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"REG STER PROGRANNABLE CACHE POLICY BACKGROUND OF THE9Y
INVENTION 1. Field of the Invention This i nventi-on rel ates generally
to synchronous dynani ¢ random access nenory (SDRAM) devices and, nore
particularly, to a cached SDRAM and a cachi ng policy thereof. 2.

Di scussion of the Related Art Turning nowto FIG 1, a block diagram
of a standard SDRAM i s shown, 'in particular, a 2Miit x 4 1/0O x 2 Bank
SDRAM Ct her configurations of SDRAMs are al so known(e.g., 1Miit x 8 I/0 x
2 Bank, 512Moit x 16 1/O x 2 Bank, etge.). The typical SDRAM 10 includes an
address buffer 12, first and second

CACHED SYNCHRONOUS DRAM ARCHITECTURE
HAVING A MODE REGISTER PROGRAMMABLE CACHE POLICY

‘BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to synchronous dynamic
random access memory (SDRAM) devices and, more particularly,
to a cached SDRAM and a caching policy thereof.

Turning now to FIG. 1, a block diagram of a standard
SDRAM is shown, in particular, a 2Mbit x 4 I/O x 2 Bank SDRAM.
oOother configurations of SDRAMs are also known(e.g., 1Mbit x 8
I/0 x 2 Bank, 512Mbit x 16 I/O x 2 Bank, etc.). The typical
SDRAM 10 includes an address buffer 12, first and second
memory banks (14A, 14B) and corresponding row decoders (163,
16B), column decoders (18A, 18B), sense amplifiers (20A, 20B),
and data latches (22A, 22B). Data input/output buffers 24
receive data to be written into a memory array (i.e., either
array 14A or 14B) and output data read from a memory arfay
(i.e., either array 14A or 14B).

An externally supplied system clock(CLK) signai is input
to a clock buffer 26 (CLK Buffer), the CIK signal for providing
system:timing for the various function blocks of the SDRAM 10.
SDRAM 10 inputs are sampled on the rising edge of the CLK
signal. An externally supplied clock enable signal (CKE) is
input to a clock enable buffer 28(CKE Buffer). The CKE buffer
28 provides an enable output to the CLK Buffer 26 and to a
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frenory banks (14A, 14B) and correspondi ng row decoders (16A, 16B), colum
decoders (18A, 18B), 'sense anplifiers (20A, 20B), and data | atches (22A,

- 22B). Data input/output buffers 24 receive data to be witten into a nenory
array (i.e., either array 14A or 14B) and output data read froma nenory
array (i.e.,. either array 14A or 14B). An externally supplied system
clock(CLK) signal is input to a clock buff§er 26(CLK Buffer), the CLK signal
for providing systemtimng for" the various function bl ocks of the SDRAM
10. SDRAM 10 inputs are sanpled on the rising edge of the CLK signal. An
externally supplied cloek enable signal (CKE) is input to a clock enable
buffer 28(CKE Buffer). The CKE buffer 28 provides an enabl e output to .the
CLK Buffer 2&edifd Refresh Clock 30. CKE activates the CLK signal wBehf in

Refresh O ock 30; fREraek! \WdSaddeeivdees 9eak IR éijgnal when low. By
deactivating the clock, CKE low initiates a Power Down mode,
Suspend mode, or a Self Refresh mode. The Self Refresh
Clock 30 and a Row Address Counter 32 operate in a standard
manner for implementing the Self Refresh mode.

Address buffer 12 receives address inputs, A0-All, and
outputs information via address data lines 34 to the command
decoder 36, row decoders (16A, 16B), column decoders (18A,
18B), sequential controls (38A, 38B) and mode register 40.
The data input/output buffer 24 provides input/outputs,
corresponding to DQO-DQ3.

The command decoder 36 outputs appropriate command
signals for executing a desired operation of the SDRAM 10, in
accordance with input signals which it receives. Examples of
typical SDRAM operations include a Read operation and a Write
operation. During a Read operation, upon the receipt of a
Read command, the SDRAM 10 reads data from a particular memory
location specified by the address received on the address
lines. Similarly, during a Write operation, the SDRAM writes
data received on the data input/output (I/0) lines DQO-DQ3
into a particular memory location specified by the address
received on the address lines. In conjunction with the
carrying out of SDRAM operations , the command decoder 36
receives buffered inputs including a chip select (CS), row
address strobe (RAS), .co_lumn address strobe (CAS), write
enable (WE), and a bank select (BS) input. In accordance with
a first operation, the command decoder 36 provides a command
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ga high state and deactivates the CLK signal when |low. By deactivating the
clock, CKE low initiates a Power Down node, Suspend node, or a Self Refresh
node. The Self Refresh O ock 30 and a Row Address Counter 32 operate in a
standard manner for inplenenting the Self Refresh node. Addr ess
buffer 12 receives address inputs, AO All, and outputs information via
address data lines 34 to the conmand degoder 36, row decoders (16A, 16B)
col um decoders (18A, 18B), sequenti al ntrols (38A, 38B) and node
regi ster 40. The data input/output buffer 24 provides input/outputs,
correspondi ng to DQO D(®. The conmmand decoder 36 outputs appropriate
command signals for executing a desired operation of the SDRAM 10, in
accordance Wilghdlnptéd shenalow didiesd ceurtees32bfayipsrpdrhipygcal ssDEAM

operations in de a Read_pperation_ and Lte.operatian Ly R
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decoder 36 receives buffered | nput s |nclud|n% chi_p sel ect %CSL, r ow
address st r SYRChHONOUS BEPAKY sQRLEALion, yhe éa5¥§¢gv§Y?%hE BORE MECIYand

a bank sel eepefRABidn brrdsSpAIAS €6 & esthhdard f SDRAMOp6mMaNhAN deldodedo vyand
decoder 36 @H@”é%ﬁhgnﬁoﬁgégger on a rising or falling clock edge. The
mode register 40, for instance, provides a control signal to
a respective sequential control (38a, 38B) of each memory bank
(14A, 14B). The sequential control for each memory bank
controls respective data latches associated with the
réspective memory bank. The Mode Register.4o receives input
data via address buffer 12/ for programming the operating mode,
CAS Latency, burst type (BT), and burst length as shown in
FIG. 2. The row/column select (423, 42B) for each memory bank
(14A, 14B) controls respective row decoders (16A, 16B) and
column decoders (182, 18B) associated with the respective
memory bank (14A, 14B). A buffered data mask input (DQM) is
connected to the data input/output buffers 24 for selectively

masking all or none of the data inputs or data outputs of the

s

SDRAM chip 10. Specific implementations for Read, Write,
Refresh, and other typical operations of the SDRAM, as shown
in FIG. 1, are known in the art and not further discussed
herein. - '

As discussed .above, synchronous DRAM products are
generally known in the art. Industry standards for SDRAMs
have been established, i.e., electrical and mechanical.
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gignal to the row address counter 32 for performng a self refresh
operation. In accordance with other operations, the command decoder 36
provi des command signals to a node register 40, row colum sel ect bl ocks
(16A, 16B) for each nmenory bank (14A, 14B), and sequential control bl ocks
(38A, 38B) for each nenory bank, as appropriate for carrying out the
desired synchronous nenory operation whegein the synchronous nenory
operation corresponds to a stahdard SDRAM command decoded by the command
decoder on a rising or falling clock edge. The node register 40, for

I nstance, provides a control signal to a respective sequential control-
(38A, 38B) of each nenory bank (14A, 14B). The sequential control for
each nenory ¥ngludedt rbns thepestandagdsa EorchadsMiitocFYnEYr@NONS HPRAM

respective prERdYcRank. rdibhe Mapiegi $hela Pef@ELEMEEL] MHHt dald VbR the
address buffer 12 for programmng the o erathg n?de£~CAS LaIenci/t bur st
type (BT), £RAEERL: Iéﬂﬁ%?%% sABAn jgata input/output circuits are

synchronized with the positive edge of an externally supplied
clock. Additionally, prior to any access operation, the CAS
latency, burst length, and burst sequence must be programmed
into the device by address inputs A0-A9 during a Mode Register
Set cycle. -

While standard éynchronous DRAMs are designed to be
flexible through programmability and to provide higher burst
rates not achievable with asynchronous DRAMs, unfortunately,
a standard SDRAM does nbt.improve the initial latency of a
page hit or.miss. A page hit occurs during a read cycle when
the row being accessed is already being sensed by the sense
amplifiers and the memory array or bank is open. A page miss
occurs during a read cycle when the row being accessed is not
currently being sensed by the sense amplifiers, wherein the
memory bank must first be closed, reabtivated, refreshed, and
reopened. Furthermore, the standard SDRAM does not reduce the
penalties caused by the DRAM cycle time (tz) and the DRAM
precharge time (tgp). With multiple memory banks, a standard
SDRAM does allow the user to perform éimultaneous operations
on both memory banks in order to hide some of the precharge
and cycle time delays. However, this feature is only useful

" if the data being stored is orderly and can be organized such
that the SDRAM can ping-pong between the two open banks
uninterrupted. With today's multi-tasking computer operating
systems, this is a formidable task. Standard SDRaMs thus
suffer some performance limitations including, for instance,
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tFI G 2. The row colum sel ect (42A, 42B) for each nenory bank (14A, 14B)
- controls respective row decoders (16A, 16B) and col unm decoders (18A, 18B)
associated with the respective nmenory bank (14A, 14B). A buffered data
mask input (DQV) is connected to the data input/output buffers 24 for
selectively masking all or none of the data inputs or data outputs of the
SDRAM chi p 10. Specific inplenmentationg for Read, Wite, Refresh, and
ot her typical operations of the SDRAM as shown in FIG 1, are known in the
art and not further discussed herein. . As di scussed above, synchronous
DRAM products are generally known in the art. Industry standards for SDRAMs
have been established, i.e., electrical and nechanical.
4 | ncl uded inablidityatdafdilyontibise ttlhey memarrio dartiwikdbly g tfar theay

exanpl e, iShﬁv&ﬁ&“hﬁﬁ@@@%abﬂéts?ékeﬂfwéfe states for all memory accesses.
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zcontrol, address and data input/output circuits are synchronized with
the positive edge of an externally supplied clock. Additionally, prior to
any access operation, the CAS | atency, burst |ength, and burst sequence
nmust be programed into the device by address inputs AO A9 during a Mde
Regi ster Set cycle. Whi | e standard synchronous DRAMs are designed to
be flexible through programmability and to provi de hi gher burst rates not
achi evabl e wi th asynchronous DRAMs, unfoﬁtunately, a standard SDRAM does
not inprove the initial latency of a page hit or mss. A page hit occurs
during a read cycle when the row being accessed is already being sensed by
the sense anplifiers and the nenory array or bank is open. A page m ss
occurs during a read cycl e wheRUMMARKOQFHEHEQINUBNEIEN is not currently
bei ng sensed by the sense anplifiers, wherein the nmenory bank nust first be
cl osed, reactivated, refreshed, and reopened. Furthertnore, the standard

SDRAM does not r gsucebiect pefiathecbresaBEdinyenkionif £0dVe PRIEOXmANGS )
and the DRAMAngchapge &taRa4tdesDRaMaN by Felucihg neer Latemky af the
standard S does all ow_the user, tg pertform sinmultaneous operations,qn
bot h menory BRRGEY | Angr @dLowing o%‘%%@'{%é’m §%d8‘é‘y‘8Fe°Pi ,%'8‘9
del ays. Howayfie hBhSryedanis ithatl ys)sesihgi & sitglai memdry bankeofi &

orderly and can pe orgapi zed such that the SDRAM can pi ng- pong between the
t Wo openImmﬂéik&é%ﬂ%ﬂrékﬂ%ﬂ?‘VVth today's multi-taski ng conputer operating

systens, this is a formi dable task. Standard SDRAMs thus suffer sone

performance limtf%é r@rigggggkn%f'Qﬂéiﬂygéaﬁﬁiinvention is to enable a
full utilization of memory bandwidth and to eliminate system

wait states for all memory accesses.

According to the present invention, a cached synchronous
dynamic random access memory (cached SDRAM) device having a
multi-bank architecture and a programmable caching policy
includes a synchronous dynamic random access memory (SDRAM)
bank, the SDRAM bank including a row decoder coupled to a
memory bank array for selecting a row of data in the memory
bank array. Sense amplifiers are coupled to the memory bank
array via bit lines for latching the row of data selected by
the row decoder. A synchronous column select means is
provided for selecting a desired column of the row of data.
A randomly addressable row register stores a row of data
latched by the sense amplifiers. A select logic gating means
is disposed between the sense amplifiers and the row register
for selectively gating the row of data present on the bit
lines to the row register in accordance to particular
synchronous memory operations of the cached SDRAM being
performed. Data to be input into cached SDRAM during a Write

operation is received by the sense amplifiers and written into
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san inability to fully utilize the menory bandwi dth and further
undesirable systemwait states for all nenory accesses.
6 SUVMMARY OF THE | NVENTI ON

the memory bank array. Data to be output from the cached
SDRAM during a Read operation is read out only from the SSRAM,
the row of data contained in the row register first having
been read from the memory bank array to the sense amplifiers
and then selectively gated to the row register in accordance
A means is

with the particular synchronous memory operations.

provided for programming of the cached SDRAM to operate in a
Write Transfer mode (i.e., Write Allocate mode) corresponding
to a Normal Operation mode of a standard SDRAM during a Write
cycle, and to operate in a No Write Transfer mode (i.e., a No
Write Allocate mode) according to an alternate operation mode
during a Write cycle, thereby operating under a first and a

second caching policy, respectively.

Alternatively, in accordance with the present invention,
a method of implementing a programmable caching policy on a
cached synchronous dynamic random access memory (cached SDRAM)
device having a multi-bank architecture includes the steps of:

providing a synchronous dynamic random access memory
(SDRAM) bank including a row decoder coupled to a memory bank
array for selecting a row of data in the memory bank array,
sense amplifiers coupled to the memory bank array via bit
lines for 1latching the row of data selected by the row
decoder, and a synchronous column select means for selecting

a desired column of the row of data;

providing a randomly addressable row register for storing

a row of data latched by the sense amplifiers;

havi ng
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An obj ect of the present invention to solve performance issues of standard
SDRAMs by reducing the |latency of the nmenory and all owi ng sinultaneous
operations to occur on the sanme nenory bank, that is, using a single nenory
bank of a multi-bank device. . Anot her obj ect of the present invention
is to enable a full wutilization of nenory bandwi dth and to elimnate system
wait states for all nenory accesses. According to the present

i nvention, a cached synchronous dynam c rsomdom access nenory (cached SDRAM
device having a nulti-bank architecture and a programrabl e caching policy .

I ncl udes a synchronous dynam c random access nenory (SDRAM bank, the SDRAM
bank including a row decoder coupled to a nenory bank array for selecting a
row of data in therosicing anleakeaty . ldrits gatniglg means ardispoped dbebwetn

menory bank Heaysevr;ge bsﬁﬁimargor @4y nﬂo{, hsegwta},daft& §§%f§e€§!v2xy
t he row decoder. Synchionous col'um sel ect neans kS provide or
sel ecting a datiingd thst unew 00ft Hatrobresemtt ©on Ahanbbhi Jinggr & dthe row

register stopggijate®’ 9h dabiokrAhfbed £Y (Here£83LaRMiyhéRFSnods S Chefbry
~logic gating nméans is d;"asi_gosed bet ween the sense anplifiers and the row

" register foroBeratirns pigdhengadhed SPRIM haingRarharmad . fherein; data o
~ the row regi gbepel ﬂn%ﬁﬁoiﬂﬁacﬂmé CcddHdd BPFM TP R0 W ITperPeichi 985

- of the cached SDRAM gln per f or ned. pga‘t to be jnput into cached SDRAM
during a wiFECEI¥F: By, tHe sansie, apnkl there and Urisiten Jutd the, Fenery
into ' bank array and wherein data to be output from the cached SDRAM
during a Read operation is read out only from the row
register, the row of data contained in the row register first
having been read from the memory bank array to the sense
amplifiers and then selectively gated to the row register in
accordance with the particular synchronous memory operation;

and

programming of the cached SDRAM to operate in a Write
Transfer mode corresponding to a Normal Operation mode of a
standard SDRAM during a Write cycle, and to operate in a No
Write Transfer mode according to an alternate operation mode
during a Write cycle, thereby operating under a first and a
second caching policy, respectively.
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sthe menory bank array. Data to be output fromthe cached SDRAM during a
Read operation is read out only fromthe SSRAM the row of data contai ned
in the row register first having been read fromthe nmenory bank array to
the sense anplifiers and then selectively gated to the row register in
accordance with the particular synchronous nenory operations. A neans is
provided for progranm ng of the cached §DRAMto operate in a Wite Transfer
node (i.e., Wite Allocate node) corresponding to a Nornmal Operation node
of a standard SDRAM during a Wite cycle, and to operate in a No Wite
Transfer node (i.e., a No Wite Allocate node) according to an alternate
operation node during a Wite cycle, thereby operating under a first and a
second caching policy, reBRIEF PESCRIPTION OX MHEhADRAWINGS i n accor dance

with the present invention,

The foregoing and other teachings and advantages of the
present invention will become more apparent upon a detailed
description of the best mode for carrying out the invention as
rendered below. In the description to follow, reference will
be made to the accompahying drawings, where like reference
numerals are used to identify like parts in the various views
and in which:

FIG. 1 shows a block diagram of a known (2Mbit x 4 I/O x
2 Bank)synchronous dynamic random access memory device; |

FIG. 2 is exemplary of address inputs used in conjunction
with a programming of a mode register of a known SDRAM;

FIG. 3 shows a block diagram of a cached (2Mbit x 4 I/O
X 2 Bank)synchronous dynamic random access memory device
according to. the present invention;

FIG. 4 1illustrates a portion of the cached SDRAM
according to the present invention as shown in the block
diagram of FIG. 3 in greater detail;

FIG. 5 illustrates a flow diagram for explanation of a
portion of the programmable caching policy in accordance with
the present invention;
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ta met hod of inplenenting a progranmmabl e caching policy on a cached
synchronous dynani ¢ random access nenory (cached SDRAM device having a

mul ti-bank architecture includes the steps of: provi di ng- a
synchronous dynam ¢ random access nenory (SDRAM bank including a row
decoder coupled to a nenory bank array for selecting a row of data in the
menory bank array, sense anplifiers cou (fd to the nenory bank array via
bit lines for latching the row of data selected by the row decoder, and a
synchronous col umm sel ect neans for selecting a desired columm of the row
of dat a; providing a random y addressable row regi ster for storing a

row of data Iatc%&g t.he sense anpl f 8
providing a sele é &Sgﬁfﬁﬂ ﬂﬁ%ngk é% se&ﬂ?ﬁts ysed in conjunction
with a programming of a mode register of a cached SDRAM in

accordance with the present invention;

FIG. 7 shows an example of an Auto Refresh command during
cache (page) reads (burst length = 4, CAS latency = 2);

FIG. 8 shows an example of a Read followed by a Read miss
(burst length = 4, CAS latency = 2); and

FIG. 9 shows an example of a Read miss followed by a
Write miss (burst length = 4, CAS latency = 2).

FIG. 10 is illustrative of a comparison of timing
diagrams of a standard SDRAM versus a cached SDRAM according
to the présent invention for random row reads to the same
bank;
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ithe sense anplifiers and the row register, for selectiively gating the row
of -data present on the bit lines to the row register in accordance to
particul ar synchronous nenory operations of the cached SDRAM bei ng
performed, wherein data to be input into the cached SDRAM during a Wite
operation is received by the sense anplifiers and witten into the nenory
bank array and wherein data to. be out putliromthe cached SDRAM during a
Read operation is read out only fromthe ' fow register, the row of data
contained in the row register first having been read fromthe nmenory bank
array to the sense anplifiers and then selectively gated to the row

regi ster in accordance with the particul ar synchronous nenory operation;
and pr ogr anmiDREAFLED DESCRERTIONR/OF B BREFERBRED, EMBADIMENE onsf er
nmode corresponding to a Normal Opepptegfl fRGEN®TOR St andard SDRAM during a
Wite cycle, and to operate in a No Wite Transfer node according to an
alternate operation node during a Wite cycle, thereby operating under a
first and a secombdEd @yraaliicc yandeapaetesel yemories (DRAMs), and more

particularly, synchronous DRAMs are known in the art, the
present invention shall be described in particular to elements
forming part of, or cooperating directly with, the invention.
It is to be understood, however, that other elements not
specifically shown or described may take various forms known
to .persons of ordinary skill in the semiconductor memory art.
In addition, for clarity purposes, the present invention shall
be described with respect to a 16Mbit SDRAM (2Mbit x 4 I/O x
2 Bank). Other SDRAM densities, organizations, and bank
quantities are possible. '

Referring now to FIG. 3, a block diagram of a cached
SDRAM 100 according to the present invention is shown. An
8Kbit ihtegrated cache 102 on the SDRAM 100 includes a 4Kbit
integrated static random access memory (row register) (1023,
102B) for each SDRAM bank (104A, 104B). As used in the
following, the terms “cache," "integrated row register," and
"static random access memory" are used interchangeably and
shall be interpreted to mean a static random access memory.
Furthermore, the discussion to follow shall refer to Bank A
(104A) and the associated integrated row register 1023,

. however, the discussion is equally applicable to Bank B (104B)
and the associated integrated row register 102B. Still
further, the following detailed description of the present
invention includes the use of the terms “hit"” and “miss”, which
shall hereafter refer to a page of data contained in a row
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sBRI EF DESCRI PTI ON OF THE DRAW NGS ) The foregoing and ot her teachings
and advantages of the present invention will becone nore apparent upon a
detai |l ed description of the best node for carrying out the invention as
rendered below. In the description to follow, reference will be nade to the
acconpanyi ng draw ngs, where like reference nunerals are used to identify

like parts in the various views and in y ch: FIG 1 shows a bl ock
di agram of a known (2Mdit x 4 1/0O x 2 Bank)synchronous dynami c random
access nenory device; FIG 2 is exenplary of address inputs used in

conjunction with a progranm ng of a node register of a known SDRAM

) 3 shove eSLack Ut egn o o 2 Coched LRI hebdtiO Befom ., o Bncnie

present inveptt@hs when theGrdy i bbifgr aiceessedoris oalvéadre nactbe SfRAM
register, thus a new row of a memory bank-érray does not need
to be accessed. A “miss” occurs wheh the row being accessed
is not the one currently in the row register. A “miss” on a
Write command may not affect the row register, while on the
other hand a “miss” on a Read command causes the new row to be
loaded into the row register. The content of the row register
is always equal to the last row Read from the SDRAM array as
modified by any Writes that may have occurred in an interim

period.

When a row of the SDRAM Bank A is activated, the row data
is latched by the associated sense amplifiers 106A, but does
not get directly transferred into the cache 102A., This
allows the SDRAM array 104A to be refreshed or a new row
access to be initiated without modifying the current contents
of the cache 102A. However, when a Read command occurs after
a new row has been activated, the entire row is automatically
transferred into tlie cache 102A where it is then read from the .
chip 100 within the specific CAS Latency. 1In accordance with
the invention, all Read commands synchronously retrieve data
from the SDRAM array (1044, 104B) and through the SRAM cache
(1022, 102B) and do not directly access the SDRAM artay (1044,
104B), as will be discussed further herein below with
reference to a "Write Transfer" mode and a "No Write Transfer"

mode.

In accordance with one aspect of the pi‘esent invention,
the cached SDRAM architecture improves system performance by
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saccording to the present invention as shown in the bl ock di agramof FIG 3

in-greater detail; FIG 5 illustrates a flow diagram for explanation
of a portion of the programmabl e caching policy in accordance with the
present invention; 10 FIG 6

I's exenplary of address inputs used in conjunction with a programm ng of a
node regi ster of a cached SDRAM in accordgnce with the present invention;
FIG 7 shows an exanple of an 'Auto Refresh command during cache (page)
reads (burst length = 4, CAS |latency = 2); FIG 8 shows an exanple
of a Read followed by a Read miss -

reducing the latency of the memory, in addition to allowing
the system to perform concurrent operations on a same bank of
DRAM memory. Since Reads always access the cache according to
the present invention, and Write data is buffered, the cached
SDRAM is able to perform random column access at SRAM speeds.

Using the row register (1023, 102B), the cache SDRAM of
the present invention is able to perform concurrent operations
to the same bank (104A, 104B, respectively). This ability to
perform concurrent operations provides a significant increase
in the performance of the memory, in some instances,
efféctively doubling a memory's bandwidth over that of a
standard SDRAM'(See FIG. 10).

Referring now to FIGs. 3 and 4, a cached synchronous
dynamic random access memory (cached SDRAM) device 10 having
a multi-bank architecture includes a synchronous dynamic
random access memory (SDRAM) bank including a row decoder 116A
coupled to a memory bank array 104A for selecting a row of
data in the memory bank array. Sense amplifiers 120A are
coupled to the memory bank array 104A via bit lines 119A for
latching the row of data selected by the row decoder 116A. A
column decoder 118A is provided for selecting a desired column
of the row of data. A row register 102A is provided for
storing a row of data latched by the sense amplifiers 120A.
The column decoder 118A of the SDRAM is further for selecting
é desired column of the row of data stored by the row
register 102A.



{burst length = 4, CAS Iétency = 2);  and FIG 9 shows an exanpl e of
a Read mss followed by a Wite mss (burst length = 4, CAS |atency = 2).

FIG 10 is illustrative of a conparison of timng diagrans of a-standard

SDRAM versus a cached SDRAM according to the present invention for random

row reads to the sane bank; DETAI LED DESCRI PTI ON OF A
+ PREFERRED EMBODI MENT OF THE | NVENTI ON Because

~dynani ¢ random access menories’'(DRAMs), khd nore

A select logic gating means, disposed between the sense
amplifiers 120A and the row register 102A is provided for
selectively gating the row of data preseﬁt on the bit lines
1212 to said row register 102A in accordance a particular
memory operation of the cached SDRAM 100 being performed.
Select logic gating means 121A includes appropriate logic

-circuitry for performing a desired gating of a row of data
from the sense amplifiers 120A to the row register 102A. Data
to be input into cached SDRAM 100 during a Write operation is
received by the sense amplifiers 120A and written into the
memory bank array 104A. In addition, data to be output from -
cached SDRAM 100 during a Read operation is read out only from
the row register 102A, the row of data contained in the row
register 102A first having been read from the memory bank
array 104A to the sense amplifiers 120A and then selectively
gated to the row register 102A in accordance with the
particular synchronous memory operation. For instance,
subsequent to a Read operation in which a row of data selected
by the row decoder is gated into the row register 102A and
upon an occurrence of a additional subsequent memory operation
affecting the same row of data in the memory bank array (such
as a Write operation), the select logic gating means 121A can
gate the affected row of data present on the bit lines to the
row register 102A, thereby maintaining a row data coherency.

. In addition to the above, the cached SDRAM of the present
invention further includes data input/output (I/0) buffers 124
having input lines for receiving the data to be input into and
output from the cached SDRAM 100. Data latches 122A are
coupled between ‘the data I/O0 buffers 124 and the row
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sparticularly, synchronous DRAMs are known in the art, the present invention
shall be described in particular to elenments form ng part of, or
cooperating directly with, the invention. It is to be understood, however,
that other elements not specifically shown or described may take various
forms known to persons of ordinary skill in the sem conductor nenory art.
In addition, for clarity purpases, the plz?esent I nvention shall be descri bed
wWith respect to a 16Mbit SDRAM (2Moit X /O x 2 Bank). Q her SDRAM
densities, organizations, and bank quantities are possible.

Referring nowto FIG 3, a block diagramof a cached SDRAM 100 according to
the present invention is shown. An 8Kbit integrated cache 102 on the SDRAM
100 i ncl udesegigkiert i102%yr afed slatekingnddatacceutprénoran ovkhegi 5e¥r)
(102A, 102B), %%ng?f@zﬁ%ﬁ% DA d&'@adfi&gtoé%ﬁ%kgﬁg AS4YSeqnbnahbs 12tER¥ENT,

the ternms "ca I ntegrated row re r, static random access

menory" ar e122hdfurthex reg cpinletd en ghg fada) IhQ Pulfersinl a4 saadi c

random accegge Myt AMpiiLisPse120Re xS SdihgG CaA 4! QWgﬁ'ta@rdxﬁfehet 0
Bank A (10 egi,ster 102A

4A) and the associated. integrated rowr. , wever, the
di scussi on ‘f‘%téqﬁépl Fugﬁﬁlrﬁc&l?ﬂetpotg%nﬁe@s@lml ’?snél'za%%bcirﬁ?% ata
ijnt egrat ed 6@?pﬁtgiﬁi'6m I¢Wdhed SDRAM fn?bgerandh haokel |?at'tmcd¢ba"ﬂ.h/eﬁrow
escription_of.the pr t 1.nvention | ncludes the use of t.he te "hit!
and "niss" ,rﬁ\%ﬁﬁe’s’haﬁgﬁer&ﬁt§¥“Fg'F8P°P8 aéapta%esgf‘c&értoéﬁ%(ﬁé a%& i#‘%

r ow external clock signal being applied to cached SDRAM 100.

A control means (not shown), such as a microprocessor or
memory controller, can be used for controlling the cached
SDRAM 100 for enabling concurrent memory operations to occur
on the row registef 102A and on a corresponding memory bank
array of a same bank 1041\' of the multi-bank architecture. The
control means can control the cached SDRAM 100 for enabling a
Burst Read operation on the row register 102A and a bank
Precharge operation on the memory bank array 104A of the same
bank of the multi-bank architecture to occur concurrently.
Alternatively, the control means can control the cached
SDRAM 100 for enabling a Burst read operation on row
register 102A and a bank activate operation on the
corresponding memory bank array 104A of the same bank of the
multi-bank architecture to occur concurrently. The control
means may further control the cached SDRAM 100 for enabling a
Burst read operation on the row registér 1022 and a bank
refresh operation on the corresponding memory bank array 104A
of the same bank of the multi-baﬁk architecture to occur

concurrently.
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s12 regi ster (to be discussed further herein bel ow). A "hit" occurs
when the row being accessed is already in the row register, thus a new row
of a nmenory bank array does not need to be accessed. A "m ss" -occurs when
the row being accessed is not the one currently in the row register. A
"mss" on a Wite command may not affect the row register, while on the
other hand a "m ss" on a Read command capses the new row to be | oaded into
the row register. The content bf the ro egister is always equal to the

| ast row Read fromthe SDRAM array as nodified by any Wites that nmay have
occurred in an interim period. When a row of the SDRAM Bank A is
activated, the row data is |atched by the associ ated sense anplifiers. 106A,
but does not get Theechlchedr BRHAM r100 i nfo thiee Ruasant obpventiep; fuxy

t he SDRAM ary 4A tO r n a o
o moa YRR, PR B hof ptraici st bt s,
rof i3s

Read conmand(SRRAM) Send ;‘;nﬁbuﬂim/ RasSeeend o FOW, ACLAeF e ©
aut omat i cal | g ddri HeiidrSF HaikO alrbayC 26besd8beiigr® ddcdrid tean o athtia dm

the the second memory bank array, second sense amplifiers coupled
to the second memory bank array via second bit  lines for
_1a€ching the row of data selected by the second row de_coder,
and a second column decoder for selecting a desired column of
the row of data. A second randomly addressable row register
stores a row of data latched by the second sense amplifiers.
A second select logic gating means, integrated with the sense
amplifiers, as 106B, is disposed between the second sense
amplifiers and the second row register 102B, for selectively
gating the row of data present on the second bit lines to the
row register 102B in .accordance to particular memory
operations of the cached SDRAM being performed. Data to be
input into the second bank of the cached SDRAM 100 during a
Write operation is received by the second sense amplifiers
106B and written into the second memory bank array 104B. Data
to be output from the second bank of the cached SDRAM during
a Read operation is read out only from the second row
register 102B, the row of data contained in the second row
register 102B first having been read from the second memory
bank array 104B to the second sense amplifiers and then
selectively gated to the second row register 102B in
accordance with the particular synchronous memory operations.

With reference to FIGs. 7, 8 and 9, the following is a
discussion on which concurrent operations are allowed and how



schip 100 within the specific CAS Latency. |In accordance with the

I nvention, all Read commands synchronously retrieve data fromthe SDRAM
array (104A, 104B) and through the SRAM cache (102A, 102B) and do not
directly access the SDRAM array (104A, 104B), as wll| be discussed further
herein below with reference to a "Wite Transfer" node and a "No Wite

Transfer" node. I n accordance witfyone aspect of the present
i nvention, the cached SDRAM ar'chitecture | nproves system performance by
13 reduci ng the latency of the nenory, in addition to allow ng the

systemto performconcurrent operations on a sane bank of DRAM nenory.
Si nce Reads al ways access the cache according to the present invention, and
Wite data thepufgan &p used cke Haax BIiee/ nenery coenl QERAREM anddwindaiizen

access at SBAMtEiRfAfits states. ]
Referring now to FIG. 7 (in conjunction with FIGs. 3, 4
and 5) when a Bank Activate command is given to the cached

SDRAM, the row is selected in memory and the data is latched _
by the sense amplifiers 106A. At this point the contents of
the cache 102A remain unchanged. When a Read command is
issued, the entire selected row is transferred into the cache
102A within one clock cycle and the first Read data appears on
the outputs within two clock cycles. On the clock cycle
l foll'owing the Read command, ‘the row data is latched in both
the cache 102A and the sense amplifiers 106A. Since all Reads
retrieve data from the cache 102A and do not access the’ array
104A, the DRAM array 104A no longer needs to be held open. As
a result, the DRAM array 104A can be precharged on the clock
cycle following the Read command using the auto-precharge
function (Read with Auto-Precharge). The manual Precharge
command cannot be used at this time because it would terminate
the burst Read. Note that Manual Precharge termination of a
burst is implemented with the cached SDRAM of the present
invention in order to maintain a backward compatibility with
standard SDRAMs. To allow the burst to complete, the Manual
Precharge Command can be given two clock cycles before the end
of the Read burst. Once the SDRAM array 104A has been
precharged, the system (not shown) can issue the Auto Refresh
cémmand (Time T5 of Figure 7) and/or another Bank Activate
command to the same or different Bank during cache (i.e.,

page) Read accesses.



<Using the row register (102A, 102B), the cache SDRAM of the present

I nvention is able to performconcurrent operations to the sane bank (104A,
104B, respectively). This ability to perform concurrent operati-ons provides
a significant increase in the performance of the nmenory, in sone instances,
effectively doubling a nenory's bandw dth over that of a standard SDRAM
(See FIG 10). Referring nowto FIG. 3 and 4, a cached synchronous
dynam ¢ random access nenory (cached S device 10 having a nmulti-bank
architecture includes a synchronous dynanic random access nmenory ( SDRAM
bank including a row decoder 116A coupled to a menory bank array 104A for
selecting a row of data in the nmenory bank array. Sense a lifiers 120
are coupl ed to tHeensoilitwniofar the 10agheda %gmi it Efg'%"ﬂ?r ?at%?ﬁ‘ﬁg

the row of gaiavaebechalify hneAdik dRpade) W& giceburthelespdtent e s

provided for selecting a desired colum of the r of-datg. AT register
102A i s proepEbtenie? RiRpline &ewo@m%%ﬁ&%%f%%&éﬂ%e %? %‘%rs
120A. The Caéaam?i?_ﬁaéar bYL8A @ntFel TERAM bsihyr ther open pelgectsnd) then

desired col gtr:rgrglng ae Lgvxvtoi'ogva%%csets%r e((lobx:l{[ehesarm%wﬂaeg%i)s R_ﬁ{il]eo %rsting
out Read data from the previous row held in the cache
(FIG. 8). Using pipelining, the precharge time and the tpy of
a page miss can be completely hidden during a Read burst as
well as a portion of the CAS Latency. This is a very powerful
feature of the cached SDRAM 10, and in the case of random row
Reads, pipelining can more than double the bandwidth of the:
memory (FIG. 10). The row cache can also be used to hide some
~ of the latency of a Write miss cycle following a Read cycle as
shown in FIG. 9. -
Combining the reduced latency of the cached SDRAM with
the capability of overlapping memory access cycles gives the
cached SDRAM a significant performance advantage over standard
SDRAM (see Figure 10). That is, the cached SDRAM can reduce
the latency of a Read page miss to that of a Read page hit,
thereby more than doubling the performance of the memory over
a SDRAM operating at the same clock frequency. It should be
noted that Write bursts cannot be pipelined due to the fact
that a DRAM must be held open and cannot be precharged during
a Write cycle until the last bit of input data is properly

stored in the memory cell.

Turning once again to FIGs. 3-6, the row data from the
DRAM sense amplifiers (106A, 106B) is transferred into the
cache (1022, 102B) only on a first Read or Write command (and
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<14 A sel ect logic gating neans, disposed between the sense
anplifiers 120A and the row register 102A is provided for selectively
gating the row of data present on the bit lines 121A to said row register
102A in accordance a particular nenory operation of the cached SDRAM 100
bei ng perfornmed. Select |ogic gating nmeans 121A incl udes appropriate |ogic
circuitry for performng a desired gatinggof a row of data fromthe sense
anplifiers 120A to the row register 102A "Data to be input into cached
SDRAM 100 during a Wite operation is received by the sense anplifiers 120A
and witten into the menory bank array 104A. In addition, data to be

out put from cached SDRAM 100 during a Read operation i.s read out only from
the row reg¥d{dy regpact ko b WriBia: gomeandi ALY in e dnstagice of thea

first havi ngnigebeitgd ihr eRet e ifBNMPFANSLEK B6de) d8értongharsersa Bank
anplifiers éﬁ%ﬁ_%ﬁgathen se ect'veréﬁggted t he row regjster 102A |nt
accordance WIH {He® P3P HRRRE ar h§¥n GEINE kﬁ?ﬁidﬂ%r 1t commapds to

i nstance, sthecgamet row doRaat dpadathencacheh{To2m, rbo2B) andathel eathe by

t he row dec 1.0 .L.Nn w regi n rgnce
of a additigﬁﬁﬁeéﬁgsgéﬁg% ﬁgﬁkgggégéréfld%é§§¥é%$¥§é}t gfggﬁgarg§gg ggta
in the nenpry sinek row dogs ot causavyeloapingitobHrithe t ¢acke| each| time.
gating nmeans 121A can gate the affected row of data present on the bit

lines to the row register 102A, thereby maintaining a row data coherency.

In accordance with another embodiment of the presen
invention, the cached synchronous dynamic random access memory
(cached SDRAM) device 100 having a multi-bank architecture and
a programmable caching policy includes a synchronous dynamic
random access memofy (SDRAM) bank including a row decoder 116A
coupled to a memory bank array 104A for selecting a row of
data in the memory bank array 104A, sense amplifiers 120A
coupled to the memory bank array 104A via bit lines 121A for
latching the row of data selected by the row decoder 116A, and
a column decoder 118A for selecting a desired.column of the
row of data. A randomly addressable row register 102A stores
a row of data latched by the sense amplifiers 120A. A select
logic gating means 121A is disposed between the sense
amplifiers 120A and the row register 102A for selectively
gating the row of data present on the bit lines 121 to row
register 102A in accordance a particular synchronous memory
operation of the cached SDRAM 100 being performed. Data to be
input into cached SDRAM 100 during a Write operation is
received by the sense amplifiers 120A and written into the
memory bank array 104A. Data to be output from cached
SDRAM 100 during a Read operation is read out only from the
row register 1027, the row of data contained in row
register 102A first having been read from the memory bank



-

“I'n addition to the above, the cached. SDRAM of the present invention further
i n¢ludes data input/output (I/0 buffers 124 having input lines for
receiving the data to be input into and output fromthe cached SDRAM 100.
Data | atches 122A are coupled between the data 1/0O buffers 124 and the
row 15 regi ster 102A for |atching
data output. fromthe row regi ster 102A o@fo the data 1/O buffers 124. The
data | atches 122A further are coupl ed between the data I/O buffers 124 and
the sense anplifiers 120A for latching data input fromthe data I1/O buffers
124 to the sense anplifiers 120A. The data out put from cached SDRAM 100,

W th the oxemay E0RiCe: Ghdl SeRragauphifintYor daRnaha LRl BhEEdEIvAY
gated to the row register 102A in accordance with the
particular memory operation. The column decoder 118A of the
SDRAM is further provided for selecting a desired column of
the row of data stored by the row register 102A. Subsequent
to a Read operation in which a row of data selected by the row
decoder is gated into row régister 102A, and upon an
occurrence of a additional subsequent memory operation
affecting the same row of data in the memory bank array,
select logic gating means 121A gates the affected row of data
present on the bit lines to the row register 102A, thereby

maintaining a row data coherency.

A means 108 is provided for_programming of the cached
SDRAM 100 to operate in a Write Transfer mode (i.e., Write
Allocate mode) corresponding to a Normal Operation mode of an
industry standard SDRAM during a Write cycle, and to operate
in a No Write Transfer mode (i.e., a No Write Allocate mode)
according to an alternate operation mode during a Write cycle,
thereby operating under a first and a second caching policy,
respectively. Preferably, the programming means includes the
mode register 108, as shall be discussed further herein below
with reference to FIGs. 5 and 6. Alternatively, the
programming may also be accomplished through other means such
as a wirebond or metal mask option.

Select logic gating means 121A is responsive to a control
signal from programming means 108A, wherein during the Write
Transfer mode and upon an occurrence of a Write command, the
caching policy is such that select logic gating means 121A



‘A control neans (not shown), such as.a m croprocessor or nmenory controller,
can be used for controlling the cached SDRAM 100 for enabling concurrent
menory operations to occur on the row regi ster 102A and on a correspondi ng
menory bank array of a sanme bank 104A of the multi-bank architecture. The
control neans can control the cached SDRAM 100 for enabling a Burst Read
operation on the row regi ster 102A and asbank Precharge operation on the
menory bank array 104A of the 5ame bank of the nulti-bank architecture to
occur concurrently. Alternatively, the control neans can control the cached
SDRAM 100 for enabling a Burst read operation on row regi ster 102A and a
bank activate operation on the correspondi ng nenory bank array 104A of the

same bank ofadfematicallanioadsn muaviously actdvagedcyovefinan the SPRAM ol

means may fuiibgy §00Ar Gntdd ARG SERdP01694 . enabhithe raBY StakPhitly

operation on the rOM/[eglster 102A and a bhank refresh-operation on the,
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archi t ect ur ecdfn@ed |l thCedckRhgY policy is such that the select logic 16
gating means 121A does not transfer a previously activated row
to the row register 102A, where in the latter instance, the
row register 102A functions as an independent cache Read bank
and the SDRAM array 104a functions as a semi~-independent DRAM

Write bank.

. The cached SDRAM 100 can further include a second
synchronous dynamic random access memory (SDRAM) bank
including a second row decoder coupled to a second memory bank
array for selecting a second row of data in the second memory
bank array, second sense amplifiers coupled to the second
memory bank array via second bit lines for latching the row of
data selected by the second row decoder, and a second column
decoder .for selecting a desired column of the row of data. A
second randomly addressable row régister is provided for
storing a row of data latched by the second sense amplifiers.
Furthermore, a second select logic gating means, disposed
between the second sense amplifiers and the second row
register, is provided for selectively gating the row of data
present on the second bit lines to said row register in
accordance a particular memory operation being performed.
Data to be input into the second SDRAM during a Write
operation is received by the second sense amplifiers and
written into the second memory bank array. Data to be output
from the second SDRAM during a Read operation is read out only
from the second row register, the row of data contained in the



The cached SDRAM 100 of the present invention further includes a second
synchronous dynam ¢ random access nenory (SDRAM bank including a second
row decoder coupled to a second nenory bank array for selecting_a second
row of data in the second nenory bank.- array, second sense anplifiers
coupled to the second nenory bank array via second bit lines for | atching
the row of data selected by the second r@2 decoder, and a second col um
decoder for selecting a desired columm of the row of data. A second
random y addressable row register stores a row of data | atched by the
second sense anplifiers. A second select |ogic gating neans, integrated
with the sense anplifiers, as 106B, is di sposed between tge se nd sense

amplifiers oPECPRE FWbREILSEeRgfirsE RAYRNSr healy | kRAT vEFemy quf??&??ow
~of data pr e&@@f&oﬁf‘ Haaks exerdly bitb [tiessécondesenwer egisl ¥fidf2Band then

accordance to Lcu no. perations_aqf the ? gngEﬁ lagi%ha

per f or ned. CELVE Ylégi 4rﬁ% Eﬁ% S&E8R éﬁﬁ % ef %
during a VViWitmthatpantmeularememdryyopbeateonnd sense anmplifiers 106B
and witten into the second nenory bank array 104B. Data to be output from

t he second bank of the cached SDRAM during a Read operation is read out
only fromthe sechbnd acwordance ewildpBanotheronaspeght ;aeeprdingd to thhe

second row 1 V. epe féﬁgﬂ SgC nk
array 104B tﬁ(;&tg%%ﬁge(]:igﬁﬁ ser??e If? #a?hggsagnd thlen se‘f'iekgglee?% at ed toilflhe
second row re}Fling HB%EFYnOBcéoFGEHGQ SWRANFABOYE, AYRAMAC & RGfRess
Menory oper ghdmtsy (cachedVSDRAM)f @etiee havih§sa ruléiabdnk arichifteldtureg

's a includes the steps of: -

providing a synchronous dynamic random access memory
{(SDRAM) bank including a row decoder coupled to a memory bank
array for selecting a row of data in the memory bank array,
sense amplifiers coupled to the memory bank array via bit
lines for 1latching the row of data selected by the row
decoder, and a column decoder for selecting a desired column
of the row of data;

providing a -‘randomly addressable row register (ROW
REGISTER) for storing a row of data latched by the sense

amplifiers;

providing a select logic gating means, disposed-between
the sense amplifiers and said row register, for selectively
gating the row of data present on the bit lines to the row
register in accordance a particular synchronous memory
operation of the cached SDRAM being performed, wherein data to
be input into the cached SDRAM during a Write operation is
received by the sense amplifiers and written into the memory



-di scussi on on which concurrent operations are allowed and how

17 t hey can be used to nmaxinm ze nenory perfornmance and ninimze system
waits states. Referring nowto FIG 7 (in conjunction with FIGs. 3,
4 and 5) when a Bank Activate command is given to the cached SDRAM the row
is selected in menory and the data is |atched by the sense anplifiers 106A
At this point the contents of the cache 1ZRA renai n unchanged. Wen a
Read command is issued, the entire selected rowis transferred into the
cache 102A within one clock cycle and the first Read data appears on the
outputs within two cl ock cycl es. On the clock cycle follow ng the Read
command, the row data is latched in both the cache 102A and the sense
anplifiers Dofuk @Biray and weensin slatieete et qutpulm fhemctladecaczed aFRRAN

not access 'Q@-Ph§a Read operation is read out only from the row
register, the row of data contained in the row register first
having been read from the memory bank array to the sense
amplifiers and then selectively gated to the row register in
accordance with the particular synchronous memory operation;
and

programming of the cached SDRAM to operate in a Write
Transfer mode corresponding_to a Normal Operation mode of an
industry standard SDRAM during a Write cycle, and to operate
in a No Write Transfer mode during a Write cycle thereby
operating under a first and a second caching policy, -
respéctively.

In addition, the method further includes providing the
select logic gating means for being responsive to a control
signal from the programming means, wherein during the Write
Transfer mode and upon an occurrence of a Write command, the
caching policy is such that the select logic gating means
automatically loads a previously activated row from the SDRAM
array into the row register. Furthermore, during the No Write
Transfer mode and upon an occurrence of a Write command, the
caching policy is such that the select logié gating means does
not transfer a previously activated row to the row register,
where in the latter instance, the row register functions as an
independent cache Read bank and the SDRAM array functions as
a semi-independent'DRAM Write bank. Still further, the method
includes a step wherein subsequent to a Read operation in
which a row of data selected by the row decoder is gated into



104A, the DRAM array 104A no | onger needs to be held open. As a result, the
DRAM array 104A can be precharged on the clock cycle follow ng the Read
command usi ng the auto-precharge function (Read with Auto-Precharge). The
manual Precharge command cannot be used at this tinme because it would

term nate the burst Read. Note that Manual Precharge term nation of a burst
Is inplemented with the cached SDRAM of tJ4e present invention in order to
mai ntain a backward conpatibili*ty with standard SDRAMs. To all ow the burst

. to conplete, the Manual Precharge Command can be given two clock cycles

" before the end of the Read burst. Once the SDRAM array 104A has been

- precharged, the system (not shown) can issue the Auto Refresh comand (Ti ne
- T5 of Figurethp arsofregieties!, Bank Aapbnvaire cecuppdnie tdf sanedditional

. different Bank durln cache e) ses
s | TGS, BERoRt et S e, Aot R 1n
during a cachhe(pege#yﬁbamkgammsyxHﬂusysﬂemttneglc gating means gates the
affected row of data present on the bit lines to the row

register, thereby maintaining a row data coherency.

The programmable caching policy method in accordance with
the present invention can further comprise providing a second
synchronous dynamic random access memory (SDRAM) bank
including a second row decoder coupled to a second memory bank
afray for selecting a second row of data in the second memory
bank array, second sense aﬁplifiers coupled to the second
memory bank array via secbnd bit lines for latching the row of
data selected by the second row decoder, and a second column
f decoder for selecting a desired column of the row of data. A

second randomly addressable row register is provided for
storing a row of data latched by the second sense amplifiers.
A second select logic gating means, disposed between the
second sense amplifiers and the second row register, is
provided for selecéively gating the row of data present on the
second bit lines to the row register in- accordance a
particular synchronous memory operation being performed. Data
to be input into the second SDRAM during a Write operation is
received by the second sense amplifiers and written into the
second memory bank array. Alternatively, data to be output
from the second SDRAM during a Read operation is read out only
from the second row register, the row of data contained in the '
second row register first having been read from the second
memory bank array to the second sense amplifiers and then



o~

soption to pi pel i ne nenory accesses to the sane bank “This is acconpl i shed
by*a controller closing the open page and then starting a next row access
(to the sanme page) while bursting out Read data fromthe previous row held
in the cache (FIG 8). Using pipelining, the precharge tinme and the t[err]
of a page m ss can be conpletely hidden during a Read burst as well as a.
portion of the CAS Latency.- This is a veR§y powerful feature of the cached
SDRAM 10, and in the case of r:andom row Reads, pipelining can nore than
doubl e the bandwi dth of the nmenmory (FIG 10). The row cache can al so be
used to hide sonme of the latency of a Wite mss cycle follow ng a Read
cycle as showmn in FIG 9. Conbi ni ng the reduced | atency of the

cached ﬁDdRAMeaiédtﬁfelyafgaltieldj tho o?h@veébaﬁahﬁgwnwﬁswesﬁ ?ﬁaﬁbﬂdﬁ/fs
t he cached SDRAM Ifica performance advantage over .standar

(see Flgurewﬁﬁp ﬁﬁgtl?ﬁgafaﬁﬁgﬁﬁgfﬁ@&fe%% u%%gfﬁglﬁhfency of a Read
page m ss to that of a Read page hit, thereby nore than doubling the

per formance of t s p t

frequency. It sht)ﬁ}g Ee norto%fiit at :thg i;g%%nﬁ%?ﬁﬁgagfm%i‘ﬁ J‘due?o
the fact thd3io ADiAe Fransfemanedepef enere§a+ﬁau B’él%rmg‘éd imyientian
Wite cycl elwadﬂpéf@téesta tﬁfog&famme dééaliﬁ%pgem%yy rBfovidilg a

menory cell g once a row data from_t he

al n
DRAM sense m%’?%rge'(’iﬁ AL 1R¥GH) ]1’st3‘f°r an'glP%?r gGaFHFS’ Bl QR BN Med
102B) only oDRAM i werRead obpdimieecothancc{cliéd SDRAM's cache for a

particular application, resulting in obtaining an optimal
memory performance and compatibility. With respect to the

, present invention, the mode register 108, as shown in FIGs. 3
and 6, is preferably used for selecting whether the Write
Transfer mode or the No Write Transfer mode of operation shall
be used in a particular application. During a Mode Register
Set cycle, the Normal/Write Allocate (Write Transfer) mode or

* the No Write Allocate (No Write Transfer) mode is selected
based upon the content of address lines A7-2A11 as shown in
FIG. 6.

If a Write command occurs after a new row activate, the
Mode Register 108 is queried to determine whether or not the
data from the sense amplifiers (106A, 106B) are to be loaded
into the cache (102A, 102B) i.e., whether or not to transfer
wordline data from the sense amplifiers to the cache. If the
Mode Register 108 indicates that the cached SDRAM 100 chip is
in a Write Transfer mode, a Write command causes the sense
amplifier data to be loaded from the SDRAM array (104A, 104B)
into the cache (102a, 102B). If the mode register 108
indicates that the cached SDRAM 100 chip is in a No Write

Transfer mode, a Write command does not cause an automatic



+19 with respect to the Wite command, only in t he ‘i nstance of the chip
betng in the Wite Transfer node) occurring after a Bank Activate comrand.
Any subsequent Read or Wite commands to the same row do not | aad the cache
(102A, 102B) and the cache contents remai n unchanged. In other words,
multiple reads to a sane row does not cause rel oading of the cache each
tinme. I n accordance w th anot her gbodinent of the present

i nvention, the cached synchronous dynanig_randon1access menory (cached
SDRAM) device 100 having a multi-bank architecture and a progranmabl e
caching policy includes a synchronous dynam ¢ random access nenory ( SDRAM
bank including a rowdecoder 116A coupled to a nenory bank array 104A for .
sel ecting atrewsferlabf thet bemmnuanphifienrdata 1dnbp thesecache i (LORS,

120A coupl e t he oYV . .ar 4A via hi ' s Qr LNg

the row of ggkg)Selggfgdﬁ%§ggﬂélgoé?%%%%d r 'I6%?kbﬁ§a§§bé%é%nigegggégh¥18A

for selectinin &hdesachd)¢cothencac¢hedeSDRAM 100 will automatically update
the cache, as the data is written to the DRAM array (104A,
104B). (See FIGs. 5 and 6).

In an instance in which the cached SDRAM is used in the
Write Transfer (Normal) mode, a Write miss will cause a new
row of data to be activated and transferred from the SDRAM
array (104A, 104B) into the cache (102A, 102B) overwriting any
previous information stored in the cache (102A, 102B). Since
Read 6perations always load the cache (1022, 102B), the row
data in the SDRAM sense amplifiers (106A, 106B) will always
equal the cache data after a Read or a Write command is given.
Therefore, in Write Transfer mode, only one DRAM cache.er'per
bank (104A, 104B) is available for reading or writing (See
FIG. 5). '

Referring again to FIG. 7, a more detailed discussion of
the Write Transfer mode shall be given. When a Read miss
occurs, a Bank Activate command must be issued for a new row.
After a time t;y, a Read command or a Read with Auto Precharge
command can be given to the cached SDRAM in order to access
data from the new row. When the Read command is issued at
time TO, data from row X is transferred from the SDRAM bank
into the cache on a same clock cycle. If the Auto Precharge
function is invoked, the DRAM precharge is started on the
clock cycle following the Read command. Two clock cycles
later, the SDRAM bank is closed or precharged and a new row Y
from the same bank can be activated (clock time T3). When a



srow of data. A randomy addressable row register 102A stores a row of data
| atched by the sense anplifiers 120A. A select logic gating neans 121A is
di sposed between the sense anplifiers 120A and the row register 102A for
selectively gating the row of data present on the bit lines 121 to row
regi ster 102A in accordance a particular synchronous nenory operation of

t he cached SDRAM 100 bei ng perforned. Dagg to be input into cached SDRAM
100 during a Wite operation i$ received by the sense anplifiers 120A and
witten into the nenory bank array 104A. Data to be out put from cached
SDRAM 100 during-a Read operation is read out only fromthe row register
102A, the row of data contained in row register 102A first having been read
fromthe nmenWrjtbacemmand is issued a time T5, the cached SDRAM tramsfgrs

egi ster 107 3NAS,ARELIEISE oty (R v)7 AR Hild WRdh I BEL [ Eniarpotiit,
col utmm decodeeth1the oFDRAM sense amplifiers and the cache are holding the
same information (row Y). Any subsequent Read command will
read row Y cplumn data from the cache (see times T7-T9 of
FIG. 7). Similarly, any subsequent Write command will
simultaneously write data to row Y being held in the sense

amplifiers and also update row Y in the cache.

Since the SDRAM sense amplifiers 102A and the cache 106A
will always hold the same row after a Read or Write command is
issued, a memory controller (not shown) would require only one_'
page tag per bank of the cached SDRAM. This is the same
number of page tags per bank required for an industry standard
SDRAM. In'addition, the control of the SDRAM/cache bank
(104A, 102A) would be identical to the control of a standard
SDRAM's DRAM bank. For further compatibility with a standard
SDRAM, the binary code of the Write Transfer mode corfesponds
to the code for the Normal Operation mode of an industry
standard SDRAM (See FIG 6). These features help make the
cached SDRAM 100% (one hundred percent) compatible with a
SDRAM, allowing the cached SDRAM to replace a standard SDRAM
without making ény modifications to an existing memory

controller and system (not shown).

_ When the cached SDRAM is placed in the No Write Transfer
mode, a Write miss will not transfer a new row into the cache
(See FIG. 5). Instead, the new row is updated in the DRAM
sense amplifiers, thereby, 1leaving the cache contents
unaffected. This advantageously allows the cached SDRAM to .



+SDRAM i s further provided for selecting a desired colum of the row of data
stored by the row register 102A. Subsequent to a Read operation in which a
row of data selected by the row decoder is gated into row register 102A,
and upon an occurrence of a additional subsequent nenory operation
affecting the same row of data in the nenory bank array, select |ogic
gating neans 121A gates the affected row@f data present on the bit |ines
to the row register 102A, thereby maintaining a row data coherency.

A nmeans 108 is provided for progranmm ng of the cached SDRAM 100 to operate
in a Wite Transfer node (i.e., Wite Allocate node) corresponding to a
Nor mal Operation node of an industry standard SDRAM during a Wite cycle,
and to oper &tave ra dRe@d\page andnaf Writedpage. epengs\BURERNEONSIYC dde thRle)

according t Fags 1%&& operation node during a Wite cycle, thereby
operating u% er Zd HQ?A%d a second caching policy, respectively.

Preferably, the programm ng neans includes the node register 108, as shall
be discussed furtfiefePsifgn JRliRN ¢ tRIGI e8¢r €Ree N Witite Thanstertmode

Teans such: Shal it JERECRRE raLaraRgeR: opVheR 4 Read Rige. SridE.C'a Hant,

neans 121A iactiRGEte dotfdn@ auetbeolissugdatof actipabgr anmewy rosans Al

Conmand, T hét S fampoPi ReaH.OPARAFain oo RVl £ Bl Bachel sBriE fh
order to access data from the new row. When the Read command
is issued at time TO, data from row X is transferred from the
SDRAM into the cache on the same clock cycle. If the Auto
Precharge function is invoked, the SDRAM precharge is started
on the clock cycle following the Read command. Two clock
cycles later, the SDRAM bank is closed and the new row ¥ can
be activated. When a Write command is issued a time T5, the
cached SDRAM does not load the row Y into the cache. Instead,
the Write data is used to update the SDRAM sense amplifiers
106A and the cache 102A remains unaffected. At this point,
there are two rows (row X and row Y) open in the bank from
which column Reads/Writes can occur. Any subsequent Read
command will read column data from row X in the cache (see
time T7-T9 in FIG. 8). Similarly, any subsequent Write
command will write data to row Y in the SDRAM. Data cannot be
read from the row Y unless the SDRAM is precharged and row Y
is reactivated, followed by a Read command. Similarly, data
cannot be written to row X unless the SDRAM is precharged and
row X is reactivated, followed by a Write command.

The above discussed No Write Transfer mode setup is ideal
for a system (not shown) that reads data from one page of
memory, processes the data, and then writes the results back



21 automatically | oads a previously activated row fromthe SDRAM arr ay
104A into the row regi ster 102A. Furthernore, during the No Wite Transfer
node and upon an occurrence of a Wite command, the caching policy is such
that the select |ogic gating neans 121A does not transfer a previously
activated row to the row regi ster 102A, where in the latter instance, the
row regi ster 102A functions as.an indep ent cache Read bank and the SDRAM
array 104A functions as a sem*-independefit DRAM Wite bank. _ The
cached SDRAM 100 can further include a second synchronous dynam c random
access nenory (SDRAM bank including a second row decoder coupled to a
second nenory bank array for selecting a second row of data in the second

menory bank *aoraydiffeﬂr_mhtsm afpltiHe Qfeﬁnd):quﬁl eth tiﬁmi@&:&f@@;)nllﬁlhéfﬂgéhged
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colum of theimudtehedatsdy A in the same bank. Addltlonally, any
application in which data copy or data move operations occur
frequently could advantageously encounter a performance
beneflt u51ng the No Write Transfer mode of the cached SDRAM
according to the present invention.

The cached SDRAM 100 thus répresents an evolutionary
improvement to a SDRAM. For instance, the design of the
cached SDRAM 100 has been implemented in such a way as to
maintain a backward compatibility with industry standard
SDRAMs (e.g. 16Mbit SDRAM). The cached SDRAM 100 of the
present invention maintains a backwards compatibility with
SDRAM by: (i) supporting the SDRAM command, address and data
setup/hold times; (ii) using the same pin out and packages as
industry standard 16Mbit SDRAMs; (iii) using the same command
definitions, command sequence, and truth table as an SDRAM;
and, (iv) providing support for CAS Latency of 3 operation at
all frequencies of operation. To elaborate briefly on point
(iv), the cached SDRAM can operate with frequencies ranging
from 83MHz to 133MHz with a CAS Latency of 2. Standard SDRAMs
require a CAS Latency of 3 to operate at all of these
frequencies. As a result, a given cached SDRAM will support
both a CAS Latency of 2 and 3 operation at its operating
frequency. For example, a 100 MHz CAS Latency cached SDRAM
part will operate with 100 MHz CAS Latency 3 SDRAM controls.
However, the performance cf the cached SDRAM will be the same
as an SDRAM in this situation if the SDRAM control does not



second random y addressable row register is provided for storing a row of
data | atched by the second sense anplifiers. Furthernore, a second sel ect

| ogi ¢ gating neans, disposed between the second sense anplifiers and the
second row register, is provided for selectively gating the row of data
present on the second bit lines to said row register in accordance a
particul ar menory operation bei.ng perforggd. Data to be input into the
second SDRAM during a Wite opération is received by the second sense
anplifiers and witten into the second nenory bank array. Data to be out put
fromthe second SDRAM during a Read operation is read out only fromthe

second row register, the row of data contained in the .
22 secontakewadegintiseye foff sinyhaf ritheb gen ficeac ricep rnpmwaents nefivtlye

bank array tQ, Eggdsggggﬂzsense anplifiers and then selectively gated to the
second row réegrs I'n-accordance with the particular-menory operation.

From a functionality point of view, the cached SDRAM
according to the present invention can be made plug-compatible
with a standard SDRAM. Furthermore, it can be programmed as
indicated herein for operating like a standard SDRAM when
given SDRAM control signals.

As discussed herein, the cached SDRAM advantageously
solves performance limitations of a standard SDRAM. For
example, the cached SDRAM reduces the column latency of a.
standard SDRAM by having all Read operations occur from the
row register. 1In addition, the cached SDRAM increases memory
i performance by supporting concurrent operations on the same

bank. Thus a user is allowed to pipeline accesses and overlap
commands in order to hide the latency of the SDRAM. These
changes can lead to more than twice the memory performance
over standard SDRAM at the same clock frequency (ad
exemplified in Figure 10). Again, the design of the cached
SDRAM represents an evolutionary change that enables the user
to fully utilize memory bandwidth and eliminate system wait

states for all memory accesses.

While the invention has been particularly shown and
described with reference to specific embodiments thereof, it
will be understood by those skilled in the art that various
changes in form and detail may be made thereto, and that other
embodiments of the present invention beyond embodiments
specifically described herein may be made or practiced without
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I n accordance with another aspect according to the present invention, a

nmet hod of inplenenting a programmabl e caching policy on a cached
synchronous dynam ¢ random access nenory (cached SDRAM device having a

mul ti-bank architecture includes the steps of: providing a
synchronous dynam ¢ random access nenory (SDRAM bank including a row
decoder coupled to a nenory bank array f@q selecting a row of data in the
menory bank array, sense anplifiers coupled to the nenory bank array via
bit lines for latching the row of data selected by the row decoder, and a
col um decoder for selecting a desired colum of the row of data,;

providing a -randomy addressable row register (ROWREGQ STER) for storing a
row of dat adegiattieingy fitem sthee sppriti @msdt scope mfovilenginvertion |as)ic
gating meang,; di sed between the sense anplifiers and said row register,
for selectively gating the row of data present on the bit lines to the row
regi ster in accordance a particular synchronous nenory operation of the
cached SDRAM bei ng perforned, wherein data to be input into the cached
SDRAM during a Wite operation is received by the sense anplifiers and
witten into the nenory



«23 bank array and wherein data to be out put f{§%1the cached SDRAM
during a Read operation is read out only fromthe row register, the row of
data contained in the row register first having been read fromthe nenory
bank array to the sense anplifiers and then selectively gated to the row
regi ster in accordance with the particular synchronous nenory operation;
and progranm ng of the cached SQBANIto operate in a Wite Transfer
node corresponding to a Normal ' Operati o 'hode of an industry standard
SDRAM during a Wite cycle, and to operate in a No Wite Transfer node
during a Wite cycle thereby operating under a first and a second cachi ng
policy, respectively. _ :

WHAT IS CLAIMED IS:

1. A cached synchronous dynamic random access memory (cached
SDRAM) device having a multi-bank architecture and a
programmable caching policy, said cached SDRAM comprising:

a synchronous dynamic random access memory (SDRAM) bank .
including a row decoder coupled to a memory bank array for
selecting a row of data in the memory bank array, sense
amplifiers coupled to the memory bank array via bit lines for
latching the row of data selected by the row decoder, and a

_ synchronous column select means for_selecting a desired column
of the row of data;

a randomly addressable row register for storing a row of
data latched by the sense amplifiérs;

a select logic gating means, disposed between the sense
amplifiers and said row register, for selectively gating the
row of data present on the bit lines to said row register in
accordance to particular synchronbus memory operations of said
cached SDRAM being performed, wherein data to be input into
said cached SDRAM during a Write operation is received by the
sense amplifiers and written into the memory bank array and
wherein data to be output from said cached SDRAM during a Read
operation is read out only from said row register, the row of
data contained in said row register first having been read
from the memory bank array to the sense amplifiers and then
selectively gated to said row register in accordance with the
particular synchrbnous memory operations; and

means for programming said cached SDRAM to operate in a
Write Transfer mode cofresponding to a Normal Operation mode
of a standard SDRAM during a Write cycle, and to operate in a

A A
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I n addition, the nethod further includes providing the select |logic gating
means for being responsive to a control signal fromthe programm ng neans,
wherein during the Wite Transfer node and upon an occurrence of a Wite
command, the caching policy is such that the select |ogic gating neans
automatically | oads a previously activated row fromthe SDRAM array into
the row register. Furthernore,.during t No Wite Transfer node and upon
an occurrence of a Wite command, the ching policy is such that the
select logic gating nmeans does not transfer a previously activated rowto
the row register, where in the latter instance, the row register functions
as .an i ndependent cache Read bank and the SDRAM array functions as a

sem - i ndepentenyr DRAMTWaErsf dxankod&t accordingerto tdare adthvnatiencdperation
step wher ei STon e er af. I, N | fod

sel ected byqﬁcﬁieébrow S%ft:ci){igwrﬁ% .tcg%'i 2%118921)%; OP&JAE{&}& Rtef!a‘Fifst and
24 t he mowaaqpdieaching ppdicyn vespeebivelys a additiona

2. The cached SDRAM device of claim 1, further wherein said
select logic gating means is responsive to a control signal
from said ﬁrogramming means, wherein during the Write Transfer
mode and upon ‘an occurrence of'a Write command, the caching
policy is such that said select 1logic gating means
automatically loads a previously activated row from the sense
amplifiers into said row register, and further wherein during
‘the No Write Transfer mode and upon an occurrence of a Write
command, the caching policy is such that said select logic
gating means does not transfer a previously activated row to
said row register, where in the latter instance, said row
register functions as an independent cache Read bank and the
SDRAM array functions as a semi-independent DRAM Write bank.

3. The cached SDRAM device of claim 1, wherein the
synchronous column select means of said SDRAM is further for
selecting a desired column of the row of data stored by said
row register. |

4. The cached SDRAM device of claim 1, wherein subséquent'to
a Read operation in which a row of data selected by the row
" decoder is gated into said row register, and upon an
occurrence of a additional sﬁbsequent synchronous memory

_
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ssubsequent nmenory operation affecting the same row of data in the nmenory
bank array, -the select logic gating neans gates the affected row of data
present on the bit lines to the row regi ster, thereby maintaini-ng a row
dat a coherency. ~The progranmabl e caching policy nethod in accordance
with the present invention can further conprise providing a second
synchronous dynam c random access nﬁgnry (SDRAM  bank including a
second row decoder coupled to a second nory bank array for selecting a
second row of data in the second nenory bank array, second sense anplifiers
coupled to the second nenory bank array via second bit lines for |atching

the row of data selected by the second row decqder, and se I
decoder for°§§Fé§ﬂPﬁga§ﬁﬁ9§%Q&i?Eﬁuﬁﬁm%fr?“eogoaagﬁ &Qt%h%&%éﬁkﬁg BaHK

random y addgpagabka itowdeaits igic qutotiglatkdrs oxitmes rthe affectedarav
| at ched by the_Second sense anplif.igrs . A second.select | at | ns,

di sposed bePhedAt? h@%ﬁ%ﬂﬁa"%e @ %ﬁ:rr}eésr s °aﬁ§1?hgg‘g’eggﬁgg?8€\/ r{égg’étgg?

i S provi dedmhdhtaghday wehowatdatey ddhereneyf data present on the second

bit lines to the rowregister in accordance a particular synchronous
menory operation being perforned. Data to be input into the second SDRAM
during a Wite operation is received by the second sense anplifiers and *

written intg. theyhecRadnEanRApHevidelor Allanal,) aisthdin compr beingt put
fromthe second M during a Read operatjon is read out onl¥ fr?
second row-regi sRefecoRd FyRCR¥YoRaws %Gm%%éﬁ‘qq?mt RECESEMEMPEY f8 e

first havi ngahreinépadihg o £660h¢E EGW degtder lootpledr &p Aosebendemendry
Sense anplnggiS£¥¥%§r¥gE selecting a second row of data in the second
memory bank array, second sense amplifiers coupled to the
second memory bank array via second bit lines for latching the
row of data selected by the second row decoder, and a second
synchronous column select means for selecting a desired column
of the row of data;

a second randomly addressable row register for storing a
row of data latched by the second sense amplifiers; and

a second select logic gating means, disposed between the
second sense amplifiers and said second row register, for
selectively gating the row of data present on the second bit
lines to said row regiéter in accordance to particular
synchronous memory operations of said cached SDRAM being
performed, wherein data to be input into the said second SDRAM
of said cached SDRAM during a Write operation is received by
the second sense amplifiers and written into the second memory
bank array and wherein data to be output from said second
SbRAM of said cached SDRAM during a Read operation is read out
only from said second row register, the row of data contained
in said second row register first having been read from the
second memory bank array to the second sense amplifiers and
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.25 sel ectively gated to the second row register. i'n accordance with the
pafticul ar synchronous nenory operation. In further discussion of

the Wite Transfer node and the No Wite Transfer wode—of—operatiom—the

present invention incorporates a programuabl e cachi Eg ol i Y for ro&/-i di ng
a maxi mum device flexibility. This feature allows an™ a<er to
optim ze the cached SDRAM s cache for a Szlrticul ar ap1 II ul ting
i n obtaining an optimal nenory performante and conpatli [ respect
to the present invention, the node register 108, as shown in FIGs. 3 and 6,
Is preferably used for selecting whether the Wite Transfer- node or the No

Wite Transfer node of operation shall be used in a particular application.
During a Mvdth&sgi sedectdvedycl gatede Mor mihey igecond okAw (ggister in

Transfer) mog c8{~d£H8%NQiM( TN @Afm ra&N% dHrnbh Siior F&tions.

sel ect ed based upon the content "of address [ines A7-All as shown in

6. The cached SDRAM device of claim 1, wherein said

programming means includes a mode register.

7. The cached SDRAM dévice of claim 1, wherein said
programming means includes a wirebond programming option.

8. The cached SDRAM device of claim 1, wherein said
programming means includes a metal mask programming option.

9. A method of implementing a programmable caching policy on
a cached synchronous dynamic random access memory (cached
SDRAM) device having a multi-bank architecture, said method
comprising the steps of:

providing a synchronous dynamic random access memory
(SDRAM) bank including a row decoder coupled to a memory bank
array for selecting a row of data in the memory bank array,
sense amplifiers coupled to the memory bank array wvia bit
lines for 1latching the row of data selected by the row:
decoder, and a synchronous column means for selecting a
desired column of the row of data; '

providing a randomly addressable row register for storing
a row of data latched by the sense amplifiers;

THIS SHEET HAS BEEN_
REFLACED

RN L



FIG 6. If a Wite command occurs after a newrow activate, the Mde
Regi ster 108 is queried to determ ne whether or not the data fromthe sense
anplifiers (106A, 106B) are to be |oaded into the cache (102A, 102B) i.e.,
whet her or not to transfer wordli-ne data fromthe sense anplifiers to the
cache. If the Mode Regi ster 108 indicates that the cached SDRAM 100 chip is
in a Wite Transfer node, a Wite connanq%pauses the sense anplifier data
to be | oaded fromthe SDRAM array (104A, “I04B) into the cache (102A,

102B). If the node register 108 indicates that the cached SDRAM 100 chip

Isin a No Wite Transfer node,- a Wite command does not cause an autonmatic

26 transfer of the sense amplifier data into the cac@F 102 102E2. | f
; isposed betwéen

a Wite hit occurBreviging ge FRgdS gating;J¢ans,

the sense amplifiers and the row register, for selectively
gating the row of data present on the bit lines to the row
register in accordance to particular synchronous memory
operations of the cached SDRAM being performed, wherein data
to be input into the cadhed SDRAM during a Write operation is
received by the sense amplifiers and written into the memory
bank array and wherein data to be output from the cached SDRAM
during a Read operation is read out only from the row
register, the row of data contained in the row register first
having been read from the memory bank array to the sense
amplifiers and then selectively Qéted to the row register in
accordance with the particular synchronous memory operations;
and

programming of the cached SDRAM to operate in a Write
Transfer mode corresponding to a Normal Operation mode of a
standard SDRAM during a Write cycle, and to operate in a No
Write Transfer mode according to an alternate operation mode
during a Write cycle, thereby operating under a first and a
second caching policy, respectively.

10. The method of claim 9, further wherein providing the
select logic gating means further includes the selective logic
gating means being responsive to a control signal from the
programming means, wherein during the Write Transfer mode and
upon an occurrence of a Write command, the caching policy is
such that the select logic gating means automatically loads a
preﬁiously activated row from the sense amplifiers into the
row register, and further wherein during the No Write Transfer
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*in the cache), the cached SDRAM 100 wi ||l automaticalfy update the cache, as
the data is witten to the DRAM array (104A, 104B). (See FIGs. 5 and 6).
In an instance in which the cached SDRAM i s used in the Wite Transfer

(Normal ) mDdgy;s3ndlY Hids BedHReBla cause a new row of data to be activated
and transferre M array (104A, 104B) into the cache QPA,
102B) overwrltRUM M“ﬂﬁﬁ . 2 o (e
102B). Since

s informati stored j
al ways | oad t he cache
data in the SDRAM sense anplifiers (106A, 106B) wi ! ; .
" data after a Read or a Wite command is given. Thererore, in Wite Transfer
node, only one DRAM cache row per bank (104A, :104B) is available for |,
readi ng or WOBE @ IO | @ gycurrence REF & WEiFefAWRaRd £| the7 caghince

detail ed di eH3ehoniofshBR Vhiake t‘fr@r@éfécfmﬂsgia%:aeggmwns Vleasa nidaad

m ss occurs, a Bank Actlva e command be issu f-or a new row. After a
time t[err] ETANRESY EORF&N&°HF1¥ ?@Eﬂvﬁ?‘% oM &9 FYWe LEFHAERE ¢
given to thencaehed 19PRAM | instdacet, 0 mesewdam;ﬁm t fanctdonswy. a¥ham

t he Read conp sued .at T0 dat fro ransferr from
the SDRAM bATReRREIArs “ArR ReRd, Rane S8 Rog RoRle ohPak AIRGRICEE, 2.
function isai semiiedmdépe:{d%&m (DRAM Wxrbte sbanky t ed on the clock cycle
foll owi ng the Read conmand. Two cl ock cycles |ater, the SDRAM bank is
cl osed or precharged and a newrow Y fromthe sane bank can be acti vat ed
(clock tinme T3). Wen a

11. - The method of claim 9, wherein subsequent to a Read

operation in which a row of data selected by the row decoder
is gated into the row register, and upon an occurrence of a
additional subsequent synchrenous memory operation affecting
the same row of data in the memory bank array, the select
logic gating means gates the affected row of data present on
the bit lines to the row: register, thereby mzgintaining a row

data coherency.

12. The method of claim 9, further comprising:

providing a second synchronous dynamic random access
memory (SDRAM) bank including a second row decoder coupled to
a second memory bank array for selecting a second row of data
in the second memory bank array, second sense amplifiers
coupled to the second memory bank array via second bit lines
for latching the row of data selected by the second row
de_coder, and a second synchronous column select means for
selecting a desired column of the row of data; |

providing a second randomly addressable row register for
storing a row of data latched by the second sense amplifiers;
and

I
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w27 , Wite command is issued a tine T5, the cached SDRAM transfers sense
anplifier data (rowY) into the cache. At this point, both the SDRAM sense
anplifiers and the cache are holding the sane infornmation (row Y). Any

subsequent Read command will read row Y col um daf@sgheam;mngaﬁr (see

times T7-T9 of FIG 7). Simlarly, any subsequ nd wi |
sinmul taneously wite data to row Y bein eId I n tlﬂl
al so update row Y in the cache’ : ce the S ifiers

iers and
102A and the cache 106A will al ways hol d the sane row after a Read or Wite
command i s issued, a nenory controller (not shown) woul d require only one

page 129 per DA b iEnGo St R o ol fod e URePATnRMRC! Soriati

control of thetGeRAM thehesdeomid (Eehse 1amp)11me|r§ bénﬂdeﬁ'ahecaﬁie@@@héfow

control 0f€¥é@f§é§£9 for selectively gating the row of data present on
the second bit lines to the second row register in accordance
to particular synchronous memory operations of the cached
SDRAM being performed, wherein data to be input into the
second SDRAM of the cached SDRAM dﬁring a Write operation is
received by the second sense amplifiers and written into the
second memory bank array and wherein data to be output from
the second SDRAM of the cached SDRAM during a Read operation
is read out only from the second row register, the row of data
contained in the second row register first having been read
from the second memory bank array to the seéecond sense
amplifiers and then se'lectiv:ely gated to the second row
register in accordance with the particular'synchronous memory

operations.

13. The method of claim 9, wherein programming of the cached
SDRAM includes utilizing a mode register.

14. The method of claim 9, wherein programming of the cached
SDRAM includes utilizing a wirebond option.

15. The method of claim 9, wherein programming of the cached
SDRAM includes utilizing a metal mask option.

THIS SHEET HAS BEEN |-
" 'REPLACED

I

AT



3

SDRAM s DRAM bank. For further conpatibility with a standard SDRAM the

bi nary code of the Wite Transfer node corresponds to the code for the

Nor mal Operation node of an industry standard SDRAM (See FIG 6). These
features hel p make the cached SDRAM 100% (one hundred percent) conpatible
with a SDRAM allow ng the cached SDRAM to repl ace a standard SDRAM w t hout
maki ng any nodifications to an existing3genory controller and system (not
shown) . When the cached SDRAMis placed in the No Wite Transfer
nmode, a Wit eCAGHER SYNGHRONANSS HIRECAURE HAVNG A MRBEF| G 5) .

I nstead, the new row is _updated in the DRAM sense anplifiers, thereby,
| eaving the cache cont MS@’&?&PBWLEMQ QH@Y all ows the
28

cached S have a Read
page and%i&&écsage open simul taneously in the :

A cached synchronous dynamic random access memory (cached SDRAM) device

having a multi-bank architecture and a programmable caching policy -includes a
synchronous dynamic random access niemory (SDRAM) bank (100), a synchronous
static randonily addressable row register (102B), a select logic gating circuit, and mode
register for programming of the cached SDRAM to operate in a Write Transfer mode
corresponding to a Normal Operation mode of a standard SDRAM during a Write cycle,
and to operate in a No Write Transfer mode according to an alternate operation mode

. during a Write cycle, thereby operating under a first and a second caching policy,
respectively. The SDRAM includes a row decoder (116A) for selecting a row of data in
a memory bank array, sense amplifiers (120A) for latching the 1;ow of data selected by
the row decoder (116A), and a synchronous column selector for selecting a desired
column of the row of data.

Fig. 3



ﬁse(r‘r)e DRAM bank. Referring again to FIG 8, the No Wite Transfer
Ymode shall be further discussed. Wien a Read miss occurs, a Bank Activate
command nust be issued to activate a newrow. After a tine t[err], a Read
command can be given to the cached SDRAM in order to access data fromthe
new row. When the Read command is issued at time TO, data fromrow X is
transferred fromthe SDRAM into the cache on,the sanme clock cycle. If the
Auto Precharge function is invoked,.the SDRAM prechargegi-s cgtarteg orgt he
clock cycle f@llowi ng the Read command. Two cl ock 'cycgggg

bank is closed apd the new row Y can be activategy Wienjgd Wifte cormdnd is

er, St8e SDRAM

D

issued a tinme_T5xthe cached SDRAM does not load tJfe TOW Y I nto tje-sache
Instead, the|Wite data is used to update the S%?A&Vl’—_sen 1% irers 106A
and the cachg 102A remmins unaffected. At this po\l,] t hegle
(row X and row Y) open in the bank from which col up® [Readgg/ W i
occur. Any |subsequent Read command w | | a fr
the cache (s¢e tige T7-T9 in FIG_8). sef 5ty
command will jwit&Ndata to row Y kn thg \ annot be r fgmt*
row Y unl ess|tlhe SDRAM is pfec a(rged afitN| ro ictivated, fglHowgd by
a Read commapg. SinpdErly, 2= i® row X unles§ t
i s prechargefl [and rgmBX is V o a Wite conmmand.
The above di gqussed Ny Wit 5§NJp i s—¢eal f%a system (noﬁ
shown). that [qads dgt@ from )r§/ proggsses thexdata, and
then wites fHe res@€s bac 3| 8 [g2g 05
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v
9 to a different page of the nmenory. In this case, the cached SDRAM can

have both the Read page and the Wite page open sinultaneously in the

_ same bank. Additionally, any application in which data copy or data
move operations occur frequently coul d advant ageously encounter a

performance benefit using the No Wite Transfer node of the cached SDRAM

according to the present i nventi on. The cached SDRAM 100 t hus

represents an evolutionary inprovenent to a SDRAM  For instance, the

design of the cached SDRAM 100 has been pgpl enented in such a way as to

mai ntain a backward conpatibility wth industry standard SDRAMs (e.g.

16Moit SDRAM . The cached SDRAM 100 of the present invention nmaintains a

backwards conpatibility with SDRAM by: (i) supporting the SDRAM conmand,

address and data setup/hold tiknmes; (ii) using the sanme pin out and packages

as
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¥
4 ndustry standard 16Moit SDRAMs; (iii) using the same command definitions,
command sequence, and truth table as an SDRAM and, (iv) providing support
_for CAS Latency of 3 operation at all frequencies of operation. To
el aborate briefly on point (iv), the cached SDRAM can operate with
frequencies ranging from83VHz to 133VHz with a CAS Latency of 2. Standard
SDRAMs require a CAS Latency of 3 to operate at all of these frequencies.
As a result, a given cached SDRAM wi | | support both a CAS Latency of 2 and
3 operation at its operating frequency. For exanple, a 100 MHz CAS Lat ency
cached SDRAM part will operate with 100 MHz CAS Latency 3 SDRAM control s.

However, the performance of the cached SDRAM will be the sane as an SDRAM
inthis situation if the SDRAM control dogggnot -
30 t ake advantage of any of the performance inprovenents of the cached

SDRAM -

FIG. 2
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¢
Froma functionality point of view, the cached SDRAM according to the

¥present invention can be made plug-conpatible with a standard SDRAM
Furthernore, it can be programred as indicated herein for operating |ike a
st andard SDRAM when gi ven SDRAM contral signals. As di scussed
herein, the cached SDRAM advant ageously sol ves performance limtations of a
st andard SDRAM For exanple, the cached SDRpaM reduces the col um I atency
of a standard SDRAM by having all Read operations occur fromthe row
register. In addition, the cached SDRAM i ncreases nenory performance by
supporting concurrent operations on the same bank. Thus a user is al'l owed
to pipeline accesses and overlap comvands in ordgr &0 hi deag'g Hatency of

t he SDRAM These @kanges can lead to nore than t‘”'%g t he memobyaperf or manc

over standard SDRAMNt the same cl ock frequency (ad®xenpl§ i ¢d}in Figure
10). Again, the j an evol uti onar y+=—-—
change that enabl es the user td‘:’fcu y utilize menory band
elimnate systemwait states goﬁga Yata accegsedn| @] |
i nvention-has bgen parti cul ar§3§§1 di8h ref dr 5 [
speci fic enbodi frent st hereof, "ig: 1y 1 sHi '@t{;a
art that varioup ch es in fo 7] t 07 hat
ot her enbodi nenf s of"tNie prese /00! (gl ment s specifi(:g y!
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| departing fromthe spirit and scope of the invention as cl ai ned.

31
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i ‘A cached synchronous dynam ¢ random access nenory (cached SDRAM device
having a nulti-bank architecture and a progranmmabl e caching policy, said
cached SDRAM conpri si ng: a synchronous dynam ¢ random access nenory

- (SDRAM bank including a row decoder coupled to a nenory bank array for
selecting a row of data in the nmenory bank array, sense anplifiers coupled
to the nenory bank array via bit lines for latching the row of data

sel ected by the row decoder, and a synchronous col um sel ect nmeans for
selecting a desired colum of the row of data; a randonly addressabl e
row register for storing a row of data | atched by the sense anplifiers;

a select logic gating neans, disposed betyggn the sense anplifiers and said
row regi ster, for selectively gating the row of data present on the bit
lines to said row register in accordance to particul ar synchronous nenory
operations of said cached SDRAM bei ng performed, wherein data to be input
into said cached SDRAM during a W'ite operation is received by the sense
anplifiers and witten into the nenory bank array and wherein data to be
out put from said cached SDRAM during a Read operatighugal ad out only from
said row register, the row of data contained in sai gi ster first
havi ng been read fromthe nenory bank array to the sense anplifiers and
then sel ectpowel y gated to said row register in accordance with.the

parti cul apeggfghr onous1 TgAOry oper ati ons;jpad means for programm ng
said cached SDR4M to lgperafe Tnh a WiteH M ransfer node corresponding to a
Nor mal Operationl nod¢ of a|standard SDRAM during a-Wite cycle, and to

operate in._a 2048x 1024 x4 |
: ""j> 2048 Memory Bank
1]9A{V
120A
N

Sense Amplifiers |1 ’

1024x 4

iaiman—

h 2
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S~ 10244
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3

.33 " No Wite Transfer node according to an alternate operation node

‘*during a Wite cycle, thereby operating under a first and a second cachi ng
policy, respectively. 2. The cached SDRAM device of claim 1, further
wherein sai.d select logic gating neans is responsive to a control signal
fromsaid programm ng neans, wherein during the Wite Transfer node and
upon an occurrence of a Wite command, the caching policy is such that said
sel ect logic gating means automatically | oadsz/ previously activated row
fromthe sense anplifiers into said row register, and further wherein
during the No Wite Transfer node and upon an occurrence of a Wite
command, the caching policy is such that said select |ogic gating neans
does not transfer a previously actiwvated row to said row register, where in
the latter instancegﬁi%kﬂvth/register fugcysgniﬁﬁs an i ndependent cache
Read bank and the S , y functions a ént~ i ndependent DRAM Wite
bank.

NO WRITE
_TRANSFER
NO =~ MODE

A4

TRANFER
MODE)

y

" TRANSFER WORDLINE DATA
FROM SENSE AMPLIFIERS
TO THE ROW REGISTER

A

v

CONTNUE




a3
,3. The cached SDRAM device of claim 1, wherein the synchronous
“colum sel ect nmeans of said SDRAMis further for selecting a desired colum
of the row of data stored by said row register. 4. The cached SDRAM
device of claim1, wherein subsequent to a Read operation in which a row of
data selected by the row decoder is gated into said row regi ster, and upon
an occurrence of a additional subsequent gyynchronous nenory
34 operation affecting the sane row of data in the nenory bank array,
said select logic gating neans gates the affected row of data present on
the bit lines to said row register, thereby maintaining a row data

coher ency.

FIG. 6
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5. The cached SDRAM device of claim1, further conprising: a second

™ synchronous dynami ¢ random access menory (SDRAM bank including a second
row decoder coupled to a second nenory bank array for selecting a second
row of data in the second nenory bank array, second sense anplifiers
coupled to the second nenory bank array via second bit lines for |atching
the row of data selected by the second row decoder, and a second
synchronous colum sel ect means for selectings desired colum of the row
of dat a; a-second randonly addressable row register for storing a row
of data | atched by the second sense anplifiers; and - a second sel ect

| ogi ¢ gating neans, disposed between the second sense anplifiers and said
second row register, for selectively gating the row of data present on the
second bit lines to said row register in accordance tjo particul ar

synchronous nenory operatlons!of Said . performed, wherein
data to be input into the second SDBAM of saild bd SDRAM during a
Wite operation is received by the seq iefs and witten into
the second nenory bank g lLayeand whergin daté"fﬁ' it from sai d second
SDRAM of said cached SDRAM dufing a Read ad ut only from
said second row register, the|row of nt ai nqd aldg cond row
register first having been read from {he&sedond nt ANk agray to the
second sense anmplifiersgand Z - -—-*]t
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_35‘ then selectively gated to the second row register in
accordance with the particular synchronous nenory operations; and

wherein both of said first and second synchronous dynam ¢ random access
menory (SDRAM banks are coupled to an address buffer for allow ng

si mul t aneous operations on said both banks. 6. The cached SDRAM devi ce
of claim 1, wherein said progranmm ng neans includes a node register.

7. The cached SDRAM device of claim 1, wherein said programm ng neans
i ncludes a w rebond progranm ng option. 8. The cached SDRAM devi ce of
ckaim I, wherein said programm ng nmeans includes a netal mask progranm ng

opti on. 1 e

9

T
R >9; _________ 8 1

Precharge Ends DRAM

page Is closed the new
row Z can be activated

T
!
}

17

16

A
1
!
}
1

Precharge
Starts

5

A

info the cache

RowY Is loaded

FIG. 8

T4

A

13

-

T2

Precharge Ends DRAM
page Is closed the new
rowY can be activated

T
3
Precharge
Starts

T0

Row X Is loaded
Into the cache

CLK
LATENCY = 2
TCKQ DQY's



»

_g.fA met hod of inplenmenting a programmabl e caching policy on a cached
synchronous dynam ¢ random access nenory (cached SDRAM device having a

mul ti-bank architecture, said nmethod conprising the steps of:

provi di ng a synchronous dynam ¢ random access nmenory (SDRAM bank

i ncluding a row decoder coupled to a nenory bank array for selecting a row
of data in the menory bank array, sense anplifiers_coupled to the nenory

bank array via bit I|ines for |atching tq§]50w10f data sel ected by the row
decoder, and a synchronous col um neans f 4 selecting a desired colum of
the row of data; provi ding a randomy addressable row regrster for
storing a row of data | atched by the sense anplifiers; :
36 providing a select |ogic gating nmeans, disposed between the
sense anplifiers and the rom1register+’LQL\§electiuek$§ga ing the row of
data present on the bit lings to the ow, 3 '
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reglster in accordance to particular synchronous nenory operations of the
* cached SDRAM bei ng perforned, wherein data to be input into the cached
SDRAM during a Wite operation is received by the sense anplifiers and
witten into the nenory bank array and wherein data to be output fromthe
. cached SDRAM during a Read operation is read out only fromthe row
register, the row of data contained in the j. fAY W register first having been
read fromthe nmenory bank array to the sense anplifiers and then
selectively gated to the row register in accordance with the particul ar
synchronous nenory operations; and progranmm ng of the tached SDRAM to
operate in a Wite Transfer node corresponding to a Nornmal Operation node
of a standard SDRAM during a Wite cycle, and to operate in a No Wite
Transfer node according to an alternate eratiop node during a Wite
cycle, thereby operating under a flrst ﬁé} aL d caching policy,
respectively. 10. The nmethod of claim9, further wherein providingd
the sel ect |ogic gating neans further i ncl udes the selective logic gating

means bei ng responsive tgQ a co roI Qnal &gonttqg progqgnnlngtyeans,T7

wherein during the Wite Transf and upon an_occurrence o
comand, thecgrching policy|is su h that thq s¢legt lpgig gatin ntan
‘autonatical ly | oads a—pfevilousty detd Vat & owl+om t he—%end | i rs

into the row register, énd furiher mhpreln durlng t he hb Wite Transfdrl
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L
»37 ° node and upon an occurrence of a Wite command, the caching policy is
such that the select logic gating neans does not transfer a previously
activated rowto the rowregister, where in the latter instance, the row
regi ster functions as an independent cache Read bank and the SDRAM array
- functions as a sem -i ndependent DRAM Wite bank. 11. The met hod of
claim9, wherein subsequent to a Read operation in which a row of data
sel ected by the row decoder is gated into the row regi ster, and upon an
occurrence of a additional subsequent synchronous nenory operation
affecting the same row of data in the nmenorf§i3hank array, the select logic
gating neans gates the affected row of data present on the bit lines to the
" row register, thereby naintaining a row data coherency.

FIG. 10B
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12, The ne

Had .2l _further conprising: provi ding a se@@ﬁ&orf"’f/ﬁ
synchronoug HEPIACEMENRISHEETagcess menory SDRAM bank-i ncluding a secondvX ' f
. row decodef g¢oupted—to-a-sgecpnd nenory bank-array. for selecting a second
row of dat itni&m%d hefrory bank array, second sense anplifiers -
coupl ed. to|t he S®e enof yjpbank arrgy via second bit lines for |atching
t:he row of {data ' ) { he second row decoder, .and a second-

synchr onoug
of dat a;

col umm_ sel ect mehns for selecting a desi-red col um of the row
providr-ng—e—setond randonl y addressable row register for

storing a row of data |atched by the second sense anplifiers;. .

38 - BReni aFeleativebnd Qﬂe‘%/eé%t ?tr%gﬁg‘egaﬁeﬁ? feafO¥ (FEFIEER e ken

t he secondagesseac® vifthethe paftidelaeaynthrancuymemery foperadiens;awdy -
gating the row of daé’g present. on the second bit lines.to the second row _
register in accemambeth of paid first Angd second sHRCHBNRNSLMAMF BAREPR: 4CEHS BIMONe
cached SDRAM being performed, wherein data to be input into the second L
SDRAM of (SBRAM} banks 2BBReduptedrto rag addiess buffep fierralomdng simultaneous operations on said

both banks.

6. The cached SDRAM device of claim 1, wherein said
programming means includes a mode register.

7. The cached SDRAM device of claim 1, wherein said
_programming means includes a wirebond programming option.

8. The cached SDRAM device of claim 1, wherein said
programuing means includes a metal mask programming option.

9. A method of implementing a programmable caching policy on
a cached synchronous dynamic random access memory '(cached_
\_/ .. SDRAM) device having a multi-bank architecture, said method
- comprising the steps of:
' providing a synchronous dynamic random access memory
(SDRAM) bank including a row decoder coupled to a memory bank
array for selecting a row of data in the memory bank array,.
sense amplifiers coupled to the memory bank array via bit
lines for latching the row of data selected by the row
decoder, and a synchronous column means for selectiﬁg' a
desired column of the row of data; '
providing a randomly addfessa_ble row register for sto'ring'
a row of data latched by the sense amplifiers;
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. reééived by the second sense anplifiers”and written’into the second menory
bank array and wherein data to be output fromthe second SDRAM of the
* cached SPRA) our|na=a Read operati‘on is tead out only fromthe second row

r egi ster, t pepf AW intai ned in the second row register first having
been read {f rrem pnory- bank .array to the second sense anplifiers
and t hen { fo the second row register in accor dance wi t-h

‘the particu] renmory operations; . and. . - coupling both of
said firsu and second syn h onous dyng#i c randon1access nerory (SDRAM

- banks. : claim9, wherein progrann1ng of t he cached
SDRAM |ncludes utilizing a node register. 14. The method of claim9,
wher ei n progranmi ng of the cached SDRAM i ncl udes ut|I|2|n%.a wi r ehond

option. .~ mede anAcURERhAE BFCRF¥RRF®, OfierBrite RAFFARRN NGNS CARBIBEched
SDRAM inC'ﬂQQEcythbléhaﬂ &nae! he"peieeR! 10Gic gating means does not
' transfer a previously activated row to the row reglster, where
in the latter 1nstance, the row reglster functions as ‘an
independent cache Read bank and the SDRAM array functions as .
a semi-independent DRAM Write bank. ) '

N\ 11.  The method of claim 9, wherein subsequent to a Read

~operation in which a row of data selected by the Yow decoder
is gated into the row register, and upon an occurrence of a
‘additional subsequent synchronous memory operation affecting
the same row of data in the memory bank array, the select
logic gating means gates the affected row of data present on
the bit lines td the row register, thereby maintaining a row.
data coherency. '

12. The method of claim 9, furthér comprising:
providing a second synchronous dynamic raﬁdom access
U memory (SDRAM) bank including a second row decoder coupled to
a second memory bank array for selecting a second row of data
in the second memory bank array, second- sense amplifiers

coupled to the second memory bank array via second bit lines -

. for latching the row of data selected by the second row
decoder, and a second synchronous column select means for

selecting a desired column of the row of data;
providing a second randomly addressable row register for
storing a row of data latched by the second sense amplifiers;
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providing'a second select logic gating means, disposed
between the second sense amplifiers and the second row
‘register, for selectively gating the row of data present on
the second bit lines to the second row register in accordance
to particular synchrbnous mnemory operatlons of the cached
SDR2M being performed, wherein data to be input into the
second SDRAM of the cached SPRAM during a Write operatxon is
received by the second sense amplifiers and written into the
 second memory bank array and wherein data to be output from
- the second SDRAM of the cached SQRAM during a Read operation
is read out only from the second row register, the row of data
contained in the second row register first having been read
from the second memory bank array to the second sense
amplifiers and then ~sé1ective1y gated to the second row .
register in accordance with the particular synchronous memory

operations;and
coupling both ‘of sa:d first and second synchronous dynanuc random access memory

(SDRAM) banks to an address buffer for allowing simultaneous Opera_nons 6n said both

banks. -

13. The method of claim 9, wherein programming of the cached
SDRAM includes utilizing a mode register.

14. The method of claim 9, wherein programming of the cached
SDRAM includes utilizing a wirebond option.

15. The method of claim 9, wherein pi'ogranuning of the cached
SDRAM includes utilizing a metal mask option.
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