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systems. More specifically, the present invention relates to system
memory of computer systems.

2. Background Information:

All computer systems include some amount of system
memory. System memory is substantially slower than the processor.
Most computer systems further inciude cache memory to bridge the
performance gap between the processor and the system memory. While
cache memory is still siower than the processor, it is faster than system
memotry. As processor speed continues to increase, various techniques
have been developed to allow cache memory to keep up with the faster
processors. Some of these improved cache memory units are capable ot
performing a cache access in as little as six clock cycles at 66 MHz
processor speed (15ns per clock period). The improved cycle time
represents 30% - 50% reduction of the cycle time required by the
traditional cache memory units. In contrast, the memory access cycle
time for the most common system memory units using CMOS technoiogy
based dynamic random access memory (DRAM) has remained pretty
much unchanged, requiring 18 - 20 clock cycle at 66 MHz. Therefore, it is
desirable to be able to reduce the memory access cycle time of system

. memory to keep pace with the improved cache memory.

One emerging solution to the "slow" system memory
problem is to use faster Synchronous DRAMs (SDRAMSs) based on bi-
CMOS technology. SDRAMs are about 100% faster than the



(c) a first address bus coupled to the buffer for delivering the set of

hi gh order address bits to the banks of EDODRAM and (d) a second address
bus coupl ¥P 1528¢8ec address and control signal generation cPEENISINIELY
directly delivering the particularized sets of |ow order address bits to

t he banks of EDODRAM bypassing the buffer, to allow the particul arized .
sets of |ow address bits, and therefore the colum addresses, to be rapidly
provi ded to the banks of EDODRAM 2 . The apparatus as set forth in Caim
1, wherein the address and control sigpal generation circuitry includes an
address generation portion having (a.1l) a register for receiving and

storing the ; bm'ﬂ( i I Lving a start
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menory accel@Steisysiem memonk Rt usin isnat am ecoppmically viable '
solution for the low end computer systems, such as entry level
microprocessor based portable or desktop computers.
10 | | q
Thus, it is desirable to close the performance gap between
the improved cache memory and the "slow" system memory with a much
more cost effective solution. As will be disclosed in more detail below,
the present invention advantageously achieves these and other
15 desirabie results.
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generating a series of nenory addresses including a series of colum
addresses, and a plurality of control signals including a colum address
$trobe (CAYO8328668 to performthe nenory access, AMENDED S s

col um addresses being generated as a set of high order address bits conmon
to all the colum addresses, supplenented by particularized sets of |ow
order address bits, one particularized set for each of the colum
addresses, and the CAS signal being generated with a plurality of
correspondi ng active periods, one activegperiod for each col unmm address,

wi th each active period being shorter in time than an anmount of tine

required by I e h gﬂeﬁ EDODRAM t 0 out put or store data,
to allow ear %W@mfgg%ﬁ'ﬁ%mﬁrl? ce psﬁof t he banks of EDODRAM i n
preparation for response to the next colum address; (c) a buffer coupled

to the address and CO“tUﬁbeﬁWﬁt‘es@ﬁf‘ﬁfvéhtl@ﬁ ier datifedyrésaits sreT i g and
outputting the set of hi access to
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access memory (EDODRAM also known as Hyperpage DRAM in tge an),
and a number of registers. The memory address and control generation
circuitry is used to generate memory addresses for the EDODRAMs,

10 advantageously delivered over two address bus lines. Additionally, the
memory address and control generation circuitry is used to generate
control signals for the EDODRAMs and the registers, including
advantageously "shortened” column address strobe signals (CAS). The
EDODRAMs are used to accept, store, and output data, in accordance to

15 the memory addresses provided. The registers are used to stage the
data being streamed out of or into the EDODRAMs. As a result of the
advantageous manner of delivering memory addresses and CAS signals
to the EDODRAMSs, the cycle time of a memory access is reduced, even if
the slower CMOS technology based circuit elements are used to

20 constitute the memory address and control generation circuitry, the
EDODRAMSs, and the registers.

During operation, the memory address and control

generation circuitry provides the MSBs of the generated memory

25 addresses over one address bus line, and the LSBs of the generated
memory addresses over another address bus line, thereby allowing the
column memory address to be rapidly changed. The memory address
and control generation circuitry, exploiting the independence of
EDODRAMSs' data out relative to the CAS signals, advantageously

30 withdraws the CAS signal at an early time for each column memory
address to allow early precharge of memory cell and in turn faster
response to the column memory address.



(e) a second address bus coupled to the address and control signal
generation circuitry and the banks of EDODRAM for directly delivering the
particul arYORU2866% s of | ow order address bits to the banks RT/GS9840418%/
bypassing the buffer, to allow the particularized sets of | ow address bits,
and therefore the colum addresses, to be rapidly provided to the banks of
EDODRAM 4 . The systemnenory unit as set forth in Caim3, wherein the
address and control signal generation circuitry includes an address
generation portion having (b.1) a regigter for receiving and storing the
start address; 4 (b.2) an increnmentor for receiving a start increnent
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( EDODRAMP | aaresuseditogconatitute {ie) sysiemememany uaitn tMarle inippmantigemer at i on
circuitry f o5, e8utidtFinecytieMife is achieved with very little increase in cost.




address of a nenory access agai nst the banks of EDODRAM and in response,
generating a series of nenory addresses including a series of colum

addr esses, wOd@s2866% ural ity of control signals including a coPGHTSTRMIs
strobe (CAS) signal to performthe nenory access, the col umm addresses

bei ng generated as a set of high order address bits comon to all the

col umm addresses, supplenented by particul arized sets of | ow order address
bits, one particularized set for each of the col unm addresses, and the CAS
si.gnal being generated with a plurality.gf corresponding active peri ods,
one active period for each colum address, with each active period being
shorter in ti fgl i a nenory cell of the
banks of EDODEB@FE;%O%%H'F%&)O?% ggt%wglvgwgvsv early precharge of
menory cells of the banks of EDODRAM in preparation for response to the

next colum address; (cFjgures!{ alustrawd ad éxemplanpdomputerasybtemnt rol  si gnal
generation ciycuitry. for 'storing and. outputt] t set of high order
address bits WGP Q“P%"i'%&‘ﬁﬁ%h"%s 3{1‘5‘&%@§99{)W8\R5$n'p0mr required of the
address amy control signal generation circuitry to provide the set of high
order address bits to t il Yid' ess bus coupl ed
to the buffer and the bgwg#ﬁW%leogﬂ ﬁ’or‘abhﬁfof ,

embodiment of the system memory unit of the present invention of

Figure 1 in further detail.

10 Figure 3 illustrates the key elements of the address
generation portion of one embodiment of the memory address and
control generation circuitry of Figure 2 in further detail.

Figures 4a - 4b are two timing diagrams for the system
15 memory unit of the present invention of Figure 1 operating at an
exemplary processor speed of 66 MHz.



for delivering the set of high order address bits to the banks of EDODRAM
and (e) a second address bus coupled to the address and control signal

gener ati owgsigegot ry and t he banks of EDORAM for directly gerosotiodige t he L

particul arized sets of |ow order address bits to the banks of EDODRAM
bypassing the buffer, to allow the particularized sets of | ow address bits,
and therefore the colum addresses, to be rapidly provided to the banks of
EDODRAM 6. The not herboard as set forth in Caimb5, wherein the address
and control signal generation circuitry includes an address generation
portion having (b.1) a register for reteiving and storing the start
address; (b.2)_an increnentor for receiving a start increnent val ue and

generati ng DPETAILED yDEIS(i:RU?E'fQNt al values in a predeterm ned manner; and

(b.3) an exclusive-OR (XOR) gate assenbly coupled to said register and said
I ncrenmentor for generating.the.particulari sets of .| ow order address
bits using said st art?éybg&@“ﬁ'gﬂjd&ﬁ&'ﬁ"“%?éﬁ@%@ﬁ&éﬂa“ﬁm“' A conput er
syst em conpspscifignufrbers, materidis apddonfigukations aretsen derth émordertd dynani c
random agce &W : ' - addr, .control
si gnal ggne?gﬁ%ﬁ?ﬁpgw ry orr?{ér?{ggzé 9%'%93%9@ fr“},aghgﬁg’ssﬁ%?e‘ggphgmry .
access agai M4 b?@ﬂ?&ﬂk‘sm(ﬁ“eﬁﬁmmthﬁ thatthe present igventian may be series
of menory ageacticeewitiisut4né epeéific Wetdils. Oh GtAbEINStAtEse Weliknown

systems are shown in diagrammatic or block diagram form in order not to

obscure the present invention unnecessarily.

10 : '

Referring now to Figure 1, a block diagram illustrating an
exemplary computer system incorporating the teachings of the present
invention is shown. The exemplary computer system 10 comprises a
processor 12, a cache memory 14, a system memory 16, and a

15  controller 15 coupled to each other through the processor bus 13.

' Additionally, the exemplary computer system 10 further comprises a

number of I/O devices 18 coupled to the controller 15 through an /O bus
20. In the presently preferred embodiment, the processor 12 is disposed
-in a single integrated circuit (chip). The processor chip, the cache

20 memory 14, the system memory 16, the controller 15, and the two buses
13 and 20 are disposed on a single circuit board. Except for the
teachings incorporated in the system memory unit 16, the processor 12,
the cache memory 14, ..., and the I/O bus 20 are intended to represent a
broad category of these elements found in many computer systems.

25 Their constitutions and functions are well known and will not be further
described. '

While the present invention is being described with the
exemplary computer system having the illustrated architecture, and the
30 above described disposition, based on the description to follow, it will be
appreciated that the present invention may be practiced with computer
systems having different architectures and these elements physically
disposed in other manners.

L
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6 and a plurality of control signals including a colum address strobe

(CAS) si gng@(%gosggggf ormthe nmenory access, the colum addresm@%@%?

géner at ed of high order address bits common to all

addr esses, supplenented by particularized sets of |ow order address bits,
one particularized set for each of the colum addresses, and the CAS signal
being generated with a plurality of correspondi ng active periods, one
active period for each colum address, with each active period being
shorter in tinme than an anount of tine r@quired by a nmenory cell of the
banks of EDODRAM to out put or store data, to allow early precharge of
nemory cells of the banlRetgtri N Fi upé@@rafobwuné@fam ﬂmﬁgfttﬁet he

encr ati on of felavaRyPoRbng al AnecmBRAE 1R el cismery el e O

addr ess bits duinifughehdetailnAg iliastrated, the system mamryrtﬁq(:omdses t he
order  addr ess TSTohy SRS AR5 6“.%5%?“; bl 2, 3 hemoeRdr BEhKE 1ol ed
Lo the bufBer CRDORRAMRE anusbenaktpoisters A6a oRbRgand Pratarably ai gh or der
address bits tbiaffbhmbé&'fﬁleefto fldehitther a9@ho®h. aAS ARErEtatt 4h6 TBUPIIRG Coup! ed
to the addr es%,e 090 s &rm'isl r%dqcoﬁatrol enerarxt‘fclajn tclr Suitry dzé andEﬁe s of
EDODRAM f or di ??5'/ "&@PP%# & £ g ry
EDODRAMs 24 preferably includes at least two address bus lines 28a
and 28b. The EDODRAMSs 24 are organized in pages.
10
The memory address and control generation circuitry 22 is
used to generate memory addresses for the EDODRAMSs 24.
Additionally, the memory address and control generation circuitry 22 is
used to generate control signals for the EDODRAMSs 24 and the registers
15 26a - 26b. The butfer 34 is used to buffer the most significant bits
(MSBs) of the memory addresses. The buffer 34 is preferably employed
to reduce the amount of power required to drive the MSBs of the memory
‘addresses over the first address bus line 28a for the EDODRAMs 24,
since typically system memory includes a large number of banks. The
20 EDODRAMSs 24 are used to accept, store, and output data. The
EDORAMSs 24 store and output data in accordance to the memory
addresses provided. The registers 26a - 26b are used to stage the data
being stored into or output from the EDODRAMSs 24.

25 During operation, the memory address and control
generation circuitry 22 receives address and contro! signals over the
processor bus 13. In response, the memory address and control
generation circuitry 22 generates memory addresses for the EDODRAMs
24. Additionally, the memory address and control generation circuitry 22

30 provides control signals to the EDODRAMSs 24 and the registers 26a -
26b, including a row address strobe signal (RAS) and a column address
strabe signal (CAS) for the EDODRAMs 24, and store signals (MST and

' WST) for the registers 26a - 26b. The controller 15 generates all other
control signals as needed by the EDODRAMSs 24.



particul arized set$ of |ow order address bits to the banks of EDODRAM

bypassing the buffer, to allow the particularized sets of |ow address bits,

and t herwlonsessdde col umm addresses, to be rapidly provi deBCTHSPHMIBINKS of
EDODRAM 8 The conputer systemas set forth in Claim7 wherein the
address and control signal generation circuitry includes an address
generation portion having (bl) a register for receiving and storing the
start address; (b.2) an increnmentor for receiving a start increnent val ue
~and generating a plurality of increnegtal values in a predeternined manner;
and (b.3) an exclusive-OR (XOR) gate assenbly coupled to said register and
said increnentor for generating the particularized sets of | ow order
address bits using said start address and said increnental values. 9. In
a conputer system corfs illustigtedy theMSBsef thegpamary addmesgeshraw grural ity of

banks of emﬁﬁaﬁ&pr@mm 1othd EDODRAMS BABUYr thellsRAM . a et hod
f t K t et hod ‘ th t f:(
Foce! ving EOUEss DUANReZbe, WETHER UG | SBEAIINa APHIGrY aKE1ass9es TN EDODRAM

(b) gensr ator@ivmagareepretérablyprovidettiocthecEDODRAMSs 24 overthees of col um
second address bus line 28b. As will be described in more detail below,
as a result of the advantageous manner of-providing the memory. '
addresses to the EDODRAMs 24, the memory addresses, in particular
the column addresses, are provided at a faster rate to the EDODRAMSs

10 24. Additionally, the memory address and control generation circuitry ‘

22, exploiting the independence of EDODRAMS' data out relative to the
CAS signal, advantageously withdraws the CAS at an early time for each
column memory address to allow early precharge of the memory cells.
As will be also described in more detail below, as a result of the
15 advantageous manner of providing the CAS signal, data are streamed
out of or into the EDODRAMSs 24 at a faster rate. Together, the faster
provision of memory addresses and the faster response of the
EDODRAMSs 24 result in reduction in the total cycle time of a memory
access. '
20 '
The EDODRAMSs 24 receive the memory addresses and the
control signals as inputs. In response, the EDODRAMSs 24 stream data
~ out of or into the EDODRAMs (MDATA). The register 26a stores each of
the data being streamed out of the EDODRAMs 24 for a read access
25 momentarily to accommodate processor set up time, responsive to the
MST signal. The register 26b stores each of the data being streamed
into the EDODRAMSs 24 for a write access momentarily for symmetry of
operation, responsive to the WST signal. '

30 - The memory address and control generation circuitry 22 -
will be described in more detail below. A particular example of
EDODRAM 24 is CMOS technology based KM44C4004A manufactured
'by Samsung Corporation of Korea, having operating speeds of 60 ns for
RAS to data and 15ns for CAS to data. The registers 26a - 26b are well

3
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addresses, and a plurality of control signals including a colum address

strobe (CAS) signal to performthe nenory access, the colum
- 3 asies, j - P ERH e

b&i ng gener set of high order address bits comon t

col utm addresses, suppl enented by particul arized sets of | ow order address
bits, one particularized set for each of the colum addresses, and the CAS
signal being generated with a plurality of correspondi ng active peri ods,
one active period for each colum address, with each active period being
shorter in tinme than an anount of tine reéguired by a nmenory cell of the
banks of EDODRAM to out put or store data, to allow early precharge of

{rﬁmoryt 8I chﬁ:ﬁmgbnahﬂnmba fﬂthmﬂgti?hm@ﬂ#ﬁ bﬂmél@éhé@%ﬁ@@? L 0
e next colu re erin en_ou e.s ig
order addr ess%ﬁ&u@&rtﬁﬁé’mﬁ@%wg%@agwPQ\H&%%%RB& CUls Tl Qap'%f the
address and coBDODRAMs24 wilk berdascribediin cnorer getail belaw.i de the set of high
order address bits to the banks of EDCDRAM (d) delivering the set of high

order address bits to the banks of EDODRAM a first address bus coupling
the bufferSto the banks Beferingrom toFitgure 3 a b'°°k diagram illustrating the

key element of the address generation portion of one embodiment of the
memotry address and control generation circuitry 22 of Figure 2 in
further detail is shown. The control signal generation portion of the
memory address and control generation circuitry 22 may be

10 implemented in any number of manners known in the art. As illustrated,
the address generation portion 23 comprises a register 32, an
incrementor 28, and an assembly of XOR gates 30, coupied to each
other as shown. The register 32 stores the start address received over
the processor bus 13. The incrementor 28 generates a predetermined

15 series of increment values. The assembly of XOR gates 20 generates
the LSBs of the memory addresses by performing a series of logical XOR
operations against the LSBs of the stored start address read out of the
register 32, and the generated increment values.

20 The manner in which the incrementor 28 generates the
increment values, and the XOR operations performed are dependent on
the system memory access characteristics of the processor 12 and/or the
cache memory 14. For example, for Intel Corporation’s Pentium™™
processor, if the addresses for a line fill are 0x00001010H,

25 0x00001018H, 0x00001000H, and 0x00001008H, the row memory
addresses are 0x0O00H, whereas the column memory addresses are

- 0x202H, 0x203H, 0x200H, and O0x201H. In other words, MA[10:2]s are
0x200H for all four column memory addresses, and MA[1:0]s are Ox2H,
Ox3H, 0x0H, and Ox1H for the four column memory addresses.

30 '

The LSBs of the memory addresses are advantageously
"split off" and delivered to the EDODRAMs 24 over the second address
bus line 28b, to allow the column memory address to be changed at a
faster rate by bypassing the buffer 34 and saving the time otherwise



(e) directly delivering the particularized sets of |ow order address bhits

to the banks of EDODRAM via a second address bus coupling the address and
control SVQASR8egLneration circuitry to the banks of EDODRARET/BSAIN4WOng the «
buffer, to allow the particul arized sets of | ow address bits, and therefore
the col um addresses, to be rapidly provided to the banks of EDODRAM 10.
The nmethod as set forth in daim 9, wherein step (a) conprises (a.l)
receiving and storing the start address; (a.2) receiving a start increnent
val ue and generating a plurality of iRgtenental values in a predeterm ned
manner; and (a.3) generating the particularized sets of |ow order address

b. b . . .. . N . _ . . . d
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t he addr®ssingeeasein poweordquirement @f ¢the memioryeaddress tand cantrply addr ess and
control gengeALiABn difdithy 28, 22 Of Figure 2 in |

Referring now to Figures 4a - 4b, two timing diagrams
illustrating the relative timing for a number of key signals for a read and a
10  write access against the system memory 16 of Figure 1 are shown. The ‘
relative timings of both diagrams are illustrated at an exemplary '
processor speed of 66 MHz (15ns per clock period) 42, and assuming
page hit, i.e. the row memory address remains unchanged from the prior
access. Thus, for both the read and the write access, the page hit signals
15 (PGHIT) 46, and the RAS signals 52 are simply maintained active
- through the entire duration (tp through t1p) as shown in the two diagrams.
Similarly, the MSBs of the memory column address (MA[10:2]) 48, and
therefore the buffered MSBs (BMA[10:2]) 52 are maintained for the entire
duration (tg through t1g) as shown in the two diagrams.
20 _
Referring now only to Figure 4a, for a read access, since
the LSBs of the memory column addresses can be generated rapidly,
and except for the first memory column address, the subsequent column
memory addresses are responded to in 15ns, the LSBs of the memory
25 column addresses (MA[1:0]) 50 are provided and maintained using _
about 11 clock periods (tg through t1o) as illustrated. The CAS signal 56
. is pulled down correspondingly and early withdrawn in eight clock
periods (t3 through t1g) as illustrated.

30 Thus, the memory data (MDATA) 58 are detected in the
nine clock periods (t3 through t11) as illustrated. The internal register
data (iREGDATA) 61 are stored in the nine clock periods (t4 through t12)
as illustrated. The MST signal 60 is therefore pulled down
correspondingly in the eight clock periods (ts through t12) as illustrated.
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further detail is shown. The control signal generation portion of the
menory address and control generation circuitry 22 may be 10 _inpl enented
i & any nunbd¥08§28¢hners known in the art. As illustrated, thBCHYSPWYLS?
generation portion 23 conprises a register 32, an increnmentor 28, and an
assenbly of XOR gates 30, coupled to each other as shown. The register 32
stores the start address received over the processor bus 13. The
increnmentor 28 generates a predetermined 15 series of increment val ues.
The assenbly of XOR gates 20 generates tRhq.LSBs of the nenory addresses by
performng a series of |ogical XOR operations against the LSBs of the

stored start agd %er%%uft?%%d%ﬁta%dﬁ:gm’&@ &ét@&te%\imit@ﬁ%ti#}eclgc%éé@élﬁpsz 8
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bont unf orr]  piBeceeen i e siaper. GHERS ooy, Baged EFGPRANS Bidused o1 o
25 0x0000801 8H, 0x00001000H, and Ox00001008H, the row nenory addresses
are OxOOOH, whereas the . I cc% 03H, 0x200H,
and 0x201 H. In other V\/orﬁg*sd‘laﬁg gpéi‘?qgﬁﬁﬁag(?ﬁfﬁggwﬁﬁ our g’(:ol um
menory addr ess¥8Ylagyqsingg the bﬁﬁlswféhememomsptumewr es9as®an e for the
four col um neganerafiapidifSandBxddlst tbbhfe frist MoK EoRIMROsEe8S Sther ©
advant ageousl y .

subsequent column memory addresses are responded to in 15ns, the

10 LSBs of the memory column addresses (MA[1:0]) 50 are provided and

maintained using about 11 clock periods (tg through tyg) as illustrated.

The CAS signat 54 is pulled down correspondingly and early withdrawn

in eight clock periods (t3 through t1p) as illustrated.

15 Thus, with the write data 63 supplied using nine clock
petiods {tg through tg) as illustrated, the internal register data
(iIREGDATA) 61 are stored in the nine clock periods (t4 through t12) as
illustrated. The WST signal 59 is pulled down correspondingly in the
eight clock periods (t1 through tg) as illustrated. As a result, memory data

20 are available for storage in the nine clock periods (t2 through t1g) as
illustrated. In other words, the total cycle time for a write access is
reduced to 11 clock periods, a 39% improvement in total cycle time, even
if the slower CMOS technology based EDODRAMSs are used.

25 While the present invention has been described in terms of
presently preferred and alternate embodiments, those skilled in the art
will recognize that the invention is not limited to the embodiments
described. The method and apparatus of the present invention can be
practiced with modification and alteration within the spirit and scope of

- 30 the appended claims. The description is thus to be regarded as
illustrative instead of limiting on the present invention.



"split off" and delivered to the EDODRAMs 24 over the second address bus
line 28b, _to allow the columm nenory address to be changed at a faster rate
by bypassSYRISEHE puffer 34 and saving the time otherwi se PCHESYHA660
PCT/ US95/ 04189 -10- woul d have incurred in changing the content of the
buffer 34 when changi ng the colum nenory address. Since only a snmall
nunber of bits arge.being driven directly for the EDODRAMs 24, the faster
rate of delivering col urrp addr esses i s advant ageously achi eved with nini nal
5 increase in pawer requitetrent ofiithe.nmenory address and control
generation circuitry 22. Referrimg how to Figures 4a - 4b, two timng
di agr ans iI'%LsA"ag_ ng the relative timng for a nunber of key signals for a
Wt

read and a e access ' menory 16 of Figure 1 are
shown. The relative timngs gﬁ“l“fmnmmjﬂgm re illustrated at an
exenpl ary pWiestds claimpdast of 66 MHz Y('18nSpet clock period) 42, and
assumi ng page hit, i.e. the row nenory address remains unchanged fromthe
prior access. Thus, for both the read and the wite access, the page hit _
signal s 85 1( PGHATystém memonheniRéempriging:s 52 are sinply maintained active
through the enti(g ks aRd CofitroPgBNErbR'dilcliti ot Yuifaritihg 4 V'
d - sequence of memory addresses and control signals for a read access,
said control signals include column address strobe (CAS) signals that
are early withdrawn; ,
10 (b) a number of banks of extended data out dynamic random '
access memory (EDODRAM) coupled to said address and control
generation circuitry for storing a plurality of data in a plurality of memory
cells of said EDODRAMSs, and outputting a subset of said data
responsive to said sequence of memory addresses and controi signals,
15  said EDODRAM maintaining data out independent of said CAS signals
and precharging memory cells upon withdrawal of said CAS signals.

2. The system memory unit as set forth claim 1, wherein, said
address and control generation circuitry is sufficiently powered to directly

- 20 drive said generated sequence of memory addresses for all banks of
EDODRAMSs. -

3. The system memory unit as set forth claim 1, wherein, said
address and contro| generation circuitry generates common most

25 significant bits (MSBs) of said sequence of memory addresses and non-
common least significant bits (LSBs) of said sequence of memory
addresses, said non-common LSBS being generated consecutively, and
said common MSBs being generated while said uncommon LSBs are
generated.

- 30 , S
4.  The system memory unit as set forth in claim 3, wherein
said address and. control generation circuitry consecutively

generates said uncommon LSBs in a plurality of consecutive clock

" 1hi
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]
Simlarly, the MSBs of the nenory col um address (MA 10:2]) 48, and

therefore the buffered MSBs (BMA[10:2]) 52 are maintained fo | e
duration (tOPHMEYh [err]) as shown-i:n-the.two diagrans. zoi’ﬁt&g‘?ﬁ%}hy now
only to Figure4a,-for a read access,.since. the LSBs df the memory colum

addr esses enerat ed rapi dl y,' and exeept,f.or "tthe first nenory col um
addr ess, Ujﬁm ﬁtﬂ% ,uwl um mendry-addresses: ate-responded to in 15ns,
t he LSBs i) col um addresses (MA[1:0]) 50 are provided and
mai nt ai ned usi ng about 11 cl ock periods-13-0 through [err]) as illustrated.

The CAS signal 56 is pulled down correspondingly and early w thdrawn in
ei ght cl ock ﬁge'ri%g& &h& gehefdtes ¢alti £6mmon MEBS dufihg llest said

Thus, the ne ata ( TA) .58 are detected in the nine clock periods
([err] througl?°¥‘§??'~]‘t)"ea§°éklgﬁ§98§t ed. The internal register dat ap(l REGDATA)
_EIS% aR/E storedI i n t saichaddressarid centraldenerdtiom civogjirytfudheageneiades r at ed.

e T sigha ' ar ; ﬁ.@gp Igly in the eight
cl ock peri ods aP?gerirtﬁ?dI{%)%é'ﬁ %?ﬁ'é%g%%@??’gt ."%qu\OyQSI 28669 °
PCT/ US95/ 04189 As #aictERQDRA utivelxoMtpuisesaid subsetpfidatne ei ght
clock periods cﬁ['t%%bbn&#ﬁbgégﬂeéﬁrb]ﬁg apprdpriaté nféradry talloUpeR witidfawal he

total cycle tiFe lPEAS Sigadss.

5. The system memory unit as set forth in claim 4, wherein
10 said address and control generation circuitry consecutively
generates said uncommon LSBs in eleven consecutive clock periods,
and generates said common MSBs during all of said eleven consecutive
clock periods;
said EDODRAMSs consecutively outputs said subset of data
15 correspondingly in nine consecutive clock periods.

6. The system memory unit as set forth in claim 5, wherein,
said system memory unit is coupled to a processor operating at a
processor speed of at most 66 MHz; and
- 20 said address and control generation circuitry and said
EDODRAMs are constituted with circuit elements based on CMOS
technology.

7. The system memory unit as set forth in claim 3, wherein address
25 generation portion of said address and control generation circuitry
comprises: '
{(a.1) a register for storing and outputting an access address for
said read access; _
{a.2) an incrementor for receiving a base value and generating a
30 plurality of incremental values in a predetermined manner; and-
(a.3) an XOR gate assembly coupled to said register and said
incrementer for generating said LSBs using said access address and
said incremental values.
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access is reduced to 13 clock periods, a 35%inprovenent in total cycle
time, even if the slower CMOS technol ogy based EDODRAMs are used. 5 '
Referri ngvVAgW2¥§Py to Figure 4b, for a wite access, sini|BEFYSISMI% the

LSBs of the nmenory col um addresses can be gene%a{—ed—ﬁaprd-l—y—a—nd except
for the first menory col um_ address, the subs ry addr esses
are responded to in:t 5nsl,the 10 LSBs of ti miﬂﬂﬂ MH‘ISIS‘EE addr esses
(MA[1:0]) 50 are prov1 ded.and mai At ai ned usin periods (to

through [err]) -as=illustrated.—Fheé CAjgignal 54 is pulled down
correspondi ngly and early wi thdrawn in eight clock peri-ods ([err] through

lerr]) as ilg ustr memory um st%rou hﬂ‘@gfnté‘%lﬁrbheséi ta 63

suppl i ed u5|n ustrated, the

|
internal re g'@g':' r’]'!eﬁiﬂﬁ’())l(qmg&g&? F°H‘P'1§P§ %P'éﬁ%"opqqpl@%@ gaidaddres® peri ods
([err] thromnhl éo?ﬂfdlgeﬁératiohtﬁfdm heénd Baid Eablnm% f&%dﬂ%na |ge@ down

correspondin ht, cl oc erJd ods throu )
[ C%ﬂﬁ'" Q!%Ega“z'a "Eﬂ% tLﬁ\‘age in the

illustrated
ni ne cl ok said ad&reg{sand]carﬂmbgghefatm]qlrmmtry fdnmdDHAMmt her words,
the total cycle time for a wite access is reduced to 11 clock periods, a
39% i nprovenent in total cycle time, even if the slower CMOS technol ogy
based EDODRSVE afeSYSie@ memiory unit comprisingai | e t he present invention has

been described i ga) addvressangr csrfsl Igbnbmf@féumbwdm%ér%raﬂhg gnbodi ment s,
E gotsﬁ esglmlalaggﬂkﬁ?ég] of Al tmt‘:'\"rylz-,{ddrrg Sses and conta ol sugnalsr}or a wrcig a'csizers]gt limi ted
10 said control signals include column address strobe (CAS) signals that ‘ :
are early withdrawn; . '
(b) a number of banks of extended data out dynamnc random
access memory (EDODRAM) coupled to said address and control
generation circuitry for accepting and storing a plurality of datain a
15  plurality of memory cells of said EDODRAMSs, responsive to said
sequence of memory addresses and control signals, said EDODRAM
maintaining data out independent of said CAS signals and precharging
memory cells upon withdrawal of said CAS signals.

20 10. The system memory unit as set forth in claim 9, wherein, said
address and control generation circuitry is ‘sufficiently powered to directly
drive said generated sequence of mémory addresses for all banks of
EDODRAMs. |

25 11. The system memory unit as set forth in claim 9, wherein, said
address and control generation circuitry generates common most
significant bits (MSBs) of said sequence of memory addresses and non-
common least significant bits (LSBs) of said sequence of memory
addresses, said non-common LSBs being generated consecutively, and

30 said common MSBs being génerated while said uncommon LSBs are
generated. -

12. The system memory unit as set forth in claim 11, wherein

/
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, .
descri beg. The net hod and apparatus of the present invention can be
practiced with nodification and alteration within the spirit of
30 the appWR®E@8&Pai ns. The description is thus to be regar Hggﬂjggg&q&
illustrative-dnstead of limiting on the present-invention. .. WD 95/28669
PCT/ US95/ 04189 CLAIMS 5 1 A system membry.untt. . conprising: (a) address
ting a:sequence ofi menory

and control ¢ mmtw muu iflflflfy for gener:
addr esses ande, C, Lrl 4 Hllﬂs{' or a read aceessT=saFd=centxellsignals

i ncl ude col um address Strobe" (CAS) signpbs that are early withdrawn; 10
(b) a nunber of banks of extended data out dynam c random access nenory

Forrro b oruPar R lradtlaRa Sonc opurananeaty comaitvely 1 o1
EDODRAMS, and mami%dynggmﬁég%dncg Bg{"%ﬁ)e'gj ééﬁ@??\é“‘f%c@&?d sequence
gL t @%;ﬁeﬁggm&?ﬁsaﬁ g@mtr??b sza}iageggﬂanodushsaid_ﬁrm@m\saiai lnlt ai ni ng data
W thdrawal of conegeRils clagrgarbdd; © “rp POUcTErY I8 TN Cas set forth
claim1, wserein, sssid addcﬁsssandmdntromemﬁfag'@n@irauitb'n?/uéﬁhﬁé geneates
sufficiently naweiAfdtfws saRCEAS signals correspondingly; and
said EDODRAMSs consecutively accepts and stores said subset of
data correspondingly, precharging appropriate memory cells upon
withdrawal of said CAS signals.
10
13. The system memory unit as set forth in claim 12, wherein
said address and control generation circuitry consecutively
generates said uncommon LSBs in eleven consecutive clock periods,
and generates said common MSBs during all of said eleven consecutive
15 clock periods; -
said EDODRAMSs consecutively accept and store said subset of
data correspondingly in nine consecutive clock periods.

Y

14. The system memory unit as set forth in claim 13, wherein,
20 " said system memory unit is coupled to a processor operating at a
processor speed of at most 66 MHz; and
said address and control generation circuitry and said
EDODRAMS are constituted with circuit elements based on CMOS
technoiogy.
25 '
15. The system memory unit as set forth in claim 11, wherein address
generation pottion of said address and control generation circuitry
comprises:
_ (a.1) a register for storing and outputting an access address for
30 said write access;
- (a.2) an incrementor for receiving a base value and generating a
plurality of incremental values in a predetermined manner; and

* This Sheet Has B
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20 drive said generated sequence of nenory addresses for all banks of
EDCDRAMs. 3. The system nenory unit as set forth claim1, wherein, said
address aW@%@#6Pol generation circuitry generates conmon RETUSISNA189
significant bits (MSBs) of said sequence of nenory addresses—and non-
common | east ShQﬂtfiﬁaﬂt b5 (LSﬁs) of said sequence of mim y addr esses,

sai d non- common| LiSBs "béi ng~geretatied consecut‘mmmmu “! onmon MSBs
bei ng gener at edi whi | e S#i%d “idhcommmn LSBs are The system

memory unit as Setforthinclaim3, wgrein shid address and control
generation circuitry consecutively generates said uncommon LSBs in a

lurality of con Vi onmon MSBs
(FZ)IUI’I ng all of sa E)dr?sgcﬁgéﬂeé %ﬁs%rglagl??}gs%?@?é@%f%iﬂ%acomroI
generati on ¢n¢remetnt9r forigemeratingnsqidil&BsiHaing: said apress addresssand gnal s
correspondi @id inchéental values. Sai d EDODRAMs consecutively outputs said
subset of data correspondingly, precharging appropriate memory cells upon

wi t hdrawal of said CAS signals.
16.- The system memory unit as set forth in claim 11, wherein said

system memory unit further comprises a buffer c_oupl_ed to said address
and control generation circuitry and said EDODRAMSs for buffering said
common MSBs of said sequence of memory addresses generated by
said address and control generation circuitry for said EDODRAMs.

10 4
17. A method for accepting, storing, and outputting data comprising:

(a) generating a sequence of memory addresses and control
signals for a read access, said control signals inciude column address
strobe (CAS) signals' that are early withdrawn;

15 (b) storing a plurality of data in a plurality of memory cells of a
number of banks of extended data out dynamic random access memory
(EDODRAM,), and outputting a subset of said data responsive to said

~ sequence of memory addresses and control signals, said outputting
being achieved by maintaining data.out independent of said CAS

20 signals and precharging memory celis upon withdrawal of said CAS

' signals.

18.  The method as set forth in claim 17, wherein, said sequence of
memory addresses are generated by generating common most

25 significant bits (MSBs) of said sequence of memory addresses and non-
common least significant bits (LSBs) of said sequence of memory
addresses, said non-common LSBs being generated consecutively, and
said common MSBs being generated while said uncommon LSBs are
generated.

30 _
19. A method for accepting, storing, and outputting data comprising:

(a) generating a sequence of memory addresses and control

signals for a write access, said control signals include column address
strobe (CAS) signals that are early withdrawn;

‘his Sheet Has:Been Reﬂlaced
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5. - The systemnenory unit as set forth in claim4, wherein 10

addr ess and control

ni ne consecut i
claimb5b, wherei

i ncr enent or
i ncr ement al

assenbl y cdupl data outsindeperdaniiodrsaith CAS signait apewieeh

fo
va

generation circuitry consecutively gener
gnconmon LW $578&9%cven consecutive cl ock periods, and generates sai %89
common MBBs during all
EDODRAMs consecuti VEI'y “outputs—sai d subset of data 15

IR

operating at a gro€essors
address and control
with circuit elenen
as set forth in clal
address and coRi&meery

of said el even consecutive clock periods; said

nmory unit is: coupleq tofa processor
f at nost766=MHz;-and*2b - ~ said

sai d

correspondingly in
ﬁﬂl . 6. The system rrem)ry unit as set forth in

generation circuitry and sai d EDODRAMs are’const it ut ed
éb%% fing an@'%:ﬁgea hglatigy of data in Enplusality oh menory uni t

gc@?:apaa ofahanp %*S?m?ﬁééé%tataﬁeﬁf%éfﬂ% Ster for

storing and outgndom agcess mwm? (EMIB&M Jan acoordancedtoasaid sequence pf an

615 s 817 cBRirtFeigRalsy SAR! BDOTRAM hayp@lding | 'V ©F

LSBs using sai ok whiraWsl 668aid TAS dighdiscr enent al val ues.

10

15

20

25

30

20.
memotry addresses are generated by generating common most
significant bits (MSBs) of said sequence of memory addresses and non-
common least significant bits (LSBs) of said sequence of memory

The method as set forth in claim 19, wherein, said sequence of

addresses, said non-common LSBs being generated consecutively, and

said common MSBs being generated while said uncommon LSBs are

generated.

21.

A circuit board comprising:
(a) a system memory having

(a.1) address and control generation circuitry for generating
a sequence of memory addresses and control signals for a
read access, said control signals include column address
strobe (CAS) signals that are early withdrawn,

(a.2) a number of banks of extended data out dynamic
random access memory (EDODRAM) coupled to said
address and control generation circuitry for storing a
plurality of data in a plurality of memory cells of said
EDODRAMS, and outputting a subset of said data
responsive to said sequence of memory addresses and
control signals, said EDODRAM maintaining data out
independent of said CAS signals and precharging memory
cells upon withdrawal of said CAS signals;

(b} a cache memory unit for caching a subset of said data;

(c) a controller coupled to said system memory unit and said
cache m&mory unit for providing control signals to said system
and cache memory units; and

This Sheet Has Been Reilaced

R

o810 g@@g ¢9Al§ sai d



WO 95/ 28669 PCT/ US95/ 04189 8.
The system nenory unit as set forth in claim3, wherein said s stem rrem)ry
unit furtREPS i ses a buffer coupled to said address an®<EgPFB$189
generation circuitry and said EDODRAMs for buffering said conmon MSBs of
sai d sequence of menory addresses generated by 5 sai d address and control
generatlon Ci rcu+++y—+ or—sart--HDODRAMs. 0. nit

conpri sing: {a)t iaddressi antl. _GOIT'[ rol generati oﬂmmﬂmnmnﬂlnmmeneratl ng a
sequence of jrenory: dddrasses a;d cont r-gB-si gnal*s forta Mwriste*access, 10
said control al s ncl-ade~<ol um address strobe (CAS) 5| gnal s that are

early w thdrawn; 5%)3 waﬁlbdga fhitdand sQidt cdbpeam ¢ random
access nmenory (E addr ess d control generation
circuitry for accﬁ]ﬂm‘gg ‘-H}ﬁ'd%§P59Y' ;]ﬂrﬁﬁﬁq R/s% systemn andcaghe p| urality
of menory cells ometvorg tﬂﬂ%ﬁ%ansfesualwm\mdOutsaﬂshudeguemandf menory

addresses and con TN d EDODRAM nmi nt ai ni ng data out
i ndependent of sa{’%&{?@%zﬂ and prechargi ng nenory cells upon

wi t hdrawdl of said CAS signals. 10. The system nenory unit as set :
forth in clapm?9, A"&?i%hﬁ'tg)aré% fSs and control generation circuitry is
sufficiently powe d to . direct ' _

a system memotry having
(a.1) address and control generation circuitry for generating
: a sequence of memory addresses and control signais for a
10 - write access, said control signals include column address ‘
strobe (CAS) signals that are early withdrawn,
(a.2) a number of banks of extended data out dynamic
random access memory (EDODRAM) coupled to said
address and control genération cireuitry for accepting and
15 storing a plurality of data in a plurality of memory cells of
' said EDODRAMs, responsive to said sequence of memory
addresses and control signals, said EDODRAM
maintaining data out independent of said CAS signals and
: precharging memory celis upon withdrawal of said CAS
20 ' signals;
(b) a cache memory unit for caching a. subset of sald data;
(c) a controlier coupled to said system memory unit and said
cache memory unit for providing control sngnals to said system
and cache memory units; and
25 . {d) a bus coupled to said system memory unit and said cache
memory unit for providing addresses to said system and cache
memory units and transfer data in and out of said system and
cache memory units.

30 23. A computer system comprising:
(a) a processor for executing a plurality of instructions;
(b) a system memory having
(b.1) address and control generation cnrcuutry for generating
a sequence of memory addresses and control signals for a

This Sheet Has Been Re ﬂ
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cérive sai d generat ed sequence of nenory addresses for all banks of
DODRAMS. The system menory -unit as set forth in c}

wher ei n, seWﬂ %(Eﬁff%ss and control generation circuitry genera e’gb%éoﬁ%%n
nmost significant bits (MSBs) of said sequence of menory addresses and non-
common IeasWﬁﬂ]uﬂJﬂﬂﬂllml“ (LSBs) of said sequence of . mesmry addresses,
sai d non-co nerat ed consecutivety;~7and 30 ‘\'ﬁ '

MSBs bei ng génefat &d %hid e *sai d uncormon L§Bs.:are genér ated.
system menory unit as set forth in claithSt}, where?h M WB=g5F 28669
PCT/ US95/ 04189 - 15- sai d address and cont r Ql—geferati on ci rcuitry
consecutively generat es rggd Hotess) Sad cofivsl signalspheludeidojurmh addressut i ve

clock periods, and generat [o40) f said
consecutive clock peri o§49 83 (éiéi sl @D&hgcsl%; iiwawg“%’n’ generation
circuitry further generﬁbé)saenmnbeltdxfobm ofsdermies] damautsdmm@spondu ngly;
and sai d EDODRAM Conse?éﬂdafﬁ'aﬁcegé?%&rﬁo% DORIAYIPE pebdbiRdtsYaic! data
correspondi ngl y, prechargl ng appropriate X
5 dress and control generation circuitry foP storing said
instructions and a plurality of data in a plurality of memory
cells of said EDODRAMs, and outputting a subset of said
instructions/data responsive to said sequence of memory
addresses and control signals, said EDODRAM
10 maintaining data out independent of said CAS signals and
precharging memory cells upon withdrawal of said CAS
signals; and
(c) a bus coupled to said processor and said system memory unit
for providing addresses to said system memory unit and
15 transferring instructions and data in and out of said system

memory unit.

24. A computer system comprising:
(a) a processor for executing a plurality of instructions;

20 (b) a system memory having
(a.1) address and control generation circuitry for generating
a sequence of memory addresses and control signals for a
write access, said control signals include column address
strobe (CAS) signals that are early withdrawn,

25 (a.2) a number of banks of extended data out dynamic
random access memory (EDODRAM}) coupled to said
address and control generation circuitry for accepting and
storing a plurality of data in a plurality of memory ceils of
said EDODRAMs, responsive to said sequence of memory

30 addresses and control signals, said EDODRAM
maintaining data out independent of said CAS signals and
precharging memory cells upon withdrawal of said CAS

signals; and
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wi t hdrawal of said CAS signals. 10 13. The systemnenory unit as set forth

in claiml1l2, wherein said address and control generation circuitry .
consecutrWél%ﬂgﬁiﬁerat es sai d uncommon LSBs in el even cons eBGTUSANH: k
periods, and generates_said.conmon MSBs during a
consecuti vie 115 . cleck,, periodd; sai d EDODRAMs cons and store
sai d subsef of " datsg Aqqrr esponmndi ngly in nine conseﬁmn/ yamﬁﬁi' ods.
The syste 2f! forth in claim 13, wherein,

system nmenory unit is coupl ed to a pr ssor operating at a processor speed
of at nost 66 MHz; and said address and control generation circuitry and

tsgicﬂngl ogy. NESarlgcfg‘ﬁ% @@%ﬂﬁ%ﬂgfﬁr&unl#r%nﬁﬁi&%x@@ﬁﬁﬁ}&ﬂo%& 1,
wher ei n address denproviding addrasses tefsaﬁswstaaums@orurrmntm rol generation

circuitry conpri ﬁ%sférﬂné)mﬁrdcﬂﬂhﬁd?ﬁ dath iA lapidi oLt cTYAIPSY&Ehi | Ng an access
address for 30 said access; (a.2)- an incrementor for receiving a '

base val ue and géﬁ%’?‘m a plurality of increnental values in a

pr edet er & ned ‘nanner; and
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WO 95/ 28669 PCT/ US95/ 04189 (a. 4)
an XOR gate assenbly coupled to said register and said increnenter for
gener at i ng waPs2868Bs usi ng sai d access address and said i ncrBSEHERO4R) ves.
5 16. The systemnmenory unit as set forth in claim1ll, wherein said system
menory unit further conprises a buffer coupled to said address and control
generation circuitry and said EDCDRANB‘W%r buffering said commopn NMSBs of
sai d sequence of nmenory addresses generated by said address and control
generation circuitry for said EDODRAMs. 10 17. A nethod for accepting,
storing, and outputting data conprising: (a) generating a sequence of
menory addresses and control signals for a read access, said control
signal s include colum address strobe (CAS) signals that are early

wi t hdrawn; 15 (b) storing a plurality of data in a plurality of
menory cells of a nunber of banks of extended data out dynam c random
access nenory (EDODRAM, and outputting a subset of said data responsive to
sai d sequence of nmenory addresses and control signals, said outputting
bei ng achi eved by naintaining data out independent of said CAS 20 signals
and precharging menory cells upgh withdrawal of said CAS
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i gnal s.

18.
of menory addresses are generated by generating comobn npst
hits (MVSBs\WQPSB4§Y sequence of nenpry addresses and non- c
significant bits (LSBs) of said sequence of nenory addresses,

The nmethod as set forth in claim 17, wherein,

non- common LSBs bei ng generated consecut 2fel vy,
generated while said uncommon LSBs are generated. 30 19.

accepting,

control
wi t hdr awn;

storing,

sai d sequence

FOrUSYsish cant

onmmon

| east
sai d

and said conmon MSBs being
A net hod for
(a) generating a

and outputting data conpri sing:
sequence of nenory addresses and control

signals for a wite access,
signals include colum address strobe (CAS) signals that are early
WD 95/ 28669

PCT/ US95/ 04189 (b) accl

sai d

ting and storin# a plurality of data in a plurality

of nmenory cells of2a er of bank@ of ggxt ended data out dynam c random

access nmenory (E i nfaccorldane t &|saild sequg¢nce of nmenory addresses
and control signal CDRAM npmt-armrxtz1S> data out i ndependent of
said CAS signals gnd pr¢harping mefrory @l | s|upon|withdrawal of said CAS
si gnal s. - - S 23 -
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20.. The method as set forth in claim 19, wherein, said sequence of nenory
addresses are generated by generating conmon nost 10 signify i

¢ MBBs) of %?ag@? ence of nenory addresses and non- conmon #@2%95;6'4{83
significant bits (LSBs) of said sequence of nenory addresses, said

non- common LSBs bei ng generat ed consecutigfgyh and said common MSBs bei ng
generated while said uncommon LSBs are generated. 15 21. A circuit board
conprising: (a) a systemnenory having (a.l1l) address and control generation
circuitry for generating a sequence of nmenory addresses and control signals
for a 20 read access, said control signals include colum
address strobe (CAS) signals that are early withdrawn, (a.2) a nunber of
banks of extended data put dynam c randpm access nenory ( EDODRAM coupl ed
to said address and corfirol generation Fircuitry for storing a 25

plurality of data in lurality of megpry cells of said EDODRAME, and
outputting a subset ogg aid data resp&pive to said segﬂence of menory

addr esses and control Sf gnal s, sai d EBGDRAM mai nt ai ni n§fldat a out
i ndependent of said signals and p&thargi ng nenory 30
cells upon w thdrawal said SAS sig S;
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(b) a cache nenory unit for caching a subset of said data; (c) a controller
coupled to said Séstem menory unit and said cache nenory uni 93@139” di ng
gontrol si YA sai d system and cache nenory units; and 8669
PCT/ US95/ 04189 (d) a bus coupled to said systemnenory unit and said cache
menory unit for providing addresses to gasd system and cache nemory units
and transfer data in and out of said system and cache nenory units. 5 22.

A circuit board conprising: (a) a systemnenory having (a.l1l) address and
control. generation circuitry for generating a sequence of nenory addresses
and control signals for a 10 wite access, said control signals
I ncl ude colunmm address strobe (CAS) signals that are early w thdrawn, (a.?2)
a nunber of banks of extended data out dynam c random access menory
(EDODRAM) coupl ed to said address and control generation circuitry for
accepting and 15 storing a plurality of data in a plurality of

menory cells of
"
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Sai d EDODRAMs, responsive to said sequence of nenmory addresses and control
.signals, said EDODRAM nai ntaining data out independent of sgicshSosigdnal s
and precha™P 8 nory cells upon withdrawal of said CAS 20%& 0dad
signals; (b) a cache nenory unit for caching a subset of said data; (c) a
controller coupled to said system nenory5Ainit and said cache nenory unit
for providing control signals to said systemand cache nenory units; and 25
(d) a bus coupled to said systemnenory unit and said cache nenory unit for
provi di ng addresses to said system and cache nenory units and transfer data
In and out of said system and cache nenory units. 30 23. A conputer
system conprising: (a) a processor for executing a plurality of
instructions; (b) a systemnenory having (b.1) address and control
generation circuitry for generating a sequence of nenory addresses and
control signals for ag, WO 95/28669

PCT/ US95/ 04189 read acl%ss, said control signals include colum address
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shgtrobe=(CAS) signals that are early withdrawn, (b.2) a nunber Zsg\anks of
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(57) Abstract

A system memory unit is provided to a computer system comprising memory address and control generation circuitry, a number of
banks of extended data out dynamic random access memory (EDODRAM), and a number of registers. The memory address and control
generation circuitry is used to generate memory addresses for the EDODRAMS, advantageously delivered over two address bus lines.
Additionally, the memory address and control generation circuitry is used to generate control signals for the EDODRAMS and the registers,
including advantageously “shortened" column address strobe (CAS) signals. The EDODRAMs are used to accept, store, and output data,
in accordance to memory addresses provided. The registers are used to stage the data being streamed out of or into the EDODRAMSs. As a
result of the advantageous manners in which the memory addresses and the CAS signals are provided, the cycle time of a memory access
is reduced, even if the slower CMOS technology based circuit elements are used to constitute the memory address and control generation
circuitry, the EDODRAM, and the registers.




random access nenory (EDODRAM coupled to said address and control

generation circuitry for accepting and storing a plurality of data in a S
plurality of nenory cells of said EDODRAMs, responsive to said sequence of =
menory 30 addresses and control signals, said EDODRAM

mai nt ai ni ng data out independent of said CAS signals and prechargi ng nenory
cells upon withdrawal of said CAS signals; and WO 95/ 28669

PCT/ US95/ 04189 -20- (c) a bus coupled to said processor and said system
menory unit for providing addresses to said systemnmenory unit and
transferring instructions and data in and out of said systemnenory unit. 5
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