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_1. Title of the Invention

MEMORY SYSTEM AND DATA TRANSFER METHOI\)/

2. Field of the Invention

The present invention relates to an innovative operation and

~architecture for a DRAM system (a memory array system

constituted by DRAM). More specifically, the present
invention relates to an innovative operation and architec-
ture for a DRAM system that fully utilizes the high-band-

width capability and enables high_speed processing.

[0002]

-3. Description of the Background

' W-ith 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 memory device to be used in a computer system. The

transfer speed of DRAM (called the bandwidth, generally

represented as a product of a data width 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
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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 input-/output secti_on can be opérated_at 100 to
250 MHz (SDRAM) or at 500 to 600 MHz (RDRAM), which is the
Qperational speed of the clock. However, an activat'io.n'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 memorﬁr 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 4‘00 MB/s
.(490 MB per second). However, if the activation and
precharge 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
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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 MH=z can.hot be
employed effectively, and the éctual operating speed is
feduced 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



is divided into multiple banks. With this system, however,
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.



[0006]

To overcome the shortcoming of 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



DRAM Sensiné Circuit" (IEEE'JSSC, Vol. SC-31, No. 6, Sep-
tember 1996, pp. 762-772), a configuration whereby a full
burst of read data is latched by an I/O sense amplifier by
a single CAS access. With this configuration, tﬁe
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 bé performed. ‘When eight bits are
employed as a burst length, seamless reading can be per-
formed even though the same bank is acceésed. 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



memory system constituted by DRAM, with which the first
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



before reading the next set of data fiom the memory array,
does not affect nor cause any deterioration of aécess 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]

More 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



the present invention, by using such a memory system, data
bits are transferred in advance from a memory array to an
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.,
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teep + the < Ly s . . (1), |
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
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be separated. Further, the input circuit and the output
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 multlple-

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
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into read lafches 12 and write latches 11. Each set qf four_
latcheé is connected to one of the data paths 22 ;6 25, and
the data paths 32 to 35. In this embodiment, 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-
prepafe 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
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the arrangement in Fig. 2.

[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
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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).
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Hereinafter, a sense 'amplifier unit of 64-bit lines is

called a blqck for convenience sake.

[0020]

By employing the block concept, the present invention is
configured as follows. The sense amplifier having a 256 bit
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 intefvals one'qﬁarter 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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This process is repeated for the switqhes RG3 and RG4, and
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.
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4, four bits of data are stored in the write latch 41 and in
correspopding write latcﬁes (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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with a conventional SDRAM system (Fig. 5). The burst length
for the conventional SDRAM system is four and the burst
length 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 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
'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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burst mode based on the first address (Rl; Cl). As is
descfibed 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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row address Rl and the column address Cl. Before the burst
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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. 7. Brief Description of the Drawings

Fig. 1 is a specific diagram illustrating a memory system
aécording to the present invention.

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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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.
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The memory system accbrding to claim 1, wherein external

Claim 2

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
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
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to said output data bit storage mechanism to seamlessly

perform a second burst output relative to said first burst

output.

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
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a step of transferring data bits in advance from said memory

array to the output 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 acqﬁiring a following read address;

a sfep 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 étdring external data bits in said input'data bit
sforage means; and

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 stqrége means is per-
formed without being affected by timings for said first and

said second burst dutputs.
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