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The present invention relates to semiconductor memory
integrated circuits and, more particularly to synchronous random access
memories such as synchronous dynamic random access memories and
synchronous graphic random access memories.

Background of the Invention

Synchronous random access memories such as a synchronous
dynamic random access memories (SDRAMs) and a synchronous graphic
random access memories (SGRAMSs) are designed to operate in a synchronous
memory system. Thus, all input and output signals, with the exception of a clock
enable signal during power down and self refresh modes, are synchronized to an
active edge of a system clock.

SDRAMSs offer substantial advances in dynamic memory
operating performance, For example, some SDRAMs are capable of
synchronously providing burst data in a burst mode at a high-speed data rate by
automatically generating a column address to address 2 memory array of storage
cells organized in rows and columns for storing data within the SDRAM. In
additioxi, if the SDRAM includes two or more banks of memory arrays, the
SDRAM preferably permits interleaving between the two or more banks to hide
precharging time. SGRAMSs differ from SDRAMSs by providing certain column
block write functions and masked write or write-per-bit functions to
accommodate high-performance graphics applications

In an asynchronous DRAM, oﬁce row and colurnn addresses are
issued to the DRAM and a row address strobe signal and column address strobe
signal are deactivated, the DRAM's memory is precharged and available for
another access. Another row cannot be accessed in the DRAM array, however,

until the previous row access is completed.

menory system Thus, all
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active edge of a system cl ock. SDRAMs of f er
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row of the memory array.

In 2 SDRAM, a transfer operation involves performing a

PRECHARGE command operation to deactivate and precharge a previously

10  accessed bank memory array, performing an ACTIVE command operation to
register the row address and activate the bank memory array to be accessed in the
transfer operation, and performing the transfer READ or WRITE command to
register the column address and initiate a burst cycle.

In current SDRAMs and SGRAMs, an AUTO REFRESH

15 command is needed each time a refresh is required. During an auto refresh
operation in current SDRAMSs and SGRAMs, all bank memory arrays in multi-
bank memory devices are idle. Furthermore, the user of the SDRAM or
SGRAM device does not know which bank is being refreshed. Prior art
SDRAM or SGRAMSs typically perform auto refresh operations by toggling

20 berween the two banks during each count of the row address. For example, the
auto refresh operation is performed by refreshing row 0 of bank 0, then prior to
incrementing the row address, the banks are switched to refresh row 0 of bank 1.
The row address that is internally generated during the auto refresh operation is
then incremented to row 1 and the banks are switched so that row 1 of bank 0 is

25 refreshed, then the banks are switched to refresh row 1 of bank 1. This
alternating between banks is continued wntil all rows in all banks of the memory
device are refreshed. There is a need for an improved auto refresh operation in
SDRAMs and SGRAMs.

Summary of the Invention
30 ' The present invention provides a memory device responsive to

- comumand signals and operating in synchronization with active edges of a system
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2 By contast, a SDRAM requires separate comrands for
accessing and precharging a row of storage cells in the SDRAM nenory
artay. Once r‘%\g/ and col um addresses are provided to a SDRAMin a

* SDRAM havi ng WPt bank menory array's, a bank nenorBCH¥PH26hi ch

I s accessed remains active. 5 An internally generated row address strobe
remai ns active and the sel ected row I s3open until a PRECHARGE conmand
deactivates and precharges the sel ected row of the nenory array.

In a SDRAM a traridckr Thp aichiorpdevicvintiudes mpdtiflebakmgensory BifEHERGEEbadknaNd
operation to deactivate and, precharge a previ ouslé/ 10 Ccelee,?-d bank nenory
array, perforn ng TfNEERIYEINS sioragneslla Agammgnd decoder/eoptrelier respandsdg,

address and activalg.t4eoRRAaka JE5HN % 'ﬁﬁﬁt@}’atﬁ?ig%‘?%&tﬁﬁ%@éémhé %}s{eﬂﬁclock,

. I
transfer operation, and pertforning the trans EAD or WRI TE command to
regi ster the col ummtoadfteshsomamridicontrolingancautn refreshoopetation to a specified one of

In current SDRASI]\/B nd Ms, an AUTO REFRESH 15 command is needed each
time a refreshis ﬁ%ﬂﬁﬁ%ﬁ?@%ﬂﬁs‘ et al. US. Pat ent 5, 384, 745
describes one such SDRAM hava pit dittokiinién of e Breyend ivésition, the mdoi dévige
refreshed in response to a refresh command. During an auto refresh

operation in curréntlserorpensivgiela baymddresysignap Jlaihisembedimsnts the sempryy| t -

bank nenory devic ' ﬁggr ot @AM r.20

SGRAM devi ce does %%\gt% g‘ﬁ%’% %ﬁl}%#%%% [ S&’Bg%l% c@r%ﬁ%‘?l r aer8 tong

SDRAM or SGRAMs t yftleahhltipledafilomemant orayebased bn the dausit address Syndl oggivied gt
10 the first active edge of the system clock. In another embodiment of the present

invention, the specified one of the multiple bank memory arrays is
predetermined prior to performing the auto refresh command initiated at the first
active edge of the system clock. The one of the multiple bank memory arrays is
predetermined in one embodiment of the present invention based on which bank

15 memory array is initially refreshed and a subsequent known order of refreshing
the bank memory arrays.

The command decoder/controller is preferably responsive to
selected command signals to initiate during the auto refresh operation to the
specified bank memory array a second command controlling a second operation,

20  which is not an auto refresh operation, to a second bank memory array of the
multiple bank memory arrays, which is not the specified bank memory array.

One embodiment of the memory device of the present invention
includes a refresh counter having a separate counter portion for each of the
multiple bank memory arrays for incrementing an address of a row to be

25 refreshed.

' In one preferred embodiment of the present invention, the
memory device is a synchronous dynamic random aceess memory (SDRAM). In
another preferred embodiment of the present invention, the memory device is a
synchronous graphic random access memory (SGRAM).

30 : Because the bank memeory array in which the auto refresh

operation is performed is specified, the user of the memory device according to



bet ween the two banks during each count of the row address. For exanpl e,

t he auto refresh operation is perforned by refreshing row 0 of bank O,
then prior to i ncremendi ng the row address, the banks are switched to
"refresh roW®¥®¥Pank 1. 25 The row address that is interrcaisprgzser at ed
during the auto refresh operation is then increnented to row 1 and

t he banks are switched so that row 1 of bapk 0 is refreshed, then The.-
banks are switched to refresh row 1 of bank 1. This al ternating between

panks | s cont | NUgH okt iovEhtiod QW petrdr b amﬁoﬁ,%b?@g?%ﬁg;g%aywm&ﬁ\;i ce are

refreshed. There 1S a ne | nproved auto re eration1n 30
SDRAME and SGRAMBDt being refreshed during the auto refresh operation. For example, a transfe? a
Sunmary of the I nvention ent _invention q)rcovi des a

Th
memory devi ce r PSEROP Suchas azgadfrom °§?§’ﬁ’é‘fe'§%r&§ TR AG2Y Ao
synchroni zat i on pi¥rfobm&rwhitParRede barkf mémeéry 2b@¥1s being auto refreshed.

5 ie iption of the Drawings

Figure 1 is a block diagram of a SDRAM according to the present
invention.

. Figure 2 is a timing diagram illustrating an auto refresh operation
performed in a bank specified by an incoming bank address signal in the
10 SDRAM of Figure 1 during auto refresh mode.

Figure 3 is a block diagram of a refresh counter employed in one
embodiment of the SDRAM of Figure 1.

Figure 4 is a timing diagram illustrating an auto refresh operation
performed in a predetermined specified bank in the SDRAM of Figure 1 during

15  auto refresh mode.

Figure 5 is a timing diagram illustrating an auto refresh operation
starting at a predetermined specified bank in the SDRAM of Figure 1 during
initialization and loading of a mode register.

Figure 6 is a timing diagram illustrating an auto refresh operation

20 performed:in a bank O as specified by an incoming bank address signal and an
active operation followed by a read operation in a bank 1 of the SDRAM of
Figure 1.

Description of the Preferred Embediment

In the following detailed description of the preferred

25 embodim.ants, reference is made to the accompanying drawings which form a
part hereof, and in which is shown by way of illustration specific embodiments

- in which the invention may be practiced. It is to be understood that other
embodiments may be utilized and structural or logical changes may be made
without departing from the scope of the present invention. The following

30 detailed description, therefore, is not to be taken in a limiting sense, and the

- scope of the present invention is defined by the appended claims.
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cl ock. The ng\rm)%¥ %evi ce includes nultiple bank nmenory arrays. Each bank

“ menory array Wh s storage cells. A command decoder/ cont PEYTESTPAEEHoNnds

to sel ected command signals to initiate, at a first active edge of
the system cl ock, an auto refresh command controlling an auto
refresh operation to a specified one of 5 the multiple bank nmenory
arrays. A syhthroidis Aphasit feidbmatcdsiReRbHISDRAMYyent i on,
the nenory device Is al so respgnsjve to a bank address signal. In
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I nvention, the specgjfli e of the nultiple bank nory arrays.,ls

predet erm ned pri g‘ﬁt{sﬁgmW@‘%ﬁ?eéﬁ{b&df%$§£]§ﬂwmngﬁéiﬂﬁf% at the
first act i IRcRibsyyQfnc! PghcBoml 8Pecihi@tkn. The one of the nultiple bank
menory arrays i s predeterm ned in one enbodi nent of the present

i nvention based on whi ch bafke preset inyepfionyis aotlimytedso FRRAMS, ps/thepresenthed and

a subsequent kn O hficn is%u&ﬁ%%ﬁé‘d 10 Dther synchronous random access memories

devices such as a synchronous graphics random access memory (SGRAM). The
10 operation of a SGRAM according to the present invention is similar to the
operation of a SDRAM. Thus, a SGRAM is not illustrated in the drawings.
SGRAMs differ from SDRAMSs by providing certain column block write
functions and masked write or write-per-bit functions to accommodate high-
performance graphics applications Much of the circuitry of a SGRAM according
15 to the present invention is stmilar to circuitry in known SGRAMs, such as the
Micron Technology, Inc. MT41LC256K32D4(S) 256K X 32 SGRAM, which is
described in detail in the corresponding Micron Technology, Inc. 1995 DRAM
Data Book.
As illustrated in Figure 1, SDRAM 20 includes a bank 0 memory
20 array 22 and a bank 1 memory array 24 which both comprise storage celis
organized in rows and columns for storing data. In one embodiment of SDRAM
20, each bank memory array comprises four separate arrays of 2048 rows x 1024
columns.
Power is supplied to SDRAM 20 pins Vcc and Vss. A typical
25 SDRAM 20 provides optimum memory performance in a low voltage
environment such as a 3.3 V environment. A system clock (CLK) signal is
provided throngh a CLK input pin and a clock enable signal (CKE) is provided
through a CKE input pin to SDRAM 20. The CLX signal is activated and
deactivated based on the state of the CKE signal. All the input and output
30 signals of SDRAM 20, with the exception of the CKE input signal during power



t he bank nenory arrays. The command
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operati on, 20 which is not an auto refresh operation, to a second bank
menory array of the mul tipl e bank %ennry arrays, which is not the .
speci fied bank nmenory array. One enbodi ment of the

nmenory devi ce of, the present ,i nvention . .includes a refre count er
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In one preferred enbodi nent of the present jnvention h menory

device is a synchronous dyvei tlech *MWQQSHRW? fiEGE%AMG.h eopbles, ~
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performed is specif)ed, Lhe ucer of (Lhe TRARLY ooy boerde0rding Lo
PCT/ US97/ 02652  address strobe (CAS*) signal on a CAS* pin, and a write enable (WE*) signal on
a WE* pin. Command decoder 26 decodes the RAS*, CAS*, and WE* signals
to place command controller 28 in a particular command operation sequence.
10 Command controller 28 controls the various circuitry of SDRAM 20 based on
decoded commands such as during controlied reads or writes from or to bank 0
memory array 22 and bank 1 memory array 24. A bank address (BA) signal is
provided on a BA input pin to define which bank memory array should be
operatéd on by certain commands issued by command controller 28.
15 Address inputs bits are provided on input pins A0-A10. As
described below, both the row and column address input bits are provided on the
address input pins. During write transfer operations, data is supplied to SDRAM
20 via input/output pins (DQ1-DQ4). During read transfer operations, data is
clocked out of SDRAM 20 via input/output pins DQ1-DQ4. An input/output
20 mask signal is provided on a DQM input pin to provide non-persistent buffer
control for a data-in buffer 30 and a data-out buffer 32.
SDRAM 20 must be powered-up and initialized in a predefined
manner. In addition, both bank 0 and bank 1 memory arrays 22 and 24 must be
precharged and placed in an idle state. The precharging of the bank memory
25 arrays is preformed with a precharge command operation which is described in
more detail below. Once in the idle state, two AUTO-REFRESH operations
must be performed. Once the two AUTO-REFRESH operations are performed,
SDRAM 20 is available for programming of a mode register 40. Mode register
40 is assumed to have an unknown state when SDRAM 20 is powered up.
30 Consequently, before performing any operational command, mode register 40

- must be set or programmed.
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Description of the Draw ngs 7 Figure 1 is a block

di agram of a SDRAM according to the present i nventi on.

Figure 2 is a timng diagr aMdchrcg'stera&Gimgfpmalimlpcrsmﬁtrregihtenwhcrahiomne
"performed in a bank s em%tﬁ an | nconi ‘%Bbank addr e ess gitggal dl n. t he

10  SDRAM of Fi glPF i ’E’fg’rstff FEUPS Thip grogram op-code un mo

Figure 3 is a bl og sibﬁg _g?imﬁeHSFSBWQM%E@r o%eR| YA GF tHe pRSSbI
enbodi ment of the > 6?% P Iﬁure{‘:4 is a

F
timng diagramil |pmmamab}g OHW’%PP’ §WM8QW@§§#%WG’FP op-codes Stp@ﬁflmrmé%i in a
d d f.
P;fef :tsﬁr m)g: Sjje%glgtgrdllﬂbai%xcaﬁy ;n%ge %‘B@Sﬂr}/‘e 1;:58' me&bﬂg“a%ﬁaé egt 0

illustrating an awbccoﬂefriraeﬁdﬁBAﬁ@pmpixﬁandthe A0-AB) sddiéss thpets, ia conjedeation ni ned
speci fied bank in the SDRAM of Flcgure 1 durin g | n|t| al | zat| on and
| oadi ng of a node %ithg SFEMODE REGISTER command determipsd iy &S's RAS*aCaS ng

di agrami |l ustrat ipgvaie gk PrepRlrBwoperation 20 perforned i n a bank O
as specified by an i ncom ng bgﬁk add‘r”ess signal and an
A no operation (NOP) command can be provided to SDRAM 20

10 to prevent §ther unwanted commands from being registered during idle or wait
states.
Two refresh commands are typically available in SDRAM 20
which are an AUTO-REFRESH command and a SELF-REFRESH command.
The AUTO-REFRESH command is performed with refresh controller 34 and
15 refresh counter 38 in a manner described in detail below to refresh the memory
arrays. The SELF-REFRESH command is performed with refresh controller 34,
self-refresh oscillator and timer 36, and refresh counter 38 in a manner described
below. Self-refresh oscillator and timer 96 internally generates a clock signal to
provide internal timing for when auto refreshes commands occur in self-refresh
20 mode.
An AUTO REFRESH command is initiated by registering CS*,
RAS* and CAS* low with WE* high. The AUTO REFRESH command is
preferably employed while operating SDRAM 20. The AUTO REFRESH
command is pon-persistent, and therefore must be issued each time a refresh is
25 required.
Addressing of the rows is generated by internal refresh controller
34 and refresh counter 38. Thus, the A0-A10 address inputs are treated as "don't .
care” conditions during an AUTO REFRESH command. In one embodiment of
the SDRAM 20 having 4096 rows, all 4,096 rows need to be refreshed every 64
30 ms. Therefore, providing a distributed AUTO REFRESH command every

15.625 microseconds meets this refresh requirement and ensures that each row is



active operation followed by a read operation in a bank 1 of the SDRAM of
Figure 1. Description of the Preferred Enbodi nents
In the followi ng detail ed description of the preferred 25 enbodi nent s,
‘reference i YHHEMB o t he acconpanyi ng draw ngs whi ch form gcrmsemefiar t
hereof, and in which is shown by way of illustration specific enbodi nents
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A synchronous dynam ¢ randasEFCeSPRESHesNMmbar R iated by re is?ciﬁgrcﬁiﬁlg to the
present invention is illustrated generally at 20 in Fi'gure n
5 CB* RAS* and CAS* Jow with WE* high. Note that the command input
signals are identical to an AUTO REFRESH command except that CKE is
disabled. Once the SELF-REFRESH command is registered, all the inputs to
SDRAM 20 become "don't cares” with the exception of CKE, as CKE must
remain low. '
10 Once SELF-REFRESH mode is engaged with the SELF-
REFRESH command, SDRAM 20 provides its own internal clocking to cause it
to perform its own AUTO REFRESH operations. The internal clocking is
performed by self refresh oscillator and timer 36. In this way SDRAM 20 can
remain in SELF-REFRESH mode for an indefinite period. Like diu-ing the
15 AUTO REFRESH mode, the addressing during SELF-REFRESH mode is
performed with refresh controller 34 and refresh counter 38.
To exit SELF-REFRESH mode, the system clock must be stable
prior to CKE going high. Once CKE transitions to high, SDRAM 20 must have

NOP commands issued for an amount of time required for completion of any

rate every 6

20 bank memory array being internally refreshed.

An auto refresh operation in one embodiment of SDkAM 20
performed in 2 bank memory array specified by the BA signal during auto
refresh mode is illustrated in timing diagram form in Figure 2. As indicated in
Figure 2, unlike previous SDRAMs or SGRAMs, where the BA signal is a don't

25  care during the initiation of the auto refresh operation, each auto refresh
operaxim; in this embodiment of SDRAM 20 is to a bank memory array
specified by the state of the BA signal provided on the BA pin.

Preferably, the AUTO REFRESH commands are not alternated
between banks, instead more than one row in the specified bank is auto refreshed

30  before switching banks. For example, in one embodiment, refresh counter 38
provides row 0 of the specified bank, then row 1 of the specified bank, then row



bl ock diagramform Mich of the circuitry of SDRAM 20 is simlar to

circuitry i n known SDRAMs, such as the M cron Technol ogy, |nc.
MI48LCAMARI wobiseasy VEG X 4 SDRAM which is described in detail in the
“ correspondi ng M'Cron Technol ogy, Inc. Functional Spef 6%,

The present invention is not limted to SDRAM5, as the present

invention is equally applied to other synchPonous random access nenori es
devi ces such as a synchronous graphi cs random access nenory (SGRAM . The
10 operation of & cf@RApEcbebbuikng ,rund fitdlypow2dd8 of theentdifind bagkof mi | ar to

t he operati f AM . Thus, a SGRAM is not illustrated in the
dr awi ngs. §M 23'[ ?‘PE\‘A; W%ﬁf%ﬁ%e W’\%F%Wcﬁoﬁbarﬁ%’r‘f ﬁ‘ﬁﬂ col um
block wite reffedRed, tHetbher BShK RSO Ay b K2 auld fefr8shB&! Inldinbthkpinct i ons to
accommodat e hi gh- performance graphi cs applications Mich of the

circuitry of a SCREfsrerdesedingnt, refresh counterd 8 sounte partialiy arentinsly theoughithd ar t o

ML CosakaoaCe) TR UF sps Bk difovitches 1o shbE Rl AR AMaeDE: | |
t he correspondi ngrdftesh osunte 3B pedferably chuts thidigh afRAlhber of rowsDedng | BoRG48

As illustrated in Figure 1, SDRAM 20 includes a bank O nenory 20 array
22 and a bank 1 nmBRSFY SHitFRDE banlShi ch both conprise storage cells

organi zed in rows and col UNRSefQh ool BGofPidyRd id ShePREreRSRRdMALntF SDRAM
20, each bank nenory array conprises four separate arrays of 2048 rows x

1024 col umip: 20 is illustrated in block diagrasyormiig Figupnyl. | Ehis prefeSBRAM 20

D1 VS 21 - ey gBel s ot S e RO e

envi ronment. A sy bsamehoglarfainthe SDFNM. For example, as illustrated in Figure 3,
refresh counter 38 includes a refresh counter bank 0 portit_m 38A and a refresh
counter bank 1 portion 38B. If each bank memory array has 2048 row, each
refresh counter bank portion includes 11 bits to hold the existing row address

15 currently being refreshed. This is in contrast to a single portion counter 38
‘which has one counter portion with 11 bits to address the 2048 rows of every
bank memory array. By having a refresh counter portion dedicated to each bank,
the auto refresh operation can stop partially through the refreshing of rows in a
given specified bank. For example, an auto refresh operation can be performed

20  for row 0 through row 8 in bank 0, then switch to bank 1 to perform auto
refreshes on addressed rows. 'When the auto refresh operation returns to bank 0,
the count heid in refresh counter bank 0 portion 38A indicates that the refreshing
was last performed on row 8 of bank 0, so that refreshing then begins in row 9 or
whatever row was due to be refreshed prior to switching banks.

25 An awuto refresh operation performed in a predetermined specified
bank memory array of an alternative embodiment of SDRAM 20 during auto
refresh mode is illustrated in timing diagram form in Figure 4. In this
embodiment of the SDRAM or SGRAM according to the present invention, the
BA signal is a don't care during the initiation of the auto refresh operation.

30 Nevertheless, prior to issuing the AUTO REFRESH command, one of the banks
is predetermined as the bank to be auto refreshed. Preferably, the AUTO



provi ded through a CLK input pin and a clock enable signal (CKE) is

provi ded through a CKE input pin to SDRAM 20. The CLK signal is
activated and deactivated based on the state of the CKE signal. All

*the input X¥°%MPut 30 signals of SDRAM 20, with the earamvemsoft he
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and self refresh nodes, are synchronized to the active going edge (the

posi tive going mﬁm&&ﬁnmwmmtm+tw§é&@wrﬁawlmar&isafhe CLK

si gnal . chip sel ect *) 1 nput pin inputs a CS*
si gnal whi ch en&lﬁwclﬁedpredemmmwmhmmmmmslwﬁmtﬂm gh a command

decode 26. Cormand dec,;)d 2 5 is.in nd controJ | er 28.
Comand decoder PHGEiLRE @8@%‘1%&?’?81‘“‘&‘“%&“3’%&@&5 é"al”’h PWB“&R ddr ess
strobe (RAS*) Slpaﬁaiméarin%el%%ﬁénﬁhﬁ SOdyUBR bein refmtﬁddress strobe (CAS*)

signal on a CAS* pin, and a wite enabl e (V\E*% si gnal on a V\E* pin.

Command decoder 26 decode§°t‘|h§md*m@ASlmemcﬁA/\EMﬂWP?dtospeﬂﬁ'to pl ace
command contr ol gl 68 B uéer BRfbk nfehldd) dCATRIN 10DGF Rk bPRARE BHSNGE-

AUTO REFRESH command is being performed in. In Figure 5, a timing

diagram illustrates an auto refresh operation starting at a predetermined specified
bank in SDRAM 20 during initialization and loading of mode register 40. As

10 described above for the two bank SDRAM 20, after both bank memory arrays
have been precharged and placed in an idle state, two auto refresh operations are
performed prior to the programming of mode register 40. As indicated in Figure
5, the initial AUTO REFRESH command is started in the bank 0 memory array.
Since, the AUTO REFRESH commands complete the refreshing of all 2048

15 rows prior to switching banks, the user can keep track of which bank an auto
refresh operation is being performed in based on the knowledge of where the
initial auto refresh is performed in SDRAM 20 and thereafter, the order of
refreshing the banks. In a two bank system, the knowledge of the current bank
can be maintained simply by toggling a bit each time the bank is switched.

20 ' « In an alternative embodiment, the user of the memory device does -
not need to start tracking which bank the AUTO REFRESH command is being
performed in during initialization, instead the user of the memory device issues a
special AUTO REFRESH command or some other special command to indicate
that the next auto refresh operation is to be performed in a preset bank, such as

25 bank 0, or in a user determined bank. After issuing the special command, the
user then must track which bank the current auto refresh operation is being
performed in as described above.

All the embodiments of the SDRAM or SGRAM according to the
present invention permit the user of the memory device to know which bank

30 memory array in a multi-bank system is being refreshed. In one embodiment,

- the user specifies the bank to be refreshed at the initiation of an AUTO



10 Command controller 28 controls the various circuitry of SDRAM 20 based
on decoded commands such as during controlled reads or wites from
_or to bank O menory array 22 and bank 1 nmenory array 24. A bank
addr ess (BA) Ws?g’r?gfssi s provi ded on a BA input pin to ¥§SYSH#0AR ch
bank nmenory array should be operated on by certain conmands i ssued
by command controller 28. 15 I1 Address inputs bits are i
provi ded on input pins AM A10. As descri bed bel ow, both the row and
col um address i nREFRESE cemmand with thedB A sighdl@n the BA pirdid drtws bankupeinoyi ns.

During wite transfer _operati.o data i s supplied t.g SDRAM 20 via
i nput / out put pi ns c{cmio{?o .t’.pT%ipHﬁ’ W@M&ﬁ?’f%r‘“g‘&@%@ﬁg’? bgaiss In s
cl ocked out of SDRAMhertbotith&i\thé Bkt PasfesiPisiSa IS balind BB ofdMPYE iUt PUt
20 -mask signal is provided on a DOMinput pin to provi de non-persistent

buf f er c ontbapks to be subsgqnently Fefrsghadds kg dpl either sase, with ths prdsent 32,
SDRAM 20 .ad- LD Al d fi X .
i one bo n R ol A batil he Bk B B pPEFARNSas 10 he igie WA

precharged and pl gived tinre. &Fhus,dititer sbmhandsTdag bp perfdimed b Gtherf bankenktaringnenor y
25 arrays is preforned Wwih a precharge command operati on which is
tepbeLdirtg a9 Lo ar g

described in re e ana oprration op 4 specifigd Bankt at e, two
AUTO- REFRESH oper at i ons The Line DBoRR ] BLERE?, okes dePRnd YL O REFRESH
operations are performed, SDRAM 20 i s availabl e’fdr progtamnm ng of a

node register 40. cawaand pefiosk fegm a refresh toj@reifreshoer Spmeairefrestitaas ARTIVE nown
state when SDRAM ié onerad: nsegquent bef.or e rform ng any
oper at i onal corma%é, m)ge reg'lﬂls1 edrméfﬁ%lf(3 m%égn%kgg?tb&pgdg Stmred.

For example, the auto refreshing of the bank 0 memory array while an active and

a read operation are performed in the bank 1 memory array is illustrated in
timing diagram form in Figure 6. As illustrated in Figure 6, an auto refresh
command is started by specifying bank 0 as the specified bank memory array to

15  berefreshed. Subsequently, an ACTIVE command is started in bank 1 to
activate the rows of the bank 1 memory array. A read command with a read
latency of two is then performed to read data out from column m of the activated
row. This transfer operation is performed between two AUTO REFRESH
commands to bank 0. Although the ACTIVE command is shown after the

20 AUTO REFRESH command, the ACTIVE command to bank 1 could be
performed before the first AUTO REFRESH command illustrated in F igure 6.

Figure 6 shows an ACTIVE command and a READ command,

but it will be understood by those skilled in the art of memory devices, that a
write operation which writes data into SDRAM 20 or other operation could also

25  be performed between the two AUTO REFRESH commands during the tg
time. [n addition, the read operation is shown for one column of data, but could
easily be extended to apply to a burst of length two, four, eight, or full page if the
operation could be performed in between the two AUTO REFRESH commands
in the time represented by tzc. Furthermore, the embodiments of SDRAM 20

30 described above refer to a two bank memory device, but the present invention
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Mode register 40 is typically a persistent register wherein once

" progr anmed, YPAEMHEYe register retains the program op-code piriteriole: mde
regi ster is reprogranmed or SDRAM 20 | oses power. Most of the possible
programabl e opti ons of SDRAM 20 are defiggd in the op-codes stored in node
5 regi ster 40. Typically node register is progranmed by providing a

desired 0p; I ol i i -he -Q?@ dress inputs,
i n conjunction &ﬁ@?&ﬁ?ﬁnﬁéﬂgﬁ%ﬁdﬁwg@%ﬁy e e}lfngrneé ﬁby (GOSN
RAS*, CAS*, bankamematfFdevied.ng regi stered | ow. A no
operation (NOP) conmand cap,be rovigfcedl}gﬁDRAM 20 _?.0 tg prevent ot her
unwant ed commands from bei ‘NFOPRY FREHICSPIadinrents haye beeg illugpted and st at es.
Two refresh conMm@mnesbeatRreiy ok paipbies Y disk: e SRR Pinbodiment, 3MgEh ar e
an AUTO- REFRESH command and aﬁgéLF- REFRE@?O%%M. bcd%ﬁ%m’,&wg REFRESH
command i s peff ovavrrprasiatad bycthesesf ordimary skill éy the art ghat a wide variewyfaf elibmateunt er

38 in a manner da?x%%riegﬁgalw iggfeﬁlehtaggrlxsocvglctuﬁterdqg ra&xsxpvettgx]eesarrxr)%r;gou;%ses may

be substituted for the specific embodiment shown and described without

departing from the scope of the present invention. Those with skill in the
electrical, computer, and telecommunications arts will readily appreciate that the
10 present invention may be implemented in a very wide variety of embodiments.
This application is intended to cover any adaptations or variations of the
preferred embodiment discussed herein. Therefore, it is manifestly intended that

this invention be limited only by the claims and the equivalents thereof.

15



arrays. The SELF- REFRESH conmmand is performed with refresh controller 34,
sel f-refresh OSCI |1 ator QE ”w uﬂﬁ refresh counter 38 in a manner
descri bed mylator and tiner 96|nternally
' generates a NOY gnal to "orévide internal timng FETURRERSEUL O
refreshes connands occur in self-refresh 20 ~node.

An AUTO REFRESH command is initiated by regi:ﬁte and -
CAS* |ow with WE* high. The AUTO REFRESH comanfl EET HAS/ fZfEbl y

enpl oyed whi |l e opaWHATIS CIDEMEDR(S: The AUTO REFRESH REPLACE ommn
non- persi stent, and therefore nmust be issued each time a refresh iIs

required. Addressing of the rows is generated by

i nternal refresh qontr94Aqeﬁmydeme;éﬂo@mtas&ﬂﬁ&mﬁmﬁaoﬁéanmks, t he

AO- A10 address inputs are tréated as care" conditions during
an AUTO REFRESH c@mwmmm@hwgmﬂasmﬂem clock, the memsDRIEVICR0 havi ng
4096 rows, all 096 r.ows need to be refreshed every 64 30 ns.

Ther ef or e, proV%dfﬂﬁmglﬂgstrlbuted AUTO REFRESH command every 15. 625

m croseconds neets thi smilyie &k thefiory a6a¥s) tach banlCRMEME ahviBRSBrageW | S
WO 97/ 30453 ¥ariall
PCT/ US97/ 02652 cells; and

a command decoder/controller responsive to selected command signals to
initiate, at a first active edge of the system clock, an auto-refresh command
10 controlling an auto refresh operation to a specified one of the multiple bank

IMEMOry arrays.

2. The memory device of claim 1 wherein the memory device is also
responsive to a bank address signal, and wherein the memory device further

15 comprises a refresh controller circuit specifying the specified one of the multiple
bank memory arrays based on the bank address signal received at the first active
edge of the system clock.

3. The memory device of claitn 1 wherein the specified one of the multiple
20 bank memory armays is predetermined prior to performing the auto refresh
command initiated at the first active edge of the system clock.

4. The memory device of claim 3 wherein the one of the mmitiple bank
memory arrays is predetermined based on which bank memory array is initially
25 refreshed and a subsequent known order of refreshing the bank memory arrays.

5. The memory device of claim 3 wherein the one of the multiple bank
memory arrays is predetermined based on a command specifying which bank is
to be next refreshed and a subsequent known order of refreshing the bank

30 memory arrays.
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refreshed. A non-preferred alternative formof refreshing is acconplished

by I ssuing all comands in a burst at a mninmum
cycle rate ever ) " A SELF- REFRESH command
is initiat\¥QH§ssRgi st .M so=x CS* RAS*, and CASkcrossmiésn \E*

hi gh. Note that the conmand i nput sip S to an AUTO
REFRESH command except that CKE is 140 ggigl ShEeY Hﬂgrq@ SELF- REFRESH
command is registered, all the inputs to D bec me "don't

cares” W th thegexcepid 88mefy detiice ofSlatdE | )gﬁ%c

Once SELF- REFRE%H meg}é 1iias g’fr)\'gagedovm t@(t he EL‘E’Emmm ﬂ%&ﬁ é%?rmand,
SDRAM 20 pr ovi disgespbssivene seiatted carhmaendsi gnalspo imitiate dexing the auto refresho perform
its owmn AUTO REFRESH aperatiops,, The internal clocking i . perfornmed
by el {1 6f e PRSSRIOAIB S SPEFHEY ok memiory s fecon iAot ling _
remain i n SELF- QEEREaldratiad Swhieh isHdt kst kéﬂekl?o%%{do %alseééo%d%ﬁk ng the 15

AUTO REFRESH node, the addressing during SELF FRESH node i's
performed w §h mefpoimayef theghiltiple banlomempnfarazh whichis oot tB8specified

To exit SELF-REER he system cl ock nmust be stable prior to
ek o

CKE goi ng hi gh. ansitions to high, SDRAM 20 nust have NOP
commands i ssued for an anount of tine required for conpletion of any 20

bank nenory array being internally refreshed. .. An aut o
refresh operatidn inRfacaeRysigyiepf claim QS%Y%QRH eopprising a refresh counter for

incrementing an address of a row to be refreshed, wherein the refresh counter has

10  a separate counter portion for each of the multiple bank memory arrays.

8. The memory device of claim 1 wherein the memory device is a

synchronous dynamic random access memory.

15 9. The memory device of claim 1 wherein the memory device is a

synchronous graphic random access memory.

10. A method of operating a memory device having multiple bank memory
arrays and being responsive to command signals and operating in
20  synchronization with active edges of a system clock, the method comprising the -
steps of:
specifying one of the multiple bank memory arrays to be refreshed; and
inifiating in response to selected command signals, at a first active edge
of the system clock, an auto-refresh command controlling an auto refresh
25 operation to the specified one of the multiple bank memory arrays.

11.  The method of claim 10 wherein the specified one of the multiple bank
memory arrays is specified in the specifying step based on a bank address signal
received at the first active edge of the system clock.

30 '
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performed in a bank nenory array specified by the BA signal during auto

refresh node is illustrat | e hagramformin Figure 2. As
i ndicated in 08 igure‘ lI!ﬂ““llﬂHr{Eu \mgus SDRAMs or SGRANB, where the BA
“signal is a don't ' T/US97/03652

€ il tiation of the aut®F

S car€ auringst
operation, each auto refresh operation HMTHIDI SHEE ' rmg,g of SDRAM 20
Is to a bank nenory array- speci fi ed bylistjhe stmzpt t he BA signal .
provi ded on the BA pin. Prieferably, e ALITO REFRESH

commands are not al2.er nBiemiethod of cléiet Vewherkiathesspesifystgestap isrperfortried prion® r ow
in the specified bank is autqg refreshed 0, before sw tching banks. For
exanpl e, in one err%’ﬁg.'l’ﬂ\?ﬁ ‘f“%é??é‘i‘ﬁs%‘g‘imf Fk-3g provi des row O of the

specified bank, then row 1 of the specified bank, then row WO
97/ 30453
PCT/ US97/ 02652 13.  The method of claim 10 wherein the specified one of the multiple bank 2

of the specified b . } I e _sheel f.ed bank of
SDRAM 20. I n thlgs ‘Z‘%‘Sﬁﬁ Tent %Qgﬁéé%&g’%’eﬂ%%{’%fﬁ%%%y%ﬁ ghy""ﬁ‘gﬁ gﬁ’@o‘%"m 4
refreshed, the ot hatayliaiitislisrefrashed aml/a absequentdubon bty efybfecthingnhabkher

Memory arrays.

14.  The method of claim 10 wherein the specified one of the multiple bank
10 memory arrays is specified in the specifying step based on a command
specifying which bank is to be next refreshed and a subsequent known order of
- refreshing the bank INemory arrays.

15.  The method of claim 10 further comprising the step of:

15 initiating, during the auto refresh operation to the specified bank memory
array, a second command controlling a second operation, which is not an auto
refresh operation, to a second bank memory array of the muitiple bank memory
arrays, which is not the specified bank memory array.

20 16.  The method of claim 10 wherein the method is performed in a

synchronous dynamic random access memory device.

17.  The method of claim 10 wherein the method is performed in a
synchronous graphic random access memory device.
25
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preferred enbodi nent, refresh counter 38 counts partially or entirely

t hrough the

rows of the specified bank than switches to anot her

5
bank. In thi }? e%&ji ment , refresh counter 38 preferably counts

" through any

A refresh count
20 is illustrat
enmbodi nent of
bank nenory
refresh countjer

*8f rows from1 to 2048 prior to ZGAUSHINES2hanks.
er 38 enployed in one preferred enbodi nent of SDRAM
SR Ml®ck diagramformin Figure 3. This preferred 10 .

SDRAM For .exanple, as illustrated in Figurg=3,
des a refresh counter bank O portion 38A and a

refresh

2048 row, ea
hol d t he exi
contrast to

ncl udes a separatetygefresh counter portion for each
|
3§ {np
"

bank 1 portion 38B. |If each bank nenory array,thas
r bénk portion inclgpes 11 bitsé

0
ntly being refreshed. This bs in

q (o] 5 urr
hgl emrt ion cogmtef |38 3 whi ch has one counter
B X0

28

A3 O—}

A2 O—

A10— ™

AOO—{ =)
207"

portion with {Flabi §siEqe-address|the| 204 of every | X bank nenory
array. By ha\m'rga r rLIEEh countf gr 50;.;,% edicated ol dach bank,
the auto refr§§ &tion @sn op parfpially through t# bf r eshi ng of
rows in a <-8 gi ra bank—or —exanrphe—am@ut b refregq)
operation cai3h per.q§|r , for% L & ough r i‘.-‘a bank 0, it hen
switch to bank31)t an Tigtl Esnes—on a
the auto refregh@per af gz 5 iﬂ%@
refresh counterf bank 0 | t §§h %g&:e re yhagp
| ast perfornmedfon row sgi Ia e3¢ ﬁg 9
or what gver row eTefieshdd poidt "t o [Gawr
25 An aut ¢ e ok il
specified bank of an q enbodi ment ol ISERgTZ
during auto r ef iIIustrate;:l:‘iz'hnﬁinJ ng di agramfcz-;r:%nﬁ
Figure 4. In this 2 o §mE i N
1 o8 Sxa =
N xs — o oo
0 = & 0 2
0 i Ll
73 8 EE =
© )] 23 xS ﬁ
*w'ﬂg 8 = 38 0
e o zpx o= o |14z
gek e & oizgp
ra>o S8% = Omt
<o 88> RS
ff Y o <o
, =T 4 28 L}
Q 0O, ‘
3‘ E o ME 0
2 zok 2 ¥
=
- E}EE;§F' 3
Lt Wygo )
o xwnz< =
Q O<| || o S
= 7 ] < x =
© L \ ggég
EREERE v z&ll B P8
i — nwli| 1 nx o
o w2 WS
< w b2 Q5
20 o~ - Wolien
ZE N 5] xo <
- OO r
o
Ly
X
(&

WE* O—1COMMAND

CLK O0—
CS* 00—
cAs* o—— DECODER

BA O-
AlQo-

RAS* O—



enbodi nent of the SDRAM or SGRAM according to the present invention, the
BA signhal is a don't care during the initiation of the auto refresh
operati on. 30 Nevertheless, prior to issuing the AUTO REFRESH comrand,

‘ one of the bX¥k¥304s3 is predetermned as the bank to be RGTEISPHEERshed.
Preferably, the AUTO WO 97/ 30453
PCT/ US97/ 02652 10

REFRESH conmands are not alternated between banks, rather all 2048 rows of
the specified predeterm ned bank nmenory arrgy are refreshed in the

predet ermi ned bank before swi tching banks. I'n this way, other conmand can
be performed in the bank nenory array not being refreshed. 5

For this enbodi nent, since the BA signal is not used to specify t he
bank, the user of the menory devi ce nust keep track of which bank the
AUTO REFRESH command i s being performed in. In Figure 5 a timng;

diagramil lustrat an auto |r&ffesh o:- :tlon startipg at a pred& erm ned
speci fi ed b;nk in S 0 dur NWinitiplization and | oadghg of node
regi ster 40. As, §§> —
x =z
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[+ 9
TN
— < - k\ —mmt—t— e, O
SN
: : ;
2 O
t
~ 25 ® S&
<
W
NS &
5 T N
"L—-—'\ -JL\ = - — O N
\—-—ﬁy_ . ~ — P
B T+ g
RN %%S L
r
‘35 : §§§ § oW
. I\ 28
20
Il =m N ¢ =%
—_— i N\ N o
T T 5B T TS
g )
€ 53 e w ¥l
z g F
S <3
o fﬂtu
= 2 3
Q
R <
= wooQ 7 o <
o S Z & S 3
= £
3 <



10 described above for the two bank SDRAM 20, after Both bank nenory

arrays have been precharged and placed in an idle state, two auto
refresh operations are performed prior to the programmng_of node
regi ster 40.WREAUHR cated in Figure 5 the initial AFY EH
command is started in the bank O nmenory array. Since, the AUTO

REFRESH commands conplete the refreshing of all 2048 15 rows prior to -
swi t chi ng banks, the user can keep track of which bank an auto

refresh operation is being performed in bzﬁgg on the know edge of where the
initial auto refresh is perforned in SDRA and thereafter, the order of
refreshing the banks. In a two bank system the know edge of the current
bank can be maintained sinply by toggling a bit each tinme the bank
iS swtched. 20 In an alternative enbodi nent, the user of
t he menory devi ce does not need to start tracking which bank the
AUTO REFRESH command i s bei ng performed in during initialization,

i nstead the user of the menory device issues a speci al AUTO REFRESH
command or sone ot her special comrand to indicate that the next auto
refresh operation is to be perfornmed in a preset bank, such as 25 Dbank
O, .or in a user determ ned bank. After issuing the special conmand, the
user then nmust track which bank the current auto refresh operation is being

perfornmed in as described above. Al'l the enbodi ments
of the SDRAM or SGRAM according to the present invention permt the
user of the nmenory device to know whi ch bank 30 menory array in a

mul ti-bank systemis being refreshed. I n one enbodi nent, t he user

specifies the bank to be refreshed at tqe>initiation of an AUTO

o
B
§§ T x M
8 |BES| |BiEy
C |gEz¥| |EZ=¥ ;
z |53% |B3% | B
% e oo eo X L
3 i)
ul < o1
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REFRESH co ith the BA signal on the BA pin in a two bank nmenory
on PR rdesh,

" device or BA pins in a nenory device with nore tREHUSSHB2BHNKS.
In anot her enbodi nent, the first refresh is to a knowmn bank and the
order of the banks to be subsequently refreshed is known. In either
case, with the present 5 i nvention, only one bank (the bank specified
to be refreshed) needs to be idle at a 6 given tinme. Thus, other
commands can be perforned on other banks n64 bei ng refreshed during
an auto refresh operation on a specified bank. The
t[err] time, shown in Figures 2, 4, and 5, representing the comand

peri-od froma refresh to a refresh or froma refresh to an ACTIVE 10
command can be utilized to perforn1connands I n banks not being retreshed.

For exanple, the apto rg array Wml%an active
and- a read pperagi 1 nenory atyay is
illTustrated in t ~ As illustgated in
Figure 6, an aufo refre ' : [ hrt ed kyi speci fyi ng bank 0 as
the specified b nenn, entEy, an
ACTI VE command is start .
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activate the rows of the bank 1 nenory array. A read command with a read

| atency of two is then perfornmed to read -data out from colum m of the
activated “m’7$ﬁﬁ¥ This transfer operation is performed between two AUTO
" REFRESH Zhifithds to bank 0. Al t hough the ACTI VE conmreBGI/WS37/62653n
after the 20 AUTO REFRESH command, the ACTIVE command to bank 1 could be
performed before the first AUTO REFRESH cgpgmand illustrated in Figure 6.

Figure 6 shows an ACTI VE command and a READ conmand, but it will be
under st ood by thos¢ sk fy devicps, that a @
wite operation_which D or ot hper operation eguld
also 25 be pefforne [ - ATO REFRESH gomyands during‘?he
tlerr] tipre. In [ : fion i$3xhown for onefeol um
of data, but could | —appl y[t® {a burst of Il€ngth
two, four, eight, or eratiog_cguld be perfg@ginmed in
bet ween the two (@] t he Vq@%represented y
t[err]. Furtherjore, PO 30 qescribed abo refer
to a two bank Hqury Hevi ce, i hvent i @R WO 97/ 30453
PCT/ US97/ 02652 \Q:
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12 - applies to any nulti-bank synchronous nenory device such as a
four, or eight bank nmenory devi ce. Al t hough
.speci fic enbogigw, have been illustrated and descri bed herein for
pur poses of description of the preferred enbodi nent, it w || PCTAS7/M26s2
appreci ated by those of ordinary skill in the art that a wde variety of
alternate and/ or equivalent inplenentations calculated to achi eve

t he sane purposes may be substitut&dbfor the specific enbodi ment
shown and descri bed w t hout departing fromthe scope of the present
I nvention. Those with skill in the el ectrical, conputer, and

tel ecomuni cations |arts| w ljlareadipy t he 10 present
i nvention may be inplenentegziin a N

of erpodi nents. ¥ o
s or_lvariatijons s Yhe

Thi s applicati o< intjenddd\Wo cq
preferred enbodifnent dijscugsegl her | s{ gahi festily i%hqnded
t hat thi g i pventfi on [B&H i ni ' sy
equi val ents thereof. 15<a| = s =z
>
&
&

tre (FOR AUTOREFRESH) ._..]
FIG. 6
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13 VWHAT IS CLAI MED | S: 1. A nmenory device (20) responsive

to conmand signals and operating in synchroni zation with active edges
of a systemclock, the nenory device 5 conprising multiple bank nenory
arrays (22/24), each bank nmenory array havi ng storage cells, and the
menory device charaterized by: 2 a conmmand decoder/controller
(‘26/ 28) responsive to sel ected command signals to initiate, at a

first active edgBy cinttabtea SPRIAShrequirek separateratinanardf fig Skcessing conmand

controlljng.,an.auto ref.resh Oﬂera%gﬁ?‘tsﬁéa specified one of the nultiple 10

bank Tow of storagocells m (RATREY AERY- SPDGEITAWm | wherein t he

MENMOT Y g6 ':ﬁj:éﬂse%%r? de8 RPOSPRUE g‘qu Sfiohl gnal, and wherein
lggl\llilce furt ovide S RPESD EIpaéll:&%fwrfgsh %E@Pgﬁ

t he nenory r conprises ar ler circuit
speci f yinkgndthry apeys, faibaok memonf artdyewinicih isispteselizemianictivenory arrays based
on the bank dress sjgnal, receiyed at, the first active edge of the
sys? enf® iRjegRally generated row address sirobe remains active and the selected row

is open until a PRECHARGE commeand deactivates and precharges the selected

row of the memory array.

In a SDRAM, a transfer operation involves performing a

PRECHARGE command operation to deactivate and precharge a previousty

10 accessed bank memory array, performing an ACTIVE command operation to
register the row address and activate the bank memory array to be accessed in the
transfer operation. and performing the trznsfer READ or WRITE command to
register the column address and initiate a burst cycle.

In current SDRAMSs and SGRAMS, an AUTO REFRESH

15 commend is needed each time a refresh is required. The Xonishi eval, U.S.
Patent 5,384,745 describes one such SDRAM havipg multiple menjory banks
which are refreshed in response 10 a refresh command. During an auto refresh
operation in current SDRAMs and SGRAMs, all bank memory arrays in multi-
bank memeory devices are idle. Furthermore, the user of the SDRAM or

20  SGRAM device does not know which bank is being refrashed. Prior art
SDRAM or SGRAMs typic'al!y perform auto refresh operations by toggling
between the two banks during each count of the row address. For example, the
auto refresh operation is performed by refreshing row 0 of bank 0, then prior to
incrementing the row address, the banks are switched to refresh row 0 of bank 1.

25 The row address that is internally generated during the auto refresh operation is
then incremented to row 1 dnd the banks are switched so that row 1 of bank 0 is
refreshed, then the banks are switched to refresh row 1 of bank 1. This
alternating between banks is continued until all rows in all banks of the memory
device are refreshed. There is a need for an improved auto refresh operation in

30 SDRAMSs and SGRAMs. . ' -
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3. The menory device of claim1l wherein the specified one of the

mul tiple bank nmenory arrays is predetermned prior to performng the
auto refresh 20 command initiated at the first active edge of the system
cl ock. 4. The menory device of claim3 wherein the one of the

mul ti pl e bank menory arrays is pregeterm ned based on which bank
menory array is initially refreshed and a subsequent known order of"
refreshing the bank nenory ar rﬁ?ﬁm&é&ﬁh&hﬁam | he nmenory device of claim
3 wherein the one of the nultiple ban menory arrays i s predeterm ned

based on a command spedht present iventiodprokidessa memonyt devive respsmsivestr eshed and a
Subsequent Knoun 0 0er el SLLSEN S MR i sl Rl
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6. The menory device of claim 1l wherein the conmand decoder/controller
IS responsive to selected command signals to initiate during the auto
refresh - operation to the specifed bank nenory array a secaond conmand
controlling a second operation, which is not an auto refresh

operation, to a second bank 5 nmeppry array i “ nk rrermr_y
arrays, which is not the specified ¥ bank wnumu;uﬂ"m F

The mer 2 further conprising a reefresh cbunter for

i ncrenment i , a row to be refreshed, wherein the refresh
counter has 10 a separate counter portion for each of the multiple bank

nMenory arrays. 8. The nmenory device of claim1l wherein the
menory deVi ce ﬁsnamrvdemgﬁ%rﬁamzyst@ymdmmdamdawmsgnenory 15 9.

The nmenor wher.ei n de e.ls a
synchronoégng‘ u%“%?%%%ﬁ%é%%s@“r%ﬁ%' 10”2”8‘3& wcﬁ met hod of
oper at iSngedim mﬁ@!ﬂb&ﬁkﬁﬁﬁﬂorﬁ&tm@g‘.ﬂﬁi}t bihh%aﬂﬁ!%ﬁmorv arr¥ENory arrays

(22/ 24) and ei ng responsive to comand signals and oper ati ng
having storage cells, and the memory device charaterized

a command decoder/controller (26/28) responsive to selected command
signals to inidate, at 8 first active edge of the syétem clock, an auto-refresh
comm#nd controlling an auto refresh operation to a specified one of the multiple

10 bank memory arrays.

2. The memory device of claim 1 wherein the memory devics is also

responsive 10 a bank address signal, and wherein the memory device further

comprises a refresh controller circuit specifying the specified one of the mulitipie
15 baok memory arrays based on the bank address signal received at the first active

2dge of the system clock.

3. The memory device of claim 1 wherein the specified ore of the multiple
bank memory arrays is predetermined prior 1o performing the auto refresh
20 command initiated at Ehe first active edge of the gystam clock. s

4, The memory device of claim 3 wherein the one of the multiple bank
memory arrays is predetermined based on which bank memory array is initially
refreshed and a subseguent known order of refreshing the bank memory arrays.
25 .
3. The memory device of claim 3 wherein the one of the muitiple bank
memory arrays is predetermined based on 2 command specifying which bank is
to be next refreshed and a subsequent known arder of refreshing the bank
IMEMOTY arrays.
30 |
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20 in synchronization with active edges of a system-etock- the et hod

'*(r:nr]?'[ ?:)Frei Egﬁk mam)% ;?(raaf/ge!?i 'gfe: r ef reshed;.. andspeCI fI“@ﬂ B i‘ﬂ“‘\‘g““w in

response to selected command signals, at a first acti n  ©®f the
system cl ock an auto-refresh command contl#ol'|ing an auto refresh 25
operation to the specified one of the nultiple bank nmenory arrays.

11.  The methdd of B?Eémmdmw@ﬁ@ﬂﬂhbwbthMMMWHapl e bank

nmenory arrays i.s_specifi { he speci.f base&g k addr ess
i gnal o ORI o Feltdled SRR Gephls pRbie R BAE e Bl BB S0
P15 12. Th&c%ﬁ@éjm@fsp&iﬁdma&l@niéﬁﬁiﬁ ytmc&me&,ﬂnym&oﬁ&aun%a
.perforned prior to the first active edge of the system cloc
second operation, which is not an auto refresh operation, 10 & sccond bank
§ memory array of the multiple bank memory arrays, which is not the specified

bank memory array.

7. The memeory device of claim 2 further comprising a refresh counter for
incrementing an address of a row 1o be refreshed, wherein the refresh counter has

10 a separzate counter portion for sach of the multiple bank memory arrays.

8. The memory device of claim | wherein the memory davice isa

synchronous dynamic random access memory.

15 9. The memory device of claim | wherein the memory devics is a

synchronous graphic random access memory.

10. A method of operating 2 memory device (20) having multiple bank
memory arrays {22/24) and being responsive to command sigrals and operating
20 in synchronization with active edges of & system clock. the method charaterized
b}j the steps <‘>f:
specifying one of the mnuitiple back memory arrays to be refreshed; and
. initiating in response to selected command signals, at a first active edge
of the system cloek, an auto-refresh commund controlling an auto refresh
25 operationto the specified one of the muitiple bank memory arrays.

11.  The method of claim 10 wherein the specified one of the multiple bank
memory arrays is specified in the specifying step based on a bagk address signal
received at the first active cdge of the system clock.

30 '
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13. The nethod of claim 10 wherein the specified one of the muttiple bank

5 menory arrays is specified in the.specifying step based on whj ch bank
menory array is initially refreshed and a sub H!“er of
r.efreshi ng the bank menory arrays. claim
10 wherein the specified one of thegsmiltiple bank rmry“ arrays s
specified in the specifying step based on a comand speci fyi ng which

ol r eshi 1 ¢ Y EeiGt JreRiE 0 Wil EHIPRIY Rt IOMAES BB | i 1 10

refreshi ng t he bank nenory arrays.

further chefirst adtivg elgeeofshegystefnciddk. initiating, during the auto refresh
operation to the specified bank nenory array, a second comrand
controlling a second operation which is not an auto refresh

operati ong to-rq,e W%ng%r xﬁéd&x@%ffﬂé'rﬁdl@&??%ﬁpk menory

arrays, V\/mch I'S not the speci nenory arra The

met hods ofmehay mrid m/ﬂmcéied ut the spexifgid step h‘as:rdfmrmdh b:mkanemc\ry synchr onous

dynam ¢ rand C devi ce
y array ?nn_]n%aﬁ Fefreshed and a subsequent known order of refreshing the bank

memaory arrays.

14, The method of claim 10 wherein the spacified one of the multiple bank

10 memory arrays is specified in the specifying step based on & command
specifving which bank is to be next refreshed and a subsequent known order of
refreshing the bank memory arrays.

15.  The method of claim 10 further comprising the step of:

15 inidating, during the auto refresh operation 1o the specified bank mernory
array, a second command coatroiling a second operation. whick is not an auto
refresh operation, 10 a second bank memory array of the multiple bank memory

arrays, which is not the specified bank memory array.

20 16,  The method of claim 10 wherein the method is performed ina
synchroncus dynamic randon: access memory device,

17.  The method of claim 10 wherein the method is performed ina

synchronous graphic random access memory device,

-
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17.

The met hod of claim 10 wherein the method is perforned
synchronous graphi c random access nenory device. 25
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