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Mcron Features

Mobile DDR SDRAM
MT46H8M16LF —2 Meg x 16 x 4 Banks

For the latest data sheet, refer to Micron’s Web site: www.micron.com

Features Figure 1:  60-Ball VFBGA Assignment
* VDD/VDDQ =+1.8V+0.1V (Top View)
* Bidirectional data strobe per byte of data (DQS)

* Internal, pipelined double data rate (DDR) ! Z 3 s s 8T8
architecture; two data accesses per clock cycle A OO0 OO0 0O0O0O0OO0OO
* Differential clock inputs (CKand CK#) Vs DQ15 Vs VvooQ  DQO Voo
* Commands entered on each positive CKedge B O O O O O
* DQSedge-aligned with data for READs; center- VCDD)Q [83 Py O O O i \S
aligned with data for WRITEs © VsQ DQi1 DAt DQ3  DQ4 VODQ
* Fourinternal banks for concurrent operation D O O O O O )
* Data masks (DM) for masking write data—one mask . VCDD)Q 8 pare O O O o b T
per byte VsQ UDQS DQ8 DQ7 LDQS VoDQ
* Programmable burst lengths: 2,4, or 8 F O O O O O O O
» Concurrent auto precharge option is supported Ve UDMNe NG DM Voo
* Auto refresh and self refresh modes G gg %() OC,(; O O O e c% H%
* 1.8VLVCMOS-compatible inputs H OO0 OO 00000
* On-chip temperature sensor to control refresh rate A9 A1l NG C  BAD  BA1
* Partial array self refresh (PASR) J 9 9 9 O O O AQ\P go) 9
* Selectable output drive (DS) K
* Clock stop capability C\/Q Ad gs) © 00 A2 A3 Q
. . Notes:1.D9 should be connected to Vssor VsQ in
Options Marking normal operations.
* VDD/VDDQ Table 1: Configuration Addressing
* 1.8V/1.8V H
* Configuration Architecture 8 Meg x 16
* 8Megx 16 (2 Meg x 16 x 4 banks) 8M16 Configuration 2Meg x 16 x 4
L 0Bl VEBGA (ead CF Refresh count e
o (lead-free) Row addressing 4K (AO-A11)
8mm x 10mm .
« Timing - cycle time Bank addressing 4 (BAO, BA1)
e 7.5ns @CL=3 -75 Column addressing 512K (A0-A8)
* 10ns @CL=3 -10
* Operating temperature range Table 2:  Key Timing Parameters
¢ Commercial (0°to +70°C) None
* Industrial (-40°C to +85°C) IT Speed Clock Rate Access Time
Grade CL=2 CL=3 CL=2 CL=3
-75 83 MHz 133 MHz 6.5ns 6.0ns
-10 67 MHz 104 MHz 7.0ns 7.0ns
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]

Table 3: 128Mb Mobile DDR SDRAM Part Numbers

Part Number Configuration 1/0 Drive Level Temperature Option
MT46H8M 16LFCF-75 8 Meg x 16 Programmable drive 0°Cto +70°C
MT46H8M 16LFCF-75IT 8 Meg x 16 Programmable drive -40°Cto +85°C
MT46H8M 16LFCF-10 8 Meg x 16 Programmable drive 0°Cto +70°C
MT46H8M 16LFCF-101T 8 Meg x 16 Programmable drive -40°Cto +85°C

FBGA Part Marking Decoder

Due to space limitations, FBGA-packaged components have an abbreviated part
marking that is different from the part number. Micron’s new FBGA Part Marking
Decoder makes it easier to understand this part marking. Visit the Web site at
www.micron.com/decoder.

General Description

The 128Mb Mobile DDR SDRAM is a high-speed CMOS, dynamic random-access
memory containing 134,271,728 bits. It is internally configured as a quad-bank DRAM.
Each ofthe 33,554,432-bit banks is organized as 4,096 rows by 512 columns by 16 bits.

The 128Mb Mobile DDR SDRAM uses a double data rate architecture to achieve high-
speed operation. The double data rate architecture is essentially a 2n-prefetch architec-
ture with an interface designed to transfer two data words per clock cycle at the I/ O
balls. Asingle read or write access for the 128Mb DDR SDRAM effectively consists of a
single 2n-bit wide, one-clock-cycle data transfer at the internal DRAM core and two
corresponding n-bit wide, one-half-clock-cycle data transfers at the I/ O balls.

Abidirectional data strobe (DQS) is transmitted externally, along with data, for use in
data capture at the receiver. DQS is a strobe transmitted by the Mobile DDR SDRAM
during READs and by the memory controller during WRITEs. DQS is edge-aligned with
data for READs and center-aligned with data for WRITEs. The x16 offering has two data
strobes, one for the lower byte and one for the upper byte.

The 128Mb Mobile DDR SDRAM operates from a differential clock (CKand CK#); the
crossing of CK going HIGH and CK# going LOW will be referred to as the positive edge of
CK. Commands (address and control signals) are registered at every positive edge of CK.
Input data is registered on both edges of DQS, and output data is referenced to both
edges of DQS, as well as to both edges of CK.

Read and write accesses to the Mobile DDR SDRAM are burst oriented; accesses start at
a selected location and continue for a programmed number of locations in a
programmed sequence. Accesses begin with the registration of an ACTIVE command,
which is then followed by a READ or WRITE command. The address bits registered coin-
cident with the ACTIVE command are used to select the bank and row to be accessed.
The address bits registered coincident with the READ or WRITE command are used to
select the bank and the starting column location for the burst access.

The Mobile DDR SDRAM provides for programmable READ or WRITE burst lengths of 2,
4, or 8. An auto precharge function may be enabled to provide a self-timed row
precharge that is initiated at the end of the burst access.

As with standard SDR SDRAMs, the pipelined, multibank architecture of Mobile DDR
SDRAMs allows for concurrent operation, thereby providing high effective bandwidth by
hiding row precharge and activation time.
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Notes:

128Mb: 8 Meg x 16 Mobile DDR SDRAM
General Description

An auto-refresh mode is provided, along with a power saving power-down mode. Self

refresh mode offers temperature compensation through an on-chip temperature sensor

and partial array self refresh, which allow users to achieve additional power saving. The
temperature sensor is enabled by default and the partial array self refresh can be
programmed through the extended mode register.

1. Throughout the data sheet, the various figures and text refer to DQs as “DQ.” The DQ
term is to be interpreted as any and all DQ collectively, unless specifically stated oth-
erwise. Additionally, the x16 is divided into two bytes—the lower byte and upper byte.
For the lower byte (DQ0O-DQ7) DM refers to LDM and DQS refers to LDQS; and for the
upper byte (DQ8-DQ15) DM refers to UDM and DQS refers to UDQS.

2. Complete functionality is described throughout the document and any page or dia-
gram may have been simplified to convey a topic and may not be inclusive of all
requirements.

3. Any specific requirement takes precedence over a general statement.

Figure 2: Functional Block Diagram (8 Meg x 16)
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Ball Description

Table 4: 60-Ball VFBGA Ball Description
Ball Numbers Symbol Type Description

G2, G3 CK, CK# Input | Clock: CKisthe system clock input. CK and CK# are differential clock inputs.
All address and control input signalsare sampled on the crossing of the
positive edge of CK and negative edge of CK#. Input and output data is
referenced to the crossing of CK and CK# (both directions of the crossing).

G CKE Input | Clock enable: CKE HIGH activates and CKE LOW deactivatesthe internal
clock signals, input buffers, and output drivers. Taking CKE LOW allows
PRECHARGE power-down and SELF REFRESH operations (all banksidle), or
ACTIVE power-down (row active in any bank). CKEis synchronousfor all
functions expect SELF REFRESH exit. All input buffers (except CKE) are
disabled during power-down and self refresh modes.

H7 CSH Input | Chip select: CS# enables (registered LOW) and disables (registered HIGH) the
command decoder. All commands are masked when CS# isregistered HIGH.
CS# providesfor external bank selection on systemswith multiple banks. CS#
isconsidered part of the command code.

G9, G8, G7 RAS#, CAS#, | Input |Command inputs: RAS#, CASH, and WE# (along with CS#) define the
WE# command being entered.

F2, F8 UDM, LDM Input | Input data mask: DM isan input mask signal for write data. Input data is
masked when DM is sampled HIGH along with that input data during a
WRITE access. DM issampled on both edges of DQS. Although DM balls are
input-only, the DM loading isdesigned to match that of DQ and DQSballs.
For the x16, LDM is DM for DQ0-DQ7 and UDM is DM for DQ8-DQ15.

H8, H9 BAO, BA1 Input | Bank addressinputs: BAO and BA1 define to which bank an ACTIVE, READ,
WRITE, or PRECHARGE command isbeing applied. BAO and BA1 also
determine which mode register (standard mode register or extended mode
register) isloaded during a LOAD MODE REGISTER command.

48, 9, K7, K8, K2, AO0-A11 Input | Addressinputs: Provide the row addressfor ACTIVE commands, and the
K8, J1, &2, B3, J7, column addressand auto precharge bit (A10) for READ or WRITEcommands,

H1, H2 to select one location out of the memory array in the respective bank.
During a PRECHARGE command, A10 determineswhether the PRECHARGE
appliesto one bank (A10 LOW, bank selected by BAO, BA1) or all banks (A10
HIGH). The addressinputsalso provide the op-code during a LOAD MODE
REGISTER command.

A8, B7, B8, C7, C8, | DQO-DQ15 I/O Data input/output: Data busfor x16.
D7, D8, E7 E3, D2,
D3, C2, C3, B2, B3,

A2

E2, E7 uDQS LDQS I/0 Data strobe: Output with read data, input with write data. DQSisedge-

aligned with read data, centered in write data. It isused to capture data.
A7,B1, C9, D1, E9 VopQ Supply | DQ power supply.
A3, B9, C1, E1 VsQ Supply |DQ ground: Isolated on the die for improved noise immunity.
A9, F9, K9 VDD Supply |Power supply.
A1, F1, K1 Vss Supply |Ground.
F3, F7, H3 NC Input | No connect. These pinsshould be left unconnected.
D9 TEST Input | Test pin: Must be tied to Vssor VsSQ in normal operations.

PDF: 09005aef8199c1ec/Source: 09005aef81a19319

MT46H8M16LF_1.fm - Rev. K 7/07 EN

Micron Technology, Inc., reservesthe right to change products or specificationswithout notice.
7 ©2004 Micron Technology, Inc. All rights reserved.




© 128Mb: 8 Meg x 16 Mobile DDR SDRAM
Mcron Functional Description
R ——

Functional Description

The 128Mb Mobile DDR SDRAM is a high-speed CMOS, dynamic random-access
memory containing 134,271,728-bits. It is internally configured as a quad-bank DRAM.
Each ofthe 33,554,432-bit banks is organized as 4,096 rows by 512 columns by 16 bits.

The 128Mb Mobile DDR SDRAM uses a double data rate architecture to achieve high-
speed operation. The double data rate architecture is essentially a 2n-prefetch architec-
ture, with an interface designed to transfer two data words per clock cycle at the I/ O
balls. single read or write access for the 128Mb Mobile DDR SDRAM consists of a single
2n-bit wide, one-clock-cycle data transfer at the internal DRAM core and two corre-
sponding n-bit wide, one-half-clock-cycle data transfers at the I/O balls.

Read and write accesses to the Mobile DDR SDRAM are burst oriented; accesses start at
a selected location and continue for a programmed number oflocations in a
programmed sequence. Accesses begin with the registration of an ACTIVE command,
which is then followed by a READ or WRITE command. The address bits registered coin-
cident with the ACTIVE command are used to select the bank and row to be accessed
(BAO, BAl select the bank; AO-Al1 select the row). The address bits registered coincident
with the READ or WRITE command are used to select the starting column location for
the burst access.

It should be noted that the DLL that is typically used on standard DDR devices is not
necessary on the Mobile DDR SDRAM. It has been omitted to save power.

Prior to normal operation, the Mobile DDR SDRAM must be initialized. The following
sections provide detailed information covering device initialization, register definition,
command descriptions and device operation.

Initialization

Mobile DDR SDRAMs must be powered up and initialized in a predefined manner. Oper-
ational procedures other than those specified may result in undefined operation.

If there is an interruption to the device power, the initialization routine should be
followed to ensure proper functionality of the Mobile DDR SDRAM.

To properly initialize the Mobile DDR SDRAM, the following sequence must be followed:

1. Itisrecommended the core power (VDD) and I/ O power (VDDQ) be from the same
power source and brought up simultaneously. If separate power sources are used, VDD
must lead VDDQ.

2. Once power supply voltages are stable and the CKE has been driven HIGH, it is safe to
apply the clock.

3. Once the clock is stable, a 200us minimum delay is required by the Mobile DDR
SDRAM prior to applying an executable command. During this time, NOP or DESE-
LECT commands must be issued on the command bus.

4. Issue a PRECHARGE ALL command.

. Issue NOP or DESELECT commands for at least 'RP time.

6. Issue an AUTO REFRESH command followed by NOP or DESELECT commands for at
least 'RFC time. Issue a second AUTO REFRESH command followed by NOP or DESE-
LECT commands for at least 'RFC time. As part of the individualization sequence, two
AUTO REFRESH commands must be issued. Typically, both of these commands are
issued at this stage as described above. Alternately, the second AUTO-REFRESH com -
mand and NOP or DESELECT sequence can be issued after step 10.

9
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Register Definition

7. Using the LOAD MODE REGISTER command, load the standard mode register as
desired.

8. Issue NOP or DESELECT commands for at least ‘MRD time.

9. Using the LOAD MODE REGISTER command, load the extended mode register to the
desired operating modes. Note that the sequence in which the standard and extended
mode registers are programmed is not critical.

10. Issue NOP or DESELECT commands for at least '"MRD time.

The Mobile DDR SDRAM has been properly initialized and is ready to receive any valid
command.

Register Definition

Mode Registers

The mode registers are used to define the specific mode of operation of the Mobile DDR
SDRAM. There are two mode registers used to specify the operational characteristics of
the device. The standard mode register, which exists for all SDRAM devices, and the
extended mode register, which is exists on all Mobile SDRAM devices.

Standard Mode Register

The standard mode register definition includes the selection of a burst length, a burst
type, a CAS latency and an operating mode, as shown in Figure 3 on page 10. The stan-
dard mode register is programmed via the LOAD MODE REGISTER command (with BAO
=0and BAl =0) and will retain the stored information until it is programmed again.

Reprogramming the standard mode register will not alter the contents of the memory,
provided it is performed correctly. The 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 the subsequent operation. Violating either of these requirements will result in
unspecified operation.

Mode register bits AO—A2 specify the burst length, A3 specifies the type of burst (sequen-
tial or interleaved), A4—A6 specify the CAS latency, and A7-Al1 specify the operating
mode.

Note: Standard refers to meeting JEDEC-standard mode register definitions.

Burst Length

Read and write accesses to the Mobile DDR SDRAM are burst oriented, with the burst
length being programmable, as shown in Figure 3 on page 10. The burst length deter-
mines the maximum number of column locations that can be accessed for a given READ
or WRITE command. Burst lengths of 2, 4, or 8 are available for both the sequential and
the interleaved burst types.

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

When a READ or WRITE command is issued, a block of columns equal to the burst
length is effectively selected. All accesses for that burst take place within this block,
meaning that the burst will wrap until a boundary is reached. The block is uniquely
selected by Al1-Ai when BL=2, by A2-Ai when BL=4, by A3—-Ai when BL =8 (where Ai is
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Burst Type

READ Latency

128Mb: 8 Meg x 16 Mobile DDR SDRAM
Register Definition
]

the most significant column address bit for a given configuration). The remaining (least
significant) address bit(s) is (are) used to select the starting location within the block.
The programmed burst length applies to both READ and WRITE bursts.

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

The ordering of accesses within a burst is determined by the burst length, the burst type
and the starting column address. See Table 5 on page 11 for more information.

The READ latency is the delay, in clock cycles, between the registration of a READ
command and the availability of the first bit of output data. The latency can be set to 2 or
3 clocks, as shown in Figure 3 on page 10.

For CL=3, ifthe READ command is registered at clock edge n, then the data willnomi-
nally be available at (n + 2 clocks +'AC). For CL=2, ifthe READ command is registered at
clock edge n, then the data will be nominally be available at (n + 1 clock + 'AC).

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

Figure 3: Standard Mode Register Definition

BA1 BAO A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

RN R R R R

M13 M12 M11 M10 M9 M8 M7 M6 M5 M4 M3 M2 M1 MO
13/12/11/10/9/8/7/6/5/4/3/2/1 oﬂMode

Should be ‘ 0]0 ‘ Operating Mode ‘ CAS Latency‘ BT‘ Burst Length Register
programmed
to “0” to ensure
compatibility with
future devices. Y Y
M13|M12 | Mode Register Definintion Burst Length
0 0 | Base Mode Register M2M1MO| M3=0 M3 =1
0 O O | Reserved | Reserved
0 0 1 2 2
0 10 4 4
Y 0 1 1 8 8
M11[M10| M9 | M8 [ M7 Operating Mode 1 0 0 | Reserved | Reserved
0| 0] 0] 0] 0| Valid | Normal Operation 1 0 1 | Reserved | Reserved
-l =1 -1-1- - All other statesreserved 1 1 0| Reserved | Reserved
v 1 1 1 | Reserved | Reserved
M6 M5 M4 CAS Latency
0 0 O Reserved l
0 0 1 Reserved M3 Burst Type
0 1 0 2 0 Sequential
0 1 1 3 1 Interleaved
1. 0 0 Reserved
1. 0 1 Reserved
11 0 Reserved
1.1 1 Reserved
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Table 5: Burst Definition

Order of Accesses Within a Burst
Burst Starting
Length Column Address Type = Sequential Type = Interleaved
2 AO
0 0-1 0-1
1 1-0 1-0
4 A1 A0
0 0 0-1-2-3 0-1-2-3
0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
8 A2 A1 A0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0

Figure 4: CAS Latency

CK
K
commann X reno WJ/77X nor >@< NOP ////////////
1dock | tAC' ] | | 1
=2 ] | | ]
DQs /N A 1 W

o R ) ) )
T2 T2n T3 T3n

fome e 1 A< ‘ _____ 4'_
command  7) renp >@< W ///////

: 2 clock taC ¢

CL=3

Das T, N/

DQ < D<’),ur >’V E(iu1T> f
TRANSITIONING DATA DON'T CARE

Notes: 1. BL=4inthe casesshown.
2. Shown with nominal tAC and nominal 'DSDQ.
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Operating Mode

The normal operating mode is selected by issuing a LOAD MODE REGISTER SET
command with bits A7-Al 1 each set to zero, and bits AO—A6 set to the desired values.

All other combinations of values for A7-Al1 are reserved for future use and/or test
modes. Test modes and reserved states should not be used because unknown operation
or incompatibility with future versions may result.

Extended Mode Register

The extended mode register controls functions specific to low power operation. These
additional functions include drive strength, temperature compensated self refresh, and
partial array self refresh.

Temperature Compensated Self Refresh

On this version of the Mobile DDR SDRAM, a temperature sensor is implemented for
automatic control of the self refresh oscillator on the device. Programming of the
temperature compensated self refresh (TCSR) bits will have no effect on the device. The
self refresh oscillator will continue refresh at the factory programmed optimal rate for
the device temperature.

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 as follows:

e Fullarray: banks 0, 1,2, and 3

* Halfarray:banks Oand 1

* Quarter array: bank 0

WRITE and READ commands 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.

Output Driver Strength

Because the Mobile DDR SDRAM is designed for use in smaller systems that are mostly
point to point, an option to control the drive strength of the output buffers is available.
Drive strength should be selected based on the expected loading of the memory bus. Bits
AS and A6 of the extended mode register can be used to select the driver strength of the
DQ outputs. There are three allowable settings for the output drivers (25 ohm internal
impedance, 55 ohm internalimpedance, and 80 ohm internal impedance).
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Figure 5: Extended Mode Register

BA1 BAO A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

ERRRRREERRR R

E13 E12 E11 E10 E9 E8 E/ E6 E5 E4 E3 E2 Ei EO
13/12/11/10/9/8/7/6/5/4/3/2/1/0/ ExtendedMode

1] 0] setto0 | bs | TcsR | PAsR Register
\ \
E13 | E12 | Mode Register Definintion E6 | E5 | Driver Strength
0 | 0 | FullStrength Driver
0 | 1 | Half Strength Driver
1 | 0 |Bxtended Mode Register 1 | 0 | Quarter Strength Driver
1 | 1 | Reserved
\ \

E11|E10| E9 | E8 | E7 | E6—EO | Operating Mode

m
m
g

Partial Array Self Refresh Coverage

E2
00| 0| 0] 0| Valid | Normal Operation 0 | 0 | 0 |Full Array (All Banks)
R I R R - All other statesreserved 0| 0 | 1 [Half Array (BA1=0)
0 1 0 | Quarter Array (BA1 =BA0 =0)
0] 1 1 | Reserved
11 0| O | Reserved
1 0 | 1 | Reserved
1 1 0 | Reserved
1 1 1 | Reserved

Notes: 1. On-chip temperature sensor isused in place of TCSR. Setting these bitswill have no effect.

Stopping the External Clock

One method of controlling the power efficiency in applications is to throttle the clock
which controls the SDRAM. There are two basic ways to control the clock:

1. Change the clock frequency.

2. Stop the clock.

Both of these are specific to the application and its requirements and both allow power
savings due to possible less transitions on the clock path.

The Mobile DDR SDRAM allows the clock to change frequency during operation, only if
all the timing parameters are met with respect to that change and all refresh require-
ments are satisfied.

The clock can also be stopped if there are no data accesses in progress, either WRITEs or
READs that would be affected by this change. If a WRITE or a READ is in progress the
entire data burst must be complete prior to stopping the clock.

For READs, a burst completion is defined when the read postamble is satisfied; for
WRITEs, a burst completion is defined when the write postamble and '"WR or "WTR are
satisfied. CKE must be held HIGH with CK=LOW and CK# = HIGH for the full duration
ofthe clock stop mode. One clock cycle and at least one NOP is required after the clock is
restarted before a valid command can be issued. Figure 6 on page 14 illustrates the clock
stop mode.
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Figure 6: Clock Stop Mode

COMMAND

Notes: 1.

Address

DQ, DQs

CK#
CK

CKE

I
All DRAM activitiesmust be completed

Exit clock stop mode Enter clock stop mode*

DON'T CARE

Prior to Tal, the device isin clock stop mode. To exit, at least one NOP isrequired before
any valid command.

Any valid command isallowed, device isnot in clock suspend mode.

Any DRAM operation already in process must be completed before entering clock stop
mode. ThisincludesRCD, 'RP, RFC, IMRD, 'WR, all data-out for READ bursts.

. To enter and maintain a clock stop mode: CK = LOW, CK# = HIGH, CKE = HIGH.
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Commands
Table 6 and Table 7 provide quick references of available commands. This is followed by
a written description of each command. Three additional Truth Tables (Table 8 on
page 42, Table 9 on page 43, and Table 10 on page 45) provide CKE commands and
current/next state information.
Table 6: Truth Table - Commands
Note 1 appliesto all commands; All states and sequences not shown are reserved and/or illegal.
Name (Function) CSit RAS# CAS#t WE# ADDR Notes
DESELECT (NOP) H X X X X 9
NO OPERATION (NOP) L H H H X 9
ACTIVE (select bank and activate row) L L H H Bank/Row 3
READ (Select bank and column, and start READ burst) L H L H Bank/Col 4
WRITE (Select bank and column, and start WRITE burst) L H L L Bank/Col 4
BURST TERM INATE L H H L X 8
PRECHARGE (deactivate row in bank or banks) L L H L Code 5
AUTO REFRESH (refresh all or single bank) L L L H X 6,7
or SELF REFRESH (enter self refresh mode)
LOAD MODE REGISTER (standard or extended mode L L L L Op-Code 2
registers)
Notes: 1. CKEisHIGH for all commands shown except SELF REFRESH.
2. BAO-BA1 select either the standard mode register or the extended mode register
(BAO = 0, BA1 =0 select the standard mode register; BAO = 1, BA1 = 0 select extended mode
register; other combinations of BAO-BA1 are reserved). AO-A11 provide the op-code to be
written to the selected mode register.
3. BAO-BA1 provide bank addressand A0-A11 provide row address.
4. BAO-BA1 provide bank address; AO-A8 provide column address; A10 HIGH enablesthe auto
precharge feature (nonpersistent), and A10 LOW disablesthe auto precharge feature.
5. A10 LOW: BA0O-BA1 determine which bank is precharged.
A10 HIGH: all banks are precharged and BAO-BA1 are “Don’t Care.”
6. Thiscommand is AUTO REFRESH if CKE is HIGH, SELF REFRESH if CKE is LOW.
7. Internal refresh counter controlsrow addressing; all inputsand I/Osare “"Don’t Care” except
for CKE
8. Appliesonly to READ burstswith auto precharge disabled; thiscommand isundefined (and
should not be used) for READ burstswith auto precharge enabled and for WRITE bursts.
9. DESELECT and NOP are functionally interchangeable.
Table 7: Truth Table — DM Operation

Name (Function) DM DQ
Write enable L Valid
Write inhibit H X

Note:

Used to mask write data; provided coincident with corresponding data.
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DESELECT

The DESELECT function (CS# HIGH) prevents new commands from being executed by
the Mobile DDR SDRAM. The Mobile DDR SDRAM is effectively deselected. Operations
already in progress are not affected.

NO OPERATION (NOP)

The NO OPERATION (NOP) command is used to instruct the selected DDR SDRAM to
perform a NOP (CS# = LOW, RAS# = CAS# = WE# = HIGH). This prevents unwanted
commands from being registered during idle or wait states. Operations already in
progress are not affected.

LOAD MODE REGISTER

The mode registers are loaded via inputs AO-Al1l. See mode register descriptions in
“Register Definition” on page 9. The LOAD MODE REGISTER command can only be
issued when all banks are idle, and a subsequent executable command cannot be issued
until '"MRD is met.

ACTIVE

The ACTIVE command is used to open (or activate) a row in a particular bank for a
subsequent access. The value on the BAQ, BAI inputs selects the bank, and the address
provided on inputs AO-Al1 selects the row. This row remains active (or open) for
accesses untila PRECHARGE command is issued to that bank. APRECHARGE
command must be issued before opening 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 AO—AS8 selects
the starting column location. The value on input Al10 determines whether or not auto
precharge is used. Ifauto 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.

WRITE

The WRITE command is used to initiate a burst write access to an active row. The value
on the BAO, BAl inputs selects the bank, and the address provided on inputs A0-Ai
(where i = 8 for x16) selects the starting column location. The value on input Al0 deter-
mines whether or not auto precharge is used. Ifauto precharge is selected, the row being
accessed will be precharged at the end of the WRITE burst;ifauto precharge is not
selected, the row willremain open for subsequent accesses. Input data appearing on the
DQs is written to the memory array subject to the DM input logic level appearing coinci-
dent with the data. Ifa given DM signal is registered LOW, the corresponding data will be
written to memory;if the DM 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. Except in the case of
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concurrent auto precharge, where a READ or WRITE command to a different bank is
allowed as long as it does not interrupt the data transfer in the current bank and does
not violate any other timing parameters. 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, BAI select the bank. Otherwise BAO, BAl are treated as “Don’t Care.” Once a bank
has been precharged, it is in the idle state and must be activated prior to any READ or
WRITE commands being issued to that bank. APRECHARGE command will be treated
as a NOP ifthere is no open row in that bank (idle state), or if the previously open row is
already in the process of precharging.

Auto Precharge

Auto precharge is a feature which performs the same individual-bank precharge func-
tion described above, but without requiring an explicit command. This is accomplished
by using A10 to enable auto precharge in conjunction with a specific READ or WRITE
command. Aprecharge of the bank/row that is addressed with the READ or WRITE
command is automatically performed upon completion of the READ or WRITE burst.
Auto precharge is nonpersistent in that it is either enabled or disabled for each indi-
vidual READ or WRITE command. This device supports concurrent auto precharge ifthe
command to the other bank does not interrupt the data transfer to the current bank.

Auto precharge ensures that the precharge is initiated at the earliest valid stage within a
burst. This “earliest valid stage” is determined as if an explicit PRECHARGE command
was issued at the earliest possible time, without violating 'RAS (MIN), as described for
each burst type in “Operations” on page 19. The user must not issue another command
to the same bank until the precharge time (‘RP) is completed.

BURST TERMINATE

The BURST TERMINATE command is used to truncate READ bursts (with auto
precharge disabled). The most recently registered READ command prior to the BURST
TERMINATE command will be truncated, as shown in “Operations” on page 19. The
open page which the READ burst was terminated from remains open.

AUTO REFRESH

AUTO REFRESH is used during normal operation of the Mobile DDR SDRAM and is
analogous to CAS#-BEFORE-RAS# (CBR) REFRESH in FPM/EDO DRAMs. This
command is nonpersistent, so it must be issued each time a refresh is required.

The addressing is generated by the internal refresh controller. This makes the address
bits a “Don’t Care” during an AUTO REFRESH command. The 128Mb Mobile DDR
SDRAM requires AUTO REFRESH cycles at an average interval of 15.625us (maximum).

To allow for improved efficiency in scheduling and switching between tasks, some flexi-
bility in the absolute refresh interval is provided.

Although not a JEDEC requirement, to provide for future functionality features, CKE
must be active (HIGH) during the auto refresh period. The auto refresh period begins
when the AUTO REFRESH command is registered and ends 'RFC later.
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The SELF REFRESH command can be used to retain data in the Mobile DDR SDRAM,
even if the rest ofthe system is powered down. When in the selfrefresh mode, the Mobile
DDR SDRAM retains data without external clocking. The SELF REFRESH command is
initiated like an AUTO REFRESH command except CKE is disabled (LOW). Allcommand
and address input signals except CKE are “Don’t Care” during SELF REFRESH.

During SELF REFRESH, the device is refreshed as identified in the external mode register
(see PASR setting).

The procedure for exiting SELF REFRESH requires a sequence of commands. First, CK
must be stable prior to CKE going back HIGH. Once CKE is HIGH, the Mobile DDR
SDRAM must have NOP commands issued for 'XSR is required for the completion ofany
internal refresh in progress.
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Bank/row Activation

Before any READ or WRITE commands can be issued to a bank within the Mobile DDR
SDRAM, a row in that bank must be “opened.” This is accomplished via the ACTIVE
command, which selects both the bank and the row to be activated, as shown in

Figure 7.

After a row is opened with 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 specification of 20ns with a 133 MHz clock (7.5ns period)
results in 2.7 clocks rounded to 3. This is reflected in Figure 8 on page 20,which covers
any case where 2 <'RCD (MIN)/ 'CK < 3. (Figure 8 also shows the same case for 'RCD; the
same procedure is used to convert other specification limits from time units to clock
cycles.)

Asubsequent ACTIVE command to a different row in the same bank can only be issued
after the previous active row has been “closed” (precharged). The minimum time
interval between successive ACTIVE commands to the same bank is defined by 'RC.

Asubsequent ACTIVE command to another bank can be issued while the first bank is
beingaccessed, which results in a reduction of totalrow-access overhead. The minimum
time interval between successive ACTIVE commands to different banks is defined by

t

RRD.

Figure 7:  Activating a Specific Row in a Specific Bank

RAS# N/
CAS# W
WE# W

AO-A11 /><:RA:>W
BAO, BAT /)@(/

RA = Row Address
BA = Bank Address

DON'T CARE
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Figure 8: Example: Meeting 'RCD (*RRD) MIN When 2 < 'RCD (*RRD) MIN/{CK <3

TO T1 T2 T3 T4 T5 T6 T7

CK#
CK

RRD RcD

//| DON'T CARE

READs

READ bursts are initiated with a READ command, as shown in Figure 9 on page 21.

The starting column and bank addresses are provided with the READ command and

auto precharge is either enabled or disabled for that burst access. Ifauto precharge is
enabled, the row being accessed is precharged at the completion of the burst. For the
READ commands used in the following illustrations, auto precharge is disabled.

During READ bursts, the valid data-out element from the starting column address will
be available following the CAS latency after the READ command. Each subsequent data-
out element will be valid nominally at the next positive or negative clock edge (i.e., at the
next crossing of CKand CK#). Figure 10 on page 22 shows general timing for each
possible CAS latency setting. DQS is driven by the Mobile DDR SDRAM along with
output data. The initial LOW state on DQS is known as the read preamble; the LOW state
coincident with the last data-out element is known as the read postamble.

Upon completion of a burst,assuming no other commands have been initiated, the DQs
will go High-Z. Adetailed explanation of 'DQSQ (valid data-out skew), '\QH (data-out
window hold), the valid data window are depicted in Figure 31 on page 55. Adetailed
explanation of 'DQSCK (DQS transition skew to CK) and 'AC (data-out transition skew to
CK) is depicted in Figure 32 on page 56.

Data from any READ burst may be concatenated with or truncated with data from a
subsequent READ command. In either case, a continuous flow of data can be main-
tained. The first data element from the new burst follows either the last element ofa
completed burst or the last desired data element ofa longer burst which is being trun-
cated. The new READ command should be issued x cycles after the first READ
command, where x equals the number of desired data element pairs (pairs are required
by the 2n-prefetch architecture). This is shown in Figure 11 on page 23.

AREAD command can be initiated on any clock cycle following a previous READ
command. Nonconsecutive read data is shown for illustration in Figure 12 on page 24.
Full-speed random read accesses within a page (or pages) can be performed, as shown
in Figure 13 on page 25.
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Figure 9: READ Command
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EN AP = Enable Auto Precharge
DIS AP = Disable Auto Precharge
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Figure 10: READ Burst
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Notes: 1. DouT n =data-out from column n.
2. BL=4.
3. Shown with nominal 'AC, 'DQSCK, and 'DQQ.
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Figure 11: Consecutive READ Bursts

COMMAND
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DON'T CARE TRANSITIONING DATA

Notes: 1. DoUT n (or b) = data-out from column n (or column b).
2. BL=4inthe casesshown (appliesfor burstsof 8 aswell; if BL = 2, the BST command shown
can be a NOP).
3. Shown with nominal 'AC, tDQSCK, and 'DQQ.
4. Thisexample represents consecutive READ commandsissued to the device.
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Figure 12: Nonconsecutive READ Bursts

ADDRESS

COMMAND % READ W NOP W N5P W READ >@< NOP W NOP W NOP
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COMMAND % READ >@< NOP >@< NOP >@< READ >@< NOP >@< NOP >@< NOP
I , I )
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N
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m DON'T CARE TRANSITIONING DATA

Notes: 1. DoUT n (or b) = data-out from column n (or column b).
2. BL=4inthe casesshown (appliesfor burstsof 8 aswell; if BL = 2, the BST command shown
can be a NOP).
3. Shown with nominal 'AC, 'DQSCK, and 'DQSQ.
4. Thisexample represents nonconsecutive READ commandsissued to the device.
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Figure 13: Random READ Accesses

Notes:

Truncated READs

Note:
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Bank, Bank, Bank, Bank,
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L= 3‘ ‘ ‘ 1
bas T - F N\ N\ S
DQ ‘ < DgUT> DOUT><DOUT> DOUT <DOUT <DOUT>K

DON'T CARE . TRANSITIONING DATA

1. DouTn (or x, b, g) = data-out from column n (or column x, column b, column g).

2. BL=4inthe casesshown (appliesfor burstsof 8 aswell; if BL = 2, the BST command shown
can be a NOP).

3. READsare to an active row in any bank.

4. Shown with nominal 'AC, 'DQSCK, and 'DQSQ.

Data from any READ burst may be truncated with a BURST TERMINATE command, as
shown in Figure 14 on page 26. The burst terminate latency is equal to the READ (CAS)
latency,i.e.,the BURST TERMINATE command should be issued x cycles after the READ
command, where x equals the number of desired data element pairs (pairs are required
by the 2n-prefetch architecture).

Data from any READ burst must be completed or truncated before a subsequent WRITE
command can be issued. If truncation is necessary, the BURST TERMINATE command
must be used, as shown in Figure 15 on page 27. The 'DQSS (MIN) case is shown; the
'DQSS (MAX) case has a longer bus idle time. (‘DQSS [MIN] and 'DQSS [MAX] are
defined in the section on WRITEs.)

AREAD burst may be followed by, or truncated with, a PRECHARGE command to the
same bank provided that auto precharge was not activated. The PRECHARGE command
should be issued x cycles after the READ command, where x equals the number of
desired data element pairs (pairs are required by the n-prefetch architecture). This is
shown in Figure 16 on page 28. Following the PRECHARGE command, a subsequent
command to the same bank cannot be issued until 'RP is met.

Part of the row precharge time is hidden during the access of the last data elements.
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Operations

Figure 14: Terminating a READ Burst

COMMAND % REIAD >@< B;T‘ >@< NOP >@< NOP >@< NOP >@< NOP >@
wooress )X DU LD LD T T L D T

DQs /N
DQ < DOL‘IT >V DO:J;I’>W‘

S

CK#
CcK
COMMAND

ADDRESS

DQs

oo YTy

DON'T CARE TRANSITIONING DATA

Notes: 1. DOUT n = data-out from column n.

2. Only valid for BL=4 and BL = 8.

3. Shown with nominal 'AC, 'DQSCK, and 'DQIQ.

4. BST = BURST TERMINATE command; page remainsopen.
5

. CKE = HIGH.
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Figure 15: READ-to-WRITE

1
COMMAND % FEAD >@< ese X)X o >@< WR|TE>@< >@< NP Y/
wooress I W ST
a- 2 ‘ ‘ ] (NOM)
pas ‘ ‘ ‘ N\ 1% ] Vi : 7/_\_/_\_
oo L S N »/<<D'~> BE 36 )

ADDRESS%E W /)@(/ W W%%TEWW

‘ CL 3 ] ‘ ‘ ‘ (NOM) ]
oas T ?;z 3 ?/y 7/ S
pQ T SN 23“;>><// /><<°'“> 2

V/A DON'T CARE TRANSTIONING DATA

Notes: 1. DoOUT n = data-out from column n.
2. DIN b =data-in from column b.
3. BL=4inthe casesshown (appliesfor burstsof 8 aswell; if BL = 2, the BST command shown
can be a NOP).
4. Shown with nominal 'AC, 'DQSCK, and 'DQSQ.
5. BST = BURST TERMINATE command; page remains open.
6. CKE = HIGH.
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READ-to-PRECHARGE

Figure 16:

Notes:

128Mb: 8 Meg x 16 Mobile DDR SDRAM
Operations

oK
coMmANDs /X READ W W Fre W W
aooress ) BTN =0 W BN
Tala ‘ R ] | ] l 1
| ‘ ) |
Das /N NN/
| L ! _ ‘ : X I
00 I ]
Ten T3 Tan ™

.....

oo Y XN TN NN

wooress /) BN/ Zi IR T B8
' ' ' ‘ " RP. ' ' i '
Loees. T T T 1

Das /N A ] ] A

ba (DG 2‘1°;>< T

m DON'T CARE TRANSITIONING DATA

DouT n = data-out from column n.

BL =4 or an interrupted burst of 8.

Shown with nominal 'tAC, 'DQSCK, and 'DQSQ.

READ-to-PRECHARGE equals 2 clocks, which allows 2 data pairs of data-out.

A READ command with auto precharge enabled, provided 'RAS(MIN) ismet, would cause a
precharge to be performed at x number of clock cyclesafter the READ command, where x =
BL/2.

PRE = PRECHARGE command; ACT = ACTIVE command.
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® 128Mb: 8 Meg x 16 Mobile DDR SDRAM
Mcron Operations

WRITEs
WRITE bursts are initiated with a WRITE command, as shown in Figure 17 on page 30.

The starting column and bank addresses are provided with the WRITE command, and
auto precharge is either enabled or disabled for that access. Ifauto precharge is enabled,
the row being accessed is precharged at the completion of the burst. For the WRITE
commands used in the following illustrations, auto precharge is disabled.

During WRITE bursts, the first valid data-in element will be registered on the first rising
edge of DQS following the WRITE command, and subsequent data elements will be
registered on successive edges of DQS. The LOW state on DQS between the WRITE
command and the first rising edge is known as the write preamble; the LOW state on
DQS following the last data-in element is known as the write postamble.

The time between the WRITE command and the first corresponding rising edge of DQS
(‘DQSS) is specified with a relatively wide range (from 75 percent to 125 percent of one
clock cycle). All of the WRITE diagrams show the nominal case, and where the two
extreme cases (i.e., 'DQSS [MIN] and 'DQSS [MAX]) mightnotbe intuitive, they have also
been included. Figure 18 on page 31 shows the nominal case and the extremes of 'DQSS
for a burst of 4. Upon completion ofa burst, assuming no other commands have been
initiated, the DQs will remain High-Z and any additional input data will be ignored.

Data for any WRITE burst may be concatenated with or truncated with a subsequent
WRITE command. In either case, a continuous flow of input data can be maintained.
The new WRITE command can be issued on any positive edge of clock following the
previous WRITE command. The first data element from the new burst is applied after
either the last element of a completed burst or the last desired data element of a longer
burst which is being truncated. The new WRITE command should be issued x cycles
after the first WRITE command, where x equals the number of desired data element
pairs (pairs are required by the 2n-prefetch architecture).

Figure 19 on page 32 shows concatenated bursts of 4. An example of nonconsecutive
WRITE:s is shown in Figure 20 on page 32. Full-speed random write accesses within a
page or pages can be performed, as shown in Figure 21 on page 33.

Data for any WRITE burst may be followed by a subsequent READ command. To follow a
WRITE without truncating the WRITE burst, 'WTR should be met, as shown in Figure 22
on page 34.

Data for any WRITE burst may be truncated by a subsequent READ command, as shown
in Figure 23 on page 35. Note that only the data-in pairs that are registered prior to the
'WTR period are written to the internal array, and any subsequent data-in should be
masked with DM, as shown in Figure 24 on page 36.

Data for any WRITE burst may be followed by a subsequent PRECHARGE command. To
follow a WRITE without truncating the WRITE burst, 'WR should be met, as shown in
Figure 25 on page 37.

Data for any WRITE burst may be truncated by a subsequent PRECHARGE command, as
shown in Figure 26 on page 38 and Figure 27 on page 39. Note that only the data-in pairs
that are registered prior to the "WR period are written to the internal array, and any
subsequent data-in should be masked with DM, as shown in Figure 26 on page 38 and
Figure 27 on page 39. After the PRECHARGE command, a subsequent command to the
same bank cannot be issued until 'RP is met.
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® 128Mb: 8 Meg x 16 Mobile DDR SDRAM
(pﬁlcron Operations

Figure 17: WRITE Command

AO-A8 //////////

A10
DIS AP

|
BAO,1 ////n/////

///) DON'T CARE

Note: DISAP = Disable Auto Precharge
EN AP = Enable Auto Precharge
BA = Bank Address
CA = Column Address
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Figure 18: WRITE Burst

COMMAND MTEW NO //// ////

' tDQSS (NOM) R
DQS % ,DQSS |

oa VBB IBE Y

I tDQSS (MIN) - | : | ‘
Das DOSS |/ Ve /

1
tDQSS (MAX) j ‘ ‘ \ ‘ \ :
DQs e tDass’ ‘ ‘

i ﬁ{’.@) Lor <D'”> <b+3>>(/

DON'T CARE TRANSITIONING DATA

Notes: 1. DIN b =data-in for column b.
2. An uninterrupted burst of 4 isshown.
3. A10isLOW with the WRITE command (auto precharge isdisabled).
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® 128Mb: 8 Meg x 16 Mobile DDR SDRAM
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Figure 19: Consecutive WRITE-to-WRITE

COMMAND % WRITE>@< NOP >@< WRITE>@< NOP >@< NOP >@< NOP >@
Bank, 7 Bank,
tDQSS (NOM) tDQSS ! : ] ! ‘ ‘ ‘ ‘ ‘

DQS A : y

~y

DQ ‘M‘(DL”>ﬁ-‘3i-<51”,>‘?}f.Dl”z>'?ﬁ5v-'?<51”3>-fxi-<DLN}};?Z(5’1”,}'?'-‘}'(31”2)?}‘ o

DM

7 DON'T CARE TRANSITIONING DATA
/]

Notes: 1. DIN b (n) = data-in for column b (n).
2. Anuninterrupted burst of 4 isshown.
3. Each WRITEcommand may be to any bank.

Figure 20: Nonconsecutive WRITE-to-WRITE

TO T Tin T2 T2n T3 T4 T4n 5 T5n

commann 7 ware )J//)X_ woe Y/X woe WX ware YK woe YK woe X))
N G I S I,
e b
wLololamml el el o)

DON'T CARE TRANSITIONING DATA
Notes: 1. DIN b (n) = data-in for column b (n).

2. Anuninterrupted burst of 4 isshown.
3. Each WRITE command may be to any bank.

tDQSS (NOM) tDQSS

DOs /N

HIHIINSS

o TN

D

[9]
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® 128Mb: 8 Meg x 16 Mobile DDR SDRAM
(pﬁlcron Operations

Figure 21: Random WRITE Cycles

COMMAND % WRITE W WRITE W WRITE W WRITE W WRITE >@< NOP @
Bank, Bank, Bank, Bank, Bank,
wooress )X B X)X BN B XU B DD

tDQSS (NOM) ‘

DQS A ¥ \ ¥ Y N ¥ e 7__\.\_

00 X T

o W\J@\_J@\M@\_J@\_J@\_ AN/
DON'T CARE TRANSITIONING DATA

Notes: 1. DIN b (or x, n, a, g) = data-in for column b (or x, n, q, g)
2. b' (orx n, a, g) =the next data-in following DIN b (x, n, a, g), according to the programmed
burst order.
3. Programmed BL = 2, 4, or 8 in cases shown.
4. Each WRITEcommand may be to any bank.
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Figure 22: WRITE-to-READ - Uninterrupting

ADDFRESS %B@?F:W W W WE&”WW IRIITTTIT,
tDQSS (NOM) | IDQSS,
s A3-ﬁﬁj_j/ | Dof N\
pa WYSEIRETR IR | KD

I | | - - - —————— - ————— - - I ] o - - 1
i tDQSS (MIN) tDQSS! ! ‘ ' ‘ ' ‘ 'CL=2" ‘ : '
! | | | | ! ! 1

| oos RS | NS
! X | i
i DQ i
! 1
1 1
' DM :
1

1 1

_______________

tDQSS (MAX) | 'DQSS' ‘

DQS A : :

| o %WMA

M<°°“*> Doy

DON'T CARE TRANSITIONING DATA

1. DIN b =data-in for column b; DoOUT n = data-out for column n.

2. Anuninterrupted burst of 4 isshown.

3. "WTRisreferenced from the first positive CK edge after the last data-in pair.

4. The READ and WRITE commands are to same device. However, the READ and WRITE com-
mands may be to different devices, in which case 'WTRisnot required and the READ com-
mand could be applied earlier.

5. A10isLOW with the WRITEcommand (auto precharge isdisabled).

Notes:
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. 128Mb: 8 Meg x 16 Mobile DDR SDRAM
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Figure 23: WRITE-to-READ - Interrupting

CK#
coma 7 WHTEW >@< ) >@< >@< >@< X/M
| ]
weoves NI DT T T D T D T T
{wassow | oass | N D -

b Y SEVE Y, KETEEDR

w7\ JD

R I R PR oIl P P S
i tDQSS (MIN) tDQSS ' j 1 \  CL=3, ‘ ‘ | | !
;Do ; $ £ /N SN
{ Do Y, o
! i
! |

tDQSS (MAX) | tDQSS j

Q 7 = I\ 7_\__/

bQ LY /%<°°“ D;i“fX

________________________________________________________________________________________________

V/A DON'T CARE TRANSITIONING DATA

Notes: 1. DIN b =data-in for column b; DOUT n = data-out for column n.

2. Aninterrupted burst of 4 isshown; two data elementsare written.

3. 'WTRisreferenced from the first positive CK edge after the last data-in pair.
4. A10isLOW with the WRITEcommand (auto precharge isdisabled).

5. DQSisrequired at T2 and T2n (nominal case) to register DM.

6

. If the burst of 8 wasused, DM and DQSwould be required at T3 and T3n because the READ
command would not mask these two data elements.
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. 128Mb: 8 Meg x 16 Mobile DDR SDRAM
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Figure 24: WRITE-to-READ — Odd Number of Data, Interrupting

CK#
comaanp 7 WR.TEW >@< N = >@< >@< >@< W
| am ]
wooress )X D TV T T T T T T T T
Coassow | oass | FE = e s

Das /N S N R \ TN 7ﬁ\_J

_____________________________________________________________________________________________

tDQSS (MIN) tDQSS

| tDQSS (MAX) 'bass j ] | .
Y/ iy B g RV, ]

V DON'T CARE TRANSITIONING DATA
/]

Notes: 1. DIN b =data-in for column b; DOUT n = data-out for column n.

2. Aninterrupted burst of 4 isshown; one data element iswritten, three are masked.

3. 'WTRisreferenced from the first positive CK edge after the last data-in pair.

4. A10isLOW with the WRITEcommand (auto precharge isdisabled).

5. DQSisrequired at T2 and T2n (nominal case) to register DM.

6. If the burst of 8 wasused, DM and DQSwould be required at T3 and T3n because the READ
command would not mask these two data elements.
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Figure 25:

128Mb: 8 Meg x 16 Mobile DDR SDRAM

Operations

WRITE-to-PRECHARGE — Uninterrupting

DQs

SN <°'">><//

e e T e !
i DQS ! £ : T I 7|£ : T | i
;o Y SRHEDIEIR DY §
, om AN i
I" ___________________ === B e e s : ______ | = [E==== aE==== TE===== T_________I
R el L am——— Tm———— Tem——- Temmmmym———- Fe=—=- m—————— m————— 1———— a===-- Tm——— Temmm———— )
| DQss (MAX) R R N S S S S |
i DQS : Y : \L | Y : \F | i
i oo ) SEDIEEDH <b+z> <b+s>W i
o NN i

DON'T CARE TRANSITIONING DATA

Notes: DIN b = data-in for column b.

HpoONd~

o

An uninterrupted burst of 4 isshown.
'WRisreferenced from the first positive CK edge after the last data-in pair.

The PRECHARGE and WRITE commands are to same device. However, the PRECHARGE and
WRITE commands may be to different devices, in which case 'WRisnot required and the
PRECHARGE command could be applied earlier.
A10isLOW with the WRITE command (auto precharge isdisabled).
. PRE = PRECHARGE command.
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Figure 26: WRITE-to-PRECHARGE - Interrupting
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DON'T CARE TRANSITIONING DATA

Notes: 1. DIN b =data-in for column b.

2. Aninterrupted burst of 8 isshown.

3. 'WRisreferenced from the first positive CK edge after the last data-in pair.
4. A10isLOW with the WRITEcommand (auto precharge isdisabled).

5. PRE = PRECHARGE command.

6. DQSisrequired at T4 and T4n (nominal case) to register DM.

7

. If aburst of 4 wasused, DQSand DM would not be required at T3, T3n, T4, and T4n.
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Figure 27: WRITE-to-PRECHARGE — Odd Number of Data, Interrupting

I IWR tRP

i tDQSS (NOM) | tDQSS
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| tDQss (MAX) | tDQss |
E bas 77777 m 7
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DON'T CARE TRANSITIONING DATA

. DIN b =data-in for column b.
. Aninterrupted burst of 8 isshown.

Notes:

1
2
3. 'WRisreferenced from the first positive CK edge after the last data-in pair.
4. A10isLOW with the WRITEcommand (auto precharge isdisabled).
5. PRE = PRECHARGE command.

6. DQSisrequired at T4 and T4n (nominal case) to register DM.

7. If aburst of 4 wasused, DQSand DM would not be required at T3, T3n, T4, and T4n.
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® 128Mb: 8 Meg x 16 Mobile DDR SDRAM
Mcron Operations

PRECHARGE

The PRECHARGE command (Figure 28) is used to deactivate the open row in a partic-
ular bank or the open row in allbanks. The bank(s) willbe available for a subsequent row
access some 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 s to be precharged, inputs BAO, BAl select the bank. When all banks are to be
precharged, inputs BAO, BAl are treated as “Don’t Care.” Once a bank has been
precharged,itis in the idle state and must be activated prior to any READ or WRITE
commands beingissued to that bank.

Figure 28: PRECHARGE Command

RAS#

|
CAS# W

WE# A | /
A0-A9, A11 M| X))

A10 M = W
Single
|
BAO, 1 @( BA ></
DON'T CARE

Notes: 1. BA = Bank Address.
All = All banksto be Precharged, BA1, BAO are “Don't Care.”
Sngle = Only bank selected by BA1 and BAO will be precharged.
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® 128Mb: 8 Meg x 16 Mobile DDR SDRAM
Mcron Operations

Power-Down

Power-down is entered when CKE is registered LOW. If power-down occurs when all
banks are idle, this mode is referred to as precharge power-down; if power-down occurs
when there is a row active in any bank, this mode is referred to as active power-down.
Entering power-down deactivates the input and output buffers, including CKand CK#.
Exiting power-down requires the device to be at the same voltage as when it entered
power-down and a stable clock.

Note: The power-down duration is limited by the refresh requirements of the device.

While in power-down, CKE LOW must be maintained at the inputs of the Mobile DDR
SDRAM, while all other input signals are “Don’t Care.” The power-down state is exited
when CKEis registered HIGH (in conjunction with a NOP or DESELECT command).
NOPs or DESELECT commands must be maintained on the command bus until "XP is
satisfied.

Figure 29: Power-Down Command (Active or Precharge)

wosnt TN
DON'T CARE
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Truth Tables

128Mb: 8 Meg x 16 Mobile DDR SDRAM
Truth Tables

Table 8: Truth Table — CKE

Notes: 1-5
CKE, .1 | CKE, Current State COMMAND,, ACTION,, Notes
L L (Active) Power-Down X Maintain (active) power-down
L L (Precharge) Power-Down X Maintain (precharge) power-down
L L Self refresh X Maintain self refresh
L H (Active) Power-Down DESELECT or NOP Exit (active) power-down 6,7
L H (Precharge) Power-Down DESELECT or NOP Exit (precharge) power-down 6,7
L H Self refresh DESELECT or NOP Exit self refresh 8,9
H L Bank(s) active DESELECT or NOP (Active) power-down entry
H L All banksidle DESELECT or NOP (Precharge) power-down entry
H L All banksidle AUTO REFRESH Self refresh entry
H H See Table 10 on page 45
H H See Table 10 on page 45
Notes: 1. CKE,isthe logic state of CKE at clock edge n; CKE,.1 wasthe state of CKE at the previous clock

edge.

Current state isthe state of the DDRSDRAM immediately prior to clock edge n.
COMMAND,, isthe command registered at clock edge n, and ACTION,, isa result of
COMMAND,,.

All states and sequences not shown are illegal or reserved.

ICKE pertains.

DESELECT or NOP commands should be issued on any clock edges occurring during the 'XP
period.

The clock must toggle at least once during the 'XP period.

DESELECT or NOP commands should be issued on any clock edgesoccurring during the IXSR
period.

The clock must toggle at least once during the !XSRperiod.
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Mcron Truth Tables

Table 9: Truth Table — Current State Bank n - Command to Bank n
Notes: 1-6; notes appear below and on next page

Current State CS# | RAS# | CAS#H | WE# Command/Action Notes
Any H X X X DESELECT (NOP/continue previous operation)
L H H H NO OPERATION (NOP/continue previous operation)
Idle L L H H | ACTIVE (select and activate row)
L L L H | AUTO REFREH 7
L L L L |LOAD MODE REGISTER 7
Row active L H L H READ (select column and start READ burst) 10
L H L L |WRITE (select column and start WRITE burst) 10
L L H L PRECHARGE (deactivate row in bank or banks) 8
Read L H L H READ (select column and start new READ burst) 10
(auto precharge L H L L | WRITE (select column and start WRITE burst) 10, 12
disabled) L L H L | PRECHARGE (truncate READ burst, start PRECHARGE) 8
L H H L |BURST TERMINATE 9
Write L H L H READ (select column and start READ burst) 10, 11
(auto precharge L H L L WRITE (select column and start new WRITE burst) 10
disabled) L L H L | PRECHARGE (truncate WRITE burst, start PRECHARGE) 8, 11

Notes: 1. Thistable applieswhen CKE,.; was HIGH and CKE, isHIGH and after 'XXSRhasbeen met (if
the previous state was self refresh) and after XXP hasbeen met (if the previousstate was
power-down).

2. Thistable isbank-specific, except where noted (i.e., the current state isfor 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 notesbelow.

3. Current state definitions:

Idle: The bank hasbeen precharged, and 'RP hasbeen met.
Row active: A row in the bank hasbeen activated, and !RCD hasbeen
met. No data bursts/accesses and no register accesses are in
progress.
Read: A READ burst hasbeen initiated, with auto precharge
disabled, and hasnot yet terminated or been terminated.
Write: A WRITEburst hasbeen initiated, with auto precharge
disabled, and hasnot yet terminated or been terminated.

4. The following statesmust not be interrupted by a command issued to the same bank. COM-
MAND INHIBIT or NOP commands, or allowable commandsto the other bank should be
issued on any clock edge occurring during these states. Allowable commandsto the other
bank are determined by itscurrent state and Table 9, and according to Table 10.

Precharging: Sartswith registration of a PRECHARGE command and ends
when 'RPismet. Once 'RPismet, the bank will be in the idle
state.

Row activating: Sartswith 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- Sartswith registration of a READ command with auto
precharge enabled: precharge enabled and endswhen 'RP hasbeen met. Once
'RPismet, the bank will be in the idle state.
Write w/auto- Sartswith registration of a WRITE command with auto
precharge enabled: precharge enabled and endswhen 'RP hasbeen met. Once
'RPismet, the bank will be in the idle state.
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5. The following states must not be interrupted by any executable command; DESELECT or
NOP commands must be applied on each positive clock edge during these states.
Refreshing: Sartswith registration of an AUTO REFRESH command and
endswhen 'RFCis met. Once 'RFCis met, the DDR SDRAM
will be in the all banksidle state.
Accessing mode register: Sartswith registration of a LOAD MODE REGISTERcommand
and endswhen 'MRD hasbeen met. Once IMRD ismet, the
Mobile DDR SDRAM will be in the all banksidle state.
Precharging all: Sartswith registration of a PRECHARGE ALL command and
endswhen 'RPismet. Once 'RPismet, all bankswill be in the
idle state.

6. All statesand sequencesnot shown are illegal or reserved.

Not bank-specific; requiresthat all banksare idle, and burstsare not in progress.

8. May or may not be bank-specific; if multiple banksare to be precharged, each must bein a
valid state for precharging.

9. Not bank-specific; BURST TERMINATE affectsthe most recent READ burst, regardless of

bank.

10. READsor WRITEslisted in the Command/Action column include READs or WRITEswith auto
precharge enabled and READs or WRITEs with auto precharge disabled.

11. Requiresappropriate DM masking.

12. A WRITEcommand may be applied after the completion of the READ burst; otherwise,
a BURST TERMINATE must be used to end the READ burst prior to asserting a WRITE
command.

N
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Table 10: Truth Table — Current State Bank n - Command to Bank m
Notes: 1-6; notes appear below and on next page

Current State CS# | RAS# | CAS# | WE# Command/Action Notes
Any H X X X DESELECT (NOP/continue previous operation)
L H H H NO OPERATION (NOP/continue previous operation)
Idle X X X X | Any command 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 precharge L H L H | READ (select column and start new READ burst) 7
disabled) L H L L |WRITE (select column and start WRITE burst) 7.9
L L H L | PRECHARGE
Write L L H H ACTIVE (select and activate row)
(auto precharge L H L H | READ (select column and start READ burst) 7,8
disabled) L H L L | WRITE (select column and start new WRITE burst) 7
L L H L | PRECHARGE
Read L L H H ACTIVE (select and activate row)
(with auto L H L H | READ (select column and start new READ burst) 7,3a
precharge) L H L L | WRITE (select column and start WRITE burst) 7,9, 3a
L L H L | PRECHARGE
Write L L H H ACTIVE (select and activate row)
(with auto L H L H | READ (select column and start READ burst) 7,3a
precharge) L H L L | WRITE (select column and start new WRITE burst) 7, 3a
L L H L | PRECHARGE

Notes: 1. Thistable applieswhen CKE,.; was HIGH and CKE, is HIGH and after 'XSRhasbeen met (if
the previous state was self refresh) or after IXP hasbeen met (if the previousstate was
power-down).

2. Thistable describesalternate 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 misin such a state that given command isallowable). Exceptions are covered in
the notesbelow.

3. Current state definitions:

Idle: The bank hasbeen precharged, and 'RP hasbeen met.
Row Active: A row in the bank hasbeen activated, and 'RCD hasbeen
met. No data bursts/accesses and no register accesses are in
progress.
Read: A READ burst hasbeen initiated, with auto precharge
disabled, and hasnot yet terminated or been terminated.
Write: A WRITEburst hasbeen initiated, with auto precharge
disabled, and hasnot yet terminated or been terminated.

Read with auto precharge enabled: See following text —3a

Write with auto precharge enabled: See following text —3a
3a. The read with auto precharge enabled or write with auto precharge enabled
states can each be broken into two parts: the access period and the precharge period. For
read with auto precharge, the precharge period isdefined asif the same burst was exe-
cuted with auto precharge disabled and then followed with the earliest possible PRE-
CHARGE command that still accessesall of the data in the burst. For write with auto
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precharge, the precharge period beginswhen 'WRends, with 'WRmeasured asif auto pre-
charge wasdisabled. The access period startswith registration of the command and ends
where the precharge period (or 'RP) begins.

Thisdevice supportsconcurrent auto precharge such that when aread with auto
precharge enabled or a write with auto precharge isenabled any command to other banks
isallowed, long asthat command doesnot interrupt the read or write data transfer already
in process. either case, all other related limitations apply (e.g., contention between read
data and write data must be avoided).

3b. The minimum delay from a READ or WRITE command with auto precharge
enabled, to a command to a different bank issummarized below.

Minimum Delay
(with Concurrent Auto
From Command To Command Precharge)
WRITE w/AP READ or READ w/AP [1+ (BL2)] 'CK + 'WTR
WRITE or WRITE w/AP (BL2) tcK
PRECHARGE 1K
ACTIVE 1K
READ w/AP READ or READ w/AP (BL/2) x 'CK
WRITE or WRITE w/AP [CLgy + (BL2)] tCK
PRECHARGE 1 tcK
ACTIVE 1 tCcK

ClLgy = CASlatency (CL) rounded up to the next integer

BL = Bust length

are idle.

represented by the current state only.

. All statesand sequences not shown are illegal or reserved.
. READsor WRITEslisted in the Command/Action column include READs or WRITEswith auto

. AUTO REFRESH and LOAD MODE REGISTER commands may only be issued when all banks

. A BURST TERMINATE command cannot be issued to another bank; it appliesto the bank

precharge enabled and READs or WRITEswith auto precharge disabled.

. Requires appropriate DM masking.
. A WRITEcommand may be applied after the completion of the READ burst; otherwise, a

BURST TERMINATE must be used to end the READ burst prior to asserting a

WRITE command.
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Aicron

Electrical Specifications

Stresses greater than those listed may cause permanent damage to the device. Thisis a
stress rating only, and functional operation ofthe 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 reli-

ability.
Table 11: Absolute Maximum DC Ratings
Parameter Symbol Min Max Units Notes
Vdd supply voltage relative to Vss VDD -1.0 2.3 \ 1
VddQ supply voltage relative to VsQ VbbQ 0.5 23 Vv 1
Voltage on any ball relative to Vss VIN, VouT 0.5 2.3 \ 2
Notes: 1. VDD, VDDQ, and VDDL must be within 300mV of each other at all times.
2. Voltage on any I/O may not exceed voltage on VDDQ.
Table 12: AC/DC Electrical Characteristics and Operating Conditions
Notes: 1-5; notes appear on pages 52-54; Vbb = +1.8V £0.1V, VDDQ = +1.8V £0.1V
Parameter/Condition Symbol Min Max Units Notes
Supply voltage VDD 1.7 1.9 \Y 31
I/0 supply voltage VbopQ 1.7 1.9 \Y 31
Address and Command Inputs
Input voltage high VIH 0.8 x VbpQ | vbbQ + 0.3 \Y 25, 32
Input voltage low ViL -0.3 0.2 x VDDQ \Y 25, 32
Clock Inputs (CK, CK#)
DCinput voltage VIN -0.3 VbobQ + 0.3 \Y 27
DCinput differential voltage VID(DC) 0.4 x VpDQ | VbDQ + 0.3 \Y 8,27
ACinput differential voltage VID(AC) 0.6 x VpDQ | VbDQ + 0.3 \Y 8,27
ACdifferential crossing voltage Vix 0.4 x VppQ | 0.6 x VDDQ \Y 9, 27
Data Inputs
DCinput high voltage VIH(DC) 0.7 x VDDQ | VDDQ + 0.3 \Y 25, 28, 32
ACinput high voltage VIH(AC) 0.8 x VpDQ | VbDQ + 0.3 \Y 25,28, 32
DCinput low voltage ViL(Do) -0.3 0.3 x VDDQ \Y 25, 28, 32
ACinput low voltage ViL(AC) -0.3 0.2 x VpbQ \Y 25, 28, 32
Data Outputs
DCoutput high voltage: Logic 1 (loH = -0.1mA) VOH 0.9 x VDDQ - v
DCoutput low voltage: Logic O (loL = 0.1mA) VoL - 0.1 x VpDQ v
Leakage Current
Input leakage current Il -1 1 HA
Any input OV < VIN < VDD
(All other ballsnot under test = 0V)
Output leakage current 10z -5 5 A
(DQs are disabled; 0V < VouT < VbDQ)
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Table 13: Capacitance
Notes: 13; notesappear on pages 52-54

Parameter Symbol Min Max Units Notes
Delta input/output capacitance: DQs, DQS DM CDIO - 1.00 pF 21
Delta input capacitance: Command and address CDI - 1.75 pF 26
Delta input capacitance: CK, CK# CDCK - 0.25 pF 26
Input/output capacitance: DQs, DQS DM ClO 3.0 5.5 pF

Input capacitance: Address Cl 1.5 4.0 pF

Input capacitance: Command Cl 1.5 5.0 pF

Input capacitance: CK, CK# CCK 1.5 4.5 pF

Table 14: IpD Specifications and Conditions
Notes: 1-5, 7, 10, 12, 14 notes appear on pages 52-54; VbDDQ = +1.8V 0.1V, VDD = +1.8V 0.1V

Max
Parameter/Condition Symbol -75 -10 Units Notes
Operating one bank active precharge current: 'RC = 'RC (MIN); IDDO 80 75 mA 19
ICK = 'CK (MIN); CKE is HIGH; CSis HIGH between valid commands;
Addressinputsare switching every two clock cycles; Data businputs
are stable
Precharge power-down standby current: All banksidle; CKEisLOW; CS IDD2P 200 200 HA 20, 28

is HIGH; 'CK = 'CK (MIN); Address and control inputs are switching
every two clock cycles; Data businputsare stable

Precharge power-down standby current with clock stopped: All banks | IDD2PS 200 200 HA 20, 28
idle; CKEis LOW; CSis HIGH; CK = LOW, CK# = HIGH; Address and
control inputsare switching every two clock cycles; Data businputs
are stable

Precharge non power-down standby current: All banksidle; IDD2N 25 25 mA 34
CKE = HIGH; CS= HIGH; 'CK = 'CK (MIN); Address and control inputs
are switching every two clock cycles; Data businputsare stable
Precharge non power-down standby current: Clock stopped; All banks | IDD2NS 15 15 mA 34
idle; CKE = HIGH; CS= HIGH; CK = LOW; CK# = HIGH Address and
control inputsare switching every two clock cycles; Data businputs
are stable

Active power-down standby current: One bank active; CKE = LOW; IDD3P 3 3 mA 20, 28
CS= HIGH; 'CK = 'CK (MIN); Address and control inputs are switching
every two clock cycles; Data businputsare stable

Active power-down standby current: Clock stopped; One bank active; IDD3PS 3 3 mA 20, 28
CKE = LOW; CS= HIGH; CK = LOW; CK# = HIGH; Address and control
inputsare switching every two clock cycles; Data businputsare stable
Active non power-down standby: One bank active; CKE = HIGH; IDD3N 25 25 mA 19
CS= HIGH; 'CK = 'CK (MIN); Address and control inputs are switching
every two cycles; Data businputsare stable

Active non-power-down standby: Clock stopped; One bank active; IDD3NS 20 20 mA 19
CKE = HIGH; CS= HIGH; CK = LOW; CK# = HIGH; Address and control
inputsare switching every two clock cycles; Data businputsare stable
Operating burst read: One bank active; BL = 4; 'CK = 'CK (MIN); IbD4R 95 90 mA 19
Continuousread bursts; louT = 0OmA; Addressinputsare switching;
50% data changing each burst

Operating burst write: One bank active; BL = 4; {CK = 'CK (MIN); IDD4W 95 90 mA 19
Continuous WRITE bursts; Addressinputs are switching; 50 percent
data changing each burst

PDF: 09005aef8199c1ec/Source: 09005aef81a19319 Micron Technology, Inc., reservesthe right to change productsor specificationswithout notice.
MT46H8M16LF_1.fm - Rev. K 7/07 EN 48 ©2004 Micron Technology, Inc. All rights reserved.



Mcrono 128Mb: 8 Meg x 16 Mobile DDR SDRAM

Electrical Specifications

Table 14: IpD Specifications and Conditions (continued)
Notes: 1-5, 7, 10, 12, 14 notes appear on pages 52-54; VbbQ = +1.8V £0.1V, VDD = +1.8V 0.1V

Max

Parameter/Condition Symbol =75 -10 Units Notes

Auto refresh: Burst refresh; CKE = HIGH; Address RC = tFRC(MIN) IDD5 105 100 mA 35

and control inputsare switching; Data businputs

are stable

Precharge power-down standby current: All banks ['RC= 15.625us IDD5a 5 5 mA 24,35

idle, CKE is LOW; CSis HIGH; 'CK = 'CK (MIN);

address and data businputsare stable

Self refresh: CKE = LOW; 'CK = {CK (MIN); Address | Full Array, 85°C IDD6a 300 HA 11, 36

and control inputsare stable; Data businputsare Full Array, 70°C IDD6b 220 HA 11, 36

stable Full Array, 45°C | IbD6C 180 LA 11, 36
Full Array 15°C IbD6d 160 A 11, 36
Half Array, 85°C IDD6a 220 A 11, 36
Half Array, 70°C IDD6b 180 A 11, 36
Half Array, 45°C IDD6C 160 A 11, 36
Half Array, 15°C IbD6d 150 A 11, 36
1/4 Array, 85°C IDD6a 180 HA 11, 36
1/4 Array, 70°C IDD6b 160 A 11, 36
1/4 Array, 45°C IDD6C 150 A 11, 36
1/4 Array, 15°C IDD6d 145 HA 11, 36

Figure 30: Typical Self-Refresh Current vs. Temperature
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Electrical Characteristics and Recommended AC Operating Conditions

Notes: 1-6, 27; notes appear on pages 52-54; VbpQ = +1.8V £0.1V, VDD = +1.8V £0.1V

AC Characteristics -75 -10

Parameter Symbol Min Max Min Max Units Notes

Accesswindow of DQsfrom CK/CK# CL=3| 'AC@) 25 6.0 2.0 7.0 ns 7
CL=2| 'AC(2) 2.0 6.5 2.0 7.0

Clock cycle time CL=3| 'CK(@3) 7.5 - 9.6 - ns 7
CL=2| 'CK(2) 12 - 15 -

CK high-level width 'CH 0.45 0.55 0.45 0.55 ek

CK low-level width tcL 0.45 0.55 0.45 0.55 'K

Minimum 'CKE HIGH/LOW time 'CKE 2 - 2 - 'K

Auto precharge write recovery + precharge time DAL - - - - 38

DQ and DM input hold time relative to DQS 'DH 0.75 - 1.1 - ns 23, 28, 37

DQ and DM input setup time relative to DQS DS 0.75 - 1.1 - ns 23, 28, 37

DQ and DM input pulse width (for each input) 'DIPW DS+ 'DH DS+ 'DH ns 39

Access window of DQSfrom CK/CK# 'DQSCK 25 6.0 25 7.0 ns

DQSinput high-pulse width 'DQH 0.4 0.6 0.4 0.6 e

DQSinput low-pulse width 'DQSL 0.4 0.6 0.4 0.6 e

DQS-DQ skew, DQSto last DQ valid, per group, | 'DQQ - 0.6 - 0.7 ns 22,23

per access

WRITE command to first DQSlatching transition 'DQSS 0.75 1.25 0.75 1.25 ek

DQSfalling edge from CK rising —hold time 'DH 0.2 - 0.2 - e

DQSfalling edge to CK rising —setup time 'DSS 0.2 - 0.2 - ek

Data valid output window (DVW) na 'QH - 'DQQ 'QH - 'DQQ ns 22

Half-clock period tHp tcH, teL - tcH, toL - ns 29

Data-out High-Zwindow from CK/CK# | CL=3 tHz(3) - 6.0 - 7.0 ns 15, 33
CL=2| 'Hz@2) - 6.5 - 7.0 ns

Data-out Low-Z window from CK/CK# 'z 1.0 - 1.0 - ns 15

Address and control input hold time UHe 1.3 - 1.5 - ns 14, 37

(fast slew rate)

Address and control input hold time YHg 1.5 - 1.7 - ns 14, 37

(slow slew rate)

Address and control input setup time Us 1.3 - 1.5 - ns 14, 37

(fast slew rate)

Address and control input setup time Usg 1.5 - 1.7 - ns 14, 37

(slow dlew rate)

Address and control input pulse width YPw 3.0 - 3.4 - ns 39

LOAD MODE REGISTER command cycle time 'MRD 2 - 2 - tcK

DQ-DQShold, DQSto first DQ to go non-valid, 'QH Hp - Hp - ns 22,23

per access QHS QHS

Data hold skew factor 'QHS - 0.75 - 1 ns

ACTIVE-to-PRECHARGE command 'RAS 45 70,000 50 70,000 ns 30

ACTIVE-to-ACTIVEPAUTO REFRESH command 'RC 75 - 80 - ns

period

ACTIVE-to-READ or WRITE delay 'RCD 22.5 - 30 - ns

Average periodic refresh interval 'REFI - 15.6 - 15.6 us 20

AUTO REFRESH command period 'RFC 97.5 - 80 - ns 35

PRECHARGE command period 'RP 225 - 30 - ns
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Table 15: Electrical Characteristics and Recommended AC Operating Conditions (continued)
Notes: 1-6, 27; notes appear on pages 52-54; VbpQ = +1.8V 0.1V, VDD = +1.8V £0.1V

AC Characteristics =75 -10

Parameter Symbol Min Max Min Max Units Notes

DQSread preamble CL=3 | 'RPRE(3) 0.9 1.1 0.9 1.1 e 33
CL=2 | 'RPRE(2) 0.5 1.1 0.5 1.1 ek 33

DQSread postamble 'RPST 0.4 0.6 0.4 0.6 ek

ACTIVEbank a to ACTIVEbank b command 'RRD 15 - 15 - ns

DQSwrite preamble "WPRE 0.25 - 0.25 - e

DQSwrite preamble setup time '"WPRES 0 - 0 - ns 17,18

DQSwrite postamble 'WPST 0.4 0.6 0.4 0.6 ek 16

Write recovery time 'WR 15 - 15 - ns

Internal WRITE to READ command delay 'WTR 1 - 1 - e

Exit power-down mode to first valid command 'Xp 8.8 - 25 - ns 41

Exit SELF REFRESH to first valid command XSR 120 - 120 - ns 40

Micron Technology, Inc., reservesthe right to change productsor specificationswithout notice.
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Notes
1. All voltages referenced to Vss.
2. All parameters assume proper device initialization.

3. Tests for AC timing, IDD, and electrical AC and DC characteristics may be conducted
atnominal reference/supply voltage levels, but the related specifications and device
operation are guaranteed for the full voltage range specified.

4. Outputs measured with equivalent load:

z, = 50Q
1/0
20 pF

|

Full-drive strengtﬁ

Zo = 50Q
110
10 pF
l p
Half-drive strength
Zo = 50Q
110

5pF
Ip

Quarter-drive strength

5. Timing and IDD tests may use a VIL-to-VIH swing ofup to 1.5Vin the test environment,
butinput timing is still referenced to VDDQ/2 (or to the crossing point for CK/ CK#).
The output timing reference voltage level is VDDQ/ 2.

6. All AC timings assume an input slew rate of 1 V/ns.

7. CAS latency definition: for CL=2, the first data element is valid at ("\CK + 'AC) after the
clock at which the READ command was registered; for CL=3, the first data element is
valid at (2 x 'CK + 'AC) after the first clock at which the READ command was
registered.

8. ViD is the magnitude of the difference between the input level on CKand the input
level on CK#.

9. The value of ViXis expected to equal VDDQ/2 of the transmitting device and must
track variations in the DC level of the same.

10. IpDis dependent on cycle rate, and may be affected by output loading if VDD and
VDDQ are supplied from the same source. Specified values are obtained with mini-
mum cycle time for CL =3 with the outputs open.

11. Enables on-chip refresh and address counters.

12. IpD specifications are tested after the device is properly.

13. This parameter is sampled. VDD =+1.8V +0.1V, VDDQ = +1.8V +0.1V, f= 100 MHz,
Tp=25°C, VOUT(DC) = VDDQ/ 2, VOUT (peak-to-peak) =0.2V. DM input is grouped with
I/0 balls, reflecting the fact that they are matched in loading.

14. Fast command/address input slew rate > 1V/ns. Slow command/address input slew
rate > 0.5V/ns. If the slew rate is less than 0.5V/ns, timing must be derated: 'IS has an
additional 50ps per each 100m V/ns reduction in slew rate from the 0.5V/ns. 'IH
remains constant.

15. '"HZ and 'LZ transitions occur in the same access time windows as valid data transi-
tions. These parameters are not referenced to a specific voltage level, but specify
when the device outputis no longer driving (HZ) or begins driving (LZ).
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16. The maximum limit for this parameter is not a device limit. The device will operate
with a greater value for this parameter, but system performance (bus turnaround) will
degrade accordingly.

17. This is not a device limit. The device will operate with a negative value, but system
performance could be degraded due to bus turnaround.

18. Itisrecommended that DQS be valid (HIGH or LOW) on or before the WRITE
command.

19. MIN ('RC or 'RFC) for IDD measurements is the smallest multiple of '\CK that meets the
minimum absolute value for the respective parameter. 'RAS (MAX) for IDD measure-
ments is the largest multiple of 'CK that meets the maximum absolute value for ‘RAS.

20. The refresh period equals 64ms. This equates to an average refresh rate of 15.625us.

21. The I/O capacitance per DQS and DQ byte/ group will not differ by more than this
maximum amount for any given device.

22. The valid data window is derived by achieving other specifications: 'HP (‘CK/2),
'DQSQ, and 'QH (‘HP - 'QHS). The data valid window derates directly proportional
with the clock duty cycle and a practical data valid window can be derived. The clock
is allowed a maximum duty cycle variation of45/55. Functionality is uncertain when
operating beyond a 45/55 ratio.

23. Referenced to each output group: LDQS with DQ0-DQ7; and UDQS with DQ8-DQ15.

24. This limit is a nominal value and does not result in a fail. CKE is HIGH during
REFRESH command period (‘RFC [MIN]) else CKE is LOW (i.e., during standby).

25. To maintain a valid level, the transitioning edge of the input must:

a. Sustain a constant slew rate from the current AC level through to the target AC
level, VIL(AC), or VIH(AC).
b. Reach at least the target AC level.
c. After the AC target level is reached, continue to maintain at least the target DC
level, VIL(DC) or VIH(DC).

26. The input capacitance per ball group will not differ by more than this maximum
amount for any given device.

27. CKand CK#input slew rate must be > 1V/ns (2V/ns if measured differentially).

28. DQ and DM input slew rates must not deviate from DQS by more than 10 percent. If
the DQ/DM/DQS slew rate is less than 0.5V/ns, timing must be derated: SOps must be
added to 'DS and 'DH for each 100mv/ns reduction in slew rate. If slew rate exceeds
4V/ns, functionality is uncertain.

29. 'HP (MIN) is the lesser of 'CL minimum and '‘CH minimum actually applied to the
device CKand CK# inputs, collectively.

30. READs and WRITEs with auto precharge are not allowed to be issued until 'RAS (MIN)
can be satisfied prior to the internal PRECHARGE command being issued.

31. Any positive glitch must be less than 1/3 of the clock cycle and not more than +200m V
or 2.0V, whichever is less. Any negative glitch must be less than 1/3 of the clock cycle
and not exceed either -150m Vor 1.6V, whichever is more positive.

32. VIH overshoot: VIH (MAX) = VDDQ + 0.5V for a pulse width <3ns and the pulse width
can not be greater than 1/3 of the cycle rate. ViLundershoot: VIL (MIN) =-0.5V for a
pulse width <3ns and the pulse width can not be greater than 1/3 of the cycle rate.

33. 'HZ MAX) will prevail over 'DQSCK (MAX) + 'RPST (MAX) condition.

34. IDD2N specifies DQ, DQS, and DM to be driven to a valid HIGH or LOW logic level.

35. CKE must be active (HIGH) during the entire time a REFRESH command is executed.
That is, from the time the AUTO REFRESH command is registered, CKE must be
active at each rising clock edge, until 'RFC later.
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CI((ZICTOH Notes

36. Values for IDD6 85°C are guaranteed for the entire temperature range. All other IDD6
values are estimated.

37. The transition time for input signals (CAS#, CKE, CS#, DM, DQ, DQS, RAS#, WE#, and
addresses) are measured between VIL(DC) to VIH(AC) for rising input signals and
VIH(DC) to VIL(AC) for falling input signals.

38. 'DAL = ("WR/'CK) + (‘RP/'CK): for each term, if not already an integer, round to the
next higher integer.

39. These parameters guarantee device timing but they are not necessarily tested on each
device.

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

41. Clock must be toggled a minimum of one time during this period.
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Mcron Timing Diagrams
R

Timing Diagrams

Figure 31: x16 Data Output Timing —'DQSQ, 'QH, and Data Valid Window
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Notes: 1. DQtransitioning after DQStransition define 'DQSQ window. LDQSdefinesthe lower byte
and UDQSdefinesthe upper byte.
2. DQO, DQ1, DQ2, DQ3, DQ4, DQ5, DQS6, or DQY7.
'DQQ isderived at each DQSclock edge and isnot cumulative over time and beginswith
DQStransition and endswith the last valid DQ transition.
'QH isderived from 'HP: 'QH = 'HP - 'QHS
'"HPisthe lesser of 'CL or 'CH clock transition collectively when a bank is active.
The data valid window isderived for each DQStransition and is'QH minus'DQSQ.
DQ8, DQY, DQ10, DQ11, DQ12, DQ13, DQ14, or DQ15.

w

No o s
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Timing Diagrams

Figure 32: Data Output Timing —'AC and 'DQSCK

: ‘ L : .~ 1y | | |
oL<3 ‘ tDQSCK - ‘ tDQscK ‘ ‘ ‘
: (MAX)* : (MAX) 1 1 1
| ! ! -~
‘ | tRPRE ‘ ‘ ! tRPST
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All DQ values, collectively? ‘ ﬁ( (12) | {T2n) <T3>‘ (Tan) <T4>‘ Gany (15) 5y

| B

tHZ(MAX)J
Notes: 1. DQ transitioning after DQStransition define !{DQSQ window.
2. All DQ must transition by 'DQSQ after DQStransitions, regardless of 'AC.
3. 'ACisthe DQ output window relative to CK, and isthe “long term” component of DQ skew.

Figure 33: Data Input Timing

tpss2 ' tDsH1 | tDss? |

K T

tDQSL .tDQSH twPsT ‘
EOROE@L N
TRANSITIONING DATA

DON'T CARE

1. 'DSH (MIN) generally occurs during 'DQSS (MIN).
2. 'DSS(MIN) generally occursduring 'DQSS (MAX).
3. WRITEcommand issued at TO.
4
5

Notes:

. LDQScontrolsthe lower byte and UDQScontrolsthe upper byte.
. LDM controlsthe lower byte and UDM controlsthe upper byte.
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épﬁlcron Timing Diagrams

Figure 34: Initialize and Load Mode Registers
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L Power-up: Vop and CK stable m DON'T CARE

Load Sandard Mode Register
Load Extended Mode
Register

Notes: 1. PRE=PRECHARGEcommand, LMR=LOAD MODE REGISTERcommand, AR= AUTO REFRESH
command, ACT = ACTIVEcommand, RA = Row address, BA = Bank address.
2. NOPor DESELECT commands are required for at least 200us.
Other valid commands are possible.
4. NOPsor DESELECTs are required during thistime.

w
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épﬁlcron Timing Diagrams
O ——

Figure 35: Power-Down Mode (Active or Precharge)

e 71 Yk

COMMAND ? VALID1 @< NOP W /W W NOP NOP VALID

ts | tiH, ! ! ‘

won X X T s

B ‘

W
- pmmm
o 77 »;'V

)) )
l«—— Must not exceed Refresh device limits ——
Enter 2 Exit3 DON'T CARE
Power-Down Power-Down
Mode Mode

Notes: 1. If thiscommand isa PRECHARGE (or if the device isalready in the idle state), then the
power-down mode shown isprecharge power-down. If thiscommand isan ACTIVE (or if at
least one row isalready active), then the power-down mode shown isactive power-down.

2. No column accesses are allowed to be in progressat the time power-down isentered.
3. There must be at least one clock pulse during 'XPtime.
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Figure 36: Auto Refresh Mode

TO T1 T2 T3 T4 Ta0 Tal Tb0 Tb1 Tb2
CK#E - - s JE— . EREEEN P o\, )} D e VY e ) BEEY e Vel R
K — e [ ) S N A [0 ) P2 W S S Y RPN |\ WY ) S, P2 D S
S e e ] s | A
CKE YL/A{X VALID ngy ! VALID X
Pl | ey g | Ky
COMMAND! NOP?2 PRE W NOF2 >@< NOP2 >@< AR >Q@< NOP2:3>@< ARE %& NOP2, 3)@( NOP2 W ACT >
AO-A9, AT11 ‘ ‘ ‘ ‘ ‘ /“/ ‘ ‘ /‘(y ‘ ‘ ‘ 0( )
L L. b i : I S |
| | ALLBANKs | | | j B (( | (( | | | |
wo e X Yy
w0 ) 1 b
BA0, BAT! Bankis” 1 ) X o)
‘ ; ) ) ;
‘ ( ‘ (( | ‘
Das® W 1
)Y )
(( ((
o ‘ it 4§
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\ L 4 I
‘ ‘ Cotpe) ‘ tREC | ‘ ' tRrc6 ‘ !
DON'T CARE
Notes: 1. PRE = PRECHARGE, ACT = ACTIVE, AR = AUTO REFRESH, RA = Row address, BA = Bank
address.

2. NOPcommandsare shown for ease of illustration; other valid commandsmay be possible at
these times. CKE must be active during clock positive transitions.

3. NOPor COMMAND INHIBIT are the only commandsallowed until after 'RFCtime, CKE must
be active during clock positive transitions.

4. "Don’t Care” if A10isHIGH at thispoint; A10 must be HIGH if more than one bank isactive
(i.e., must precharge all active banks).

5. DM, DQ, and DQSsignalsare all “Don’t Care”/High-Zfor operations shown.

6. The second AUTO REFRESH isnot required and isonly shown asan example of two back-to-
back AUTO REFRESH commands.
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Figure 37: Self Refresh Mode
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Notes: 1. Clock must be stable before exiting self refresh mode. That is, the clock must be cycling
within specifications by TaO0.
2. Device must be in the all banksidle state prior to entering self refresh mode.
NOPs or DESELECT are required for 'XSRtime with at least two clock pulses.
4. AR= AUTO REFRESH command.

Enter self refresh mode

w
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Figure 38: Bank Read — Without Auto Precharge
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Case 2: 'AC (MAX) and 'DQSCK (MAX)8
, - . 'RPRE  |'DQSCK (MAX) | tRPST

i
pas ' ' . . / / /}k E /E_\E_*E_\H )/i

1
' ' ' X D D )
[ -~
tAC (MAX) tHZ (MAX)

TRANSITIONING DATA DON'T CARE

DouT n = data-out from column n.

BL =4 in the case shown.

Disable auto precharge.

“don’t care” if A10 isHIGH at T5.

RA = row address, BA = bank address, PRE = PRECHARGE, ACT = ACTIVE.

NOP commands are shown for ease of illustration; other commands may be valid at these
times.

The PRECHARGE command can only be applied at T5 if 'RASminimum ismet.

8. Refer to Figure 31 on page 55 and Figure 32 on page 56 for detailed DQSand DQ timing.

Notes:

I

N
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Figure 39:
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128Mb: 8 Meg x 16 Mobile DDR SDRAM
Timing Diagrams

Bank Read —with Auto Precharge
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Notes:

times.

[] TRansITIONING DATA DON'T CARE

DouT n = data-out from column n.
BL =4 in the case shown.
Enable auto precharge.
PRE = PRECHARGE, ACT = ACTIVE, RA = Row address, BA = Bank address.

NOP commands are shown for ease of illustration; other commands may be valid at these

Refer to Figure 31 on page 55 and Figure 32 on page 56 for detailed DQSand DQ timing.
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Figure 40: Bank Write —Without Auto Precharge
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TRANSITIONING DATA

DON'T CARE

Notes: 1. DI b =data-out from column n.

2. BL=4inthe case shown.

3. Disable auto precharge.

4. "Don’t Care” if A10isHIGH at T5.

5. PRE = PRECHARGE, ACT = ACTIVE, RA = Row address, BA = Bank address.

6. NOPcommandsare shown for ease of illustration; other commands may be valid at these
times.

7. 'DSH isapplicable during 'DQSS (MIN) and isreferenced from CK T4 or T5.

8. 'DSH isapplicable during 'DQSS (MIN) and isreferenced from CK T5 or T6.
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Figure 41:
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128Mb: 8 Meg x 16 Mobile DDR SDRAM
Timing Diagrams

Bank Write —with Auto Precharge
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Notes: 1. DI b= data-out from column n.
2. BL=4inthe case shown.
3. Disable auto precharge.
4. PRE = PRECHARGE, ACT = ACTIVE, RA = Row address, BA = Bank address.
5. NOPcommandsare shown for ease of illustration; other commands may be valid at these
times.
6. 'DSH isapplicable during 'DQSS (MIN) and isreferenced from CK T4 or T5.
7. 'DSH isapplicable during 'DQSS (MIN) and isreferenced from CK T5 or T6.
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Figure 42:

128Mb: 8 Meg x 16 Mobile DDR SDRAM

Timing Diagrams

Write — DM Operation
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Notes:

DI b = data-out from column n.
BL =4 in the case shown.

Disable auto precharge.

“Don’t Care” if A10isHIGH at T5.

TRANSITIONING DATA

DON'T CARE

PRE = PRECHARGE, ACT = ACTIVE, RA = Row address, BA = Bank address.
NOP commands are shown for ease of illustration; other commands may be valid at these

times.

'DSH isapplicable during 'DQSS (MIN) and isreferenced from CK T4 or T5.
'DSH isapplicable during 'DQSS (MIN) and isreferenced from CK T5 or T6.
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]

Package Dimensions
Figure 43: 60-Ball VFBGA Package
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Notes: 1. Dimensionsare in millimeters.

8000 S. Federal Way, P.O. Box 6, Boise, ID 83707-0006, Tel: 208-368-3900
prodmktg@micron.com www.micron.com Customer Comment Line: 800-932-4992
Micron, the M logo, and the Micron logo are trademarks of Micron Technology, Inc. All other trademarks are the property of
their respective owners.
This data sheet contains minimum and maximum limits specified over the power supply and temperature range set forth
herin. Although considered final, these specifications are subject to change, as further product development and data
characterization sometimes occur.
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