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=1 H GH BANDW DTH DRAM W TH LOW OPERATI NG

PONER MODES DESCRI PTI ON /P03

- BACKGROUND OF THE | NVENTI ON Field of the Invention
The present invention generally relates to high bandwi dth/ perfornmance
Dynam ¢ Random Access Menories (DRAMs)1and, nore particularly, to high
bandw dt h/ perf ormance DRAMs with | ow power operating nodes.

Description of the Related Art . Dynam ¢ random access nenory - ( DRAM
performance is a well_known_limtation.to ogguter syst.em performance.

Processor speeds are’F%ﬁFdP?NBUFﬂggiP&ANé T ﬁﬁW& ce, wth both

processor designers and system manuippgies’ fopedevel opi ng hi gher performance
menory subsystens in an effort to mnimze performance limtations due to
the sl ower DRAM devi ces. ldeally, the nenory performance woul d nmatch or
exceed processor perfornmance, DESCRIDTION

BACKGROUND OF THE INVENTION
Field of the Invention

The present inventien generally relates to high
bandwidth/performance Dynamic Random Access Memories (DRAMs)

and, more particularly, to high bandwidth/performance DRAMs
with low power operating modes.

Description of the Related Art

Dynamic random access memory -(DRAM)- performance is a
well knowﬁ limitation to computer system performance.
.Processor'speeds are rapidly outpacing main memory
performance, with both processor designers and system
manufacturers developing higher performance memory
subsyétems in an effort to minimize performance limitations
due to the slower DRAM devices. Ideally, the memory
'performanée would match or exceed processor performance,
i.e., a memory cycle time would be less than one processor.
clock cycle. This is almost never the case and, so, the
memory is a system bottleneck. For example{ a state of the

art high speed microprocessor may be based on a 200




F.e.:‘a menory cycle time would be Iess than one processor clock cycle. _
This is alnost never the case and, so, the nmenory is a system bottleneck.
For exanple, a state of the art high speed mcroprocessor may be based on

200 2 MegaHertz(MHZ) clock with a 5
nanosecond (ns) clock period. A high pezformance DRAM may have a 60 ns
access tinme, which falls far short of processor performance. Thi s

system bottl eneck is exacerbated by the rise in popularity of nultinedia

i cation timedia applijcations demand several tinmes nore bandw dth
? glro- Imai nI rreﬁ%%‘%’/vau’%ﬁr?% aﬁ@%ﬁf FEPCKetbEY hann@BRBAEPPorAs)i FleRk Perdgsks

such as SprQ@Qrﬁﬂ@?éeﬁﬁé%ﬁ§ﬁéepbﬂﬂﬁaﬁﬁyoﬁavétQeﬁoiHQP%@B%%QU%iQECE%P%EQEd

i ntensive applications such as word processing or printi _
Dat a Qut (EIfslbmdfﬁyn%h®nhooé PrRA%ES $SDRAMEFonmarnceevel oped to i nprove

bandw dt h. Ho . an RAMs still do pot nmatch processor,
pgpfgﬁnance aﬁgye#%%?i?@%%?msg?E%E%Pﬁgﬁ %ﬁs?éﬁ?ﬁﬁgﬁgfﬁa Eéﬁgebﬁ§§&uéﬁtly,
as faster nmMpsPPIACEEPOsS Mkt thevel apgppl ocatiibhTetiud thk@e’ssi ng and hi gh

erformance systens, faster nenory architecture is being devel oped to

Eri dge the rﬁ%%%w%%%%s%?mﬁ%@f%?ﬁaﬁeé fapesemgre Reacwi,AGhDRAVS main |
Recent devel QphERY SopPr edhet - Lar I,Nn i r | n
rel at ed subsysteﬁ% aftﬁg%ﬁ%h???g%g ﬁ%gﬁggpgggﬁnggpk%&ﬁﬁggggéiggg? %g%é
hi gh bandwi didsksasachase) SRagBdasheeteahabyhighpdagramat @y cabeessi ng a

large nunberiﬁgugyéﬁtﬁgta?l7égaYhtéHgEvgugéégkgékg n%ys%E %% word
processing or printing. _

Extended Data Out KEDO) and Synchronous DRAMs (SDRAMSs)
were developed to improve bandwidth. However, SDRAMs and EDO
RAMs still do not match proceSsor performance and,
therefore, still limit system performance. Consequently, as
faster microprocessors are developed for'multimedia_
processing and high performance systems, faster memory
architecture is being developed to bridge the
memory/processor perfoimance gap, e.g., wide 'I/0 DRAMs.

Recent developments predict a major turhing point for
memory devices and related subsystems with a shift to high
speed/narrow I/O. devices. These high bandwidth (data
rate)DRAMs achieve the high data rate by acéessing a'large
number of bits in an array, then multiplexing by 8:1 to
achieve clocked data rates in excess of 500 MHZ. _

For example, referring to Figufe 1, there is shown a
high speed I/O DRAM memory device of the type sought to be
improved by the present invention. A 16Mb memory array

comprises four 4Mb (64 x 256 x 1024) sub-arrays 10, 12, 14,



v achi‘eve clocked data rates in excess of 500 MHZ. For exanpl e,
referring to Figure 1, there is shown a high speed |/ O DRAM nenory devi ce’
of the type sought to be inproved by the present invention. A 16M nenory
array conprises four 4M (64 x 256 x ¥24) sub-arrays 10, 12, 14,

3 - and 16. Each of the sub-arrays are buffered by a page register 20, 22,
24, and 26, respectively. The page registers are organi zed as 64 x 256 bit
addresses (i.e., 2Kb). Data to and fromthe page registers 20, 22, 24, and

26 are tr S y u b 3 I y-\Er. buffer 34.
Buf fer 3 assese%a€£. ro%?% Sagléfpé%ougf Bug g&% F§ﬁ§h§é¥§gnultiplexer
(MJX) 36 mghsten':tm@n 22 he24nl &ngl éﬁerréﬁpeaksv&lyhem zpanje‘ chiptolI/O
pi ns 38 The SIXt -four, bit _bus permts ei bursts of eight
bits. é%g‘%rﬁa?ﬁeu ﬂrg BhFEHedF/ @?p?{nég§8gaFe P&‘& by &€ 11 8

denul ti plzam@f (DAY 0 48n¥NE €Bm Hﬂee?agaer@em%telrsofzocorztzr 024, 0% kg 4% and
data mask register 44, is passed he driver 32 to the S|xty four bit-bus

30. In a Pegetrenafepsedt PBNa ShEtVrf@ﬂrabéésbuﬁoﬁoa(fdi%ﬁ@ﬁ@%o?ﬁrﬁhﬁs are
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read out 3Detsi ahy8tdumubtiphederpdyex)egiestard, Ry itwrrhitthdéi me, the next

col um address nd co nds are serially scan d |nt he address_pjn 46
and comefel 43P ?ﬁero%gaBﬁﬁsﬁP 5hej Aatportdi § 59\R9Q§d%i Q@éTes

until a nﬁéﬂ’sCOWHEdEQQE?—EéElﬁebl'tSbﬁ‘éa@@eﬁe‘rﬂutgxg-lﬁrﬁncbﬁrf@é( &ge used for

ext er nal handshaki ng.
eight bits. Similarly, data in from the I/O pins 38 are
received by a 1:8 demultiplexer (DEMUX) 40 which, under the
control of cgntrol logic 42 and data mask registé; 44, is
passed by the driver 32 to the'sixty—four bit-bus 30. In a
page -read operation, the first access row address and
commands are piped into the control logic 42 via the I/0O
pins 38 DQO-DQ8 in parallel. For a given address, it will
require eight bursts of eight-bit bytes to read out the
sixty—four bit wide bage register. During this time, the
next column address and commands are serially scanned into
the address p1n 46 and command 47 pin, one bit at a time for

| eight successive clock cycles, until a new command/data

packet is scanned in. RXCLK and TXCLK are used. for external
handshaklng.

The above high bandwidth approach achieves the high
data rate by accessing a large number of bits in an array
resulting in high power dissipation requirements. For
systems with a battery power option, this large power

dissipation severely limits battery life. For high



“The above hi gh bandwi dt h approach achi eves the high data rate by accessing
a.large nunber of bits in an array resulting in high power dissipation
requi renents. For systenms with a battery power option, this |arge power

di ssi pation severely limts battery life. For high :

-4 - resolution graphics displays, thé high data rate is needed. However,
for many applications, such word processors. spreadsheets, etc., it is not
necessary to operate at such high rates -and high power usage. Thus,

there is a need in e art for a DRAM nenory whi ch operates in either a high

bandwi dt hTRSQ& UsH oo HEFRREC SrsHSBARYSe mw@.qﬂ AR ot aht ReRdRA-
frequencyyowever, Mﬁﬁ?ﬁ%&%ﬂﬁ%étﬁon@ n%m%%g%@é b, a hi gh

speed/ narrow | /O dynam ¢ m access Menory ich opetates at a
hi gh bandwspdehdsbhéetfsgr eder.onddatisngiotf oreasgte, tgrapdirate mEensuge

appl i catigns in a wer nDde for acconDdatlng, for exanple, word
processing igh ﬁF@ﬁH§ﬂ§gﬁé IRYERS e A further need exists to

provide a hi gh epesd/drdreov d /Qr@%‘&wmheﬂﬁe tdwer speedd pomY mdasrgan be
adj usted to accommodate various applications.

SUMVARY OWhfigh [ORgNfmesN in elthem&d?wmqur&wféw@@mmr bPWt pewpresent
i nventionp, ﬁ%ﬂﬁ? v fe at e bus networks
connecti ng ?ﬁb“%gﬂ%fggﬂgg%$bces (ﬁs%éﬁék e wbrtyggégg gh speed (e.g., -

500 MHz) 8:1 nmultiplexed I/0O bus and the second is a slower (e.g., 64-bit)

bus. The hi gh-speed bus is used for exanple for graphic intensive
applications which require fast access to |large nunbers of bits in the DRAM

menory array. This of coursegthasity SOF NrHE JRGFENREYS ' equi renments.

It is therefore an object of the present iﬁ%ention to
provide a high speed/narrow 1/0 dynamic random access
memory (DRAM).which operates at a high bandwidth mode for
accommodating, for example, graphic intensive applications,
or in a low power mode for accommodating, for example, ﬁord
processing or spreadsheet applications.

It is yet another object of the présent invention to
provide a high speed/narrow I/0 DRAM where the speed/power
mode can be adjusted to accommodate various applications.

According to the present invention, a high'bandwidth
DRAM is pfovided with two separate bus networks connecting
the bRAM to a processor. One bus network is a high speed
(e.g., 500 MHz) 8:1 multiplexed I/O bus and the second is a
slower (e.g., 64-bit) bus. The high-speed bus is used for
example for graphic intensive applications which fequire
fast access to large numbers of bits in the DRAM memory

array. This of course results in higher power requirements.
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:Si.nce, not-all applications require such |arge amounts of data to be" i
transferred between the DRAM and the processor, the slower bus is provided
for these | ess demandi ng applications such as word processors,

spreadsheets, and the like. The sl ower. bus requires | ess power to operate
and- therefore results in a power saving node which, anong ot her things,
facilitates |longer battery life. ‘Each of the two bus networks nay.be
conpl etely separate or nay share bus lines. For exanple, the slower bus may

be 64-bitg.wi de and t hi_ gh-.speed bus onl.y. 8-Dhits W tpvely, the
sl-ower buélﬁﬁﬁ’bg G?Eﬁtgéﬁxﬁaé%%?Q§ﬂ§?%%1%si?P%Pr#%ﬁg a%%éﬁé?% %%de,.both
the 56-bi Halbus tantet keadrsdfidrdats batardtdr |tive DHAM aged® g ap eotbesbranst er

of 64- bits between the DRAM and theéProcessor for | ow power operation. In

ei ther ca$Ber fidoWiege &S0t s ARAh L UPPriRT¢ k@S HUICBRNEHRBI nat i on of
busses toﬁggiam%h% REH RIS K S LU, a@&fé&&éhﬁ?gsgg?ﬁdnﬁﬁebe

acconplis via processor generated instructions to a ¢
BRI EF DESCRIkET| MMeOB IDMe DRAN NEGSjuires 1d$e powegotngopadabehandobj ect s,

t dvant i1l be b d d.f foll ow
Getai| o GoSHAMR FamiLE S 3T & reot R U Hah (o9 | B PRoCARPBA FEER™

ref erence tha g qg@mymxhté§1y$ﬁgg& batteFygUiLel is a circuit diagram of
a related art "high- speed dynam c random access menor

Each of the two bus networks may be completely separate
or may share bus lines. For example, the slower bus may be
64-bits wide and the high-épeed bus only 8-bits wide.
Alternatively, the slower bus may be 56-bits wide. In this
case in a high bandwidth mode, both the 56-bit Bus énd,the
8-bit bus are utilized to accommodate the transfer of 64-
bits between the DRAM and the processor for low power
operation. In either case the prqceésor selects the
appropriate bus or combination of busses.to accommodate the
needs of the current applicaﬁion. This may be accomplished

via processor generated instructions to a chip set.

'BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing'and.other objects, aspects and advantages
will be better understood from the following detailed
descriptionlof a preferred embodiment of the invention with
reference to the drawings, in which:

Figure 1 is a circuit diagram of a related art high-

speed dynamic random access memory;



'6 Figure 2 is a block diagramof a nenory system according to a
first enbodi mnent of the present invention alternately connecting the
processor and a nenory with a high-speed bus or a | ow power bus;

Figure 3 is a circuit diagramof an SQBANlmAth a | ow power operating node

according to a second enbodi nent of the present invention; and Fi gure
4 is a high-bandw dth DRAMwith a | ow power operating node according to the
present invention. DETAI LED DESCRI PTI ON OF A PREFERRED

EVMBODI MENT OF THE | NVENTI,ON ferrin wto the drawihgs, Figure 2
shows a process?ﬁggﬁea?glgsgbgﬁéféﬂ cggﬁgmhgﬁg%§n§%m>&hﬁ(§¥g to a chip set
52. The chihpcselding ¢enrRediett! enbogiaehitc ® Mo sdft antventicme buffer

58 as well as a peripheral conponent interconnection bus (PCl) 59. The
processor 893teInzdgily PANSEdah &bt PrOsSs SN ARTE & HRINE U Fenory

(DRAM  60. hAcQIseRGr ffud B8 d NRNHowar e ;DRAM 60 is sel ectively

connected to the processor 50 via the chip set 52 by either a high-speed
bus 63 or a sl owdmgureess igowerciconsidnidigdnam X arheSRRAN with nmylde, for

exanpl e, the | NTEL PENTI UM 43 440 r 450 series chipsets. The 60
g be. " £ OPOEIAE Tt I AR T SRS S IR IR o S B 11 c
i nt egr at ed peidsatit! iMARJIHDich; aqchown in Figure 3 or a high-bandw dth DRAM
68 as shown in nore

Figure 4 is a high-bandwidth DRAM with a low power

operating mode according to the present invention.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Referring now to the drawings, Figure 2 shows a
processor 50 and associated cache memory 51 Cénnedted to a
chip set 52. The chip set is connected tb a graphics |
processor 56 and a frame buffer 58 as well as a beripheral:
componént interconnection bus (PCI) 5§. The proceésor 50 is
additionally connected to a dynamic random access memory
(DRAM) 60. According to the invention, the'DRAM-GO.is. 
selectively connected to the processor 50 via the chip sét'
52 by either a high—épeed bus 63 or a slower, less power
consuming bus 62. The chip set may be, for ékample,.the
INTEL PENTIUM 430, 440, or 450 series chipsets. The memory
60 may be, for example, a synchronous DRAM (SDRAM) 66 and
application specific integrated circuit (ASIC)70, as shown

in Figure 3 or a high-bandwidth DRAM 68 as shown in more



7 detail in Figure 4. In the case of an SDRAM 66 the application
specific integrated circuit (ASIC) 70 is required to interface between the
hi gh speed bus 63 and the slower bus 62. In the case of a high-bandw dth
DRAM 68 al |l of the necessary hardware tg interface the DRAMto the buses is
preferably integrated in a single device. Referring now to Figure 3
there is shown a 64- negabit(M) RAM nodule 66 with a ASIC interface 70
which is a nodification of the device disclosed in co-pending application

08/ 861, 101 erein_incorporated by reference., The RAM npdul e 66 i ncl udes
four 16- M)d%gﬁlx 1?1%igfl6el%r[g%f‘r]t.he£é‘(§?eof°ftr?élf%feﬁmia% HrRAMs 111[err]
to 1114 hagppoticalanks spReAT iRl yihtdad & handvd dgﬂsié) ”Eé)niéi ned,

y

conparable to that of other high bandw dth architectures, activating one
bank in ea&RABLreguitoSPHRARY fasepletivesn the ightspéed dows 0padr andobhe

Dur- [ , d t 1109, d 11 | t
Curt g 21 SadeReen & SATTRRS S ) S AL ene SBpkAcks e o
whi ch i s pafsetiet netclessrif haagiveirey td li2{tasrfade® HHE[BRAN, t6e8RECHU%ELY-

Once the data is Io%gﬁf,_tmo 2%$es at a tinme are passed fromeach register
112[err] - 131BFEfPFabito RteAdRtedh i 1 FinglrIdepiexer 114 synchronously

sel ects each byh@f@gﬁ&% %fov@itthiQ;{Lﬁf‘é(? I{%%éo%?h‘%ié‘t‘ bug,113. The eight
e data .

bl ocks are clocked sequentially to ta is pipelined so
that, in pBegRPAlt (Woth RAMameidarke b deittzh fa AR T@gisterfdde[ @0r vhichlferr]

scro5s hegPfeilie tabin e S P BIEN Lhe ey Biag of cata

regi sters appflércalionl DB/@da1],.100) sherein incorporated by reference.
The RAM module 66 includes four 16-Mb SDRAMs 111, to 111,.
Each of the four 16Mb SDRAMs 111, to 111, has foﬁn banks.
Page depth and data bandwidth is maintained, comparable to
that of other high bandwidth architectures, by activating
one bank in each'of four SDRAMs in ﬁaralléi in a
burst-of-four operation. During a read operatioﬁ, command
control 119 and address control 118 select data from Baﬁk 0,
for example, on ali four SDRAMs 111, to 1114;_whidh-is
passed to the 4x16 registers 112, to_lléd,'respectively.

Once the data is loaded, two bytes at a .time aré passed

from each register 112, - 112, onto a 64-bit bus 113. A
mulfiplexer.114 synchronously selects eaéh byte as one of
eight blocks from the 64 bit bus 113. The eight blocks afé
clocked sequgntially to the data I/0 bus. ﬁata is pipelined
so that, in parallel with transferring data from register
112, - 112, across the 64-bit bus 113 to the multiplexer 114,
the next block of data can be read from the SDRAMs 111, -

111, and passed to the inputs of registers 112, - 112,. This



‘next' block is, -in turn, stored and then, passed out in a first in, first
out (FIFO type manner. Commands and addresses are | oaded sequentially
during a Request Packet Command. Commands are dernultiplexed onto a 32-bit
bus 116 to produce a parall el instrucQ(N1fornat for the Address Control
118 and Control Logic 119. The Control” Logic 119 controls a conventi onal
(Jedec standard) SDRAM 111[err]-111[err] for parallel operation.

During a wite operation, high speed clocks sequentially pass bytes of data

to the 64-bit s 113 thr,ough demul tipl exer 5in parallel with
sequentiaPP?tlggﬂﬁ 1&%dﬁé§§“ﬂﬁﬁ 6ﬂﬁﬂgﬁgé¥ﬁ%g€Qﬁni %?ﬁ%?i8H%gﬁPoaa 32-bit
bus 116 t Bieugh jeemaitddt xRy (Frfo)Stafdd gamselr esses and commands fromthe
32 bit bus 116 are stored in the Address Controller 118 and t he Commuand

Control | er 11§onmangs chaddrenngs iark ol orded SerRaneAbAAS Ak AHg1pLotocol .

Command trol. .1 0 [ S LSt 112[ err]
o 112] er A Fa<ORr il ST Eas T ER fobn} DEpl 6468 ShEo1 1 &1 1]
to 111[ er r32~bilte enid wondraddes 4 khwdEbebt trssrdatdohetfoematt for Dat a
|/ O Buses, .62 or, 63, and the internal 64-bit_bus 113Hihrou h derul tipl exer

115. APGIARIER TR L0 ki bk 2Reh SRRST hel 0B hfrahd P dehlift CRPEXST 117

and i nitialesid oAl NHENBENDS MM Ped o2l Dibells 446naRag sorded from
the 32-bit bus 116, controllers 118 and 119 independently sel ect and access

sel ect ed |1ddatildAs fortperabRAlMsoperfbieR-to 111[err] to transfer

thirty-two bytes, of dal 3, (&l G oV €54 T o §RCHp8RRAM blkker ]
sequentially pass bytes of data to the 64-bit bus 113
through demultiplexer 115 in parallel with sequentially
loading address and command control information“onto a
32-bit bus 116 through demultiplexer 117. Starting addresses
and commands from the 32 bit bus' 116 are stored in thé
Address Controller 118 and the Command Controller 119, which
maintain compliance with SDRAM handshaking protocol.

Comﬁand Control 119 decodes and issues commands to the
registers 112, to 112,, multiplexer 114, demultiplexers 115,
117 and SDRAMs 111, to 111,. The command controller 119 also
steers data between therDafa I/0 Buses, 62 or 63, and the
internal 64-bit bus 113 through demultiplexer 115.

A Chip Select (CS) signal enables the command
demultiplexer 117 and initiates loading commands onto the
32-bit bus 116. Once loaded from the 32-bit bus 116,
controllers 118 and 119 independently select and access
selected locations in the SDRAMs 111, to 111, to transfer
thirty-two bytes of data (eight bytes from each SDRAM 111,
to 111,). The 32-bit address/command bus 116 includes



to 111[err]). The 32-bit address/command bus 116 incl udes

9 si xteen address bits and sixteen command bits. Conmands can incl ude,
but are not limted to: 1) Mode Register Set 2) Bank Active

3) Bank Precharge 4) Read 5)9Read wi th Auto precharge 6)
Wite 7) Wite with Auto precharge 8) Bank Activate/ Read 9)
Bank Activate/Wite 10) Precharge/ Bank Activat e/ Read 11) '
Precharge/ Bank Activate/ Wite 12) Aut o- Refresh 13) Sel f-Refresh

14) Power ower. U : SulasK According to
t he i nvent gg\rgf%eteﬁle %%gﬁr;cesngar@d c%lng‘?%?ﬁé ace t(jé l?)%fﬁ a high-speed 8:1
mul ti pl exeddrmrad asardeserlivgs, dhoye@rambia Blmieed tess power consumi ng

64-bit bus 62. The high speed bus_63 operates at, for exanple 500 MHZ. The
hi gh speed bus i% §V¥£§iﬁ%ﬁ%§ﬁﬁﬁnﬁﬁﬁéte the maxi num burst rate of the

menory. |In high bangdwdtgopgsation, all four SDRAMs 1ll[err] are accessed
for reads or mﬁf?es. As descri bed above, data fromthe SDRAMs l1lll[err] are
fed into a respebtiBankhdmecaigeer 112[err] which provide data to the 64

4) Read

5) Read with Auto precharge

6) Write

7) Write with Auto precharge

8) Bank Activate/Read

9) Bank Activate/Write

10) Precharge/Bank Activate/Read

il) Precharge/Bank Activate/Write

12) Auto-Refresh

13) Self-Refresh

14) Powér Down

15) Power Up

16) Data Masking

According to the invention, the SDRAM 66 memory can
interface to both a high-speed 8:1 multiplexed bus 63 as
described above, and a slower, less power consuming 64-bit
bus 62. The'high.speed bus 63 operatés at, for example 500
MHZ. The high speed bué is sized to accommodate the maximum
burst rate of the memory. In high bandwidth operation, all
four SDRAMs 111,_, are accessed for reads or writes. As
described above, data from the SDRAMs 111, , are fed into a
respective 4x16 register 112, , which provide data to the 64

bit internal bus 113 which clocks data through the mixing



bit internal bus 113 which clocks data through the mnixing

10 network 114-115 to the nenory I/ 0O connected to the high- speed bus
63. High data bandwidth is achieved by continually assessing the all SDRAMs
via Command Control 119 and Address Copfrol networks 118. I n contrast,
during | ow power operation a | ower speed I/O Bus 62 is provided with an

| nput buffer 124 and an output buffer 126. For | ow power operation, the
Command Control 118 only activates one SDRAM for exanple 111[err], under

4x16 burst npde. The. i rnal .64 bit bus 3is filled b || the data
recei ved b?eB%%rngiﬁriig[EPrfgﬁnHewﬁfﬁugé quqﬂﬁﬁE?énﬁ§Qﬁh%.9+%hfhe 64
bit I/0 buihess phd4esnd #26h bHatbheankawdreVars |ddP RBixsedZoy Accor dingly,
since only one of the four SDRAMs is accessed, power is conserved.

Ref erri ng @ontinugldr assesshiage the sAdwWTDRAMRO Wi Gormeand Gppgrol 119

hi gh- bandw df.h [ ' S en configured to accommpdate the
o3, PO EBRke R, HESRA

separate ar 1o €S M and ASIC shown in Figure 3 with
| i ke conponent sIai obharbgtl, akieirdtdg low beweas @peara tAHIC a slowerr speeded as

all of the_necessary interfacing cqonponents are in ra in_a single
chip. The FggrBBﬁn@é off RERYLHE 1TF$Pan-ffﬁﬂﬁwﬁuééﬁkmﬁggdﬁﬂdiﬁPO'16

word-1ine gegpRRAt HurFAeSe 240! Grdr NQwS IR Sicth EoRC CERE Clohdhyi dual |y
during | ow power operation. Each word-line segnment punps out 16 bits (2

byt es) . DufpngrhilghL§owad yopetdragesaldnel & iddhentor apxamplevaildg to punp
o ong b, R BRI P i i ML RS Bt e

filled by all.the data received by one-SDRAM 111, and
outputs or inputs the data via the 64 bit I/0 buffers, 124
and 126, to the -low power I/0 Bus 62. Accordingiy, since
only one of the four SDRAMs is accessed, power is conserved.

Referring now to Figure 4, thefe is shown a two bus
system using high-bandwidth DRAM memory 68 which has been
configured to accommodate the separate 64'bit bus 62 similar
to the SDRAM and ASIC shown in Figure 3 with like éomponents
similarly labeled. In the case, an ASIC is not required as
all of the hecgssary interfacing cdﬁponents.are_integrated
in a single chip. The four banks 6f memory 111,7-111,’
subdivided intq 16 word~line segmenté, These word-line
segments can be .accessed individualldeuring low power
operatidn.'Each word-line segment pumps out 16 bits (2
bytes). During high power operation all 16 segments are
activated to pump oﬁt 256 bits.

During low power operation, bank addresées in the
command packet are redefined to accept a 14 bit wordline

address and a 4 bit page address. This redistribution of



“address and a 4 bit page address. This redistribution of i nput.
addr esses does not change the conmand packet fornmat, the nenory chip
redefines these addresses as they are input with the conmand packet. Thus,
| ow power and hi gh bandw dth operationg can be switched real tine for
battery back-up node. The additional word addresses allow wordlines in the
array to be segnented. Once segnented, a significant power savings can be
realized. This does reduce the page depth to 64x16 bits which are fed to

the intern; plp&lsaafd@eésé‘é%@é@rﬁéeeéhaxl}&éathé E8RRafbopketeUlrtriiz@ugh the

64- 1/ 0O bufférs. he bus architecture of the preferred enbodi ment nmay
be. a si nglthe memary rmlylmeremeémes dthesei adfludesesandaktticeSDRAR ahnpp@ vm th
an ASI C for, It| IeX|n provj di ng..f ut ure SDRAM enerah

Mt presahitTapE ormsha ket Mozhith e fom BRMEACARAT i BR, BREPHHH
preferred @mm céMCﬂaeaewitl@h@ul tbpl exems, fé@nbé‘ﬁltéryabdid]@@ipsters
could be integrated onto a standard processor for gh speed nenory

handl i ng. ™dgdarBhSorAfEt Hapabe PEeapedrergesr F‘%&PP"yWﬁeéillltnlﬁss %%t‘-’é‘tﬁ' at ed
d | h
processor %as ey Qéggegxgélgté‘a. bR¥e Q%Sﬁ\&}it@&ceﬁss Bﬁ%lgan%gﬁuréerﬁtt e

i nvention een descr rn‘terms of "a single préeferre
t hose ski|sadingstbtanabe wehliredognThist Haest meduree thicopagsn deptdr dot i ced

with modif)£at L on; w0 0ok Ngr8PELL! +3MEn8C R 2hal "B uAPRIAIG! P! M-
addresses. Data is then clocked out through the 64 I/O
buffers.

The bus architecture of the preferred embodiment may be
a single chip or may be on a card and include stepdard SDRAM
chips with an ASIC for multiplexing, providing future SDRAM
generation perfdrmance.with present day parts.

Alternatlvely, all logic functions in the preferred
embodlment, such as the multiplexers, eentrols, and
registers could be integrated onto a standard proceésor for
high speed memory handling. Standard SDRAMs may be located
electrically near this integrated processor for very high
data and low latency access rates;: . -

While the invention has been described in terms of a
single preferred embodimeﬁt, those skilled in the art will
recognize that the invention can be practiced with
-modification within the spirit and scope of the appended

claims.



"CLA'MS W daim 1. A nmenory bus system having a | ow power node for.
transferring data between a dynam c random access nenory (DRAM and a
processor, conpri sing: a first, high-speed bus connected to a DRAM
a second, slower bus connected to the QRANl sai d second bus requiring |ess
power to operate than said first bus; and a swi't chi-ng—ei rettt;-

connected to the processor, for aIternativer smﬁtchin ﬂiggﬂﬁen a flrst

node and a second | ower power node, said first #Mwﬂl‘ ﬂl’

accessing a plurality of addressable nenory | ocations
transferring data on said first, high-speed bus connected to the processor
and sai d second Iom/pomer NOALAIMPI | Si ng segnenting said DRAM and
accessing less than all of said plurality of addressable nmenory | ocations
in said DRAM and transferring data on said second, slower bus connected to
t he. processor. yo Z1aim: A Menory bus systemfor transferring data between a
dynam ¢ random access nenory (DRAM and a processor as recited in claiml
wherein said first bus conprises an 8-bit multiplexed bus and said second
bus conpri ses 64-hjt bus bus_system nsferring
data betveen a lynart AR REERIETS VERIRFOLRIH BroaeEorea
recited in claign Qyhanet Nesadsh SiéEE44 NBerkb ¢ UL PRANPELEES 9r@&e@saﬂ
connecting said processor to said first and said second buses.

dual node nenorSPRREkERGAvi ng a | ow power nmode for transferring data

between a dynanic rap §§0e§§ ga(ﬁﬁ@h@oﬁﬂgcgegrQgeasghAyponpr|5|ng

a plurality of addressable nenn VI ces connecte y an internal bus
.a second, slower bus connected to the DRAM, said

second bus requiring less power. to operate than said
first bus; and

'a'switching circuit,-connected to the processor,
for alternately connecting said processor to one of
said first bus and said second bus according to one .of
power requirements and memory requirements of an

application running on said processor.

2.”A_meﬁory bus syatem for transferring data between a

dynamié random access memory (DRAM) and a processor as

recited_in.claim'l wherein said first bus comprises an

8~bit mhlfiplexed bus and said second bus comprises a
' 64-bit bus.

3. A memory bus system for transferring data between a
dynamic random access memory (DRAM) and a processor as
recited in claim 1 further wherein said switching

circuit comprises a chip set connecting said processor

Y
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" a Hfgh-bandmﬁdth dat a ihpuf/output port connected to said internal bus;
a | ower-bandwi dth data input/output port connected to said internal bus;
wherein in a high-bandwi dth node all of said plurality of addressable

nmenory devices transfer over said intggnal bus to saiw [ i at a
i nput/out put port, and in a low powe l' [I m m, IS

segnented so that less than all of said plurality of addréssiabl® menoery
devi ces transfer data over said internal bus to said | ower- bandw dth data

i nput/out put port.. . 5., | .npde r temas recited in claim
4, further COIT%I’OI ﬁanl&ls first %n%aasfa}lrrgs)ts,e 1'g -%%én Wi dt h bus connected to

sai d hi gh-bandw dt h data i nput/output port; a second,

| ower - bandwi dt h bus connected sai d | ower-bandw dth input/output port; and
switching circdi-t A SOEHESt SYVIER Pt &Y BYFeh 1 at@fy connecting

sai d processor AU A Al | NSd e s, forqen i -P?ﬂﬂ&ﬁdé@ dpde data
transfer and szﬁ% seco%dllﬁsé%%ér a E ower - ban wé}{&?ﬁ ow povve(r: node data
transfer. 6. memory d{RRAMDNGEMPEOGSI®M agcomperisengin claim 5 wherein

said first bus conpris an 8-bit_multiplexed bus and said second bus
conpri ses 64-bits._alfﬁ%r£1§%¥hﬁﬁ ?ééﬁé%&ék#% ?@?E¥1§%V+%%Fted inclaimb5
wherein said swWdmddteEivE Wt TON@PfisESow@s £hi p set connecting the
processor to said first, and said second buses. 8. A dual node nenory
system as recited i r® MGHTIPSHR AR sHIRLE({ PUEPBESPARE SanBesEeEndObus are

si mul taneously used {orsald fQw power node.

a slower speed data input/output port connected to
said internal bus,

wherein in a high-speed mode all of said plurality
of addressable memory devices transfer data over said
internal bus to said high-speed data input/output port,
and

in a low power mode less than all of said
plurality of addressable memory devices transfer data
over said internal bus to said slower speed data

input/output port.

5. A dual mode memory system as recited in claim_4,
further comprising: '
a first, high-~speed bus connected to said
high-speed data input/output port;
a second, slower bus connected said slower
input/output port; and
switching circuit, connected to the processor, for

alternately connecting said processor to one of said

ot Has Been Replaced THIS SHEET HAS BEEN
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‘9. ' A menory systen1haV|ng an adj ust abl e bandwi dt h node for acconDdatlng
the menory access bandw dth required by an application runnlng “on—an--

associ at ed processor, conpri sing: : a pIurallt essable
menory arrays; switch neans; fgr sel ecting be i dt h
node and a second | ower bandwi dth node, a cl ock frequencyc ality

of addressable nenory arrays being the sane in either node,
wherein in said high bandw dth node all of said plurality of addressable

Menory arrays %&%saccga%%%ra%d rk]lg. dd A& 50 Oi’f% ngsblr éhdbg%lda”d

wherein in the secon ba node, only a portion of

addr essabl e nemsecynar ayss fare aadmsgmiveandn@:tm adasattaanfered over a
second bus thereby consum ng | ess power. 10. A nmenory system havi ng an
adj ust abl e bandwi dth node as recited in claim9 wherein in said | ower

bandwi dt h node,g o \auRNE rfaeS MchddhHIAldttam s apdees8abhg BBRBBRY 5arrays is
accessed. 11. A nmenory system having an adjustabl e bandw dth node as

recited in cl avheraiersa@id ddablofoumiaePRiikess t §nod-Ritir eydsspd exetor y

arrays are sub(ﬂq\g dedy gét gjwv%cﬂond dﬂies s&gméeg\hbghbﬂg i ndi vi dual |y

accessed in th ower ban

7. A dual mode memory system as recited in claim 5
wherein said switching circuit comprises a chip set
connecting the processor to said first and said second

buses.

8. A dual mode memory system .as recited in claim 7
wherein said first bus and said second bus are

simultaneously used for said low power mode.
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