiver/driver circuits through a

selection circuit, and to a parallel line termination through a switch.

7.) The electronic data storage system of claim 5 wherein:
each set of said receiver/driver circuits is coupled to a respective data query

line through a selection circuit.

8.) The electronic data storage system of claim 7 wherein:

each selection circuit is a multiplexor.

9.) The electronic data storage system of claim 7 wherein

each selection circuit is a comparator
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memory contﬁ‘él?e?r\flusca plurality of both low voltage receiver/driver

circuits and double rate receiver/driver circuits coupled to said memory via data
query lines;

means for identifying the type of DIMMs in said memory;

means for selecting the either the low voltage receiver/driver circuits or the
double rate receiver/driver circuits to access the identified DIMMs; and

means for adding or removing terminations to the data query lines,
interconnecting the selected receiver driver circuits to identified DIMMS when the

identified DIMMs require such terminations.
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a memory storage,

a plurality of data storage devices having selected data interface voltage levels
populating said memory storage;

a memory controller;

a plurality of parallel terminations;

a plurality of receiver/driver circuits coupled to said memory controller;

a data bus comprising a plurality of data query lines coupled between said
receiver/driver circuits and said data storage devices;

each data query line, of said plurality of data query lines, having a proximal
end coupled to a respective receiver driver and a distal end coupled to a respective
one of said data storage devices; and

means coupled to said memory controller for selectively applying a respective
parallel termination to the respective distal ends of said data query lines when such
terminations are required by the memory storage devices populating said memory

storage.
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a memory comprised of a plurality of data storage memory modules;

a memory controller; and

a data bus comprised of multiple data query lines coupled between said
modules and said controller; and

means for selectively providing the said data query lines with terminations
thereby permitting the data storage memory to use either modules that require that
the data query lines be open-ended or modules that require that the data bus be

terminated

13.)  The storage system of claim 11 wherein the memory controller contains: a
plurality of sets of receiver/driver circuits;

each set of receiver/driver circuits comprising a first receiver/driver circuit
and a second receiver/driver circuit;

means for identifying the type of DIMMs in the memory system coupled
thereto;

means coupled to each set of receiver/driver circuits for selecting either the
first receiver/driver circuit in each set of receiver/driver circuits or the second
receiver/driver circuit in each set of receiver/driver circuits as required to access the
identified DIMMSs, and

means for adding terminations to the data query lines to permit the memory

system to access storage devices requiring terminations on the data query lines.
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an address bus and a control bus driver that can be set to different voltage
levels and sets of receiver/driver circuits, each of said sets containing a 3.3V DIMM
receiver/driver and a DDR DIMM receiver/driver;
an identification circuit means for identifying the type of storage devices
populating the memory; and
means for activating a bit switch to couple a respective parallel termination to

an end of each data query line.

15)  The system of claim 14 wherein said identification circuit means is a

comparator circuit.

16)  The system of claim 14 wherein the DIMM identification means, in the
memory controller also transmit a switch activation pulse via said strobe line to the

terminations when DDR DIMMs are found to be populating the memory 10.

17)  The system of claim 14 wherein said DIMMs are provided with Serial

Presence detects (SPD’s) identification means



10-u Y. @0% u& ()-3,y10% u& ()-S)10% u& () -
' 10% u& ()-s$10% u& ()-"10% u& ()-NxY:/ 10-u 15 JUL 2002
10% u& ()- @10% u& ()-10% u& ()- 10% u& ()- 10% u& ()-3%0% u& ()-

10- u6FGHdE: / 10-u

10- u10% u& ()-"10% u& ()-Z10% u& ()- MLOYR4& ()- Y10% u& () -

10% u& ()-H WJxY:/ 10-u3

10%& ()-f10%& ()-10%& ()-10%& ()- 10%& () - S9$! 10%& () - 10-ul_SdE:/

10- u, 10%& 1§.- 1004y8 elertramiofsiata sforagessten faompessing-dapnstoree memfEy (devige pia

10bi 10vgz: { BRI G () U siova (1) 10ma () o8l 109 () 10bspl dE:
10b@ 0% () - 10%amemprPdoe@® ()- 310%a& () - GLO%R' ()- s10%a& ()-1 YbdE:/ '
a plurality of data storage devices populating said memory storage;
a memory controller;
a data bus comprising a plurality of data query lines having a proximal end and a
distal end coupling said memory controller to said data storage devices;
a plurality of parallel data line terminations,
each respective one of said parallel line terminations being coupled to the distal
end of a respective one of said data query lines through a respective switch; and
circuit means coupled between said memory controller and said data query lies
for identifying the type of storage devices populating said memory storage and
connecting a respective one of said parallel data line terminations to a respective distal
end of one of said data query lines when required by the memory storage devices

identified as populating said memory storage.

19. An electronic data storage system for accessing data storage memory devices via
a data bus comprising;:

a memory storage;

a plurality of data storage devices populating said memory storage;

a memory controller;

a data bus comprising a plurality of data query lines coupling said memory
controller to said data storage devices;

address and command buses coupling said memory controller to said storage
devices; and

a plurality of parallel data lines terminations,

each respective parallel data line termination being coupled to a respective data
query line through a respective bit switch;

a voltage source having a known voltage coupled to said terminations;

a selection circuit coupled between said memory controller and said parallel data
line terminations for selectively coupling and decoupling respective ones of said parallel
terminations to respective ones of said data query lines when said parallel terminations
are required by the memory storage devices populating said memory storage;

said memory controller having a plurality of sets of receiver/driver circuits, each

set of receiver/driver circuits comprising a low voltage driver/receiver circuit and a
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an identification circuit means for identifying the type of data storage in said
memory;

a selection circuit means for selecting either the low voltage receiver/driver
circuits or the double rate receiver/driver circuits to access the identified data storage
devices; and

bit switch activation means for adding or removing a respective parallel

termination to a respective data query line.

20. An electronic data storage system for accessing data storage memory devices via
a data bus comprising:

a memory storage;

a plurality of data storage devices having selected data interface voltage levels
populating said memory storage;

a memory controller;

a plurality of parallel terminations;

a plurality of sets of receiver/driver circuits coupled to said memory controller,

each of said sets of receiver/driver circuits comprising first and second
receiver/driver circuits being coupled to a respective data query line through a selection
circuit;

a data bus comprising a plurality of data query lines coupled between said
receiver/driver circuits and said data storage devices,

cach data query line, of said plurality of data query lines, having a proximal end
coupled to a respective receiver/driver set and a distal end coupled to a respective one of
said data storage devices and through a switch to a respective one of said parallel
terminations; and

means coupled to said memory controller for selectively connecting a respective
parallel termination to a respective distal end of a respective data query line when such

terminations are required by the data storage devices populating said memory storage.

21. An electronic data storage system comprising:
a memory comprised of a plurality of data storage memory modules;

a memory controller;
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of said data query lines for identifying the type of data storage memory modules
populating said memory; and
switching means coupled between said terminations and for connecting a
respective one of said parallel data line terminations to a respective distal end of one of
said data query lines when required by the memory storage devices identified as
populating said memory storage for selectively providing each respective one of said data
query lines with terminations thereby permitting the data storage memory to use either
modules that require that the data query lines be open-ended or modules that require that

the data bus be terminated.

22. An electronic data storage system for accessing data storage memory devices via
a data bus comprising:

a memory storage;

a plurality of data storage devices having selected data interface voltage levels
populating said memory storage;

a memory controller;

a plurality of parallel terminations;

a plurality of receiver/driver circuits coupled to said memory controller;

a data bus comprising a plurality of data query lines coupled between said
receiver/driver circuits and said data storage devices,

each data query line of said plurality of data query lines having a proximal end
coupled to a respective receiver/driver and a distal end coupled to a respective one of said
data storage devices;

means coupled to said memory controller for selectively applying a respective
parallel termination to the respective distal ends of said query lines when such
terminations are required by the memory storage devices populating said memory storage;

a plurality of sets of receiver/driver circuits,

each set of receiver/driver circuits comprising a first receiver/driver circuit and a
second receiver/driver circuit;

means for identifying the type of data storage memory modules in the memory

system coupled thereto;
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means for adding parallel terminations to the data query lines to permit the
memory system to access data storage memory modules requiring parallel terminations on

the data query lines.

23. An electronic data storage system for accessing data storage memory devices via
a data bus comprising;

a memory storage;

a plurality of data storage devices having selected data interface voltage levels
populating said memory storage;

a memory controller;

a plurality of parallel terminations;

a plurality of receiver/driver circuits coupled to said memory controller;

a data bus comprising a plurality of data query lines coupled between said
receiver/driver circuits and said data storage devices,

each data query line of said plurality of data query lines having a proximal end
coupled to a respective receiver/driver and a distal end coupled to a respective one of said
data storage devices;

means coupled to said memory controller for selectively applying a respective
parallel termination to the respective distal ends of said data query lines when such
terminations are required by the memory storage devices populating said memory storage;

an address bus and a control bus coupled to said memory;

an address bus and a control bus driver that can be set to different voltage levels;

a plurality of sets of receiver/driver circuits and a DDR DIMM receiver/driver;

an identification circuit means for identifying the type of data storage memory
modules populating the memory; and

means for activating a bit switch to couple a respective parallel termination to an

end of each data query line.

24, An electronic data storage system for accessing data storage memory devices via
a data bus comprising:

a memory storage;
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a memory controller;

a data bus comprising a plurality of data query lines coupling said memory
controller to said data storage devices,

each data query line having a source end and a distal end;

a parallel and a series data line termination coupled to the source end of each
data query line in said plurality of data query lines;

a parallel data line termination coupled to the distal end of each of data query
line in said plurality of data query lines;

an identification circuit, for identifying the type of storage devices populating
said memory storage, coupled to said memory controller; and

a selection circuit and a set of receiver/driver circuits coupled between said
identification circuit and each respective data query line in said plurality of data query
lines,

each set of said receiver/driver circuits comprising a first receiver/driver circuit
designed for operation with a parallel data line termination coupled to the distal end of a
data query line and a second receiver/driver circuit designed for operation with a parallel
and a serial data line termination coupled to the source end of a data query line,

each said selection circuit selectively connecting a respective receiver driver
circuit in each set to respective ones of said data query lines when specific memory

storage devices are identified as populating said memory storage.



