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Figure 2: Part Numbering Diagram

Example Part Number: MT48H4M16LF-8 IT

MT48 Voo/ | configuration Package Speed Temp
VopQ
Operating Temp
Vop/VopQ None Extended
1.8/1.8V H IT Industrial

Configuration
4 Meg x16 4M16LF

Package Speed Grade
54-ball VFBGA (8mm x 8mm) F4 -8 8ns
54-ball VFBGA (8mm x 8mm) Lead-Free B4 -10 9.6ns

General Description

The Micron® 64Mb SDRAM is a high-speed CMOS,
dynamic random-access memory  containing
67,108,864-bits. It is internally configured as a quad-
bank DRAM with a synchronous interface (all signals
are registered on the positive edge of the clock signal,
CLK). Each of the x16’ 16,777,216-bit banks is orga-
nized as 4,096 rows by 256 columns by 16 bits.

Read and write accesses to the SDRAM are burst ori-
ented; accesses start at a selected location and con-
tinue for a programmed number of locations in a
programmed sequence. Accesses begin with the regis-
tration of an ACTIVE command, which is then fol-
lowed by a READ or WRITE command. The address
bits registered coincident with the ACTIVE command

64Mb: x16

MOBILE SDRAM

are used to select the bank and row to be accessed
(BAO, BAL select the bank; A0-A11 select the row). The
address bits registered coincident with the READ or
WRITE command are used to select the starting col-
umn location for the burst access.

The SDRAM provides for programmable read or
write burst lengths of 1, 2, 4, or 8 locations, or the full
page, with a burst terminate option. An auto precharge
function may be enabled to provide a self-timed row
precharge that is initiated at the end of the burst
sequence.

The 64Mb SDRAM uses an internal pipelined archi-
tecture to achieve high-speed operation. This architec-
ture is compatible with the 2n rule of prefetch
architectures, but it also allows the column address to
be changed on every clock cycle to achieve a high-
speed, fully random access. Precharging one bank
while accessing one of the other three banks will hide
the precharge cycles and provide seamless high-speed,
random-access operation.

The 64Mb SDRAM is designed to operate in 1.8V,
low-power memory systems. An auto refresh mode is
provided, along with a power-saving, Deep Power-
Down Mode. All inputs and outputs are LVTTL-com-
patible.

SDRAMs offer substantial advances in DRAM oper-
ating performance, including the ability to synchro-
nously burst data at a high data rate with automatic
column-address generation, the ability to interleave
between internal banks in order to hide precharge
time and the capability to randomly change column
addresses on each clock cycle during a burst access.
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Figure 3: Functional Block Diagram 4 Meg x 16 SDRAM

A0-Al1,
BAO, BAL
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Table 3:  Ball Descriptions

54-BALL FBGA SYMBOL | TYPE DESCRIPTION

F2 CLK Input | Clock: CLK is driven by the system clock. All SDRAM input signals are
sampled on the positive edge of CLK. CLK also increments the internal
burst counter and controls the output registers.

F3 CKE Input | Clock Enable: CKE activates (HIGH) and deactivates (LOW) the CLK signal.
Deactivating the clock provides PRECHARGE POWER-DOWN and SELF
REFRESH operation (all banks idle), ACTIVE POWER-DOWN (row active in
any bank), DEEP POWER DOWN (all banks idle), or CLOCK SUSPEND
operation (burst/access in progress). CKE is synchronous except after the
device enters power-down and self refresh modes, where CKE becomes
asynchronous until after exiting the same mode. The input buffers,
including CLK, are disabled during power-down and self refresh modes,
providing low standby power. CKE may be tied HIGH.

G9 CS# Input | Chip Select: CS# enables (registered LOW) and disables (registered HIGH)
the command decoder. All commands are masked when CS# is registered
HIGH. CS# provides for external bank selection on systems with multiple
banks. CS# is considered part of the command code.

F7,F8, F9 CAS#, RAS#, | Input | Command Inputs: CAS#, RAS#, and WE# (along with CS#) define the
WE# command being entered.
ES8, F1 LDQM, Input | Input/Output Mask: DQM is sampled HIGH and is an input mask signal for
UbQM write accesses and an output enable signal for read accesses. Input data is

masked during a WRITE cycle. The output buffers are placed in a High-Z
state (two-clock latency) when during a READ cycle. LDQM corresponds to
DQO-DQ7, UDQM corresponds to DQ8-DQ15. LDQM and UDQM are
considered same state when referenced as DQM.

G7,G8 BAO, BA1 Input | Bank Address Input(s): BAO and BA1 define to which bank the ACTIVE,

READ, WRITE or PRECHARGE command is being applied. These pins also

select between the mode register and the extended mode register.

H7, H8, J8, J7,J3, J2, H3, A0-All Input | Address Inputs: AO-A1l are sampled during the ACTIVE command (row-
H2, H1, G3, H9, G2 address A0O-Al11) and READ/WRITE command (column-address AO-A7;

with A10 defining auto precharge) to select one location out of the

memory array in the respective bank. A10 is sampled during a

PRECHARGE command to determine if all banks are to be precharged

(A10 HIGH) or bank selected by BAO, BAl. The address inputs also provide

the op-code during a LOAD MODE REGISTER command.

A8, B9, B8, C9, C8, D9, | DQO-DQ15 /O | Data Input/Output: Data bus.

D8, E9, E1, D2, D1, C2,

C1, B2, B1, A2
E2, G1 NC - These could be left unconnected, but it is recommended they be
connected to Vss. G1 is a no connect for this part but may be used as A12
in future designs.
A7,B3,C7,D3 VDDQ Supply | DQ Power: Provide isolated power to DQs for improved noise immunity.
A3, B7, C3, D7 VssQ Supply | DQ Ground: Provide isolated ground to DQs for improved noise immunity.
A9, E7, J9 VDD Supply | Core Power Supply.
Al, E3,J1 Vss Supply | Ground.
Fasi.aMb.2.m - Rev.E oG EN 7 e 2003 Micron Teehmotogy. . Al ights reserved.
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Functional Description

In general, the 64Mb SDRAMSs (1 Meg x 16 x 4 banks)
are quad-bank DRAMs that operate at 1.8V and
include a synchronous interface (all signals are regis-
tered on the positive edge of the clock signal, CLK).
Each of the x16’s 16,777,216-bit banks is organized as
4,096 rows by 256 columns by 16 bits.

Read and write accesses to the SDRAM are burst ori-
ented; accesses start at a selected location and con-
tinue for a programmed number of locations in a
programmed sequence. Accesses begin with the regis-
tration of an ACTIVE command, which is then fol-
lowed by a READ or WRITE command. The address
bits registered coincident with the ACTIVE command
are used to select the bank and row to be accessed
(BAO and BA1 select the bank, A0-Al1l select the row).
The address bits (A0-A7) registered coincident with
the READ or WRITE command are used to select the
starting column location for the burst access.

Prior to normal operation, the SDRAM must be ini-
tialized. The following sections provide detailed infor-
mation covering device initialization, register
definition, command descriptions and device opera-
tion.

Initialization

SDRAMSs must be powered up and initialized in a
predefined manner. Operational procedures other
than those specified may result in undefined opera-
tion. Power should be applied to VDb and VDDQ simul-
taneously. Once the power is applied to VDD and VDDQ
and the clock is stable (stable clock is defined as a sig-
nal cycling within timing constraints specified for the
clock pin), the SDRAM requires a 100us delay prior to
issuing any command other than a COMMAND
INHIBIT or NOP Starting at some point during this
100us period and continuing at least through the end
of this period, command inhibit or NOP commands
should be applied.

Once the 100pus delay has been satisfied with at least
one command inhibit or NOP command having been
applied, a PRECHARGE command should be applied.
All banks must then be precharged, thereby placing
the device in the all banks idle state.

Once in the idle state, two AUTO refresh cycles must
be performed. After the AUTO refresh cycles are com-
plete, the SDRAM is ready for mode register program-
ming. Because the mode register will power up in an
unknown state, it should be loaded prior to applying
any operational command.

64Mb: x16

MOBILE SDRAM

Mode Register Definition

In order to achieve low power consumption, there
are two mode registers in the mobile component,
mode register and extended mode register. The mode
register is illustrated in Figure 4, Mode Register Defini-
tion, on page 9 (the extended mode register is illus-
trated in Figure 6, Extended Mode Register Table, on
page 11).

The mode register defines the specific mode of
operation of the SDRAM, including burst length, burst
type, CAS latency, operating mode and write burst
mode. The mode register is programmed via the LOAD
MODE REGISTER command and will retain the stored
information until it is programmed again or the device
loses power.

Mode register bits MO-M2 specify the burst length,
M3 specifies the type of burst (sequential or inter-
leaved), M4-M6 specify the CAS latency, M7 and M8
specify the operating mode, M9 specifies the write
burst mode, and M10, and M11 should be set to zero.
M12 and M13 should be set to zero to prevent
extended mode register.

The mode register must be loaded when all banks
are idle, and the controller must wait the specified
time before initiating the subsequent operation. Vio-
lating either of these requirements will result in
unspecified operation.

Burst Length

Read and write accesses to the SDRAM are burst ori-
ented, with the burst length being programmable, as
shown in Figure4, Mode Register Definition, on
page 9. The burst length determines the maximum
number of column locations that can be accessed for a
given READ or WRITE command. Burst lengths of 1, 2,
4, or 8 locations are available for both the sequential
and the interleaved burst types, and a full-page burst is
available for the sequential type. The full-page burst is
used in conjunction with the BURST TERMINATE
command to generate arbitrary burst lengths.

Reserved states should not be used, as unknown
operation or incompatibility with future versions may
result.

When a READ or WRITE command is issued, a block
of columns equal to the burst length is effectively
selected. All accesses for that burst take place within
this block, meaning that the burst will wrap within the
block if a boundary is reached. The block is uniquely
selected by A0O-A7 when the burst length is set to two;
by A2-A7 when the burst length is set to four; and by
A3-A7 when the burst length is set to eight.
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Table 4: Burst Definition
ORDER OF ACCESSES WITHIN
A BURST
STARTING
BURST COLUMN TYPE = TYPE =
LENGTH | ADDRESS SEQUENTIAL | INTERLEAVED
A0
2 0 0-1 0-1
1 1-0 1-0
Al AO
0 O 0-1-2-3 0-1-2-3
4 0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
A2 Al AO
0 0O O | 0-1-2-3-4-5-6-7 | 0-1-2-3-4-5-6-7
0 0 1] 1-2-3-45-6-7-0 | 1-0-3-2-5-4-7-6
0 1 O0 | 2-3-4-56-7-0-1 | 2-3-0-1-6-7-4-5
8 0 1 1| 3-45-6-7-0-1-2 | 3-2-1-0-7-6-5-4
1 0 O |4-56-7-0-1-2-3 | 4-5-6-7-0-1-2-3
1 0 1 |56-7-0-1-2-3-4 | 5-4-7-6-1-0-3-2
1 1 0 |6-7-0-1-2-3-4-5 | 6-7-4-5-2-3-0-1
1 1 1 | 7-0-1-2-3-4-5-6 | 7-6-5-4-3-2-1-0
Full n = A0-A7 Cn, Cn+1, Not Supported
Page (y) (location Cn+2, Cn+3,
0-y) Cn+4..., ...Cn-1,
Cn...
NOTE:

1. For full-page accesses: y = 256.
2. For a burst length of two, A1-A7 select the block-of-
two burst; A0 selects the starting column within the

block.

3. For a burst length of four, A2-A7 select the block-of-

four burst; AO-AL1 select the starting column within the

block.

4. For a burst length of eight, A3-A7 select the block-of-
eight burst; A0-A2 select the starting column within
the block.

5. For a full-page burst, the full row is selected and A0-A7

select the starting column.

6. Whenever a boundary of the block is reached within a

given sequence above, the following access wraps
within the block.

64Mb: x16
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7. For a burst length of one, A0O-A7 select the unique col-
umn to be accessed, and mode register bit M3 is
ignored.

Figure 4: Mode Register Definition

BAL BAO All A10 A9 A8 A7 A6 A5 A4 A3 A2 AL A0  AddressBus

SRAAAAAAARAAA

M13 M12 M11 M10 M9 M8 M7 M6 M5 M4 M3 M2 M1 MO

13 /12 /11 /10 /9 8 /17 6 5 4 3 2 1 0 Mode Register (Mx)
‘Reserved“*‘Reserved*| wB ‘ Op Mnde| CAS Latency ‘ BT ‘ Burst Length

\
*should program Burst Length
M10="0,0" ~ ~
to ensure compatibility M2 M1 Mo M3 =0 M3=1
with future devices. 00 0 1 1
00 1 2 2
01 0 4 4
\J
001 1 8 8
** BAL, BAO = *0, 0"
to prevent Extended 1 0 0| Reserved Reserved
Mode Register.
1 0 1| Reserved Reserved
110 Reserved Reserved
11 1| Fullpage Reserved
M3 Burst Type
0 Sequential
1 Interleaved
M6 M5 M4 CAS Latency
0 0 o Reserved
00 1 1
0 1 0 2
01 1 3
100 Reserved
101 Reserved
110 Reserved
111 Reserved
M8 | M7 | MeMO | Operating Mode
0 0 Defined | Standard Operation
Al other states reserved
M9 Write Burst Mode
0 Programmed Burst Length
1 single Location Access

The remaining (least significant) address bit(s) is
(are) used to select the starting location within the
block. Full-page bursts wrap within the page if the
boundary is reached.

Burst Type

Accesses within a given burst may be programmed
to be either sequential or interleaved,; this is referred to
as the burst type and is selected via bit M3.

The ordering of accesses within a burst is deter-
mined by the burst length, the burst type and the start-
ing column address, as shown in Table 4.
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CAS Latency

The CAS latency is the delay, in clock cycles,
between the registration of a READ command and the
availability of the first piece of output data. The latency
can be set to one, two, or three clocks.

If a READ command is registered at clock edge n,
and the latency is m clocks, the data will be available
by clock edge n + m. The DQs will start driving as a
result of the clock edge one cycle earlier (n + m - 1),
and provided that the relevant access times are met,
the data will be valid by clock edge n + m. For example,
assuming that the clock cycle time is such that all rele-
vant access times are met, if a read command is regis-
tered at TO and the latency is programmed to two
clocks, the DQs will start driving after T1 and the data
will be valid by T2, as shown in Figure 5, CAS Latency.
Table 5, indicates the operating frequencies at which
each CAS latency setting can be used.

Reserved states should not be used as unknown
operation or incompatibility with future versions may
result.

Figure 5: CAS Latency

CASLaency =3

DON'T CARE

IR% UNDEFINED
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Table 5: CAS Latency
ALLOWABLE OPERATING
FREQUENCY (MHZ)
SPEED | CASLATENCY =2 | CAS LATENCY =3
-8 <104 <125
-10 <83.3 <104

Operating Mode

The normal operating mode is selected by setting
M7 and M8 to zero; the other combinations of values
for M7 and M8 are reserved for future use and/or test
modes. The programmed burst length applies to both
read and write bursts.

Test modes and reserved states should not be used
because unknown operation or incompatibility with
future versions may result.

Write Burst Mode

When M9 =0, the burst length programmed via MO-
M2 applies to both READ and WRITE bursts; when M9
= 1, the programmed burst length applies to READ
bursts, but write accesses are single-location (non-
burst) accesses.

Extended Mode Register

The extended mode register controls the functions
beyond those controlled by the mode register. These
additional functions are special features of the mobile
device. They include temperature compensated self
refresh (TCSR) control, partial array self refresh (PASR),
and output drive strength. Not programming the
extended mode register upon initialization, will result
in default settings for the low power features. The
extended mode will default to the +85°C setting for
TCSR, full drive strength, and full array refresh.

The extended mode register is programmed via the
MODE REGISTER SET command (BAl1 = 1, BAO = 0)
and retains the stored information until it is pro-
grammed again or the device loses power.

The extended mode register must be programmed
with E6 through E11 set to “0.” It must be loaded when
all banks are idle and no bursts are in progress, and the
controller must wait the specified time before initiat-
ing any subsequent operation. Violating either of these
requirements results in unspecified operation.

Once the values are entered the extended mode reg-
ister settings will be retained even after exiting deep
power-down.
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Temperature Compensated Self Refresh

Temperature compensated self refresh (TCSR)
allows the controller to program the refresh interval
during self refresh mode, according to the case tem-
perature of the mobile device. This allows great power
savings during SELF REFRESH during most operating
temperature ranges. Only during extreme tempera-
tures would the controller have to select the maximum
TCSR level. This would guarantee data during SELF
REFRESH.

Every cell in the SDRAM requires refreshing due to
the capacitor losing its charge over time. The refresh
rate is dependent on temperature. At higher tempera-
tures a capacitor loses charge quicker than at lower
temperatures, requiring the cells to be refreshed more
often. Historically, during self refresh, the refresh rate
has been set to accommodate the worst case, or high-
est temperature range expected.

Thus, during ambient temperatures, the power con-
sumed during refresh was unnecessarily high, because
the refresh rate was set to accommodate the higher
temperatures. Adjusting the refresh rate by setting E4
and E3 allows the SDRAM to accommodate more spe-
cific temperature regions during SELF REFRESH.
There are four temperature settings, which will vary
the SELF REFRESH current according to the selected
temperature. This selectable refresh rate will save
power when the SDRAM is operating at normal tem-
peratures.

Partial Array Self Refresh

For further power savings during SELF REFRESH,
the partial array self refresh (PASR) feature allows the
controller to select the amount of memory that will be
refreshed during SELF REFRESH. The refresh options
are all banks (banks 0, 1, 2, and 3); two banks (banks 0
and 1); and one bank (bank 0). Also included in the
refresh options are the 1/2 bank and 1/4 bank partial
array self refresh (bank 0). WRITE and READ com-
mands occur to any bank selected during standard
operation, but only the selected banks in PASR will be
refreshed during SELF REFRESH. It’s important to note
that data in unused banks, or portions of banks, will be
lost when PASR is used. Data will be lost in banks 1, 2,
and 3 when the one bank option is used.

64Mb: x16

MOBILE SDRAM

Driver Strength

Bits E5 and E6 of the extended mode register can be
used to select the driver strength of the DQ outputs.
This value should be set according to the application’s
requirements. Full drive strength was carried over
from standard SDRAM and is suitable to drive higher
load systems. Full drive strength is not recommended
for loads under 30pF Half drive strength is intended
for multi-drop systems with various loads. This drive
option is not recommended for loads under 15pF
Quarter drive strength is intended for lighter loads or
point-to-point systems.

Figure 6: Extended Mode Register
Table

BALBAO A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 Address Bus

SARARRARRAREA

E13 E12 E11 E10 E9 E8 E7 E6 E5 E4 E3 E2 E1 EO

13/12/11 /10/9 /8 /7 /6 /5/4/3/2/1/0 /| Extended Mode
[1[0[Aumustbesetto"O"[ DS [TCSR[ PASR Register (Ex)

|

E6|E5|Driver Strength | |E4 | E3 [Maximum Case Temp
0| 0 |Full Strength® 1|1 85°c®

0| 1 [Half Strength 0| 0 70°C

1| 0 |Quarter Strength | 0| 1 45°C

1|1 |Reserved 1|0 15°C

—

Self Refresh Coverage

m
N
m
[N
m
o

Four Banks®

Two Banks (Bank 0,1)
One Bank (Bank 0)
RFU
RFU
1/2 Bank (Bank 0)*
1/4 Bank (Bank 0)°
RFU

FP|lPRP[P|P|IO|JOC|O|O
FPlPRP|O|lO|F|,|O|O
rl|O|rR|O|FP|O|FL|O

NOTE:

1. E13 and E12 (BA1 and BAO) must be “1, 0” to select the
extended mode register (vs. the base mode register).

. RFU: Reserved for future use

3. Default EMR values are full array for PASR, full drive
strength, and 85° for TCSR.

.E11=0

5.E10,E11=0

N

N
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Commands

Figure 6, Truth Table 1 — Commands and DQM each command. Three additional Truth Tables appear
Operation! provides a quick reference of available following the Operation section; these tables provide
commands. This is followed by a written description of current state/next state information.

Table 6:  Truth Table 1 - Commands and DQM Operation?

NAME (FUNCTION) CS# |RAS#|CAS#| WE# | DQM ADDR DQS | NOTES
COMMAND INHIBIT (NOP) H X X X X X X

NO OPERATION (NOP) L H H H X X X

ACTIVE (Select bank and activate row) L L H H X Bank/Row X 3
READ (Select bank and column, and start READ burst) L H L H L/H Bank/Col X 4
WRITE (Select bank and column, and start WRITE burst) L H L L L/H Bank/Col | Valid 4
BURST TERMINATE or DEEP POWER DOWN L H H L X X X 9,10
(Enter deep power down mode)

PRECHARGE (Deactivate row in bank or banks) L L H L X Bank, A10 X 5
AUTO REFRESH or SELF REFRESH L L L X X X 6,7
(Enter self refresh mode)

LOAD MODE REGISTER/LOAD EXTENDED MODE L L L L X Op-Code X 2
REGISTER

Write Enable/Output Enable X X X X L X Active 8
Write Inhibit/Output High-Z X X X X H X High-Z 8
NOTE:

1. CKE is HIGH for all commands shown except SELF REFRESH and DEEP POWER DOWN

2. AO-Al1 define op-code written to mode register.

3. AO-A11 provide row address, and BAO, BA1 determine which bank is made active.

4. AO-A7 provide column address; A10 HIGH enables the auto precharge feature (non persistent), while A10 LOW disables
the auto precharge feature; BAO, BA1 determine which bank is being read from or written to.

5. A10 LOW: BAO, BA1 determine the bank being precharged. A10 HIGH: All banks precharged and BAO, BA1 are “Don’t
Care.”

6. This command is AUTO REFRESH if CKE is HIGH, SELF REFRESH if CKE is LOW.

7. Internal refresh counter controls row addressing; all inputs and 1/Os are “Don’t Care” except for CKE.

8. Activates or deactivates the DQs during WRITEs (zero-clock delay) and READs (two-clock delay). DQML controls DQO-7,
DQMH controls DQ8-15.

9. This command is BURST TERMINATE when CKE is high and DEEP POWER DOWN when CKE is low.

10. The purpose of the BURST TERMINATE command is to stop a data burst, thus the command could coincide with data on

the bus. However the DQs column reads a don’t care state to illustrate that the BURST TERMINATE command can occur
when there is no data present.
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Command Inhibit

The COMMAND INHIBIT function prevents new
commands from being executed by the SDRAM,
regardless of whether the CLK signal is enabled. The
SDRAM is effectively deselected. Operations already in
progress are not affected.

NO OPERATION (NOP)

The NO OPERATION (NOP) command is used to
perform a NOP to an SDRAM which is selected (CS# is
LOW). This prevents unwanted commands from being
registered during idle or wait states. Operations
already in progress are not affected.

LOAD MODE REGISTER

The mode register is loaded via inputs AO-Al11, BAO,
BAL. See mode register heading in the Register Defini-
tion section. The LOAD MODE REGISTER and LOAD
EXTENDED MODE REGISTER commands can only be
issued when all banks are idle, and a subsequent exe-
cutable command cannot be issued until 'tMRD is met.

The values of the mode register and extended mode
register will be retained even when exiting deep
power-down.

ACTIVE

The ACTIVE command is used to open (or activate)
arow in a particular bank for a subsequent access. The
value on the BAQ, BAL inputs selects the bank, and the
address provided on inputs A0-All selects the row.
This row remains active (or open) for accesses until a
precharge command is issued to that bank. A pre-
charge command must be issued before opening a dif-
ferent row in the same bank.

READ

The READ command is used to initiate a burst read
access to an active row. The value on the BAO, BAl
inputs selects the bank, and the address provided on
inputs AO-A7 selects the starting column location. The
value on input A10 determines whether or not auto
precharge is used. If auto precharge is selected, the row
being accessed will be precharged at the end of the
read burst; if auto precharge is not selected, the row
will remain open for subsequent accesses. Read data
appears on the DQ subject to the logic level on the
DQM inputs two clocks earlier. If a given DQM signal
was registered HIGH, the corresponding DQ will be
High-Z two clocks later; if the DQM signal was regis-
tered LOW, the DQ will provide valid data.

64Mb: x16
MOBILE SDRAM

WRITE

The WRITE command is used to initiate a burst
write access to an active row. The value on the BAO,
BAL inputs selects the bank, and the address provided
on inputs A0-A7 selects the starting column location.
The value on input A10 determines whether or not
auto precharge is used. If auto precharge is selected,
the row being accessed will be precharged at the end of
the write burst; if auto precharge is not selected, the
row will remain open for subsequent accesses. Input
data appearing on the DQ is written to the memory
array subject to the DQM input logic level appearing
coincident with the data. If a given DQM signal is reg-
istered LOW, the corresponding data will be written to
memory; if the DQM signal is registered HIGH, the
corresponding data inputs will be ignored, and a write
will not be executed to that byte/column location.

PRECHARGE

The PRECHARGE command 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 subsequent
row access a specified time (‘RP) after the precharge
command is issued. Input A10 determines whether
one or all banks are to be precharged, and in the case
where only one bank is to be precharged, inputs BAO,
BA1 select the bank. Otherwise BAO, BAL are treated as
“Don’t Care.” Once a bank has been precharged, itis 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 which performs the
same individual-bank precharge function described
above, without requiring an explicit command. This is
accomplished by using A10 to enable auto precharge
in conjunction with a specific READ or WRITE com-
mand. 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 full-page burst mode, where auto
precharge does not apply. Auto precharge is non per-
sistent in that it is either enabled or disabled for each
individual Read or Write command.

Auto precharge ensures that the precharge is initi-
ated at the earliest valid stage within a burst. The user
must not issue another command to the same bank
until the precharge time ('RP) is completed. This is
determined as if an explicit PRECHARGE command
was issued at the earliest possible time, as described
for each burst type in the Operation section of this
data sheet.
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AUTO REFRESH

AUTO REFRESH is used during normal operation of
the SDRAM and is analogous to CAS#-BEFORE-RAS#
(CBR) refresh in conventional DRAMs. This command
iS non persistent, so it must be issued each time a
refresh is required. All active banks must be PRE-
CHARGED prior to issuing an AUTO REFRESH com-
mand. The AUTO REFRESH command should not be
issued until the minimum 'RP has been met after the
PRECHARGE command as shown in the operation sec-
tion.

The addressing is generated by the internal refresh
controller. This makes the address bits “Don’t Care”
during an AUTO REFRESH command. The 64Mb
SDRAM requires 4,096 AUTO REFRESH cycles every
64ms (‘REF). Providing a distributed AUTO REFRESH
command every 15.625us will meet the refresh
requirement and ensure that each row is refreshed.
Alternatively, 4,096 AUTO REFRESH commands can be
issued in a burst at the minimum cycle rate (‘RFC),
once every 64ms.

SELF REFRESH

The SELF REFRESH command can be used to retain
data in the SDRAM, even if the rest of the system is
powered down, as long as power is not completely
removed from the SDRAM. When in the self refresh
mode, the SDRAM retains data without external clock-
ing. The SELF REFRESH command is initiated like an
AUTO REFRESH command except CKE is disabled
(LOW). Once the SELF REFRESH command is regis-

64Mb: x16
MOBILE SDRAM

tered, all the inputs to the SDRAM become “Don’t
Care” with the exception of CKE, which must remain
LOW.

Once self refresh mode is engaged, the SDRAM pro-
vides its own internal clocking, causing it to perform
its own auto refresh cycles. The SDRAM must remain
in self refresh mode for a minimum period equal to
'RAS and may remain in self refresh mode for an indef-
inite period beyond that.

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

Upon exiting the self refresh mode, AUTO REFRESH
commands should be issued at once and then every
15.625us or less, as both SELF REFRESH and AUTO
REFRESH utilize the row refresh counter.

Deep Power-Down

The operating mode deep power-down achieves
maximum power reduction by eliminating the power
of the whole memory array of the device. Array data
will not be retained once the device enters deep
power-down mode.

This mode is entered by having all banks idle then
CS# and WE# held low with RAS# and CAS# held high
at the rising edge of the clock, while CKE is low. This
mode is exited by asserting CKE high.
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Operation

Bank/row Activation head. The minimum time interval between successive
Before any READ or WRITE commands can be ACTIVE commands to different banks is defined by

issued to a bank within the SDRAM, a row in that bank RRD.

must be “opened.” This is accomplished via the Figure 7: Activating a Specific Row in a
ACTIVE command, which selects both the bank and ' - -
the row to be activated (see Figure 7, Activating a Spe- Specific Bank Register

cific Row in a Specific Bank Register). CLK m

After opening a row (issuing an ACTIVE command),

reflected in Figure 8, which covers any case where 2 <

RCD (MIN)/'CK < 3. (The same procedure is used to

convert other specification limits from time units to WE#
clock cycles.)

N

L
a READ or WRITE command may be issued to that row, CKE  HIGH |
subject to the 'RCD specification. 'RCD (MIN) should :
be divided by the clock period and rounded up to the Cs# /A : /
next whole number to determine the earliest clock :
edge after the ACTIVE command on which a READ or :
WRITE command can be entered. For example, a 'RCD RASH A)\ |
specification of 20ns with a 125 MHz clock (8ns :
period) results in 2.5 clocks, rounded to 3. This is CASH / ! W

I

I

I

I

I

I

I

A subsequent ACTIVE command to a different row
. . . A0-A10, All ROW
in the same bank can only be issued after the previous M ADIDIE: >(/
active row has been “closed” (precharged). The mini- :
mum time interval between successive ACTIVE com- '

1
mands to the same bank is defined by 'RC. BAO, BAL DA W
A subsequent ACTIVE command to another bank
can be issued while the first bank is being accessed, 17 ,
which results in a reduction of total row-access over- DON'T CARE

Figure 8: Meeting 'RCD (MIN) when 2 < 'RCD (MIN)/*CK< 3

TO T1 T2

T3 T4
S e I s T s B e DS
Y TS S G &

ReD
' ’
/| DON'T CARE
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READs

READ bursts are initiated with a READ command, as
shown in Figure 8.

The starting column and bank addresses are pro-
vided with the READ command, and auto precharge is
either enabled or disabled for that burst access. If auto
precharge is enabled, the row being accessed is pre-
charged at the completion of the burst. For the generic
READ commands used in the following illustrations,
auto precharge is disabled.

During READ bursts, the valid data-out element
from the starting column address will be available fol-
lowing the CAS latency after the READ command.
Each subsequent data-out element will be valid by the
next positive clock edge. Figure5, CAS Latency, on
page 10, shows general timing for each possible CAS
latency setting.

Upon completion of a burst, assuming no other
commands have been initiated, the DQ will go High-Z.
A full-page burst will continue until terminated. (At the
end of the page, it will wrap to column 0 and continue.)

Data from any READ burst may be truncated with a
subsequent READ command, and data from a fixed-
length READ burst may be immediately followed by
data from a READ command. In either case, a continu-
ous flow of data can be maintained. The first data ele-
ment from the new burst follows either the last
element of a completed burst or the last desired data
element of a longer burst that is being truncated. The
new READ command should be issued x cycles before
the clock edge at which the last desired data element is
valid, where x equals the CAS latency minus one.

This is shown in Figure 10, Consecutive READ
Bursts, on page 17 for CAS latencies of two and three;
data element n + 3 is either the last of a burst of four or
the last desired of a longer burst. The 64Mb SDRAM
uses a pipelined architecture and therefore does not
require the 2n rule associated with a prefetch architec-
ture. A READ command can be initiated on any clock
cycle following a previous READ command. Full-speed
random read accesses can be performed to the same
bank, as shown in Figure 11, Random READ Accesses,
on page 17, or each subsequent READ may be per-
formed to a different bank.

64Mb: x16

MOBILE SDRAM

Data from any READ burst may be truncated with a
subsequent WRITE command, and data from a fixed-
length READ burst may be immediately followed by
data from a WRITE command (subject to bus turn-
around limitations). The WRITE burst may be initiated
on the clock edge immediately following the last (or
last desired) data element from the READ burst, pro-
vided that I/0 contention can be avoided. In a given
system design, there may be a possibility that the
device driving the input data will go Low-Z before the
SDRAM DQ go High-Z. In this case, at least a single-
cycle delay should occur between the last read data
and the WRITE command.

Figure 9: READ Command

CLK l

L
CKE  HIGH :
|
I
csi Ih |
|
RASH / ! Y/
|
I
CASH N
|
1
WE# ! ‘((/
I
I
|
COLUMN
AO-A7 /}< ADDRESS W
]
I
A9, A1l M M
I
ENABLE AUTIO PRECHARGE
A10
DISABLE AUTO PRECHARGE
I
|
BANK
BAO.1 ADDRESS W

DON’T CARE
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Figure 10: Consecutive READ Bursts
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Figure 11: Random READ Accesses

COMMAND

! L L
BANK,
coLa CoLx

ADDRESS

o0 ——————( D

CAS Latency = 2

TO T1 T2 T3 T4 T5 T6
CLK
! I I I I I I
! I I I I I I
! | | | | | |
COMMAND READ READ READ READ NOP NOP NOP
! | | | | | |
! I I I I I I
! Il L L L Il L
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ADDRESS { con H cota >< colx H coLm W M M M
! I I \ \ \
: | | | | |
I I 2
o0 (O )
: | | T T T T
! CAS Latency = 3
TRANSITIONING DATA V/A DON'T CARE

NOTE:
DQM is LOW.

Each READ command may be to any bank.

Each READ command may be to any bank.

64Mb: x16
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The DQM input is used to avoid 1/0 contention, as
shown in Figure 12, READ to WRITE, and Figure 13,
READ to WRITE with Extra Clock Cycle, on page 18.
The DQM signal must be asserted (HIGH) at least two
clocks prior to the WRITE command (DQM latency is
two clocks for output buffers) to suppress data-out
from the READ. Once the WRITE command is regis-
tered, the DQ will go High-Z (or remain High-2),
regardless of the state of the DQM signal, provided the
DQM was active on the clock just prior to the WRITE
command that truncated the READ command. If not,
the second WRITE will be an invalid WRITE. For exam-
ple, if DQM was LOW during T4 in Figure 14, READ to
PRECHARGE, on page 18, then the WRITEs at T5 and
T7 would be valid, while the WRITE at T6 would be
invalid.

The DQM signal must be de-asserted prior to the
WRITE command (DQM latency is zero clocks for
input buffers) to ensure that the written data is not
masked. Figure 13, READ to WRITE with Extra Clock
Cycle, shows the case where the clock frequency allows
for bus contention to be avoided without adding a
NOP cycle, and Figure 13 shows the case where the
additional NOP is needed. A fixed-length READ burst
may be followed by, or truncated with, a PRECHARGE
command to the same bank (provided that auto pre-
charge was not activated), and a full-page burst may
be truncated with a PRECHARGE command to the
same bank. The PRECHARGE command should be
issued x cycles before the clock edge at which the last
desired data element is valid, where x equals the CAS
latency minus one. This is shown in Figure 14 for each
possible CAS latency; data element n + 3 is either the
last of a burst of four or the last desired of a longer
burst. Following the PRECHARGE command, a subse-
quent command to the same bank cannot be issued
until 'RP is met. Note that part of the row precharge
time is hidden during the access of the last data ele-
ment(s).

In the case of a fixed-length burst being executed to
completion, a PRECHARGE command issued at the
optimum time (as described above) provides the same
operation that would result from the same fixed-length
burst with auto precharge. The disadvantage of the
PRECHARGE command is that it requires that the
command and address buses be available at the
appropriate time to issue the command; the advantage
of the PRECHARGE command is that it can be used to
truncate fixed-length or full-page bursts.
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AAicron

Figure 12: READ to WRITE

commanp {_rea0 ) woe
I

A
ADDRESS ~{ é’g’f’f‘ Y ‘

DON'T CARE

A CAS latency of three is used for illustration.
The READ command may be to any bank,
and the WRITE command may be to any
bank. If a burst of one is used, then DQM is
not required.

Figure 13: READ to WRITE with Extra
Clock Cycle

T0 T1 T2 T3 T4 T5

NOTE:

: - 147 tps

1 | AN
wonss DN T T
| | | AN |
o (Yo

DON'T CARE

NOTE: A CAS latency of three is used for illustration.
The READ command may be to any bank,
and the WRITE command may be to any

bank.

64Mb: x16
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Figure 14: READ to PRECHARGE

T0 T1 T2 T3 T4 5 T6 T7
w [ LI
: | | | | | | |
‘ : : : : W :
COMMAND READ NOP NOP NOP PRECHARGE NOP NOP ACTIVE
‘ | | [ |
! ! | X=1cydle | !

ADDRESS (Bé‘gff ><// i Méﬁ,“:..)}( NN Bﬁ%"‘)@

|
I |
i - H H | |
i g D D
bQ— o >< nez >< ned }/1 |
T T T I I
! |
' cAslatency =2
TO T1 T2 T3 T4 T5 T6 T7
CLK
! | | ]
| | 1 tre !
COMMAND READ NOP

| | |
| | T

| | |
NOP NOP PRECHARGE NOP
| | \
| |

I I

|
T
I
NOP ACTIVE
I

X =2 cycles !

ADDRESS (ngf: W DAL M&”fmw M &(Bﬁﬁ@“%

D >< 5 >< =

bDQ i
i TRANSITIONING DATA DON'T CARE
NOTE: DQM is LOW.
Figure 15: Terminating a READ Burst
TO T1 T2 T3 T4 T5 T6
CLK
COMMAND I‘?EAD ‘NOP r‘vop l‘\lOP ngg'mrs ‘NOP r‘vop
i i ‘ X =1cycle i i

ADDRESS iﬁ,’ff. W M M M M M M

<wx EED
n+1 n+2 n+3

I
DQ —
: |
" CAs Latency = 2
TO T1 T2 T3 T4 T5 T6 T7
nlinininininlnlal
! I I I I I I I
! I I I I I I I
! | | | | | | |
BURST
COMMAND READ NOP NOP NOP e e A NP NOP NOP
! I I I |— I
| ! ! | I X =2 cycles I I
| , h I I

ADDRESS ( %?)Tf. W‘ M M M W M / M
N ECED
m DON'T CARE

|
|
DQ 1
|
|

CAS Latency = 3 _
| TRANSITIONING DATA

NOTE: DQM is LOW.
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AAicron

Full-page READ bursts can be truncated with the
BURST TERMINATE command, and fixed-length
READ bursts may be truncated with a BURST TERMI-
NATE command, provided that auto precharge was
not activated. The BURST TERMINATE command
should be issued x cycles before the clock edge at
which the last desired data element is valid, where x
equals the CAS latency minus one. This is shown in
Figure 15, Terminating a READ Burst, for each possible
CAS latency; data element n + 3 is the last desired data
element of a longer burst.

WRITES

WRITE bursts are initiated with a WRITE command,
as shown in Figure 16, WRITE Command.

The starting column and bank addresses are pro-
vided with the WRITE command, and auto precharge
is either enabled or disabled for that access. If auto
precharge is enabled, the row being accessed is pre-
charged at the completion of the burst. For the generic
WRITE commands used in the following illustrations,
auto precharge is disabled.

During WRITE bursts, the first valid data-in element
will be registered coincident with the WRITE com-
mand. Subsequent data elements will be registered on
each successive positive clock edge. Upon completion
of a fixed-length burst, assuming no other commands
have been initiated, the DQ will remain High-Z and
any additional input data will be ignored (see Figure
18, WRITE to WRITE). A full-page burst will continue
until terminated. (At the end of the page, it will wrap to
column 0 and continue.)

64Mb: x16
MOBILE SDRAM

Figure 16: WRITE Command

CS#

RASH#

N

/4

cass 7
N

WE#

1

COLUMN

AO0-A8 M ADDRESS
T
|

A9, ALl X)) Y

|
ENABLE AUTO PRECHARGE

A10

DISABLE AUTO PRECHARGE
|
|
|

BAO, 1 K s X
D VALID ADDRESS 7/1 DON'T CARE

Data for any WRITE burst may be truncated with a
subsequent WRITE command, and data for a fixed-
length WRITE burst may be immediately followed by
data for a WRITE command. The new WRITE com-
mand can be issued on any clock following the previ-
ous WRITE command, and the data provided
coincident with the new command applies to the new
command. An example is shown in Figure 19, Random
WRITE Cycles. Data n + 1 is either the last of a burst of
two or the last desired of a longer burst. The 64Mb
SDRAM uses a pipelined architecture and therefore
does not require the 2n rule associated with a prefetch
architecture. A WRITE command can be initiated on
any clock cycle following a previous WRITE command.
Full-speed random write accesses within a page can be
performed to the same bank, as shown in Figure 19, or
each subsequent WRITE may be performed to a differ-
ent bank.
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AAicron

Figure 17: WRITE Burst

CLK ‘ ‘

COMMAND { WRITE ><

ADDRESS { %‘c‘,ﬂ'ﬁ, W M M M
oo {CEHEEDND T~
DON'T CARE

Burst length =2. DQM is LOW.
Figure 18: WRITE to WRITE

T0 T1 T2

commanp w >< W W W]
ADDRESS i’éTKn ></ X %?,TT, H
o {TEDNIETHED)-

DON’T CARE

DQM is LOW. Each WRITE command may be
to any bank.

Data for any WRITE burst may be truncated with a
subsequent READ command, and data for a fixed-
length WRITE burst may be immediately followed by a
READ command. Once the READ command is regis-
tered, the data inputs will be ignored, and writes will
not be executed. An example is shown in Figure 20,
WRITE to READ. Data n + 1 is either the last of a burst
of two or the last desired of a longer burst.

NOTE:

NOTE:

64Mb: x16
MOBILE SDRAM

Data for a fixed-length WRITE burst may be fol-
lowed by, or truncated with, a PRECHARGE command
to the same bank (provided that auto precharge was
not activated), and a full-page WRITE burst may be
truncated with a PRECHARGE command to the same
bank. The PRECHARGE command should be issued
"WR after the clock edge at which the last desired input
data element is registered. The auto precharge mode
requires a 'WR of at least one clock plus time, regard-
less of frequency.

In addition, when truncating a WRITE burst, the
DQM signal must be used to mask input data for the
clock edge prior to, and the clock edge coincident with,
the PRECHARGE command. An example is shown in
Figure 21, WRITE to PRECHARGE. Data n + 1 is either
the last of a burst of two or the last desired of a longer
burst. Following the PRECHARGE command, a subse-
quent command to the same bank cannot be issued
until 'RP is met.

In the case of a fixed-length burst being executed to
completion, a PRECHARGE command issued at the
optimum time (as described above) provides the same
operation that would result from the same fixed-length
burst with auto precharge. The disadvantage of the
PRECHARGE command is that it requires that the
command and address buses be available at the
appropriate time to issue the command; the advantage
of the PRECHARGE command is that it can be used to
truncate fixed-length or full-page bursts.

Fixed-length or full-page WRITE bursts can be trun-
cated with the BURST TERMINATE command. When
truncating a WRITE burst, the input data applied coin-
cident with the BURST TERMINATE command will be
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 23, Terminating a WRITE Burst,
where data n is the last desired data element of a
longer burst.
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AAicron

Figure 19: Random WRITE Cycles

TO T1 T2 T3

| |
! l l l
BANK, BANK, BANK, BANK,
ADDRESS << COLn >‘< CQL a >< CO!_ X >< COIT m >@
! | | |
| | |

oo (O EEHED-

DON'T CARE

COMMAND<< WRITE >—< WRITE >~< WI'«“ITE >—< WR‘ITE >.G
|
|

NOTE: Each WRITE command may be to any bank.
DQM is LOW.
Figure 20: WRITE to READ
TO T1 T2 T3 T4 T5

|
COMMAND << WRITE >—< NOP >—< READ >—< NOP ><< NOP >—< NOP >—<

|
ooness {5 W X zﬁmﬁ W‘ W ‘/M/‘ 2
\

o {5 ><n°:“1W /W /7<°”><5‘1“1F
DON'T CARE

The WRITE command may be to any bank,
and the READ command may be to any bank.
DQM is LOW. CAS latency = 2 for illustration.

NOTE:

64Mb: x16
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Figure 21: WRITE to PRECHARGE

T0 Tl T2 T3 T4 5 T6
I I I I I I I
I I I I I I I
t 1
'WR @ ICK=15ns | | | | ! ! !
| | ! | | | |
DM 7 | : : : : : :
T | T
| i I LR | i
I I I L I I .
COMMAND WRITE NOP PRECHARGE NOP >-< NOP ACTIVE NoP
T T
I I

ADDRESS {ngfn"‘ W /)'((:oArN;I)W M /}( Bﬁg@a Y : X
oo {3 DD T

tWR @ tCK < 15ns

|

I I

I I

I I

I I

| |

I I

| |

I

I I

| |

Il Il Il
COMMAND WRITE NOP NoP PRECHARGE NOP NOP ACTIVE

| |

ADDRESS B@gfn"‘ W O/ (fﬁ:“fu) W M ﬂ( BARnga X
\ tWR ‘

DQ{DQ“ }(n[’l“l}(/ /)(/ W /%/ /)(/ -
DON'T CARE

NOTE: DQM could remain LOW in this example if
the WRITE burst is a fixed length of two.
PRECHARGE

The PRECHARGE command (see Figure 24, PRE-
CHARGE Command, on page 22) 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 subsequent
row access some specified time (‘RP) after the pre-
charge command is issued. Input A10 determines
whether one or all banks are to be precharged, and in
the case where only one bank is to be precharged,
inputs BAO, BA1 select the bank. When all banks are to
be precharged, inputs BAO, BAL are treated as “Don't
Care.” Once 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.

pdf: 09005aef80a63953, source: 09005aef808a7edc
Y25L_64Mb_2.fm - Rev. E 11/04 EN

Downloaded from AFFOW.COmM.

Micron Technology, Inc., reserves the right to change products or specifications without notice.
©2003 Micron Technology, Inc. All rights reserved.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

AAicron

POWER-DOWN

Power-down occurs if CKE is registered low coinci-
dent with a NOP or COMMAND INHIBIT 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 maxi-
mum power savings while in standby. The device may
not remain in the power-down state longer than the
refresh period (64ms) since no refresh operations are
performed in this mode.

The power-down state is exited by registering a NOP
or COMMAND INHIBIT and CKE HIGH at the desired
clock edge (meeting 'CKS). See Figure 22, Power-
Down.

Figure 22: Power-Down

wpggt

2 feKs |

CKE

(

)5
‘ (
NOP W

All banks idle

COMMAND

ACTIVE

RCD

Input buffers gated off " Ras

Enter power-down mode. Exit power-down mode.

Figure 23: Terminating a WRITE Burst

TO T1 T2

CLK

COMMAND ( WRITE HTESBLZTSLTEHCOA'}EJXNDK
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Q << Dr':“ 20 &( (DATA) »

| | |

| | |
TRANSITIONING DATA DON’T CARE

DQMs are LOW.

BANK,

ADDRESS { oL

NOTE:
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Figure 24: PRECHARGE Command

e Tt LTI
wes n |

s nit 7 ///: 7,
B0t 77 %Asessssw W,

l:, VALID ADDRESS DON’'T CARE

DEEP POWER-DOWN

Deep power down mode is a maximum power sav-
ings feature achieved by shutting off the power to the
entire memory array of the device. Data on the mem-
ory array will not be retained once deep power down
mode is executed. Deep power down mode is entered
by having all banks idle then CS# and WE# held low
with RAS# and CAS# high at the rising edge of the
clock, while CKE is low. CKE must be held low during
deep power-down.

In order to exit deep power down mode, CKE must
be asserted high. After exiting, the following sequence
is needed in order to enter a new command. Maintain
NOP input conditions for a minimum of 100us. Issue
PRECHARGE commands for all banks. Issue eight or
more AUTOREFRESH commands. The values of the
mode register and extended mode register will be
retained upon exiting deep power-down.

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 deacti-
vated, “freezing” the synchronous logic.

For each positive clock edge on which CKE is sam-
pled LOW, the next internal positive clock edge is sus-
pended. Any command or data present on the input
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AAicron

pins at the time of a suspended internal clock edge is
ignored; any data present on the DQ pins remains
driven; and burst counters are not incremented, as
long as the clock is suspended. (See examples in Figure
25, Clock Suspend During WRITE Burst, and Figure 26,
Clock Suspend During READ Burst.)

Clock suspend mode is exited by registering CKE
HIGH; the internal clock and related operation will
resume on the subsequent positive clock edge.

BURST READ/SINGLE WRITE

The burst read/single write mode is entered by pro-
gramming the write burst mode bit (M9) in the mode
register to a logic 1. In this mode, all WRITE com-
mands result in the access of a single column location
(burst of one), regardless of the programmed burst

64Mb: x16
MOBILE SDRAM

length. READ commands access columns according to
the programmed burst length and sequence, just as in
the normal mode of operation (M9 = 0).

Figure 25: Clock Suspend During WRITE

Burst
TO T1 T2 T3 T4 T5
CLK ‘

INTERNAL
CLOCK

COMMAND

ERE /4 m ==
o LD DTN m ::~1>< :f:w(
77 on case

For this example, burst length = 4 or greater,
and DM is LOW.

Figure 26: Clock Suspend During READ
Burst

BANK,
COL n

NOTE:

INTERNAL
CLOCK

COMMAND READ NOP NOP W )—< NOP NOP NOP
T
| | | |
i i
BANK,
sooress (BTN />(/ W />«/ WD
| |
: | \ \ \ \
! Dour Doun Dour Dou
DQ ! : n >< n+1 >< n+2 >< n+3 >>

V/A DON'T CARE

For this example, CAS latency = 2, burst
length = 4 or greater, and DQM is LOW.

NOTE:
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Concurrent Auto Precharge CAS latency. The precharge to bank n will begin
Micron SDRAM devices support Concurrent Auto when the READ to bank m is registered (Figure 27,
precharge, which allows an access command (READ or READ With Auto Precharge Interrupted by a READ).
WRITE) to another bank while an access command 2. Interrupted by a WRITE (with or without auto
with auto precharge enabled is executing. Four cases precharge): When a WRITE to bank m registers, a
where concurrent auto precharge occurs are defined READ on bank n will be interrupted. DQM should
below. be used two clocks prior to the WRITE command to
prevent bus contention. The precharge to bank n
READ with Auto Precharge will begin when the WRITE to bank m is registered
1. Interrupted by a READ (with or without auto (Figure 28, READ With Auto Precharge Interrupted
precharge): A READ to bank m will interrupt a READ by a WRITE).

on bank n, two or three clocks later, depending on

Figure 27: READ With Auto Precharge Interrupted by a READ

TO T1 T2 T3 T4 5 T6 T7
i | | | | | | |
! L L L L L L L
COMMAND NOP Ry NOP v NOP >< NOP NOP NOP
R PR R R R R :
: BANK n l Page Active l READ with Burst of 4 X Interrupt Burst, Precharge [ Idle "
'
1 Internal | | | ! | tRP-BANKnN | “RP BANKm !
! | | | [l [l |
'
' States BANK m l Page Active [ READ with Burst of 4 [ Precharge 5
'

------------------ J----J----L----L----‘ ‘ ! .

|
ADDRESS 4/ A(“égfa" H /)(B‘éﬁfé“ W XTI
|
| 3 ‘ <‘ D:ur >_<j Ec:u; >_<j DC‘;U' j BO:TI >,

bQ

CAS Latency = 3 (BANK n) |

CAS Latency = 3 (BANK m)

M DON'T CARE

NOTE: DQM is LOW.
Figure 28: READ With Auto Precharge Interrupted by a WRITE

TO T1 T2 T3 T4 T5 T6 T7
: | | | | | | |
. . . . . . .
READ - AP WRITE - AP
COMMAND BANK n NOP NOP ‘NOP BANK ‘NOP ‘NOP ‘NOP
e EmEmEmEE === Meemmslesssfesssmean B EEEEE EEEEE === :
'
. BANK n @; READ with Burst of 4 >| Interrupt Burst, Precharge | Idle :
' Internal i | | | | | tRP-BANKN tWR - BANK m#
! | | | | | | | .
' States - - - .
BANK m ‘ Page Active | WRITE with Burst of 4 Write-Back
'

----------------------- i----&----L-------------------

ADDRESS‘(Bégfa" }(/‘ W‘ /)(‘ 0’(8@2‘)}5?}(/‘ /)(/‘ M‘ /)@
SN/ 1 i L

CAS Latency = 3 (BANK n)

m DON'T CARE

NOTE: DQM is HIGH at T2 to prevent DouT-a+1 from contending with DIN-d at T4.
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WRITE with Auto Precharge

3. Interrupted by a READ (with or without auto
precharge): When a READ to bank m registers, it will
interrupt a WRITE on bank n, with the data-out
appearing 2 or 3 clocks later, (depending on CAS
latency). The precharge to bank n will begin after
YWR is met, where '"WR begins when the READ to
bank m is registered. The last valid WRITE to bank n
will be data-in registered one clock prior to the
READ to bank m (Figure 29, WRITE With Auto Pre-
charge Interrupted by a READ).

64Mb: x16

MOBILE SDRAM

4. Interrupted by a WRITE (with or without auto
precharge): When a WRITE to bank m registers, it
will interrupt a WRITE on bank n. The precharge to
bank n will begin after '"WR is met, where '"WR begins
when the WRITE to bank m is registered. The last
valid data WRITE to bank n will be data registered
one clock prior to a WRITE to bank m (Figure 30,
WRITE With Auto Precharge Interrupted by a
WRITE).

Figure 29: WRITE With Auto Precharge Interrupted by a READ

T0 T1 T2

T3

T4 T5 T6 T7

COMMAND N‘OP ngﬁ};’:PH NOP HREQEK""TX NOP >< ‘NOP ‘NOP >< NOP >,C
pmmmmmmmenann . Te e o EEEEEEEEEE L LRt T L LD
: BANK n l Page Active lWRITEwilhBurstofA }‘Interruptaursl‘ Write-Back | Precharge []
! Internal | | | | wr-Bankn | <E-BANKY e
! | | | | | | |0 BANKm
' States
: m l Page Active [ READ with Burst of 4 [ :
------------------ -I----i----L----h----‘-----‘-----1-----!
</ NS 20 I DN D
1 i
\ | |
o ——E—@—————=
|
CAS Latency = 3 (BANK m)
V/A DON'T CARE
NOTE: DQM is LOW.
Figure 30: WRITE With Auto Precharge Interrupted by a WRITE
TO T1 T2 T3 T4 T5 T6 T7
CLK
: | | | | | | |
I I I I I I I
coMMAND { no? W;}\T,S,;’,TPH e X N W;gﬁ»{ X NP X o X e >C
" === s = smmEEm (=== omom BRI I R IR IR I === .
: BANK n l Page Active l WRITE with Burst of 4 }1 Interrupt Burst, Write-Back I Precharge :
+ Internal | i | | ;‘WRVBANKn‘ I tRP-BANK N | .
! States 1 1 1 1 — ek,
. BANK m l Page Active I WRITE with Burst of 4 IWnte -Back :
: ------------------ ‘----i----ﬁ----h ------------------- ]
s TN IS DT T
f
|
|
0 ——E—E D E— T
y[ DON'T CARE
NOTE: DQM is LOW.
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64Mb: x16

MOBILE SDRAM

Table 7:  Truth Table 2 - CKE
Notes: 1-4: Notes appear below table
CKEn1 | CKE, CURRENT STATE COMMAND, ACTION, NOTES
Power-Down X Maintain Power-Down
Self Refresh X Maintain Self Refresh
L Clock Suspend X Maintain Clock Suspend
Deep Power-Down X Maintain Deep Power-Down 8
Power-Down COMMAND INHIBIT or NOP Exit Power-Down 5
L Deep Power-Down X Exit Deep Power-Down 8
Self Refresh COMMAND INHIBIT or NOP Exit Self Refresh 6
Clock Suspend X Exit Clock Suspend 7
All Banks Idle COMMAND INHIBIT or NOP Power-Down Entry
H All Banks Idle BURST TERMINATE Deep Power-Down Entry 8
All Banks Idle AUTO REFRESH Self Refresh Entry
Reading or Writing VALID Clock Suspend Entry
H H See Truth Table 3
NOTE:

1. CKE, is the logic state of CKE at clock edge n; CKE,,_; was the state of CKE at the previous clock edge.

. Current state is the state of the SDRAM immediately prior to clock edge n.

. COMMAND,, is the command registered at clock edge n, and ACTION,, is a result of COMMAND,.

. All states and sequences not shown are illegal or reserved.

. Exiting power-down at clock edge n will put the device in the all banks idle state in time for clock edge n + 1 (provided
that 'CKS is met).

. Exiting self refresh at clock edge n will put the device in the all banks idle state once 'XXSR is met. COMMAND INHIBIT or
NOP commands should be issued on any clock edges occurring during the 'XXSR period. A minimum of two NOP com-
mands must be provided during t™XSR period.

7. After exiting clock suspend at clock edge n, the device will resume operation and recognize the next command at clock

edge n + 1.
8. Deep power-down is a power-saving feature of this Mobile SDRAM device. This command is BURST TERMINATE when
CKE is high and DEEP POWER DOWN when CKE is low.

a b wiN

(2]
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Table 8: Truth Table 3 - Current State Bank n, Command to Bank n
Notes: 1-6; notes appear below table

CURRENT
STATE CS# | RAS# | CAS# | WE# | COMMAND (ACTION) NOTES
Any H X X X | COMMAND INHIBIT (NOP/Continue previous operation)
L H H H | NO OPERATION (NOP/Continue previous operation)
Idle L L H H | ACTIVE (Select and activate row)
L L L H AUTO REFRESH 7
L L L L LOAD MODE REGISTER 7
L L H L PRECHARGE 11
Row Active L H L H |READ (Select column and start READ burst) 10
L H L L | WRITE (Select column and start WRITE burst) 10
L L H L PRECHARGE (Deactivate row in bank or banks) 8
Read (Auto L H L H |READ (Select column and start new READ burst) 10
Precharge L H L L | WRITE (Select column and start WRITE burst) 10
Disabled) L L H L | PRECHARGE (Truncate READ burst, start PRECHARGE) 8
L H H L BURST TERMINATE 9
Write (Auto L H L H |READ (Select column and start READ burst) 10
Precharge L H L L | WRITE (Select column and start new WRITE burst) 10
Disabled) L L H L | PRECHARGE (Truncate WRITE burst, start PRECHARGE) 8
L H H L BURST TERMINATE 9
NOTE:

1. This table applies when CKE,_; was HIGH and CKE,, is HIGH (see Truth Table 2) and after 'XSR has been met (if the previous state was
self refresh).

2. This table is bank-specific, except where noted; i.e., the current state is for a specific bank and the commands shown are those allowed
to be issued to that bank when in that state. Exceptions are covered in the notes below.

3. Current state definitions:

Idle: The bank has been precharged, and 'RP has been met.

Row Active: A row in the bank has been activated, and 'RCD has been met. No data bursts/accesses and no register accesses are
in progress.

Read: A READ burst has been initiated, with auto precharge disabled, and has not yet terminated or been terminated.

Write: A WRITE burst has been initiated, with auto precharge disabled, and has not yet terminated or been terminated.

4. The following states must not be interrupted by a command issued to the same bank. COMMAND INHIBIT or NOP commands, or allow-
able commands to the other bank should be issued on any clock edge occurring during these states. Allowable commands to the other
bank are determined by its current state and Truth Table 3, and according to Truth Table 4.

Precharging: Starts with registration of a PRECHARGE command and ends when 'RP is met. Once 'RP is met, the bank will be in
the idle state.
Row Activating: Starts with registration of an ACTIVE command and ends when 'RCD is met. Once 'RCD is met, the bank will be
in the row active state.
Read w/Auto Precharge Enabled: Starts with registration of a READ command with auto precharge enabled and ends when 'RP
has been met. Once 'RP is met, the bank will be in the idle state.
Write w/Auto Precharge Enabled: Starts with registration of a WRITE command with auto precharge enabled and ends when
'RP has been met. Once 'RP is met, the bank will be in the idle state.
5. The following states must not be interrupted by any executable command; COMMAND INHIBIT or NOP commands must be applied on
each positive clock edge during these states.
Refreshing: Starts with registration of an AUTO REFRESH command and ends when 'RC is met. Once 'RC is met, the SDRAM wiill
be in the all banks idle state.
Accessing Mode Register: Starts with registration of a LOAD MODE REGISTER command and ends when 'MRD has been met.
Once '™™MRD is met, the SDRAM will be in the all banks idle state.
Precharging All: Starts with registration of a PRECHARGE ALL command and ends when 'RP is met. Once 'RP is met, all banks
will be in the idle state.

. All states and sequences not shown are illegal or reserved.

. Not bank-specific; requires that all banks are idle.

. May or may not be bank-specific; if all banks are to be precharged, all must be in a valid state for precharging.

. Deep Power-Down is power savings feature of this Mobile SDRAM device. This command is BURST TERMINATE when CKE is high and

DEEP POWER DOWN when CKE is low.

10. READs or WRITEs listed in the Command (Action) column include READs or WRITEs with auto precharge enabled and READs or WRITEs

with auto precharge disabled.

11. Does not affect the state of the bank and acts as a NOP to that bank.

©o0o~NO®
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Table 9: Truth Table 4 - Current State Bank n, Command to Bank m
Notes: 1-6; notes appear below and on next page

CURRENT RAS | CAS
STATE CS# | # # | WE# | COMMAND (ACTION) NOTES
Any H X X X | COMMAND INHIBIT (NOP/Continue previous operation)
L H H H | NO OPERATION (NOP/Continue previous operation)
Idle X X X X | Any Command Otherwise Allowed to Bank m
Row L L H H | ACTIVE (Select and activate row)
Activating, L H L H |READ (Select column and start READ burst) 7
Active, or L H L L | WRITE (Select column and start WRITE burst) 7
Precharging
L L H L PRECHARGE
Read L L H H | ACTIVE (Select and activate row)
(Auto L H L H | READ (Select column and start new READ burst) 7,10
'gi;g?ég)e L H L L | WRITE (Select column and start WRITE burst) 7,11
L L H L PRECHARGE 9
Write L L H H | ACTIVE (Select and activate row)
(Auto L H L H | READ (Select column and start READ burst) 7,12
'gi;g?ég;e L H L L | WRITE (Select column and start new WRITE burst) 7,13
L L H L PRECHARGE 9
Read L L H H | ACTIVE (Select and activate row)
(With Auto L H L H | READ (Select column and start new READ burst) 7,8, 14
Precharge) L H L L | WRITE (Select column and start WRITE burst) 7,8,15
L L H L PRECHARGE 9
Write L L H H | ACTIVE (Select and activate row)
(With Auto L H L H | READ (Select column and start READ burst) 7,8, 16
Precharge) L H L L | WRITE (Select column and start new WRITE burst) 7,8, 17
L L H L PRECHARGE 9

NOTE:

1. This table applies when CKE,.; was HIGH and CKE,, is HIGH (see Truth Table 2) and after XXSR has been met (if the previ-
ous state was self refresh).

2. This table describes alternate bank operation, except where noted; i.e., the current state is for bank n and the com-
mands shown are those allowed to be issued to bank m (assuming that bank m is in such a state that the given com-
mand is allowable). Exceptions are covered in the notes below.

3. Current state definitions:

Idle: The bank has been precharged, and 'RP has been met.
Row Active: A row in the bank has been activated, and 'RCD has been met. No data bursts/accesses and no regis-
ter accesses are in progress.

Read: A READ burst has been initiated, with auto precharge disabled, and has not yet terminated or been
terminated.

Write: A WRITE burst has been initiated, with auto precharge disabled, and has not yet terminated or been
terminated.

Read w/Auto Precharge Enabled: Starts with registration of a READ command with auto precharge enabled, and
ends when 'RP has been met. Once 'RP is met, the bank will be in the idle state.
Write w/Auto Precharge Enabled: Starts with registration of a WRITE command with auto precharge enabled, and
ends when RP has been met. Once 'RP is met, the bank will be in the idle state.
4. AUTO REFRESH, SELF REFRESH and LOAD MODE REGISTER commands may only be issued when all banks are idle.
5. A BURST TERMINATE command cannot be issued to another bank; it applies to the bank represented by the current
state only.
6. All states and sequences not shown are illegal or reserved.
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7. READs or WRITEs to bank m listed in the Command (Action) column include READs or WRITEs with auto precharge
enabled and READs or WRITEs with auto precharge disabled.

8. CONCURRENT AUTO PRECHARGE: Bank n will initiate the auto precharge command when its burst has been interrupted
by bank m’s burst.

9. Burst in bank n continues as initiated.

10. For a READ without auto precharge interrupted by a READ (with or without auto precharge), the READ to bank m wiill
interrupt the READ on bank n, CAS latency later (Figure 10, Consecutive READ Bursts, on page 17).

11. For a READ without auto precharge interrupted by a WRITE (with or without auto precharge), the WRITE to bank m will
interrupt the READ on bank n when registered (Figure 12, READ to WRITE, on page 18, and Figure 13, READ to WRITE
with Extra Clock Cycle, on page 18). DQM should be used one clock prior to the WRITE command to prevent bus conten-
tion.

12. For a WRITE without auto precharge interrupted by a READ (with or without auto precharge), the READ to bank m will
interrupt the WRITE on bank n when registered (Figure 20, WRITE to READ, on page 21), with the data-out appearing
CAS latency later. The last valid WRITE to bank n will be data-in registered one clock prior to the READ to bank m.

13. For a WRITE without auto precharge interrupted by a WRITE (with or without auto precharge), the WRITE to bank m
will interrupt the WRITE on bank n when registered (Figure 18, WRITE to WRITE, on page 20). The last valid WRITE to
bank n will be data-in registered one clock prior to the READ to bank m.

14. For a READ with auto precharge interrupted by a READ (with or without auto precharge), the READ to bank m will
interrupt the READ on bank n, CAS latency later (Figure 27, READ With Auto Precharge Interrupted by a READ, on
page 24). The PRECHARGE to bank n will begin when the READ to bank m is registered.

15. For a READ with auto precharge interrupted by a WRITE (with or without auto precharge), the WRITE to bank m will
interrupt the READ on bank n when registered (Figure 28, READ With Auto Precharge Interrupted by a WRITE, on
page 24). DQM should be used two clocks prior to the WRITE command to prevent bus contention. The PRECHARGE to
bank n will begin when the WRITE to bank m is registered.

16. For a WRITE with auto precharge interrupted by a READ (with or without auto precharge), the READ to bank m will
interrupt the WRITE on bank n when registered, with the data-out appearing CAS latency later (Figure 29, WRITE With
Auto Precharge Interrupted by a READ, on page 25). The PRECHARGE to bank n will begin after "WR is met, where YWR
begins when the READ to bank m is registered. The last valid WRITE bank n will be data-in registered one clock prior to
the READ to bank m.

17. For a WRITE with auto precharge interrupted by a WRITE (with or without auto precharge), the WRITE to bank m will
interrupt the 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 registered (Figure 30, WRITE With Auto Precharge Interrupted by a WRITE, on
page 25). The last valid WRITE to bank n will be data registered one clock to the WRITE to bank m.
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Absolute Maximum Ratings

Stresses greater than those listed may cause perma-
nent damage to the device. This is a stress rating only,
and functional operation of the device at these or any

64Mb: x16

MOBILE SDRAM

Voltage on VDD/VDDQ Supply

Relative to Vss

Voltage on Inputs, NC or 1/0 Pins

-0.35Vto +2.8V

other conditions above those indicated in the opera- RelativetoVss................... -0.35Vto +2.8V

tional sections of this specification is not implied. Operating Temperature

Exposure to absolute maximum rating conditions for Ta(Extended) .................... -25°C to +85°C

extended periods may affect reliability. Ta(Industrial) .................... -40°C to +85°C
Storage Temperature (plastic) . . ... -55°Cto +150°C

Table 10: DC Electrical Characteristics and Operating Conditions

Notes: 1, 5, 6; notes appear on page 34, Vbp = VDDQ = +1.8V +0.1V

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES

Supply Voltage VDD 1.7 1.9 \%

1/0 Supply Voltage VDDQ 1.7 1.9 \%

Input High Voltage: Logic 1; All inputs VIH 0.8 x VDDQ| VDD +0.3 \Y, 22

Input Low Voltage: Logic 0; All inputs ViL -0.3 +0.3 \Y, 22

Output High Voltage: All inputs VOH 0.9 x VbDQ - Vv

Output Low Voltage: All inputs VoL - 0.2 \%

Input Leakage Current: I -1.0 1.0 HA

Any input OV < VIN < VDD (All other pins not under test = 0V)

Output Leakage Current: DQ disabled; OV < VouT < VbbQ loz -1.5 15 HA

Table 11: AC Electrical Characteristics and Operating Conditions

VbD = 1.7V -1.9V; VbDQ = 1.7V - 1.9V

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES

Input High Voltage: Logic 1; All inputs VIH 14 - Y,

Input Low Voltage: Logic 0; All inputs ViL - +0.4 \Y,
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Table 12: Electrical Characteristics and Recommended AC Operating Conditions
Notes: 5, 6, 8, 9, 11; notes appear on page 34

AC CHARACTERISTICS -8 -10
PARAMETER SYMBOL | MIN MAX MIN MAX UNITS | NOTES
Access time from CLK (pos. edge) CL=3| tAc(3) 6 7 ns 27
CL=2| tac(2) 8 8 ns
Address hold time tAH 1 1 ns
Address setup time tas 25 25 ns
CLK high-level width tcH 3 3 ns
CLK low-level width toL 3 3 ns
Clock cycle time CL=3| tck @3 8 100 9.6 100 ns 23
CL=2| tck(2) 9.6 100 12 100 ns 23
CKE hold time tCcKH 1 1 ns
CKE setup time tcks 15 25 ns
CS#, RAS#, CAS#, WE#, DQM hold time tcMH 1 1 ns
CS#, RAS#, CAS#, WE#, DQM setup time tcMs 15 2.5 ns
Data-in hold time tDH 1 1 ns
Data-in setup time tps 2.5 2.5 ns
Data-out high-impedance time CL=3| Hz(3) 7 7 ns 10
CL=2| tyz (2) 8 8 ns 10
Data-out low-impedance time t 7z 1 1 ns
Data-out hold time (load) toH 25 2.5 ns
Data-out hold time (no load) tOH, 1.8 1.8 ns 28
ACTIVE to PRECHARGE command tRAS 48 120,000 50 120,000 ns
ACTIVE to ACTIVE command period tRC 80 100 ns
ACTIVE to READ or WRITE delay tRCD 19 20 ns
Refresh period (4,096 rows) tREF 64 64 ms
AUTO REFRESH period tRFC 80 100 ns
PRECHARGE command period tRp 19 20 ns
ACTIVE bank a to ACTIVE bank b command tRRD 16 20 ns
Transition time tr 0.5 1.2 0.3 1.2 ns 7
WRITE recovery time YWR (a) 1CLK 1CLK - 24
+7ns +5ns
YWR (m) 15 15 ns 25
Exit SELF REFRESH to ACTIVE command SR 80 100 ns 20
Voot sanb. 2 m - Rew EatoaEN 31 T 52005 Nicron Teehntogy, Inc. Al right resemved.
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Table 13: AC Functional Characteristics
Notes: 5, 6, 7, 8, 9, 11; notes appear on page 34

PARAMETER SYMBOL -8 -10 UNITS NOTES
READ/WRITE command to READ/WRITE command tcch 1 1 tck 17
CKE to clock disable or power-down entry mode tCKED 1 1 tck 14
CKE to clock enable or power-down exit setup mode tpED 1 1 tck 14
DQM to input data delay 'DOD 0 0 tck 17
DQM to data mask during WRITEs DQM 0 0 tck 17
DQM to data high-impedance during READs pQz 2 2 tck 17
WRITE command to input data delay IDWD 0 0 tck 17
Data-in to ACTIVE command tbAL 5 5 tck 15,21
Data-in to PRECHARGE command tbpL 2 2 tck 16, 21
Last data-in to burst STOP command tBDL 1 1 tck 17
Last data-in to new READ/WRITE command tcpL 1 1 tck 17
Last data-in to PRECHARGE command tRDL 2 2 tck 16, 21
LOAD MODE REGISTER command to ACTIVE or REFRESH tMRD 2 2 tck 26
command
Data-out to high-impedance from PRECHARGE command | CL=3 tROH(3) 3 3 tck 17
CL=2 ROH(2) 2 2 tck 17
Table 14: IpbD Specifications and Conditions
Notes: 1, 5, 6, 11, 13, 32; notes appear on page 34; VbD = VDDQ = +1.8V +0.1V
MAX
PARAMETER/CONDITION SYMBOL -8 -10 UNITS | NOTES
Operating Current: Active Mode; IDD1 50 50 mA 3, 18,
Burst = 2; READ or WRITE; 'RC = 'RC (MIN) 19
Standby Current: Power-Down Mode; All banks idle; CKE = LOW IDD2 150 150 HA 32
Standby Current: Active Mode; IDD3 35 30 mA 3,12,
CKE = HIGH; CS# = HIGH; All banks active after 'RCD met; 19
No accesses in progress
Operating Current: Burst Mode; Continuous burst; IDD4 50 50 mA 3,18,
READ or WRITE; All banks active 19
Auto Refresh Current tRC = IRFC (MIN) IDD5 60 50 mA 3,12,
CKE = HIGH; CS# = HIGH TRFC = 15.6250s IDD6 > > mA 18é3}9,
DEEP POWER DOWN Izz 10 10 HA 34
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Table 15: IDD7 - Self Refresh Current Options
Notes: 4; notes appear on page 34; VDD = VDDQ = +1.8V 0.1V
TEMPERATURE COMPENSATED SELF REFRESH MAX
PARAMETER/CONDITION TEMPERATURE -8 &-10 UNITS NOTES
Self Refresh Current: 85°C 160 HA 4
CKE < 0.2V - 4 Banks Open 70°C 130 HA 4
450C 110 HA 4
15°C 100 HA 4
Self Refresh Current: 85°C 130 HA 4
CKE < 0.2V -2 Banks Open 70°C 100 HA 4
45°C 90 HA 4
15°C 80 HA 4
Self Refresh Current: 85°C 110 HA 4
CKE < 0.2V - 1 Bank Open 70°C 80 HA 4
450C 70 HA 4
150C 65 HA 4
Self Refresh Current: 85°C 105 HA 4
CKE < 0.2V - 1/2 Bank Open 70°C 75 HA 4
45°C 65 HA 4
15°C 65 HA 4
Self Refresh Current: 85°C 100 HA 4
CKE < 0.2V - 1/4 Bank Open 70°C 75 HA 4
45°C 65 HA 4
15°C 65 HA 4
Table 16: Capacitance
Note: 2; notes appear following on page 34
PARAMETER SYMBOL MIN MAX UNITS NOTES
Input Capacitance: CLK Cii 15 4.0 pF 29
Input Capacitance: All other input-only pins Ciz 15 4.0 pF 30
Input/Output Capacitance: DQ Cio 3.0 6.0 pF 31
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AAicron

Notes

1.
2.

&

~

10.

11.

12.

13.

All voltages referenced to Vss.

This parameter is sampled. VDD, VDDQ = +1.8V; Ty
=25°C; pin under test biased at 1.4V. f =1 MHz.
IDD is dependent on output loading and cycle
rates. Specified values are obtained with mini-
mum cycle time and the outputs open.

Enables on-chip refresh and address counters.
The minimum specifications are used only to
indicate cycle time at which proper operation
over the full temperature range (-25°C < Tp <
+85°C for standard parts; -40°C < T, < +85°C for IT
parts) is ensured.

An initial pause of 100us is required after power-
up, followed by two AUTO REFRESH commands,
before proper device operation is ensured. (VDD
and VbbQ must be powered up simultaneously.
Vss and VssQ must be at same potential.) The two
AUTO REFRESH command wake-ups should be

repeated any time the 'REF refresh requirement is
exceeded.

AC characteristics assume T = 1ns.

In addition to meeting the transition rate specifi-
cation, the clock and CKE must transit between
VIH and VIL (or between ViIL and VIH) in a mono-
tonic manner.

Outputs measured for 1.8V at 0.9V with equivalent
load:

¥ ll 30pF

tHZ defines the time at which the output achieves
the open circuit condition; it is not a reference to
VoH or VoL. The last valid data element will meet
'OH before going High-Z.

AC timing and IDD tests have ViL and ViH, with
timing referenced to VIH/2 = crossover point. If

the input transition time is longer than 'T (MAX),
then the timing is referenced at ViL (MAX) and VIH
(MIN) and no longer at the VIH/2 crossover point.
Other input signals are allowed to transition no
more than once every two clocks and are other-
wise at valid ViH or VIL levels.

IDD specifications are tested after the device is
properly initialized.

15.

16.
17.

18.

19.

20.

21.
22.

23.

24,

25.
26.

27.

28.
29.
30.
31

32.

33.

34.

64Mb: x16
MOBILE SDRAM

14.

Timing actually specified by 'CKS; clock(s) speci-
fied as a reference only at minimum cycle rate.
Timing actually specified by "WR plus 'RP; clock(s)
specified as a reference only at minimum cycle
rate.

Timing actually specified by 'WR.

Required clocks are specified by JEDEC function-
ality and are not dependent on any timing param-
eter.

The IDD current will increase or decrease propor-
tionally according to the amount of frequency
alteration for the test condition.

Address transitions average one transition every
two clocks.

CLK must be toggled a minimum of two times
during this period.

Based on 'CK = 8ns for -8 and 'CK = 9.6ns for -10.
VIH overshoot: ViH (MAX) = VDDQ + 2V for a pulse
width < 3ns, and the pulse width cannot be
greater than one third of the cycle rate. ViL under-
shoot: ViL (MIN) = -2V for a pulse width < 3ns.

The clock frequency must remain constant (stable
clock is defined as a signal cycling within timing
constraints specified for the clock pin) during
access or precharge states (READ, WRITE, includ-

ing 'WR, and PRECHARGE commands). CKE may
be used to reduce the data rate.
Auto precharge mode only. The precharge timing

budget (‘RP) begins at 7ns for -8 after the first
clock delay, after the last WRITE is executed. May
not exceed limit set for precharge mode.
Precharge mode only.

JEDEC and PC100 specify three clocks.

'AC for -8 at CL = 3 with no load is 7ns and is guar-
anteed by design.

Parameter guaranteed by design.

PC100 specifies a maximum of 4pF

PC100 specifies a maximum of 5pF

PC100 specifies a maximum of 6.5pF.

For -8, CL = 2, 'CK = 9.6ns. For -10, CL = 3 and 'CK
=9.6ns.

CKE is HIGH during refresh command period

'RFC (MIN) else CKE is LOW. The IbD6 limit is
actually a nominal value and does not result in a
fail value.

Deep power down current is a nominal value at
25°C. The parameter is not tested.
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Figure 31: Initialize and Load Mode Register!
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T 21004 ‘ 4 ‘ | g ‘ | ‘ : ‘ | ‘
' ' ' ! tRP |  tMRD tMRD ' tRP ' tRFC ' tRFC
kPower-up:
Vob and I'.;ag Eﬁten'dted Load Mode
ode Register Register
CLK stable 9 9 DON'T CARE

NOTE:
1. PRE = PRECHARGE command, LMR = LOAD MODE REGISTER command, AR = AUTO REFRESH command, ACT = ACTIVE
command, RA = Row Address, BA = Bank Address
2. Optional refresh command.
3. Device timing is -10 with 104 MHz clock.

-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN | MAX | MIN | MAX | UNITS

tAH 1 1 ns tCKH 1 1 ns
tag 25 25 ns tcks 25 25 ns
tcH 3 3 ns tcMH 1 1 ns
toL 3 3 ns tcMs 2.5 2.5 ns
ICK (3) 8 100 9.6 100 ns YMRD 2 2 tck
tcK (2) 9.6 100 12 100 ns tREC 80 100 ns
tRp 19 20 ns

NOTE:
1. CAS latency indicated in parentheses.
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Figure 32: Power-Down Mode?
T0 T1 T2 Tn+1 Tn+2

| WKT e /B e
o | ST | ’ /A
ttms | ttMH

- .

DQML, DQMU /) Y T ////1:///// Y Y
no-n9,A11 7777777 Y W ,é W WS,

(0)
ALLlBANKS (( |
S S )
:Ai o ((
wosns KON T e
High-Z «
))
Two clock cycles Input buffers gated off while in
power-down mode
Precharge all J All banks idle, enterjA J All banks idle
active banks power-down mode Exit power-down mode

DON’T CARE

NOTE:
1. Violating refresh requirements during power-down may result in a loss of data.

-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL MIN MAX MIN MAX [ UNITS
tAH 1 1 ns tcKH 1 1 ns
NS 2.5 25 ns tcKks 2.5 2.5 ns
tcH 3 3 ns tcMH 1 1 ns
toL 3 3 ns tcMs 2.5 25 ns
tcK (3) 8 100 9.6 100 ns tNMRD 2 2 tck
tCK (2) 9.6 100 12 100 ns tRFC 80 100 ns
tpp 19 20 ns
NOTE:
1. CAS latency indicated in parentheses.
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Figure 33: Clock Suspend Mode

T0

T8
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S/ M ///4 N/ /N N/ AR B/ ]
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%Mg CMH
COMMAND y READ NOP >@< NOP ><// M NOP >@< NOP >@< NOP WRITE NOP KZE
| s | |
DQMU, DQML /)%\ /)\ / ///”)\ ﬂ
sl | | | | |
A0-A9, A1l XCOLUMN m2>k/ /)<COLUMN eZX/
wlw | | | | | | |
wo X | N
v [ ] | | | | | | |
BAO, BAL BANK k/ /x BANK X/
tac
tac oH Hz Ips | oH
DQ qzm Dour m Dowm+lw A< Dout e Jm( Doure +1 )<Z;

%
% DON'T CARE
m UNDEFINED

NOTE:

1. For this example, the burst length = 2, the CAS latency = 3, and auto precharge is disabled.
2. A9 and A1l = “Don’t Care.”

-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN | MAX | MIN | MAX | UNITS
tAC (3) 7 ns tcks 25 25 ns
tAC (2) 8 ns tcMH 1 1 ns
tAH 1 1 ns tcMs 25 25 ns
tas 25 25 ns IDH 1 1 ns
tcH ns tps 25 25 ns
tcL ns HZ (3) ns
tcK (3) 100 9.6 100 ns Hz (2) 7 8 ns
tcK (2) 9.6 100 12 100 ns 7 1 1 ns
ICKH 1 1 ns tOH 25 25 ns
NOTE:

1. CAS latency indicated in parentheses.
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Figure 34: Auto Refresh Mode
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NOTE:
1. Each AUTO REFRESH command performs a refresh cycle. Back-to-back commands are not required.

-8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS
tAH 1 1 ns
tas 25 25 ns
tCH ns
fcL ns
t(CK (3) 100 | 9.6 | 100 ns
t(CK (2) 9.6 | 100 | 12 | 100 ns
NOTE:

1. CAS latency indicated in parentheses.

-8 -10
SYMBOL MIN | MAX | MIN | MAX | UNITS

tCKH 1 1 ns
tcKks 2.5 25 ns
tcMH 1 1 ns
tcMms 2.5 25 ns
'™MRD 2 2 'cK
tREC 80 100 ns
tpp 19 20 ns
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Figure 35: Self Refresh Mode
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(Restart refresh time base)

CLK stable prior to exiting
self refresh mode

DON'T CARE

NOTE:
1. Each AUTO REFRESH command performs a refresh cycle. Back-to-back commands are not required.

-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN MAX MIN MAX UNITS
tAH 1 1 ns tCKH 1 1 ns
tag 25 25 ns tcks 25 2.5 ns
tcH ns tcMH 1 1 ns
tcL ns tcMS 25 25 ns
CK (3) 100 | 9.6 | 100 ns tRAS 48 | 120,000 | 50 | 120,000 ns
t(CK (2) 9.6 | 100 | 12 | 100 ns tRp 19 20 ns
ISR 80 100 ns
NOTE:

1. CAS latency indicated in parentheses.
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Figure 36: READ - Without Auto Prechargel
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m UNDEFINED

NOTE:

1. For this example, the burst length = 4, the CAS latency = 2, and the READ burst is followed by a “manual” PRECHARGE.
2. A9 and All = “Don’t Care.”

-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN MAX MIN MAX | UNITS

'AC (3) 7 7 ns ICMH 1 1 ns
tAC (2) 8 8 ns tcMsS 25 25 ns
tAH 1 1 ns Hz (3) 7 7 ns
tag 25 2.5 ns HZ (2) 8 8 ns
tcH 3 3 ns VA 1 1 ns
toL 3 3 ns toH 25 25 ns
ICK (3) 8 100 9.6 100 ns tRAS 48 120,000 50 120,000 ns
CK (2) 9.6 100 12 100 ns tRC 80 100 ns
tcKH 1 1 ns tReD 19 20 ns
tcKks 2.5 25 ns tRp 19 20 ns

NOTE:
1. CAS latency indicated in parentheses.
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Figure 37: READ - With Auto Precharge?
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NOTE:
1. For this example, the burst length = 4, the CAS latency = 2.
2. A9 and A1l = “Don’t Care.”
-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN MAX MIN MAX UNITS
tac (3) 7 7 ns tCMH 1 1 ns
tAC (2) 8 8 ns tcMS 2.5 2.5 ns
tAH 1 1 ns tHz (3) 7 ns
tag 25 25 ns HZ (2) ns
tcH ns 1z ns
toL ns toH 3 3 ns
tCK (3) 100 | 96 | 100 | ns tRAS 48 | 120,000 | 50 | 120,000 | ns
'K (2) 96 | 100 | 12 | 100 | ns tRe 80 100 ns
tcKH 1 1 ns tReD 19 20 ns
tcKks 15 2.5 ns tRp 19 20 ns
NOTE:

1. CAS latency indicated in parentheses.
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Figure 38: Single READ - Without Auto Precharge?

x| e i oS MY W AN S NN S D U A S BV S
ks | tckH
wy || | | el | el | | | | el
COMMAND yg—;c;v?'w NOP >@< READ >@< NoP3 >@< Nop 3 >@<’RECHARGE>@< NoP >@<ACT|VE >@< NOP m
tcms | temMH ‘ ‘ ‘ ‘ ‘
Pow oou- 777 tA/H/// A | J/ ‘ /‘/ ‘ W, ‘ 7/
SV I N {//// T TW
s | taH ALL BANKS
o Wrow 7777777770 LI ‘ I X X TW X/ ‘ L
tas | tan DISABLE AUTO PRECHARGE SINGLE BANKS
S UGS U S U
tac _fon
DQ T Dourm
= ﬁ
ReD CAS Latency RP
RAS
Re

7
” DON'T CARE
m UNDEFINED

NOTE:
1. For this example, the burst length = 4, the CAS latency = 2, and the READ burst is followed by a “manual” PRECHARGE.
2. A9 and All = “Don’t Care.”
3. PRECHARGE command not allowed or 'RAS would be violated.

-8 -10 -8 -10
SYMBOL! | MIN [ MAX | MIN | MAX | UNITS SYMBOL | MIN | MAX | MIN | MAX | UNITS

tAC (3) 7 7 ns tICMH 1 1 ns
tAC (2) 8 8 ns tcmMms 25 25 ns
tAH 1 1 ns Hz (3) 7 7 ns
tas 25 25 ns Hz (2) 8 8 ns
tcH 3 3 ns Lz 1 1 ns
toL 3 3 ns toH 3 3 ns
tcK (3) 8 100 | 9.6 | 100 ns tRAS 48 | 120,000 | 50 | 120,000 ns
tcK (2) 9.6 | 100 | 12 | 100 ns RC 80 66 ns
tckH 1 1 ns tReD 19 20 ns
tcks 25 25 ns tRp 19 20 ns

NOTE:
1. CAS latency indicated in parentheses.
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Figure 39: Single READ - With Auto Precharge?

CLk . mtc } tCK;1 } ‘CLTthH ‘ Tf ‘ TI ‘ Tf ‘ Tf ‘ TI ‘ Tf ‘
[ || | || || |
tos | fowny
COMMAND )k ACTIVE NOP >@< Nop3 >@< Nop® >@< READ >@< Top >@< NOP >@< AC‘TIVE >@< NOP W
cms | teMH
oomu. oom- /7777777, TS | 7 ///‘/ YT,
tas| taH
RSSO G ///XwLTMNmZX/ TIIILITTTTTTTEX Zsom XLIIITTITTTTT
tas | taH ENABLE AUTO PRECHARGE
o Y om 7 % ‘/ ‘//)/<Rowx/// //
tas| tAH
X R U =, T e Y77,
DQ o:mT
ReD CAS Latency | tHz
RAS tRp '
Re m DON'T CARE

NOTE:

m UNDEFINED

1. For this example, the burst length = 4, the CAS latency = 2, and the READ burst is followed by a “manual” PRECHARGE.

2. A9 and A1l = “Don’t Care.”

3. PRECHARGE command not allowed or 'RAS would be violated.

-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN MAX | MIN MAX | UNITS
'AC (3) 7 ns tICMH 1 1 ns
tAC (2) 8 ns tcMms 25 25 ns
tAH 1 1 ns Hz (3) ns
tag 2.5 2.5 ns Hz (2) ns
tcH ns Yz ns
toL ns toH 3 ns
ICK (3) 100 | 9.6 | 100 ns tRAS 48 120,000 | 50 | 120,000 ns
IcK (2) 9.6 | 100 12 100 ns tRC 80 66 ns
tcKH 1 1 ns tRCD 19 20 ns
tcKks 2.5 2.5 ns tRp 19 20 ns
NOTE:

1. CAS latency indicated in parentheses.
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Figure 40: Alternating Bank Read Accesses?!
T0 to T1 to T2 T3 T4 T5 T6 T7 T8
K e S e v NV SN N S AN SN RN S S S B S
ool aw | | | | | | | |
oe /f Ny N e e X' | Ny el XAy
™S | temH
COMMAND )k ACTIVE W NOP >@< READ >@< NOP >®< ACTIVE >@< NOP >@< READ >@< NOP >@< ACTIVE M
‘ ems| tcMH
DQMU, DQML /777% /777}) /777% /777)) 4777; /777>>
tas| taH ‘
AQ-A9, A1l )k ROW />/<:0LUMN mZW /x ROW X/ ///X(:OLUMNb2 /,II I////,/,III
ﬁ tAH ENABLEAU‘TD PRECHARGE ENABLEAU‘TO PRECHARGE
WY @I A R I T Y <
] | | | |
BAO, BA1 }g BANK 0 y/ /// BANK 0 /// BANK 3 W /// BANK 3 W // BANK 0 /;;;;
tac tac tac tac ) tac )
we [Top | [Ton | [Ton | [Tow | [T
- = m A TR ETTE (R IR W j@k
TRCD - BANK 0O CAS Latency - BANK 0 tRP - BANK 0 TRCD - BANK 0
TRAS - BANK 0
RC - BANK 0
RRD TRCD - BANK 3 CAS Latency - BANK 3
m DON'T CARE
% UNDEFINED
NOTE:
1. For this example, the burst length = 4, the CAS latency = 2.
2. A9 and A1l = “Don’t Care.”
-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN MAX MIN MAX UNITS
tac (3) 7 7 ns tICMH 1 1 ns
tAC (2) 8 8 ns tcMms 25 25 ns
tAH 1 1 ns tHz 3) ns
tas 2.5 2.5 ns Hz (2) ns
tCcH ns VA ns
fcL ns ‘oH ns
K (3) 100 9.6 100 ns tRAS 48 | 120,000 50 120,000 ns
tCK (2) 96 | 100 | 12 | 100 ns tRC 80 66 ns
tcKH 1 1 ns tReD 19 20 ns
tcks 2.5 25 ns tRp 19 20 ns
RRD 16 20 ns
NOTE:

1. CAS latency indicated in parentheses.
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Figure 41: READ - Full-page Burst?!

T0 T T2 3 T4 5 T6 ( Tn+1 Tn+2 Tn+3 Tn+4
ax S L LD {2 U D S
oo | | | | | | | ]
7\ | | | e e | e | e e
©eMs| temH
COMMAND )k ACTIVE >@< NOP >@< READ >@< NOP >@< NOP >@< NoP >@< NOP 2@ NOP >@<BURST TERM>@< NOP mz
tcr\ils+ lemn
DQMU, DQML //% %Z}ﬂ) %ZZ?)) %ZZ})) %Z}?/\ 2 @
As | tan ((
AO-A9, A1l y ROW %COLUMN mZW jy
))
B3| tAH ((
o Yo ] il
)]
As| tan ((
BAO, BAL ?k BANK % ﬂ BANK W / %
)]
tac tac tAC (¢ tac
e |l oy Lo | Loy oy
o @gﬂ%@@@é ) G
¢ ‘ﬁ 256 (x16) locations within same row
RCD CAS Latency
Full page completed J J DON'T CARE
Full-page burst does not self-terminate. @
Can use BURST TERMINATE command. UNDEFINED
NOTE:
1. For this example, the CAS latency = 2.
2. A9 and A1l = “Don’t Care.”
3. Page left open; no 'RP.
-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN MAX MIN MAX UNITS
tac (3) 7 7 ns ICMH 1 1 ns
tAC (2) 8 8 ns tcmMs 25 25 ns
tAH 1 1 ns tHz (3) 7 7 ns
tas 2.5 2.5 ns HZ (2) 8 8 ns
tcH 3 3 ns t 7 1 1 ns
toL 3 3 ns toH 3 3 ns
K (3) 8 100 9.6 100 ns tRAS 48 120,000 50 120,000 ns
tcK (2) 96 | 100 | 12 | 100 ns the 80 66 ns
tckH 1 1 ns tReD 19 20 ns
tcks 2.5 2.5 ns tpp 19 20 ns
tRRD 16 20 ns
NOTE:
1. CAS latency indicated in parentheses.
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Figure 42: READ - DQM Operation®

CLKICthpcKTj I e D e T e H e A s () s N e N
CKE{":W// N R R R R R/ Y/

COMMAND )k ACTIVE W NOP >@< READ >@< NOP >@< NOP >@< NOP >@< NOP NOP >@< NOP M

foms | tevH
oowu, oML 7777777 TS 077 T L 070\ L0707 707777, .

AO-A9, A1l ROW COLU{MNmZW /W {/// ////‘ ////‘//// ‘ //// /////

s [ tan_ |
he X = % DISA%AUTOPREC}Zg{E////‘AV\ ///‘ //// ‘ //// //‘// ‘//// //// ///
tAs | tAH
m S I Y

tac
tac m tac . |_ToH toH
‘H tHz ‘}5 { ‘ Tz
RRep CAS Latency
DON'T CARE
@ UNDEFINED
NOTE:
1. For this example, the CAS latency = 2.
2. A9 and All = “Don’t Care.”
-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN MAX MIN MAX UNITS
tAC (3) 7 7 ns tCMH 1 1 ns
tAC (2) 8 8 ns tcmMs 2.5 25 ns
tAH 1 1 ns tyz (3) 7 7 ns
tas 25 25 ns Hz (2) 8 8 ns
tcH 3 3 ns t 7 1 1 ns
toL 3 3 ns toH 25 2.5 ns
tCK (3) 8 100 | 9.6 100 ns RAS 48 120,000 50 | 120,000 ns
ICK (2) 9.6 100 12 100 ns tRC 80 66 ns
tckH 1 1 ns tReD 19 20 ns
tcks 25 25 ns tRp 19 20 ns
'RRD 16 20 ns
NOTE:
1. CAS latency indicated in parentheses.
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Figure 43: WRITE — Without Auto Precharge?

cwtcj’tc‘“il 0 e [ S e TS e H e N s (N s B s IO
oe 77| 3 R/ AR AR AR/ SR/ ER AR

ems | temH

COMMAND y ACTIVE j®< NOP WRITE >@< NOP >@< NOP >@< NOP >@< NoP >@<PRECHARGE NOP >@< ACTIVE X/

cms | temH
oowu oaw 777777 LI 70 770 L7700 | LI T T
T ‘/ /‘//
e X R;W—;W /{{QEE AUTO PRECHARGE //// /// /M —
tas|_tan | ‘ ‘ ‘ ‘ SINGLE‘BANK
BAO, BA1 )k BANK % M BANK >0 0( BANK ></ M BANK W
ps | toH Ips | bH ps | tbH ps | tbH
DQ / / ///% [‘)wm >@k D|Nm+1>@< Dwm+2>@kam+3 %/// // / //
CD twr? RP

RAS ‘ ‘
Re

V/A DON'T CARE

NOTE:

1. For this example, the burst length = 4, and the WRITE burst is followed by a “manual” PRECHARGE.
2. 15ns is required between <DIN m + 3> and the PRECHARGE command, regardless of frequency.
3. A9 and A1l = “Don’t Care.”

-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN MAX MIN MAX | UNITS
tAC (3) 7 7 ns tCMH 1 1 ns
tAC (2) 8 8 ns tcmMs 25 25 ns
tAH 1 1 ns IDH 1 1 ns
NS 2.5 2.5 ns Ips 25 2.5 ns
tcH 3 3 ns tRAS 48 120,000 50 120,000 ns
toL 3 3 ns tRe 80 100 ns
cK (3) 8 100 | 9.6 | 100 ns tReD 19 20 ns
tcK (2) 9.6 | 100 12 100 ns =Ya) 19 20 ns
tcKH 1 1 ns "WR (a) 1CLK 1CLK -
+7ns +5ns
tcks 2.5 25 ns YWR (m) 15 15 ns

NOTE:
1. CAS latency indicated in parentheses.
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Figure 44: WRITE - With Auto Precharge?
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NOTE:

1. For this example, the burst length = 4.
2. A9 and All = “Don’t Care.”

-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN MAX MIN MAX [ UNITS
tAC (3) 7 7 ns tICMH 1 1 ns
tAC (2) 8 8 ns tcMS 25 2.5 ns
tAH 1 1 ns tDH 1 1 ns
tas 2.5 2.5 ns tDs 25 2.5 ns
tcH 3 3 ns tRAS 48 120,000 50 120,000 ns
toL 3 3 ns RC 80 100 ns
K (3) 8 100 | 9.6 | 100 ns tRCD 19 20 ns
K (2) 9.6 | 100 | 12 100 ns tRp 19 20 ns
tcKH 1 1 ns YWR (a) 1CLK 1CLK -
+7ns +5ns
tcks 25 25 ns YR (m) 15 15 ns

NOTE:
1. CAS latency indicated in parentheses.

pdf: 09005aef80a63953, source: 09005aef808a7edc Micron Technology, Inc., reserves the right to change products or specifications without notice.
Y25L_64Mb_2.fm - Rev. E 11/04 EN 48 ©2003 Micron Technology, Inc. All rights reserved.

Downloaded from AFFOW.COmM.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

AAicron

64Mb: x16

MOBILE SDRAM

Figure 45: Single WRITE — Without Auto Precharge?!

T0 T1 T2 T3 T4 5 T6 7 T8
D G e e S AND N N S D S Y S N S N
sl | | | | | | | |
e 7 <y Uy \/4
fems | fomH
COMMAND X ACTIVE >@< NOP WRITE >@< NoP4 >@< NoP4 >@<PRECHARGE>@< NOP >@< ACTIVE >@< NOP W
cms | temH
DQMU, DQML Aﬁﬂ%
tAs| TaH ‘
%COLU

MN m3>W

taH

N

|

| b ] | |

% ROWW

DISABLE AUTO PRECHARGE

¢ ¢ ‘ SINGLE BANK ‘ ‘
ns| e 1 1
BAO, BAL BANK M BANK W /}< BANK W % BANK W
s | H
DQ W DIN m W
Reb \ twr?2 Rp
RAS ‘
e
DON'T CARE
NOTE:
1. For this example, the burst length = 1, and the WRITE burst is followed by a “manual” PRECHARGE.
2. 15ns is required between <DIN m> and the PRECHARGE command, regardless of frequency.
3. A9 and A1l = “Don’t Care.”
4. PRECHARGE command not allowed else 'RAS would be violated.
-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL MIN MAX MIN MAX | UNITS
'AC (3) ns tCMH 1 1 ns
taC 2) ns tcMs 2.5 2.5 ns
tAH 1 1 ns IDH 1 1 ns
tas 25 2.5 ns tDs 25 25 ns
tcH ns tRAS 48 120,000 50 120,000 ns
toL ns tRe 80 100 ns
tCK (3) 100 9.6 100 ns tRcD 19 20 ns
tCK (2) 9.6 100 12 100 ns tRp 19 20 ns
tCKH 1 1 ns YR (a) 1CLK 1 CLK —
+7ns +5ns
tcKs 2.5 2.5 ns “YWR (m) 15 15 ns
NOTE:
1. CAS latency indicated in parentheses.
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Figure 46: Single WRITE - With Auto Precharge?

0 . T1 . T2 T3 T4 T5 6 7 8 To
I I e nene e=ves NP W N W RN S R W D S Y U A U
sl ton | | | | | | | | |
o 7 ) ) u an) a ) cad) )
fems | emH
COMMAND% ACTIVE >@< Nop3 >@< Nop3 >@< Nop3 >@< WRITE >@< NOP >@< NOP >@< NOP >@< ACTIVE >@< NOP W
tms | tcMH
DQMU, DQML /?y;\ }/
jﬁs» taH ‘
A0-A9, All X ROW % MCOLUMN ’“ZW % ROW W
tas| taH ENABLEAU'I‘O PRECHARGE ‘
w0 W _row W %/ NEIBY
.t’is. taH
BAO, BA1 ?k BANK W % BANK W % BANK >{/
E bH
DQ @k DiNm %
RCD ‘ BWR | RP
tRAS ‘
Re ‘

DON'T CARE

NOTE:

1. For this example, the burst length = 1, and the WRITE burst is followed by a “manual” PRECHARGE.
2. 15ns is required between <DIN m> and the PRECHARGE command, regardless of frequency.

3. A9 and A1l = “Don’t Care.”

4. WRITE command not allowed else 'RAS would be violated.

-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL MIN MAX MIN MAX | UNITS
tAC (3) 7 7 ns tCMH 1 1 ns
tAC (2) 8 8 ns tcmMs 25 25 ns
tAH 1 1 ns IDH 1 1 ns
NS 2.5 2.5 ns Ips 25 2.5 ns
tcH 3 3 ns tRAS 48 120,000 50 120,000 ns
toL 3 3 ns tRe 80 100 ns
cK (3) 8 100 | 9.6 100 ns tReD 19 20 ns
tcK (2) 9.6 | 100 12 100 ns tRp 19 20 ns
tCKH 1 1 ns YWR (a) 1CLK 1CLK -
+7ns +5ns
tcks 25 25 ns YR (m) 15 15 ns

NOTE:
1. CAS latency indicated in parentheses.
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Figure 47: Alternating Bank Write Accesses?!
w _JREEmELS ) L L L L
COMMAND j%\cn?% nor WX ware XX nor XX acmve YK noe X weme XX woe XX wor XX acmve Y7

SRS | | | | | | | |

AO-A9, ALl X ROW % MCOLU‘MN mZW % ROW W %COLU‘MNHW

tas| taH ENABLE AUTO PRECHARGE ENABLE AUTO PRECHARGE

IX
o W mow W XY =) Y e T
v | | |
BAO, BA1 %\%A‘NK—OH’y % BANK 0 BANK 1 W BANK 1 W %\ BANK 0 W
s | DH
DQ % DINm WDle+1WDle+ZWDle+3%k DiNb WDINL‘)+1WDIN[J+ZW< DINb+3M

‘ Ips | OH Ips | OH Ips | H ps | tOH Ips tDH‘ ‘tDS bH ps |DH

fRCD - BANK 0 ‘ ‘ fWR - BANK 0 RP - BANK 0 RCD - BANK 0
| |
RAS - BANK 0
1RC - BANK 0 |
tRRD \ RCD - BANK 1 TWR - BANK 1
I | ~
DON'T CARE

NOTE:

1. For this example, the burst length = 4.
2. A9 and All = “Don’t Care.”

-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN MAX MIN MAX UNITS
tAC (3) 7 7 ns tICMH 1 1 ns
tAC (2) 8 8 ns tcMs 25 25 ns
tAH 1 1 ns IDH 1 1 ns
tas 2.5 2.5 ns tDs 2.5 2.5 ns
tcH 3 3 ns tRAS 48 120,000 50 120,000 ns
toL 3 3 ns tRe 80 100 ns
tcK (3) 8 100 9.6 100 ns tRCD 19 20 ns
tCK (2) 9.6 100 12 100 ns tRp 19 20 ns
ICKH 1 1 ns “WR (a) 1CLK 1 CLK +5ns -
+7ns
tcks 25 25 ns YWR (m) 15 15 ns

NOTE:
1. CAS latency indicated in parentheses.
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Figure 48: WRITE - Full-page Burst!

T0 T1 T2 T3 T4 5 ( Tn+1 Tn+2 Tn+3
R e A T 0 o H ey 0 Y e Y
wlow | | | ] | ] | ]
7 [ | K/ /I /)

COMMAND

DQMU, DQML

A0-A9, A1l

Al10

o
T ) T =

7%

tms

tMH

W7/

/)

V)

A

<tés><—>tAH ((
ROW. % %COLUMN mlW /y
))
<tés><—>tAH ((
row X7 W
)
ﬁHIAH ((
BAO, BAL ?k BANK % M BANK W j/
))
s | oH ps | toH ps | toH E oH :o_s» oH
ﬁk DiNm WDle+lWDle+ZWDle+3 D|Nm-1W M

DQ ¢

ReD

\
|
256 (x16) locations within same row

Full page completed —/

Full-page burst does not
self-terminate. Can use
BURST TERMINATE
command to stop.2 3

DON'T CARE
NOTE:
1. A9 and All = “Don’t Care.”
2. "WR must be satisfied prior to PRECHARGE command.
3. Page left open; no 'RP.
-8 -10 -8E -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN MAX MIN MAX | UNITS
tAC (3) 7 7 ns tcMH 1 1 ns
tAC (2) 8 8 ns tcMmS 25 2.5 ns
tAH 1 1 ns IDH 1 1 ns
tag 2.5 2.5 ns Ips 2.5 2.5 ns
tcH ns tRAS 48 120,000 50 120,000 ns
toL ns tRe 80 100 ns
ICK (3) 100 9.6 100 ns tReD 19 20 ns
CK (2) 9.6 100 12 100 ns tRp 19 20 ns
tcKH 1 1 ns “WR (a) 1CLK 1 CLK +5ns -
+7ns
tcKks 2.5 2.5 ns YWR (m) 15 15 ns
NOTE:
1. CAS latency indicated in parentheses.
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Figure 49: WRITE - DQM Operation?!

0 T T2 3 T4 5 6 7
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tas| taH
A0-A9, All }kﬁ;w—’ %OLUMN sz
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BAO, BA1 y BANK W Y
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‘ ReD !

zﬂ DON’'T CARE

NOTE:

1. For this example, the burst length = 4.
2. A9 and A1l = “Don’t Care.”

-8 -10 -8 -10
SYMBOL! | MIN | MAX | MIN | MAX | UNITS SYMBOL | MIN MAX MIN MAX | UNITS
tAC (3) 7 7 ns tCMH 1 1 ns
tAC (2) 8 8 ns tcMmsS 2.5 2.5 ns
tAH 1 1 ns IDH 1 1 ns
tag 2.5 2.5 ns Ips 2.5 2.5 ns
tcH 3 3 ns tRAS 48 120,000 50 120,000 ns
toL 3 3 ns tRe 80 100 ns
tCK (3) 8 100 9.6 100 ns tReD 19 20 ns
tcK (2) 9.6 100 12 100 ns tRp 19 20 ns
tCKH 1 1 ns “WR (a) 1CLK 1CLK -
+7ns +5ns
tcKks 2.5 25 ns YWR (m) 15 15 ns

NOTE:
1. CAS latency indicated in parentheses.
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Figure 50: 54-Ball FBGA (8mm x 8mm)
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NOTE:
1. All dimensions are in millimeters.

Data Sheet Designation

Production: This data sheet contains minimum and
maximum limits specified over the complete power
supply and temperature range for production devices.
Although considered final, these specifications are
subject to change, as further product development and
data characterization sometimes occur.

8000 S. Federal Way, P.O. Box 6, Boise, ID 83707-0006, Tel: 208-368-3900
E-mail: prodmktg@micron.com, Internet: http://www.micron.com, Customer Comment Line: 800-932-4992

Micron, the M logo, and the Micron logo are trademarks of Micron Technology, Inc.
All other trademarks are the property of their respective owners.
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