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A7 Title of the Invention MEMORY SYSTEM AND DATA TRANSFER METHOD

-0001] 2. Field of the I'nvention The present invention relates an py.—
innovative operation and architecture for a DRAM system (a neréf%()ar“dby"b |
system constituted by DRAM. Mre gpecifically, the present

invention relates to an innovative operation and architec- ture for a qhﬁﬁi

system that, fuyl.l tilizes the high-band- w dth capability and enabl es
high:speedHﬁr§%é§§$ﬁz£ %ﬁe[gﬁﬂffl M Description of the Background Wth

DRAM an i nexpensi v ry systemhaving a | arge nenory cgapacity can be
constructed by usingEgﬁggk@% N AND DATA” TRANSFER METHOE/a

[0001]
2. Field of the Invention
The present invention ;elates to an innovative operation and
'arChitecture for a DRAM syStgm (a memory array system
constituted by DRAM); More specifically, the preseﬁt
invention relates to an innovative operation and architeé—
tu?elfor a DRAM system that fully utilizes the'high-band—

width capability and enables high_speed processing.

[0002]

- 3. Description §f the Background

" With DRAM, an inexpensive memory system having a large
memory capacity can be constructed by using an extremely
simple structure. DRAM is, therefore, the optimal selection
for a meméry device to be used in a computer system. The
transfer speed of IRAM (called the bandwidth, generally

represented as a product of a data Qidth'and a clock rate}
is slower than that. of SRAM, another memory dévice. The
bandwidfh of DRAM can not catch up with the enhancement of
a recent MPU speed, and becomes one of barriers to improve
the performance of a computer system. Conventionally,

various ideas have been provided to improve the bandwidth of



S|nple structure. DRAMis, therefore, the optimal selection for a menory
?device to be used in a conputer system The transfer speed of DRAM
(called the bandwi dth, generally represented as a product of a data width
and a clock rate) is slower than that, of SRAM another nenory device.
The bandw dth of DRAM can not catch up with the enhancenment of a recent
MPU speed, and becones one of barriers to inprove the performance of a

conputer system Conventionally, various ideas have been provided to
I nprove the_bandw dt h of 2 DRAM

[0003] ERBMYres are synchronous DRAM ( SDRAM and ranbus DRAM

[0003]

Examples are synchronous DRAM (SDRAM) and rambus DRAM_
(RDRAM), which adopt a system for reading/w;iting consecu-
tive address data in synchronizaf;ion with a high si:eed
clock. In a system that uses a high speed clock, theoreti-
cally, its inpuﬁ/output section can be opérated_at 100 to
250 MHi (SDRAM) or at 500 to 600 MHz (RDRAM), which is the
Qperational speed of the clock. However, an activatidn'and
precharge operation for a memory érray is required for a
memory array that is éonnected to the input/output section.
As a result, the bandwidth of the entire nwmorj system[
including the input/output section and the memory array, is
drastically reduced. ' For example, when a clock of 200 MHz
is employed for SDRAM and when data width is 16 bits (two
bytes), a specific value for the bandwidth can be 460 MB/s
(490 MB per second). However, if the activation and
prechérge operatioﬁ for the memory array is included, the
bandwidth is reduced to about one third, 146 MB/s. ' This is
due to the fact that two array activation and precharge

operations are required to read/write 4-bit concecutive



i(RDRANQ, whi ch adopt a system for reading/witing consecu- tive address
“data in synchronization with a high speed clock. In a systemthat uses a

hi gh speed clock, theoreti- «cally, its input/output section can be
operated at 100 to 250 MHz (SDRAM orp at 500 to 600 MHz (RDRAM, which is
the operational speed of the clock. wever, an activation and precharge

operation for a nenory array is required for a nenory array that is
connected to the input/output section. As a result, the bandw dth of the

entire me syst i ncl udi ng .t he inpuf/oytput, section and,the nenory
array. | OBhRashitch } yPPEIA0e FUHIPSILFR . Sond O | CRRLET 380 SRR | 3
enpl oyed for SDRAM and when data width is 16 bits (two bytesiu a specific
val ue f or foKe thastn apgra&iops -400The/ samesoh ey peans &Hnapp 1edFﬁ§EVer
if the activation and precharge operation for the nenory array is

i ncl uded, RDRRM.banBwiklidhi speeduceliotk @yawlie oo t500 dMHz4@avB/ sot Tiies i s

due to the fact that two array activation and precharge operations are

required ERpieYdOM bEBedtRive1§ONCERYt M actual operating speed is
reduced to 25% to 40%. For RDRAM, if a hit miss occurs, an

extremely long time (e.g., 140 ns) is required, and thé

bandwidth is drastically reduced.

[0004]

As is described above, the ﬁain factor related to the reduc-
tion of the bandwidth in a system is the time required for
the activation and precharge operation of the memory array.
In the above system, therefore, multiple banks (mémory array
blocks) are prepared, and the aétivation::and. precharge
operation.is performed for each bank, independently. The
activation and precharge operation for one bank is being
performed while another bank_is being accessed, so that the
period required for the agtivation and precharge operation
is hidden and the bandwidth is improved. A specific example
of such a system 1is the SyncLink system (NIKKEI
MICRODEVICES, Angust 1995, §.152). This system independent-

ly performs data reading and writing for a memory array that
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3 data, and a period equivalent to 22 clock cycles is spent for these
‘operations. The same thing can be applied for RDRAM A high speed clock
cycle of 500 MHz can not be enployed effectively, and the actual operating
speed is reduced to 25%to 40% For RDRAM if a hit m ss occurs, an
extrenely long tine (e.g., 140 ns) |s‘4eqU|red and the bandmndth S
drastically reduced. [0004] As is described above, the nmain factor
related to the reduc- tion of the bandwidth in a systep is the tine

required fordlvggegcln %tﬁ% t1p é”ban rge ﬁft thgg g;s em,n% é%_array

while a seamless operation is ensured when different banks.
are.sequentially accessed, a seamless operation can not be
pfovided when the same bank is accessed continuously. This
béing taken into account, the averaée data rate is éonsid—

erably reduced.

[0005]
To increase processing speed using the conventional methods,
it is always premised that different banks will be sequen-
tially accessed. This is because when a specific bank is
accessed and continues to be accessed thereafter, the
performance of the activation and precharge operation for
.memory cells in that bank is still required and this
processing can not be hidden. It is well known that data
accesses are not always performed alternately for the other
banks. Therefore, the above described method, which can be
ca;led an alternate bank access system, does not .provide an
effective resolution for the problem. In addition, the
provision of multiple banks adversely affect the installa-

tion and product inspection costs, which are not acceptable.
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dn the above system therefore, multiple banks (nmenory array blocks) are
prepared, and the activation and precharge operation is perfornmed for each
bank, independently. The activation and precharge operation for one bank
is being perfornmed while another bank is being accessed, so that the
period required for the activation and3precharge operation is hidden and
the bandwidth is inproved. A specific exanple of such a system is the
SyncLink system (N KKEI M CRODEVICES, August 1995, p.152). This system
independe?@- gy perforns data reading and witing for a nenory array that
4 s di PBQ into nultiple banks. Wth this system however, while a

seanl ess operation is ensured when different banks are sequentiall
accessed, T8 o¥gFcone dgie ssherteamingt ofe the method whereby multiple

banks are provided, the present inventors disclosed, in "A
Full bit Prefetch Architecture Fof Synéhronous DRAMsf (IEEE
JSSC, Vol. SC-30, No. 9, September 1995, pp. 998-~1005) and
in Japénese Unexamined Patent fublication No. Hei 07-
283849), a system whereby a local latch that is provided for
each set of_32 bit lines, of 256 bit lines connected to a
memory array, latches a total of eight data bits, and
whereby the eight local latches are connected to a local
buffer to perform a burst series transfer of data. This
reading mechanism is called a prefétch system, because the
data are fetched in advance to thé local latches. For data
reading from SDRAM, this system can satisfactorily.compen—
sate for a reduction in the bandwidth, and can provide a
seamless operation (provides a condition where there are no .
unnecessary clock cycles between data transfers). However,
with this system a seamless operation is not possible during

data writing.

[0007]

The present inventors disclosed, in "A Full Bit Prefetch



_provided when the same bank is accessed continuously. This being taken
+into account, the average data rate is consid- erably reduced. [ 0005]
To increase processing speed using the conventional nmethods, it is always
prem sed that different banks will be gequen- tially accessed. This is
because when a specific bank is accesSed and continues to be accessed
thereafter, the performance of the activation and precharge operation for
menory cells in that bank is still required and this processing can not

be hidden. It is well known thaf data -a seg are al s performed
al t er nat el DRAYr SemsiRcheFirghks. ¢ f%ggé'tﬁ@iabéggkﬂés§@¥beg’né%ﬁﬁa,
which can be called an alternate bank access system does not provide an
ef fective tembemt 1896 0rpphe 620115, a| coaddiguration nehexelyi ai dwldi
mul ti pl e banks adversely affect the installa- tion and product inspection
costs, whighrake oolreftehtdl €s latched by an I/O sense amplifier by
a single CAS access. With this configuration, the
precharging can start two clocks before the data burst cycle
begins. Since the precharging can be performed early,
during the burst reading of preceding ‘data, the subsequent’
RAS and CAS accesses can be performed. ‘When eight bits are
employed as a burst length, seamless reading can be per-

formed even though the same bank is accessed. With this

method, however, the seamless writing can not be ensured.

{00081

4. Objectives

It is therefore a first object of the present invention to
provide a DRAM system that, with respect to élock pulse
frequency, prevents substanfial reducﬁion of bandwidth.
Tpat'is, the object is td provide a memory system that
implements .bandwidth the equivalent of that for an in-

put/output circuit.

It is a second object of the present invention to provide a



5 [ 0006] To overcone the shortcom ng of the method whereby multiple
‘banks are provided, the present inventors disclosed, in "A Full bit
Prefetch Architecture For Synchronous DRAMs" (I EEE JSSC, Vol. SC 30, No.

9, Septenber 1995, pp. 998-1005) and iiﬁ Japanese Unexam ned Patent
Publication No. Hei 07- 283849), a 'systemwhereby a local latch that is
provided for each set of 32 bit lines, of 256 bit |lines connected to a
menory array, latches a total of eight data bits, and whereby the eight

| ocal |atches are connected to.a, qca buf to form a byrst series
transfer offSPQLY SYALEM rengtis ahYsrﬁﬁ"caVlggb aWtbi’%f‘e#&‘? sgéfﬁﬁ
because the data are fetched in advance to the local |atches. For data

object is achieved, even when banks are accessed in no

specific order.

It is a third object of the present invention to provide a
memory system constituted by DRAM whereby a seamless opera-

tion is_assured not only for reading but also for writing.

It is a fourth object of the present invention to provide a
function that can seamlessly perform simultaneous read and

write operations.

It is a fifth object of the present invention to provide a
DRAM memory system that achieves the first through the

fourth object by employing an improved prefetch system.

[{0009]

'57 Summary'of the Present Invention
To achieve the ébove objects, according to the present
invention,.é prefetch mechanism is applied for writing data
to separate memory afray at an early stage, so that the

activation and precharge operation, which must be done



sreading from SDRAM this system can satisfactorily conpen- sate for a
‘reduction in the bandwi dth, and can provide a seanl ess operation (provides
a conditioon where there are no unnecessary clock cycl es between data
transfers). However, wth this systema seam ess operation is not possible
during data witing. [ 0007] The pr&sent inventors disclosed, in "A

Full Bit Prefetch . 6 DRAM Sensi ng
Crcuit" (IEEE JSSC, Vol. SC-31, No. 6 Sep- tenber 1996, pp. 762-772), a

S Pre PR athd tthe RULY! ¥t 'SPhdEd 3¢ bn! ahghﬁ%niawrsféa,sense

does not affect nor cause any deterioration of access speed.
An amount of data is prefetched that is twice as much as
that fetched in the.period represented by an array time
constant, so that in a single bank structureJa seamless
operation can be achieved both for reading and for writing,

even when accesses to any row addresses are involved.

[0010]

Mbre specifically, according to the. present invention,
provided is a memory system, which comprisgs: a memory
array consisting of multiple memory devices, an input data
path for inputting external data, an output data path for
externally outputting data, an input data bit storage
mechanism located between the memory array:and the input
data path, and an output data bit storage mechanism located
between the memory array and the output data path, wherein
data bits read from the memory array are held in the output
aata bit storage mechanism for externél output across the
output data path; and wherein is doné an activation and
prefetch operation, which is required for a following data

reading from the memory array. In addition, according to



a 5|ngle CAS access. Wth this configuration, the precharging can
'start two clocks before the data burst cycle begins. Since the precharging
can be performed early, during the burst reading of preceding data, the
subsequent RAS and CAS accesses can be perfornmed. Wen eight bits are

enpl oyed as a burst |ength, seam ess readi ng can be per- fornmed even

t hough the sane bank is accessed. Wth this nethod, however, the seanl ess
writing can not be ensured. [0008] 4. bjectives It is therefore a
first object of the present invention to provide a DRAM systemthat, with
respect t5he e@@Samtselnv¢@aa@ncy, YpUSiag $usihs? Remgryr SR Gata
bandwi dth. That is, the object is to provide a nenory systemt hat
inplenentbihan@ﬂaﬂtm&hefeqnbdMﬂnﬂadﬂammatfrom.anﬂmmwrpuaMMmmnnocancmt.

output data bit storage mechanism and a first burst output -
is performed. During this'périod, an operation required for
a following data reading from the memory arr&y is executed,
and a next read address is assured. ‘Then,'more data bifs
are transferred from the ﬁemory array to the.output data bit
étofage mechanism to perform a second burst output
seamlessly, relative to the first burst output. In a write
mode, external data bits are'stored in input data..bit'
storage means. The procedure at this step can be performed
without being affected by the timings for the first and the
second burst outputs. This is because the input data bit
storage means and the output data bit storage means can be

operated independently.

[0011]

6. Description of the Preferred Embodiment

The condition for implementing a seamless operation must be
the condition that exists when a sum of a RAS-CAS delay (tep)

- and a RAS precharge time (tz) is smaller than a burst length

(Lg), i.e.,



Jt is a second. object of the present invention to provide a

‘menory system constituted by DRAM with which the first object is

achi eved, even when banks are accessed in no specific order. It is a
third object of the present invention to provide a nenbry system
constituted by DRAM whereby a sean1essl@pera- tion is assured not only for
readi ng but also for witing. It is a fourth object of the present
invention to provide a function that can seam essly perform sinultaneous

read and write operations. oo . . (D).

~RCD
These times are actually represented by a number.of clock
éycles. Even when data accesses are performed between any
row addresses at this time, a'seamless operation can be
assured. That is, even when an activation and precharge
operation for a memory array is included, continuous read-

ing/writing can be performed.

[0012]

Since tgyp + tp on the left side of the above expression
represents the minimum.periéd of time required for accessing
the memory -array, this value is called an array time
constant. Assuming that reading and writing are alternately
performed during regular processing, the actual condition
for the seamless operation can be defined as:

2(toep + toe) < Lo e e . @2,

.[0Q13]

To provide the above condition, according to the present
invention, in the memory system constituted by DRAM, the
memory array and the data input/output circuits are con-

nected together by a latch, etc., and their operations can



. ¥

it is a fifth object of the present invention to provide a DRAM nenory
systemthat achieves the first through the fourth object by enploying an

i nproved prefetch system [0009] 5. Sunmary of the Present |nvention
To achi eve the above objects, according to the present invention, a
prefetch nmechanismis applied for mmitiHb data to separate nenory array at
an early stage, so that the activation and precharge operation, which nust
be done 8 - before reading the next set

of data fromthe nenor array, does not affect nor cause am¥ deterloratlon
of access Rpe8fParAtethountFuiithffia thepddmiitthedrenit and wrhe as

circuit are provided separately to ensure independent
operations, and reduction of the bandwidth does not occur

while reading and writing are repeated alternately.

[0014]

Fid. 1 is a specific diagram illustrating one embodiment of
the present invention. Memory érrays 1 and 2 are connected
to an input circuit 20 and an output circuit 30 via a
read/write latch 10. The input circuit 20 énd the output
circuit 30 are connected to external devices via a receiver
and an input pin 21, and via an oﬁtput buffer and an output
pin 31 respectively. Four input latches 26, 27, 28 and 29
ére provided for data input and four output latches 46, 47,
48 and 49 are prOvided for data output. These input latches
are constituted by multiple input data paths 22, 23, 24 and
25, and the output latches are' constituted by multiple

output data paths 32, 33, 34 and 35.

[0015])
Fig. 2 is a detailed diagram illustrating the circuit shown

in Fig. 1. The read/write latch 10 is actually separated



.hat fetched in the period represented by an array time constant, so that
in a single bank structure a seamnl ess operation can be achieved both for
reading and for witing, even when accesses to any row addresses are

i nvol ved. [0010] More specifically, according to the present invention,
provided is a nenory system which confi ses: a nmenory array consisting
of nmultiple nenory devices, an input data path for inputting external
data, an output data path for externally outputting data, an input data

bit stora nech njsm ] ocated between the y arra nd the jnput data
pat h and 50 otEpur LABERSR: 25 PBORYE HhecHEINE ddat e FARb ORI H HPWerDr y

array and the output data path, wherein data bItS read from.t he nenory
array arelaftchesnisheopmenited dn ome to€t thagdatachathsm2Zortcexd%r rand
out put across the output data path; and wherein is done an activation and

pref et ch per adaiten, patheh 3i2s teqssr.ed T@r thikoldndddionalet A since four -
data paths are employed for reading-and four for writing,
and since four latches are connected to each data path,
sixteen write latches and sixteen fead latches are distrib-
uted amoﬁg 256 bit'lines. in'other words, one latch is

provided for every 16 bit lines.

{0016]

The number of latches to be allocated for each bit line set
of the 256 bit lines is determined by the time array con-
stant and the clock frequency. For a common 16 to 64 MB
DRAM, the array time constant is 32 ns. When the data clock
frequency is 250 MHz (4ns), from the above expression (2) it
is apparent that only a 16-bit burst transfer need be
performed. To do this, 16 latches must be provided for each
biF line set of the 256 bit lines,-and must prefetch to-
prepare for a 16-bit burst transfer. As is described above,
the arrangement in Fig. 2 is only an example acquired by
employing a specific array time constant and a specific

clock frequency. The present invention is not limited to



reading fromthe nmenory array. |In addition, according to

9 the present invention, by using such a nenory system data bits are
transferred in advance froma nenory array to an output data bit storage
mechani smand a first burst output is performed. During this period, an
operation required for a followi ng dald reading fromthe nenory array is
executed, and a next read address is assured. Then, nore data bits are
transferred fromthe nenory array to the output data bit storage nmechani sm

to perfornha second burst output eam essly, relative to the first burst
output. IHP§ RFFRBISHSHE kit %al 4data bits are stored in input data bit

storage neans. The procedure at this step can be performed w thout being
affected by the timngs for the first and the '

[0017]

In this invention, an activation and precharge operation for
a memory array is performed while data are being latched.
This is the same as the.above described background ar;. In
the configuratién in Fig. 2, 16 bits are latched during an
‘array time constant period of 32 ns. Every 16 ns the
1atchés output one bit set having a 4-bit width to each of
the four output data paths via read buffers 36, 37, 38 and
39, which are connected to the respective output data paths
32 to 35. And every 4 ns (250 MHz) the data are output to
the exterior across the output data paths by using the
output latches and the output buffers. 1In this manner, the
16-bit burst output can be completed within a total of 64

ns, and expression (2) can be satisfied.

- [0018]

For a write mode, ihe 4-bit latches 26, 27, 28 and 29 shown
in Fig. 1 are provided for input. The 4-bit latches drive
the input data paths every 16 ns to store bit sets having a

4-bit width in the write latch 11. When all 16 bits have



sécond burst outputs. This is because the input data bit storage neans
and the output data bit storage neans can be  operated i ndependently.

[0011] 6. Description of the Preferred Enbodi nent The condition for _

i mpl enenting a seamnl ess operation nust be the condition that exists when a

sum of a RAS-CAS delay (t[err]) and al®AS precharge tinme (t[err]) is
smal l er than a burst length (L[err]), i.e.,

10 [err] These tines are actually represented by a nunber of clock

been stored, data writing to the memory array is performed.

[0019]

The processing for the circuit in Fig. 2 will now be
described in detail. In'a reéd mode, a switch RG(U) 61 or
a switch RG(i) 62 goes high. When the switch RG(U) 61 goes
high, the memory array 1 is selected. When the switch RG(L)
62 goes high, the memory array 2 is selected. Fig. 3 is a
timing chart in a read mode when the switch RG(U) 61 goes
high. Since the switch RG(U) 61 goes ‘high, the TRUE
(T) /COMPLEMENT (C) line of a sense amplifier connected to .
the memory array 1 is connected to the read latch 42 across
the switch RG(U) 61. Since the switch RG(L) 62 does not go -
high, the memory array 2 is not connecteQ to the read latch
42. 1In this condition, 1l-bit data from the sense amplifier
is latched in advance by the read latch 42. A read latch 42
is provided for every 16 bits of the senSé amplifier, and a
tétal of sixteen bits are provided for a memory array (256
bit width). As is described above, one of the read buffers
36, 37, 38 and 39_f6r external output are provided for every
64 bits, and is connected to the read latches via switch

RG1l, RG2, RG3 and RG4 (not shown except for the latch 42).



W

cycles. Even when data accesses are perforned between any row addresses at
this time, a seanl ess operation can be assured. That is, even when an
activation and precharge operation for a nmenory array is included,

continuous read- ing/witing can be perforned. [0012] Since t[err] +

tlerr]

on the left side of the above'é&bression represents the mninum

period of time required for accessing the nenory array, this value is
called an array tinme constant. Assuming that reading and witing are

o net b BSLAITE] S LiRefensla ISR otheg, 40 il SR 8B, 1

pr esent

for

(2). [ 0013] To provide the above condition, according to the

calad idleek t RernEAPVENIPNGEM VBt i t uted by DRAM the

[0020]

By employing the block concept, the present invention is
configured as follows. The sense amplifier having a 256'bi£
width is constituted by four blocks having 64 bit widths;
The buffers 36, 37, 38 and 39 are respectively connected to
the four blocks for outputting. These buffers can increase
the driving forcelfor the output, but for them to perform
the latch bit function is not inevitable. Each block has
four read latches 42. The four read latches 42 are con-
nected to one data path (e.g., tﬁe data path 32) acfoss a
connected buffer to each block and to the switches RGl, RG2,

RG3 and RG4. The switches RGl, RG2, RG3 and RG4 go high

sequentially at intervals one quarter the length of the .

cycle time required for the switch RG(U) to go high, as is
shpwn by the timing chart in Fig. 3. When the switch RGl
'goes high, for e%ample, bits stéred in the read latch 42
(Dl) are output externally from the buffer 36. Then, the
switch RG 2 goes high, and bits stored in the connecting

read latch 42 (D2) are output externally from the buffer 36.
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menory array and the data input/output circuits are con- nect ed toget her
by a latch, etc., and their operations can be separat ed.

Further, the input circuit and the output <circuit are provided separately
to ensure independent operations, and, yeduction of the bandw dth does not
occur while reading and witing are r@%eated alternately. [0014] Fig.
1 is a specific diagramillustrating one enbodi nent of the present

i nvention. Menory arrays 1 and 2 are connected to an input circuit 20 and

oD PUCRLE bt 2 Bref SRR R B ool SRt Y L g8, ™™
data D3 and D4 are output externally via the buffer 36.
This operation is performed for each block. Since there are
four blocks in tﬁe memory array'(256 bit width) and four
corresponding buffers and data paths'ére arranged, data are.
output externally as units of four bits, as is shown. in Fig.
3. More specifically, in respectiye blocks, corresponding
data to the condition where the switch RG 1 goes high are
output in parallel through thé respective buffers 36, 37, 38
énd 39 by the output latches 46, 47, 48 and 49 that are
connected to the buffers. As is shown in Fig. 1, since the
data from the output latches 46, 47, 48 and 49 are finally
output externally through one output pin 31, four sets of
parallel data are output externally in a burst mode while

timings are gradually delayed by using'a clock four times as

fast.

[0621]

The write mode'wiil now be described. 1In the write mode,
data are inpuf in advance to the input latches 26, 27, 28
and 29 at a timing four times as fast. As switches WG1,

WG2, WG3 and WG4 go high sequentially, as is shown in Fig.



L
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and an input pin 21, and via an output buffer and an output pin 31
respectively. Four input |atches 26, 27, 28 and 29 are provided for data

i nput and four output |atches 46, 47, 48 and 49 are provided for data
output. These input |atches are constid-uted by nmultiple input data paths
22, 23, 24 and 25, and the output |atches are constituted by nultiple

out put data paths 32, 33, 34 and 35. [0015] Fig. 2 is a detailed
diagramillustrating the circuit shown in Fig. 1. The read/wite latch 10

i s actual |y r at : . 1adéh 4iNLR4" §ad
| at ches lg’agga\%ﬁlﬁ Z:%I gtfcﬁlgs?alfre Ea%%r%%tl%ftqeouvgrl %t c%es IS connected to
one of thgo%%%%p%% 1Sng2%n.:[iote25]1a€gﬁles (not shown) in the other blocks.

More specifically, there are four blocks in the memory array
and they are connected to the data paths 22, 23, 24 and 25
respectively. The four switches WGl, WG2, WG3 and WG4 are
connected to each data path. Therefore, when the switch WGl
goes high relative tq the data paths 22, 23, 24 and 25; as'
is éhown in Fig. 4, 4 bits of data (Dl) are stored.in each
of the four write latches. .This process is repeated as the
switches WG2, WG3 and WG4.go high in ofder,'and a total of
16 bits data are stored, one to eaéh of the 16 write
latches. When the switch WG(U) goes high after this
processing sequence has been completed, 16 bits of data are
stored in the memory array in a burst ﬁode. As is shown in
Fig. 4, siqce all of the'data bits are stored in the w;ite
latches at the same time as the switch WG4 goes high, the

switch WG(U) can go high at the same time the switch WG4

goes high.

[0022]

Fig. 6 is a timing chart for explaining the operation of a

DRAM system according to the present invention, compared
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the data paths 32 to 35. In this enbodiment, since four data paths are
enpl oyed for reading and four for witing, and since four |atches are
connected to each data path, sixteen wite |latches and sixteen read

| at ches are distrib- uted anong 256 bit_ |ines. In other wards, one |atch
Is provided for every 16-bit |ines. l§0016] The nunber of |atches to be
allocated for each bit line set of the 256 bit lines is determ ned by the
time array con- stant and the clock frequency. For a common 16 to 64 MB

DRAM the array tinme constant is_32 ns. \Wen_the ta cloc frequen S
250 Mz (4HSh & IARYeRtA8BAE SRBANs SYshem) Fig. %S apggﬁeﬁprﬁﬁa e&ﬁ%ﬁ a

16-bit burst transfer need be perfornmed. To do this, 16 | atches nust be
provi ded ffior etble ¢onvenhéonetl o3DRAM ZGtsn fLenefoumnandusther bugsth to
prepare for a 16-bit burst transfer. As is described above, the
arrangenentenditlri o itheONDRAMN £yef@he g quheedoP¥sent invention is

sixteen, at a clock frequency for both of them is 125 MHz.

[0023]

Referring to Fig. 5, in the.SDRAM, row address Rl and column
address Cl are determined by the leading edges (activation)
of RAS and CAS. Based on these addresses, four data bits
'are output éontinuously in a burst mode. But when a 4-bit
i 'burst has been completed, as the activation and precharge
operation for a memory array takes much'time, the designa-
tion of the next-row address R2 and column address C2Z2 is
delayed.  Therefore, a succeeding 4-bit burst can not be
performed following a pfeceding 4-pbit burst. That is, when

the same bank is accessed, a seamless operation can not be

performed.

[0024]
Referring to Fig. 6, for the conventional SDRAM, the row
address and the column address are designated by the leading

edges of the RAS and CAS. Data reading begin in a 16-bit
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eﬁploying a specific array tinme constant and a specific clock frequency.
The present invention is not limted to

13 the arrangenent in Fig. 2. [0017] In this invention, an activation
and precharge operation for a menory ajg ay is perforned while data are
being latched. This is the sane as the“above described background art. In
the configuration in Fig. 2, 16 bits are |atched during an array tine
const-ant period of 32 ns. Every- 16 ns the |atches output one bit set

having a 4:hit wdth to _each of . the four output dat ath la read .
buf fers 36DU5Ft 0QRDaRed \Bnc NS o TS hecaadr e85t Hilreshbit | vebgut bt
dat a paths '

: P described above, the 16-bit burst is performed by a read

latch group that operates separately from the memory array.
During the 16-bit burst transfer, operations required for
the next burst transfer, éuch as an activation and precharge
operation for a memory array, can be. performed. These
memory opérations are coﬁpleted when the address ‘R3, C3)
for a following data reading is designated, because the

period required for the 16-bit burst satisfies the above

expression (1).

[0025]

When the access is only for .reading, a seamless operation
can be assured with a shorter burst length than the timing
shown in Fig. 6. Howéver, actually the writing operation is
also performed as needed in addition to the reading. In the
present invention, expression (2) where the burst length is
lgnger than ﬁhat.in expression (1) is employed. Then, an
address for writing can be specified during the read data
burst transfer, and writing can be performed at the same
time as the burst transfer for reading. Referring to Fig.

6, the reading burst transfer address is specified by the
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.32 to 35. And every 4 ns (250 MHz) the data are output to the exterior
across the output data paths by using the output |atches and the output
buffers. In this manner, the 16-bit burst output can be conpleted within a
total of 64 ns, and expression (2) can be satisfied. [0018] For a
wite node, the 4-bit |latches 26, 27, 288 and 29 showmn in Fig. 1 are
provided for input. The 4-bit latches drive the input data paths every 16

ns to store bit sets having a 4-bit width in the wite latch 11. Wen al
16 bits hﬁgﬁ address Rl and.the column address M. hees ofrd pake
witing to thé nenory array iS perforned.

transfer is completed, burst transfer addresses R3 aﬁd C3
for a following data reading are designated, and the burst .
transfer addresses R2 and. C2 for writing are selected.
Thus, evenlwhen the writing operation is interrupted dﬁring
the burst transfer for reading, the reading operation wili_
not be halted. This is because the burst length ‘that
Satisfies the expression (2) is employed, and because the
mechanism for independently perfprming thé reading and
writing is employed. The read latéh 11 and thé write létch
12 are designed tb be operated indépendent}y in order to

separately perform the reading and writing operations.

[0026]

According to the present invéntion, provided is a DRAM
system that can prevent a substéntial reduction in bandwidth
with respect to'a clock pulse frequency even when banks are
accessed in no specific order. As a resuit, provided is a
mémory system cénstituted by DRAM whereby a séamless

operation is assured not only for reading but also for

writing.
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f0019] The processing for the circuit in Fig. 2 will now be described in
detail. In a read node, a swwitch R U) 61 or a switch RGL) 62 goes high.
When the switch RG U 61 goes high, the nenory array 1 is selected. Wen
the switch R L) 62 goes high, the nqu{y array 2 is selected. Fig. 3 is a
timng chart in a read node when the switch RG U 61 goes high. Si nce
the switch R U 61 goes high, the TRUE (T)/COWLEMENT (C) line of a
sense anplifier connected to the nenory array 1 is connected to the read

| atch 42 gerqss, the switch.REY . Since the switch RG L) 62 does not go
hi gh, theaﬁeﬁiﬁﬁetrﬁﬁ§c§lpglRBtg&bﬁ%ﬁ%t WH9%e read latch 42. In this
condition, 1-bit data fromthe sense anplifier 1is latched in advance by
the read |EkTh h2isaa edPechfins diagnam piblugbnaténdefeMenerhi SESELM he
sense anplifier, and a total of sixteen bits are provided for a nenory

array (25@Gcedonitdimgtby. the predesdy iiererabime, one of the read buffers 36,
37, 38 and 39 for external output are provided for every

Fig. 2 is a detailed specific diagram’ illustrating the
memory system according to the present invention.

Fig. 3 is a timing chart for a read operation performed by
the memory system according to the present invention.

Fig. 4 is a timing chart for a write operation performed by
the memory system according to the present invention.

Fig. 5 is a timing chart for the processing of a conven-
‘tional SDRAM system. ;

Fig. 6 is a timing chart for the processing of the memory

system according to the present invention.
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64 bits, and is connected to the read latches via switch RGL, R&, R& and
R& (not shown except for the latch 42). Hereinafter, a sense
anplifier unit of 64-bit lines is called a block for conveni ence sake.

[ 0020] By enploying the block concept, the present invention is

configured as follows. The sense anplifier having a 256 bit wdth is
constituted by four blocks having 64 bit widths. The buffers 36, 37, 38
and 39 are respectively connected to the four blocks for outputting. These

buffers can increase the driving forcngor t he output;—but—Fer—themto

i

8. Claims

Claim 1

A memory system, comprising:

a memory array consisting.bf a plurality of memory devices,
an input data path for inputting external data,

an output data path for externélly outputting data,

an iﬁput data bif storage mechanism located between said
memory array and said input data path, and

an output data bit storage mechanism located between said
memory array and said output data path,

wherein data bits read from said memory array are held in
said output data bitlstorage mechanism for output externally
across said output data path;

wherein a process required for an immediately following data
re;ding in said memory array is performed; and

wherein said input data bit storage means and\said output

data bit storage means can be operated respectively.

A G L I SHEET ARG BiEN

REPLACED




>

.the latch bit function is not inevitable. Each block has four read | atches
42. The four read |l atches 42 are con- nected to one data path (e.g., the
data path 32) across a connected buffer to each block and to the swtches
RGlL, R&Z, RG& and RA&A. The switches RGl, R&X, RGTr&sheRFhs 8&nRESRd
sequentially at intervals one quarter thg I|ength of nmmmﬁg i
‘required for the swwtch RGU) to go high, as is sho ﬂlu g chart
in Fig. 3. Wien the switch RGL goes high, for exanpl®e, din the
read | atch_ 42, (5)1) are output externally fromthe buffer 36. Then, the
swi tch RG%I@’O‘BS hi gh, and bits stored in the connecting read_latch 42
(D2) are output externally fromthe buffer 36. )

16 Thi sThe oBeswnys sEpEsredacePrdind i cAbairGd randheEgingKternal

data is held in said data bit storage mechanism wvia said

input data path, and is then written to said memory array.

_ élaim 3

A data transfer method for exchanging data with an' external

device, for a memory system that comprises a memory array

consisting of a plurality of memory devices, an input data

path for inpﬁtting external data, an output data path for
: : exterr}all'y outputting data, an input data bit storage
i - mechanism located between said memory array and said input
data path, and an output data bit storage mechanism located
between said memory array and said output data path,
comprising;
a step of tranéferring data bits in advance from said memory
array to said output data bit storage mechanism and of per-
forming a first burst output;
a';step of,-durin'cj said first burst output, performing an
operation required for a following data reading in said
memory array, and of acqﬁiring a following read address; and

a step of transferring more data bits from said memory array

I

THIS SHEET HAS GEEN

WA L eepiaceo




ﬂéfa D3 and D4 are output externally via the buffer—36—Thisoperation is
performed for each block. Since there are four blocks in the nmenory array

(256 bit width) and four corresponding buffers and HhgShe placed
arranged, data are output externally as units of fou H ﬂ Ifhomn in
Fig. 3. More specifically, in respecta2ge bl ocks, cor _ ato

the condition where the swtch RG 1 goes high are output in parallel
t hrough the respective buffers 36, 37, 38 and 39 by the output |atches 46,

47, 48 and_49 th I onnect ed .t o f Ny 0 ' LG5..1,
since t hedt%latsg ro%u?ﬁggou@%%% g&ttc h%ggﬁg{jgﬁf{éﬁlndﬁ @:%;%%ﬁ%é%?% Y

out put externally through one output pin 31, fqur sets of aral l el data
are out putp%gf‘éFﬁaPI ?ei‘:%?nél Rpegt n%‘a’ég%i relatiend® a?ae“brg‘ﬁﬁ%{zl Dugstayed
by using a clock four tinmes as fast. [0021] The wite node will now be
descri bed.outputhe wite node,

Claim 4

The data transfer method according to claim 3, whereby said
bﬁrst_transfer bit length is set so that a relationship
betwgen an array time constént-(tl), which is a period needed
for an operation requifed for a following data reading in
said memory érray, and a period (t;), which is needed a
performance of a burst transfer in accordance with a prede-

termined burst transfer bit length,'is 2t; < t,.

Claim 5

A data transfer method for exchanging data with an external
device, for a memory system that comprises a memory array
consisting of a plurality of memory devices, an input data
path for inputting external data, an output data path for
ex£ernally outputfihg data, an input data bitl storage
mechanism located between said memory érray and said input
data path, and an output daﬁa bit storage mechanism located

between said memory array and said output data path, comprising;

T T Sy



data are_input in advance to the input |atches )
timng four times as fast. As switches WG, = W&y, ch g9 hlgh
is Stieet Has Been Re ced

sequentially, as is shown in Fig.
4, four bits of data are stored in the wite Iatch I‘lléﬂ" "Ill respondl ng
wite |latches (not shown) in the other2%l ocks. t here
are four blocks in the nenory array and they are connected to the dat a
paths 22, 23, 24 and 25 respectively. The four switches WGl, W&, W3 and
WA are con ecte 0_each data pat Theref ore. _when the swii WGl goes
i gh o afs JEePoOEhELaREE Srae BHts 1S T el 406 J{d heiry 00
4 bits of data (Dl) are stored I n each of the four wite |latches. This
process i darrayediedche eneput data bit storage mechanism and of per-

-forming a first burst output:;

a step of, during said first burst output, performing an-
loperation required for a following data readihg in said
memory array, and of acqoiring a following read address;

a step of transferring more data bits from said memory array
to said output data bit storage'qechanism to seamlessly
perform a second burst output relative to said first burst
output;

a step of etOring external data bits in said input'data bit
storage means; ano

a step of storing in said memory array data bits received

from said input data bit storage means.

Claim 6

The data transfer method according to claim 5, whereby a
process at said step for storing in said memory.array data
bits received from.said input data bit storége means is per-
formed without being affected by timings for said first and

said second burst outputs.

THIS SHEET HAS BEEN

.




svmtches W2, WG and WA go high in order and a total of 16 bits data
"are stored, one to each of the 16 wite Iatches. Wien the switch WEU)
goes high after this processing sequence has been conpleted, 16 bits of
data are stored in the nenory array in a burst node. As is shown in Fig.
4, since all of the data bits are stored in the wite [|atches at the sane
time as the swtch WA goes high, the ssmtch W U can go high at the sane
time the switch W4 goes hi gh. [0022] Fig. 6 is atimng chart for
expl ai ni ng t he oper aMEMOKY SYSﬂ?EAMAﬁ?BtMTAc’E&ANSE@HME’H&Ogr esent
I nvention, conpared

ABSTRACT

According to the present invention, provided is a DRAM system that can prevent
a substantial reduction in baﬁdwidth with respect to a clock pulse frequency even when
banks are accessed in no specific order. As a result, provided is a memory system
constituted by DRAM whereby a seamless operation is assured not only for reading but
also for writing.

Fig. 2

Tms SHEET A8 SRR
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:AM'th a conventional SDRAM system (Fig. 5). The burst length for the
“eerventi onal SDRAM systemis four and the -burst |ength for the DRAM system

of the present invention is sixteen, at a clock frequency for both of them
is.125 MHz. [0023] Referring to.Fig. 5, in the SDRAM row address Rl
and colum address Cl are determ ned by the |eading edges (activation) of
RAS and CAS. Based on these addresses, four data bits are output
continuously in a burst node. But when a 4-bit burst has been conpl et ed,

as the activation and precharge operation for a nmenory array takes nuch
time, the designa- tion of the next row address R2 and col um address C2
is delayed. Therefore, a succeeding’/4-bit burst can not be perforned
following a preceding 4-bit burst. That is, when the sane bank is

accessed, a seanl ess operation can not be -qerforned.

N\
Memory array
20
!II.II'CIIIlllllll!‘ll.xlllilllllUCID.I!III!IIIIII?IIII l I
- z Input data path ¢
§ lriput pin ~22 .
) I <73 Write
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EIIll.lllllllIIIIIIIIlll|Illll.llIIllllllllll'lllll.ll.ll‘;
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i é 1 ] \33 B riag
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Fig. 1



[0024]

CAS.
bur st node
the 16-bit

separately
oper ati ons
pr echar ge
oper at Lons
reading is

"Referrinng to Fig. 6,
sand the col um address are designated by the | eading-
Data reading begin in a 16-bit

SDRAM the row address
edges of the RAS and
19
based on the first address (Rl, Cl). As is described above,
burst is performed by a read |atch group that operates
fromthe nmenory array. During the 16-bit burst transfer,
required for the next burgt 4ransfer, such as an activation and
operation for a nmenory array, can be perforned. These nenory
are conpl efed when the: address (RB C3) for a follow ng data

for the conventi onal

desi qnated: because the
' Memory array
/,1
16 | sense amplifiers
256 sense amplifiers
: _ 64 sense amplifiers >
O Iz
(IR0 P WO WG 4¢— RG Y
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period required for the 16-bit burst satisfies the above expression (1).

- [0025] -Wen the access is only for reading, a seanless operation can be
assured with a shorter burst length than the timng shown in Fig. 6.
However, actually the witing operation is also perforned as needed in
addition to the reading. In the present invention, expression (2) where
the burst length is Jlonger than that in expression (1) is enployed. Then,
‘an address for witing can be specified during the read data burst
transfer, and witing can be perform8y 4t the sane tine as the burst
transfer for reading. Referring to Fig. 6, the reading burst transfer

address is speﬁbf('!ﬂ by the |'| . n _ 20

IR _

Fig. 3

WG(U) 1

WG 1 ,ﬂ Al

|
| Al

wvaz /[ ay i
i 7 7 ,-n/ ar
WS S
e mpmm/ 02/ ns/ Al/ / / Ai/

N 7 N7

H!HOHHHNHHHOHHNHOHNHHHNHm

Fig. 4



row,address Rl -and the columm address Cl. Before the burst transfer is
sconpl eted, burst transfer addresses R3 and C3 for a follow ng data reading
are designated, and the burst transfer addresses R2 and C2 for witing are
sel ected. Thus, even when the witing operation is interrupted during the
burst transfer for reading, the reading operation will not be halted.

This is because the burst |length that4, /datisfies the expression (2) is

enpl oyed, and because the nechanismfor independently performng the
reading and witing is enployed. The read latch 11 and the wite latch 12
are designed tg _be APHIATEYANITYE PETAF ' 3 efratiel y perform
the readi ng and w =tk JikLbU LA pr esent

i nvention, proyided s ' anti al
reduction in ibth wth respe 0 a clock pul se frequency even when

banks are QAS jl V
W V— V

Rt ct R2 c2
Addre
outp(fts l E
’ !.‘-“"'ﬂ.
Data ‘
output

Address #3
output @

Data
output

Data
input

S Fig. 6



acc-";’mn no PEARCH REPORT a| Apdicitiop Npra3028846i s a nenory system
d

con by DRAM whereby a seanl ess;--'opgb@ on is assured not only
for ng but also for witing. Bri ef Descriptiomof the
Drf HRACTPECTTIC diagram iTTustrating a nenory system

a COI‘)Q?%F F@ﬁ?SPFEQP?I‘T Lnventiaon Eig 2is adetailed specific diagram

i
I g
adg
Of
i N

lustrating the nenory system according to the present invention. Fig.

a t MEMORY SYISTEM AND EATAFRANSEERIMETHIORd by the nenory system 3
cording to the present invention. Fig. 4 is a tinming chart for a wite!
er at oB REEIrP P& &N B chatdteed RIS Yhat Uath s 36410 e enddl§ aBa§ e hre held
vent i Olte output data bit storage mechanism (46-49) for output externally across the output data

path (32-35) and a process required for an immediately following data reading in the memory
array is performed, and the input data bit storage device and the output data bit storage device
can be operated respectively. The external data is held in the data bit storage mechanism via
the input data path, and is then written to the memory way. :

Figure 1.
REPLACEMENT SHEET
2 0 SEP 1999
* TTAiS SHEET HAS BEEN|
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Fig. 5is a ,timng chart for the processing of -a conven- tional %WQS"IQ
system Fig. 6 is atimng chart for the processing of the nenory systeT
according to the present invention. foS
22 The clains defining the invention 22e as follows: 1. A nenory
system having read and wite operations, conprising: a nmenory array

i ncluding a plurality of nmenory devices; an i nput data path for

i nputting external data; an out put data path for externally

out putting dat a; an input data bit storage nechani smlocated between -
sai d menor yThe chhymsdefisiagdhe impentiomare gafollpwand an output data bit

st orage nechani sm | ocated between said menory array and said output data

pat h, wherein data bits read fromsaid nenory array are held in said

oyt put datajbit AHREAGS sySeRAHNvEIE o] ardikididloperatiBhs)bmyrisiag0ss sai d out put
dat a pat h; wherein a process required for an imrediately follow ng
dat a readi ng i n' smethoreamRyingluding 4 plupadity of memorydeyices; .- wherein said

i nput data bit S%O{H%gpda@sﬁﬁ f&ﬁﬁp&ﬁhge&%ﬁi‘&m&at a bit storage neans can

an output data path for externally outputting data;

an input data bit storage mechanisni located between said memory array and said
input data path; and

an output data bit storage mechanism located between said memory array and said
output data path, _ . |

wherein data bits read from said memory array are held in said output data bit
storage mechanism for output externally across said output data path;

wherein a process reqﬁired for an immediately following data reading in said
memory array is performed; and )

. wherein said input data bit éforagé means and said output data bit storage means can

be operated independently whereby the read and write operations are done simultaneously.

2. The memory system according to claim 1, wherein external data is held in said data

bit storage mechanism via said input data path, and is then written to said memory array.

3. A data transfer method for exchanging data with an external device, for a memory
system having read and write operations that includes a memory array having a plurality of
memory devices, an input data path for inputting external data;éﬁ output data path for
externally outputting data, an input data bit storage mechanism located between said
memory array and said input data path, and an output data bit storage mechanism located
between said memory array and said output data path, comprising the steps of:

prefetching data bits from said memory array to said outpuf data bit storage

mechanism and of performing a first burst output; :
performing an operation required for a following data reading in said

memory array, and of acquiring a following read address during said first burst

output; and ~ TREPLACEMENT SHEET
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be operated,independently whereby the read and wite operations are done |

si mul t aneousl y. 2. The nmenory system according to claim1l, wherein
external *data is held in said data bit storage nechanismvia said input
data path, and is then witten to said nggory array. - 3. A data

transfer nethod for exchanging data with an external device, for a nmenory

system havi ng read and I te operations that.includes nenor rray.havin
a plurality of nenor aagﬁrwgg?&gﬁgﬁaﬁbtaimgﬁaédBngnﬁnf ﬁayﬁﬁﬁﬂ@qlﬁﬁaﬁ&ﬁéﬂal :
data, an out put sidadge rsthBnib@arto gyifermakécsnd blustibitpitgeldtivato safd filspbiirsdat a bi t
storage nechani sm |l ocated between said nenory array and said input data
path, and an ouPp®ut whergbyread end Patieopsrations ks Aqns sipwiansesheen sai d nenory
array and sai d output data path, conprising the steps of:

prefetching data bits fromsaid nmenory array to said output data bit
storage 4. iThe dataitsamsfenthetifodpecdrdingitoglabn 8] wherebyusaid banst tparisfer bit

perform ng, an_operation reguired r a follow ng data, reading.in_sai
erory ar P upetR s Gl a e aiah bedet e B BTkl Sarded| | oo
bur st needed f6n opRfion required for a followingbdata reading in said memory array, and a

23 transferring nore data bits fromsaid nmenory array to

sai d out puperitst @)bihich is needed duringrerfarmnage of i busst ransfer imagcerdanpgavithua st

output relative to ' i . out put whereby read and wite
oper ationsprgflst%%ﬁlga;%}l%ﬁp?’ésgéerobﬁ?@ém 2t e data transfer nethod
according to claim 3, whereby said burst transfer bit length is set so that

a relationship between gn array._tine constant (t[err]), lch_is a period .
needed foran opedatd F‘B?ﬁf?réaﬁfh?‘i&’fﬁﬁ?ha&gl”gl arny et G far 3 magpery .

o, o B Bt g 559 iy e A o
U memory devices, an input data path for inputting external data, an output data path for
externally outputting data, an input data bit storage mechanism located between said
memory array and said input data path, and an out:p1_1t data bit _stOrage mechanism located
between said memory array and said output data path, comprising fhe steps of:
prefetching data bits from said memory array to the output data bit storage
mechanism and of performing a first burst output; _
performing an operation required for a following data reéding in said
memory array, and of acquiring a following read address during said first burst
output; ' '
transferring more data bits from said memory array to said output data bit
storage mechanism to pérform a second burst output relative to said first burst
W output; _
' storing external data bits in said input data bit storage means; and

storing in said memory array data bits received from said input data bit

storage means, whereby read and write operations are done simultaneously.

6. The data transfer method according to claim 5, whereby a process at said step for
storing in said memory array data bits received from said input data bit storage means is
performed indeperidently without being affected by the operation of said first and said

second burst outputs.
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predeterm ned burst transfer bit length, is 2t[err]<t[err]. 5. A data
transfer method for exchanging data with an’ external device, for a nenory
system having read and wite operations that includes a nenory array having
a plurality of nmenory devices, an input data path for inputting external
data, an output data path for externally outputting data, an input data bit
st orage nechani sm | ocated between said pgnory array and said i nput data
pat h, and an output data bit storage mechani smlocated between said nmenory
array and said out pdMEYHPRY SYRTEMAYD Biigh TRANSHS METHOD

pr_efgtchm %its fromsaid nenory array to the output data bit storage
mechani s Cler f or ni ng a first burst output; perform ng

an operation required for a fol]ow ng data.readi In said menory
vy and of SR the Rernt Rt Ron ot i 8  TRADL e thar cpa prefeny
out put ; . . | : a_hj f iLd _nenory. array
to said oﬁts%%sttanélg% 5ed0ulc£18ﬁ ﬁpﬁ;ﬂ%ﬁs@%‘r’l%{é&ﬁ%g%oaﬁ ?@ﬁﬁ P stglﬁe%ﬁ?%ry aevggc‘%tfﬂl bur st
output re i jqc T s A3 ; : storing
ext er nal é%%ﬂg\ég? %‘g"e?énydggiﬂgr sﬁ’%%lﬁlg oggetré %? ? l-es?ltl o’?%rggfd%%ésn% ;meénnotgy system
storing i gorisghfled By DRAM til¥reB{ adselthleSs bR RIONGS absufd it !y it
st orage neans, whereby read rgng wite Soplg‘:"riatoi onsa are lﬁgr@l}}s%?ﬁ% _g’&gl y.
6. Thealda¥er wrisingf er nmethod according to claim5, whereby a process at
said step for storing in said nenory array data bits received fromsaid

i nput dat Rigoi2t storage neans is performed i ndependently w thout being

af fected by the operation of said first and said second hurst outputs.
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