[err] -1- CLAIMS 1. A nethod of latching data froma nenory resource at a
dat apat h unyip geligzéet hod conprising the steps of: transiti opdigysdsGéesy M
gddress strobe signal; transitioning a data strobe.signal in response to
the transition of the colum address strobe; detecting the transition of

t he data strobe signed at the datapath unit; and |atching the data fromthe
menory resource at the data path unit in response to the transition of the
data strobe signal. 2. The method of clal™ 1 wherein the data strobe
signal is transitioned at |least a predetermned tinme period after the
transition of the colum address strobe S|gnal 3. The nethod of claim1l
wherein the transi A AR : s i : NGNTHEertion
transition during a |rst cycle of the colunn addr ess strobe signal, the
met hod i ncl udi ng t BRIR - . !

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to computer systems having
memory end memory controliers to access the memory and supply data

to a datapath.

Description of Related Art

In typical computer systems, a memory controller is coupled to
the processor for controlling memory access to RAM. Particularly, the
processor supplies an eddress. and-the memory controller is
responsible for accessing the RAM and eontroiling storage of the data in
a data path. The performance of many microprocessor systems can be
improved by increasing the rate at which data can be read from its
random access memory (RAM). |

Conventional ldw-cost RAM devices include dynamic RAM
(DRAM), such as page mode DRAMs. In orderto improve memory
access time using the low-cost page mode DRAMSs, bank-interleaved

- designs have been used.

In bank-interleaved designs, multiple banks of page mode
DRAMs are coupled to the memory controller and the datapath. A two-
bank bank-interleaved device achieves a burst rate twice that of a single

bank alone. For example, if the burst rate is four clock cycles for the first



si gnal approxi mately when the col um address signal is transitioned during

a second wopoie21226- A nmenory controller for facilitating PE5895)18850

menory resource by a datapath unit, the nmenory controller conprising: a i
colum address strobe circuit configured to provide a colunm address strobe
signal to the nenory resource; and a delay circuit, coupled to the col um
address strobe circuit, configured to provide a data strobe signal to a
datapath unit in response to the provision of the colum address strobe
circuit. [err] [err] -2- 5. The nenory-2controller of claim4 wherein

the delay circuit is configured to provide the data strobe signal at |east

a predet iegméd bhfiR a@rthebetbh@rbdrieingividiialy?théd a'thd GRlie' BbcRIdiSasn
be achieved by alternating memory access between the two banks.
Disadvantages of the bank-interleaved c_onfiguratioq include a higher
pin count and additional logic to handle the interleaxfed operations.

~ High-cost synchronous DRAM .ba'séd desighs are also
available. Synchronods DRAM devicés cz;th bé very fast. However,
these devic.es"a're ekpensive and it wod.lld' bé én a__dvanta@ to provide a ‘
system that uses lower cost DRAMs while still.prbviding a high burst |
rate.
- A new type of DRAM device, termed a "Extended Data Out"
(EDO) DRAM has recently been introduced. Theoretically, such devices
can achieve better burst performance at lower cost than page mode
- DRAMSs. However, achieving the maximum rate can be difficult due in
part to the timing requirements of these EDO DRAMs.in a system
environment. EDO DRAMs extend the length of time over which the
data become available. However, the data does not become available
until much later in the cycle, and the availability continues until the next
cycle. The 'delayéd availability creates problems in strobing the
accessed and capturing data valid data in the datapath device.
o _ it would be an advantage to provide a memory system

including EDO DRAMSs that increases their performance and the burst

rate systems using these EDO DRAMs.
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6. The menory, controller of claim 4 wherein the col um address strobe

signal is mwowsdrdeduring a first cycle of the col um addres$cihis0kessso
gignal, and the delay circuit is configured to provide the data strobe

si gnal approxi mately when the col unm address strobe signal is provided
during a second cycle of the colum address strobe signal. 7. A conpute
a nenory resource; a datapath unit coupled to receive
data fromthe nmenory resource; and a nenory controller arranged to

system conpri si ng:

facilitate access

to the nenory resource by t-Be datapath unit, the nenory

controller conprising: a colum address strobe circuit configured to

provide a colum address strobe signal to the
circuit, coupled tQUNRIARYU cINVE )
provi de a data strobe signa

nmenory resource; and a dela
, NV jONCi rcuit, configured to
e datapa unit in response to the

0
provi sion of the colum adﬂ-;éaﬁfesgn[ ﬁ%rﬁibh%(l'%ﬂlideg-a me?ﬁ@reﬁéﬁi’ﬂkﬁl@r_

claim?7 wherein the nenory resource is an

Access Menory (E

datapath unit inclu

ended Dat a t Dynam ¢ Rando

rgggwg strobe thal'8n&NEB'Y RighBUTSErAE forteding adbffrsin t he
Extended Data Out (EDO) DRAMS. The invention provides a higher-

bandwidth memory subsystem at a lower cost than otherwise possible

with standard memory controllers. Particularly, the tracking strobe
described hefein can provide a two-clock, 66MHz burst rate for reading
data from 60ns EDO DRAMSs.

The m'émory controller supplies previously-stoi'ed data,
responsive to a memory request from a processor, from Extended Data
Out (EDO) DRAMS installed in a compute'r system. The data is latched
from the DRAMs into a datapath by a data strobe (DSTB#) signal. The
computer system has a master clock and an address circuit for

supplying a row address and a column address. The memory controller

‘comprises a column address strobe circuit that generates a CAS# signal

responsive to the master clock and a memory request from the
processor. The CAS# signal is supplied to access the EDO DRAM
column to make DﬁAM data available. A timing delay circuit is coupled
to the CAS circuit for generating the DSTB# signal responsive to the
CAS# signal. A latching circuit in a datapath latches the data from the
EDO DRAM into a latch, respbnsive to the DSTB# signal.

The method for accessing data in an EDO DRAM includes the

steps of selecting the row responsive to a row address and a RAS#

r
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| atch for latching data fromthe nenory resource in response to the

provi si oWwgdedityg data robe signal. [err] 10. The conpﬂéﬁﬁsﬁmﬁ m of _
claim7 including a master clock signal, wherein the datapat unlt&?ncludes f

a resynchronizing circuit configured to resynchronize the |atched data with
the master clock signal. 11. The conputer systemof claim7 including a
master cl ock signal, and wherein the colum address strobe signal is ,
provided in response to a transition of the master clock signal. 12. The
conputer systemof claim7 wherein the colgan address strobe signal is
provi ded during a first cycle of the columm address strobe signal, and the

del ay cirourt | sighaNand6tbiyoRd Bty feh@fl%t(gA§Wdé?§ﬁaI%§BGhsﬁBQé g mat el y

when the col umm ress evsl ‘'S provi second cycl e of

he col U addr it Gi6BE. Theibt c;}c'ilfhéE%%gt FFiioh b i B =
' access to read the data, and a second transmon to precharge the DRAM

for the next cycle. Upon a ﬂrst transmon of_ CASH#, the column specified
by the column .address is accessed m DRAM. The DSTB# signal is
supplied responsive to the first.;ransition of _thc CAS# signal. The data
'isjlatched from the DRAM i_nto datapath dnit resoonsive_ to the DSTB# ‘
signal. in the preferred embodim_ent,'th_c DSTB# signal is timed so that
the data is clocked in at the beginning of the second cycle specifically at

a first transition for the second cycle
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signal, andvewgeidsng a first cycle of the CAS# signal respoPCIsIs/v688he
gﬂster clock. The first cycle has a first transition for asserting colum
access to read the data, and a second transition to precharge the DRAM f or
t he next cycle. Upon a first transition of CAS#, the columm specified by
the colum address is accessed in DRAM The DSTB# signal is supplied
responsive to the first transition of the CAS# signal. The data is |atched
fromthe DRAMinto datapath unit responsive t-B-the DSTB# signal. In the
preferred enbodi nent, the DSTB# signal is timed so that the data is cl ocked
in at the beginning of the second cycle, specifically at a first transition

for the second @RiEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is block diagram of a computer system including a

memory controlier and a main memory.

Fig. 2 is a block diagfam of a mefnory system including the
memory controlle'r, an EDO DRAM, and a datapath unit, and illustrating
the CAS# signal and the DSTB# signal.

Fig. 3 is a timing diagram that compares the timing of the valid
" data windows for page mode DRAMs and EDO DBAMs relative to the
CAS# signal. |

Fig. 4 is a timing diagram from several perspectives including
an average (ideal) perspective, an actual perspective that includes
variations due to varying skew, and an ‘example that also shows an

exemplary DSTB# signal.
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BRI EF DESyQloghifll OF THE DRAWNGS Fig. 1 is block diagram (ngvé‘ggm* er
systemincluding a nenory controller and a main nenory. Fig. 'S a bl ock

di agram of a nenory system i ncluding the nenory controller, an EDO DRAM
and a datapath unit, and illustrating the CAS# signal and the DSTB# signal.
Fig. 3 i1s atimng diagramthat conpares the timng of the valid data

wi ndows for page node DRAMs and EDO DRAMs rel ative to the CAS# signal. Fig.
4 is a timng diagramfrom several perspectgves including an average
(ideal) perspective, an actual perspective that includes variations due to
varyi ng skew, and an exanple that also shows an exenplary DSTB# signal .

EMBODIMENT

Figures 1 through 4 of the drawings disclose various
embodiments of the present invention for purposes of illustration. One
skilled in the art will recognize alternative embodiments that may be
employed without departing f_rom.the principle_s of fhe invention that are
illustrated by the strubtures and methodé described herein. ‘

In the system described herein, a memofy bbhtroller produces |
a data strobe (DSTB#) signal that tracks a column éccéss strobe (CAS#)
signal rather than a master clock signal. The DSTB# signal, after a
predetermined delay of the CAS# signal, latches data from the memory
to a datapath device. Because the DSTB# signal tracks the CAS#
signal, differences in propagatioh delays and flight time differences are
limited or even eliminated entirely so that the data can be reliably
latched within an eﬁectiveiy-increased data valid window within a short
clock cycle. Also, the DSTB# signal can be used to latch data from the
EDO DRAMs in a pipelined manner, i.e., the edge event that latches

data can be used to begin the next access cycle.

N In summary, because the DSTB# signal tracké thé CA.S#
signal rather than the master clock, the DSTB# signal can be ideally
timed in the center of th_e valid data window. Furthermore, any skew or

- delays in the CAS# signal also appear in the DSTB# signal, thereby

effectively widening the data valid window. As aresult, the system
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DETAI LED DhgeekRiheN OF THE PREFERRED EMBODI MENT Figures 1 thqg%ﬁbﬂgaﬁﬁ t he
grawi ngs di scl ose various enbodi nents of the present invention for purposes

of illustration. One skilled in the art will recognize alternative
enbodi ments that may be enpl oyed w thout departing fromthe principles of
the invention that are illustrated by the structures and net hods descri bed

herein. Overview of the Invention In the system descri bed herein, a nenory
control |l er produces a data strobe (DSTB#) sighal that tracks a col um
access strobe (CAS#) signal rather than a master clock signal. The DSTB#

signal, after a predeidysthesseriiiancel of bank-iériéawtfimpleridimatoniiict 4 ' om

the nenory to a datapath device. Because the DSTB# S|gnal tracks the CAS#
stgnal, - diff er enc Qfory EnrdIPEGSIAhCRInGIR Vet clibbritIsirile banRambiémeheirons. ar @

Ilmted or even elinfnated entirely so that the can rel1ably
| atched within an effectively-increased data valid window within a short

, _

Referenée is first made to Figure 1 which is a block diagram
iliustrating a computer system of the present invention. As illustrated in
Figure 1, a computer system 100 of the present ihvention generally
comprises a bus 101 for communicating information, a processor 102
coupled to the bus 101 for proceséing instructions, a main memory 103
coupled tb the bus 101 for storing data and instructions for the processor
102, and a cache memory 104 coupled to the bus 101 for temporarily
storing data and instructions for the processor .101. A memory controlier
105 is coupled to the bus 101 fbr controlling access to the main memory
103 and the cache memory 104.

The computef systém 100 includes a display device 110
coup_led to the bus 101 for displaying information to the computer user,
an alphanumeric input device 112 coupled to the bus 101 for
communicating information and Command selections io the processor
102, and a storage device '1_1:4 coupled to the bus 101 for storing data

for the computer system 100.

r ntrol
Reference is now made to Figure 2, which is a block diagram
illustrating one embodiment of the present invention. As illustrated in

Figure 2, the processor 102 is coupled to the memory controller 105 via



clock cycle. Also, the DSTB# signal can be used to latch data fromthe EDO

DRAME i n woRERRhs Ned manner, i.e., the edge event that |at ﬁ,gﬁ,é??%i&gcan be
used to begin the next access cycle. In sunmmary, because t gnal

tracks the CAS# signal rather than the master clock, the DSTB# signal can’
be ideally tinmed in the center of the valid data wi ndow. Furthernore, any
skew or delays in the CAS# signal also appear in the DSTB# signal, thereby
effectively widening the data valid window. As a result, the system WO
96/ 21226 -8- PCT/ US95/ 16880 - 7-

provi des the performance of bank-interleaved inplenentations for a very
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| to the memory su_bsystem. A master _c_lock __signall 212 is generated in the
processor 102 and supplied to the memory controller 105
The memory controller 105 is coupled to provrde control and
address S|gnals to the mam memory 103 The mam memory 103
includes a plurality of memory devrces such as an Extended Data Out ‘
DRAM (EDO) dewce 230 whlch is orgamzed into columns and rows.
Additional EDO DRAMS, such as a second EDO DRAM 232 can also be
| provided wrthrn the main memory 103. |
From the memory controller 105, a Row Address Strobe
| (FAS#) signal 215 and the Cqumn Address Strobe (CAS#) signal 220
| are supplied to each memory devioe in main memory 103, including the
EDO DRAM 230. The ADS# 210, the RAS# 215, and the CAS# 220
srgnals are labeled with a "#" to lndlcate that the sugnals are low when
asserted (i.e., active low) The row address and the column address are
supplied over buses 224 and 226._ |
In a normal mode of operation, the proce_ssor_102 applies the
address to the address bus 200 and asserts the AbS# signal 210 to the
- memory controller 105. Responsive to the address and control signals
~ from the processor 102, the memory controller 105 accesses the
appropriate row and column in the DRAMs: 230 and 232 via the CAS#
. 220 and RAS# 215 signals. ‘l’he appropriate row is indicated on a row

address bus 224, and the appropriat'e column is indicated on a column



Figure 1, a conputer system 100 of the present invention generally

conpri ses awdsnih for communicating information, a processopcyifisosfgsysl ed
#0 the bus 101 for processing instructions, a main menory 103 coupled to
fhe bus 101 for storing data and instructions for the processor 102, and a -
cache nmenory 104 coupled to the bus 101 for tenporarily storing data and

I nstructions for the processor 101. A nenory controller 105 is coupled to
the bus 101 for controlling access to the main nmenory 103 and the cache
menory 104. The conputer system 100 i ncl udes -8 di splay device 1 10 coupl ed
to the bus 101 for displaying information to the conputer user, an

al phanuneric i npUtaMSS?éﬂ%l&&Oﬂfﬁb%pmpﬁé@ rewsis Hebek86d &9 BRObiNG tHe0

i Af ormati on and comran ections to e processor 102, and a storage

device 114 coupl edgp&# H5 Q'b?’#%?‘f He abefdg?&téiebmrﬁﬁﬁs hEGessuiPylitequentip™m

100. The Menory Control Systwe erence now made to Figure 2, which1s

& Pk a0 am ! b3S (REOARS SROGHRD! of Lhe present Lmuent]on. A

controller 105 via A CAS generation circuit 240 is included within the memory
controller 105 in order to generate the CAS# signal from the master
clock. The path that generates the CAS# signal includes cohventional
buffers, flip-fiops and logic. The result is a delay period that delays the
CAS# signal with respect to the master clock. This delay is may be
termed "skew".

The amount of skew time varies for many reasons. For one,
differences in manufacturing lots can cause the skew to vary. For
example, a first manufacturing lot may have "fast silicon”, and a second

- lot may be slower. Furthermore, the skew is affected by operating |
temperature variations. The voltage Vcc; which is the voltage supplied
to the memory controller 105, also affects the skew. Furthermore, skew
variations can be caused by loading variations. For example, if the
CASi# signal 220 is divided between eight DRAM devices, then the
loading for the eight devices will cause a greater delay than if only one
DRAM device was to be connected to the CAS# signal.

- ' The DSTB# signal 250 is generated from the CAS generation
circuit 240, and therefore, much of the skew apparent in the CAS#
signal is inherently included in the DSTB# signal. Any additional delay
experienced by the CAS# signal 220 in addition to that inherently within

the CAS generation circuit 240 is illustrated in a delay box 251. _Such
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addr ess bwo9g@i22end a data bus 205. An Address Strobe (ADS;%T&}SQ 88@10 S
used by the processor 102 to initiate a read or wite cyclé to the nenory
subsystem A master clock signal 212 is generated in the processor 102 and
supplied to the nmenory controller 105. The menory controller 105 is coupl ed
to provide control and address signals to the main nenory 103. The main
menory 103 includes a plurality of nenory devices such as-an Extended Data
Qut DRAM (EDO) device 230 which is organi zd@-into colums and -rows.
Addi ti onal EDO DRAMs, such as a second EDO DRAM 232 can al so be provided

wi thin the main ateitional détay Could b eaused by, mraxavhblec;awfag#ealoaamﬁddr ess
Strobe (RAS#) signal 215 and the Col unmm Address Strobe (CAS#) signal 220

LD 50 T % g £
in order to ideally time the data strobe DSTB# signal 250 in the center of
the valid data window. Particularly, the timing delay 252 is optimized
together with the additional delay 251 in the CAS# signal 220 to give an
appropriate timing of the DSTB# signal 250 relative to the CAS# signal
220, as will described in more detail. |

The DSTB# signal 250 is applied to control a data latch 260
within a datapath unit 270. The latch 260 is coupled to receive data
accéssed in one of the EDO DRAMs in main memory and to latch it into
the datapath unit 270 responsive to the DSTB# signal 250. The master
clock signal 212 from fhe processor 102 is:also connebted to the

- datapath unit 270. Circuitry is included within the datapath unit 270 that

operates after Iatching the data to synchronize the data-in the latch 260

with the master clock 212.

Reference is now made to Fi.gs. 3 and 4 to illustrate the timing
- of the CAS# signal 220 relative to the DSTB# signal 250.
‘Reference is first made to Fig. 3, which is-a diagram illustrating
a _comparis_on between the valid data window during which data is made
available in page mode DRAMSs versus the valid data window in EDO

DRAMs. The CAS# signal 220, which is active low, is asserted by a first



Signals are labeled with a "#" to indicate that the signals are | ow when

asserted (iwBggapaki ve |ow). The row address and the col um ggdy
suppl i ed over buses 224 and 226. In a nornal node of operation,I‘%ﬁ%’l&&8

processor 102 applies the address to the address bus 200 and asserts the
ADS# signal 210 to the nmenory controller 105. Responsive to the address and
control signals fromthe processor 102, the nmenory controller 105 accesses
t he appropriate row and colum in the DRAMs 230 and 232 via the CAS# 220
and RAS# 215 signals. The appropriate row is_jipdi cated on a row address bus
224, and the appropriate colum is indicated on a colum WD 96/ 21226
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subsequently by u{ahhe GARbIE A >1iMB8%10. Subsequently, an upgoing transition
320 of the CAS# signal 220 begins to precharge the columns of the
EDO DRAM to prepare for the next cycle. After precharging begins, the
valid data window closes at transition 330 and data is no longer |
available. The total time of the valid data window for page mode is tpm.
Typically, data is strobed for page mode DRAMSs using the master clock.

For an EDO DRAM, the CAS# assertion 300 is the event that
initiates access, but the data is not available until the transition 340,
which may not occur until after the precharge initiation at 320. Thus, it
can be séen that the va_xlid data window for EDO DRAMSs begins much
later in the cycle than for page mode DRAMs. After the CAS# signal is
asserted at 350 for the next cycle, the valid data window continues for a
predetermined time. At that predetermined time, at the transition 360,
the valid data window is closed. The time during which valid data is
available for an EDO is TEDQ which is longer than valid data time Tpm
for the page mode. For reasons to be described, it is difficult to use the
master clock to strobe the data out.

Reference is now made to Fig. 4 which is a timing diagram
that illustrates and compares various waveforms of the CAS# signal
220, the valid data Window, and the DSTB# signal 250. Average (ideal)
signals are compared to the actual signals that take the skew into

account. In an exampie, the CAS# signal 220, the valid window, and



A CAS generation circuit 240 is included within the nenory controller 105
in order wodaphslsate the CAS# signal fromthe master cl OCk'P%ﬂ'ﬁ 9§ g&that
generates the CAS# signal includes conventional buffers, flip- § § d
logic. The result is a delay period that delays the CAS# signal with
respect to the master clock. This delay is may be terned "skew'. The anount
of skew tinme varies for many reasons. For one, differences in manufacturing
| ots can cause the skew to vary. For exanple, a first manufacturing |ot may
have "fast silicon", and a second | ot may bg.sl ower. Furthernore, the skew
Is affected by operating tenperature variations. The voltage Vcc, which is

U ot SRS a2 e A ol ol FE I O
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. of the .Skew appafrgmtﬂenp}o%sggﬁtoz in any conventional manner. ‘The CAS# signals
illustrated in Fig. 4 include the theoretical signal 410, the actual signal

430, and an exemplary signal 450. As discussed earlier, all CAS#

signals are derived from the master clock 212. . ‘

An average CAS# waveform is illustrated at 410. A CAS#
assertion 412, after a time TCAC subsequent to the CAS# assertion.
412, the valid window begins at a transition 422 and continues through.
At a time predetermined by the EDO DRAM device, a second assertion
424 of the CAS# waveform 410 the valid window ends at a transition
426. Thus, the valid data window continues from the time 422 to the
time 426. A sometimes useful specificatibn TCPC is measured from
precharge assertion of CAS# at the transition 428, continues until the
beginning of the valid data window at time 422.

Reference is now made to the actual CAS# waveform 430 and
the actual valid data window 440. . A skew time TSM causes timing

“variations in the ideal waveform 410 under natural operating conditions,
T resulting in an actual waveform 430 in which timing variations are
shown to vary by TSM in either direction from the average. As
discussed earlier, timing variations can result from factors, such as
manufécturing lot, temperature, V¢c, and loading variations. Any

variation in the CAS# signal directly affects the timing of data

g



signal is ingerently i ncluded in the DSTB# signal. Any additional delay

experi enceqm fﬁ CAS# signal 220 in addition to that inher lokokridale N
. 6 . . R : Qgg

4he CAS generation circuit 240 is illustrated in a delay box 1.9gtch
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addi tional delay could be caused by, for exanple, average |oading, flight
time or other factors. Atimng delay is included within the box 252, in
order to ideally tinme the data strobe DSTB# signal 250 in the center of the
valid data window. Particularly, the timng dgay 252 is optim zed together
with the additional delay 251 in the CAS# signal 220 to give an appropriate

et Poga | n oo AN TR G e srecg g by o,
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time of certain data validity with respect to the master clock does not
occur until a time 442. Furthermore, the window is shortened at its end
due to the_se variations. The result is that the overall length of the valid -
data window is reduced. As the length of the cycles are shortened for
higher speed, the valid data window is reduced further and timing
variations become even more critical. Therefore, at high operational
speeds, the valid data window is small and its timing relative to the

. master clock is such that the master clock cannot be reliably used to
store data.

In the examples illustrated by the waveforms 450, 460 and
470, the CAS# signal 220 is shifted (delayed) by the time TSM. As a
result, the valid data window is shifted also by the time TSM. In order to
"ansure that data is strobed within the middle of this valid data window,
the DSTB# waveform 470 tracks the CAS# waveform 450, and therefore
the DSTB# waveform-470 is also shifted by the amount TSM. As a
result, the data can be clocked in the middle of the .valid window for
increased accuracy. Advantageously, the cycle period can be reduced
while. still ensuring accurate data latching during the valid window.
In the implemented embodiment, the DSTB# signal 250 is

derived from the CAS# signal provided by the CAS generation circuit
240. Accordingly, thé timing variations between the CAS# signal and

the DSTB# signal are minimized for factors such as manufacturing lots,



the datapath unit 270 responsive to the DSTB# signal 250. The nmaster clock

si gnal 2XYobsemeéhe processor 102 is al so connected to the pggiesiéssyni t

270. CGrcuitry is included within the datapath unit 270 that operates after
| atching the data to synchronize the data in the latch 260 with the master
clock 212. Discussion of Relative Timng of the CAS# Signal 220 and the

DSTB# Si gnal 250 Reference'is now made to Figs. 3 and 4 to illustrate the
timng of the CAS# signal 220 relative to the DSTB# signal 250. Reference

is first made to Fig. 3, which is a diagraigllustrating a conpari son

bet ween the valid data w ndow duri ng which data is made avail able in page

nmode DRAMs ver sy ?nfd%?afﬁ?é'aﬂd riiR mmzqg%%m gnal 220,

which is active " s asserted by I st
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data first
signal, due to cost considerations. In this embodiment, the CAS# signal

from the CAS generation circuit 240 |s divided into eight signals, each of
which are supplied to a separate DRAM:in main mem_ory-.' The cost of
combining each of these signals and using it to create a DSTB# signal

for this implementation does not justify.the additional accuracy that ‘
~could otherwise be achieved. Therefore, the preferable, cost-efficient
-approach is to track the CAS# signal output from the CAS generation

circuit 240.

From the above description, it will be apparent that the
invention disclosed herein provides a novel and advantageous memory
control system for DRAMs. As will be understood by thdse familiar with
the art, the invention may be embodied in other épecific forms ‘without

" departing from its spirit or essential characteristics. -The following claims
are indicative of the scope of the invention, and all variations which
come within the meaning and range of equivalency of the  claims are to

be embraced within their scope. -



‘becones available at a time 310. Subsequently, an upgoing transition 320 of

the CASH swgigh122¢0 begins to preeharge The col utms of the E#H,&?g%
a ata w ndow

vprepare for the next cycle. After prei{é egl ng begins, the v

cl oses at transition 330 ’@m h onger avai | abl e._The tota

the valid data w ndow for ﬁ‘ m Typically, a‘rﬁls' %@:}"I‘}QMBEENI‘
or an EDO DRAM e ﬁéﬁEAGEBertlo

300 is the event that init|at es access but the data is {bat—avartabFe—ontr

page node DRAMs using the

the transition 340, which may not occur untli after the precharge
initiation at 320. Thus, it can be seen that %he val i

DRAMs begi ns wc%s n the cycle than for page rmd

CAS# signal is a at 350 for the next cycle, thet! ﬂlu
continues for a predetermned tine. At that predeterm el
transition 360, the valid data window is closed. The tinme during whi ch

{me orr) for the pabe AMEneSfon adessiia daigif b ErieRs f?%tga@uaﬁ#ﬁkﬂﬁ )
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computer system having a master clock and a memory controller for

accessing DRAM data specified by an address from said processor,
comprising the steps of:

a) selecting a row responsive to said address;

b) supplying a first dycle of a column strobe signal responsive
1o said master clock, including a first transition for column
access and a first precharge transition.

c) éocessing a .column address in said DRAM responsive to
said address and said first transition of said column
strobe signal;

d) supplying a data strobe signal responsive to said column
strobe signal; and

e) latchihg, responsive to said data strobe signal, the selected

DRAM data subsequent to the first precharge transition.

2. The method of Claim 1 further including a second cycle of said
CAS signal having a second access transition, and said data strobe
signal latches said EDO DRAM approximately simultaneously with said

second access transition.



that illustrates and conpares.various waveforns of the CAS# signal 220, the
val i d dat woweiaze and the DSTB# signal 250. Average (i deal pcpigssiegse?! ©
conpared to the actual signals that take the skew into account. In an
exanpl e, the CAS# signal 220, the valid w ndow, and WO 96/ 21226

PCT/ US95/ 16880 -12- the DSTB signal 250 are shown, illustrating how the
DSTB# signal and tihg,wal ig-w, goyve together with the skew in the CAS#
220. A master cl ogk }Iiﬁg%dfyéﬁggwqonference si gnal W@ﬁmmﬂ@&nmgﬁea he

processor 102 in &ny—conventional nner. THe CASH sig din
Fi g 4 includ oretical si gnal 410, the actual
y signal As di scussed earlier, all CAS# SI ved

from t ‘ﬁ rmlm 212 An average CAS# waveformis illustrated at 410.

after a time TCAC subsequent to the CAS# assertion

| 3. A memory controller that supplies data, responsive to a
memory request, from Extended Data Out (EDO)-DF{AMs installed in a
computer system to a datapath, said compuﬁer system having a master
clock aﬁd an address circuit for supplying airpw address and a column
address, comprising: |
a Column Address Strobe (CAS) circuit for generating a
CASH# signal responsive tb said master clock and said
memory request which is .supplied to access the EDO
' DRAM column so that DRAM data will become available;
a delay circuit coupled to said CAS circuit for generating a
Data Strobe (DSTB) signal responsive to said CAS#
signal; and . |
a latching circuit responsive to said DSTB signal for latching

data into said datapath..

4. The memory controller of Claim 3 wherein said CAS signal is
- provided in a series of ¢ycles and said DSTB circuit generates said
DSTB signal so that DRAM data access for a first cycle of said CAS |
signal is latched approximately at the beginning of a second cycle of the

CAS signal.



'2112, the valid wi ndow begins at a transition 422 and conti nues through. At
a tinme predwiowemrisasd by the EDO DRAM devi ce, a second asserti 1E§sot he
LCAS# wavef orm 410 the valid wi ndow ends at a trans

valid data wi ndow continues fromthe tinme 422 to he,g rre,_ A-sonet i mes
useful 'specification [err] 1S nmeasured from precharge @@,erf"fa&mm (LASH at
the transition 428, Tha®hlet DaERenbladedt Ne begi Nni-ng=o -——.. ajiwi ndow

at time 422. Referen to the actual CAS# wavefo 438/ and t he
actual valid data w mmmmgmlmﬂﬁew tinme TSI\Zifauses iJm\m)v\m:ii;?ﬂlinig
t he i deal waveform 4 | operating conditions, resultin
actual waveform 430 in which timng variations are sho
either direction fromthe average As di scussed earli. emmm”, m’m‘ons
IC(fcj)lgrdrr ﬁ;uil;r T gfrmo]rrgm ,?n; v:ﬁar ati On&%&&ﬁﬁ{%@ Sl g'nal t glr?g‘r:?lt ;J( gf"f ects the
timng of data a central processing unit for generating address requests and
addresses, and supplying a master clock signal;
a main memory including an Extended Data Out (EDO)
DRAM,;
a datapath having a latch coupled to receive data from the
EDO DRAM; and
a memory oon’rroller comprising
a Column Address Strobe (CAS) circuit for
generating a CAS# signal responsive to eaid
master clock and said memory request which
is supplied to access the EDO DRAM column
so that DRAM data will become available,
and
a delay circuit coupled to said CAS circuit for generatrng a Data Strobe
(DSTB) signal responsive to said CAS# signal, said DSTB# srgnal

being coupled to latch data into said latch in the datapath.

- 6. The. computer system of Claim 5 wherein said memory
controller provides said CAS signal in a series of cycles and said DSTB
circuit generates said DSTB signal so that DRAM data access for a first

- cycle of said CAS signal is latched appreximately at the beginning of a

second cycle of the CAS signal.



WO 96/ 21226 PCT/ US95/ 16880 - 13-
avai | abi | woge2izesr efore, the time TSMdirectly affects the pefijsdsneggeel or m
440 for the valid data window. Due to these unavoidable variations, the
time of certaip by respect to the master clock does not
occur until a ifms_%ETEmSBEE gdfe, the window is shortened at its end due
to these vari af}i ons. ﬁqm@mult it that the overall length of the valid
data wi ndow i sixeduced:== ength of the cycle
- higher speed, the vali d data wi ndow i s redqged fur.t her and tim ng

vari ations becone even nore critical. Therefore, Jylﬂmmimﬂuﬂmw?
speeds, the valid data window is small and its tim |

master -clock is such that the master clock cannot be rellably "uséd to store
data. In the examples illustrated by the waveforns 450, 460 and 470, the
CAS# signal 220 is shifted (delayed). by the tine TSM As a result, the
valid data w ndow i g, shrhbmn?mer bysteheof ClaimTSMhéranms@Idrddtap@thsure t hat
data is strobed within the dle of this valid data wi ndow, the DSTB#

wavef orm 470 tr aedigdéda dibtit, resptineicvetotheandsten eictko fer resynchronizing

said data in said latch with said master clock..
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f*he DSTB# waveform 470 is also shifted by the anount TSM As a result, the
data can bewoogdeass in the mddle of the valid wi ndow for i nCT@ﬂ’ﬁ@%IIG 0
accuracy. Advantageously, the cycle period can be reduced while sti I?s
ensuring accurate data | atching during yge valid wi ndow. In the inplenented
enbodi ment, the DSTB# signal 250 is deri/ded fromthe CAS# si gnal provided

by the CAS generation circuit j240. Accordingly, the timng variations
bet ween the CAS# signal and the DSTB# signal are m nimzeelOor factors such
as manufacturing lots, 11O 96/ 24,226
PCT/ US95/ 1688 ratue”and Vcc. However, in one enbodinent, the
skew variations due to | gading variations are not tracked by the DSTB#
signal, due tjo cgggugonsi ge+ati ons. I n this enbodi nent, the CAS# si gnal
fromthe CAS lgener EFon ¢ircuilt 240 is dividd@into ei ght sigmals, each of
whi ch are suppttetg—to—ea—<separdqte DRAM in mai i nenory. The co§( of
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<conbi ni ng each of these signals and using it to create a DSTB# si gnal
[ does not justify the additional

this inple
g t he preferabl-e,

.ot herw se be

for

DRAMs. As wi ||
i nvention mayCh¥

%ﬁ%@ed. Ther ef or e,
“is to track the CAS# signal
From t he above description,
di scl osed herein provides a novel
be underm‘ﬁq‘l)sé"zh
ZBbodi ed in ot her

its spirit or essential characteris

it will

i ndi cative of the scope of the'inv
w t hin the nmaanDDgTAWHDOBRNge_of e

enbraced w t HPAGEMNRHE] scope.

PCT/ US95/ 16880 [err]

VALID DATA WINDOW

(EDO)

MASTER
CLOCK
212

AVERAGE CAS#
WAVEFORM
410

AVERAGE
VALIDWINDOW
420

ACTUAL CAS#
WAVEFORM
430

ACTUAL
VALIDWINDOW
440

EXAMPLE:
CAS#
WAVEFORM

450

EXAMPLE:
VALID
WINDCW
460

EXAMPLE:
DSTB#
WAVEFORM

VO

$pecific

ics. ,Th

for

accur acyp¢1resosnessod
cost-efficient approach
output fromthe CAS generation circuit 240.
be Zpparent that the invention
and advant ageous nenopry control

syst em

mrrar iR the art, the
forms wift hout departing from

following clains are

Foon,: and m3bl ivariati ons which cone

i ency
96X212)

t he cl

be— Tpm =1

!

340 ]
( :
!

t

Ins are to be

—mm e - ——

B
N
o

L

- j

R N

[}
t

]

v
w
];

i 3

Tom

F-N
F-3
N

[P WA ——

1

—— v e
I I Ty et TRy * ol

r

SM

|

1
—
14

H
()]
N

S aGRCRTE TR




-d45- [err] 1. A nethod for accessing data in an Extended Data CQut
(EDO) DRAM responsive to a nmenory access request froma processer~—in_a

.conput er system having a master clock and a nenory | er for accessing

DRAM dat a specified by an address from said process ﬂmyﬁhm Hg’ﬂ”me st eps

of : a) selecting a row responsive to said address; rst

cycle of a columm strobe signal responsive,to sald mast er clock i hel udi ng

a first transition for colum access and a first precharge transition. c)

accessing a c%address in said DRAM responsi ve to said address and said
[

first transiti said colum strobe signal; d) supplying a data strobe
signal responsive to said colum strobe signal; and e) latching, responsive

to said data sf, robewnétnab ,oftmhﬁrﬁl @sth Frbr eiiorg resbares Etny datapatte uhity St
precharge transition. 2. The nethod of Claim21 further including a second
cycl e of saidthe method compnsmg the steps of:

transitioning a column address strobe signal;

transitioning a data strobe signal in response to the transition of the
column address strobe;

detecting the transition of the data strobe signed at the datapath unit;
and

latching the data from the memory resource at the data path unit in
response to the transition of the data strobe signal.

2. The method of claim 1 wherein the data strobe signal is transitioned at
least a predetermined time period after the transition of the column address
strobe signal.

3. The method of claim 1 wherein the transition of the column address
strobe signal is an assertion transition during a first cycle of the column address
strobe signal, the method including the step of transitioning the data strobe
signal approximately when the column address signal is transitioned during a

second cycle.

4, A memory controller for facilitating access to a memory resource by a
datapath unit, the memory controller comprising:

a column address strobe circuit configured to provide a column addreés '
strobe signal to the memory resource; and

a delay circuit, coupled to the column address strobe circuit, configured
to provide a data sirobe signal to a datapath unit in response to the provision of
the column address strobe circuit.
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GAS signal having a second access transition, and said data strobe signal
| at ches sai d EDO DRAM approxi mately sinultaneously with said second access
transition. WD 96/ 21226
PCT/ US95/ 16880 -16- 3. A nenory controller that sup res onS|ve
to a nmenory request, from Extended Data Qut (EDO DRBmwﬁEH
conputer systemto a datapath, said conputer system Iock
and an address circuit for supplying a rowaddress and a colunn address
conprising: a Colum Address Strobe (CAS) circuit for generating a CAS#H
si gnal responsive to said master clock and said nenory request which is
supplied to aaggess ¢

2% .?%ﬂou Hire gér%ﬂzlélﬁ"i hhﬁﬁer@lﬁﬁwedd’él@{) iruit & ured

avai |l abl e; | ay CII‘CUIt to sald CAS circuit generat |
to provide the data strobe signal at least a predetermined tlme period after the

provision of the column address strobe signal.

6. The memory controller of claim 4 wherein the column address strobe
signal is provided during a first cycle of the column address strobe signal, and
the delay circuit is configured to provide the data strobe signal approximately
when the column address strobe signal is provided durihg a second cycle of the
column address strobe signal.

7. A computer system comprising:

a memory resource;
a datapath unit coupled to receive data from the memory resource; and
a memory controller arranged to facilitate access to the memory
resource by the datapath unit, the memory controller comprising:

a column address strobe circuit configured to provide a column
address strobe signal to the memory resource; and

a delay circuit, coupled to the column address strobe circuit,
configured to provide a data strobe signal to the datapath unit in
response to the provision of the column address strobe circuit.

8. The computer system of claim 7 wherein the memory resource is an
Extended Data Out Dynamic Random Access Memory (EDO DRAM).

9. The computer system of claim 7 wherein the datapath unit includes a
latch for latching data from the memory resource in response to the provision of

the data airobe signal.
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Data Strobe (DSTB) signal responsive to said CAS# signal; and
cireuit responsive to said DSTB signal for:latc ata Into sai d

datapath. 4. The menory controller of C aim3 wher nal is
provided in a series of cycles and said DSTB ci rc \mg g ﬁm\d DSTB
signal so that DRAM data access for a first, cycl e CAS Sighal is

| at ched approxinmately at the begi nning of a second cycle of the CAS signal.
WD 96/ 21226 PCT/ US95/ 16880 Thi s

Sh Has B | -
contral - pr oo noTh B coms erg%ﬁ[ﬁrép?ﬁ'glrgﬁdpg@@fﬁb% (ST T SBhAI Whdreif

the datapath unit includes a resynchronizing circuit configured to resynchro_nlze

chi ng

the latched data with the master clock signal.

11. The computer system of claim 7 including a master clock signal, and
wherein the column address strobe signal is provided in response to a transition
~ of the master clock signal.

12. The computer system of claim 7 wherein the column address strobe
signal is provided during a first cycle of the column address strobe signal, and
the delay circuit is configured to provide the data strobe signal approximately
when the column address strobe signal is provided during a second cycle of the
column address strobe signal, the second cycle following the first cycle.
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3ddr esses, and supplying a master clock signal; a main nmenory

tended Data Qut (EDO) DRAM a datapath having a | atch coupl g 'mw;-\- recei ve
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cycle of said CAS signal is latched approximately at the beginning of a

second cycle of the CAS signal. WO 96/ 21226

- PCT/ US95/ 16880 [err] .-18- 7. The conputer systemof Caimb5 wherein said
datapath includes a circuit, responsive to the master clock, for :
resynchroni zing said data in said latch with said master clock. °

FOR THE PURPOSES OF INFORMATION ONLY
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT, ' :
AM  Amenia ‘GB . United Kingdom MW  Malawi
. AT Austria GE Georgia MX . Mexico
AU Australia GN Guinea NE Niger
BB Barbados GR Greece NL Netherlands
BE Belgium HU Hungary NO  Norway
BF Burkina Faso IE Treland Nz New Zealand
BG Bulgaria IT Taly PL Poland
BJ Beain - » Japan PT Portugal
BR Brazil KE Kenya RO Romanija
BY ~ Belarus KG Kyrgystan RU Russian Federation
CA Canada KP Democratic People’s Republic Sudan
CF Central African Republic of Kovea SE Sweden
CG Congo KR Republic of Korea - 8G Singapore
CH Switzerland KZ Kazakhstan St Slovenia
Cl Cte d'Ivoire u Licchtenstein SK Slovakia
CM  Cameroon LK Sri Lanka SN Senegal
CN China LR Liberia sz Swaziland
cs Czechoslovakia LT Lithuania ™D Chad
cz Czech Republic LU Luxembourg TG  Togo
DE Germany LV Latvia 3 Tajikistan _
DK Denmark MC  Monaco T Trinidad and Tobago
EE Estonia MD  Republic of Moldova UA Ukraine
ES Spain MG Madagascar UG Uganda
F1 Finland ML  Mali us United States of America
FR France MN Mongolia vz Uzbekistan
GA Gabon MR Mauritania VN Viet Nam
W



