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M obile DDR SDRAM
M T46H16M 16LF – 4 M eg x 16 x 4 banks

M T46H8M 32LF/LG – 2 M eg x 32 x 4 banks

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

Features
• VDD/ VDDQ = 1.70–1.95V

• Bidirectional data strobe per byte of data (DQS)

• In ternal, p ipelined double data rate (DDR) 

architecture; two data accesses per clock cycle

• Differen tial clock inputs (CK and CK#)

• Com m ands en tered on  each  positive CK edge

• DQS edge-aligned with  data for READs; cen ter-

align ed with  data for WRITEs

• Four in tern al banks for concurren t operation

• Data m asks (DM) for m asking write data—one m ask 

per byte

• Program m able burst lengths: 2, 4, or 8

• Concurren t auto p recharge option  supported

• Auto refresh  and self refresh  m odes

• 1.8V LVCMOS com patible inputs

• On-chip  tem perature sensor to con trol self refresh  

rate

• Partial-array self refresh  (PASR)

• Deep power-down  (DPD)

• Selectable output drive (DS)

• Clock stop  capability

• 64m s refresh  period

Table 1: Conf igurat ion Addressing

DQ 
Bus 

Width Architecture

JEDEC-
Standard 

Opt ion

Reduced 
Page-Size 

Option

Number of  banks 4 4

Bank address balls BA0, BA1 BA0, BA1

x16 Row address balls A0–A12 –

Column address balls A0–A8 –

x32 Row address balls A0–A11 A0–A12

Column address balls A0–A8 A0–A7

Notes: 1. On ly available for x16 configuration .

2. On ly available for x32 configuration .

Table 2: Key Timing Parameters

Speed 
Grade

Clock Rate (M Hz) Access Time

CL = 2 CL = 3 CL = 2 CL = 3

-6 83.3 166 6.5ns 5.0ns

-75 83.3 133 6.5ns 6.0ns

Options M arking
• VDD/ VDDQ

– 1.8V/ 1.8V H

• Configuration

– 16 Meg x 16 (4 Meg x 16 x 4 banks)

– 8 Meg x 32 (2 Meg x 32 x 4 ban ks)

16M16

8M32

• Row size op tion

– JEDEC-standard op tion LF

– Reduced page-size op tion 2 LG

• Plastic “green” packages

– 60-ball VFBGA 8m m  x 9m m 1

– 90-ball VFBGA 8m m  x 13m m 2
BF

B5

• Tim ing – cycle tim e

– 6ns at CL = 3

– 7.5ns at CL = 3

-6

-75

• Power

– Standard

– Low IDD2P/ IDD6

None

L

• Operating tem perature range

– Com m ercial (0°C to +70°C)

– Industrial (–40°C to +85°C)

None

IT

• Design  revision :A
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Figure 1:  256M b M obile DDR Part  Numbering

 

FBGA Part  M arking Decoder

Due to space lim itations, FBGA-packaged com ponen ts have an  abbreviated part 

m arking that is differen t from  the part num ber. For a quick conversion  of an  FBGA code, 

see the FBGA part m arking decoder at www.m icron .com / decoder. 

General Descript ion

The 256Mb Mobile DDR SDRAM is a h igh-speed CMOS, dynam ic ran dom -access 

m em ory con tain ing 268,435,456 bits. It is in ternally configured as a quad-bank DRAM. 

On  the x16 device, each  of the 67,108,864-bit banks is organ ized as 8,192 rows by 512 

colum ns by 16 bits. On  the x32 device, each  of the 67,108,864-bit banks is organ ized as 

4,096 rows by 512 colum ns by 32 bits.

The 256Mb Mobile DDR SDRAM uses a double data rate architecture to achieve h igh-

speed operation . The double data rate architecture is essen tially a 2n -prefetch  architec-

ture with  an  in terface designed to transfer two data words per clock cycle at the I/ O 

balls. A single read or write access for the 256Mb Mobile DDR SDRAM effectively 

consists of a single 2n -bit-wide, one-clock-cycle data tran sfer at the in ternal DRAM core 

and two corresponding n -bit-wide, one-half-clock-cycle data transfers at the I/ O balls.

A bidirectional data strobe (DQS) is tran sm itted externally, along with  data, for use in  

data cap ture at the receiver. DQS is a strobe tran sm itted by the Mobile DDR SDRAM 

during READs and by the m em ory con troller during WRITEs. DQS is edge-aligned with  

data for READs and cen ter-aligned with  data for WRITEs. The x16 offering has two data 

strobes: one for the lower byte and one for the upper byte. The x32 offering has four data 

strobes, one per byte. 

Example Part  Number:   M T46H16M 16LFXX-75IT :A   

Micron DDR MT46 Mobile Conf igurat ion Package Revision Speed Temp – 
VDD/
VDDQ

VDD/VDDQ 
 
1.8V/1.8V H 

Configuration 
 
16 Meg x 16 16M16LF 
 
8 Meg x 32 8M32LF 
 

Package

60-Ball VFBGA (lead-free) BF

90-Ball VFBGA (lead-free) B5

  Speed Grade 
 
 -6 tCK = 6.0ns 
 
 -75 tCK = 7.5ns 
 
 -10 tCK = 9.6ns 

  Operating Temp 
 
  Commercial 
 
 IT Industrial 

 Revision 
 
:A  First Generation 
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The 256Mb Mobile DDR SDRAM operates from  a differen tial clock (CK and CK#); the 

crossing of CK going HIGH and CK# going LOW will be referred to as the positive edge of 

CK. Com m ands (address and con trol 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 orien ted; accesses start at 

a selected location  an d con tinue for a program m ed num ber of locations in  a 

program m ed sequen ce. Accesses begin  with  the registration  of an  ACTIVE com m and, 

which  is then  followed by a READ or WRITE com m and. The address bits registered coin -

ciden t with  the ACTIVE com m and are used to select the bank and row to be accessed. 

The address bits registered coinciden t with  the READ or WRITE com m and are used to 

select the bank and the starting colum n  location  for the burst access.

The Mobile DDR SDRAM provides for program m able READ or WRITE burst lengths of 2, 

4, or 8. An  auto precharge function  m ay be enabled to provide a self-tim ed row 

precharge that is in itiated at the end of the burst access.

As with  standard SDR SDRAM, the p ipelined, m ultibank architecture of Mobile DDR 

SDRAM enables concurren t operation , thereby providin g h igh  effective bandwidth  by 

h iding row precharge and activation  tim e.

An  auto refresh  m ode is p rovided, along with  a power-saving power-down  m ode. Deep  

power-down  m ode is offered to achieve m axim um  power reduction  by elim inating the 

power draw of the m em ory array. Data will not be retained when  the device en ters DPD 

m ode.

Self refresh  m ode offers tem perature com pensation  through an  on -chip  tem perature 

sensor and partial-array self refresh , which  enables users to achieve additional power 

savings. The tem perature sensor is enabled by default, and the partial-array self refresh  

can  be program m ed through the extended m ode register.

Notes: 1. Throughout the data sheet, various figures and text refer to DQs as “DQ.” The DQ 

term  is to be in terpreted as an y an d all DQ collectively, un less specifically stated oth-

erwise. 

   2. Com plete functionality is described throughout the docum en t, and any page or dia-

gram  m ay have been  sim plified to convey a top ic and m ay not be inclusive of all 

requirem en ts.

   3. Any specific requirem en t takes precedence over a general statem en t.
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Funct ional Block Diagrams

Figure 2:  Funct ional Block Diagram (16 M eg x 16)
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Figure 3:  Funct ional Block Diagram (8 M eg x 32)

Notes: 1. JEDEC-standard x32 DQ conf igurat ion shown.
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Ballouts and Ball Descript ions

Figure 4:  60-Ball VFBGA Ball Assignments – 8mm x 9mm (Top View )

Notes: 1. D9 is a test  pin that  must  be connected to VSS or VSSQ in normal operat ion.
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Figure 5:  90-Ball VFBGA Ball Assignments – 8mm x 13mm (Top View )

Notes: 1. D9 is a test  pin that  must  be connected to VSS or VSSQ in normal operat ion.
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Table 3: 60-Ball VFBGA Ball Descript ions

Ball Numbers Symbol Type Descript ion

G2, G3 CK, CK# Input Clock: CK is the system clock input . CK and CK# are dif ferent ial clock 

inputs. All address and control input  signals are sampled on the 

crossing of  the posit ive edge of  CK and the negat ive edge of  CK#. 

Input  and output  data is referenced to the crossing of  CK and CK# 

(both direct ions of  the crossing).

G1 CKE Input Clock enable: CKE HIGH act ivates and CKE LOW deact ivates the 

internal clock signals, input  buffers, and output  drivers. Taking CKE 

LOW enables PRECHARGE power-down and SELF REFRESH operat ions 

(all banks idle) or ACTIVE power-down (row act ive in any bank). CKE is 

synchronous for all funct ions except  SELF REFRESH exit . All input  

buffers (except  CKE) are disabled during power-down and self  ref resh 

modes.

H7 CS# Input Chip select : CS# enables (registered LOW) and disables (registered 

HIGH) the command decoder. All commands are masked when CS# is 

registered HIGH. CS# provides for external bank select ion on systems 

with mult iple banks. CS# is considered part  of  the command code.

G9, G8, G7 RAS#, CAS#, 

WE#

Input Command inputs: RAS#, CAS#, and WE# (along with CS#) def ine the 

command being entered.

F2, F8 UDM, LDM Input Input  data mask: DM is an 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 is sampled on both edges of  DQS. Although 

DM balls are input-only, the DM loading is designed to match that  of  

DQ and DQS balls. For the x16, LDM is DM for DQ0–DQ7, and UDM is 

DM for DQ8–DQ15.

H8, H9 BA0, BA1 Input Bank address inputs: BA0 and BA1 def ine to which bank an ACTIVE, 

READ, WRITE, or PRECHARGE command is being applied. BA0 and BA1 

also determine which mode register (standard mode register or 

extended mode register) is loaded during a LOAD MODE REGISTER 

command.

J8, J9, K7, K8, K2, K3, 

J1, J2, J3, H1, J7, H2, H3

A0–A12 Input Address inputs: Provide the row address for ACTIVE commands, and 

the column address and auto precharge bit  (A10) for READ/WRITE 

commands, to select  one locat ion out  of  the memory array in the 

respect ive bank. During a PRECHARGE command, A10 determines 

whether the PRECHARGE applies to one bank (A10 LOW, bank selected 

by BA0, BA1) or all banks (A10 HIGH). The address inputs also provide 

the op-code during a LOAD MODE REGISTER command.

A8, B7, B8, C7, C8, D7, 

D8, E7, E3, D2, D3, C2, 

C3, B2, B3, A2

DQ0–DQ15 I/O Data input/output : Data bus for x16.

E2, E8 UDQS, LDQS I/O Data strobe: Output  with read data, input  with write data. DQS is 

edge-aligned with read data, center-aligned with write data. Data 

st robe is used to capture data.

A7, B1, C9, D1, E9 VDDQ Supply DQ power supply.

A3, B9, C1, E1 VSSQ Supply DQ ground.

A9, F9, K9 VDD Supply Power supply.

A1, F1, K1 VSS Supply Ground.

F3, F7 NC – No connect : May be lef t  unconnected.

D9 TEST – Test  pin that  must  be connected to Vss or VSSQ in normal operat ion.
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Table 4: 90-Ball VFBGA Ball Descript ion

Ball Numbers Symbol Type Descript ion

G2, G3 CK, CK# Input Clock: CK is the system clock input . CK and CK# are dif ferent ial clock 

inputs. All address and control input  signals are sampled on the 

crossing of  the posit ive edge of  CK and the negat ive edge of  CK#. Input  

and output  data is referenced to the crossing of  CK and CK# (both 

direct ions of  the crossing).

G1 CKE Input Clock enable: CKE HIGH act ivates and CKE LOW deact ivates the 

internal clock signals, input  buffers, and output  drivers. Taking CKE 

LOW enables PRECHARGE power-down and SELF REFRESH operat ions 

(all banks idle) or ACTIVE power-down (row act ive in any bank). CKE is 

synchronous for all funct ions except  SELF REFRESH exit . All input  

buffers (except  CKE) are disabled during power-down and self  ref resh 

modes.

H7 CS# Input Chip select : CS# enables the command decoder (registered LOW) and 

disables the command decoder (registered HIGH). All commands are 

masked when CS# is registered HIGH. CS# provides for external bank 

select ion on systems with mult iple banks. CS# is considered part  of  the 

command code.

G9, G8, G7 RAS#, CAS#, 

WE#

Input Command inputs: RAS#, CAS#, and WE# (along with CS#) def ine the 

command being entered.

K8, K2, F8, F2 DM0–DM3 Input Input  data mask: DM is an 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 is sampled on both edges of  DQS. Although 

DM balls are input -only, the DM loading is designed to match that  of  

DQ and DQS balls. For the x32, DM0 is DM for DQ0–DQ7; DM1 is DM 

for DQ8–DQ15; DM2 is DM for DQ16–DQ23; and DM3 is DM for DQ24–

DQ31.

H8, H9 BA0, BA1 Input Bank address inputs: BA0 and BA1 def ine to which bank an ACTIVE, 

READ, WRITE, or PRECHARGE command is being applied. BA0 and BA1 

also determine which mode register (standard mode register or 

extended mode register) is loaded during a LOAD MODE REGISTER 

command.

J8, J9, K7, K9, K1, K3, 

J1, J2, J3, H1, J7, H2

A0–A11 Input Address inputs: Provide the row address for ACTIVE commands, and 

the column address and auto precharge bit  (A10) for READ or WRITE 

commands, to select  one locat ion out  of  the memory array in the 

respect ive bank. During a PRECHARGE command, A10 determines 

whether the PRECHARGE applies to one bank (A10 LOW, bank selected 

by BA0, BA1) or all banks (A10 HIGH). The address inputs also provide 

the op-code during a LOAD MODE REGISTER command.

H3 A12/DNU Input A12 is an address input  for the LG reduced page-size opt ion (see 

“ Opt ions”  on page 1). Leave as DNU for JEDEC-standard opt ion.

R8, P7, P8, N7, N8, M7, 

M8, L7, L3, M2, M3, 

N2, N3, P2, P3, R2, A8, 

B7, B8, C7, C8, D7, D8, 

E7, E3, D2, D3, C2, C3, 

B2, B3, A2

DQ0–DQ31 I/O Data input /output : Data bus for x32.

L8, L2, E8, E2 DQS0–DQS3 I/O Data strobe: Output  with read data, input  with write data. DQS is 

edge-aligned with read data, center-aligned with write data. Data 

st robe is used to capture data.

A7, B1, C9, D1, E9, L9, 

M1, N9, P1, R7

VDDQ Supply DQ power supply.
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A3, B9, C1, E1, L1, M9, 

N1, P9, R3

VSSQ Supply DQ ground.

A9, F1, R9 VDD Supply Power supply

A1, F9, R1 VSS Supply Ground.

F3, F7 NC – No connect : May be lef t  unconnected.

D9 TEST – Test  pin that  must  be connected to VSS or VSSQ in normal operat ion.

Table 4: 90-Ball VFBGA Ball Descript ion (Cont inued)

Ball Numbers Symbol Type Descript ion
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Funct ional Descript ion

The 256Mb Mobile DDR SDRAM is a h igh-speed CMOS, dynam ic ran dom -access 

m em ory con tain ing 268,435,456 bits. It is in ternally configured as a quad-bank DRAM. 

Each of the 67,108,864-bit banks on  the x16 is organ ized as 8,192 rows by 512 colum ns by 

16 bits. Each of the 67,108,864-bit banks on  the x32 is organ ized as 4,096 rows by 512 

colum ns by 32 bits for the standard addressing con figuration .

The 256Mb Mobile DDR SDRAM uses a double data rate architecture to achieve h igh-

speed operation . The double data rate architecture is essen tially a 2n -prefetch  architec-

ture, with  an  in terface designed to tran sfer two data words per clock cycle at the I/ O 

balls. Single read or write access for the 256Mb Mobile DDR SDRAM con sists of a single 

2n -bit-wide, one-clock-cycle data transfer at the in ternal 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 orien ted; accesses start at 

a selected location  an d con tinue for a program m ed num ber of locations in  a 

program m ed sequen ce. Accesses begin  with  the registration  of an  ACTIVE com m and, 

which  is then  followed by a READ or WRITE com m and. The address bits registered coin -

ciden t with  the ACTIVE com m and are used to select the bank and row to be accessed. 

The address bits registered coinciden t with  the READ or WRITE com m and are used to 

select the starting colum n  location  for the burst access.

The DLL circuit that is typically used on  standard DDR devices is not necessary on  the 

Mobile DDR SDRAM. It has been  om itted to save power.

Prior to norm al operation , the Mobile DDR SDRAM m ust be in itialized. The following 

sections provide detailed in form ation  covering device in itialization , register defin ition , 

com m and descrip tions, and device operation .

Init ializat ion

Mobile DDR SDRAMs m ust be powered up  and in itialized in  a predefined m anner. 

Operational procedures other than  those specified m ay result in  undefined operation .

If there is an  in terruption  to the device power, the in itialization  routine m ust be 

followed to ensure proper functionality of the Mobile DDR SDRAM. The clock stop  

feature is not available un til the device has been  properly in itialized.

To properly in itialize the Mobile DDR SDRAM, th is sequence m ust be followed:

1. The core power (VDD) and I/ O power (VDDQ) m ust be brought up  sim ultaneously. It is 

recom m ended that VDD an d VDDQ be from  the sam e power source, or VDDQ m ust 

never exceed VDD. Assert and hold CKE HIGH.

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

app ly the clock.

3. After the clock is stable, a 200µs (MIN) delay is required by the Mobile DDR SDRAM 

prior to app lying an  executable com m and. During th is tim e, a NOP or DESELECT 

com m and m ust be issued on  the com m and bus.

4. Issue a PRECHARGE ALL com m and.

5. Issue a NOP or DESELECT com m and for at least tRP tim e.

6. Issue an  AUTO REFRESH com m and followed by a NOP or DESELECT com m an d for 

at least tRFC tim e. Issue a second AUTO REFRESH com m and followed by a NOP or 

DESELECT com m and for at least  tRFC tim e. As part of the in itialization  sequence, two 

AUTO REFRESH com m ands m ust be issued.
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7. Using the LOAD MODE REGISTER com m and, load the standard m ode register as 

desired.

8. Issue a NOP or DESELECT com m and for at least tMRD tim e.

9. Using the LOAD MODE REGISTER com m and, load the extended m ode register to the 

desired operating m odes. Note that the sequence in  which  the standard and extended 

m ode registers are program m ed is not critical.

10. Issue NOP or DESELECT com m ands for at least tMRD tim e.

The Mobile DDR SDRAM has been  properly in itialized and is ready to receive any valid 

com m and.

Register Def init ion

M ode Registers

The m ode registers are used to define the specific m ode of operation  of the Mobile DDR 

SDRAM. Two m ode registers are used to specify the operation al characteristics of the 

device.

Standard M ode Register

The standard m ode register bit defin ition  enables the selection  of burst length , burst 

type, CAS latency, and operating m ode, as shown  in  Figure 6 on  page 16. Reserved states 

should not be used, as th is m ay result in  setting the device in to an  unknown state or 

cause incom patibility with  fu ture versions of Mobile DDR SDRAM. The standard m ode 

register is p rogram m ed via the LOAD MODE REGISTER com m and (with  BA0 = 0 and 

BA1 = 0) and will retain  the stored in form ation  un til it is p rogram m ed again , the device 

goes in to deep  power-down  m ode, or the device loses power.

Reprogram m in g the m ode register will not alter the con ten ts of the m em ory, p rovided it 

is perform ed correctly. The m ode register m ust be loaded when  all banks are idle and no 

bursts are in  progress, and the con troller m ust wait before in itiating the subsequen t 

operation . Violating any of these requirem ents will resu lt in  unspecified operation .

Burst  Length

Read and write accesses to the Mobile DDR SDRAM are burst orien ted; the burst length  

is p rogram m able. The burst length  determ ines the m axim um  num ber of colum n  loca-

tions that can  be accessed for a given  READ or WRITE com m and. Burst len gths of 2, 4, or 

8 locations are available for both  sequen tial and in terleaved burst types.

When  a READ or WRITE com m and is issued, a block of colum ns equal to the burst 

length  is effectively selected. All accesses for that burst take p lace with in  th is block, 

m ean ing that the burst will wrap  when  a boundary is reached. The block is un iquely 

selected by A1–Ai when  BL = 2, by A2–Ai when  BL = 4, and by A3–Ai when  BL = 8, where 

Ai is the m ost sign ifican t colum n  address bit for a given  configuration . The rem ain ing 

(least sign ifican t) address bits are used to specify the starting location  with in  the block. 

The program m ed burst length  applies to both  READ and WRITE bursts.

Burst  Type

Accesses with in  a given  burst m ay be program m ed either to be sequen tial or in terleaved 

via the stan dard m ode register.

The ordering of accesses with in  a burst is determ ined by the burst length , the burst type, 

and the starting colum n  address (see Table 5 on  page 17).
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CAS Latency

The CAS latency is the delay, in  clock cycles, between  the registration  of a READ 

com m and and the availability of the first output data. The latency can  be set to two or 

three clocks, as shown  in  Figure 7 on  page 18. 

For CAS latency three (CL = 3), if the READ com m and is registered at clock edge n , then  

the data will nom inally be available at (n  + 2 clocks + tAC). For CL = 2, if the READ 

com m and is registered at clock edge  n , then  the data will be nom inally be available at (n  

+ 1 clock + tAC).

Figure 6:  Standard M ode Register Def init ion
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Table 5: Burst  Def init ion Table

Burst  
Length Start ing Column Address

Order of  Accesses Within a Burst

Type = Sequent ial Type = Interleaved

2 A0

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
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Figure 7:  CAS Latency

Notes: 1. BL = 4 in the cases shown.

2. Shown with nominal tAC and nominal tDQSQ.
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Operat ing M ode

The norm al operating m ode is selected by issu ing a LOAD MODE REGISTER com m and 

with  bits A7–A11 (x32) or A7–A12 (x16) each  set to zero and bits A0–A6 set to the desired 

values.

All other com binations of values for A7–A11/ A12 are reserved for future use and/ or test 

m odes. Test m odes and reserved states should not be used, because un known operation  

or incom patibility with  fu ture versions m ay result.

Extended M ode Register

The extended m ode register con trols functions specific to Mobile SDRAM operation . 

These additional functions include drive strength , tem perature-com pensated self 

refresh , and partial-array self refresh . 

The extended m ode register is p rogram m ed via the LOAD MODE REGISTER com m and 

(with  BA0 = 0 and BA1 = 1) and will retain  the stored in form ation  un til it is p rogram m ed 

again , the device goes in to deep  power-down  m ode, or the device loses power.

Temperature-Compensated Self  Refresh

On th is version  of the Mobile DDR SDRAM, a tem perature sensor is im plem en ted for 

au tom atic con trol of the SELF REFRESH oscillator. Program m ing the TCSR bits will have 

no effect on  the device. The SELF REFRESH oscillator will con tinue to refresh  at the 

factory-program m ed optim al rate for the device tem perature.

Part ial-Array Self  Refresh

For further power savings during SELF REFRESH, the partial-array self refresh  (PASR) 

feature enables the con troller to select the am oun t of m em ory that will be refreshed 

during SELF REFRESH. 

WRITE and READ com m ands can  still occur during standard operation , but on ly the 

selected regions of the array will be refreshed during SELF REFRESH. Data in  regions 

that are not selected will be lost.

Output  Driver Strength

Because the Mobile DDR SDRAM is designed for use in  sm aller system s that are typ ically 

poin t-to-poin t connections, an  option  to con trol the drive strength  of the output buffers 

is p rovided. Drive strength  should be selected based on  expected loading of the m em ory 

bus. There are four allowable settings for the output drivers: 25Ω, 55Ω, 80Ω, and 100Ω 

in ternal im pedance. 

Table 6: Part ial-Array Self  Refresh Opt ions

M emory Bank

Full array Banks 0, 1, 2, and 3

Half  array Banks 0 and 1

Quarter array Bank 0

Eighth array Bank 0 with row address MSB = 0

Sixteenth array Bank 0 with row address MSB = 0 and MSB - 1 = 0
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Figure 8:  Extended M ode Register

Notes: 1. On-die temperature sensor is used in place of  TCSR. Set t ing these bits will have no effect .

Stopping the External Clock

One m ethod of con trollin g the power efficiency in  applications is to throttle the clock 

that con trols the DDR SDRAM. Con trol the clock in  two ways:

• Change the clock frequency.

• Stop  the clock.

The Mobile DDR SDRAM enables the clock to change frequency during operation  on ly if 

all the tim ing param eters are m et and all refresh  requirem en ts are satisfied.

The clock can  be stopped if no DRAM operations are in  progress that would be affected 

by th is change. An y DRAM operation  already in  process m ust be com pleted before 

en tering clock stop  m ode; th is includes the following tim ings: tRCD, tRP, tRFC, tMRD, 
tWR, and all data-out for READ bursts. 

For exam ple, if a WRITE or a READ is in  progress, the en tire data burst m ust be com plete 

prior to stopp ing the clock. For READs, a bu rst com pletion  is defined when  the read 

postam ble is satisfied. For WRITEs, a burst com pletion  is defined when  the write post-

am ble and tWR or tWTR are satisfied.
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CKE m ust be held HIGH with  CK = LOW and CK# = HIGH for the full duration  of the 

clock stop  m ode. One clock cycle and at least one NOP or DESELECT is required after 

the clock is restarted before a valid com m and can  be issued. Figure 9 on  page 21 illus-

trates the clock stop  m ode.

Figure 9:  Clock Stop M ode

 

Notes: 1. Prior to Ta1, the device is in clock stop mode. To exit , at  least  one NOP is required before 
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Commands

Tables 7 an d 8 p rovide a quick reference of available com m ands. This is followed by a 

descrip tion  of each  com m and. Three additional tru th  tables p rovide CKE com m ands 

and curren t/ next state in form ation  (see Table 9 on  page 51, Table 10 on  page 52, and 

Table 11 on  page 54).

Notes: 1. CKE is HIGH for all commands shown except  SELF REFRESH and deep power-down.

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

3. DESELECT and NOP are funct ionally interchangeable.

4. BA0–BA1 provide bank address and A0–A12/A13 provide row address.

5. BA0–BA1 provide bank address; A0–A8 provide column address; A10 HIGH enables the auto 

precharge feature (nonpersistent ); A10 LOW disables the auto precharge feature.

6. Applies only to read bursts with auto precharge disabled; this command is undef ined (and 

should not  be used) for READ bursts with auto precharge enabled and for WRITE bursts.

7. This command is a BURST TERMINATE if  CKE is HIGH and deep power-down if  CKE is LOW.

8. A10 LOW: BA0–BA1 determine which bank is precharged.

A10 HIGH: all banks are precharged and BA0–BA1 are “ Don’t  Care.”

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

10. Internal ref resh counter controls row addressing; all self  ref resh inputs and I/Os are “ Don’t  

Care”  except  for CKE.

11. BA0–BA1 either select  the standard mode register or the extended mode register

(BA0 = 0, BA1 = 0 select  the standard mode register; BA0 = 0, BA1 = 1 select  extended mode 

register; other combinat ions of  BA0–BA1 are reserved). A0–A12/A13 provide the op-code to 

be writ ten to the selected mode register.

Notes: 1. Used to mask write data; provided coincident  with the corresponding data.

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

Table 7: Truth Table – Commands
Notes 1 and 2 apply to all commands

Name (Funct ion) CS# RAS# CAS# WE# Address Notes

DESELECT (NOP) H X X X X 3

NO OPERATION (NOP) L H H H X 3

ACTIVE (select  bank and act ivate row) L L H H Bank/row 4

READ (select  bank and column, and start  READ burst ) L H L H Bank/column 5

WRITE (select  bank and column, and start  WRITE burst ) L H L L Bank/column 5

BURST TERMINATE or deep power-down 

(enter deep power-down mode)

L H H L X 6, 7

PRECHARGE (deact ivate row in bank or banks) L L H L Code 8

AUTO REFRESH (ref resh all or single bank) or

SELF REFRESH (enter self  ref resh mode)

L L L H X 9, 10

LOAD MODE REGISTER (standard or extended mode 

registers)

L L L L Op-code 11

Table 8: Truth Table – DM  Operat ion

Name (Funct ion) DM DQ Notes

Write enable L Valid 1, 2

Write inhibit H X 1, 2
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DESELECT

The DESELECT function  (CS# HIGH) preven ts new com m ands from  being executed by 

the Mobile DDR SDRAM. Operations already in  progress are not affected.

NO OPERATION (NOP)

The NO OPERATION (NOP) com m and is used to in struct the selected Mobile DDR 

SDRAM to perform  a NOP (CS# is LOW with  RAS#, CAS#, and WE# HIGH). This preven ts 

unwan ted com m an ds from  being registered during idle or wait states. Operations 

already in  progress are n ot affected.

LOAD M ODE REGISTER

The m ode registers are loaded via inputs BA0–BA1 and A0–A12. See m ode register 

descrip tions in  “Register Defin ition” on  page 15. The LOAD MODE REGISTER 

com m and can  on ly be issued when  all banks are idle, and a subsequen t executable 

com m and cannot be issued un til tMRD is m et.

ACTIVE

The ACTIVE com m and is used to open  (or activate) a row in  a particu lar bank for a 

subsequen t access. The value on  the BA0 and BA1 in puts selects the bank, and the 

address provided on  inputs A0–A12 selects the row. This row rem ains active (or open) 

for accesses un til a PRECHARGE com m and is issued to that bank. A PRECHARGE 

com m and m ust be issued before open ing a differen t row in  the sam e bank.

READ

The READ com m and is used to in itiate a burst read access to an  active row. The value on  

the BA0, BA1 in puts selects the bank, and the address provided on  inputs A0–Ai (where i 

= the m ost sign ifican t colum n  address bit for each configuration ) selects the starting 

colum n  location . The value on  input A10 determ ines whether au to precharge is used. If 

au to precharge is selected, the row being accessed will be precharged at the end of the 

READ burst; if auto precharge is n ot selected, the row will rem ain  open  for subsequen t 

accesses.

WRITE

The WRITE com m and is used to in itiate a burst write access to an  active row. The value 

on  the BA0–BA1 inputs selects the bank, and the address provided on  inputs A0–Ai 

(where i = the m ost sign ifican t colum n  address bit for each  configuration ) selects the 

starting colum n  location . The value on  input A10 determ ines whether au to precharge is 

used. If auto precharge is selected, the row being accessed will be precharged at the end 

of the WRITE burst; if au to precharge is not selected, the row will rem ain  open  for subse-

quen t accesses. Input data appearing on  the DQ is written  to the m em ory array subject 

to the DM input logic level appearing coin ciden t with  the data. If a given  DM sign al is 

registered LOW, the corresponding data will be written  to m em ory; if the DM signal is 

registered HIGH, the corresponding data inputs will be ignored, and a WRITE will not be 

executed to that byte/ colum n  location .
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PRECHARGE

The PRECHARGE com m and is used to deactivate the open  row in  a particu lar bank or 

the open  row in  all banks. The ban k(s) will be available for a subsequen t row access a 

specified tim e (tRP) after the PRECHARGE com m and is issued. The exception  is the case 

of concurren t auto precharge, where a READ or WRITE com m and to a differen t bank is 

allowed as long as it does not in terrup t the data transfer in  the curren t bank and does 

not violate any other tim ing param eters. Input A10 determ ines whether one or all banks 

are to be precharged, and in  the case where on ly one bank is to be precharged, inputs 

BA0, BA1 select the bank. Otherwise BA0, BA1 are treated as “Don’t Care.” After a bank 

has been  precharged, it is in  the id le state and m ust be activated prior to any READ or 

WRITE com m ands being issued to that bank. A PRECHARGE com m and will be treated 

as a NOP if there is no open  row in  that bank (idle state) or if the previously open  row is 

already in  the process of precharging.

BURST TERM INATE

The BURST TERMINATE com m and is used to truncate READ bursts (with  auto 

precharge disabled). The m ost recen tly registered READ com m and prior to the BURST 

TERMINATE com m and will be truncated, as described in  “Operation s” on  page 26. The 

open  page from  which  the READ burst was term inated rem ains open .

AUTO REFRESH

The AUTO REFRESH com m an d is nonpersisten t and m ust be issued each tim e a refresh  

is required.

The addressing is generated by the in ternal refresh  con troller. This m akes the address 

bits a “Don’t Care” during an  AUTO REFRESH com m and. The 256Mb Mobile DDR 

SDRAM requires AUTO REFRESH cycles at an  average in terval of 7.8125µs (MAX).

To enable im proved efficiency in  scheduling and switching between  tasks, som e flexi-

bility in  the absolute refresh  in terval is p rovided.

Although not a JEDEC requirem en t, CKE m ust be active (HIGH) durin g the auto refresh  

period to p rovide for future fun ctionality features. The auto refresh  period begins when  

the AUTO REFRESH com m and is registered, and it ends tRFC later.

SELF REFRESH

The SELF REFRESH com m and can  be used to retain  data in  the Mobile DDR SDRAM, 

even  if the rest of the system  is powered down . When  in  the self refresh  m ode, the 

Mobile DDR SDRAM retains data without external clocking. The SELF REFRESH 

com m and is in itiated like an  AUTO REFRESH com m and, except that CKE is disabled 

(LOW). All com m and and address input sign als except CKE are “Don’t Care” during 

SELF REFRESH. For details on  en tering an d exiting self refresh  m ode, see Figure 44 on  

page 72. During SELF REFRESH, the device is refreshed as iden tified in  the extended 

m ode register (see PASR setting).

Auto Precharge

Auto precharge is a feature that perform s the sam e individual-bank PRECHARGE func-

tion  described above, without requiring an  explicit com m and. This is accom plished by 

using A10 to en able auto precharge in  con junction  with  a specific READ or WRITE 

com m and. A precharge of the bank/ row that is addressed with  the READ or WRITE 

com m and is au tom atically perform ed upon  com pletion  of the READ or WRITE burst. 
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Auto precharge is nonpersisten t in  that it is either enabled or disabled for each  indi-

vidual READ or WRITE com m and. This device supports concurren t au to precharge if the 

com m and to the other bank does n ot in terrupt the data transfer to the curren t bank.

Auto precharge ensures that the precharge is in itiated at the earliest valid stage with in  a 

burst. This earliest valid stage is determ in ed as if an  explicit PRECHARGE com m and 

were issued at the earliest possible tim e, without violating tRAS (MIN), as described for 

each  burst type in  “Operations” on  page 26. The user m ust not issue another com m and 

to the sam e bank un til the precharge tim e (tRP) is com pleted.

Deep Pow er-Dow n

Deep power-down  is an  operating m ode used to achieve m axim um  power reduction  by 

elim inating the power draw of the m em ory array. Data will not be retained when  the 

device en ters deep  power-down  m ode.

Figure 10:  M obile DRAM  State Diagram
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