DE- COUPLED MEMORY ACCESS SYSTEM AND METHOD FI ELD OF
I NVENTI ON This invention relates generally to nenory

waecwess153yst ens and nore particularly to a de-OUpbmds/010616

menory access system and net hod. BACKGROUND OF

I NVENTI ON Menory access systens, such as an enbedded
menory systemin a proce$sor core, e.g., an ARM all ow
a processor to read data fromnmenory and wite data to
menory. The read access tinme of the core processor
includes the tinme to read the data fromnenory, a
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associated with transferring the read data out of
menory to a destination register. The wite access
time includes tinme for the core processor to wite
data to the menoBIEEROE BRVENGKINation tine to
transfer the wite data fromthe processor to the

NEP ¥ entionteats lgknerlBy 18 nidniaey acesexysioms dnd motepatticladrly
froma given nenory than to wite data to nenory

r |t ' GRBifoasetting the maxi mum
toadefc‘r%gl Sé%dg?a%%%rég%naﬁ or ttglé system Conventi onal
menory access systens are typically limted to one
operation per cycle, e.g., aread or a wite, and
require that the operations conplete within a single
cycle of the BAGKGROUMNY OFRVENTIN eng rely on
starting the read and wite operations at the sane
r Megiory sccatsuystetrsnsich as aip bmtiydded ngemory Ispstetndn A grasdgfor
of the systemclock. In such a design the read access

core, d .8 ARM nfisw! roB3sBbr T8 el dagkir6ni Ghén@grand uritadataes ul t
IS the read access tine is limted to the single -

memo%}f theergeg& Q&K sCHhL 6 ¥RIcER 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.



constrains the size and the access tine of the nenory

bei ng used or the speed of the systemclock. This
w@bdoens4rsequi res the nenory to be partitioned i PEDUS2005/010616

smal ler, faster nmenory blocks (e.g., |ess dense

menory). Prior menory access systens and net hods

attenpt to solve the proldl ens associ ated with | onger

read access tinme in several ways. One is to sinply
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conplete. This allows the systemclock to run faster
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operation. In this design, the delay wite operation
memorybldelisdyd lensidensenempdad operation is conplete which
is often referred to as a "delayed wite" design.
SPrisEmtMerysaceéssmystems tnd inethods attenptgd solsy siegprolliems k
and t he back-to-back operation nust conplete within
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singl e system cl ock. Another drawback of conventiona
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is required dovvnstreamf mthe menmory. The result is
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fromthat starting the access (potentially inpactin
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menory access systens are a single

write operation. In this design, the delay write operation is delayed until the read

operation is complete which is often referred to as a “delayed write” design. Since the
system is utilizing a single system clock and the back-to-back operation must
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



system cl ock, a control signal which contains

i nformati on whether the data is to be read or witten,
wanwewalse@ address val ues which specify the exB€r/US2005/010616

addresses to be reador witten during the respective

read or wite operations. The nenory read and wite

operations usually initi&te with, or with timng

derived from the sane system cl ock edge associ at ed
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SUVWARY OF THE INVENTION It is therefore an object of

starting Hiesreachopanatiamrbefare phespistem elack sipeealief thelaecesinpy ed

menory access systemand nethod. It is a further
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access system and net hod which can utilize nore dense
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provi de suc nmenory access systemand net hod ich
can utilize slower nenory. It is a further object of
this invention to provide such a nenory access system
and met hod whi ch eIirrinateﬁ t he gfgi to partition the
menory into : urther object of
this invention to provide such a nenory access system
altds thetefwe ambbjedt of this inabitionrie gravifelsnymprayedalsecpupled
circuit area. It is a further object of this invention

memotyPadlEs eydlén Sk hethodENOr y access system and net hod

whi ch can optim ze performance by providing
| RIEPRRBENSbject 61 HRUBY&Hion to provide such a memory access system

and method which can utilize more dense memory.

It is a further object of this invention to provide such a memory access system

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



time references for the read and wite operations to

fine tune the start tinme of the read operation and the
WwWOowRibe413peEr at i on t hereby increasing the tine aPCDUR05/010616

for a read access. It is a further object of this

i nvention to provide such a nenory access systenmand

met hod in which the read4operation can hegin before

the wite operation based on independent tine
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to provide suc nmenory access system and net hod
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ndepeg CORSTRE%t he same time. It is a further object of
this invention to provide such a nenory access S f,tem
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access. It is a further object of this invention to

and methairvbieh sliminates rismmey tastart e readsandrwrita dperationsat thigisame
del ays the wite operation relative to the read

time. operation by using de coupled tine references. The
invention results fromthe realization that a truly
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can be achieve provi I ndependent, “de coupl ed
first_apd second f.ine. references, generating a read
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first time reference and a read initialization signal,
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the second tinme reference i ndependent of the read
and me&thedhichidglgs the evrite opdrationi raldtpetodbatead dperationdyeusingeded
and wite access to a nenory array. This invention
coupleﬁ%ﬁﬁé%efe‘fe&eﬁe' coupl ed nmenory access systemincluding a

The invention results from the realization that a truly innovative de-coupled
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



menory access control circuit configured to generate
first and second i ndependent, de-coupled tine

WO edoenersees. The menory access control circui tPCHUR200%610616
aread initiate circuit responsive to said first tine
reference and a read signal for generating a read
enable signal, and a witse initiate circuit responsive
to the second time reference and a mwite signal for
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responsi ve to control signal s and valid address
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signal and the wite signal. The valid address val ues
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menory array and the locations for data to be witten
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circuitqugytheroonfigured tol datech themensksignal anssthe write signab omghe control
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The core circuit may include a read/wite circuit for
signalj anddlevadidradtsess values. The core circuit may be configured to

independently write supplied data to the memory array in response to the write enable
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



witing the supplied data to the nenory array and

i ndependently reading the stored data fromthe nenory
w@eeap415The read/ wite circuit may include a |BCTNS2005/010616

buffer configured to store the read data. The

read/wite circuit may forward the data stored in the

|atch buffer to a destinaion register. The first tine

reference may be generated froman early clock signal.
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early clock signal by a predeterm ned anmount of tjne
configupeddedelpy theecavly ictogk isignalibytagredetesmined mmeyntritineio dslpy

the wite enable circuit by the predeterm ned '
the write initiate circuit from generating the write enable circuit by the predetermined
amount of time. The first time reference may be generated by a read delay circuit
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



amount of tinme. The first tinme reference may be

generated by a read delay circuit responsive to the
way®bemsed ock signal. The read delay circuit negI/b82005/010616

configured to delay the system cl ock signal by a

predeterm ned anmount of time to delay the read

initiate circuit fromgergerating the read enabl e
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This invention further features a de-coupled read and
methagk theanethebingludingdbe steps of providing first and second time reference

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



met hod, the nethod including the steps of providing
first and second tinme reference signals, generating a
w0 edoersabl e signal to access a nenory array iPCT/US2005/010616
response to the first time reference and a read
signal, and generating a wite enable signa
i ndependent of the read @nable signal in response to
the second tine reference and a wite signal to

OV, : - .
ot DS RR R R i R S B b e TR e
objects, features and advantages M.l occur to those
embodgppqlqogghq -%%Bfegmefﬁ%?ﬁcﬁf?éyf ocfﬁnﬁ JVEM i ption of a
preferred enbodi nent and the acconpanyi ng draw ngs, in
wWhigchis amngre detailed schematinblogk digetam Qffthecqse pissuitshgiynyn
access systemFig. 2 is a schematic bl ock di agram
Fig. 2;showi ng the primary conponents of one enbodi ment of
t he de-coupl ed nenory access systemof this invention;
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core circuit shown in Fig. 2; Fig. 4 is a nore

. 'tdﬁt ai L elgi sghemati ¢ bl ock di agram of the menory access
creult SERYP- 81 & f>cuit shown in Fig. 2; Fig. 5is a timng
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anot her enbodi nent of the de-coupl ed nmenory access
Fig.2;system of this invention; Fig. 7 is a timng diagram
of the de-coupled nenory access system shown in
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. 6; Fig. 8 is a schematic bl ock diagram of anot her
exanpl e of the de-coupled menmory access systemof this
WO pwendisen; Fig. 9 is a timng diagram of the PCT/US2005/010616
de- coupl ed nmenory access system shown in Fig. 8; Fig.
10 is a schematic bl ock diagramof yet another exanple

of the de-coupl ed nenoryogaccess systemof this
invention; Fig. 11 is a timng diagramof the

de o0, DS GRRDORTERREMIIREDIIMODIMER S 10; and
g. 1 ry steps

Wi
of de-coupled_read and. wite access t hod Qqf . thi
A DB B SE R I PR BRRED NS RONT B e
] fromthe preferred enbodi nent or enbodi ments disc| osed
inventivalipeapableiof other embaodiments ardipfheing nyactised eF beigEFhat &
and of being practiced or being carried out in various
variouivugs. THugsit isitd be andepstbed thaidhe siventibrt i adt lithited invtent i on
isnot limted inits application to the details of
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ri sing edge 10 of system
same transition of a single system clock. For example, Fig. 1 shows a timing diagram

of a typical prior art memory access system in which first rising edge 10 of system
clock signal 12 enables the initiation of both the read and write signals, indicated at
16, after valid address values and control information, indicated at 34, are available.
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.



clock signal 12 enables the initiation of both the

read and wite signals, indicated at 16, after valid
w@dwsess2val ues and control information, indi cBCBEUSAEDS/010616

34, are avail able. The read access tine, indicated by

arrow 20, is the anount of tinme fromthe initiation of

the read signal, indicatgg at 16, to when the data

val ues pointed to by the read address have been
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de- coupl ed nmenpry access system 50, Fig. 2 of this
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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.



system cl ock signal 62 on line 60. In this design,
read initiate circuit 54 is responsive to the first

WO pove/0ssber ence, e.g., early clock signal 56, BeMUS2005/010616
read signal derived fromcontrol signals on |line 74
and is configured to generate read enabl e signal 64 on
line 66. Wite initiate dilrcuit 58 is responsive to
system clock signal 62 on line 60 and a wite signal
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shown in greater 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



and the exact address to be witten to nenory array

68. Core circuit 80 is responsive to read enabl e
wG@eak1seel on |ine 66, wite enable signal 69 PCI/UEI965/010616

70, and valid address values on line 78 and is

configured to i ndependently wite supplied data on
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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, e.g., early



on line 74 and passes a read signal on line 120 to

read initiate circuit 54 and a wite signal on line
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circuit 58 typically includes gating logic 130 (e.qg.,

an AND gate) configured to pass wite enable signal 69

on line 70 (generated byiswrite initiate circuit 58) to

core circuit 80 when both a wite signal on line 122
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initiation of read enable signal 64, indicated by rising edge 204, begins shortly after
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
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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
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system 50', Fig. 6, where |like parts have been given
i ke nunbers, utilizes different transitions of system
clock signal 62 to genergke the first and second
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write enable signal 69, indicated at 216. . .
initiate circuit 54 to generategread enable signal 64 as ?nd?catedl by rising edge 204. A

transition of delayed early clock signal 57, such as first rising edge 306, enables write
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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Although as shown in Figs. 5, 7, 9, and 11, various transitions of system clock
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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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Other embodiments will occur to those skilled in the art and are within the
following claims:

What is claimed is:
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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.

5. The system of claim 4 in which said memory access control circuit



following clainms: What is clainmed is:1. A de-coupled
menory access system conprising: a nmenory access

w@omvbnels2ci rcuit configured to generate first BEMUS2005/010616

second i ndependent, de-coupled tinme references, said
menory access control circuit including: a read
initiate circuit responsilge to said first tine
reference and a read signal for generating a read
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control signals include said read signal and said
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of claim4 in which said nenory access contro
circuitfurther includes a detection circuit responsive
to said control signal, said valid address val ues and
sdid f Thesystamef ¢laife? Enwhich said detaetioncitshit icfusgs @ control
configured to detect said read

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.



signal and said wite signal fromsaid control

signals. 6. The systemof claim5 in which said
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configured to detect and capture said valid address

values. 7. The systemof claim5 in which said

detection circuit includge a control latching circuit

configured to detect and capture at | east one of said
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i ncluding "a core circuit responsive to said read
wite nabl e signal, and said
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i ndependently wite supplied data to said nenory array

in response to said wite enable signal and

i ndependently read stored data fromsaid nenory array
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of claim8 in which said core circuit further includes

from A dafl ?@fo\ekgfgﬁalm rcuit for independently witing said
supplied data to said nenory array and independently

readi ng said stored data fromsaid nenory array. 10.
The system of cl aim9 in which said read/wite circuit
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read/vvrlte_C| rCU|t forwards the data stored in said
from 4 system dJodkrignal.o a destination register. 12. The system
of claiml1l in which said first tinme reference is
generated froman early clock signal. 13. The system
of claiml in which said second tine reference is
ggner atrgd sf<iMbLlHUST LT i SIe K trahtiH of said early clock signal

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

15.  The system of claim 14 in which the first rising edge of said early clock

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

16.  The system of claim 13 in which a transition of said system clock signal

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

17.  The system of claim 16 in which said first rising edge of said system

clock enables said write initiate circuit to generate said write enable signal.

18.  The system of claim 1 in which said first time reference and said second

time references are generated from a system clock signal.



14. The systemof claim 12 in which a transition of
said early clock signal enables said read initiate

W@Re06M04152¢ 0 generate said read enabl e signal. RGI/UTIN65/010616

systemof claim14 in which the first rising edge of
said early clock signal enables said read initiate
circuit to generate saidpread enable signal. 16. The
systemof claim13 in which a transition of said
system cl ock signal enables said wite initiate
circuit to generate said wite enable signal. 17. The

system_.of cl ai 6 in whi.ch said first rising edge, of
S o Sy wiet Shekite Lip U il fptioH of e v B ek 1
tobifnqrate.sajd wite enable sjgnal. 18. The system
signal etiablsis shighread initiske citeuid o genprafestaid iepdenablesigngbe and sai d
second tinme references are generated froma system
cl ock signal.19. The systemof claim1l in which a
first transition of said systemclock signal enables
sgp. d T eRdsysithl bRIGNCIV A WHicH Be GO ﬁﬂﬁﬂi@s(%@ loflsdi@ Sftem
enabl e signal. 20. The systemof claim1I9 in which the
first falling.. saj. d. ] l es said
clock b i e B e opRh R SHUF AL SBRAC 2 P2
signal. 21. The systemof claim 19 in which a second
transition of said systemclock signal enables said
read initiate circuit to generate said read enable
s2ynal Thesystemhef dgist ¥hinsthich aseged transitigniof Baid Rystam elogk
ri sing edge of said systemclock enables said read
signal eRdblldsahid 16Ad @itiate diftull egeneiate siid tad emableesigial.e si gnal .
23. The systemof claiml1l in which said first tine
reference is generated froman early clock signal and
said second tine reference is generated by a wite
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clock enables said read initiate circuit to generate said read enable signal.

23.  The system of claim 1 in which said first time reference is generated
from an early clock signal and said second time reference is generated by a write delay
circuit responsive to said early clock signal, said write delay circuit configured to delay
said early clock signal by a predetermined amount of time to delay said write initiate

circuit from generating said write enable signal by said predetermined amount of time.

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

said read initiate circuit from generating said read enable signal by a predetermined



said early clock signal by a predeterm ned anount of
time to delay said wite initiate circuit from
w@emenatseng said wite enable signal by said PCT/US2005/010616
predet erm ned anmount of time. 24. The systemof claim
1 in which said first tinme reference is generated by a
read delay circuit respopsive to said system cl ock
signal, said read delay circuit being configured to
said system cl ock signal by a predetermn ned
mnom%ﬁ%@%?‘of time to delay said read initiate circuit
fromgenerating said read enable signal by a
predet er m nedanount of tine. 25. The system of claim
24 in which said second tine reference i s generated %y
a25r i t Bheiwistem of claim 24 18 srhidicpilseenddinas wfrpnce i ggaerate
said wite delay being configured to delay said system
by a weiteddtaydignit boimectad o e shestear clbele said write delaylbding cardigtired to
wite enable circuit fromgenerating said wite enabl e

delay %F@%en‘pc}{o&@i&apﬁﬁg BioaEmintac fihB® delfy sakherityembsiecbuit

alrm8 in which saird wite initiate circuit includes
a_gating.cir.cui ' id wite enable
som pAlid il B LYY G R L P, °TG
said core circuit when said wite signal and said
second tinme reference are received. 27. The system of
claim8 in which said read initiate circuit includes a
g26.i ngThé systeim ofadaifi Gimehich spidwsite inHiate qiveHt inchidss a
signal generated by said read initiate circuit to said
gating@Rtait Configutdd topass saidivetite emeblessigmb permeraedsiay chid writstinitintee
reference are received. 28. A nenory access contro
circuittb rs%ﬂ cbre' GERIPWREY S1id Rrife GERE knddafiiddond fikle feference are
predeterm ned cl ock cycle for defining an expanded
. menory access tinme which is | onger than said clock
rmw“%@cle, the menmory access control circuit conprising:

27.  The system of claim 8 in which said read initiate circuit includes a gating
circuit configured to pass said read enable signal generated by said read initiate circuit to

said core circuit when said read signal and said first time reference are received.

28. A memory access control circuit responsive to a clock signal with a
predetermined clock cycle for defining an expanded memory access time which is
longer than said clock cycle, the memory access control circuit comprising:

a read initiation circuit responsive to said memory access control
circuit for beginning the memory read enable signal within said memory access time but
in advance of the clock cycle that defines memory access; and

a write initiation circuit responsive to said memory access control



aread initiation circuit responsive to said nenory

access control circuit for beginning the nenory read
we@p@blel1ssd gnal within said nmenory access time BCI/UBI905/010616

advance of the clock cycle that defines nmenory access;

and a wite initiation circuit responsive to said

menory access controlcir@git for beginning the nenory

wite enable signal after said read enable signal and
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he steps of: providing first and second tine

Wlth“}%?qem@‘?ile"é’@? ﬁglfrbe generating a read enable signal to

access a menory array in response to said first tine
reference and a read initialization signal; and
generating a wite enabl e signal independent of said
read eradd-eouplegrredd dnd writs prEnsey baessanethsd dewiethbde
reference and a wite signal to provide independent,
compH&nE BRlepSlofr i te access to said nmenory array.

providing first and second time reference signals;

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

generating a write enable signal 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.



