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Aicron

64Mb: x4, x8, x16 SDRAM
WRITE Operation

Figure 31: WRITE-to-PRECHARGE

Note:
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Command -<WR|TE >—< NOP >—< NOP ><PRECHARGE>—< NOP >—< NOP >-< ACTIVE ><
T T
| |

Address —< ngf‘na W M % @ oraII) W W % B?{vaa >€
oo (S >z< w M/ Y M M/ w
- Transitioning data - Don't Care

1. In this example DQM could remain LOW if the WRITE burst is a fixed length of two.

Fixed-length WRITE bursts can be truncated with the BURST TERMINATE command.
When truncating a WRITE burst, the input data applied coincident with the BURST

TERMINATE command is ignored. The last data written (provided that DQM is LOW at
that time) will be the input data applied one clock previous to the BURST TERMINATE
command. This is shown in Figure 32 (page 60), where data n is the last desired data
element of a longer burst.
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Figure 32: Terminating a WRITE Burst

TO T1 T2
CLK + | * | ‘1 I_
| | !
Command '< WRITE >'<TE:|\L:|F|{I3;TE>_<COI\'\;|$\3|(/IND>'<:
| | !
| | !
Address -< %ZTIE >‘<7 M bkl >'@
| |

DT

Transitioning data Don't Care

Note: 1. DQM is LOW.
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64Mb: x4, x8, x16 SDRAM
WRITE Operation
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64Mb: x4, x8, x16 SDRAM
WRITE Operation

Figure 33: Alternating Bank Write Accesses

TO - T t T2 T3 T4 T5 T6 T7 T8 T9
K i e nne = SNP W NP SN NN SN NP S Y SN N W N S
tclfi ‘ ic»n‘m
we 7F | X | | e el | el | e | e ) e | el
ems| tcmH
| —
Command X ACTIVE NOP >@< WRITE >@< NOP >@< ACTIVE >@< NOP >@< WRITE >@< NOP >@< NOP >@< ACTIVE W
| tems | temH
bQu DT | 70 L | L0 | 7 | L7 | L7 17700
tas| taH | |
Address Row j(/ MColumnm W m Row W /XCquman />< Row W
tAS| tAH Enableau!oprecharge Enableautloprecharge
wio Wrow W N\ IK_Row X/ 7 \Y UK B X
tas| taH
||
BAO, BA1 Bank 0 A Bank 0 / / Bank 1 W / Bank 1 W A Bank 0
os| tpH fos| toH os | tpH os | tpH os | oH ps| DH s| DH fos| o
RCD - bank 0 | | "WR - bank 0 tRP - bank 0 TRCD - bank 0
RAS - bank 0 ' '
tRC - bank 0 tWR - bank 1
tRRD tRCD - bank 1
Don’tCare

1. For this example, BL = 4.

Note:

PDF: 09005aef80725c0b
64mb_x4x8x16_sdram.pdf - Rev. V 05/15 EN

61

Micron Technology, Inc. reserves the right to change products or specifications without notice.
© 1999 Micron Technology, Inc. All rights reserved.



Aaicron

64Mb: x4, x8, x16 SDRAM
WRITE Operation

Figure 34: WRITE - Continuous Page Burst

|~
Command X ACTIVE

TO T1 T2 T3 T4 T5 (S Tn+1 Tn+2 Tn+3
I B e M S D U D (A0 S B S B
s | s f |
“7 || | | el | ey ey |
MS MH «
i

tcms | tcviH
DQM % sz;;% /ZZ%) /%Z;%) //}f % /QZZ%X

2As | («

Address ?k Row w &< Column m W /y
))
41:55» tAH ((

A10 Row % / y
))

tas | tAH

| ||
BAO, BA1X Bank %

DQ

tRcD

Notes: 1.

2. Page left open; no 'RP.

Full-page burst

does not self-terminate.
Use BURST TERMINATE
command to stop.1: 2

Don't Care

All locations within same row

)
Full page completed -

WWR must be satisfied prior to issuing a PRECHARGE command.
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64Mb: x4, x8, x16 SDRAM
WRITE Operation

Figure 35: WRITE - DQM Operation

TO

T1 T2

ek | 1t | |
ax L

tcks | tckH

| |

w7 T X7

toms | temH

| ||

N/

Command ACTIVE NOP >@< WRITE >@< NOP >@< NOP >@< NOP >®< NOP >@< NOP @
tems | teviH |
| < | |
Do % UL L
tas| taH
| | |
Address)k Row % %Column mW
tAs| taH !
-~ | Enable auto precharge
A10 Row %
tas| taH Disableau'toprecharge
|~
BAO,BA191< Bank % X Bank X))
Ds | bH s | DH bs | bH
| || I 1 |
I
I RcD I % Don’t Care
Note: 1. For this example, BL = 4.

Burst Read/Single Write

The burst read/single write mode is entered by programming the write burst mode bit
(M9) in the mode register to a 1. In this mode, all WRITE commands result in the access
of a single column location (burst of one), regardless of the programmed burst length.
READ commands access columns according to the programmed burst length and se-
quence, just as in the normal mode of operation (M9 = 0).
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PRECHARGE Operation

The PRECHARGE command (see Figure 13 (page 32)) is used to deactivate the open row
in a particular bank or the open row in all banks. The bank(s) will be available for a sub-
sequent row access some specified time (‘RP) after the PRECHARGE command is is-
sued. Input A10 determines whether one or all banks are to be precharged, and in the
case where only one bank is to be precharged (A10 = LOW), inputs BAO and BA1 select
the bank. When all banks are to be precharged (A10 = HIGH), inputs BAO and BA1 are
treated as “Don’t Care.” After a bank has been precharged, it is in the idle state and
must be activated prior to any READ or WRITE commands being issued to that bank.

Auto Precharge

Auto precharge is a feature that performs the same individual-bank PRECHARGE func-
tion described previously, without requiring an explicit command. This is accomplished
by using A10 to enable auto precharge in conjunction with a specific READ or WRITE
command. A precharge of the bank/row that is addressed with the READ or WRITE
command is automatically performed upon completion of the READ or WRITE burst,
except in the continuous page burst mode where auto precharge does not apply. In the
specific case of write burst mode set to single location access with burst length set to
continuous, the burst length setting is the overriding setting and auto precharge does
not apply. Auto precharge is nonpersistent in that it is either enabled or disabled for
each individual READ or WRITE command.

Auto precharge ensures that the precharge is initiated at the earliest valid stage within a
burst. Another command cannot be issued to the same bank until the precharge time
(‘RP) is completed. This is determined as if an explicit PRECHARGE command was is-
sued at the earliest possible time, as described for each burst type in the Burst Type
(page 43) section.

Micron SDRAM supports concurrent auto precharge; cases of concurrent auto pre-
charge for READs and WRITEs are defined below.

READ with auto precharge interrupted by a READ (with or without auto precharge)

A READ to bank m will interrupt a READ on bank 7 following the programmed CAS la-
tency. The precharge to bank n begins when the READ to bank m is registered (see Fig-
ure 36 (page 65)).

READ with auto precharge interrupted by a WRITE (with or without auto precharge)

AWRITE to bank m will interrupt a READ on bank n when registered. DQM should be
used two clocks prior to the WRITE command to prevent bus contention. The pre-
charge to bank n begins when the WRITE to bank m is registered (see Figure 37 (page
66)).

WRITE with auto precharge interrupted by a READ (with or without auto precharge)

A READ to bank m will interrupt a WRITE on bank n when registered, with the data-out
appearing CL later. The precharge to bank n will begin after ‘WR is met, where ‘WR be-
gins when the READ to bank m is registered. The last valid WRITE to bank n will be da-
ta-in registered one clock prior to the READ to bank m (see Figure 42 (page 71)).

WRITE with auto precharge interrupted by a WRITE (with or without auto precharge)

AWRITE to bank m will interrupt a WRITE on bank n when registered. The precharge to
bank n will begin after ‘WR is met, where ‘WR begins when the WRITE to bank m is reg-
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istered. The last valid data WRITE to bank »n will be data registered one clock prior to a
WRITE to bank m (see Figure 43 (page 71)).

Figure 36: READ With Auto Precharge Interrupted by a READ

T1 T2 T3 T4 T5 T6 T7

S S N0 RV S O 0 Y

I I I I I
READ - AP NOP READ - AP

| |
Command NOP NOP >-< NOP >-< NOP >—< NOP
Bank n Bank m

e e e
L] L]
[] Bank n Page active |READwith burst of 4 >|Interrupt burst, precharge | Idle ]
L] ] ]
] Internal | : : : : RP - bank n: : :tRP-bankml
| -
[] I | | | I | I L]
, States : - _ .
. Bank m | Page active | READ with burst of 4 | Precharge .
. ! .

aaaress <)) I e I T i
) | | | | | | |
DQ 3 i i i <‘ Dour >-<‘ Dour >-<‘ Dour >—<‘ Dour >—

CL=3 (bank n)| T

CL = 3 (bank m)

Don’t Care

Note: 1. DQM is LOW.
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Figure 37: READ With Auto Precharge Interrupted by a WRITE
TO T T2 T3 T4 TS5 T6 T7

cLK+|+|+|+|+|+|+|+L
"

| | | |
READ - AP > <WRITE»AP><
NOP NOP NOP NOP NOP
Command —< Bank n >_< >_< >< Bank m >_<
T T T T

.............‘....,....,....;.....‘.....‘.....‘..........

r

: Bank n :?t?\?e READ with burst of 4 X Interrupt burst, precharge | Idle :
: Internal : | | | : : tRP-bankn: :tWR-bankm'
. States ! ! ‘ ‘ ‘ ‘ i ‘ :
' Bank m Page active WRITE with burst of 4 | Write-back
.______________‘____J____‘____ ____\_______________\_____'

Address—<322:‘a" 1Y M M %Bac'é'fé" Ui

CL =3 (bank n) ‘ . Transitioning data Don't Care

Note: 1. DQM is HIGH at T2 to prevent Doyt a + 1 from contending with D)y d at T4.

PDF: 09005aef80725c0b 66 Micron Technology, Inc. reserves the right to change products or specifications without notice.
64mb_x4x8x16_sdram.pdf - Rev. V 05/15 EN © 1999 Micron Technology, Inc. All rights reserved.



2 ' 64Mb: x4, x8, x16 SDRAM
(.6' Icron PRECHARGE Operation

Figure 38: READ With Auto Precharge

TO T1 T2 T3 T4 T5 T6 T7 T8
ax [ e L T
teks |t
CKE{MSQ‘;{ZZ/WWWWWWWW
tCI\</I_S><iC>MH
7,7 W W)

lj | | |
Address?k Row MColumn mW 0< Row W
I

tAs Enable auto precharge
>k % X% LR,
BAO, BAT }k Bank % /X Bank X/ J)K_Bank X
tac tac | tac
tac toH tOH tOH tOH
Dout Dout Dout
bQ thr@@kDOUTm m+1 m+2 m+3
|<—>‘
ReD =2 Rp tHz
trRAS
R

Don't Care @ Undefined

Note: 1. For this example, BL=4 and CL = 2.
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Figure 39: READ Without Auto Precharge

TO T T2 T3

64Mb: x4, x8, x16 SDRAM
PRECHARGE Operation

CLK

tCVH

~—
Command ?k ACTIVE

NOP >@<PRECHARGE>@< NOP >@<

tcms | tamviH
A |
tas | tAH | | |
Address y Row % 0<Co|umn m W % Row ></
1, 1, |
AS | AH_ Al banks
tas | taH Disable autlo precharge | | Singie bank
30,881 W sk W/ Y X a7 X ok X
tAC ) tAC ) ac
tAC toH toH toH tOH
DQ . VW Dour Dour Dour Dour
Lz
iz —
tReD CL=2 Rp HZ
tRAS
tRC
Don't Care m Undefined
Note: 1. For this example, BL = 4, CL = 2, and the READ burst is followed by a manual PRE-

CHARGE.
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64Mb: x4, x8, x16 SDRAM
PRECHARGE Operation

Figure 40: Single READ With Auto Precharge

T1

T2

T3 T4 T5 T6 T7
t t
S W o s e 3-<vac SR W Y SRR R W B W Y S
«e7F L Xy | e | )| )| ) | e | e | e
fams| tem
Command X ACTIVE W NOP >@< READ >@< NOP >@< NOP >@< NOP >@< NOP >@<ACTIVE W
tcms | tecmH
|~ ||
s | | | | | | |
Address}k Row %Columnm% M Row W
EA_S> tAH Enableaultoprecharge
A1091< Row \Y, )X Row X))
tAs | _tAH
BAO, BA1 Bank M Bank W % Bank W
tAC toH
DQ |iI:Z> Dour >l<>
RcD CL=2 tRp
RAS
RC

Note:

1.

Don't Care m Undefined

For this example, BL=1 and CL = 2.
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PRECHARGE Operation

Figure 41: Single READ Without Auto Precharge

TO T T2 T3 T4 T5 T6 T7 T8
ek | tcL
T T e e e i S W I W e W I U N S B S
tcks | tckH
||
cKe 4: | | | e | e | e el | e el
Ms| tcmH
||
Command :i ACTIVE W NOP >@< READ >@< NOP >@< NOP >@<PRECHARGE>@< NOP >@< ACTIVE >@< NOP W
tcms|tcmH
DQM /;4 ;I‘
tAs | tAH | | |
| ||
Address X Row j// MColumnm W 0< Row W
s, | taH All banks
A10 }[ Row % 7N X X Y,
tas | taH Disable atito precharge | | Sinng bank
BAO, BA1 Zl Bank ](/ »< Bank W 0< Bank(s) W M Bank W
tAC toH
DQ Wz Dour
|<—> t
RCD cL=2 HZ tRp ]
RAS Don’t Care
Re m Undefined
Note: 1. For this example, BL = 1, CL = 2, and the READ burst is followed by a manual PRE-
CHARGE.
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Figure 42: WRITE With Auto Precharge Interrupted by a READ

64Mb: x4, x8, x16 SDRAM

PRECHARGE Operation

T1 T2 T3 T4 T5 T6 T7
Y S A A S
| | | | | | |
Command N‘OP Wg‘j:k‘:" l‘\lOP >—<R‘;é'r3]k‘2">< ‘NOP >-< ‘NOP >-< :NOP >-< ;vop >.<

" EEEEEEEEEEEESEEEESEESE g EEEEEEEEEEEEE SRS e R e e e,
' |
[ Bank n Page active |WR|TEwith burst of 4 >|Interruptburst,write-back Precharge :
[ L
| trp -
] Internal | : : :tWR»bankh : RP bankn‘ :t :
' States 1 ! | | | | | ‘Mm.
: Bank m | Page active | READ with burst of 4 | :
-.............‘.....‘.....‘.....\....4....4.....4.....4.....-

Address -0 m ngran W %Bacr;ll(crin W M M M M

DQ

B - N

Dour Dour

CL=3

Note: 1. DQM is LOW.

Figure 43: WRITE With Auto Precharge Interrupted by a WRITE

T1 T2 T3 T4

(bank m)

T5

Don’t Care

T6 T7

L

S

N S N S Y S

| | | | |
Command < NOP WR'TE-AP>_< NOP >_< nop )\ /WRITE- AP

Bank n Bank m

N o W wor W o W

e e e
n
[ Bank n Page active WRITE with burst of 4 Xlnterrupt burst, write-back| Precharge :
' ‘ 1RP - bank .
. Internal ‘ } } } "W - bank n. : ank n, !
' ] | | | | | i 1 JWR - bankm
. States P i WRITE with burst of 4 Write-back
. Bank m | age active | with burst o | rite-bac :
-.............‘.....‘.....‘.....‘....a....a.... R I
Bank n, Bank m,
Address ‘W % Cola W M % Cold W M M M
f
|
DQ : { Din ) Din Diy { Din ) { Din ) { Din ) { Din )
1 N L/ G U WL
Don’t Care
Note: 1. DQM is LOW.
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Figure 44: WRITE With Auto Precharge

TO T1 T2 T3 T4 T5 T6 T7 T8 T9

CLK [ } kK‘;‘ I teL 4;‘ - I f | 1 | f | f | t | A | |l I_
gy
e f T X | | | | | | <

cms | temH

———
Command i ACTIVE W NOP WRITE >@< NOP >@< NOP >@< NOP >®< NOP >@< NOP >@< NOP >@< ACTIVE W

tems | teMH
DQM X W /////A ////A
tas| tAH
Address)[Z_I;ow >l// /X:olumn mW /X oy X/
tas| taH l

Enable auto precharge | | |

A10 X_Row 74 \Y /X Row X/

tas| taH
BAO, BA1>[ Bank 1{’/ /X _Bank X/ /)X Bank X/,

tbs | tOH tbs| tOH tbs| tOH tbs| toH

RCD | | twR RP
tRAS ' '

Re

Don’t Care

Note: 1. For this example, BL = 4.
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Figure 45: WRITE Without Auto Precharge

TO T1 T2 T3 T4 T5 T6 T7 T8 T9

-/ S I e F S IO oy IR s Y G Y
sl | | |

CKE
Y/ /I /N S/ /Y A /A I/ B /A ///4
ms | temH
||
Command X ACW NOP WRITE >@< NOP >@< NOP >@< NOP >®< NOP >@<’RECHARGE>@< NOP >@< ACTIVE W
tems | temH
boM DA W70\ 77700\ 10700
tAs| taH
Address >[ Row k/ /><Co|umn m></ 0( Row ></
I
tAs Lﬂ | | All banks
1o Xoow W77 |/, 1 Y
Disable auto precharge Single bank
tAs| taH | |
BAO, BAT :}E Bank )lQ //X_Bank X/, X Bank X/ X Bank X/,
Ips| tH bs | tbH ps| oH ps| tbH
0o ST Y ST Y LT ) ST ¥
RCD | | twR RP
tRAS ' '
RC
Don’t Care
Note: 1. For this example, BL = 4 and the WRITE burst is followed by a manual PRECHARGE.
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Figure 46: Single WRITE With Auto Precharge

TO « T1 « T2 T3 T4 T5 T6 T7 T8
S T e e preves AN SN NP R A W Y S A S A U
10Ks | Jeku | | | | | | | |
«wr |\ | | g e | e e ) e | e e
ams | tomH
| ||
Commandx ACTIVE W NOP WRITE >@< NOP >@< NOP >@< NOP >®< NOP >@<ACTIVE >@< NOP W
toms [temH
DQM
tas| taH
| ||
Address?k Row % MColuman M Row W
jéS» tAH Enableaultoprecharge
A10>1< Row % \Y. /X Row N/
tas| taH
| | |
BAO,BA1)‘< Bank % /X Bank X/ /)X Bank X/,
tps | tOH
|||
DQ % Din %
RCD | twR RP
tRAS :
tRC Don't Care

Note: 1. For this example, BL = 1.
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Figure 47: Single WRITE Without Auto Precharge

T2

T6 T7 T8
ac [t L L
tcks | tckH
CKE{waA{Z//WWWWWWWW
oaw s

tas

«—SI‘A” | | | | | | |
Address )E_;ow /><Co|umn mW

A9 <tA_H> All banks
wio X xem WL LTI XX X ow X
tas | tAH Disableaultoprecharge Single bank
BAo,BA1)E Bank )‘0 //X_Bank X/ //X_Bank X/ X_Bank X))
ps| bH
| ||
DQ &k Dy W
tReD twr tRp
tRAS
L Don't Care

Note: 1. For this example, BL = 1 and the WRITE burst is followed by a manual PRECHARGE.
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AUTO REFRESH Operation

The AUTO REFRESH command is used during normal operation of the device to refresh
the contents of the array. This command is nonpersistent, so it must be issued each
time a refresh is required. All active banks must be precharged prior to issuing an AUTO
REFRESH command. The AUTO REFRESH command should not be issued until the
minimum ‘RP is met following the PRECHARGE command. Addressing is generated by
the internal refresh controller. This makes the address bits “Don’t Care” during an AU-
TO REFRESH command.

After the AUTO REFRESH command is initiated, it must not be interrupted by any exe-
cutable command until ‘RFC has been met. During ‘RFC time, COMMAND INHIBIT or
NOP commands must be issued on each positive edge of the clock. The SDRAM re-
quires that every row be refreshed each ‘REF period. Providing a distributed AUTO RE-
FRESH command—calculated by dividing the refresh period (‘REF) by the number of
rows to be refreshed—meets the timing requirement and ensures that each row is re-
freshed. Alternatively, to satisfy the refresh requirement a burst refresh can be employed
after every ‘REF period by issuing consecutive AUTO REFRESH commands for the num-
ber of rows to be refreshed at the minimum cycle rate (‘RFC).
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Figure 48: Auto Refresh Mode

T2 Tn+1 To+1

TO T S( . S(
N v s S yvv /g’ e U /g) L
| | ) | ’ |
) ) (( ((
/Y U N/ N/ N4
tcks | tckH
tEMS, tcMH ( (
commans X meswes WX e WP e v DX Y Denl o YO seme XK
) )
(( ((
bQM A0 A
)) ))
( ((
Address / A’ / M Row W
)) ))
Alllbanks (( ((
A10 % X, N LIITIK Box X
Single bank ) )
tas | tAH
pilial DY (( ((
BAO, BA1§ Bank(s) V i N % Bank X/
)] )]
Do toh? § §
tRp tRFC tRFC

Precharge all Don’t Care

active banks

Note: 1. Back-to-back AUTO REFRESH commands are not required.
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SELF REFRESH Operation

SELF REFRESH Operation

The self refresh mode can be used to retain data in the device, even when the rest of the
system is powered down. When in self refresh mode, the device retains data without ex-
ternal clocking. The SELF REFRESH command is initiated like an AUTO REFRESH com-
mand, except CKE is disabled (LOW). After the SELF REFRESH command is registered,
all the inputs to the device become “Don’t Care” with the exception of CKE, which must
remain LOW.

After self refresh mode is engaged, the device provides its own internal clocking, ena-
bling it to perform its own AUTO REFRESH cycles. The device must remain in self re-
fresh mode for a minimum period equal to 'RAS and remains in self refresh mode for an
indefinite period beyond that.

The procedure for exiting self refresh requires a sequence of commands. First, CLK
must be stable prior to CKE going back HIGH. (Stable clock is defined as a signal cycling
within timing constraints specified for the clock ball.) After CKE is HIGH, the device
must have NOP commands issued for a minimum of two clocks for 'XSR because time is
required for the completion of any internal refresh in progress.

Upon exiting the self refresh mode, AUTO REFRESH commands must be issued accord-
ing to the distributed refresh rate (‘REF/refresh row count) as both SELF REFRESH and
AUTO REFRESH utilize the row refresh counter.
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Figure 49: Self Refresh Mode

64Mb: x4, x8, x16 SDRAM
SELF REFRESH Operation
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1. Each AUTO REFRESH command performs a REFRESH cycle. Back-to-back commands are
not required.
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Power-Down

Power-down occurs if CKE is registered LOW coincident with a NOP or COMMAND IN-
HIBIT when no accesses are in progress. If power-down occurs when all banks are idle,
this mode is referred to as precharge power-down; if power-down occurs when there is a
row active in any bank, this mode is referred to as active power-down. Entering power-
down deactivates the input and output buffers, excluding CKE, for maximum power
savings while in standby. The device cannot remain in the power-down state longer

than the refresh period (64ms) because no REFRESH operations are performed in this
mode.

The power-down state is exited by registering a NOP or COMMAND INHIBIT with CKE
HIGH at the desired clock edge (meeting 'CKS).

Figure 50: Power-Down Mode
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Note: 1. Violating refresh requirements during power-down may result in a loss of data.
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Clock Suspend

The clock suspend mode occurs when a column access/burst is in progress and CKE is
registered LOW. In the clock suspend mode, the internal clock is deactivated, freezing
the synchronous logic.

For each positive clock edge on which CKE is sampled LOW, the next internal positive
clock edge is suspended. Any command or data present on the input balls when an in-
ternal clock edge is suspended will be ignored; any data present on the DQ balls re-
mains driven; and burst counters are not incremented, as long as the clock is suspen-
ded.

Exit clock suspend mode by registering CKE HIGH; the internal clock and related opera-
tion will resume on the subsequent positive clock edge.

Figure 51: Clock Suspend During WRITE Burst
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Note: 1. For this example, BL = 4 or greater, and DQM is LOW.
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Figure 52: Clock Suspend During READ Burst
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Note: 1. For this example, CL = 2, BL = 4 or greater, and DQM is LOW.
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Clock Suspend

Figure 53: Clock Suspend Mode
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Note: 1. For this example, BL = 2, CL = 3, and auto precharge is disabled.
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