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Figure 31: WRITE-to-PRECHARGE
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Note: 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
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Figure 33: Alternating Bank Write Accesses
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Figure 34: WRITE – Continuous Page Burst
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Figure 35: WRITE – DQM Operation
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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 (tRP) 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 BA0 and BA1 select
the bank. When all banks are to be precharged (A10 = HIGH), inputs BA0 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
(tRP) 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 n 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)

A WRITE 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 tWR is met, where tWR 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)

A WRITE to bank m will interrupt a WRITE on bank n when registered. The precharge to
bank n will begin after tWR is met, where tWR 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
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Figure 37: READ With Auto Precharge Interrupted by a WRITE

CLK

DQ DOUT

T2T1 T4T3 T6T5T0

Command NOPNOPNOPNOP

DINDIN DIN DIN 

NOP

T7

Bank n

Bank m

Address

Idle

NOP

DQM1

Bank n,
Col a

Bank m,
Col d

WRITE - AP 
Bank m

Internal 
States

t

Page 
active

READ with burst of 4 Interrupt burst, precharge

Page active WRITE with burst of 4 Write-back

RP - bank n tWR - bank m

CL = 3 (bank n)

READ - AP 
Bank n

Don’t CareTransitioning data

Note: 1. DQM is HIGH at T2 to prevent DOUT a + 1 from contending with DIN d at T4.

64Mb: x4, x8, x16 SDRAM
PRECHARGE Operation

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

© 1999 Micron Technology, Inc. All rights reserved.



Figure 38: READ With Auto Precharge
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Figure 39: READ Without Auto Precharge
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Figure 40: Single READ With Auto Precharge
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Figure 41: Single READ Without Auto Precharge
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Figure 42: WRITE With Auto Precharge Interrupted by a READ
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Figure 43: WRITE With Auto Precharge Interrupted by a WRITE
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Figure 44: WRITE With Auto Precharge
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Figure 45: WRITE Without Auto Precharge
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Figure 46: Single WRITE With Auto Precharge

Enable auto precharge

tCH

tCLtCK

tRP
tRAS

tRCD

tRC

CKE

CLK

DQ

A10

tCMHtCMS

tAHtAS

Row

Bank 

Row

Bank

tWR  

Don’t Care

DIN

tDHtDS

Command

tCMHtCMS

NOPNOP NOPACTIVE NOP WRITE NOP NOP

Row

Bank

Row

tAHtAS

tAHtAS

tCKHtCKS

Column m

T0 T1 T2 T4T3 T5 T6 T7 T8

DQM

BA0, BA1

Address

ACTIVE

Note: 1. For this example, BL = 1.

64Mb: x4, x8, x16 SDRAM
PRECHARGE Operation

PDF: 09005aef80725c0b
64mb_x4x8x16_sdram.pdf - Rev. V 05/15 EN 74 Micron Technology, Inc. reserves the right to change products or specifications without notice.

© 1999 Micron Technology, Inc. All rights reserved.



Figure 47: Single WRITE Without Auto 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 tRP 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 tRFC has been met. During tRFC 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 tREF period. Providing a distributed AUTO RE-
FRESH command—calculated by dividing the refresh period (tREF) 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 tREF period by issuing consecutive AUTO REFRESH commands for the num-
ber of rows to be refreshed at the minimum cycle rate (tRFC).
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Figure 48: Auto Refresh Mode
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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 tRAS 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 tXSR 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 (tREF/refresh row count) as both SELF REFRESH and
AUTO REFRESH utilize the row refresh counter.
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Figure 49: Self Refresh Mode
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Note: 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 tCKS).

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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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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