AMicron
MOBILE SDRAM

PRELIMINARY?*
256Mb: x16

MOBILE SDRAM

MT48LC16LFFG, MT48LC16M16LFBG,
MT48V16MLFFG, MT48V16M16LFBG,
MT48H16M16LFFG, MT48H16M16LFBG
4 Meg x 16 x 4 banks

For the latest data sheet revisions, please refer to the Micron
Web site: www.micron.com/dramds

FEATURES

e Temperature Compensated Self Refresh (TCSR)

* Fully synchronous; all signals registered on
positive edge of system clock

* Internal pipelined operation; column address can
be changed every clock cycle

* Internal banks for hiding row access/precharge

e Programmable burst lengths: 1, 2, 4, 8, or full page

Auto Precharge, includes CONCURRENT AUTO

PRECHARGE and Auto Refresh Modes

Self Refresh Mode

64ms, 8,192-cycle refresh

LVTTL-compatible inputs and outputs

Low voltage power supply

Deep Power Down

Partial Array Self Refresh power-saving mode

OPTIONS MARKING
* Vpp/VDDQ
3.3V/3.3V LC
2.5V/2.5V-1.8V \Y
1.8V/1.8V H
* Configurations
16 Meg x 16 (4 Meg x 16 x 4 banks) 16M16
¢ Plastic Packages — OCPL
54-pinTSOP (400 mil)* TG
54-pinTSOP (400 mil) Lead-Free! p
54-ball VFBGA (8mm x 14mm)? FG

54-ball VFBGA (8mm x 14mm) Lead-Free? BG
* Timing (Cycle Time)
8.0ns @ CL = 3 (125 MHz) -8

10ns @ CL = 3 (100 MHz) -10
e Operating Temperature

Commercial (0°C to + 70°C) None

Industrial (-40°C to + 85°C) IT

NOTE: 1. Contact Factory for availability.

2. Duetospacelimitations, FBGA-packaged compo-
nents have an abbreviated part mark that is different
from the part number. See our Web site for more
information on abbreviated component marks.

BALL ASSIGNMENT (Top View)
54-Ball VFBGA
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16 Meg x 16
Configuration 4Megx 16 x4 banks
Refresh Count 8K
Row Addressing 8K (A0-A12)
Bank Addressing 4 (BAO, BA1)
Column Addressing 512 (A0-A8)
KEY TIMING PARAMETERS
SPEED CLOCK ACCESSTIME SETUP| HOLD
GRADE| FREQUENCY| CL=1*| CL=2* | CL=3* | TIME| TIME
-8 125 MHz - - 7ns 2.5ns| 1.0ns
-10 100 MHz - - 7ns 2.5ns| 1.0ns
-8 100 MHz - 8ns - 2.5ns| 1.0ns
-10 83 MHz - 8ns - 2.5ns| 1.0ns
-8 50 MHz 19ns - - 2.5ns| 1.0ns
-10 40 MHz 22ns - - 2.5ns| 1.0ns

*CL = CAS (READ) latency
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PIN ASSIGNMENT (Top View)
54-PinTSOP
x16 x16
VoD [T 1e ~ 54 [T1 Vss
DQO ™M@ 2 53 [@™ DQ15
VopQ [T 3 52 [T VssQ
DQ1 O 4 51 @™ DQ14
DQ2 ™ 5 50 @™ DQ13
VssQ [ 6 49 [M VbbQ
DQ3 ™ 7 48 [M DQ12
DQ4 O 8 47 [T DQ11
VopQ [T} 9 46 [T VssQ
DQ5 O 10 45 [T DQ10
DQ6 ™ 11 44 M DQ9
VssQ [ 12 43 M VbbQ
DQ7 O 13 42 [1I DQS8
Vop [ 14 41 [11 Vss

DQML [I] 15 40 [ NC

WE# [T 16 39 [T DQMH
CAS# [T 17 38 [T CLK
RAS# [I] 18 37 [ CKE
CS# O 19 36 M A12
BAO [I] 20 35 [T A11
BA1 [T 21 34 [T A9
A10 [ 22 33 [ A8
A0 [T 23 32 @™ A7
Al IO 24 31 [M A6
A2 [ 25 30 [M@™ A5
A3 [ 26 29 [@ A4
VDD I:I:\ 27 ~ 28 ,:D Vss
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256Mb SDRAM PART NUMBERS

PART NUMBER' Vbbp/VpbQ ARCHITECTURE PACKAGE

MT48LC16M16LFFG-10 3.3V/3.3V 16 Meg x 16 54-BALL VFBGA
MT48LC16M16LFFG-8 3.3V/3.3V 16 Meg x 16 54-BALL VFBGA
MT48V16M16LFFG-10 2.5V / 1.8V 16 Meg x 16 54-BALL VFBGA
MT48V16M16LFFG-8 2.5V / 1.8V 16 Meg x 16 54-BALL VFBGA
MT48H16M16LFFG-10 1.8V / 1.8V 16 Meg x 16 54-BALL VFBGA
MT48H16M16LFFG-8 1.8V / 1.8V 16 Meg x 16 54-BALL VFBGA
MT48LC16M16LFTG-10 3.3V /3.3V 16 Meg x 16 54-PIN TSOP
MT48LC16M16LFTG-8 3.3V /3.3V 16 Meg x 16 54-PIN TSOP
MT48V16M16LFTG-10 2.5V / 1.8V 16 Meg x 16 54-PIN TSOP
MT48V16M16LFTG-8 2.5V / 1.8V 16 Meg x 16 54-PIN TSOP
MT48H16M16LFTG-10 1.8V / 1.8V 16 Meg x 16 54-PIN TSOP
MT48H16M16LFTG-8 1.8V / 1.8V 16 Meg x 16 54-PIN TSOP

Note: 1. Lead-Free packaging partnumbers: Replace the FG with BG for VFBGA and replace the TG code with P for TSOP.

GENERAL DESCRIPTION

The 256Mb SDRAM is a high-speed CMOS,
dynamic random-access memory containing
268,435,456 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’s 67,108,864-bit banks is orga-
nized as 8,192 rows by 512 columns by 16 bits.

Read and write accesses to the SDRAM are burst
oriented; accesses start at a selected location and con-
tinue for a programmed number of locations in a pro-
grammed sequence. Accesses begin with the registra-
tion of an ACTIVE command, which is then followed by
a READ or WRITE command. The address bits regis-
tered coincident with the ACTIVE command are used
to select the bank and row to be accessed (BAO, BAl
select the bank; A0-A12 select the row). The address
bits registered coincident with the READ or WRITE com-
mand are used to select the starting column 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 se-
quence.

The 256Mb SDRAM uses an internal pipelined ar-
chitecture to achieve high-speed operation. This ar-
chitecture 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 256Mb SDRAM is designed to operate in 3.3V
or 2.5V or 1.8V memory systems. An auto refresh mode
is provided, along with a power-saving, power-down
mode. All inputs and outputs are LVITL-compatible.

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 to hide precharge time and
the capability to randomly change column addresses
on each clock cycle during a burst access.
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FUNCTIONAL BLOCK DIAGRAM
16 Meg x 16 SDRAM
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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) 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#,
WE#

Input

Command Inputs: CAS#, RAS#, and WE# (along with CS#) define the
command being entered.

E8, F1

LDQM,
UbQM

Input

Input/Output Mask: DQM is sampled HIGH and is an input mask signal for
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 DQ0-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 provide the
op-code duringa LOAD MODE REGISTER command

H7, HS, J8, J7, J3, )2,
H3, H2, H1, G3, H9, G2,G1

A0-A12

Input

Address Inputs: AO-A12 are sampled during the ACTIVE command (row-

address A0-A12) and READ/WRITE command (column-address AO-AS8; 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, BA1 (LOW).
The address inputs also provide the op-code during a LOAD MODE REGISTER
command.

A8, B9, B8, C9, C8, D9,
D8, E9, E1, D2, D1, C2,
C1,B2,B1, A2

DQO0-DQ15

I/0

DataInput/Output: Data bus

E2,

No Connect: This pin should be left unconnected.

A7,B3, C7,D3

VobQ

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, )9

Vbb

Supply

Power Supply: Voltage dependant on option.

A1, E3, )1

Supply

Ground.

256Mb: x16 Mobile SDRAM
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54-PIN TSOP

SYMBOL

TYPE

DESCRIPTION

38

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.

37

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) 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.

19

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.

16, 17, 18

WE#, CASH#,
RAS#

Input

Command Inputs: WE#, CAS#, and RAS# (along with CS#) define the
command being entered.

15, 39

x16: DQML,
bQMU

Input

Input/Output Mask: DQM is an input mask signal for write accesses and
an output enable signal for read accesses. Input data is masked when
DQM is sampled HIGH during a WRITE cycle. The output buffers are
placed in a High-Z state (two-clock latency) when DQM is sampled
HIGH during a READ cycle. On the x16, DQML corresponds to DQO-
DQ7 and DQMH corresponds to DQ8-DQ15. DQML and DQMH are
considered same state when referenced as DQM.

20, 21

BAO, BA1

Input

Bank Address Inputs: BAO and BA1 define to which bank the ACTIVE,
READ, WRITE or PRECHARGE command is being applied.

23-26, 29-34, 22, 35, 36

A0-A12

Input

Address Inputs: A0-A12 are sampled during the ACTIVE command
(row-address A0-A12) and READ/WRITE command (column-address
A0-A8 [x16]; 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 (A10 [LOW]). The address inputs also
provide the op-code during a LOAD MODE REGISTER command.

2, 4,578 10, 11, 13, 42,
44, 45, 47, 48, 50, 51, 53

DQO0-DQ15

x16: 1/10

Data Input/Output: Data bus for x16

40

NC

No Connect: This pin should be left unconnected.

3,9 43, 49

VobQ

Supply

DQ Power: Isolated DQ power to the die for improved noise immunity.

6, 12, 46, 52

VssQ

Supply

DQ Ground: Isolated DQ ground to the die for improved noise
immunity.

1, 14, 27

Vbb

Supply

Power Supply: Voltage dependant on option.

28, 41, 54

Vss

Supply

Ground.
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FUNCTIONALDESCRIPTION

In general, the 256 Mb SDRAMs (4 Meg x 16 x4 banks)
are quad-bank DRAMs that operate at 3.3V or 2.5V or
1.8V and include a synchronous interface (all signals are
registered on the positive edge of the clock signal, CLK).
Each of the x16’s 67,108,864-bit banks is organized as
8,192 rows by 512 columns by 16 bits.

Read and write accesses to the SDRAM are burst
oriented; accesses start at a selected location and con-
tinue for a programmed number of locations in a pro-
grammed sequence. Accesses begin with the registra-
tion of an ACTIVE command, which is then followed by
a READ or WRITE command. The address bits regis-
tered coincident with the ACTIVE command are used
to select the bank and row to be accessed (BAO and BA1
select the bank, A0-A12 select the row). The address
bits ( x16: A0O-A8) registered coincident with the READ
or WRITE command are used to select the starting col-
umn 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 defini-
tion, command descriptions and device operation.

Initialization

SDRAMs must be powered up and initialized in a
predefined manner. Operational procedures other
than those specified may result in undefined opera-
tion. Once power is applied to Vbp and VppQ (simulta-
neously) and the clock is stable (stable clock is defined
as a signal 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. CKE must be held high
during the entire initialization period until the
PRECHARGE command has been issued. Starting at
some point during this 100ps period and continuing at
least through the end of this period, COMMAND IN-
HIBIT or NOP commands should be applied.

Once the 100ps delay has been satisfied with at
least one COMMAND INHIBIT or NOP command hav-
ing 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 complete, the SDRAM is ready for mode register
programming. Because the mode register will power
up in an unknown state, it should be loaded prior to
applying any operational command.

PRELIMINARY

256Mb: x16
MOBILE SDRAM

REGISTER DEFINITION

Mode Register

The mode register is used to define the specific mode
of operation of the SDRAM. This definition includes
the selection of a burst length, a burst type, a CAS
latency, an operating mode and a write burst mode, as
shown in Figure 1. The mode register is programmed
via the LOAD MODE REGISTER command and will re-
tain the stored information until it is programmed again
or the device loses power.

Mode register bits M0-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, M11, and M12 should be set to zero.
M13and M14 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. Violating
either of these requirements will result in unspecified
operation.

Burst Length

Read and write accesses to the SDRAM are burst
oriented, with the burst length being programmable,
as shown in Figure 1. The burst length determines the
maximum number of column locations that can be ac-
cessed 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 se-
lected. 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 se-
lected by A1-A8 (x16) when the burst length is set to
two; by A2-A8 (x16) when the burst length is set to four;
and by A3-A8 (x16) when the burst length is set to
eight. 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.

256Mb: x16 Mobile SDRAM
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Burst Type Table 1
Accesses within a given burst may be programmed Burst Definition
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-

Burst [Starting Column| Order of Accesses Within a Burst
Length Address Type = Sequential |Type = Interleaved

ing column address, as shown in Table 1. A0
2 0 0-1 0-1
1 1-0 1-0
Figure 1 A1 A0
Mode Register Definition 0 0 0-1-2-3 0-1-2-3
4 0o 1 1-2-3-0 1-0-3-2
BA1 BAO A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 Address Bus ‘| 0 2_3_0_1 2_3_0_1

Ry o

w/13/12/1,/10/9/8/7/6/5/4/3/2 /1 /0 /] \ode negister tan) 0O 0 O 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
ﬁ 0] Reserved | W8 | opMode| castateny | o7 | gurstLength 0 0 1 1-2-3-4-5-6-7-0 | 1-0-3-2-5-4-7-6
0o 1 O 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5

8 0o 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4

wshould p‘rogram Burst Length 1 0 O 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
M&fen""slle’;";g;atg”ﬁtf M2MiMol  M3=0 B 1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
with future devices. 00 0 1 1 1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1

00 1 2 2 1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0

e e I IR A

100 Reserved Reserved Page én -1 NOtSUppOrted

1.0 1 Reserved Reserved (y) (Iocation O_y) B Cn !

110 Reserved Reserved

111 Full Page Reserved

NOTE: 1. For full-page accesses:y =512 (x16)
2. For a burst length of two, A1-A8 (x16) select the
block-of-two burst; A0 selects the starting column
M3 cusiue within the block.
° Sequential 3. For a burst length of four, A2-A8 (x16) select the
! Interleaved block-of-four burst; A0-A1 select the starting
column within the block.

M6 M5 M4 B LeiiEngy 4. For a burst length of eight, A3-A8 (x16) select the

000 Reserved block-of-eight burst; A0-A2 select the starting

00 1 1 column within the block.

01 0 2 5. For a full-page burst, the full row is selected and

0 1 1 3 A0-A8 (x16) select the starting column.

10 0 Reserved 6. Whenever a boundary of the block is reached

1o 1 Reserved within a given sequence above, the following

1o Reserved access wraps within the block.

R ceorved 7. For a burst length of one, A0-A8 (x16) select the
unique column to be accessed, and mode register
bit M3 is ignored.

M8 M7 M6-M0 Operating Mode
0 0 Defined Standard Operation
All other states reserved

M9 Write Burst Mode
0 Programmed Burst Length
1 Single Location Access
256Mb: x16 Mobile SORAM Micron Technology, Inc., reserves the right to change products or specifications without notice.
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CAS Latency

The CAS latency is the delay, in clock cycles, be-
tween the registration of a READ command and the
availability of the first piece of output data. The la-
tency can be set to 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 relevant access times
are met, if a READ command is registered 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 2. Table 2 below indicates the operat-
ing frequencies at which each CAS latency setting can
be used.

Figure 2
CAS Latency

COMMAND READ NOP

;
ADDRESS ( o

Dour

Dour >< Dour >>

pQ ! Dour >_< Dow
I

CAS Latency = 1

COMMAND READ NOP

| |
| |
I I
NOP NOP
! |

|
\ |

| X=1oycle

COL b
|

Dom >< Dour >< Dour )»
T

BANK
COLn

W M M M
: °°:'><5‘:”‘

ADDRESS <

COMMAND

|
|
|
READ NOP NOP
|
|
|
| X =2 cycles
T I T
| | |
| | |
Dout Dout Dout Dout Dout
n n+1 n+2 n+3 b

BANK
COLb

ADDRESS { “A"" W M M M

|
|
DQ —
|
|

CAS Latency = 3

NOTE: Each READ command may be to either bank. DQM is LOW.

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

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 MO0-
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 (nonburst)
accesses.

Table 2
CAS Latency

ALLOWABLE OPERATING
FREQUENCY (MHz)
CAS CAS CAS
SPEED |LATENCY = 1 |LATENCY = 2 |LATENCY = 3
-8 <50 <100 <125
-10 <40 <83 <100

256Mb: x16 Mobile SDRAM
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EXTENDED MODE REGISTER

BA1BAOAT2 AT1A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 Address Bus

RARRRRARRREARR

/14/13 /12/11,/10/9 /8 /7 /6

5/4/3/2/1

Extended Mode

[1] 0| Allhavetobesetto 0" [Ds|Tcsr | PAsR

P

Register (Ex)

v A4 | A3 [Maximum Case Temp
A5 | Driver Strength 111 85°C
0 | Half Strength 0|0 70°C
1 | Full Strength 0|1 45°C
110 15°C

\ 4

A2 A1 A0 Self Refresh Coverage
0 0 Four Banks
0 0 1 Two Banks (BA1=0)
0 1 0 One Bank (BA1=BA0=0)
0 1 1 RFU
1 0 0 RFU
1 0 1 Half Bank (BA1=BA0=0)
1 1 0 Quarter Bank (BA1=BA0=0)
1 1 1 RFU
NOTE: 1. E14 and E13 (BA1 and BAO) must be “1, 0” to select the

Extended Mode Register (vs. the base Mode Register).

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), Partial Array Self Refresh (PASR) and
Driver Strength.

The Extended Mode Register is programmed via
the Mode Register Set command (BA1=1,BA0=0) and
retains the stored information until it is programmed
again or the device loses power.

The Extended Mode Register must be programmed
with M6 through M12 set to “0.” The Extended Mode
Register must be loaded when all banks are idle and no
bursts are in progress, and the controller must wait the
specified time before initiating any subsequent op-
eration. Violating these requirements results in un-
specified operation.

TEMPERATURE COMPENSATED SELF REFRESH

Temperature Compensated Self Refresh allows the
controller to program the Refresh interval during SELF
REFRESH mode, according to the case temperature of
the mobile device. This allows great power savings
during SELF REFRESH during most operating tempera-
ture ranges.

Every cell in the DRAM 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 highest
temperature range expected.

256Mb: x16 Mobile SDRAM
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Thus, during ambiant temperatures, the power con-
sumed during refresh was unnecessarily high, because
the refresh rate was set to accommodate the higher
temperatures. Setting M4 and M3, allow the DRAM to
accomodate more specific 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 DRAM is operating at normal
temperatures.

PARTIAL ARRAY SELF REFRESH

For further power savings during SELF REFRESH,
the PASR feature allows the controller to select the
amount of memory that will be refreshed during SELF
REFRESH. The refresh options are four banks, two
banks (0 and 1), one bank (0), half bank (0 with internal
row address A12=0), and quarter bank (0 with internal
row address A12=0 and A11=0). WRITE and READ com-
mands can still occur during standard operation, but
only the selected banks will be refreshed during SELF
REFRESH. Data in banks that are disabled will be lost.

PRELIMINARY

256Mb: x16
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DEEP POWER DOWN

Deep Power Down is an operating mode to achieve
maximum power reduction by eliminating the power
of the whole memory array of the devices. 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.

DRIVER STRENGTH

Extended mode register bit A5 must be used to set
the DQ output drive strength. Full drive strength is
suitable for systems in which the SDRAM component
is placed on a module. Half drive strength is recom-
mended for point-to-point or other applications with
reduced output loading.

The half-strength can be used for point-to-point
applications. Point-to-point systems are usually lightly
loaded with a memory controller accessing one to eight
SDRAM components on the memory bus with module
stubs between these devices. Driver strength chosen
should be load dependent. The lighter the load, the
less driver strength that is needed for the outputs.

256Mb: x16 Mobile SDRAM
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Commands

Truth Table 1 provides a quick reference of Truth Tables appear following the Operation section;
available commands. This is followed by a written de- these tables provide current state/next state
scription of each command. Three additional information.

TRUTH TABLE 1 - COMMANDS AND DQM OPERATION

(Notes: 1)
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 bufst)L H L L L/H8 | Bank/Col | Valid 4
DEEP POWER DOWN L H H L X X 9
PRECHARGE (Deactivate row in bank or banks) L L H L X Code X 5
AUTO REFRESH or SELF REFRESH L | L | L |H|X X X 6,7
(Enter self refresh mode)
LOAD MODE REGISTER L L L L X Op-Code X 2
Write Enable/Output Enable - - - - L - Active
Write Inhibit/Output High-Z - - - - H - High-Z 8
NOTE: CKE is HIGH for all commands shown except SELF REFRESH.

1.

2. A0-A11 define the op-code written to the mode register, and A12 should be driven LOW.

3. A0-A12 provide row address, and BAO, BA1 determine which bank is made active.

4. A0-A8 (x16)provide column address; A10 HIGH enables the auto precharge feature (nonpersistent), while A10 LOW

disables the auto precharge feature; BAO, BA1 determine which bank is being read from or written to.

5. A10LOW: BAO, BA1 determine the bank being precharged. A10 HIGH: All banks precharged and BAO, BA1 are “Don’t
Care.”

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

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

. Activates or deactivates the DQs during WRITEs (zero-clock delay) and READs (two-clock delay).

. Standard SDRAM parts assign this command sequence as Burst Terminate. For Mobile SDRAM parts, the Burst
Terminate command is assigned to the Deep Power Down function.

O o0oNO

256Mb: x16 Mobile SORAM Micron Technology, Inc., reserves the right to change products or specifications without notice.
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COMMAND INHIBIT

The COMMAND INHIBIT function prevents new
commands from being executed by the SDRAM, re-
gardless 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 A0-A12 (A13
and Al4 should be driven LOW to prevent Extended
Mode Register.) See mode register heading in the Reg-
ister Definition section. The LOAD MODE REGISTER
command can only be issued when all banks are idle,
and a subsequent executable command cannot be is-
sued until '™MRD is met.

ACTIVE

The ACTIVE command is used to open (or activate)
arow in a particular bank for a subsequent access. The
value on the BAO, BA1 inputs selects the bank, and the
address provided on inputs A0-Al12 selects the row.
This row remains active (or open) for accesses until a
PRECHARGE command is issued to that bank. A
PRECHARGE command must be issued before open-
ing a different 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 A0-A8 (x16) 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 DQs subject to the logic level on the
DQM inputs two clocks earlier. If a given DQM signal
was registered HIGH, the corresponding DQs will be
High-Z two clocks later; if the DQM signal was regis-
tered LOW, the DQs will provide valid data.

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

PRELIMINARY
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inputs A0-A8 (x16) 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 DQs is written to the memory
array subject to the DQM input logic level appearing
coincident with the data. If a given DQM signal is regis-
tered 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,
BALI select the bank. Otherwise BAO, BA1 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.

AUTO PRECHARGE

Auto precharge is a feature which performs the
same individual-bank PRECHARGE function de-
scribed above, without requiring an explicit command.
This is accomplished by using A10 to enable auto
precharge in conjunction with a specific READ or WRITE
command. A PRECHARGE of the bank/row that is ad-
dressed with the READ or WRITE command is auto-
matically 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
nonpersistent 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.

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

256Mb: x16 Mobile SDRAM
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command is nonpersistent, so it must be issued each
time a refresh is required. All active banks must be
precharged prior to issuing an AUTO REFRESH 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 operations 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 256Mb
SDRAM requires 8,192 AUTO REFRESH cycles every
64ms (‘REF), regardless of width option. Providing a
distributed AUTO REFRESH command every 7.81us
will meet the refresh requirement and ensure that each
row is refreshed. Alternatively, 8,192 AUTO REFRESH
commands can be issued in a burst at the minimum
cycle rate (‘RC), 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. When in the self refresh mode, the
SDRAM retains data without external clocking.

PRELIMINARY
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The SELF REFRESH command is initiated like an AUTO
REFRESH command except CKE is disabled (LOW).
Once the SELF REFRESH command is registered, 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 indefi-
nite period beyond that.

The procedure for exiting self refresh requires a se-
quence of commands. First, CLK must be stable (stable
clock is defined as a signal cycling within timing con-
straints 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 completion of any
internal refresh in progress.

Upon exiting the self refresh mode, AUTO REFRESH
commands must be issued every 7.81ps or less as both
SELF REFRESH and AUTO REFRESH utilize the row
refresh counter.

256Mb: x16 Mobile SDRAM
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Operation
BANK/ROW ACTIVATION

Before any READ or WRITE commands can be is-
sued to a bank within the SDRAM, a row in that bank
must be “opened.” This is accomplished via the AC-
TIVE command, which selects both the bank and the
row to be activated (see Figure 3).

After opening a row (issuing an ACTIVE command),
a READ or WRITE command may be issued to that row,
subject to the 'RCD specification. 'RCD (MIN) should
be divided by the clock period and rounded up to the
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 specifi-
cation of 20ns with a 125 MHz clock (8ns period) results
in 2.5 clocks, rounded to 3. This is reflected in Figure 4,
which covers any case where 2 < 'RCD (MIN)/'CK < 3.
(The same procedure is used to convert other specifi-
cation limits from time units to clock cycles.)

A subsequent ACTIVE command to a different row
in the same bank can only be issued after the previous
active row has been “closed” (precharged). The mini-
mum time interval between successive ACTIVE com-
mands to the same bank is defined by ‘RC.

A subsequent ACTIVE command to another bank
can be issued while the first bank is being accessed,
which results in a reduction of total row-access over-
head. The minimum time interval between successive
ACTIVE commands to different banks is defined by
RRD.

PRELIMINARY
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Figure 3

Activating a SpecificRow in a
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CKE

CS#

RAS#
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Example: Meeting 'RCD (MIN) When 2 < 'RCD (MIN)/{CK <3
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READs

READ bursts are initiated with a READ command,
as shown in Figure 5.

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
precharged at the completion of the burst. For the ge-
neric READ commands used in the following illustra-
tions, 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. Figure 6 shows general timing for
each possible CAS latency setting.

REAII;iggrr::‘land
oK —|— L
s TS| LT
st T
st T AT,
wes 7777777777777 N
no-ag:x16 7177TTTTX XU
ws.wrvxs AV TIIIT
v TS I
BAO,N /1)) AB‘D‘:R‘EKssX// Wi
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Upon completion of a burst, assuming no other com-
mands have been initiated, the DQs will go High-Z. A
full-page burst will continue until terminated. (At the
end of the page, it will wrap to the start address 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 ele-
ment of a completed burst or the last desired data ele-
ment 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.

Figure 6
CAS Latency

CLK

COMMAND

S S R W S S N

COMMAND

DQ

Sy S B S

COMMAND

DQ

CAS Latency =3

DON'T CARE
@ UNDEFINED
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This is shown in Figure 7 for CAS latencies of two and architecture. A READ command can be initiated on any
three; data element n + 3 is either the last of a burst of clock cycle following a previous READ command. Full-
four or the last desired of a longer burst. The 256Mb speed random read accesses can be performed to the
SDRAM uses a pipelined architecture and therefore same bank, as shown in Figure 8, or each subsequent
does not require the 2n rule associated with a prefetch READ may be performed to a different bank.
Figure 7
Consecutive READ Bursts
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NOTE: Each READ command may be to either bank. DQM is LOW.
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Figure 8
Random READ Accesses
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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, provided
that I/0 contention can be avoided. In a given system
design, there may be a possibility that the device driv-
ing the input data will go Low-Z before the SDRAM DQs
go High-Z. In this case, at least a single-cycle delay
should occur between the last read data and the WRITE
command.

The DQM input is used to avoid I/O contention, as
shown in Figures 9 and 10. The DQM signal must be
asserted (HIGH) at least two clocks prior to the WRITE
command (DQM latency is two clocks for output

Figure 9
READ to WRITE
TO T1 T2 T3 T4

CLK

| | |
I L L
boMm Zz | A b\
I I : : I
COMMAND READ NOP NOP NoP WRITE ><
< I >‘< I >< I >< I >< I
! i ! I !
BANK, BANK,
R O S S
l l l LK
o e
I I I I I
0
1 1 1 .~ = 1tps
TRANSITIONING DATA 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. If a burst of one is used, then DQM is
not reauired.
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buffers) to suppress data-out from the READ. Once the
WRITE command is registered, the DQs will go High-Z
(or remain High-Z), 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 example, if DQM was LOW during T4 in
Figure 10, 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 9 shows the case where the clock frequency al-
lows for bus contention to be avoided without adding a
NOP cycle, and Figure 10 shows the case where the
additional NOP is needed.

Figure 10
READ to WRITE With
Extra Clock Cycle

CLK

bQmM

COMMAND

ADDRESS

DQ

TRANSITIONING DATA 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.
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A fixed-length READ burst may be followed by, or
truncated with, a PRECHARGE command to the same
bank (provided that auto precharge was not acti-
vated), and a full-page burst may be truncated with a
PRECHARGE command to the same bank. The
PRECHARGE command should be issued x cycles be-
fore the clock edge at which the last desired data ele-
ment is valid, where x equals the CAS latency minus
one. This is shown in Figure 11 for each possible CAS
latency; data element n + 3 is either the last of a burst of

PRELIMINARY
256Mb: x16

MOBILE SDRAM

four or the last desired of a longer burst. Following the
PRECHARGE command, a subsequent 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 element(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

Figure 11
READ to PRECHARGE
TO T T2 T3 T4 T5 T6 T7

tRe

COMMAND << READ >< NOP >< NOP >-< NOP ><PRE(‘:HARGE>< NOP >-< NOP >-< ALZTIVE >><i

‘ X =0 cycles ‘ ! !

H// M /W //><<mm>(f

ADDRESS ( AR

cOLn ROW
T T T
I I I
: I I I
| 7 our VT Doir W bour WY/ bour \\. | |
DQ:‘« n >A< n+1 >A< n+2 >A< n+3 Z/: : :
‘ ! T T T I I |
CAS Latency =1
TO T1 T2 T3 T4 T5 T6 T7

CLK

ke

commp {09 ){ e er Y Wrecmoe)(_vor Mo X e W,
‘ ‘ : X= 1cyc|e: i
poones (T W, M e E= /m EE
ot <11<‘ )Z(‘ = X( ) R
! | T T T T | |
: CAS Latency =2 ‘
TO T1 T2 T3 T4 T5 T6 T7
R T R s - e
COMMAND << READ >< NOP ><< NOP >-< NOP ><PRECHARGE>< NOP >-< NOP >< ACTIVE ><
‘ : : X =2cycles ‘ :
ADDRESS ’////////’////////’/////// //////// ’/////// B
‘ \ : : \
po———————{{ X( TR —

CAS Latency =3

NOTE: DQM is LOW. TRANSITIONING DATA DON'T CARE
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PRECHARGE command is that it requires that the com-
mand and address buses be available at the appropri-
ate time to issue the command; the advantage of the
PRECHARGE command is that it can be used to trun-
cate fixed-length or full-page bursts.

Full-page READ bursts can be truncated with the
BURST TERMINATE command, and fixed-length READ
bursts may be truncated with a BURST TERMINATE

PRELIMINARY
256Mb: x16
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command, provided that auto precharge was not acti-
vated. 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 12 for each
possible CAS latency; data element n + 3 is the last
desired data element of a longer burst.

Figure 12
Terminating a READ Burst

CLK

_1_\_1_\_1|_1|_1|_1|_1_|_

COMMAND

\
-< READ >_< NOP >.< NOP >-< NOP >.< BURST >.< NOP >.< NOP
TERMINATE

: X=0 cycles |

ADDRESS

DQ

CAS Latency = 1

CLK

_1_\_1_\_1|_1|_1|_1|_1_|_

COMMAND

\
-< READ >—< NOP >-< NOP >-< NOP >-< >-<
TERMINATE

BURST

~— |
' X=1cycle ! !

wooress {eats WO/ LT i g

‘ | | | | | |
! | | | | | |
I | | | |

ve ———— (o e e —
1 CAS Latency = 2 !
TO T T2 T3 T4 T5 T6 T7

S S e I e Y v A Y O O

COMMAND -<

| | |
READ >_< NOP >.< NOP >-< NOP BURST NOP >-< NOP >-< NOP
TERMINATE

\ \
X=2 cycles

BANK

ADDRESS -< AN

WMMMMMWM

Dout

n

I I
Dout >V< Dour >V< > >7
n+1 /A n+2 A

l
DQ —
l
‘ CAS Latency = 3

NOTE: DQM is LOW.

>z<;

TRANSITIONING DATA DON'T CARE
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WRITEs

WRITE bursts are initiated with a WRITE command,
as shown in Figure 13.

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
precharged at the completion of the burst. For the ge-
neric WRITE commands used in the following illustra-
tions, auto precharge is disabled.

During WRITE bursts, the first valid data-in ele-
ment 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 DQs will remain High-Z and
any additional input data will be ignored (see Figure
14). A full-page burst will continue until terminated.
(At the end of the page, it will wrap to the start address
and continue.)

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 command
canbeissued on any clock following the previous WRITE
command, and the data provided coincident with the
new command applies to the new command. An ex-

Figure 13
WRITE Command

CLK ‘

CKE HIGH

CS#

7\

./
/g

N
/

RAS#

N
T

CAS#

WE#

1
COLUMN

A0-A8: x16 % ADRRESS W /
|
A9, A11: x16
XTI
ENABLE AUTO PRECHARGE
A10
DISABLE AUTO PRECHARGE
\
BAO, 1 X ABSRE‘SSW 7
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ample is shown in Figure 15. Data n + 1 is either the last
of a burst of two or the last desired of a longer burst. The
256Mb SDRAM uses a pipelined architecture and there-
fore does not require the 2n rule associated with a
prefetch architecture. A WRITE command can be initi-
ated 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 16, or each subsequent WRITE may be per-
formed to a different bank.

Figure 14
WRITE Burst
TO T1 T2 T3
CLK *

COMMAND { we M nop W nop M wop >—<
W////M /// Walll ///H
= 'f;" H2 W///W /Ut

BANK,

ADDRESS { oL

Figure 15
WRITE to WRITE

TO T1 T2

CLKlllll

COMMAND { WRITE ><

L
v H
W// M H,

0Q <-:< ) W Y iy
TRANSITIONING DATA [//] DON'T CARE

BANK,
COLn

BANK,

ADDRESS oL

NOTE: DQM is LOW. Each WRITE command may
be to any bank.
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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 17.
Data n + 1 is either the last of a burst of two or the last
desired of a longer burst.

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

Figure 16
Random WRITE Cycles

T0

CLK l

L + | + L
COMMAND—< WRITE >-< WR‘ITE >-< WR‘ITE >.< WR‘ITE >.<:

BANK, BANK BANK BANK > <Z z
ADDRESS _< COLn >_< COLa COLx COLm
T

oo ({5 R i B

TRANSITIONING DATA DON'T CARE

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

Figure 17
WRITE to READ

COMMAND ( WR‘ITE >—< NOP >—< READ >—< NOP >~< NOP >—< Nl‘)P >—<

ADDRESS %’STKn W M iﬁ?i W I M s

T L 9
o ({ °j" e AW )

TRANSITIONING DATA DON'T CARE

NOTE:  The WRITE command may be to any bank, and the READ command
may be to anv bank. DQM is LOW. CAS latency = 2 for illustration.
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requires a ‘WR of at least one clock plus time, regardless
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 coinci-
dent with, the PRECHARGE command. An example is
shown in Figure 18. 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 subsequent command to
the same bank cannot be issued until ‘RP is met. The
precharge can be issued coincident with the first coin-
cident clock edge (T2 in Figure 18) on an Al Version and
with the second clock on an A2 Version (Figure 18.)

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 com-
mand and address buses be available at the appropri-
ate time to issue the command; the advantage of the
PRECHARGE command is that it can be used to trun-
cate fixed-length or full-page bursts.

Figure 18
WRITE to PRECHARGE
TO T T2 T3 T4 T5 T6

I

I

twR @ tCLK > 15ns !
I

SN /

trp | | |

I .
COMMAND < WRITE >—< N?P >—<PREC‘HARGE>‘< N‘OP >-< N‘OP >—< A(."‘HVE >-< NTP ><
ADDRESS %Bé‘gf: W //HW M W:zs: W W

\ \
\ | fwr |

po (TS W &0 M// AV MY Y

twR = tCLK < 15ns

!
I I
I I
‘ | |
I I I
boM @ | A
I I 1
| | | trp | |
| | | Il L L L
COMMAND {wme >—< NOP >—< NOP ><PRECHARGE>< NOP >-< NOP >< ACTIVE ><
\ \

T T
I |
BANK a BANK BANK a
sooress {8 W Wl &(«mmw W M o )
\ twRr \

o (T M B

. [-7] TRANSITIONING DATA [///] DON'T CARE

NOTE: DQM could remain LOW in this example if the WRITE burst is a fixed length of two.
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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 19, where data n is the last
desired data element of a longer burst.

Figure 19
Terminating a WRITE Burst
TO T T2
SN T Y U Y T O
| | |
| | |
COMMAND  { WRTE Mrequivare)\comman

| |

| |
ADDRESs -+ BANC (/) %moonesg%

| |

w0 (Y-

NOTE: DQMs are LOW.

TRANSITIONING DATA DON'T CARE

Figure 20
PRECHARGE Command
CKE HIGH

s T
Ras# N
T
wer 7777

A0-A9, A11,A12 7/ / /

!
All Banks

wo IR

Bank Se‘lected

K ks Y
DON'T CARE

BAO, BA1 7
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PRECHARGE

The PRECHARGE command (see Figure 20) 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) af-
ter 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. When
all banks are to be precharged, inputs BAO, BA1 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.

POWER-DOWN

Power-down occurs if CKE is registered LOW coinci-
dent with a NOP or COMMAND INHIBIT when no ac-
cesses 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 in-
put and output buffers, excluding CKE, for maximum
power savings while in standby. CKE must be held low
during power down. 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 21.

Figure 21
Power-Down
T e D e B e B e E e
ks | > JKs| |

CKE

COMMAND NOP W /

% NOP >@< ACTIVE %

All banks idle D
Input buffers gated off R

Enter power-down mode. Exit power-down mode. RC
DON'T CARE
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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 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 200us. Issue
PRECHARGE commands for all banks. Issue eight or
more AUTOREFRESH commands. Issue a MODE REG-
ISTER set command to initialize mode register. Issue
a EXTENDED MODE REGISTER set command to ini-
tialize the extended mode register. See Figure 21A.

Figure 21A
Deep Power-Down

T B e B ey B e B e B e |
CKE \ i s{_/ i

/N /.

RAS# § K %:?, /7

CAs# % \Y/ X(fy /‘(/

WE# 7N 3 /”[’/ /)}/

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

w DON T CARE
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CLOCK SUSPEND

The clock suspend mode occurs when a column ac-
cess/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
sampled LOW, the next internal positive clock edge is
suspended. Any command or data present on the in-
put 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 Fig-
ures 22 and 23.)

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

Figure 22
Clock Suspend During WRITE Burst

INTERNAL ‘
CLOCK

coMmAND chw X WR:lTE 1Y ‘W ‘ X chw N or H
ADDRESSW%%@T'@’WMMMM
on e e,
TRANSITIONING DATA DON'T CARE

NOTE: For this example, burst length = 4 or greater, and DM
is LOW.
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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 commands
result in the access of a single column location (burst of
one), regardless of the programmed burst length. READ
commands access columns according to the pro-
grammed burst length and sequence, just as in the
normal mode of operation (M9 = 0).

PRELIMINARY
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Figure 23
Clock Suspend During READ Burst

INTERNAL
CLOCK

! | | | | | |
! | | | | | |
BANK,
COLn
i

ADDRESS

(e )
TRANSITIONING DATA DON'T CARE

NOTE: For this example, CAS latency = 2, burst length = 4 or greater, and
DQM is LOW.
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CONCURRENT AUTO PRECHARGE

An access command (READ or WRITE) to another on bank n, CAS latency later. The PRECHARGE to
bank while an access command with auto precharge bank n will begin when the READ to bank m is regis-
enabled is executing is not allowed by SDRAMs, tered (Figure 24).
unless the SDRAM supports CONCURRENT AUTO 2. Interrupted by a WRITE (with or without auto
PRECHARGE. Micron SDRAMs support CONCURRENT precharge): AWRITE to bank m will interrupt a READ
AUTO PRECHARGE. Four cases where CONCURRENT on bank n when registered. DQM should be used
AUTO PRECHARGE occurs are defined below. two clocks prior to the WRITE command to prevent

bus contention. The PRECHARGE to bank n will
READ with Auto Precharge begin when the WRITE to bank m is registered (Fig-
1. Interrupted by a READ (with or without auto ure 25).

precharge): A READ to bank m will interrupt a READ

Figure 24
READ With Auto Precharge Interrupted by a READ
TO T1 T2 T3 T4 T5 T6 T7

|
L L L
READ - AP READ - AP
COMMAND < NOP >—< BANK n >—< NOP >< BANKm >—< NOP >< NOP ><< NOP >—< NOP ><:
T T T T T
f e EEE === """T""T""\'""\ ..... = R ‘ ..... :
: BANK n | Page Active | READ with Burst of 4 >| Interrupt Burst, Precharge | Idle L]
]
1 ,
+ Internal | ‘ | | tRP-BANKn | [1RP- BANK m ®
! | | | | | | I
' States - .
' BANK m | Page Active | READ with Burst of 4 | Precharge
]
.............. ‘.....I....J....J.....L....‘.....‘.....‘.....'
|

ApORESs <)) MB&TE: M ms@gww‘ LRI L

! \ | | |
| | | - WV T\ "\ T\
bQ — ; ‘ ; << o >A< 21 >/\< LD
‘ ‘ CAS Latency = 3 (BANK n): ! :
NOTE: DQM is LOW. | CAS Latency = 3 (BANK m) |
-] TRANSITIONING DATA  [///] DON'T CARE
Figure 25
READ With Auto Precharge Interrupted by a WRITE
TO T T2 T3 T4 T5 T6 T7

READ - AP WRITE - AP
COMMAND{ BANK”>< NOP >—< NOP >< NOP BANKm>< NOP >< NOP >—< NOP >{
T T T

.
' BANK n l"age l READ with Burst of 4 X Interrupt Burst, Precharge I e ®
.

. | ! | | | | oy ' B

R Interna I | | | | | 'RP-BANKn 'WR - BANK m ®
! | | | | [l [l | u

* States : ; .

. BANK m l Page Active I WRITE with Burst of 4 I Write-Back

'

------------------ J.--.J-.--L-.--L--.--.----.--.--.--

ADDRESS {"égf: W M M mBé\gf; W M M M

CAS Latency = 3 (BANK n)
NOTE: 1. DQM is HIGH at T2 to prevent Dout-a+1 from contending with Din-d at T4.
TRANSITIONING DATA DON'T CARE
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WRITE with Auto Precharge

3.

Interrupted by a READ (with or without auto
precharge): AREAD to bank m will interrupt a WRITE
on bank n when registered, with the data-out ap-
pearing CAS latency later. The PRECHARGE to bank
n will begin after 'WR 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 26).

4.

PRELIMINARY
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Interrupted by a WRITE (with or without auto
precharge): A WRITE to bank m will interrupt a
WRITE on bank n when registered. The
PRECHARGE to bank n will begin after ‘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 27).

Figure 26
WRITE With Auto Precharge Interrupted by a READ

COMMAND < NoP

WRITE - AP NOP
BANK n

READ APX NOP ><< NOP >< NOP ><< NOP
T

BANKm
T T
= = = m = EmE === == i e i \""'F""T""'F""'l
: BANK n | Page Active | WRITE with Burst of 4 X Interrupt Burst, Write-Back | Precharge []
! '
. Internal j | | | tWR - BANK p | JRP-BANK R ~ .
R ! | | | | | | | RP-BANKm ,
' States \ , .
Km | Page Active | READ with Burst of 4 | .
[]
.............. ‘....4....4.....4...............;.....;.....-
BANK n, BANK m,
ADDRESS <// et 0( ot /MRS
| |
\ \ I I
DIN Dour Y/ Dour \)
Q (mm ‘ 7,9 i
I |
CAS Latency = 3 (BANK m)
NOTE: 1. DQM is LOW.
-] TRANSITIONING DATA  [//] DON'T CARE
Figure 27
WRITE With Auto Precharge Interrupted by a WRITE
T0 T1 T2 T3 T4 T5 T6 T7
: | | | | | | |
L L L L L L L
COMMAND NOP WRITE - AP NOP NOP WRITE - AP NOP NOP NOP >€
< BANK n >—< : >< : BANK m >< : >’< : H :
F e Emm e EmEE= = R = EEERE N
: BANK n | Page Active | WRITE with Burst of 4 X Interrupt Burst, Write-Back | Precharge :
. Internal 1 1 l l R - BANK 1! BNy '
' States \ | | | I [LWR - BANK m |
. m | Page Active | WRITE with Burst of 4 | Write-Back  *
n 1

----------------------- -l----ﬁ----h----\----------------

ADDRESS W‘ &(ng{; W W %Bé\gf&" ><7 M M 0
| (BB ABE CABEIABE BRI

NOTE: 1. DQM is LOW.

TRANSITIONING DATA DON'T CARE
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TRUTH TABLE 2 - CKE
(Notes: 1-4)
CKE,.1| CKE,, | CURRENT STATE COMMAND,, ACTION,, NOTES
L L Power-Down X Maintain Power-Down
Self Refresh X Maintain Self Refresh
Clock Suspend X Maintain Clock Suspend
L H Power-Down COMMAND INHIBIT or NOP Exit Power-Down 5
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
H L All Banks Idle COMMAND INHIBIT or NOP Power-Down Entry
All Banks Idle DEEP POWER DOWN 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.

that tCKS is met).

. 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 + 7 (provided

. Exiting self refresh at clock edge n will put the device in the all banks idle state once *XSR is met. COMMAND INHIBIT

or NOP commands should be issued on any clock edges occurring during the 'XXSR period. A minimum of two NOP
commands must be provided during *XXSR period.

edgen + 1.

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

. Deep Power-Down is a power savings feature of this Mobile SDRAM device. This command is Burst Terminate on

traditional SDRAM components. For Mobile SDRAM devices, thiscommand sequence is assigned to Deep Power Down.

256Mb: x16 Mobile SDRAM
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TRUTH TABLE 3 - CURRENT STATE BANK n, COMMAND TO BANK n

(Notes: 1-6; notes appear below and on next page)

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)
L L H H ACTIVE (Select and activate row)

Idle L L L H AUTO REFRESH 7
L L L L LOAD MODE REGISTER 7
L L H L PRECHARGE 11
L H L H READ (Select column and start READ burst) 10
Row Active 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 L H L H READ (Select column and start new READ burst) 10
(Auto L H L L WRITE (Select column and start WRITE burst) 10
Precharge L L H L PRECHARGE (Truncate READ burst, start PRECHARGE) 8
Disabled) L H H L DEEP POWER DOWN 9
Write L H L H READ (Select column and start READ burst) 10
(Auto L H L L WRITE (Select column and start new WRITE burst) 10
Precharge L L H L PRECHARGE (Truncate WRITE burst, start PRECHARGE) 8
Disabled) L H H L DEEP POWER DOWN 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 hasbeen precharged, and ‘RP has been met.
Row Active: Arow inthe bank has been activated, and tRCD 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
beenterminated.
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 allowable 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.

256Mb: x16 Mobile SORAM Micron Technology, Inc., reserves the right to change products or specifications without notice.
MobileRamY26L_B.p65—-Pub. 04/03 3 1 ©2003 MicronTechnology, Inc. All rightsreserved.



PRELIMINARY
256Mb: x16

Avicron MOBILE SDRAM

NOTE (continued):
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 will 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 a power savings feature of this Mobile SDRAM device. This command is Burst Terminate on
traditional SDRAM components. For Mobile SDRAM devices, this command sequence is assigned to Deep Power Down.
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.

[ColNo BN o)}
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MobileRamY26L_B.p65-Pub. 04/03 3 2 ©2003 Micron Technology, Inc. Allrights reserved.



PRELIMINARY
256Mb: x16

AaMcron MOBILE SDRAM

TRUTH TABLE 4 - CURRENT STATE BANK n, COMMAND TO BANK m

(Notes: 1-6; notes appear on next page)

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 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
Precharge L H L L WRITE (Select column and start WRITE burst) 7, 11
Disabled) 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
Precharge L H L L WRITE (Select column and start new WRITE burst) 7,13
Disabled) 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 'XSR has been met (if the
previous 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
commands shown are those allowed to be issued to bank m (assuming that bank m is in such a state that the given
command is allowable). Exceptions are covered in the notes below.

3. Current state definitions:

Idle: The bank hasbeen precharged, and ‘RP has been met.
Row Active: Arow inthe bank has been activated, and tRCD 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
beenterminated.
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.

256Mb: x16 Mobile SORAM Micron Technology, Inc., reserves the right to change products or specifications without notice.
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NOTE: (continued)

4.
5.

6.
7.

11.

12.

13.

14.

15.

16.

17.

AUTO REFRESH, SELF REFRESH and LOAD MODE REGISTER commands may only be issued when all banks are idle.

A BURST TERMINATE command cannot be issued to another bank; it applies to the bank represented by the current state
only.

All states and sequences not shown are illegal or reserved.

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.

. CONCURRENT AUTO PRECHARGE: Bank nwill initiate the auto precharge command when its burst has been interrupted

by bank m’s burst.

. Burst in bank n continues as initiated.
. For a READ without 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 7).

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 (Figures 9 and 10). DQM should be used one clock prior to the WRITE
command to prevent bus contention.

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 17), 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.

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 15). The last valid WRITE to bank n will be data-in
registered one clock prior to the READ to bank m.

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. The PRECHARGE to bank n will begin when the READ to bank m is
registered (Figure 24).

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. 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 (Figure 25).

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. The PRECHARGE to bank
n will begin after *‘WR 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 26).

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. The last valid WRITE to bank n will be data registered one clock prior
to the WRITE to bank m (Figure 27).

256Mb: x16 Mobile SORAM 34 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Vbp/VppQ Supply

Relative to Vss(3.3V) .ccccecevererennennes -1V to +4.6V
Relative to Vss(2.5V) ....ccccevevvenenne -0.5V to +3.6V
Relative to Vss(1.8V) .......ceeueee. -0.35V to +2.8V
Voltage on Inputs, NC or I/0 Pins
Relative to Vss(3.3V) .ccccevvererernennen -1V to +4.6V
Relative to Vss(2.5V) ....cccevvvvenenne. -0.5V to +3.6V
Relative to Vss(1.8V) .......ceue.e. -0.35V to +2.8V
Operating Temperature,
T, (commercial) ......ccccceuererviriiicrerennnne 0°C to +70°C
T, (industrial; IT parts) .......ccccoune... -40°C to +85°C
Storage Temperature (plastic) ............ -55°C to +150°C
Power Dissipation .....c..ccoceeveevieeviensienieneeneenieeieneene 1w

PRELIMINARY

256Mb: x16
MOBILE SDRAM

*Stresses greater than those listed under “Absolute
Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only, and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of
this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect reliability.

DCELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS -LCversion
(Notes: 1, 5, 6; notes appear on page 40; Voo/VopQ = 3.3 £0.3V)

PARAMETER/CONDITION SYMBOL| MIN MAX [UNITS|NOTES
SUPPLY VOLTAGE Vbp 3 3.6 \

1/0 SUPPLY VOLTAGE VbbQ 3 3.6 \Y

INPUT HIGH VOLTAGE: Logic 1; All inputs VIH 2 VopQ + 0.3 V 22
INPUT LOW VOLTAGE: Logic 0; All inputs ViL -0.3 0.8 \Y 22
DATA OUTPUT HIGH VOLTAGE: Logic 1; All inputs \oH 24 - V

DATA OUTPUT LOW VOLTAGE: LOGIC 0; All inputs VoL - 0.4 \

INPUT LEAKAGE CURRENT: I -5 5 pA

Any input OV < Vin < Vop (All other pins not under test = 0V)

OUTPUT LEAKAGE CURRENT: DQs are disabled; 0V < Vout < VopQ loz -5 5 MA

DCELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS -V version
(Notes: 1, 5, 6; notes appear on page 40; Vop = +2.5V £0.2V VbbQ = +2.5V +0.2V or VopQ = +1.8V +0.15V)

PARAMETER/CONDITION SYMBOL| MIN MAX UNITS|NOTES
SUPPLY VOLTAGE VbD 2.3 2.7 \%

1/0 SUPPLY VOLTAGE \/bbQ 1.65 2.7 \%

INPUT HIGH VOLTAGE: Logic 1; All inputs VH 0.8 * VooQ[VopQ + 0.3] V 22
INPUT LOW VOLTAGE: Logic 0; All inputs ViL -0.3 0.3 \% 22
DATA OUTPUT HIGH VOLTAGE: Logic 1; All inputs VoH VopQ - 0.2 - \%

DATA OUTPUT LOW VOLTAGE: LOGIC 0; All inputs VoL - 0.2 \%

INPUT LEAKAGE CURRENT: I -5 5 pA

Any input OV < Vin < Vpp (All other pins not under test = 0V)

OUTPUT LEAKAGE CURRENT: DQs are disabled; 0V < Vout < VbobQ loz -5 5 pA

256Mb: x16 Mobile SDRAM
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DCELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS - H version
(Notes: 1, 5, 6; notes appear on page 40; Vob = 1.8 +0.15V, Vpbq = +1.8V +0.15V )

256Mb: x16
MOBILE SDRAM

PARAMETER/CONDITION SYMBOL| MIN MAX |UNITS NOTES|
SUPPLY VOLTAGE VoD 1.65 1.95 \%
/0 SUPPLY VOLTAGE \VobQ 1.65 1.95 \%
INPUT HIGH VOLTAGE: Logic 1; All inputs VIH 0.8*VpooQ VopQ + 0.3 V 22
INPUT LOW VOLTAGE: Logic 0; All inputs ViL -0.3 0.3 \% 22
DATA OUTPUT HIGH VOLTAGE: Logic 1; All inputs VoH VobpQ -0.2 - \%
DATA OUTPUT LOW VOLTAGE: LOGIC 0; All inputs VoL - 0.2 \%
INPUT LEAKAGE CURRENT: I -5 5 HA
Any input OV < Vin < Vpp (All other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT: DQs are disabled; 0V < Vout < VopQ loz -5 5 HA
CAPACITANCE - FBGA
(Note: 2; notes appear on page 40)
PARAMETER SYMBOL | MIN MAX | UNITS |[NOTES
Input Capacitance: CLK Cn 1.5 4.0 pF 29
Input Capacitance: All other input-only pins Ci2 1.5 4.0 pF 30
Input/Output Capacitance: DQs Cio 3.0 6.0 pF 31
CAPACITANCE-TSOP
(Note: 2; notes appear on page 40)
PARAMETER SYMBOL | MIN MAX | UNITS |[NOTES
Input Capacitance: CLK Ci 2.5 4.0 pF 29
Input Capacitance: All other input-only pins Ci2 2.5 4.0 pF 30
Input/Output Capacitance: DQs Cio 4.0 6.0 pF 31

256Mb: x16 Mobile SDRAM
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED ACOPERATING CONDITIONS
(Notes: 5, 6, 8, 9, 11; notes appear on page 40)

ACCHARACTERISTICS -8 -10
PARAMETER SYMBOL | MIN MAX MIN MAX | UNITS | NOTES
Access time from CLK (pos. edge) CL=3| tAC(3) 7 7 ns 27
CL=2 tAC(2) 8 8 ns
CL=1| tAC(1) 19 22 ns
Address hold time tAH 1 1 ns
Address setup time tAS 2.5 2.5 ns
CLK high-level width tCH 3 3 ns
CLK low-level width tcL 3 3 ns
Clock cycle time CL=3| K@) 8 10 ns 23
CL=2 K@) 10 12 ns 23
CL=1| tCK(1) 20 25 ns
CKE hold time tCKH 1 1 ns
CKE setup time tCKs 2.5 2.5 ns
CS#, RAS#, CAS#, WE#, DQM hold time tCMH 1 1 ns
CS#, RAS#, CAS#, WE#, DQM setup time tcms 2.5 2.5 ns
Data-in hold time DH 1 1 ns
Data-in setup time DS 2.5 2.5 ns
Data-out high-impedance time CL=3| tHzZ(3) 7 7 ns 10
CL=2 tHz(2) 8 8 ns 10
CL=1| tHz(1) 19 22 ns
Data-outlow-impedancetime Y1z 1 1 ns
Data-out holdtime (load) tOH 25 25 ns
Data-out hold time (noload) tOHy 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 28E
ACTIVE to READ or WRITE delay tRCD 20 20 ns
Refresh period (8,192 rows) REF 64 64 ms
AUTO REFRESH period tRFC 80 100 ns 28E
PRECHARGE cmd period tRP 20 20 ns
ACTIVE bank a to bank b command tRRD 20 20 ns
Transition time T 0.5 1.2 0.5 1.2 ns 7
WRITE recovery time tWR 1CLK+ 1CLK+ ns 24
ns 5ns 28E
15 15 25
Exit SELF REFRESH to ACTIVE command IXSR 80 100 ns 28E
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AC FUNCTIONAL CHARACTERISTICS
(Notes: 5, 6, 7, 8, 9, 11; notes appear on page 40)

PARAMETER SYMBOL -8 -10 | UNITS |NOTES
READ/WRITE command to READ/WRITE command tccp 1 1 tcK 17
CKE to clock disable or power-down entry mode tCKED 1 1 K 14
CKE to clock enable or power-down exit setup mode tPED 1 1 tcK 14
DQM to input data delay DQD 0 0 K 17
DQM to data mask during WRITEs bQM 0 0 K 17
DQM todatahigh-impedance during READs DQz 2 2 K 17
WRITE command to input data delay tDWD 0 0 K 17

Data-into ACTIVE command DAL 5 5 K |15, 21

Data-into PRECHARGE command tDPL 2 2 K |16, 21
Last data-in to burst STOP command BDL 1 1 tcK 17
Last data-in to new READ/WRITE command tCDL 1 1 tcK 17

Last data-into PRECHARGE command tRDL 2 2 K |16, 21
LOAD MODE REGISTER command to ACTIVE or REFRESH command tMRD 2 2 tcK 26
Data-out to high-impedance from PRECHARGE command CL=3 | tROH@3)| 3 3 K 17
CL=2 |tROH(Q)| 2 2 tcK 17
CL=1 | tROH(1) 1 1 tcK 17
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Ioo SPECIFICATIONS AND CONDITIONS
(Notes: 1, 5, 6, 11, 13; notes appear on page 40; Voo/VopQ = 3.3 +0.3V; Vob = 2.5V 0.2V VopQ = 2.5V +0.2V or

VopQ = 1.8V £0.2V) ys——
MAX

PARAMETER/CONDITION SYMBOL | -8 | -10 |UNITS|{NOTES
OPERATING CURRENT: Active Mode; Ibp1 75 70 mA 3, 18,
Burst = 2; READ or WRITE; tRC = tRC (MIN) 19, 32
STANDBY CURRENT: Power-Down Mode; IbD2 500| 500 HA 32
All banks idle; CKE = LOW

STANDBY CURRENT: Active Mode; CKE = HIGH; CS# = HIGH; Ibp3 25 25 mA 3,12,
All banks active after TRCD met; No accesses in progress 19, 32
OPERATING CURRENT: Burst Mode; Continuous burst; [o]o¥} 105| 95 mA 3, 18,
READ or WRITE; All banks active 19, 32
AUTO REFRESH CURRENT tRFC = RFC (MIN) Ibp5 165| 155 mA 3, 12,
CKE = HIGH; CS# = HIGH 18, 19,

tRFC = 7.8ps IDD6 25| 25| mA | 3233

DEEP POWER DOWN IbD8 10 10 HA 34

Iop7 - SELF REFRESH CURRENT OPTIONS (Temperature Compensated Self Refresh)
(Notes: 1, 6, 11, 13; notes appear on page 40)Voo/VopQ = 3.3 0.3V or Voo/VopQ = 2.5V +0.2V or
Voo/VopQ = 1.8V +0.15V)

Temperature Compensated Self Refresh Max -8 -10 UNITS | NOTES

Parameter/Condition Temperature

Self Refresh Current: CKE < 0.2V 85°C 750 750 MA 4
45°C 500 500 pA 4

256Mb: x16 Mobile SDRAM
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NOTES

1.
2.

3.

N

10.

All voltages referenced to Vss.

This parameter is sampled; f=1 MHz, Tj = 25°C;
0.9V bias, 200mV swing, Vbp = +2.5V, VDDQ = +2.5V.
Ipp is dependent on output loading and cycle rates.
Specified values are obtained with minimum 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 (0°C<T, <+70°Cand -
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. (Vbp
and VppQ 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 Vin
and ViL (or between ViL and Vi) in a monotonic
manner.

Outputs measured at 0.9V with equivalent load:

1

}

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

30pF

11. AC timing and Ipp tests have ViL = 0.0V and Vi 1.65V,

12.

13.

14.

15.

16.

with timing referenced to Vin/2 crossover point. If
the input transition time is longer than 1 ns, then
the timing is referenced at Vi. (MAX) and Via (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 otherwise
at valid Vix or VL levels.

Ipp specifications are tested after the device is prop-
erly initialized.

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.

17.

18.

19.

20.

21.
22.

23.

24.

25.
26.
27.

28.

29.
30.
31.
32.

33.

34.

PRELIMINARY
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Required clocks are specified by JEDEC function-

ality and are not dependent on any timing param-

eter.

The Ipp current will increase or decrease propor-

tionally according to the amount of frequency al-

teration for the test condition.

Address transitions average one transition every

two clocks.

CLK must be toggled a minimum of two times dur-

ing this period.

Based on 'CK = 8ns for -8, 'CK = 10ns for -10.

Vi overshoot: Vin (MAX) = VbppQ + 2V for a pulse

width < 3ns, and the pulse width cannot be greater

than one third of the cycle rate. ViL undershoot: ViL

(MIN) = -2V for a pulse width < 1/3 'CK.

The clock frequency must remain constant (stable

clock is defined as a signal cycling within timing

constraints specified for the clock pin) during ac-

cess or precharge states (READ, WRITE, including

‘'WR, and PRECHARGE commands). CKE may be

used to reduce the data rate.

Auto precharge mode only. The precharge timing

budget (‘RP) begins 7ns after the first clock delay,

after the last WRITE is executed.

Precharge mode only.

JEDEC and PC100 specify three clocks.

fAC for -8 at CL = 3 with no load is 5.4ns and is

guaranteed by design.

Parameter guaranteed by design.

A. Maximum capacitance can be 3.0 pF but not
desired.

B. Maximum capacitance can be 5.0pF but not
desired.

C. Maximum capacitance can be 3.3pF but not
desired.

D. Target values listed with alternative values in
parentheses.

E. 'RFC must be less than or equal to 'RC+1CLK
XSR must be less than or equal to 'RC+1CLK

F. For full I/V relationships see IBIS model.

PC100 specifies a maximum of 4pF.

PC100 specifies a maximum of 5pF.

PC100 specifies a maximum of 6.5pF.

For -8, CL = 2 and 'CK = 10ns; for -10, CL = 3 and

{CK = 10ns.

CKE is HIGH during refresh command period

RFC (MIN) else CKE is LOW. The Ipp6 limit is actu-

ally a nominal value and does not result in a fail

value.

Measured at nominal value at 70°C.

256Mb: x16 Mobile SDRAM
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Adcron

CKE

COMMAND®

DQMUU (x16)

A0-A9, A11, A12

A10

BAO, BA1

DQ

NOTE:

INITIALIZE AND LOAD MODE REGISTER

PRELIMINARY
256Mb: x16

MOBILE SDRAM

s 7 9 T19 T29
§§ ( ( ( (
Ly (¢ A A A
‘ ) ) ) )
- oAt - - - o . o
T [ w
' tCMH | tcMs | ‘ ‘ ‘ ‘ ‘ ‘ 1
)(/ : NOP : PRE ((@< LMR4 (((@< LMR4 @% PRE3 @% AR4 @% AR4 ﬁ% ACT4 @
( ‘ ) (‘( {‘( (‘( (‘( (‘( (‘( l
T T T
3 3 s | | : 1 :
U 0 U )
v v S 2 | (S
o ! ' ALLBANKS ( : ' ALLBANKS ‘ ‘ ‘ ‘
T T e ﬁz@‘y e,
¢ ! . . ) =9 ) )
] ©OASITAHD T tas [tap | L tAs [tAH 1 1 1
(. \ (=== « (( (( (( (( |
7} UG B e e )
BTSN L. f f ! ! ! § |
T o N A L
& ! ! ! tRP | tMRD tMRD tRP " tRFC ' tRFC ‘ ‘
Power-up:
Vob and Load Extended Load Mode
CLK stable Mode Register Register

/] DON'T CARE

1. The two AUTO REFRESH commands at T9 and T19 may be applied before either LOAD MODE REGISTER (LMR) command.

2. PRE = PRECHARGE command, LMR = LOAD MODE REGISTER command, AR = AUTO REFRESH command, ACT = ACTIVE command, RA = Row Address,

BA =

Bank Address

3. Optional refresh command.
4. The Load Mode Register for both MR/EMR and 2 Auto Refresh commands can be in any order. However, all must occur prior to an Active command.
5. Device timing is -10 with 100MHz clock.

TIMING PARAMETERS

-8 -10
SYMBOL* MIN MAX MIN MAX | UNITS
tAH 1 1 ns
tAS 25 25 ns
tCH 3 3 ns
tcL 3 3 ns
tCK (3) 8 10 ns
tCK (2) 10 12 ns
tCK (1) 20 25 ns

*CAS latency indicated in parentheses.

-8 -10

SYMBOL* MIN | MAX | MIN | MAX | UNITS
tCKH 1 1 ns
tcKs 25 25 ns
tCMH 1 1 ns
tcms 25 25 ns
tMRD3 2 2 tcK
tRFC 80 100 ns
tRP 20 20 ns

256Mb: x16 Mobile SDRAM
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PRELIMINARY

. 256Mb: x16
Aicron

POWER-DOWN MODE '
T0 T1 T2 ( ( Tn+1 Tn+2
R G e I /////10 N N w I
| | tcﬁi ) )) :%J |
e 7 | XU W/}L (« N/ Y/

tcks | tckH

tcms | tcvH

COMMAND }kpREcHARGEW NOP >@< NOP >{// 4’(’/ / /j(/ % NOP >@< ACTIVE >@<:
. S T T
AO-A9, A1, A12 / // %y / / % ROW W /

| )7 ))
ALL BANKS (( (¢

w10 7% XU/ Y S,
SINGLE BANK )] ))
tAs | tAH y
il ((
o KB N o
High-Z ( (
)) ))
Two clock cycles Input buffers gated off while in
power-down mode
Precharge all J All banks idle, enterj ) 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.

TIMING PARAMETERS

-8 -10 -8 -10

SYMBOL* MIN MAX MIN MAX | UNITS SYMBOL* MIN MAX MIN MAX ([ UNITS
TAH 1 1 ns ek (1) 20 25 ns
tAS 25 25 ns tCKH 1 1 ns
tcH 3 3 ns tcKs 25 25 ns
tcL 3 3 ns tCMH 1 1 ns
tCK (3) 8 10 ns tcms 25 25 ns
K (2) 10 12 ns

*CAS latency indicated in parentheses.

MobileRamY26L_B.p65-Pub. 04/03
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PRELIMINARY
256Mb: x16

AaMcron MOBILE SDRAM

CLOCK SUSPEND MODE '
T0 T v T3 T4 5 T6 17 T8 T9
I S e e e e Y N N SR NP S AP G Y S Y S I S
sl | | | |
S /g A/ /G /G /A /N | U
teks | tekH
tClV_IS’ temH
COMMAND % READ >@< NOP >@< NOP W % NOP >@< NOP >@< NOP >@< WRITE W ﬂ NOP >@
tems [ temH
/N /3 /3
ST s e | | | | | |
A0-A9, A1, A12 %OLUMNMZW WCOLUMNEZW
AL
wolh | ) 7\
s | | | | | | |
BAO, BA1 x BANK % % BANK W
taC
toH tHz Ips | toH
o j@mmw X aae X N

DQ

DON'T CARE

1% UNDEFINED
NOTE: 1. For this example, the burst length = 2, the CAS latency = 3, and auto precharge is disabled.
2. x16: A9, A11 and A12 = “Don’t Care”
TIMING PARAMETERS
-8 -10 -8 -10
SYMBOL* MIN MAX MIN MAX | UNITS SYMBOL* MIN MAX MIN MAX [ UNITS
tAC (3) 7 7 ns tCKH 1 1 ns
tAC(2) 8 8 ns tcKs 25 25 ns
tAC (1) 19 2 ns tCMH 1 1 ns
tAH 1 1 ns tcms 25 25 ns
tAS 25 25 ns DH 1 1 ns
tCH 3 3 ns DS 25 25 ns
tcL 3 3 ns tHZ (3) 7 7 ns
tCK (3) 8 10 ns tHZ (2) 8 8 ns
tCK (2) 10 12 ns tHz (1) 19 2 ns
K (1) 20 > ns 1z 1 1 ns
tOH 25 25 ns
*CAS latency indicated in parentheses.
256Mb: x16 Mobile SORAM Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

256Mb: x16
MOBILE SDRAM

AUTO REFRESH MODE '
TO T1 T2 S Tn+1 S’ To+1
t
S S e S N s P e S Y B N S
‘ ‘ (( ((
CKE Jéﬁ{F.,<h;§QQ/ \QZQ/ \QZQ/ ’ ‘Q?/ XQ?/ // )) Y<§/ // YQ?/ //
teks | tckH
tEEYEL, tcmH ( (
COMMAND PRECHARGE NOP >@< R’QEJE%H NOP, () NOP >@< RQEJSH ////@ NOP >@< ACTIVE >@<:
) )
(( (
T T T
(( ((
AO-A9, AT1, A12 7 7 N ) NOIIK row X,
)) ))
ALLlBANKS ( (7 ( (y
T THL T WY,
SINGLE BANK )) )]
tas | taH

||
BAO, BA1 y BANK(S)

S

I

DV

>

DQ High-Z

tRP

tRFC

tRFC

((
))

Precharge all
active banks

NOTE:

TIMING PARAMETERS

-8 -10
SYMBOL* MIN MAX MIN MAX | UNITS
tAH 1 1 ns
tAS 25 25 ns
tCH 3 3 ns
tcL 3 3 ns
tCK (3) 8 10 ns
tCK (2) 10 12 ns

*CAS latency indicated in parentheses.

DON'T CARE

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

-8 -10
SYMBOL* MIN MAX | MIN MAX | UNITS
tCK (1) 20 25 ns
tCKH 1 ns
tcKs 25 25 ns
tCMH 1 1 ns
tcMs 25 25 ns
tRFC 80 100 ns
RP 20 20 ns

256Mb: x16 Mobile SDRAM
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PRELIMINARY

. 256Mb: x16
Ajﬂlcron MOBILE SDRAM

SELF REFRESH MODE

T0 T1 @ T2 «
c TtCKi TQHF SN /0 S D W S N S
(

tcks > tRAST

|
we | X | Un (( ’ Wg%{#

tcks | tekH teks

s | e

AUTO ()’ ()() AUTO
COMMAND y PRECHARGEW NOP >@< REFRESH / %< NOP g( W REFRESH >@<:
DQM/ )
DQML, DQMH /(y /)/

AO-A12 /

[ )] )
ALL BANKS | (( | (( |
Y )
A10
K Y A T /,
SINGLE BANK » 7
as | taH
~= > (( ((
BAO, BAT BANK(S) ,( % / % /
)) ))
High-z ( (
DQ )() ())
| trRp | | txsR2
Precharge all Enter self refresh mode? Exit self refresh mode3
active banks (Restart refresh time base) 7
CLK stable prior to exiting DON'T CARE

self refresh mode

NOTE: 1. No maximum time limit for Self Refresh mode. tRAS(MAX) applies to non-Self Refresh mode.

2. *XSR requires minimum of two clocks regardless of frequency and timing.

3. As a general rule, any time Self Refresh is exited, the DRAM may not re-enter the Self Refresh Mode until all rows
have been refreshed via the Auto Refresh command at the distributed refresh rate, ‘REF, or faster. However, the
following exception is allowed. Self Refresh mode may be re-entered any time after exiting, provided all of the
following conditions are met:

a. The DRAM had been in the Self Refresh Mode for a minimum of 64ms prior to exiting.

b. *XSR is not violated.

¢. At least two Auto Refresh commands are performed during each 7.81ps interval while the DRAM remains out of
Self Refresh mode.

TIMING PARAMETERS

-8 -10 -8 -10
SYMBOL* MIN MAX MIN MAX | UNITS SYMBOL* MIN MAX MIN MAX ([ UNITS
tAH 1 1 ns tCKH 1 1 ns
tAS 25 25 ns tcKs 25 25 ns
tCH 3 3 ns tCMH 1 1 ns
tcL 3 3 ns tcms 25 25 ns
tCK (3) 8 10 ns tRAS 48 120,000 50 120,000 ns
tCK (2) 10 12 ns RP 20 20 ns
tCK (1) 20 25 ns tXSR 80 100 ns

*CAS latency indicated in parentheses.

256Mb: x16 Mobile SORAM Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY
256Mb: x16

AaMcron MOBILE SDRAM

READ - WITHOUT AUTO PRECHARGE '

w  [ReEme— 1 L L L L
S A R R

tg\ﬁ.i tCvH

COMMAND X ACTIVE >@< NOP >@< READ >@< NOP >@< NOP >@< NOP >@<PRECHARGE>@< NOP >@< ACTIVE W /

thi iEMH
s S Y R
5 | an_ | | | | | | |
A0-A9, A11, A12 ak ROW W /Mcowww mZW &( oy W
iAi ‘AH ALL‘BANKS
o Wwow D T YT o
tas tAH DISABLE AUF’O PRECHARGE ‘ SINGLE BANK ‘ ‘
N T =Y 77 X ),
'Ne toH
DQ ‘E:Z» Dourmt-t:z
tRCD CAS Latency Rp
tRAS
TRC

DON'T CARE

B 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. x16: A9, A11 and A12 = “Don’t Care”

TIMING PARAMETERS

-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 25 25 ns
tAC (1) 19 22 ns tHZ (3) 7 7 ns
tAH 1 1 ns tHZ (2) 8 8 ns
tAS 25 25 ns tHZ (1) 19 22 ns
tCH 3 3 ns 1z 1 1 ns
tcL 3 3 ns toH 25 25 ns
tCK (3) 8 10 ns tRAS 48 120,000 50 120,000 ns
tCK (2) 10 12 ns tRC 80 100 ns
tCK (1) 20 25 ns tRCD 20 20 ns
tCKH 1 1 ns RP 20 20 ns
tcKs 25 25 ns

*CAS latency indicated in parentheses.

256Mb: x16 Mobile SORAM Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY
256Mb: x16

AaMcron MOBILE SDRAM

READ - WITH AUTO PRECHARGE '

tcks | tekH

||

I S e e e IND U N S D S AN S D G FY S

«e 7F | XU N R/ I/ AR /A /I /4
toms | tavH
COMMAND y ACTIVE W NOP >@< READ >@< NOP >@< NOP >@< NOP >@< NOP >@< NOP >@< ACTIVE W
‘ tcms | tcmH ‘ ‘ ‘
4NN
DQML, DQMU VRN 1 7 W
s | | | | | |
AQ-A9, A1, A12 y ROW % / %cowMNsz @( ROW W
tAS | tAH ENABLE AUTO PRECHARGE
w0 ) _non /4 N Y Y )Y
tAS | tAH
BAO, BA1 y BANK % WY Y
tAC ‘ tAC ‘ tAC ‘
tAC toH toH toH toH
£ ‘ tHz
tRCD CAS Latency tRP
tRAS
RC
DON'T CARE
X UNDEFINED
NOTE: 1. For this example, the burst length = 4, and the CAS latency = 2.
2. x16: A9, A11 and A12 ="Don’t Care.”
TIMING PARAMETERS
-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 25 25 ns
tAC (1) 19 22 ns tHZ (3) 7 7 ns
tAH 1 1 ns tHZ (2) 8 8 ns
tAS 25 25 ns tHZ (1) 19 22 ns
tCH 3 3 ns 1z 1 1 ns
tcL 3 3 ns toH 25 25 ns
tCK (3) 8 10 ns tRAS 48 120,000 50 120,000 ns
tCK (2) 10 12 ns tRC 80 70 ns
tCK (1) 20 25 ns tRCD 20 20 ns
tCKH 1 1 ns RP 20 20 ns
tcKs 25 25 ns
*CAS latency indicated in parentheses.
256Mb: x16 Mobile SORAM Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY
§ 256Mb: x16
Ajﬂlcron MOBILE SDRAM

SINGLE READ - WITHOUT AUTO PRECHARGE '

T0 T1 2 3 T4 T5 T6 7 T8
ac [ L L T
as e | | | | | | | |
“7 1. N/ R/ /4 N/ /A /A
Ms | tcMH
COMMAND % ACTIVE W NOP >@< READ >@< NOP2 >@< NOP 2 WRECHARGEW NoP >@< ACTIVE >@< Y
‘ tcms | temH ‘ ‘ ‘
DQM / 7 7 A"‘_’/
DQML, DQMU , > /
s | \ \ \ \
AO-A9, AT1,A12 ROW MCOLUMN m3W % ROW W
s | AH_ ALL BANKS
wo Km0\ | X T v N,
tAS‘ tAH DISABLE AUT’O PRECHARGE ‘ ‘ SINGLE BANKS ‘
BAO, BAT x‘:ANK % W Y, / MBALK(S) X /X_BANK X7,
*AC _fon
bQ ez fRegXpouTm
- tHz
RCD CAS Latency Rp
tRAS
Re

DON'T CARE

B3 unpEFINED

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

. PRECHARGE command not allowed else ‘RAS would be violated.

3. x16: A9, A11 and A12 ="Don’'t Care”

N

TIMING PARAMETERS

-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 ns tcms 25 25 ns
tAC (1) 19 2 ns tHZ (3) 7 7 ns
tAH 1 1 ns tHZ (2) 8 ns
tAS 25 25 ns tHZ (1) 19 2 ns
tCH 3 3 ns 1z 1 1 ns
L 3 3 ns toH 25 25 ns
tCK (3) 8 10 ns tRAS 48 [120000| 50 [120,000] ns
1CK (2) 10 12 ns RC 80 100 ns
tCK (1) 20 25 ns tRCD 20 20 ns
tCKH 1 1 ns RP 20 20 ns
tCKS 25 25 ns

*CAS latency indicated in parentheses.

256Mb: x16 Mobile SDRAM Micron Technology, Inc., reservesthe right to change products or specifications without notice.
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PRELIMINARY
§ 256Mb: x16
Ajﬂlcron MOBILE SDRAM

SINGLE READ - WITH AUTO PRECHARGE '

CLK . *tc % tCKA %YCLATCHf * ‘ * ‘ L ‘ * ‘ * ‘ L ‘
o | g | | o i )| | ) oy
fcms | temH

COMMAND y ACTIVE >@< NOP >@< NOP2 >@< NOP? >@< READ >@< NOP >@< NOP >@< ACTIVE >@< NOP W

s s | | |
DQM /
DQML, DQMU % /y
tAS‘ taAH ‘ ‘ ‘
poas, 411 7K v (7 o)) Y
jﬁ{ tAH ENABLE AUTO PRECHARGE
o K ron 71 9 Y
tas| taH ‘ ‘
BAO, BAT x BANK % Y, Y,
tAC
tOH
DQ Dout m
tRCD CAS Latency tHz
tRAS trRP
tRC
DON'T CARE
KX UNDEFINED
NOTE: 1. For this example, the burst length = 1, and the CAS latency = 2.
2. READ command not allowed else 'tRAS would be violated since AUTO PRECHARGE isenabled.
3. x16: A9, A11 and A12 = “Don’t Care”
TIMING PARAMETERS
-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 25 25 ns
tAC (1) 19 2 ns tHZ (3) 7 7 ns
TAH 1 1 ns tHZ (2) 8 8 ns
tAS 25 25 ns tHZ (1) 19 2 ns
tCH 3 3 ns Iz 1 1 ns
tcL 3 3 ns tOH 25 25 ns
tCK (3) 8 10 ns RAS 48 120,000 50 120,000 ns
K (2) 10 12 ns TRC 80 100 ns
tCK (1) 20 25 ns tRCD 20 20 ns
tCKH 1 1 ns RP 20 20 ns
tcKs 25 25 ns
*CAS latency indicated in parentheses.
256Mb: x16 Mobile SORAM Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY
§ 256Mb: x16
Ajﬂlcron MOBILE SDRAM

ALTERNATING BANK READ ACCESSES '

ac [ L

| | | | | | |
e
ke @ ) | o) | o) | o </ ) | oy
tcms | temH
COMMAND % ACTIVE W NOP >@< READ >@< NOP >@< ACTIVE >@< NOP >@< READ >@< NOP >@< ACTIVE W
| s e
DQML, DA DA A0 | 770 | 7700\ L7000 | L0 | A0 | L
s | | | | | | |
A0-A9, Al1, A12 X ROW o m)(///7) X _row N/ /X comn 62/ Y
:ﬁi tAH ENABLE AUL’O PRECHARGE ENABLE AUL'O PRECHARGE
aio o I S T U o
tAs| taH ‘
BAO, BA1 y}?—B’ANKO y / BANK 0 /// BANK 3 W // BANK 3 W / BANK 0 /
tAC tAC taC tacC taC
tac on | |on | |Ton |
DQ b:é ,:;:;:;:;:;:;:;’l Dour m /t"vt :ttt/ Doutrm +2 Doutr m + 3 Dout b
tRCD - BANK 0 CAS Latency - BANK 0 tRP - BANK 0 tRCD - BANK 0
tRAS - BANK 0
tRC- BANK 0 \
tRRD \ tRCD - BANK 1 CAS Latency - BANK 1
| |

/] DON'T CARE

% UNDEFINED
NOTE: 1. For this example, the burst length = 4, and the CAS latency = 2.
2. x16: A9, A11 and A12 = "Don't Care”
TIMING PARAMETERS
-8 -10 -8 -10
SYMBOL* MIN MAX MIN MAX | UNITS SYMBOL* MIN MAX MIN MAX ([ UNITS
tAC (3) 7 7 ns tcKs 25 25 ns
TAC(2) 8 8 ns tCMH 1 1 ns
TAC (1) 19 2 ns tcms 25 25 ns
tAH 1 1 ns L4 1 1 ns
tAS 25 25 ns toH 25 25 ns
tCH 3 3 ns tRAS 48 120,000 50 120,000 ns
L 3 3 ns tRC 80 100 ns
K (3) 8 10 ns tRCD 20 20 ns
K (2) 10 12 ns RP 20 20 ns
TCK (1) 20 25 ns tRRD 20 20 ns
tCKH 1 1 ns
*CAS latency indicated in parentheses.
256Mb: x16 Mobile SORAM Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY
256Mb: x16

MOBILE SDRAM

Adcron

READ - FULL-PAGE BURST'
0 T T2 3 T4 iE 6 ( T+l Tn+2 Tn+3 Tn+4
a gt L e b
] o "
S/ S/ N/ N/ N/ /N /I /N /4
tcmMs| tcmH «

COMMAND §< ACTIVE

tams | teMH
W | 4| (0 | 7\ |
A M ((
AO-A9, A1, A12 x ROW %COLUMN mZW 46/
BaIBLLE (
A10 )k ROW W /y
tAs | tAH )

BAO, BA1

tac | tac

'Ne ((

taC toH toH o’
(

mmm m Dour m+1 ouT m+2ﬁ)
))

512 (x16) locations within same row
1,024 (x8) locations within same row
2,048 (x4) locations within same row

tac | tac |
toH

toH toH
Dour m-1 Dout m Dour m+1j@

tHz

DQ

luz

tRCD CAS Latency

Full page completed J

DON'T CARE

R UNDEFINED

J

Full-page burst does not self-terminate.
Can use BURST TERMINATE command.

NOTE: 1. For this example, the CAS latency = 2.
2. x16: A9, A11 and A12 = “Don’t Care”

3. Page left open; no 'RP.

TIMING PARAMETERS

*CAS latency indicated in parentheses.

-8 -10 -8 -10
SYMBOL* MIN MAX MIN MAX | UNITS SYMBOL* MIN MAX MIN MAX | UNITS
tAC (3) 7 7 ns CKH 1 1 ns
TAC (2) 8 8 ns tcKs 25 25 ns
tAC (1) 19 2 ns tCMH 1 1 ns
tAH 1 1 ns tcms 25 25 ns
tAS 25 25 ns tHZ (3) 7 7 ns
tCH 3 3 ns HZ (2) 8 8 ns
tcL 3 3 ns tHz (1) 19 2 ns
tCK (3) 8 10 ns Iz 1 1 ns
K (2) 10 12 ns tOH 25 25 ns
tCK (1) 20 25 ns tRCD 20 20 ns

256Mb: x16 Mobile SDRAM
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PRELIMINARY

256Mb: x16
MOBILE SDRAM

READ - DQM OPERATION '

Adcron

QK%QW%“T e i i e B e ) e B e B

7 | | | | | | |
conmano K acrve WX wor weno WX wor YK wor YK _wer YK wor XK wor YK wor Y
w250 TR T \Vm 1, 7

%OLUMN mZW
[

jéSJ tAH ENABLE AUTO PRECHARGE ‘ \ ‘ ‘ ‘ ‘
A0 %t RO\iv W/ DISABLE AUTO PRECHARGE // M / /
AS | tAH | ‘ \ ‘ ‘

Y

tac
tac m\ tac || toH toH
DQ Doutr m J{@ Dout m + 2 Doutr m + 3 j@i
iz t t t
<= HZ 17 ‘ ‘ HZ
<< e L
ReD CAS Latency
DON'T CARE
@ UNDEFINED
NOTE: 1. For this example, the burst length = 4, and the CAS latency = 2.
2. x16: A9, A11 and A12 = “Don’t Care”
TIMING PARAMETERS
-8 -10 -8 -10

SYMBOL* MIN MAX MIN MAX | UNITS SYMBOL* MIN MAX MIN MAX | UNITS
tAC (3) 7 7 ns tCKH 1 1 ns
tAC (2) 8 8 ns teKs 25 25 ns
tAC (1) 19 2 ns tCMH 1 1 ns
tAH 1 1 ns tcMs 25 25 ns
tAS 25 25 ns tHZ (3) 7 7 ns
tCH 3 3 ns tHZ (2) 8 8 ns
tcL 3 3 ns tHz (1) 19 2 ns
tCK (3) 8 10 ns Ytz 1 1 ns
tCK (2) 10 12 ns tOH 25 25 ns
tCK (1) 20 25 ns tRCD 20 20 ns

*CAS latency indicated in parentheses.

256Mb: x16 Mobile SDRAM

MobileRamY26L_B.p65—-Pub. 04/03

52

Micron Technology, Inc., reserves the right to change products or specifications without notice.

©2003 Micron Technology, Inc. All rights reserved.




PRELIMINARY
256Mb: x16

AaMcron MOBILE SDRAM

WRITE - WITHOUT AUTO PRECHARGE '

T0 « T i« T2 T3 T4 T5 T6 T7 T8 T9
T e e s S=vee INE S NNV SN NN SR P SN Y S A S NV U
sl | | | | | | | |
« LX) ) | | o | g |
s | ow
COMMAND §< ACTIVE W NOP >@< WRITE >@< NOP >@< NOP >@< NOP >@< NOP >@<PRECHARGE>@< NOP >@< ACTIVE W
tCMS, jclvn-l
570 | 70 | A7\ £
AO-A9, AT1, A12 ROW W %COLUMNmZW @( ROW W
fﬁiﬂ ALJBANKS
a0 K row W 7N /, 74 Y/ K wow X
DISABLE AUTO PRECHARGE SINGLE BANK
S| | |
BAO, BA1§< BANK % ﬁ( BANK W ﬁ( BANK W @( BANK W
s | toH ‘tDS H fs| 'bH ts| oH

DQ % DiNm WDmmHj@k D|Nm+2>@k0mm+3%

tReD ‘ ‘ tywrl tRp
| |

RAS

RC

DON'T CARE

NOTE: 1. For this example, the burst length = 4, and the WRITE burst is followed by a “manual” PRECHARGE.
2. x16: A9, A11 and A12 = “Don’t Care”
3. 14nsto 15nsis required between <Din m> and the PRECHARGE command, regardless of frequency.

TIMING PARAMETERS

-8 -10 -8 -10
SYMBOL* MAX | MIN MAX | UNITS SYMBOL* MIN MAX | MIN MAX | UNITS
tAH 1 1 ns tCMH 1 1 ns
tAS 25 25 ns tcms 25 25 ns
tCH 3 3 ns DH 1 1 ns
tcL 3 3 ns DS 25 25 ns
tCK (3) 8 10 ns RAS 48 120,000 50 120,000 ns
tCK (2) 10 12 ns RC 80 100 ns
tCcK (1) 20 25 ns tRCD 20 20 ns
tCKH 1 1 ns RP 20 20 ns
tcKs 25 25 ns “WR 15 15 ns
*CAS latency indicated in parentheses.
256Mb: x16 Mobile SDRAM Micron Technology, Inc., reservesthe right to change products or specificationswithout notice.
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PRELIMINARY
256Mb: x16

AaMcron MOBILE SDRAM

WRITE - WITH AUTO PRECHARGE '

T0 T T2 T3 T4 15 T6 T7 T8 T9
w e e Sy U e S A U U Y
sl | | | | | | | | |
« T o | ) ) ') o ol an
s | it
COMMAND )k ACTIVE >@< NOP >@< WRITE >@< NOP >@< NOP >@< NOP >@< NOP >@< NOP >@< NOP >@< ACTIVE W
tc'\fi iclvm
DQML, D%QMNLIJ/ % /525532%\ /;ZZZZ%)\ //’;ZZZ%X /
tAs| taH
A0-A9, A11, A12 Xﬁow % /XCOLUM”’"ZW % ROW W
I

tAH ENABLE AUTO PRECHARGE ‘ ‘

BAO, BA1 y BANK % BANK W

ps | toH tps | toH s | toH s | toH

1
DQ ﬁk DINm >@k0mm+1j®< D|Nm+2>@k Dmm+3>w

RCD \ \ 'WR 'RP
RAS ‘ ‘
RC

S
S

X
S

DON'T CARE

NOTE: 1. For this example, the burst length = 4.
2. x16: A9, A11 and A12 = “Don’'t Care”

TIMING PARAMETERS

-8 -10 -8 -10
SYMBOL* MIN MAX MIN MAX | UNITS SYMBOL* MIN MAX MIN MAX | UNITS
TAH 1 1 ns tcms 25 25 ns
tAS 25 25 ns DH 1 1 ns
tcH 3 3 ns DS 25 25 ns
tcL 3 3 ns RAS 48 120,000 50 120,000 ns
tCK (3) 8 10 ns TRC 80 100 ns
K (2) 10 12 ns tRCD 20 20 ns
tcK (1) 20 25 ns RP 20 20 ns
tCKH 1 1 ns WR 1CLK + 1CLK + -
tcKs 25 25 ns 7ns 5ns
tCMH 1 1 ns

*CAS latency indicated in parentheses.

256Mb: x16 Mobile SORAM Micron Technology, Inc., reserves the right to change products or specifications without notice.
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§ 256Mb: x16
Ajﬂlcron MOBILE SDRAM

SINGLE WRITE - WITHOUT AUTO PRECHARGE '

TO - T1 - T2 T3 T4 T5 T6 T7 T8
I U e e e a=ves SN W NN W Y W N S NP SR N S
ks | foKH | | | | | | | |
« 7| | | ) e | o ca) | cadd  c) | a)
fams | temH
COMMAND X ACTIVE >@< NOP >@< WRITE >@< NOP2 >@< NOP2 >@<PRECHARGE>@< NOP >@< ACTIVE >@< NOP W
thi tCMH
oom Sy Y /W
jﬁ tAH
A0-A9, A11 % ROW. @(cowwm m3W
fﬁs, AH ALLLANKS
N t DISABLE AUTO PRECHARGE SINGLE BANK
st | |
BAO, BA1 y BANK % &( BANK W &( BANK W &( BANK W
E bH
DQ % DINm W
RCD \ twe 4 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.

. PRECHARGE command not allowed else tRAS would be violated.

. x16: A9, A11 and A12 = “Don’t Care”

. 14nsto 15nsis required between <Din m> and the PRECHARGE command, regardless of frequency. With a single write

“WR has been increased to meet minimum *RAS requirement.

A WN -

TIMING PARAMETERS

-8 -10 -8 -10
SYMBOL* MIN MAX [ MIN MAX | UNITS SYMBOL* MIN MAX | MIN MAX | UNITS
tAH 1 1 ns tCMH 1 1 ns
tAS 25 25 ns tcms 25 25 ns
tCH 3 3 ns DH 1 1 ns
L 3 3 ns DS 25 25 ns
tCK (3) 8 10 ns RAS 48 120,000 50 120,000 ns
tCK (2) 10 12 ns RC 80 100 ns
tCcK (1) 20 25 ns tRCD 20 20 ns
tCKH 1 1 ns RP 20 20 ns
tcKs 25 25 ns “WR 15 15 ns
*CAS latency indicated in parentheses.
256Mb: x16 Mobile SORAM Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY
§ 256Mb: x16
Ajﬂlcron MOBILE SDRAM

SINGLE WRITE - WITH AUTO PRECHARGE '

T0 m T2 3 T4 T5 6 7 8 9
I S e e S I S Y S D S D G Y S Y S S S
sl | | | | | | | | |
“ 7 K/ N/ O/ /4 N4 N4
fems | fem
COMMAND y ACTIVE W NoP2 >@< NoP2 >@< NOP2 >@< WRITE >@< NOP >@< NOP >@< NOP >@< ACTIVE >@< NOP W
tCIL/IL | femH
DQML, D%QMNU % y
tAs | taH ‘
AO-A9, A11, A12 ?[_;OW % %COLUMNMW M ROW W
I

tas| taH ENABLE AUTO PRECHARGE ‘ ‘

ato W row % /4 Y, X row X7/
X

S

tas | tAH ‘
a0, 81 )X sank Y, X o Y
tbs | toH
DQ ﬂk DINm %
tReD ‘ R4 RP
tRAS ‘
RC

DON'T CARE

NOTE: 1. For this example, the burst length = 1.
2. WRITE command not allowed else tRAS would be violated.
3. x16: A9, A11 and A12 = “Don’t Care”
4. Requires one clock plus time (5ns to 7ns) with auto precharge or 14ns to 15ns with PRECHARGE.

TIMING PARAMETERS

-8 -10 -8 -10
SYMBOL* MIN MAX MIN MAX | UNITS SYMBOL* MIN MAX MIN MAX ([ UNITS
tAH 1 1 ns tcms 25 25 ns
tAS 25 25 ns DH 1 1 ns
tCH 3 3 ns DS 25 25 ns
tcL 3 3 ns tRAS 48 120,000 50 120,000 ns
tCK (3) 8 10 ns tRC 80 100 ns
tCK (2) 10 12 ns tRCD 20 20 ns
tCcK (1) 20 25 ns RP 20 20 ns
tCKH 1 1 ns WR 1CLK + 1CLK + -
tcKs 25 25 ns 7ns 5ns
tCMH 1 1 ns

*CAS latency indicated in parentheses.
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PRELIMINARY

. 256Mb: x16
(L"}lcron MOBILE SDRAM
ALTERNATING BANK WRITE ACCESSES '

T0 T T2 T3 T4 T5 T6 T7 T8 T9

R e e e v A0 W END S NS S D S N S D G A S

teks | tekH

w T S|l | |y
vs | tomu

COMMAND bk ACTIVE NOP WRITE >@< NOP >@< ACTIVE >@< NOP >@< WRITE >@< NOP >@< NOP >@< ACTIVE M

tems | temH
DML, DOMU 7 11 A1 N 1 N N N I
s | | | | | | |
AO-A9,A11,A1ZX ROW % %COLUMNMW % ROW W WCOLUMNb3W % ROW W
Ias | tad ENABLEAU‘TOPRECHARGE ENABLEAJTO PRECHARGE
wio W row W7 7 NERY \% X 3w Y
jéS» tAH ‘ ‘

BAO, BA1 BANKO)/ A BANK 0 / BANK 1 W BANK 1 W % BANK 0

s | DH tbs | tH tbs | bH tbs | tH tbs | toH bs| bH s |®H tbs | tbH

DQ ﬁk DINm WDle+1WDle+ZWDlnm+3W DiN b j@kD|Nb+1>@[<Dmb+2>@< DINb+3M

T
RCD - BANK 0 ‘ ‘ YWR - BANK 0 RP - BANK 0 RCD - BANK 0
| |
tRAS - BANK 0
tRC - BANK 0 |
tRRD \ tRCD - BANK 1 TR - BANK 1

DON'T CARE

NOTE: 1. For this example, the burst length = 4.
2. Requires one clock plus time (5ns or 7ns) with auto precharge or 14ns to 15ns with PRECHARGE.
3. x16: A9, A11 and A12 = “Don’t Care”

TIMING PARAMETERS

-8 -10 -8 -10

SYMBOL* MIN MAX | MIN MAX | UNITS SYMBOL* MIN MAX | MIN MAX | UNITS
tAH 1 1 ns tcms 25 25 ns
tAS 25 25 ns DH 1 1 ns
tCH 3 3 ns DS 25 25 ns
tcL 3 3 ns tRAS 48 120,000 50 120,000 ns
tCK (3) 8 10 ns RC 80 100 ns
tCK (2) 10 12 ns RCD 20 20 ns
tcK (1) 20 25 ns RP 20 20 ns
tCKH 1 1 ns RRD 20 20 ns
tCKS 25 25 ns WR 1CLK + 1CLK + -
tCMH 1 1 ns 7ns 5ns

*CAS latency indicated in parentheses.

256Mb: x16 Mobile SDRAM Micron Technology, Inc., reservesthe right to change products or specificationswithout notice.
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PRELIMINARY
256Mb: x16

MOBILE SDRAM

WRITE - FULL-PAGE BURST
T0 T 7 3 T4 TS Tl Tn+2 Tn+3
ac [ 'S D U e S N S
K | JKH ( ‘
“7 th N/ A/ N/ A/ /AN //// N/
oAl (

COMMAND

||
y< ACTIVE j@<

NOP >@<BURST TERM>@< NOP

tcms | tCMH
A A )
DQML, DQMH A\ ())
tAs | tAH
A0-A9, A11, A12 )k ROW % /)comnm'X//) Y,
))
fas| taH «
)s
A10 y ROW %/
)7
tAs | taH "
50,581 W _sak_ ) R, W
))
s | OH s | DH s | DH s | DH " s | DH
)
DQ ﬁk DINm WDINM+1W D|Nm+Zj@k DiNm+3 @kDmmJW
| | ) | I
tRcD
Full-page burst does
512 (x16) locations within same row not self-terminate.
1,024 (x8) locations within same row Can use BURST TERMINATE
2,048 (x4) locations within same row | command to stop.? 3
J
Full page completed DON'T CARE
NOTE: 1. x16: A9, A11and A12 ="Don’t Care”

2. '"WR must be satisfied prior to PRECHARGE command.
3. Page left open; no RP.

TIMING PARAMETERS

-8 -10
SYMBOL* MIN MAX MIN MAX | UNITS
tAH 1 1 ns
tAS 25 25 ns
tcH 3 3 ns
tcL 3 3 ns
tCK (3) 8 10 ns
K (2) 10 12 ns
tCK (1) 20 25 ns

*CAS latency indicated in parentheses.

-8 -10
SYMBOL* MIN MAX MIN MAX | UNITS
tCKH 1 1 ns
tcKs 25 25 ns
tCMH 1 1 ns
tcms 25 25 ns
DH 1 1 ns
DS 25 25 ns
RCD 20 20 ns

256Mb: x16 Mobile SDRAM
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PRELIMINARY

. 256Mb: x16
Ajﬂlcron MOBILE SDRAM

WRITE - DQM OPERATION '

T0 T1 T2 3 T4 T5 T6 7
w [l T
sl | | | | | | |
/N N/ N /I A /A W /I
tems | temH
COMMANDX ACTIVE W NOP >@< WRITE >@< NOP >@< NOP >@< NOP >@< NOP >@< NOP W
s [ |
DQML, DDQQMNLIJ/ % /l/ Wﬁ)x m
tAs | tAH
AO-A9, A1, A12 ?k«;;vr» % ///¥coLumn m2 )/
:AS» <tA—H> ENABLE AU'I'O PRECHARGE
at0 X Row % K X/
tas| taH DISABLE AUTO PRECHARGE
3A0,BAT W BANK ) % /X BIANK W
Ds | DH bs| toH s | H
o o W oo s
! RCD !

DON'T CARE

NOTE: 1. For this example, the burst length = 4.
2. x16: A9, A11 and A12 ="Don't Care”

TIMING PARAMETERS

-8 -10 -8 -10
SYMBOL* MIN MAX MIN MAX | UNITS SYMBOL* MIN MAX MIN MAX | UNITS
tAH 1 1 ns tCKH 1 1 ns
tAS 25 25 ns tcKs 25 25 ns
tCH 3 3 ns tCMH 1 1 ns
tcL 3 3 ns tcms 25 25 ns
tCK (3) 8 10 ns tDH 1 1 ns
tCK (2) 10 12 ns DS 25 25 ns
tCK (1) 20 25 ns tRCD 20 20 ns

*CAS latency indicated in parentheses.
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256Mb: x16

(pﬂlcron“ MOBILE SDRAM

54-PIN PLASTICTSOP (400 mil)

SEE DETAIL A
- .71
- .10 (2X)
4 " Y
f g
2.80 B
11.86
? 11.66 x
PIN #1 ID X 1024
10.08
¢ I
w
.18
B — | -—
1.00 (2X) ' 25
y
GAUGE PLANE

¢ a1l ¢
ST A AT T AT AN A TR TR TR N AN ANANANANANANANANANS) .05 s | -

10
40
1.2 MAX

DETAILA

NOTE: 1. All dimensions in millimeters or typical where noted.

2. Package width and length do not include mold protrusion; allowable mold protrusion is 0.25mm per side.

256Mb: x16 Mobile SDRAM Micron Technology, Inc,, reserves the right to change products or specifications without notice.
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. 256Mb: x16
Ajﬂlcron MOBILE SDRAM

VFBGA “FG"” PACKAGE
54-pin, 8mm x 14mm

0.700 £0.075

—

* I 1 *
SEATING PLANE == ~ﬁ = ]
0.155 +0.013 j
(6 4
—— é‘f: 0.05 1.00 MAX
54X 20.35 —=—| |=—o0s0TYP —— —— BALLA1ID
SOLDER BALL DIAMETER T
REFERS TO POST REFLOW = Q\ 4
CONDITION. THE PRE- BALL A1ID
REFLOW DIAMETER IS @ 0.33 \\ ‘
BALL A9—| | | —BALL A1
N | /
Fooe| | oo *
| -
S T A A ¥ T
D DD | D S D
D DD : RN
6.40 - BP{-1- P D & --- 14.00x0.10
cee| | |ooo
3.20+0.05 | © & & | D DD
o0 | | |06
reee | 1 1888 | 7404005
|
|
|
|
|
g | i
H>‘ 3.20 +0.05 TLf
—=—1 4.00£0.05 |-—=— MOLD COMPOUND: EPOXY NOVOLAC
—~— 800010 — = SUBSTRATE: PLASTIC LAMINATE

SOLDER BALL MATERIAL: EUTECTIC 63% Sn, 37% Pb or
62% Sn, 36% Pb, 2%Ag
SOLDER BALL PAD: @ .27mm

(Bottom View)

NOTE: 1. All dimensions are in millimeters.

Data Sheet Designation

Preliminary: This data sheet contains initial charac-
terization limits that are subject to change upon full
characterization of production devices.

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 CommentLine: 800-932-4992
Micron, the M logo, and the Micron logo are trademarks and/or service marks of Micron Technology, Inc.
All other trademarks are the property of their respective owners.
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