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memory. The read access time of the core processor includes the time to read the data

from memory, a short setup time to latch the read data to a destination register, and
the propagation delay time associated with transferring the read data out of memory to
a destination register. The write access time includes time for the core processor to
write data to the memory and the propagation time to transfer the write data from the
processor to the memory. Typically, more time is required to read data from a given
memory than to write data to memory resulting in the read access setting the
maximum frequency of operation for the system.

Conventional memory access systems are typically limited to one operation per
cycle, e.g., a read or a write, and require that the operations complete within a single
cycle of the system clock. These systems rely on starting the read and write
operations at the same relative start time (coupled), e.g., the rising edge of the system

clock. In such a design the read access time defines the minimum clock cycle period.



The result is the read access tine is limted to the
single system clock cycle which constrains the size
and the access tinme of the nenory being used or the
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complete within two cycles, the write delays must be derived from the single system
clock. Another drawback of conventional systems is that since the read access
actually extends into the next cycle, special handling of the read data is required
downstream from the memory. The result is either latching data on the opposite edge
of the clock from that starting the access (potentially impacting throughput), or
pipelining the delivery of data, which adds latency and complexity to the memory and
processor design.

Generally in common to conventional memory access systems are a single

system clock, a control signal which contains information whether the data is to be

read or written, and valid address values which specify the exact addresses to be read
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It is a further object of this invention to provide such a memory access system
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and method which can utilize slower memory.

It is a further object of this invention to provide such a memory access system
and method which eliminates the need to partition the memory into smaller blocks.

It is a further object of this invention to provide such a memory access system
and method which virtually negligibly increases circuit area.

It is a further object of this invention to provide such a memory access system
and method which can optimize performance by providing independent, de-coupled
time references for the read and write operations to fine tune the start time of the read
operation and the write operation thereby increasing the time allowed for a read access.

It is a further object of this invention to provide such a memory access system
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_ ! , ti _

and mp54 ST RHtheFER B £ L RS BB RO

. invention.to provide such a nenory access system and

mdepeﬁ’@?ﬁ&‘&“%@é‘??"%%l ays the wite operation relative to
the read operation by using de- coupled tine
r Bfies Btherobiqus of thiniayentien to rrevide sudhyagnemeny acesss FYEERM on
that a truly innovative de-coupled nenory access

and methed evnichretintiedtésahe need td star e reaeghdoyritp operationsgt the same
i ndependent, de- coupled first and second tine

time. r €f erences, generating a read enable signal to access
menory in response to the first tinme reference and a
] YL . . o . 1

B B O S
i nd ndent of the read abl e signal to provide

and mP‘E‘H&g’ greasgy.the fs) BWF‘ggH a&f’?dlsﬁg‘?s?‘e access to a
menory array. This invention features a de-coupl ed
nErnos urtherelject of isdryention tripratidg sudhe ioerory@geess system
control circuit configured to generate first and

and msthod mdiichrddiaye thdewrite opatationatiatieditotthenead eperatemdysinglie-
menory access control circuit includes a read initiate

coupledl tiridHdrerbRePONSi ve to said first tine reference and a
read signal for generating a read enable signal, and

T brhventicH egﬁgs,qi&h bifeedliZaRSR 136 L W1y ifindVafive 8S08E1Ld T

ererence an

memory access system and method can be achieved by providing independent, de-
coupled first and second time references, generating a read enable signal to access
memory in response to the first time reference and a read initialization signal, and
generating a write enable signal in response to the second time reference independent
of the read enable signal to provide independent, de-coupled read and write access to a
memory array.

This invention features a de-coupled memory access system including a
memory access control circuit configured to generate first and second independent,
de-coupled time references. The memory access control circuit includes a read initiate
circuit responsive to said first time reference and a read signal for generating a read
enable signal, and a write initiate circuit responsive to the second time reference and a

write signal for generating a write enable signal independent of the read enable signal for



wite signal for generating a wite enable signa

i ndependent of the read enable signal for 5 providing
i ndependent, de-coupled wite access to a nenory
array. In one enbodi nent, the nenory access contro
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val i d address val ues. Theg control signals may include
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signal and independently read stored data from the memory array in response to the read
enable signal. The core circuit may include a read/write circuit for independently
writing the supplied data to the memory array and independently reading the stored data
from the memory array. The read/write circuit may include a latch buffer configured to
store the read data. The read/write circuit may forward the data stored in the latch buffer
to a destination register. The first time reference may be generated from an early clock
signal. The second time reference may be generated from a system clock signal. The
transition of the early clock signal may enable the read initiate circuit to generate the

read enable signal. The first rising edge of the early clock signal may enable the read



transition of the early clock signal may enabl e the
read initiate circuit to generate the read enable
signal. The first rising edge of the early clock
signal may enable the read 6 initiate circuit to
generate the read enable signal. The transition of the
system clock signal nmay gnable the wite initiate
circuit to generate the wite enable signal. The first
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responsive to the system clock signal. The read delay circuit may be configured to delay
the system clock signal by a predetermined amount of time to delay the read initiate
circuit from generating the read enable circuit by a predetermined amount of time. The
second time reference may be generated by a write delay circuit connected to a system
clock. The write delay circuit may be configured to delay the system clock signal by a
predetermined time to delay the write enable circuit from generating the write enable
signal. The write initiate circuit may include a gating circuit configured to pass the write

enable signal generated by the write initiate circuit to the core circuit when the write



predetermned tine to delay the wite enable circuit
fromgenerating the wite enable signal. The wite
initiate circuit may include a gating circuit
configured to pass the wite enable signal generated
by the wite initiate circuit to the core circuit when
the wite 7 signal and the second tinme reference are
received. The read initiate circuit may include a
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signals, generating a read enable signal to access a memory array in response to the
first time reference and a read signal, and generating a write enable signal independent
of the read enable signal in response to the second time reference and a write signal to

provide independent, de-coupled write access to the memory array.

BRIEF DESCRIPTION OF THE DRAWINGS
Other objects, features and advantages will occur to those skilled in the art from
the following description of a preferred embodiment and the accompanying drawings, in
which:

Fig. 1is a timing diagram of a prior memory access system;



the follow ng description of a preferred enbodi nent
and the acconpanying drawi ngs, in which: Fig. 1is a
timng diagramof a prior nenory access system 8
Fig. 2 is a schematic bl ock diagram show ng the
primary conponents of one enbodi nent of the de-coupl ed
menory access systemof fghis invention; Fig. 3 is a
nore detail ed schematic bl ock diagram of the core
T ouit N : . Ei : :
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circuit showm jn Fig. 2;: Fig. 5 is.a.timng diagram of

embodigent pf ¢ (@BEEEWH%VYQE@gggﬂgV N6 9n Fig. 2;
Fig. 6 is a schematic bl ock dj agram of anot her .
eRigodlisrremoresietailpdschemetin Plogidiagpmppfiheeqre ECual ShOWIRD
this invention; Fig. 7 is a timng diagramof the

Fig. 2;de- coupl ed nenory access system shown in Fig. 6; Fig.
8 is a schematic bl ock di agram of another exanpl e of
t ﬁ? A% LOUR! R i1 MEIRMYtiEBISEIS diafiift S th®@MefnbiyPaccess control
invention; Fig. 9 is a timng diagramof the

. . de-coupled,menory access systemshown in Fig. 8; Fig.

mﬂmﬂfﬁmwg Bchermti ¢ bl ock di agram of yet another exanpl e
of the de-coupl ed nory access system of  thi .
" g5 ahvming dpgram of Ge dexcpHlFg mamaly aEke s AYsiqE shown in
de- coupl ed nmenory access system shown in

Fig. 2;

Fig. 6 is a schematic block diagram of another embodiment of the de-coupled
memory access system of this invention;

Fig. 7 is a timing diagram of the de-coupled memory access system shown in
Fig. 6;

Fig. 8 is a schematic block diagram of another example of the de-coupled
memory access system of this invention;

Fig. 9 is a timing diagram of the de-coupled memory access system shown in
Fig. §;

Fig. 10 is a schematic block diagram of yet another example of the de-coupled
memory access system of this invention;

Fig. 11 is a timing diagram of the de-coupled memory access system shown in
Fig. 10; and

Fig. 12 is a block diagram showing the primary steps of de-coupled read and

write access method of this invention.



Fig. 10; and Fig. 12 is a bl ock diagram show ng the
primary steps of de-coupled read and wite access

met hod of this invention. 9 D SCLOSURE OF THE
PREFERRED EMBODI MENT Aside fromthe preferred

enbodi nent or enbodi nents di scl osed below, this
invention is capable of @ther enbodi nents and of being
practiced or being carried out in various ways. Thus,
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The read access time, indicated by arrow 20, is the amount of time from the initiation

of the read signal, indicated at 16, to when the data values pointed to by the read .
address have been completely propagated out of memory, indicated at 18. The write
operation begins after the write signal, also indicated at 16, is generated and write
enable signal 22 is generated (after valid supplied data, indicated at 26, is available),
as indicated by rising edge 23, and is completed by falling edge 24 of write enable
signal 22. Moreover, although valid address and control information is available,
indicated at 34, this information is not used until more than a half cycle later, e.g.,
rising edge 10 of system clock signal 12.

The memory cycle of this prior art memory access system is limited to the

cycle period, indicated by arrow 32, of a single period of system clock signal 12.



i ndicated at 34, this information is not used until
nore than a half cycle later, e.g., rising edge 10 of
system cl ock signal 12. The nenory cycle of this prior
art nmenory access systemis limted to the cycle
period, indicated by arrow 32, of a single period of
system cl ock signal 12. 1@ Hence, both the read and
wite operations nust conplete before the next rising
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contrast, de-coupled nenory access system 50, Fig. 2
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circuit 52 configured to receive first and second

operatiPA 8OBRAGB WS opHidi£d tine references, such as early
clock signal 56 on |ine 58 and system cl ock signal 62
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signal 62 on line 60 and a wite signal also derived
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write signal also derived from control signals on line 74 and is configured to generate
write enable signal 69 on line 70 to provide independent, de-coupled write access to
memory array 68.

By utilizing separate independent time references for the write operation and
read operations, e.g., early clock signal 56 and system clock signal 60, the write and
read operations are completely independent and de-coupled from each other hence
providing the ability to start the read operation well before the write operation which
results in an increase in the time allowed for a read access. Increasing the time
allowed for a read access provides system 50 with the ability to utilize more dense
memory, slower memory, or equivalently, eliminating the need to partition the

memory into smaller blocks.



providing the ability to start the read operation well
before the wite operation which results in an
increase in the tinme allowed for a read access.
Increasing the tine allowed for a read access

provi des system50 with the ability to utilize nore
dense nmenory, slower nendry, or equivalently,
elimnating the need to partition the nmenory into
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generate wite enable signal 69 in response to system
to enableoetitednitjntelcir6@it 5¥topeneraic vakscrpbiw signal 69 iwiasporse tal so
receives valid address values on line 76 which

syster RRfek fsignmf&. i@fbryaoEss ToaFollcirchie 52 aRe rédedros MeR® hddress
array 68 and the exact address to be witten to
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line 82 to menory array 68 in response to wite

e it eirasit9-s responsine torerdhaablesigngl oo line 66.cwritgenable

fromnmenory array 68 in response to read enable
signalsdsrelineS7D, afdbvalidcaddesss valtids ombhe/d®and sadnfiguredtoci r cui t

86, shown in greater detail in Fig. 3, configured to
indepbiRRE RHRNUpYLI 8dt8 of WAL BR e6iniRody Ay 68 MGedhdnbdto write

menory array 68 on line 88 and independently read
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forwards the data to destination register 94 on |ine
show @ gieater detail in Fig. 3, configured to independently write supplied data on

line 82 to memory array 68 on line 88 and independently read stored data from
memory array 68 on line 90. In one design, read/write circuit 86 may include latch
buffer 92 configured to capture read data from memory array 68 on line 90.
Latch/buffer 92 holds and forwards the data to destination register 94 on line 96 after
the propagation delay time, indicated at 98, associated with time-of-flight wire delay
and setting the value in destination register 90. Core circuit 80 also includes address
decoder circuit 98 which decodes the valid address values on line 76 and indexes into
the proper location in memory array 68.

Memory access control circuit 52, Fig. 4, where like parts have been given like

numbers, includes detection circuit 100 responsive to control signals on line 74, valid



t he propagation delay tine, indicated at 98,
associated with tinme-of-flight wire delay and setting
the value in destination register 90. Core circuit 80
al so includes address decoder circuit 98 which
decodes the valid address values on line 76 and

i ndexes into the proper 12ocation in nmenory array 68.
Menory access control circuit 52, Fig. 4, where |ike
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Simlarly, read initiate circuit 54 includes gating
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Fig. 5 shows an example timing diagram for the operation of de-coupled
memory access system 50, Fig 2. In this example, a transition of early clock signal 56,
Fig. 5, such as first rising edge 200, enables read initiate circuit 54 to generate read
enable signal 64, indicated by rising edge 204. A transition of system clock signal 62,
such as first rising edge 212, enables write initiate circuit 58 to generate write enable
signal 69, indicated by rising edge 216. First rising edge 212 of system clock signal
62 is timed such that it begins after supplied data 213 is valid, indicated at 214. First
rising edge 200 of early clock 56 is also timed such that it begins as soon as valid
address and control information is available, as indicated at 218.

Because separate independent first and second time references, €.g., early



enabl e signal 64, indicated by rising edge 204. A
transition of systemclock signal 62, such as first
rising edge 212, enables wite initiate circuit 58 to
generate wite enable signal 69, indicated by rising
edge 216. First rising edge 212 of system cl ock signa
62 is tinmed such that it 1pegins after supplied data
213 is valid, indicated at 214. First rising edge 200
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early 13 «clock signal 56 and system clock signal 62,
signals); thewsastionerationiis derceupledangindenenient frpm theawrite opergiien
signal 64 and wite enable signal 69 (in conjunction
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i s de-coupled and i ndependent fromthe wite operation
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220, the increased read access tine extends beyond
read at¢ess tiystestends begond ¢he system doskcperiod, mdicated at 25,1 fisst

ri sing edge 200 early clock signal 56, thus providing
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. .indicated by rising edge 204, b? ins shortly after
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i ndi cated at 218, instead of waiting nore than half
initiatiopodfeeddegnable signal 64;nadicated beriging odge?4, heging shoxdyaftes

syst em descri bed
the address and control information is available, indicated at 218, instead of waiting

more than half cycle later, as found in the prior art memory access system described
above. Longer access time is provided with system 50 because early read
initialization allows the propagation delay to be hidden.

Although in the design above, early clock signal 56 is used to generate the first
independent time reference to enable read initiate 54 circuit to generate read enable
signal 64 and system clock signal 62 is used to generate the second independent time
reference to enable write initiate circuit 58 to generate write enable signal 69, this is
not a necessary limitation of this invention, as any transition of early clock signal 56,

system clock signal 62, or any combination thereof may be used to generate the first



above. Longer access tine is provided with system 50

because early read initialization allows the
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de- coupl ed nenory access systemb50', Fig. 6. In this
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circuit 58 to ) .
enable signal 64, indicated by rising edge 204. A different transition of system clock

signal 62, such as first rising edge 252 is used to enable write initiate circuit 58 to
generate write enable signal 69, indicated at 216. Ideally, furst falling edge 250 of
system clock signal 62 is delayed such that valid address values and control
information, indicated at 218, are available before the initiation of read and write
operations. First rising edge 252 of system clock signal 62 is also timed such that it
begins after supplied data 213 is valid, indicated at 214 before enabling write initiate
circuit 58 to generate write enable signal 69, indicated at 216.

De-coupled memory access system 50", Fig. 8, where like parts have been
given like numbers, utilizes a transition of early clock signal 56 on line 58 to enable

read initiate circuit 54 to generate read enable signal 64 on line 66 when control



generate wite enable signal 69, indicated at 216.
Ideally, first falling edge 250 of system cl ock
signal 62 is delayed such that valid address val ues
and control information, indicated at 218, are
avai |l abl e before the initiation of read and wite
operations. First risingigdge 252 of system clock
signal 62 is also tined such t hat |t beglns after
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nal 57 on line 60 to delay wite initiate circuit
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by that predeterm ned amount of tinme. In this design,
transitibe of alegolyrodiektsignabs T alepdribad irefuthepdatait bdowr el i es on a
transition of the early clock signal 56 while the
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initiate circuit 58 to generate write enable signal 69, indicated at 216. In this example,

the first and second independent de-coupled time references are generated from early
signal 56 and a delayed early ;:lock signal.

De-coupled memory access system 50", Fig. 10, where like parts have been
given like numbers, includes read delay circuit 400 responsive to system clock signal
62 on line 60 which is configured to delay system clock signal 60 by a predetermined
amount of time, e.g., 0.5 ns, and output delayed system clock signal 63 on line 406 to
delay generation of read enable signal 64 by read initiate circuit 54 by the
predetermined amount of time. Write delay circuit 420 is responsive to system clock

signal 62 on line 406 and is configured to delay system clock signal 62 by a
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generated fromearly signal 56 and a del ayed early

cl ock signal. De-coupled nenory access system 50"",
Fig. 10, where |like partgehave been given |ike
nunbers, includes read delay circuit 400 responsive to
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operation of de-coupled nenory access system 50"
as firsEFQling & gel 430513 @¥ex torentblg realilinitiateasiruitishao pardrate beade
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edge 432 is used to enable wite initiate circuit 58
t Althongh ag showmiin Figsns o1, 8, sidyhkvadoys trangitions efisystenpalock

signal 62, early clock signal 56, delayed system clock signal 62, and delayed early
clock signal 56 are used to generate the first and second time references which enable
read initiate circuit 54 to generate read enable signal 64 and write initiate circuit 58 to
generate write enable signal 69, this is not a necessary limitation of this invention, as
any combination of transitions of system clock signal 62, early clock signal 56,
delayed system clock signal 62 and delayed early clock signal 56 may be used to
generate the first and second time references to provide independent, de-coupled read
and write accesses to memory array 68 to effectively increase the read access time of
de-coupled memory access system 50, provided the address, control and data set-up

allow it.
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following claims:

What is claimed is:



enbodi nents di sclosed in the subject application are
not to be taken as the only possible enbodi nents.

O her enbodi ments will occur to those skilled in the
art and are within the follow ng clainms: Wuat is
claimed is: 18 1. A de-coupled nenory access system
conprising: a nenory access control circuit configured
to generate first and second independent, de-coupled
time references, said nenory access control circuit
including: a read initiate circuit responsive to said
first time reference and a pgead signal for generating
a read enable signal, and a wite initiate circuit
responsive to said second tine reference and a wite
si gnal  fAge-8608EPhbh@rPadebs %s@élﬁ*ébmpﬁéiﬁ al o

i ndependent of said read enable signal for providing

i ndependent , {QemOHPAREsEdRI SRLRTENAdurad %Q{;Ghéifate first and
array to independently generate the read enabl e signa

secord ih&pdinbent, He-chbliifedMiht fefeRNBEd, BaRl BEMbryldEcber-EM@BECircuit
the time allowed for a read access in each cycle, in

incliMigh there is a single read enable signal or a
single wite enable signal in each cycle. 2. The

system of clai m 1 4 pawtitdie Stk rEBBNsK A6 €418 First @Rfer O
circuit is responsive to control signals and valid

addeRpencbHndesread sighBSobysicraingfa ebadiefbRe isiynuhiafé sai d
control signals include said read signal and said

wite signal. 4. Thgrig)sitise RtuitleaptRstiel th sl Bomdiifle

val i d address val ues specify the
reference and a write signal for generating a write enable signal independent of said
read enable signal for providing independent, de-coupled write access to a memory
array to independently generate the read enable signal in relation to the write

enable signal to increase the time allowed for a read access in each cycle, in which

there is a single read enable signal or a single write enable signal in each cycle.

2. The system of claim 1 in which said memory access control circuit is

responsive to control signals and valid address values.

3. The system of claim 2 in which said control signals include said read signal

and said write signal.

4. The system of claim 2 in which said valid address values specify the
locations of data to be read from said memory array and the locations of data to be written

to said memory array.



| ocations of data to be read fromsaid nenory array
and the locations of data to be witten to said
menory array. 19 5. The systemof claim4 in which
said nenory access control circuit further includes a
detection circuit responsive to said control signal,
said valid address values and said first tine
reference, said detector circuit configured to detect
said read signal and said wite signal fromsaid
control signals. 6. The systemof claim5 in which
said detection circuit inclugdes an address | atching
circuit configured to detect and capture said valid
address values. 7. The systemof claim5 in which said

detgect | QheGyster &f didihl 448 Qhich seiineflory hdte€O1btMiirat biksuiti t
configured to detect and capture at |east one of said

furtrf‘e?mcfdales 2l SN cicuit TBSHonERbEF Sl cBhtPdl BlgAal, YaitiNalid address
Including a core circuit responsive to said read

valuB9ahd aidifigd dime reftirshcel §4i@ defealdk eirslittdafiguradeh gatbet said read
val1d address values, said core circuit configured to

signalsiRPSNEIRAtd %ﬁ/él frb@ s%woé&ritr@dsngl@en@ to said menory array
In response 0 said wite enable signal and

i ndependently read stored data from said nenory array
in response to said read enable signal. 9. The system

of gl ai M dyBtehbicdlaimad i vAEHEsdid Bistatfion diicliff Ricludes b @@8ress
a read/wite «circuit for independently witing said
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reading said stored data fromsaid nenory array. 10.
The systemof claim9 in which said read/wite circuit
further includes a latch buffer configured to store

saig r eaﬁ&s%%m 8k laih1s in WP ¥5id aBleefiorCéiRUminkfudeB a control

which said read/wite circuit forwards the data
latching circuit configured to detect and capture at least one of said control signals.

8. The system of claim 2 further including a core circuit responsive to said
read enable signal, said write enable signal, and said valid address values, said core
circuit configured to independently write supplied data to said memory array in response
to said write enable signal and independently read stored data from said memory array in

response to said read enable signal.

9. The system of claim 8 in which said core circuit further includes a read/write
circuit for independently writing said supplied data to said memory array and independently

reading said stored data from said memory array.

10. The system of claim 9 in which said read/write circuit further includes a latch

buffer configured to store said read data.



stored in said latch buffer to a destination register.
12. The systemof claim8 in which said wite initiate
circuit includes a gating circuit configured to pass
said wite enable signal generated by said wite
initiate circuit to said core circuit when said wite
signal and said second tine reference are received.

13. The systemof claim8 in which said read initiate
circuit includes a gating circuit configured to pass
said read enabl e signal generated by said read
initiate circuit to said cage circuit when said read
signal and said first time reference are received. 14.
The systemof claim1 in which said first tine

ref@ar encggl si/s@ﬁn&r@émo .ﬁ WARBhasi R bMvred éiFdﬁlt%rWé?ds the data
15. The systemof claim 14 in which a transition of

storS@IntsfPlaloh tilREts Shdktbtiontiaghteps said read initiate
circurt to generate said read enable signal. 16. The
systemof claim15 in which a first rising edge of
said early clock signal enables said read initiate

cirgui t R LR &aima f Wrﬁ&gsﬁ@%{eﬂnﬁéﬁ%wt ﬂaZlud&_QQ gating

systemof cllaim 1l in which said second tine reference

C|rCU|§cc9ﬁ§]§rre?tt§ ?asg EQMWAteSEbRIRIG P §KnsTh@ady- sa%]wrltéﬁ;mtla-@ Qircuit to

syste aim1l7 in which a transition of said

said¥ord B Hh SiDRAk SHRPLSPsS@EcoMditint lofdrbh@t éj‘g rec_:l_eﬁved

circuit to generate said wite enable signal.
systemof claim18 in which a first rising edge of
said systemclock enables said wite initiate circuit

of f glemﬁﬂeesy%@rﬁj?c 14itr€s % dﬂ@%rﬁsaﬁd%mltlg@ cw&hﬁ?lnémaé§g‘gatmg

rst time reference and said
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nal . e systemof "claiml1l'in

said éJréEiréJlﬂM%ﬁéa%‘re%ﬁ s?bn%ly%deéﬁﬁhn%f:{?mé'rﬁﬂ@nce are recelved.

14, The system of claim 1in which said first time reference is generated

from an early clock signal.

15. The system of claim 14 in which a transition of said early clock signal

enables said read initiate circuit to generate said read enable signal.

16. The system of claim 15 in which a first rising edge of said early clock signal

enables said read initiate circuit to generate said read enable signal.

17. The system of claim 1 in which said second time reference is generated

from a system clock signal.



enables said read initiate circuit to generate said
read enable signal. 22. The systemof claim2l in
which the first falling edge of said system cl ock
enables said read initiate circuit to generate said
read enabl e signal. 23. The systemof claim?21 in

whi ch a second transition of said systemclock signa
enables said read initiate circuit to generate said
read enabl e signal. 24. The systemof claim23 in
which a first rising edge of said system cl ock
enables said read initiate oijrcuit to generate said
read enabl e signal. 25. The systemof claiml in which
said first time reference is generated by a read
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rea initrate circuit fromgeneratlng said
read enabl e signal by an anmount of tinme. 26. The
system of claim25 in which said second tinme reference
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sald wite enable cirCuit fromgenerating said wite
enabl e signal by said time. 27. A de-coupled read and
wite nenory access nethod, the nethod conprising the
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Si gna S a nenory access control circuit;
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CUI to access a nmenory array in response
to said flrst time reference and a read
initialization signal; and

21. The system of claim 1 in which a first transition of a system clock signal

enables said read initiate circuit to generate said read enable signal.

22.  The system of claim 21 in which the first falling edge of said system clock

enables said read initiate circuit to generate said read enable signal.

23. The system of claim 21 in which a second transition of said system clock

signal enables said read initiate circuit to generate said read enable signal.

24.  The system of claim 23 in which a first rising edge of said system clock

enables said read initiate circuit to generate said read enable signal.

25. The system of claim 1 in which said first time reference is generated by a
read delay circuit responsive to a system clock signal, said read delay circuit being

configured to delay said system clock signal by an amount of time to delay said read



generating a wite enable signal froma nmenory access
control circuit, independent of said read enable
signal in response to said second tine reference and
a wite signal to provide independent, de-coupled
wite access to said nmenory array to independently
generate the read enable signal in relation to the
wite enable signal to increase the tine allowed for
a read access in each cycle, in which there is a
single read enable signal or a single wite enable
signal in each cycle. 22

initiate circuit from generating said read enable signal by an amount of time.

26.  The system of claim 25 in which said second time reference is generated by
a write delay circuit connected to a system clock, said write delay being configured to delay
said system clock signal by a time to delay said write enable circuit from generating said

write enable signal by said time.

27. A de-coupled read and write memory access method, the method

comprising the steps of:

providing first and second time reference signals from a memory
access control circuit;

generating a read enable signal from the memory access control
circuit to access a memory array in response to said first time reference and a read
initialization signal; and

generating a write enable signal from a memory access control
circuit, independent of said read enable signal in response to said second time reference
and a write signal to provide independent, de-coupled write access to said memory
array to independently generate the read enable signal in relation to the write enable signal
to increase the time allowed for a read access in each cycle, in which there is a single read

enable signal or a single write enable signal in each cycle.



