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M obile SDRAM
M T48LC8M 32LF, M T48V8M 32LF, M T48H8M 32LF - 2 M eg x 32 x 4 banks 
For the latest  data sheet , refer to Micron’s Web site: www.micron.com/products/dram/mobile

Features

• Low voltage power supply

• Partial array self refresh  power-saving m ode

• Tem perature Com pensated Self Refresh  (TCSR)

• Deep power-down  m ode

• Program m able output drive strength

• Fully synchronous; all sign als registered on  positive 

edge of system  clock

• In ternal p ipelined operation ; colum n  address can  

be changed every clock cycle

• In ternal banks for h idin g row access/ precharge 

• Program m able burst lengths: 1, 2, 4, 8, or full page

• Auto precharge, includes con curren t au to 

precharge, and auto refresh  m odes

• Self-refresh  m ode; stan dard and low power

• 64m s, 4,096-cycle refresh

• LVTTL-com patible inputs and outputs

• Com m ercial and industrial tem perature ranges

• Supports CAS latency of 1, 2, 3

Table 1: Addressing

8 M eg x 32

Conf igurat ion 2 Meg x 32 x 4 banks

Refresh Count 4K

Row Addressing 4K (A0–A11)

Bank Addressing 4 (BA0, BA1)

Column Addressing 512 (A0–A8)

Options M arking

• VDD/ VDDQ

• 3.3V/ 3.3V LC

• 2.5V/ 2.5V V

• 1.8V/ 1.8V H

• Configurations

• 8 Meg x 32 (2 Meg x 32 x 4 ban ks) 8M32

• Package/ Ballout

• 90-ball VFBGA (8m m  x 13m m ) 

(Standard)

F5

• 90-ball VFBGA (8m m  x 13m m ) 

(Lead-free)

B5

• Tim ing (Cycle Tim e)

• 7.5ns @ CL = 3 (133 MHz) -75

• 7.5ns @ CL = 2 (104 MHz) -75

• 8ns @ CL = 3 (125 MHz) -8

• 8ns @ CL = 2 (104 Mhz) -8

• 10ns @ CL = 3 (100 MHz) -10

• 10ns @ CL = 2 (83 Mhz) -10

• Operating Tem perature Range

• Com m ercial (0° to +70°C) None

• Industrial (-40°C to +85°C) IT

Table 2: Key Timing Parameters
CL = CAS (READ) latency

Speed 
Grade

Clock
Frequency

Access Time
Setup
Time

Hold
TimeCL = 2 CL = 3

-75 133 MHz – 6ns 2.5ns 1ns

-8 125 MHz – 7ns 2.5ns 1ns

-10 100 MHz – 7ns 2.5ns 1ns

-75 133 MHz 7ns – 2.5ns 1ns

-8 104 MHz 8ns – 2.5ns 1ns

-10 83 MHz 8ns - 2.5ns 1ns
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FBGA Part  Number System
Due to space lim itations, FBGA-packaged com pon en ts have an  abbreviated part m ark-

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

the FBGA part m arking decoder on  Micron’s Web site, www.m icron .com / decoder. 

General Descript ion
The Micron ® 256Mb SDRAM is a h igh-speed CMOS, dynam ic random -access m em ory 

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

chronous in terface (all signals are registered on  the positive edge of the clock signal, 

CLK). Each of the 67,108,864-bit banks is organ ized as 4,096 rows by 512 colum ns by 32 

bits. 

Read and write accesses to the SDRAM are burst orien ted; accesses start at a selected 

location  and con tinue for a program m ed num ber of locations in  a program m ed 

sequence. 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 coinciden t with  the 

ACTIVE com m and are used to select the bank and row to be accessed (BA0, BA1 select 

the bank; A0–A11 select the row). 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 SDRAM provides for p rogram m able read or write burst lengths of 1, 2, 4, or 8 loca-

tions, or the fu ll page, with  a burst term in ate option . An  auto precharge function  m ay be 

en abled to p rovide a self-tim ed row precharge that is in itiated at the end of the burst 

sequence.

The 256Mb SDRAM uses an  in ternal p ipelined architecture to achieve h igh-speed oper-

ation . This architecture is com patible with  the 2n  ru le of prefetch  architectures, but it 

also allows the colum n  address to be changed on  every clock cycle to achieve a h igh-

Table 3: Cross Reference For VFBGA Device M arking

Part  Number VDD/VDDQ Architecture VFBGA
Production

M arking

MT48LC8M32LFF5-75 3.3V/3.3V 8 Meg x 32 90-ball, 8 x 13mm D9FMQ

MT48LC8M32LFF5-8 3.3V/3.3V 8 Meg x 32 90-ball, 8 x 13mm D9CCH

MT48LC8M32LFF5-10 3.3V/3.3V 8 Meg x 32 90-ball, 8 x 13mm D9CCK

MT48LC8M32LFB5-75 3.3V/3.3V 8 Meg x 32 90-ball, 8 x 13mm D9FMX

MT48LC8M32LFB5-8 3.3V/3.3V 8 Meg x 32 90-ball, 8 x 13mm D9CCW

MT48LC8M32LFB5-10 3.3V/3.3V 8 Meg x 32 90-ball, 8 x 13mm D9CCZ

MT48V8M32LFF5-75 2.5V/2.5V 8 Meg x 32 90-ball, 8 x 13mm D9FMS

MT48V8M32LFF5-8 2.5V/2.5V 8 Meg x 32 90-ball, 8 x 13mm D9CCM

MT48V8M32LFF5-10 2.5V/2.5V 8 Meg x 32 90-ball, 8 x 13mm D9CCP

MT48V8M32LFB5-75 2.5V/2.5V 8 Meg x 32 90-ball, 8 x 13mm D9FMZ

MT48V8M32LFB5-8 2.5V/2.5V 8 Meg x 32 90-ball, 8 x 13mm D9CDC

MT48V8M32LFB5-10 2.5V/2.5V 8 Meg x 32 90-ball, 8 x 13mm D9CDF

MT48H8M32LFF5-75 1.8V/1.8V 8 Meg x 32 90-ball, 8 x 13mm D9FMV

MT48H8M32LFF5-8 1.8V/1.8V 8 Meg x 32 90-ball, 8 x 13mm D9CCR

MT48H8M32LFF5-10 1.8V/1.8V 8 Meg x 32 90-ball, 8 x 13mm D9CCT

MT48H8M32LFB5-75 1.8V/1.8V 8 Meg x 32 90-ball, 8 x 13mm D9FNB

MT48H8M32LFB5-8 1.8V/1.8V 8 Meg x 32 90-ball, 8 x 13mm D9CDJ

MT48H8M32LFB5-10 1.8V/1.8V 8 Meg x 32 90-ball, 8 x 13mm D9CDL
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speed, fu lly random  access. Prechargin g one bank while accessing one of the other th ree 

banks will h ide the precharge cycles and provide seam less h igh-speed, random -access 

operation .

The 256Mb SDRAM is designed to operate in  3.3V, 2.5V, and 1.8V low-power m em ory 

system s. An  auto refresh  m ode is p rovided, along with  a power-saving, deep  power-

down m ode. All inputs an d ou tputs are LVTTL-com patible.

SDRAMs offer substan tial advances in  DRAM operating perform ance, including the 

ability to synchronously burst data at a h igh  data rate with  autom atic colum n-address 

generation , the ability to in terleave between  in ternal banks in  order to h ide p recharge 

tim e, and the capability to random ly change colum n  addresses on  each  clock cycle dur-

ing a burst access.

Figure 1:  Funct ional Block Diagram 8 M eg x 32 SDRAM  
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Ball Assignment

Figure 2:  90-Ball VFBGA (Top View ) 
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Ball Descript ions
Table 4: Ball Descript ions

90-Ball VFBGA Symbol Type Descript ion

J1 CLK Input Clock: CLK is driven by the system clock. All SDRAM input  signals are 

sampled on the posit ive edge of  CLK. CLK also increments the internal 

burst  counter and cont rols the output  registers.

J2 CKE Input Clock Enable: CKE act ivates (HIGH) and deact ivates (LOW) the CLK signal. 

Deact ivat ing the clock provides PRECHARGE POWER-DOWN and SELF 

REFRESH operat ion (all banks idle), ACTIVE POWER-DOWN (row act ive in 

any bank), DEEP POWER DOWN (all banks idle), or CLOCK SUSPEND 

operat ion (burst /access in progress). CKE is synchronous except  af ter the 

device enters power-down and self  ref resh modes, where CKE becomes 

asynchronous unt il af ter exit ing the same mode. The input  buf fers, 

including CLK, are disabled during power-down and self  ref resh modes, 

providing low standby power.

J8 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.

J9, K7, K8 RAS#,CAS#,

WE#

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

command being entered.

K9, K1, F8, F2

DQM0-3

Input Input /Output  Mask: DQM is sampled HIGH and is an input  mask signal for 

write accesses and an output  enable signal for read accesses. Input  data is 

masked during a WRITE cycle. The output  buf fers are placed in a High-Z 

state (two-clock latency) when during a READ cycle. DQM0 corresponds to 

DQ0-DQ7, DQM1 corresponds to DQ8-DQ15, DQM2 corresponds to DQ16-

DQ23, and DQM3 corresponds to DQ24-DQ31. DQM0-3 are considered 

same state when referenced as DQM.

J7, H8 BA0, BA1 Input Bank Address Input(s): BA0 and BA1 def ine to which bank the ACTIVE, 

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

provide the op-code during a LOAD MODE REGISTER command

G8, G9, F7, F3, G1, G2,

G3, H1, H2, J3, G7,H9

A0–A11 Input Address Inputs: A0–A11 are sampled during the ACTIVE command (row-

address A0–A11) and READ/WRITE command (column-address A0–A8; 

with A10 def ining auto precharge) to select  one locat ion out  of  the 

memory array in the respect ive bank. A10 is sampled during a 

PRECHARGE command to determine if  all banks are to be precharged 

(A10 HIGH) or bank selected by BA0, BA1. The address inputs also provide 

the op-code during a LOAD MODE REGISTER command.

R8, N7, R9, N8, P9, M8,

M7, L8, L2, M3, M2, P1, 

N2, R1, N3, R2, E8, D7,

D8, B9, C8, A9, C7, A8, 

A2, C3, A1, C2, B1, D2, 

D3, E2

DQ0–DQ31 I/O Data Input /Output : Data bus.

E3, E7, H3, H7, K2, K3 NC – Internally Not  Connected: These could be lef t  unconnected, but  it  is 

recommended they be connected to Vss. H3 is a no connect  for this part , 

but  may be used as A12 in future designs.

B2, B7, C9, D9, E1, L1, 

M9, N9, P2, P7

VDDQ Supply DQ Power: Provide isolated power to DQs for improved noise immunity.

B3, B8, C1, D1, E9, L9, 

M1, N1, P3, P8

VSSQ Supply DQ Ground: Provide isolated ground to DQs for improved noise immunity.

A7, F9, L7, R7 VDD Supply Core Power Supply.

A3, F1, L3, R3 VSS Supply Ground.
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Funct ional Descript ion
In  general, the 256Mb SDRAMs (2 Meg x 32 x 4 banks) are quad-bank DRAMs that oper-

ate at 3.3V, 2.5V, and 1.8V and include a syn chronous in terface (all signals are registered 

on  the positive edge of the clock signal, CLK). Each of the 67,108,864-bit banks is orga-

n ized as 4,096 rows by 512 colum ns by 32 bits. 

Read and write accesses to the SDRAM are burst orien ted; accesses start at a selected 

location  and con tinue for a program m ed num ber of locations in  a program m ed 

sequence. 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 coinciden t with  the 

ACTIVE com m and are used to select the bank and row to be accessed (BA0 and BA1 

select the bank, A0–A11 select the row). The address bits (A0–A8) registered coinciden t 

with  the READ or WRITE com m and are used to select the starting colum n  location  for 

the burst access.

Prior to n orm al operation , the SDRAM m ust be in itialized. The following sections p ro-

vide detailed in form ation  covering device in itialization , register defin ition , com m and 

descrip tions, and device operation .

Init ializat ion
SDRAMs m ust be powered up  and in itialized in  a predefined m anner. Operational p ro-

cedures other than  those specified m ay result in  un defin ed operation . Once the power is 

app lied to VDD and VDDQ (sim ultaneously) and the clock is stable (stable clock is 

defined as a signal cycling with in  tim ing constrain ts specified for the clock ball), the 

SDRAM requires a 100µs delay prior to issu ing any com m and other than  a COMMAND 

INHIBIT or NOP. Starting at som e poin t during th is 100µs period and con tinuing at least 

through the end of th is period, COMMAND INHIBIT or NOP com m ands should be 

app lied.

Once the 100µs delay has been  satisfied with  at least one COMMAND INHIBIT or NOP 

com m and having been  applied, a PRECHARGE com m and should be applied. All banks 

m ust then  be precharged, thereby p lacing the device in  the all banks idle state.

Once in  the idle state, two AUTO REFRESH cycles m ust be perform ed. After the AUTO 

REFRESH cycles are com plete, the SDRAM is ready for m ode register p rogram m ing. 

Because the m ode register will power up  in  an  unknown  state, it should be loaded prior 

to applying any operational com m and.

Register Def init ion

M ode Register
In  order to achieve low power consum ption , there are two m ode registers in  the com po-

nen t: m ode register and extended m ode register. Extended m ode register is illustrated in  

Figure 5. The m ode register is used to define the specific m ode of operation  of the 

SDRAM. This defin ition  includes the selection  of a burst length , a burst type, a CAS 

laten cy, an  operating m ode and a write burst m ode, as shown  in  Figure 3. The m ode reg-

ister is p rogram m ed via the LOAD MODE REGISTER com m and and will retain  the 

stored in form ation  un til it is p rogram m ed again  or the device loses power.

Mode register bits M0–M2 specify the burst length , M3 specifies the type of burst 

(sequen tial or in terleaved), M4–M6 specify the CAS latency, M7 and M8 specify the 

operating m ode, M9 specifies the write burst m ode, and M10 and M11 should be set to 

zero. M12 an d M13 should be set to zero to preven t the extended m ode register from  

being program m ed.

The m ode register m ust be loaded when  all banks are idle, and the con troller m ust wait 

the specified tim e before in itiating the subsequen t operation . Violatin g either of these 

requirem en ts will result in  unspecified operation .
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Burst  Length
Read and write accesses to the SDRAM are burst orien ted, with  the burst length  being 

program m able, as shown  in  Figure 3. The burst length  determ ines the m axim um  num -

ber of colum n  locations that can  be accessed for a given  READ or WRITE com m and. 

Burst lengths of 1, 2, 4, or 8 locations are available for both  the sequen tial and the in ter-

leaved burst types, an d a fu ll-page burst is available for the sequen tial type. The fu ll-

page burst is used in  con junction  with  the BURST TERMINATE com m and to generate 

arbitrary burst lengths.

Reserved states should not be used, as unknown  operation  or incom patibility with  

fu ture versions m ay result.

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  with in  the block if a boundary is reached. The block is 

un iquely selected by A1–A8 when  BL = 2, A2–A8 when  BL = 4, and A3–A8 when  BL = 8. 

The rem ain ing (least sign ifican t) address bit(s) is (are) used to select the starting location  

with in  the block. Full-page bursts wrap  with in  the page if the boundary is reached.

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

th is is referred to as the burst type and is selected via bit M3.

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

and the starting colum n  address, as shown  in  Table 4.
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Figure 3:  M ode Register Def init ion
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Notes: 1. For full-page accesses: y = 512.

2. For BL = 2, A1–A8 select  the block-of -two burst ; A0 selects the start ing column within the 

block.

3. For BL = 4, A2–A8 select  the block-of -four burst ; A0-A1 select  the start ing column within 

the block.

4. For BL = 8, A3–A8 select  the block-of -eight  burst ; A0-A2 select  the start ing column within 

the block.

5. For a full-page burst , the full row is selected and A0–A8 select  the start ing column.

6. Whenever a boundary of  the block is reached within a given sequence above, the follow-

ing access wraps within the block.

7. For BL = 1, A0–A8 select  the unique column to be accessed, and mode register bit  M3 is 

ignored.

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 p iece of output data. The latency can  be set to one, 

two, or three clocks.

If a READ com m and is registered at clock edge n , and the latency is m  clocks, the data 

will be available by clock edge n  + m . The DQs will start driving as a result of the clock 

edge one cycle earlier (n  + m  - 1), and provided that the relevan t access tim es are m et, 

the data will be valid by clock edge n  + m . For exam ple, assum ing that the clock cycle 

tim e is such  that all relevan t access tim es are m et, if a read com m and is registered at T0 

Table 5: Burst  Def init ion Table 

Burst  Length

Order of  Accesses Within a Burst

Start ing Column Address Type = Sequential 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

Full Page (y) n = A0-A11/9/8 

(locat ion 

0-y)

Cn, Cn + 1,

Cn + 2

Cn + 3, Cn + 4...

…Cn - 1,

Cn…

Not  Supported
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and the latency is p rogram m ed to two clocks, the DQs will start driving after T1 and the 

data will be valid by T2, as shown in  Figure 4. Table 5 indicates the operating frequencies 

at which  each  CAS latency setting can  be used. 

Reserved states should not be used as unkn own operation  or incom patibility with  fu ture 

versions m ay result.

Operat ing M ode

The norm al operating m ode is selected by setting M7 and M8 to zero; the other com bi-

nations of values for M7 and M8 are reserved for fu ture use and/ or test m odes. The pro-

gram m ed burst length  applies to both  read and write bursts.

Test m odes and reserved states should not be used because unknown  operation  or 

incom patibility with  fu ture version s m ay result.

Write Burst  M ode

When  M9 = 0, the burst length  program m ed via M0-M2 app lies to both  READ and 

WRITE bursts; when  M9= 1, the program m ed burst length  applies to READ bursts, but 

write accesses are single-location  (nonburst) accesses.

Low -Pow er Extended M ode Register Def init ion

The low-power extended m ode register con trols the function s beyond those con trolled 

by the m ode register. These additional function s are special features of the m obile 

device. They in clude tem perature com pensated self refresh  (TCSR) con trol, partial array 

self refresh  (PASR), and output drive strength . Not program m ing the extended m ode 

register upon  in itialization  will resu lt in  default settings for the low-power features. The 

extended m ode will default with  the tem perature sensor enabled, fu ll drive strength , and 

fu ll array refresh .

The low-power extended m ode register is program m ed via the MODE REGISTER SET 

com m and (BA1 = 1, BA0 = 0) and retains the stored in form ation  un til it is program m ed 

again  or the device loses power.
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Figure 4:  CAS Latency

Table 6: CAS Latency

Speed

Allow able Operat ing Frequency (M Hz)

CL = 1 CL = 2 CL = 3

-75 − ≤104 ≤133

- 8 ≤50 ≤104 ≤125

-10 ≤50 ≤83.3 ≤100

CLK

DQ

T2T1 T3T0

CL = 3 

LZ

DOUT

tOHt

COMMAND NOPREAD

tAC

NOP

T4

NOP

DON’T CARE

UNDEFINED

CLK

DQ

T2T1T0

CL = 1

LZ

DOUT

tOHt

COMMAND NOPREAD

tAC

CLK

DQ

T2T1 T3T0

CL = 2 

LZ

DOUT

tOHt

COMMAND NOPREAD

tAC

NOP
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Figure 5:  Low  Pow er Extended M ode Register Table

Notes: 1. E13 and E12 (BA1 and BA0) must  be “ 1, 0”  to select  the extended mode register (vs. the 

base mode register). 

2. Default  EMR values are full array for PASR, full drive st rength.

3. RFU: reserved for future use.

4. E4 and E3 are “ Don’t  Care.”

The low-power extended m ode register m ust be program m ed with  E7 through E11 set to 

“0”. It m ust be loaded when  all banks are idle and no bursts are in  progress, and the con -

troller m ust wait the specified tim e before in itiating any subsequen t operation . Violating 

either of these requirem en ts resu lts in  unspecified operation . Once the values are 

en tered, the extended m ode register settings will be retained even  after exiting deep  

power-down  m ode. 

Temperature Compensated Self  Refresh

Tem perature com pensated self refresh  (TCSR) allows the con troller to program  the 

refresh  in terval during self refresh  m ode, according to the case tem perature of the 

Mobile device. This allows great power savings during self refresh  during m ost operating 

tem perature ranges. On ly during extrem e tem peratures would the con troller have to 

select the m axim um  TCSR level. This would guaran tee data durin g self refresh .

Every cell in  the DRAM requires refresh ing due to the capacitor losing its charge over 

tim e. The refresh  rate is dependen t on  tem perature. At h igher tem peratures a capacitor 

loses charge quicker than  at lower tem peratures, requiring the cells to be refreshed m ore 

often . Historically, during self refresh , the refresh  rate has been  set to accom m odate the 

worst case, or h ighest tem perature range expected.

A9 A7 A6 A5 A4 A3A8 A2 A1 A0

Low Power 

Extended Mode

Register (Ex)

Address Bus

9 7 6 5 4 38 2 1 0

A10A11

101112

PASR0    00

13

1 All must  be set  to " 0"

BA0

E9 E7 E6 E5 E4 E3E8 E2 E1 E0E10E11E12

BA1

E131

Self Refresh Coverage

Four Banks2

Two Banks (Bank 0,1)

One Bank (Bank 0)

RFU3

RFU

1/2 Bank (Bank 0)

1/4 Bank (Bank 0)

RFU

E0

0

0

0

1

1

1

0

1

E1

0

0

0

1

1

1

0

1

E2

0

0

0

0

1

1

1

1

DS

Driver Strength

Full St rength2

Half  St rength

RFU

RFU

E6  E5

0

0

1

1  

0

1

0

1

E4  E3

Must  be set  to " 0"0  0
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Thus, durin g am bien t tem peratures, the power consum ed during refresh  was unneces-

sarily h igh because the refresh  rate was set to accom m odate the h igher tem peratures. 

This SDRAM has an  on -chip  tem perature sensor that autom atically adjusts refresh  rate 

according to die tem perature. The default setting for the TCSR is with  the tem perature 

sensor enabled.

Part ial Array Self  Refresh

For further power savings during self refresh , the partial array self refresh  (PASR) feature 

allows the con troller to select the am oun t of m em ory that will be refreshed during self 

refresh . The refresh  option s are all banks (ban ks 0, 1, 2, and 3), two banks (ban ks 0 and 

1), and one ban k (ban k 0). Also in cluded in  the refresh  options are the half-bank and 

quarter-bank partial array self refresh  (bank 0). WRITE and READ com m ands occur to 

any bank selected during standard operation , but on ly the selected banks in  PASR will 

be refreshed during self refresh . It is im portan t to n ote that data in  banks 2 and 3 will be 

lost when  the two bank option  is used. Data will be lost in  banks 1, 2, an d 3 when  the one 

bank option  is used.

Driver Strength

Bits E5 and E6 of the extended m ode register can  be used to select the driver strength  of 

the DQ outputs. This value should be set according to the application ’s requirem en ts. 

Full drive strength  was carried over from  standard SDRAM and is su itable to drive h igher 

load system s. 
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Commands
Table 7 p rovides a quick reference of available com m ands. This is followed by a written  

descrip tion  of each  com m an d. Three additional Truth  Tables appear following "Opera-

tion" on  page 21; these tables provide curren t state/ next state in form ation .

Notes: 1. A0–A11 provide row address, and BA0, BA1 determine which bank is made act ive.

2. A0–A8 provide column address; A10 HIGH enables the auto precharge feature (non persis-

tent ), while A10 LOW disables the auto precharge feature; BA0, BA1 determine which 

bank is being read f rom or writ ten to. 

3. This command is BURST TERMINATE when CKE is HIGH and DEEP POWER DOWN when CKE 

is LOW.

4. The purpose of  the BURST TERMINATE command is to stop a data burst , thus the com-

mand could coincide with data on the bus. However the DQs column reads a don’t  care 

state to illust rate that  the BURST TERMINATE command can occur when there is no data 

present . 

5. A10 LOW: BA0, BA1 determine the bank being precharged. A10 HIGH: All banks pre-

charged and BA0, BA1 are “ Don’t  Care.”

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

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

except  for CKE.

8. A0–A11 def ine the op-code writ ten to the mode and extended mode register.

9. Act ivates or deact ivates the DQs during WRITEs (zero-clock delay) and READs (two-clock 

delay). DQM0 controls DQ0–DQ7; DQM1 cont rols DQ8–DQ15; DQM2 controls DQ16–DQ23; 

and DQM3 cont rol DQ24–DQ31.

COM M AND INHIBIT

The COMMAND INHIBIT function  preven ts new com m ands from  being executed by the 

SDRAM, regardless of whether the CLK signal is en abled. The SDRAM is effectively dese-

lected and the DQ balls tri-state. Operations already in  p rogress are n ot affected.

NO OPERATION (NOP)

The NO OPERATION (NOP) com m and is used to perform  a NOP to an  SDRAM which  is 

selected (CS# is LOW). This preven ts unwan ted com m ands from  bein g registered during 

idle or wait states. Operations already in  progress are not affected.

Table 7: Truth Table – Commands and DQM  Operat ion
CKE is HIGH for all commands shown except  SELF REFRESH and DEEP POWER DOWN

Name (Funct ion) CS# RAS# CAS# WE# DQM ADDR DQs Notes

COMMAND INHIBIT (NOP) H X X X X X X

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

ACTIVE (Select  bank and act ivate row) L L H H X Bank/Row X 1

READ (Select  bank and column, and start  READ burst ) L H L H L/H8 Bank/Col X 2

WRITE (Select  bank and column, and start  WRITE burst ) L H L L L/H8 Bank/Col Valid 2

BURST TERMINATE or DEEP POWER DOWN

(Enter deep power-down mode)

L H H L X X X 3, 4

PRECHARGE (Deact ivate row in bank or banks) L L H L X Code X 5

AUTO REFRESH or SELF REFRESH

(Enter self  ref resh mode)

L L L H X X X 6, 7

LOAD MODE REGISTER L L L L X Op-Code X 8

Write Enable/Output  Enable X X X X L X Act ive 9

Write Inhibit /Output  High-Z X X X X H X High-Z 9
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LOAD M ODE REGISTER

The m ode register is loaded via inputs A0, BA0, and BA1. (See "Mode Register" on  page 

9.) The LOAD MODE REGISTER and LOAD EXTENDED MODE REGISTER com m ands 

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

not be issued un til tMRD is m et.

The values of the load m ode register and extended m ode register will be retained even  

when  exiting deep  power-down  m ode.

ACTIVE

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

sequen t access. The value on  the BA0, BA1 inputs selects the bank, and the address pro-

vided on  inputs A0–A11 selects the row. This row rem ain s 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 inputs selects the bank, and the address provided on  inputs A0–A8 selects 

the starting colum n  location . The value on  input A10 determ ines whether or not au to 

precharge is used. If au to precharge is selected, the row being accessed will be pre-

charged at the end of the read burst; if au to precharge is not selected, the row will 

rem ain  open  for subsequen t accesses. Read data appears on  the DQs subject to the logic 

level on  the DQM inputs two clocks earlier. If a given  DQM signal was registered HIGH, 

the corresponding DQs will be High-Z two clocks later; if the DQM signal was registered 

LOW, the DQs will p rovide valid  data.

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–A8 

selects the starting colum n  location . The value on  input A10 determ ines whether or not 

au to precharge is used. If au to precharge is selected, the row being accessed will be pre-

charged at the end of the write burst; if auto precharge is not selected, the row will 

rem ain  open  for subsequen t accesses. Input data appearing on  the DQs is written  to the 

m em ory array subject to the DQM input logic level appearing coinciden t with  the data. 

If a given  DQM sign al is registered LOW, the corresponding data will be written  to m em -

ory; if the DQM signal is registered HIGH, the correspondin g data inputs will be ignored, 

and a write will not be executed to that byte/ colum n  location .

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 bank(s) will be available for a subsequen t row access a 

specified tim e (tRP) after the precharge com m and is issued. 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.” Once a bank has been  precharged, it is in  the id le state and m ust be acti-

vated prior to any READ or WRITE com m ands being issued to that bank. 

Auto Precharge

Auto precharge is a feature which  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 au to 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 -
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m and is au tom atically perform ed upon  com pletion  of the READ or WRITE burst, except 

in  the fu ll-page burst m ode, where auto precharge does not apply. Auto precharge is non  

persisten t in  that it is either en abled or disabled for each  individual READ or WRITE 

com m and.

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

burst. 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. Th is is determ ined as if an  explicit PRECHARGE com m and was 

issued at the earliest possible tim e, as described for each  burst type in  "Operation" on  

page 21.

BURST TERM INATE

The BURST TERMINATE com m and is used to truncate either fixed-length  or fu ll-page 

bursts. The m ost recen tly registered READ or WRITE com m and prior to the BURST TER-

MINATE com m and will be truncated, as shown  in  "Operation" on  page 21.

AUTO REFRESH

AUTO REFRESH is used during norm al operation  of the SDRAM and is analogous to 

CAS#-BEFORE-RAS# (CBR) refresh  in  conven tional DRAMs. This com m and is non  per-

sisten t, so it m ust be issued each  tim e a refresh  is required. All active banks m ust be 

PRECHARGED prior to issu in g an  AUTO REFRESH com m and. The AUTO REFRESH 

com m and should not be issued un til the m in im um  tRP has been  m et after the PRE-

CHARGE com m and, as shown  in  "Operation" on  page 21.

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

bits “Don’t Care” during an  AUTO REFRESH com m and. The 256Mb SDRAM requires 

4,096 AUTO REFRESH cycles every 64m s (tREF). Providing a distributed AUTO 

REFRESH com m and every 15.625µs will m eet th e refresh  requirem en t and ensure that 

each  row is refreshed. Alternatively, 4,096 AUTO REFRESH com m an ds can  be issued in  a 

burst at the m in im um  cycle rate (tRFC), once every 64m s. 

SELF REFRESH

The SELF REFRESH com m and can  be used to retain  data in  the SDRAM, even  if the rest 

of the system  is powered down . When  in  the self refresh  m ode, the SDRAM retains data 

without external clocking. The SELF REFRESH com m an d is in itiated like an  AUTO 

REFRESH com m and, except CKE is disabled (LOW). Once the SELF REFRESH com m and 

is registered, all the inputs to the SDRAM becom e “Don’t Care” with  the exception  of 

CKE, which  m ust rem ain  LOW. 

Once self refresh  m ode is engaged, the SDRAM provides its own  in tern al clocking, caus-

ing it to perform  its own  auto refresh  cycles. The SDRAM m ust rem ain  in  self refresh  

m ode for a m in im um  period equal to tRAS and m ay rem ain  in  self refresh  m ode for an  

indefin ite period beyond that. 

The procedure for exiting self refresh  requires a sequence of com m ands. First, CLK m ust 

be stable (stable clock is defin ed as a signal cycling with in  tim ing constrain ts specified 

for the clock ball) p rior to CKE going back HIGH. Once CKE is HIGH, the SDRAM m ust 

have NOP com m ands issued (a m in im um  of two clocks) for tXSR because tim e is 

required for the com pletion  of any in ternal refresh  in  progress.

Upon  exitin g the self refresh  m ode, AUTO REFRESH com m ands m ust be issued every 

15.625µs or less as both  SELF REFRESH and AUTO REFRESH utilize the row refresh  

coun ter.
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DEEP POWER-DOWN

DEEP POWER-DOWN is an  operating m ode to ach ieve m axim um  power reduction  by 

elim inating the power of the whole m em ory array of the devices. Array data will not be 

retained once the device en ters deep  power-down  m ode. The settings in  the m ode and 

extended m ode register will be retained during deep  power-down .

This m ode is en tered by having all banks idle then  CS# and WE# held  LOW with  RAS# 

and CAS# held  HIGH at the rising edge of the clock, while CKE is LOW. This m ode is 

exited by asserting CKE HIGH.
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Operat ion

Bank/Row  Activat ion
Before any READ or WRITE com m an ds can  be issued to a bank with in  the SDRAM, a row 

in  that bank m ust be “opened.” This is accom plished via the ACTIVE com m and, which  

selects both  the bank and the row to be activated (see Figure 5 on  page 15). 

After open ing a row (issu in g an  ACTIVE com m and), a READ or WRITE com m and m ay be 

issued to that row, subject to the tRCD specification . tRCD (MIN) should be divided by 

the clock period and rounded up  to the next whole n um ber to determ ine the earliest 

clock edge after the ACTIVE com m and on  which  a READ or WRITE com m and can  be 

en tered. For exam ple, a tRCD specification  of 20n s with  a 125 MHz clock (8ns period) 

results in  2.5 clocks, rounded to 3. This is reflected in  Figure 6 on  page 21, which  covers 

any case where 2 < tRCD (MIN)/ tCK ≤ 3. (The sam e procedure is used to convert other 

specification  lim its from  tim e un its to clock cycles.)

A subsequen t ACTIVE com m and to a differen t row in  the sam e bank can  on ly be issued 

after the previous active row has been  “closed” (p recharged). The m in im um  tim e in ter-

val between  successive ACTIVE com m ands to the sam e bank is defined by tRC.

A subsequen t ACTIVE com m and to another bank can  be issued while the first bank is 

being accessed, which  results in  a reduction  of total row-access overhead. The m in i-

m um  tim e in terval between  successive ACTIVE com m ands to differen t banks is defined 

by tRRD.

Figure 6:  Act ivat ing a Specif ic Row  in a Specif ic Bank

CS#

WE#

CAS#

RAS#

CKE

CLK

A0-A11 ROW
ADDRESS

DON´T CARE

HIGH

BA0, BA1 BANK
ADDRESS
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Figure 7:  Example: M eet ing tRCD (M IN) When 2 < tRCD (M IN)/tCK < 3

READs
READ bursts are in itiated with  a READ com m and, as shown  in  Figure 8. 

The starting colum n  and bank addresses are provided with  the READ com m and, and 

auto precharge is either enabled or disabled for that burst access. If au to precharge is 

en abled, the row being accessed is p recharged at the com pletion  of the burst. For the 

generic READ com m ands used in  the following illustrations, au to precharge is disabled.

During READ bursts, the valid  data-out elem en t from  the starting colum n  address will 

be available following the CAS latency after the READ com m and. Each  subsequen t data-

out elem en t will be valid  by the next positive clock edge. Figure 9 shows general tim ing 

for each  possible CAS latency settin g.
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T2T1 T3T0

t
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NOP

RCD (MIN)
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Figure 8:  READ Command

Upon  com pletion  of a burst, assum ing no other com m ands have been  in itiated, the DQs 

will go High-Z. A fu ll-page burst will con tinue un til term in ated. (At the end of the page, it 

will wrap  to colum n  0 and con tinue.)

Data from  any READ burst m ay be truncated with  a subsequen t READ com m and, and 

data from  a fixed-length  READ burst m ay be im m ediately followed by data from  a READ 

com m and. In  either case, a con tinuous flow of data can  be m ain tained. The first data 

elem en t from  the new burst follows either the last elem en t of a com pleted burst or the 

last desired data elem en t of a longer burst that is being truncated. The new READ com -

m and should be issued x cycles before the clock edge at which  the last desired data ele-

m en t is valid, where x equals the CAS latency m inus one. 
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Figure 9:  CAS Latency

This is shown  in  Figure 10 for CAS latencies of one, two, and three; data elem en t n  + 3 is 

either the last of a burst of four or the last desired of a longer burst. The 256Mb SDRAM 

uses a p ipelined architecture and therefore does not require the 2n  ru le associated with  

a prefetch  arch itecture. A READ com m and can  be in itiated on  any clock cycle following 

a previous READ com m and. Full-speed random  read accesses can  be perform ed to the 

sam e bank, as shown  in  Figure 10 on  page 25, or each  subsequen t READ m ay be per-

form ed to a differen t bank.
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Figure 10:  Consecut ive READ Bursts

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