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SYNCHRONOUS
DRAM

MT48LC16M4A2 — 4 Meg x4 x 4 ban
MT48LC8M8A2 — 2 Meg x8 x 4 ban
MT48LCAM 16A2 — 1 Meg x 16 x 4 ban
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ks
ks

For the lates data sheet, please refer to the Micron Web

site: www.micron.com/dramds

FEATURES

¢ PC66-, PC100-, and PC133-compliant

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

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

¢ Internal banks for hiding row access/precharge

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

¢ Auto Precharge, includes CONCURRENT AUTO
PRECHARGE, and Auto Refresh Modes

¢ Self Refresh Modes: standard and low power

¢ 64ms, 4,096-cycle refresh

¢ LVTTL-compatible inputs and outputs

e Single +3.3V 0.3V power supply

OPTIONS MARKING
¢ Configurations
16 Meg x4 (4 Meg x4 x4 banks) 16M4
8 Meg x8 (2 Meg x8 x4 banks) 8M8
4 Meg x16 (1 Meg x16 x 4 banks) 4M16
¢ WRITE Recovery (‘WR)
‘WR =“2 CLK”! A2
¢ Plastic Package — OCPL?
54-pin TSOP II (400 mil) TG
54-pin TSOP II (400 mil) Lead-free P
¢ Timing (Cycle Time)
10ns @ CL =2 (PC100) -8E 345
7.5ns @ CL =3 (PC133) -75
7.5ns @ CL =2 (PC133) -7E
6ns @ CL =3 (PC133, x16 Only) -6
¢ Self Refresh
Standard None
Low Power L
¢ Die Rev :G
e Operating Temperature Range
Commercial (0°C to +70°C) None

Industrial (-40°C to +85°C) IT?

Part Number Example:

MT48LC8M8A2TG-75:G

NOTE: 1. Referto Micron Technical Note: TN-48-05.
2. Off-center parting line.

3. Consult Micron for availability.

4. Notrecommended fornewdesigns.

5

. Shown forPC100compatibility.
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PIN ASSIGNMENT (Top View)

DQMH DQM DQM
CLK

Note: The # symbol indicates signal is active LOW. A dash (-)
indicates x8 and x4 pin function is same as x16 pin function.
16 Meg x 4 8Megx 8 4 Meg x 16
Configuration 4Meg x4 x4banks | 2Meg x8x4banks | 1 Meg x 16 x 4 banks
Refresh Count 4K 4K 4K
Fow Addressing 4K (A0-AT1) 4K (AO-A11) 4K (A0-A11)
Bank Addressng 4 (BAO, BAT) 4 (BAO, BAY) 4 (BAO, BA1)
Column Addressing 1K (A0-A9) 512 (A0-A8) 256 (A0-A7)
KEY TIMING PARAM ETERS
SPEED CLOCK ACCESS TIME | SETUP | HOLD
GRADE| FREQUENCY |CL=2*|CL=3*| TIME | TIME
-6 166 MHz - 5.5ns | 1.5ns 1ns
-7E 143MHz - 5.4ns 1.5ns | 0.8ns
-75 133MHz - 5.4ns 1.5ns 0.8ns
-7E 133MHz 5.4ns - 1.5ns 0.8ns
-8E3 45 125MHz - 6ns 2ns 1ns
-75 100MHz 6ns - 1.5ns 0.8ns
-8E3 45 100 MHz 6ns - 2ns 1ns

* CL = CAS(READ) latency
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64Mb SDRAM PART NUM BERS

PART NUM BER ARCHITECTURE
MT48LC16M4A2TG 16 Meg x 4
MT48LCBMBA2TG 8 Meg x 8
MT48LCAM 16A2TG 4Meg x 16
GENERALDESCRIPTION

The Micron® 64Mb SDRAM is a high-speed CMOS,
dynamic random-access memory containing
67,108,864 bits. It is internally configured as a quad-
bank DRAM with a synchronous interface (all signals
are registered on the positive edge of the clock signal,
CLK). Each of the x4’s 16,777,216-bit banks is orga-
nized as 4,096 rows by 1,024 columns by 4 bits. Each of
the x8’s 16,777,216-bit banks is organized as 4,096 rows
by 512 columns by 8 bits. Each of the x16’s 16,777,216-
bit banks is organized as 4,096 rows by 256 columns by
16 bits.

Read and write accesses to the SDRAM are burst
oriented; accesses start at a selected location and con-
tinue for a programmed number of locations in a pro-
grammed sequence. Accesses begin with the
registration of an ACTIVE command, which is then fol-
lowed by a READ or WRITE command. The address bits
registered coincident with the ACTIVE command are
used to select the bank and row to be accessed (BAO,
BAIl select the bank; AO-All select the row). The ad-

dress bitsregistered coincident with the READ or WRITE
command are used to select the starting column loca-
tion for the burst access.

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

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

The 64Mb SDRAM is designed to operate in 3.3V
memory systems. An auto refresh mode is provided,
along with a power-saving, power-down mode.
All inputs and outputs are LVITL-compatible.

SDRAMs offer substantial advances in DRAM oper-
ating performance, including the ability to synchro-
nously burst data at a high data rate with automatic
column-address generation, the ability to interleave
between internal banks in order to hide precharge time
and the capability to randomly change column
addresses on each clock cycle during a burst access.
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FUNCTIONAL BLOCK DIAGRAM
16 Meg x4 SDRAM
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FUNCTIONALBLOCKDIAGRAM
8 Meg x 8 SDRAM
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FUNCTIONAL BLOCK DIAGRAM
4 Meg x 16 SDRAM
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PIN DESCRIPTIONS

PIN NUM BERS

SYMBOL

TYPE

DESCRIPTION

38

CLK

Input

Clock: CLK isdriven by the system clock. All SDRAM input signalsare
sampled on the positive edge of CLK. CLK also incrementsthe internal
burst counter and controlsthe output registers.

37

Input

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

19

Input

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

16,17, 18

WE#, CASH,
RAS#

Input

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

39

x4, x8: DQM

15,39

x16: DQML,
DQMH

Input

Input/Output Mask: DQM isan input mask signal for write accesses and
an output enable signal for read accesses. Input data ismasked when
DQM issampled HIGH during a WRITE cycle. The output buffersare
placed in a High-Z state (two-clock latency) when DQM issampled
HIGH during a READ cycle. On the x4 and x8, DQML (Pin 15) isa NC
and DQMH isDQM. On the x16, DQML correspondsto DQO-DQ7 and
DQMH correspondsto DQ8-DQ15. DQML and DQMH are considered
same state when referenced as DQM.

20, 21

BAO, BA1

Input

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

23-26, 29-34, 22, 35

AO-A11

Input

Address Inputs: A0-A11 are sampled during the ACTIVE command
(row-address A0-A11) and READ/WRITE command (column-address AO-
A9 [x4]; A0-A8 [x8]; A0-A7 [x16]; with A10 defining auto precharge) to
select one location out of the memory array in the respective bank.
A10 issampled during a PRECHARGE command to determine if all
banks are to be precharged (A10[HIGH]) or bank selected by BAO,
BA1 (A1[LOW]). The address inputs also provide the op-code
during a LOAD MODE REGISTER command.

2,4,5,7,8,10, 11, 13, 42,
44, 45, 47, 48, 50, 51, 53

DQO0-DQ15

x16: 1/0

Data Input/Output: Data bus for x16 (4, 7, 10, 13, 42, 45, 48, and 51 are
NGsfor x8; and 2, 4, 7, 8, 10, 13, 42, 45, 47, 48, 51, and 53 are NCsfor x4).

2,5,8,11,44,47,50, 53

DQO-DQ7

x8: 1/10

Data Input/Output: Data busfor x8 (2, 8,47, 53 are NCsfor x4).

5,11, 44,50

DQO0-DQ3

x4:1/0

Data Input/Output: Data busfor x4.

40

NC

No Connect: These pinsshould be left unconnected.

36

NC

Address input (A12) for the 256Mb and 512Mb devices

3,9,43,49

VooQ

Supply

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

6,12, 46, 52

VsQ

Supply

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

1,14, 27

Vop

Supply

Power Supply: +3.3V £0.3V.

28, 41, 54

Vss

Supply

Ground.
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FUNCTIONALDESCRIPTION

In general, the 64Mb SDRAMs (4 Meg x 4 x 4 banks,
2 Meg x 8 x4 banks and 1 Meg x 16 x4 banks) are quad-
bank DRAMs which operate at 3.3V and include a syn-
chronous interface (all signals are registered on the
positive edge of the clock signal, CLK). Each of the x4’s
16,777,216-bit banks is organized as 4,096 rows by 1,024
columns by 4 bits. Each of the x8’s 16,777,216-bit banks
is organized as 4,096 rows by 512 columns by 8 bits.
Each of the x16’s 16,777,216-bit banks is organized as
4,096 rows by 256 columns by 16 bits.

Read and write accesses to the SDRAM are burst
oriented; accesses start at a selected location and con-
tinue for a programmed number of locations in a pro-
grammed sequence. Accesses begin with the registra-
tion of an ACTIVE command which is then followed by
a READ or WRITE command. The address bits regis-
tered coincident with the ACTIVE command are used
to select the bank and row to be accessed (BAO and BA1
select the bank, AO-All select the row). The address
bits (x4: A0-A9; x8: AO-A8; x16: AO-A7) registered coinci-
dent with the READ or WRITE command are used to
select the starting column location for the burst access.

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

Initialization

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

Once the 100us delay has been satisfied with at
least one COMMAND INHIBIT or NOP command hav-
ing been applied, a PRECHARGE command should be
applied. All banks must be precharged, thereby plac-
ing the device in the all banks idle state.

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

Register Definition
MODE REGISTER

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

Mode register bits M0-M2 specify the burst length,
M3 specifies the type of burst (sequential or inter-
leaved), M4-M6 specify the CAS latency, M7 and M8
specify the operating mode, M9 specifies the WRITE
burst mode, and M10 and M11 are reserved for future
use.

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

Burst Length

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

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

When a READ or WRITE command is issued, a block
of columns equal to the burst length is effectively se-
lected. All accesses for that burst take place within this
block, meaning that the burst will wrap within the block
if a boundary is reached. The block is uniquely se-
lected by AI-A9 (x4), Al-A8 (x8) or Al-A7 (x16) when the
burst length is set to two; by A2-A9 (x4), A2-A8 (x8) or
A2-A7 (x16) when the burst length is set to four; and by
A3-A9 (x4), A3-A8 (x8) or A3-A7 (x16) when the burst
length is set to eight. The remaining (least significant)
address bit(s) is (are) used to select the starting loca-
tion within the block. Full-page bursts wrap within the
page if the boundary is reached.

64Mb: x4, x8, x16 SDRAM
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Burst Type

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

Table 1
Burst Definition

: L . Burst [Starting Column Order of Accesses Within a Burst
The ordering of accesses within a burst is deter- Lenath Address Tvoe = Seauential | Tvpe = Interleaved
mined by the burst length, the burst type and the start- 9 ype = >eq ype =
ing column address, as shown in Table 1. A0
P 0 0-1 0-1
1 1-0 1-0
. A1 A0
Fl_gure 1 . 0 0 0-1-2-3 0-1-2-3
Mode Reglster Definition 4 0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 Address Bus 1 1 3_0_1_2 3_2_1_0
AARARRRARAR
0 0 O |O0-1-2-3-4-5-6-7 | 0-1-2-3-4-5-6-7
RS RTS8 /A S8 LR ITLD (] wose egiser (0 0 0 1 |1-2345670 | 1-0-3-254-7-6
‘Fleserved'|WB|OpMode‘ CASlLatency ‘BT‘ Burst Length
0 1 0 |23-4-56-7-0-1 2-3-0-1-6-7-4-5
csos 8 0o 1 1 3-4-5-6-7-0-1-2 | 3-2-1-0-7-6-5-4
W M0 - 0.0 1 0 0 |45670123 | 4567-0-1-2-3
to ensure compatibility Burst Length
with future devices. 1 0 1 5-6-7-0-1-2-3-4 | 5-4-7-6-1-0-3-2

M2 M1 MO M3=0 M3=1

o 0 o | ; 1 1 0 |6-7-0-1-2-3-4-5 | 6-7-4-5-2-3-0-1

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

e : Rl | n=A0-A987 0&“3*(1)’10‘4"2

+3, +4...
1.0 0| PReserved Reserved Page . .on-1 Not Supported
10 1| Reserved Resorved ) (location 0-y) ’
Cn...
1.1 0 Reserved Reserved
111 Full Page Reserved
NOTE: 1. For full-page accesses: y = 1,024 (x4); y = 512 (x8);
y = 256 (x16).
Ma Burst Type 2. For aburst length of two, A1-A9 (x4), A1-A8 (x8),
o Squential or A1-A7 (x16) select the block-of-two burst; A0
| Interleaved selectsthe starting column within the block.
3. For aburst length of four, A2-A9 (x4), A2-A8 (x8),

M6 M5 M4 CASLatency or A2-A7 (x16) select the block-of-four burst; AO-

00 0 Reserved A1 select the starting column within the block.

00 1 Reserved 4. For aburst length of eight, A3-A9 (x4), A3-A8 (x8),

01 0 2 or A3-A7 (x16) select the block-of-eight burst; AO-

0 1 1 3 A2 select the starting column within the block.

Lo oo Fesorved 5. For a full-page burst, the full row isselected and

1o 1 Resorved A0-A9 (x4), A0-A8 (x8), or A0-A7 (x16) select the

1o Resorved starting column.

P Resorved 6. Whenever aboundary of the block isreached
within agiven sequence above, thefollowing
accesswrapswithin the block.

M8 | M7 | ME-MO | Operating Mode 7. For aburst length of one, A0-A9 (x4), A0-A8 (x8),
0 0 | Defined | Sandard Operation or A0-A7 (x16) select the unique column to be
All other states reserved accessed, and mode register bit M3 isignored.
M9 Write Burst Mode
0 Programmed Burst Length
1 Single Location Access

64Mb: x4, x8, x16 SDRAM
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CAS Latency

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

If a READ command is registered at clock edge n,
and the latency is m clocks, the data will be available by
clockedge n +m.The DQs will start driving as a result of
the clock edge one cycle earlier (n +m - 1), and provided
that the relevant access times are met, the data will be
valid by clock edge n + m. For example, assuming that
the clock cycle time is such that allrelevant access times
are met, if a READ command is registered at TO and the
latency is programmed to two clocks, the DQs will start
driving after T1 and the data will be valid by T2, as
shown in Figure 2. Table 2 indicates the operating fre-
quencies at which each CAS latency setting can be used.

Reserved states should not be used as unknown

Operating Mode

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

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

Write Burst Mode

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

operation or incompatibility with future versions Table 2
may result. CAS Latency
. ALLOWABLE OPERATING
Figure 2 FREQUENCY (MHz)
CAS Latency CAS CAS
T0 - 2 3 SPEED LATENCY = 2 LATENCY = 3
S S U S 6 — = 166
\ \ \ -7E <133 <143
coumano 7 rer0 )X wor ) nor X 75 <100 <133
| iz for -8E <100 <125
DQ —
“AC """
CASlatency =2
0 ! T2 ! T4
S W I U I S B U N
\ \ \
comnmo 7470 Y e N wor XK
| oL
o R
‘ tAC
CASlatency = 3
DON'T CARE
R unperneD
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Commands

Truth Table 1 provides a quick reference of
available commands. This is followed by a written de-
scription of each command. Three additional Truth

Tables appear following the Operation section; these
tables provide current state/next state information.

TRUTH TABLE1 —-COMMANDS AND DQM OPERATION

(Note: 1)
NAME (FUNCTION) CS# |RAS#|CAS#|WE# |DQM| ADDR DQs |NOTES
COMMAND INHIBIT (NOP) H X X X X X X
NO OPERATION (NOP) L H H H X X X
ACTIVE (Select bank and activate row) L L H H X | Bank/Row X 3
READ (Select bank and column, and start READ burst) L H L H | WUH8 | Bank/Col X 4
WRITE (Select bank and column, and start WRITE burst) L H L L | WH® | Bank/Col | Valid 4
BURST TERMINATE L H H L X X Active
PRECHARGE (Deactivate row in bank or banks) L L H L X Code X 5
AUTO REFRESH or SELF REFRESH L L L H X X X 6,7
(Enter self refresh mode)
LOAD MODE REGISTER L L L L X | Op-Code X 2
Write Enable/Output Enable - - - - L - Active 8
Write Inhibit/Output High-Z - - - - H - High-Z 8

NOTE:

AN =

. CKEisHIGH for all commands shown except SELF REFRESH.

. A0-A11definethe op-code written to the mode register.

. AO-A11 provide row address, and BAO, BA1 determine which bank ismade active.
. A0-A9 (x4), A0-A8 (x8), or A0-A7 (x16) provide column address; A10 (HIGH) enablesthe auto precharge feature

(nonpersistent), while A10 (LOW) disablesthe auto precharge feature; BAO, BA1 determine which bank isbeing read

from or written to.

5. A10 (LOW): BAO, BA1 determinethe bank being precharged. A10 HIGH: All banksprecharged and BAO, BA1 are “Don’t

Care.”

o N O

. Thiscommand is AUTO REFRESH if CKE is (HIGH), SELF REFRESH if CKE is LOW.
. Internal refresh counter controlsrow addressing; all inputsand I/Osare “Don’t Care” except for CKE.
. Activatesor deactivatesthe DQsduring WRITEs (zero-clock delay) and READs (two-clock delay).

64Mb: x4, x8, x16 SDRAM
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COMMAND INHIBIT

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

NO OPERATION (NOP)

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

LOAD MODE REGISTER

The mode register is loaded via inputs AO-All. See
mode register heading in the Register Definition section.
The LOAD MODE REGISTER command can only be is-
sued when all banks are idle, and a subsequent execut-
able command cannot be issued until '"MRD is met.

ACTIVE

The ACTIVE command is used to open (or activate)
arow in a particular bank for a subsequent access. The
value on the BAO, BAl inputs selects the bank, and the
address provided on inputs AO-All selects the row.
This row remains active (or open) for accesses until a
PRECHARGE command is issued to that bank.
APRECHARGE command must be issued before open-
ing a different row in the same bank.

READ

The READ command is used to initiate a burst read
access to an active row. The value on the BAO, BAl
inputs selects the bank, and the address provided on
inputs AO-A9 (x4), A0-A8 (x8), or AO-A7 (x16) selects the
starting column location. The value on input AlO de-
termines whether or not auto precharge is used. If auto
precharge is selected, the row being accessed will be
precharged at the end of the READ burst; if auto
precharge is not selected, the row will remain open for
subsequent accesses. Read data appears on the DQs
subject to the logic level on the DQM inputs two clocks
earlier. If a given DQM signal was registered HIGH, the
corresponding DQs will be High-Z two clocks later; if
the DQM signal was registered LOW, the DQs will pro-
vide valid data.

WRITE

The WRITE command is used to initiate a burst write
access to an active row. The value on the BAO, BAl
inputs selects the bank, and the address provided on
inputs AO-A9 (x4), A0-A8 (x8), or AO-A7 (x16) selects the
starting column location. The value on input AlO de-
termines whether or not auto precharge is used. If auto

precharge is selected, the row being accessed will be
precharged at the end of the WRITE burst; if auto
precharge is not selected, the row will remain open for
subsequent accesses. Input data appearing on the DQs
is written to the memory array subject to the DQM in-
put logic level appearing coincident with the data. If a
given DQM signal is registered LOW, the correspond-
ing data will be written to memory; if the DQM signal is
registered HIGH, the corresponding data inputs will
be ignored, and a WRITE will not be executed to that
byte/column location.

PRECHARGE

The PRECHARGE command is used to deactivate
the open row in a particular bank or the open row in all
banks. The bank(s) will be available for a subsequent
row access a specified time (‘RP) after the PRECHARGE
command is issued. Input AlO 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.

AUTO PRECHARGE

Auto precharge is a feature which performs the
same individual-bank PRECHARGE function de-
scribed above, without requiring an explicit command.
This is accomplished by using AlO to enable auto
precharge in conjunction with a specific READ or WRITE
command. A precharge of the bank/row that is ad-
dressed with the READ or WRITE command is auto-
matically performed upon completion of the READ or
WRITE burst, except in the full-page burst mode, where
auto precharge does not apply. Auto precharge is non-
persistent in that it is either enabled or disabled for
each individual READ or WRITE command.

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

BURST TERMINATE

The BURST TERMINATE command is used to trun-
cate either fixed-length or full-page bursts. The most
recently registered READ or WRITE command prior to
the BURST TERMINATE command will be truncated,
as shown in the Operation section of this data sheet.

64Mb: x4, x8, x16 SDRAM
64MSDRAM .pmd —Rev. H; Pub. 12/04
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AUTO REFRESH

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

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

SELF REFRESH

The SELF REFRESH command can be used to retain
data in the SDRAM, even if the rest of the system is
powered down. When in the self refresh mode, the

SDRAM retains data without external clocking.
The SELF REFRESH command is initiated like an AUTO
REFRESH command except CKE is disabled (LOW).
Once the SELF REFRESH command is registered, all
the inputs to the SDRAM become “Don’t Care,” with
the exception of CKE, which must remain LOW.

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

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

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

64Mb: x4, x8, x16 SDRAM
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Operation
BANK/ROW ACTIVATION

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

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

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

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

AO0-A1

Figure 3

Activating a Specific Row in a
Specific Bank

O e

CKE  HIGH

cst /I

RASH AN

A

N

WE# /
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Y
ADDRESS
1
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Figure 4
Example: Meeting tRCD (MIN) When 2 < tRCD (MIN)/'CK <3
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READs

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

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

During READ bursts, the valid data-out element
from the starting column address will be available fol-
lowing the CAS latency after the READ command. Each
subsequent data-out element will be valid by the next
positive clock edge. Figure 6 shows general timing for
each possible CAS latency setting.

Figure 5
READ Command

R I e
o,

e 7
cast A

wer —~

Upon completion ofaburst,assumingno other com-
mands have been initiated, the DQs will go High-Z. A
full-page burst will continue until terminated. (At the
end of the page, it will wrap to column O and continue.)

Data from any READ burst may be truncated with a
subsequent READ command, and data from a fixed-
length READ burst may be immediately followed by
data from a READ command. In either case, a continu-
ous flow of data can be maintained. The first data ele-
ment from the new burst follows either the last ele-
ment of a completed burst or the last desired data ele-
ment of a longer burst which is being truncated.
The new READ command should be issued x cycles

Figure 6
CAS Latency
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! DON'T CARE
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before the clock edge at which the last desired data
element is valid, where x equals the CAS latency minus
one. This is shown in Figure 7 for CAS latencies of two
and three;data element n + 3 is either the last of a burst
of four or the last desired of a longer burst. The 64Mb
SDRAM uses a pipelined architecture and therefore

does not require the 2n rule associated with a prefetch
architecture. AREAD command can be initiated on any
clock cycle following a previous READ command. Full-
speed random read accesses can be performed to the
same bank, as shown in Figure 8, or each subsequent
READ may be performed to a different bank.

W/)(V////‘@

WLb

Figure 7
Consecutive READ Bursts
T0 T T2 T3 T4 T5 T6
e S S S N S N S Y S S
commann { e W wor W e W wor W W e W e W
L
wooress BV T T

< Dour >‘

|
|
b — b >“< = >A e < 5
|
‘ CASlLatency = 2
T0 T T2 T3 T4 T5 T6 T7
A S Y S Y S S S S S S T Y O
| | | | | | |
! | | | | | | |
Sl T D D = T
| | | | | | | |
| | | |  xeeoues | |
wooress <% M7 AT LTI s XA iy
! | | | | \ \ |
! | | | |
|
R s e e (D) G0 @) G0 D)
1 CASlLatency =3 1
TRANSITIONING DATA DON'T CARE
NOTE: Each READ command may be to any bank. DQM is LOW.
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Figure 8
Random READ Accesses

T2 T3 T4 T5

S S N Y S B Y S S S

commann {0 W o W o W FLEAD W ‘Nop W ‘Nop W
‘ ;

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

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

Figure 9
READ to WRITE

COMMAND READ NOP NOP NOP WRITE
[l [l [l [l [l
I I} I | I

BANK, BANK,

aooress {55 H//IKIIITTIRITITTI 85 K,

| | LK
Ltz
|

NOTE: A CASlatency of three isused for illustration. The READ
command may be to any bank, and the WRITE command
may be to any bank. If a burst of one isused, then DQM is
not required.

buffers) to suppress data-out from the READ. Once the
WRITE command is registered, the DQs will go High-Z
(or remain High-Z), regardless of the state of the DQM
signal, provided the DQM was active on the clock just
prior to the WRITE command that truncated the READ
command. If not, the second WRITE will be an invalid
WRITE. For example, if DQM was LOW during T4 in
Figure 10, then the WRITEs at TS5 and T7 would be
valid, while the WRITE at T6 would be invalid.

The DQM signal must be de-asserted prior to the
WRITE command (DQM latency is zero clocks for input
buffers) to ensure that the written data is not masked.
Figure 9 shows the case where the clock frequency al-
lows for bus contention to be avoided without adding a
NOP cycle, and Figure 10 shows the case where the
additional NOP is needed.

Figure 10
READ to WRITE With
Extra Clock Cycle

T0 ™ T2 T3 T4 5

| i | AN i
wooress {8 NN IR0 s

I
I
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|
|

TRANSITIONING DATA DON'T CARE

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

four or the last desired of a longer burst. Following the
PRECHARGE command, a subsequent command to
the same bank cannot be issued until 'RP is met. Note
that part of the row precharge time is hidden during
the access of the last data element(s).

In the case of a fixed-length burst being executed to
completion, a PRECHARGE command issued at the
optimum time (as described above) provides the same
operation that would result from the same fixed-length
burst with auto precharge. The disadvantage of the

Figure 11
READ to PRECHARGE
T0 T T2 T3 T4 5 T6 T7
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| l l l l L l
COMMAND -< READ >-< NOP >-< NOP >-< ><PRECHARGE>< NOP >-< NOP >-< ACTIVE >-<:
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oo 3o O{ s 3 o
1 CASLatency =2 ‘
T0 T T2 T3 T4 5 T6 T7
S S N S Y S N Y S A T S
! : | : | T trp T |
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><PRE(‘3I-|ARGE>-< ‘NOP >-< ‘NOP >-< A(‘)TIVE >-<:
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|

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

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

command, provided that auto precharge was not acti-
vated. The BURST TERMINATE command should be
issued x cycles before the clock edge at which the last
desired data element is valid, where x equals the CAS
latency minus one. This is shown in Figure 12 for each
possible CAS latency; data element n + 3 is the last
desired data element of a longer burst.

Figure 12
Terminating a READ Burst
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WRITEs

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

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

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

Data for any WRITE burst may be truncated with a
subsequent WRITE command, and data for a fixed-
length WRITE burst may be immediately followed by
data for a WRITE command. The new WRITE command
can beissued on any clock following the previous WRITE
command, and the data provided coincident with the
new command applies to the new command.

Figure 13
WRITE Command
S Y e I
CKE  HIGH
s 77 7\ f
FASH [ 7 U

A0-A9: x4
AQ-A8 x8 QoL
AO-AT x16 IX ADDRESS
I
Al11: x4 7
A9, A11x8
A8, A9 A11:x16 /X/ ‘ M
ENABLEAUT‘O PRECHARGE
A10 /
DISABLE AUTO PRECHARGE
I
|
BANK
BAO,1 ADDRESS /

An example is shown in Figure 15. Data n + 1 is either
the last of a burst of two or the last desired of a longer
burst. The 64Mb SDRAM uses a pipelined architecture
and therefore does not require the 2n rule associated
with a prefetch architecture. A WRITE command can
be initiated on any clock cycle following a previous
WRITE command. Full-speed random write accesses
within a page can be performed to the same bank, as
shown in Figure 16, or each subsequent WRITE may be
performed to a different bank.

Figure 14
WRITE Burst

COMMAND _< wp‘m >_< NoP >_< or >_< o >_<
ADDRESS gg’t’; W M Y M
o CEXCE BT

TRANSTIONING DATA [///]DON'T CARE
NOTE: Burst length = 2. DQM is LOW.

Figure 15
WRITE to WRITE
TO T T2

o DLELEL

COMMAND .< WRITE >.< NOP >.< WRITE >_<:
s (BB
o CECETCEY-
TRANSITIONING DATA [/ DON'T CARE

NOTE: DQM is LOW. Each WRITE command may
be to any bank.
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Data for any WRITE burst may be truncated with a
subsequent READ command, and data for a fixed-
length WRITE burst may be immediately followed by a
subsequent READ command. Once the READ com-
mand is registered, the data inputs will be ignored, and
WRITEs will not be executed. An example is shown in
Figure 17. Data n + 1 is either the last of a burst of two or
the last desired of a longer burst.

Data for a fixed-length WRITE burst may be fol-
lowed by, or truncated with, a PRECHARGE command
to the same bank (provided that auto precharge was
not activated), and a full-page WRITE burst may be
truncated with a PRECHARGE command to the same
bank. The PRECHARGE command should be issued

Figure 16
Random WRITE Cycles

TO ™ T2 T3
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ADDRESS < coLn La oLx oLm >@
|

v DT
DON'T CARE

TRANSITIONING DATA

Figure 17
WRITE to READ

COMMAND {wanE >< NOP >< READ >,< NoP }( NoP }( NoP >_<
ADDRESS ‘ég’ﬁ“n N /){ 'g‘)'f'; W W M W

po ({5 n°+‘"1 >W /)W TR Ei”i V-
DON'T CARE

TRANSITIONING DATA

'WR after the clock edge at which the last desired input
data element is registered. The auto precharge mode
requires a 'WR of at least one clock plus time, regardless
of frequency. In addition, when truncating a WRITE
burst, the DQM signal must be used to mask input data
for the clock edge prior to, and the clock edge coinci-
dent with, the PRECHARGE command. An example is
shown in Figure 18. Data n + 1 is either the last of a burst
oftwo or the last desired of a longer burst. Following the
PRECHARGE command, a subsequent command to
the same bank cannot be issued until 'RP is met.

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

Figure 18
WRITE to PRECHARGE
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|
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i
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i
I
i
i
T
T
e

COMMAND

] |
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I I I
i i i
. i i i
I I I I
i i i i
i i I i
T T i T
i i i ]
\ \ \ \
WAt Nor vor Werecrmrae){ o NOP Ao
\ T T
| I

\
ADDRESS { ng‘ﬁ: W M X 'f:rNa'Tu W / M X mngcva %
twR \ |

‘

TRANSITIONING DATA DON'T CARE

NOTE: DQM could remain LOW in thisexample if the WRITE burst isa fixed length of two.
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Fixed-length or full-page WRITE bursts can be trun-
cated with the BURST TERMINATE command. When
truncating a WRITE burst, the input data applied coin-
cident with the BURST TERMINATE command will be
ignored. The last data written (provided that DQM is
LOW at that time) will be the input data applied one
clock previous to the BURST TERMINATE command.
This is shown in Figure 19, where data n is the last
desired data element of a longer burst.

Figure 19
Terminating a WRITE Burst
TO T T2
a [
COMMAND  { WATE MG e comman
aporess { BN W77 wooress )

QoL n
|

DQ

% Dr:;« 2“0 ‘ &"( (D)\TA)}
I I I
TRANSTlc;NING DAT‘A DO‘N’T CARE

NOTE: DQMsare LOW.

Figure 20
PRECHARGE Command
a T
o T
e 77—/
S
wer Ih_ LT
T

PRECHARGE

The PRECHARGE command (Figure 20) is used to
deactivate the open row in a particular bank or the
open row in all banks. The bank(s) will be available for
a subsequent row access some specified time (‘RP) af-
ter the PRECHARGE command is issued. Input Al10
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. When
all banks are to be precharged, inputs BAO, BAI are
treated as “Don’t Care.” Once a bank has been
precharged, it is in the idle state and must be activated
prior to any READ or WRITE commands being issued to
that bank.

POWER-DOWN

Power-down occurs if CKE is registered LOW coinci-
dent with a NOP or COMMAND INHIBIT when no ac-
cesses are in progress. If power-down occurs when all
banks are idle, this mode is referred to as precharge
power-down;if power-down occurs when there is a row
active in any bank, this mode is referred to as active
power-down. Entering power-down deactivates the in-
put and output buffers, excluding CKE, for maximum
power savings while in standby. The device may not
remain in the power-down state longer than the re-
fresh period (64ms) since no refresh operations are
performed in this mode.

The power-down state is exited by registering a NOP
or COMMAND INHIBIT and CKE HIGH at the desired
clock edge (meeting 'CKS). See Figure 21.

Figure 21
Power-Down

e B e B ey A e i e B ey |

IcKs > 10KS | |
CKE («
‘ )
(
COMMAND =Y/ 1 I wop MO acive

)7

All banksidle tRCD

Input buffersgated off ~tras

Enter power-down mode. Exit power-down mode. 'RC
DON'T CARE

64Mb: x4, x8, x16 SDRAM
64MSDRAM .pmd —Rev. H; Pub. 12/04

23

notice.

r pedificat

Micron Technology, Inc., reservestheright product
n Inc. Allrightsr




Aicron

CLOCK SUSPEND

The clock suspend mode occurs when a column ac-
cess/burst is in progress and CKE is registered LOW. In
the clock suspend mode, the internal clock is deacti-
vated, “freezing” the synchronous logic.

For each positive clock edge on which CKE is
sampled LOW, the next internal positive clock edge is
suspended. Any command or data present on the in-
put pins at the time of a suspended internal clock edge
is ignored; any data present on the DQ pins remains
driven; and burst counters are not incremented, as
long as the clock is suspended. (See examples in
Figures 22 and 23.)

Figure 22
Clock Suspend During WRITE Burst

To T T2 T3 T4 T5

INTERNAL
CLOCK
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! I I
COMMAND NoP WRITE W M NOP NOP

T

! : ‘ : : :

! ! I

woores 1B T Y T D
o Y ST I D T

|

BANK,

oLn
I

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

BURST READ/SINGLE WRITE

The burst read/single write mode is entered by pro-
gramming the write burst mode bit (M9) in the mode
register to a logic 1. In this mode, all WRITE commands
result in the access of a single column location (burst of
one), regardless of the programmed burst length. READ
commands access columns according to the pro-
grammed burst length and sequence, just as in the
normal mode of operation (M9 =0).

Figure 23
Clock Suspend During READ Burst
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ba — i (G ne
\ ‘ : ‘

TRANSITIONING DATA DON'T CARE
TRANSITIONING DATA DON'T CARE
NOTE: For thisexample, CASlatency = 2, burst length = 4 or greater, and
DQM is LOW.
64Mb: x4, x8, x16 SDRAM 24 Micron Technology, Inc., reservestheright productsor specificat notice.
64MSDRAM .pmd —Rev. H; Pub. 12/04 n Inc. Allrightsreserved.




Aicron

CONCURRENT AUTO PRECHARGE

An access command (READ or WRITE) to another
bank while an access command with auto precharge

enabled is executing is not allowed by SDRAMs, unless tered (Figure 24).

the SDRAM supports CONCURRENT AUTO 2. Interrupted by a WRITE (with or without auto
PRECHARGE. Micron SDRAMs support CONCURRENT
AUTO PRECHARGE. Four cases where CONCURRENT
AUTO PRECHARGE occurs are defined below.

READ with Auto Precharge

1. Interrupted by a READ (with or without auto (Figure 25).
precharge): AREAD to bank m will interrupt a READ

Figure 24
READ With Auto Precharge Interrupted by a READ
TO T T2 T3 T4 T5 T6 7
S S Y Y T U O Y O O
i i ! } ! ! ! !
COMMAND NoP o NOP e NoP NoP NOP NoP
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+ Internal | | | | | tRP-BANKN | tRP-BANK m
N Sates 1 | | | T T | I .
: BANK m ‘ Page Active | READ with Burst of 4 Precharge ¥
'

LI T ] '!""T""\ ..... - R I WA

Aomv T o T S T T T T

i
! I I / v
o ] - >< )
|
CaSLatency - 3 (BANK ) I i
I \
NOTE: DQM isLOW. CASLatency = 3 (BANK m)
TRANSITIONING DATA DON'T CARE
Figure 25
READ With Auto Precharge Interrupted by a WRITE
T0 T T2 T3 T4 T5 T6 T7
nlinlinininlinlinlinl
! | | | | | | |
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Pemm e I LR EEEEE R R R .
. BANK n ‘Pﬂge READ with Burst of 4 }Inlerrup( Burs, Precharge | e
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+ Internal | | | i i | 'R-BANKn fwa- BANKmI
' Qat . ; ; ! : } } :
: ates BANK m ‘ Page Active | WRITEwith Burst of 4 l Write-Back 5
g PR w‘- ------------- a‘ e w‘- --------- -
Il

Aomxﬂggr:w M W 0(“‘&”)5?%/ M M M
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DQ

i
|

T

! |
-

CASLatency =3 (BANK 1) TRANSTIONING DATA DON'T CARE

NOTE: 1. DQM isHIGH at T2 to prevent DouT-a+1 from contending with DIN-d at T4.
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on bank n, CAS latency later. The PRECHARGE to
bank n will begin when the READ to bank m is regis-

precharge): AWRITE to bank m willinterrupt a READ
on bank n when registered. DQM should be used
two clocks prior to the WRITE command to prevent
bus contention. The PRECHARGE to bank n will
begin when the WRITE to bank m is registered
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WRITE with Auto Precharge

3.

Interrupted by a READ (with or without auto
precharge): AREAD to bank m will interrupt a WRITE
on bank n when registered, with the data-out appear-
ing CAS latency later. The PRECHARGE to bank n will
begin after 'WR is met, where '"WR begins when the
READ to bank m is registered. The last valid WRITE to
bankn will be data-in registered one clock prior to the

4. Interrupted by a WRITE (with or without auto

precharge): AWRITE to bank m willinterrupt a WRITE
on bank n when registered. The PRECHARGE to bank
n will begin after 'WR is met, where "WR begins when
the WRITE to bank m is registered. The last valid data
WRITE to bank n willbe data registered one clock prior
to a WRITE to bank m (Figure 27).

READ to bank m (Figure 26).

"'""'""""'""""""ﬂ"'"F""'F"""""""

"
L]
L]
L]
L]
L]
L]
L]

Internal | | i
Sates

....-..-.....:....d....i....ﬁ....L........-‘.....

Internal ! ! ! i
Sates

Figure 26
WRITE With Auto Precharge Interrupted by a READ
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Figure 27
WRITE With Auto Precharge Interrupted by a WRITE

TO T T2 T3 T4 T5 T6 T7

COMMAND < NOP ><WHITE AP>_< NOP >< NOP >_<WHITE AP>< NOP >< NOP >’< NOP >C
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NOTE: 1. DQM isLOW.
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TRUTH TABLE 2 — CKE

(Notes: 1-4)
CKE;,.1 | CKE, CURRENT STATE COMMAND,, ACTION,, NOTES
L L Power-Down X Maintain Power-Down
Self Refresh X Maintain Self Refresh
Clock Suspend X Maintain Clock Suspend
L H Power-Down COMMAND INHIBIT or NOP Exit Power-Down 5
Self Refresh COMMAND INHIBIT or NOP Exit Self Refresh 6
Clock Suspend X Exit Clock Suspend 7
H L All Banksldle COMMAND INHIBIT or NOP Power-Down Entry
All Banks Idle AUTO REFRESH Self Refresh Entry
Reading or Writing VALID Clock Suspend Entry
H H See Truth Table 3
NOTE: 1. CKE, isthe logicstate of CKE at clock edge n; CKE,, ; wasthe state of CKE at the previousclock edge.

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

3. COMMAND, isthe command registered at clock edge n, and ACTION,, isaresult of COMMAND,,.

4. All statesand sequencesnot shown are illegal or reserved.

5. Exiting power-down at clock edge n will put the device in the all banksidle state in time for clock edge n + 1 (provided
that 'CKSis met).

6. Exiting self refresh at clock edge n will put the device in the all banksidle state once !XSRis met. COMMAND INHIBIT
or NOPcommandsshould beissued on any clock edgesoccurring during the tXSRperiod. A minimum of two NOP
commandsmust be provided during !XSRperiod.

7

edgen + 1.

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

64Mb: x4, x8, x16 SDRAM
64MSDRAM .pmd —Rev. H; Pub. 12/04
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TRUTH TABLE 3 — CURRENT STATE BANK n, COMMAND TO BANK n

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

CURRENT STATE| CS# RAS#|CAS#|WE#| COMMAND (ACTION) NOTES
Any H X X X COMMAND INHIBIT (NOP/Continue previous operation)
L H H H NO OPERATION (NOP/Continue previous operation)
L L H H ACTIVE (Select and activate row)

Idle L L L H AUTO REFRESH 7
L L L L LOAD MODE REGISTER 7
L L H L PRECHARGE 11
L H L H READ (Select column and start READ burst) 10
Row Active L H L L WRITE (Select column and start WRITE burst) 10
L L H L PRECHARGE (Deactivate row in bank or banks) 8
Read L H L H READ (Select column and start new READ burst) 10
(Auto L H L L WRITE (Select column and start WRITE burst) 10
Precharge L L H L PRECHARGE (Truncate READ burst, start PRECHARGE) 8
Disabled) L H H L BURST TERMINATE 9
Write L H L H READ (Select column and start READ burst) 10
(Auto L H L L WRITE (Select column and start new WRITE burst) 10
Precharge L L H L PRECHARGE (Truncate WRITE burst, start PRECHARGE) 8
Disabled) L H H L BURST TERMINATE 9

NOTE: 1. Thistable applieswhen CKE, ; wasHIGH and CKE, isHIGH (see Truth Table 2) and after XSRhasbeen

met (if the previous state was self refresh).
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. Exceptionsare covered in the notesbelow.

3. Current state definitions:
Idle:

The bank hasbeen precharged, and tRPhasbeen met.

Row Active: Arow inthe bank hasbeen activated, and tRCD hasbeen met. No data bursts/accessesand

Read:

Write:

no register accesses are in progress.

A READ burst hasbeen initiated, with auto precharge disabled, and hasnot yet terminated

or been terminated.

A WRITEburst hasbeen initiated, with auto precharge disabled, and hasnot yet termi-

nated or been terminated.

4. Thefollowing statesmust not be interrupted by acommand issued to the same bank. COMMAND INHIBIT or NOP
commands, or allowable commandsto the other bank should beissued on any clock edge occurring during these states.
Allowable commandsto the other bank are determined by itscurrent state and Truth Table 3, and according to Truth

Table 4.
Precharging:

Row Activating:

Read w/Auto
Precharge Enabled:

Writew/Auto
Precharge Enabled:

Startswith registration of a PRECHARGE command and endswhen tRPismet. Once 'RPis

met, the bank will be in the idle state.

Startswith registration of an ACTIVEcommand and endswhen 'RCD ismet. Once {RCD is

met, the bank will be in the row active state.

Sartswith registration of a READ command with auto precharge enabled and endswhen

tRP hasbeen met. Once 'RPismet, the bank will be in the idle state.

Sartswith registration of a WRITEcommand with auto precharge enabled and endswhen

tRP hasbeen met. Once tRPismet, the bank will be in the idle state.

(Continued on next page)
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NOTE (continued):
5. Thefollowing statesmust not beinterrupted by any executable command; COMMAND INHIBIT or NOPcommandsmust
be applied on each positive clock edge during these states.
Refreshing: Startswith registration of an AUTO REFRESH command and endswhen 'RCismet. Once 'RC
ismet, the SDRAM will be in the all banksidle state.
Accessing Mode
Register: Startswith registration of aLOAD MODEREGISTERcommand and endswhen tMRD has
been met. Once IMRD is met, the SDRAM will be in the all banksidle state.
Precharging All: Startswith registration of a PRECHARGE ALL command and endswhen 'RPismet. Once RP
ismet, all banks will be in the idle state.
. All statesand sequencesnot shown are illegal or reserved.
. Not bank-specific; requiresthat all banksare idle.
. May or may not be bank-specific; if all banksare to be precharged, all must be in a valid state for precharging.
. Not bank-specific; BURST TERMINATE affectsthe most recent READ or WRITE burst, regardlessof bank.
. READsor WRITEslisted in the Command (Action) column include READsor WRITEswith auto precharge enabled and
READsor WRITEswith auto precharge disabled.
11. Doesnot affect the state of the bank and actsasa NOPto that bank.

O W 0w N O

—_
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TRUTH TABLE 4 — 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 COMMAND INHIBIT (NOP/Continue previous operation)
L H H H NO OPERATION (NOP/Continue previousoperation)
Idle X X X X Any Command Otherwise Allowed to Bank m

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

Activating, L H L H READ (Select column and start READ burst) 7
Active, or L H L L WRITE (Select column and start WRITEburst) 7
Precharging L L H L PRECHARGE

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

(Auto L H L H READ (Select column and start new READ burst) 7,10
Precharge L H L L WRITE (Select column and start WRITEburst) 7,11
Disabled) L L H L PRECHARGE 9

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

(Auto L H L H READ (Select column and start READ burst) 7,12
Precharge L H L L WRITE (Select column and start new WRITEburst) 7,13
Disabled) L L H L PRECHARGE 9

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

(With Auto L H L H READ (Select column and start new READ burst) 7,8,14
Precharge) L H L L WRITE (Select column and start WRITEburst) 7,8,15
L L H L PRECHARGE 9

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

(With Auto L H L H READ (Select column and start READ burst) 7,8,16
Precharge) L H L L WRITE (Select column and start new WRITEburst) 7,8,17
L L H L PRECHARGE 9

NOTE: 1. Thistable applieswhen CKE,_; wasHIGH and CKE, isHIGH (see Truth Table 2) and after XXSRhasbeen met (if the
previous state was self refresh).

2. Thistable describesalternate bank operation, except where noted;i.e., the current state isfor bank n and the
commandsshown are those allowed to be issued to bank m (assuming that bank misin such a state that the given
command isallowable). Exceptionsare covered in the notesbelow.

3. Current state definitions:

Idle: Thebank hasbeen precharged, and {RPhasbeen met.
Row Active: A row in the bank hasbeen activated, and 'RCD hasbeen met. No data bursts/accessesand
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.
Readw/Auto
Precharge Enabled: Startswith registration of a READ command with auto precharge enabled, and endswhen
'RP hasbeen met. Once RPismet, the bank will be in the idle state.
Writew/Auto
Precharge Enabled: Startswith registration of a WRITEcommand with auto precharge enabled, and endswhen
'RP hasbeen met. Once 'RPismet, the bank will be in the idle state.

(Continued on next page)
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NOTE (continued):

4.
5.

~N o

AUTO REFRESH, SELF REFRESH and LOAD MODE REGISTERcommandsmay only be issued when all banksareidle.
A BURST TERMINATEcommand cannot be issued to another bank; it appliesto the bank represented by the current state
only.

. All statesand sequencesnot shown are illegal or reserved.
. READsor WRITEsto bank mlisted in the Command (Action) column include READsor WRITEswith auto precharge

enabled and READsor WRITEswith auto precharge disabled.

. CONCURRENTAUTO PRECHARGE: Bank nwillinitiatethe auto prechargecommand when itsburst hasbeeninterrupted

by bank m’sburst.

. Burst in bank n continuesasinitiated.
. ForaREAD without auto precharge interrupted by a READ (with or without auto precharge), the READ to bank m will

interrupt the READ on bank n, CASlatency later (Figure 7).

. ForaREAD without auto precharge interrupted by a WRITE (with or without auto precharge), the WRITEto bank m will

interrupt the READ on bank nwhen registered (Figures9 and 10). DQM should be used one clock prior to the WRITE
commandto prevent buscontention.

. ForaWRITEwithout auto prechargeinterrupted by a READ (with or without auto precharge), the READ to bank m will

interrupt the WRITEon bank nwhen registered (Figure 17), with the data-out appearing CASlatency later. The last
valid WRITEto bank nwill be data-in registered one clock prior to the READ to bank m.

. ForaWRITEwithout auto precharge interrupted by a WRITE (with or without auto precharge), the WRITEto bank m

will interrupt the WRITEon bank nwhen registered (Figure 15). The last valid WRITEto bank n will be data-in
registered one clock prior to the READ to bank m.

. ForaREAD with auto precharge interrupted by a READ (with or without auto precharge), the READ to bank m will

interrupt the READ on bank n, CASlatency later. The PRECHARGEto bank n will begin when the READ to bank mis
registered (Figure 24).

. ForaREAD with auto precharge interrupted by a WRITE (with or without auto precharge), the WRITEto bank m will

interrupt the READ on bank nwhen registered. DQM should be used two clocksprior to the WRITEcommand to prevent
buscontention. The PRECHARGEto bank nwill begin when the WRITEto bank misregistered (Figure 25).

. ForaWRITEwith auto precharge interrupted by a READ (with or without auto precharge), the READ to bank m will

interrupt the WRITEon bank nwhen registered, with the data-out appearing CASlatency later. The PRECHARGEto bank
nwill begin after 'WRismet, where \WRbeginswhen the READ to bank m isregistered. The last valid WRITE to bank n
will be data-in registered one clock prior to the READ to bank m (Figure 26).

. ForaWRITEwith auto precharge interrupted by a WRITE (with or without auto precharge), the WRITEto bank m will

interrupt the WRITEon bank nwhen registered. The PRECHARGE to bank nwill begin after 'WRismet, where tWR
beginswhen the WRITEto bank misregistered. The last valid WRITEto bank n will be data registered one clock prior
tothe WRITEto bank m (Figure 27).
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ABSOLUTEM AXIMUM RATINGS*
Voltage on Vbp, VbpQ Supply

Relative to VSS ..oooiviiiiiiiiiiiciiieecieeeeeee -1Vto +4.6V
Voltage on Inputs, NC or I/O Pins
Relative to VSS ..oooiviiiiiieiiiieiiiiecieeesene -1Vto +4.6V

Operating Temperature,

T, (commercial) oo 0°C to +70°C
Operating Temperature,

T, (extended; IT parts) ..o -40°C to +85°C
Storage Temperature (plastic) ............ -55°C to +150°C
Power Dissipation 1w

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

DC ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS
(Notes: 1, 5, 6; notesappear on page 35); Vob, VopQ = +3.3V £0.3V

PARAM ETER/CONDITION SYMBOL | MIN MAX |[UNITS|NOTES
Supply Voltage Vbp, VbpQ 3 3.6 \
Input High Voltage: Logic 1; All inputs VH 2 Voo +0.3] V 22
Input Low Voltage: Logic 0; All inputs ViL -0.3 0.8 \ 22
Input Leakage Current:
Any input OV < ViN < Vbb h -5 5 HA
(All other pins not under test = 0V)
Output Leakage Current: DQs are disabled; OV < Vout < VpopoQ loz -5 5 pA
Output Levels: VoH 2.4 - \Y
Output High Voltage (lout = -4mA)
Output Low Voltage (lout = 4mA) VoL - 0.4 \
Ipp SPECIFICATIONS AND CONDITIONS
(Notes: 1, 5, 6, 11, 13; notes appear on page 35) ; Vop, VooQ = +3.3V +0.3V
MAX

PARAMETER/CONDITION SYMBOL | -6 -TE| -75 | -8E |[UNITS|NOTES
Operating Current: Active Mode; Ipp1 150 125 | 115 | 95 mA | 3,18,
Burst = 2; READ or WRITE; 'RC >= 'RC (MIN) 19, 32
Sandby Current: Power-Down Mode; All banks idle; Ipb2 2 2 2 2 mA 32
CKE = LOW
Sandby Current: Active Mode; Ipp3 60 45 45 35 mA | 3,12,
CKE = HIGH; CS# = HIGH; All banks active after 'RCD met; 19, 32
No accesses in progress
Operating Current: Burst Mode; Page burst; Ipb4 180 150 | 140 | 120 mA | 3,18,
READ or WRITE; All banks active 19, 32
Auto Refresh Current: tRFC = 'RFC (MIN) Ibps 250 | 230 | 210 | 190 mA | 3,12,
CKE = HIGH; CS# = HIGH 18, 19,

'RFC = 15.625us Ibpe 3 3 3 3 32, 33
Self Refresh Current: Standard Ipp7 1 1 1 1 mA 4
CKE< 0.2V Low power (L) 0.5 05| 05| 05

64Mb: x4, x8, x16 SDRAM
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CAPACITANCE
(Note: 2; notes appear on page 35)

PARAM ETER SYMBOL| MIN | MAX |UNITSNOTES
Input Capacitance: CLK Cnt 25 3.5 pF 29
Input Capacitance: All other input-only pins Ci2 2.5 3.8 pF 30
Input/Output Capacitance: DQs Coo 4.0 6.0 pF 31

ELECTRICALCHARACTERISTICSAND RECOMMENDED ACOPERATING CONDITIONS
(Notes: 5, 6, 8,9, 11; notesappear on page 35); Vop, VooQ = +3.3V £0.3V

ACCHARACTERISTICS -6 -7E -75 -8E
PARAM ETER SYMBOL| MIN | MAX [ MIN | MAX | MIN | MAX | MIN | MAX |UNITS [NOTES
Accesstime from CLK (pos. edge) |CL=3| 'AC@) 5.5 5.4 5.4 6 ns 27
CL=2]| 'ACQ) - 5.4 6 6 ns
Addresshold time AH 1 0.8 0.8 1 ns
Addresssetup time 'AS 1.5 1.5 1.5 2 ns
CLK high-level width [} 25 25 25 3 ns
CLKlow-level width tcL 25 25 25 3 ns
Clock cycle time CL=3| 'CK(3) 6 7 7.5 8 ns 23
CL=2| 'CK(2) - 7.5 10 10 ns 23
CKEhold time toKH 1 0.8 0.8 1 ns
CKE setup time ICKS 1.5 1.5 1.5 2 ns
CS#, RASH, CASH, WE#, DQM hold time {OMH 1 0.8 0.8 1 ns
CS#, RASH, CASH, WE#, DQM setup time toms 1.5 1.5 15 2 ns
Data-in hold time DH 1 0.8 0.8 1 ns
Data-in setup time DS 1.5 1.5 1.5 2 ns
Data-out high-impedancetime CL=3| tHZ(3) 5.5 5.4 5.4 6 ns 10
CL=2| tHZ(2) - 5.4 6 6 ns 10
Data-out low-impedancetime Lz 1 1 1 1 ns
Data-out holdtime (load) tOH 2 3 3 3 ns
Data-out holdtime (noload) 1OHy 1.8 1.8 1.8 1.8 ns 28
ACTIVEto PRECHARGEcommand 'RAS 42 120,000 37 (120,000 44 |120,000f 50 |120,000 ns
ACTIVEto ACTIVEcommand period 'RC 60 60 66 70 ns
ACTIVEto READ or WRITEdelay 'RCD 18 15 20 20 ns
Refresh period (4,096 rows) 'REF 64 64 64 64 ms
AUTO REFRESH period 'RFC 60 66 66 70 ns
PRECHARGEcommand period RP 18 15 20 20 ns
ACTIVEbank ato ACTIVEbank bcommand RRD 12 14 15 20 ns
Transition time T 0.3 1.2 0.3 1.2 0.3 1.2 0.3 1.2 ns 7
WRITE recovery time 'WR [1CLK+ 1CLK + 1CLK + 10K+ - 24
6ns 7ns 7.5ns 7ns
12 14 15 15 ns 25
Exit SELF REFRESH to ACTIVEcommand IXSR 70 67 75 80 ns 20
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AC FUNCTIONAL CHARACTERISTICS
(Notes: 5,6,7,8,9,11; notesappear on page 35) Vop, VooQ = +3.3V £0.3V

PARAMETER SYMBOL| -6 | -7E | -75 | -8E | UNITS | NOTES
READ/WRITEcommand to READ/WRITEcommand tacD 1 1 1 1 K 17
CKEto clock disable or power-down entry mode {CKED 1 1 1 1 oK 14
CKEto clock enable or power-down exit sstup mode tPED 1 1 1 1 oK 14
DQM to input datadelay ‘DQD | 0 0 0 0 oK 17
DQM to data mask during WRITEs alel] 0 0 0 0 oK 17
DQM to datahigh-impedance during READs Dz | 2 2 2 2 oK 17
WRITEcommand to input datadelay DWD 0 0 0 0 oK 17
Data-into ACTIVEcommand DAL 5 4 5 4 K | 15,21
Data-into PRECHARGEcommand DPL 2 2 2 2 K 16, 21
Last data-in to burst STOPcommand BDL 1 1 1 1 oK 17
Last data-into new READ/WRITEcommand tcoL 1 1 1 1 oK 17
Last data-into PRECHARGEcommand 'RDL 2 2 2 2 K | 16,21
LOAD MODEREGISTERcommand to ACTIVEor REFRESHcommand MRD 2 2 2 2 oK 26
Data-out to high-impedance from PRECHARGEcommand CL=3|'ROH@E)| 3 3 3 3 oK 17
CL=2|ROH@)| 2 | 2 | 2 | 2 | & 17
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NOTES

1.
2.

10.

11.

12.

All voltages referenced to Vss.

This parameter is sampled. Vpp, VbpQ = +3.3V;
f=1MHz, TA=25°C; pin under test biased at 1.4V.
Ippis dependent on outputloading and cycle rates.
Specified values are obtained with minimum cycle
time and the outputs open.

Enables on-chip refresh and address counters.
The minimum specifications are used only to
indicate cycle time at which proper operation over
the full temperature range (0°C < T, < +70°C and
-40°C = T, < +85°C for IT parts) is ensured.

An initial pause of 100us is required after power-
up, followed by two AUTO REFRESH commands,
before proper device operation is ensured. (Vbp
and VppQ must be powered up simultaneously. Vss
and VssQ must be at same potential.) The two
AUTO REFRESH command wake-ups should be
repeated any time the 'REF refresh requirement is
exceeded.

AC characteristics assume 'T = Ins.

In addition to meeting the transition rate specifi-
cation, the clock and CKE must transit between ViH
and VIL (or between ViL and ViH) in a monotonic
manner.

Outputs measured at 1.5V with equivalent load:

1

!

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

AC timing and Ipp tests have ViL =0V and Via = 3V,
with timing referenced to 1.5V crossover point. If
the input transition time is longer than 1 ns, then
the timing is referenced at Vi (MAX) and Vin (MIN)
and no longer at the 1.5V crossover point. CLK
should always be 1.5V referenced to crossover. Re-
fer to Micron Technical Note TN-48-09

Other input signals are allowed to transition no
more than once every two clocks and are otherwise
at valid Vin or VIL levels.

50pF

13.

14.

15.

16.

17.

18.

19.

20

21.

22.

23.

24.

25.
26.
27.

28.
29.
30.

31

33.

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

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

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

The Ipp current will increase or decrease propor-
tionally according to the amount of frequency al-
teration for the test condition.

Address transitions average one transition every
two clocks.

. CLK must be toggled a minimum of two times dur-

ing this period.

Based on 'CK = 10ns for -8E , 'CK=7.5ns for -75
and -7E, 'CK = 6ns for -6.

Vi overshoot: ViH (MAX) = VbpQ + 2V for a pulse
width < 3ns, and the pulse width cannot be greater
than one third of the cycle rate. ViL undershoot: ViL
(MIN) = -2V for a pulse width < 3ns.

The clock frequency must remain constant (stable
clock is defined as a signal cycling within timing
constraints specified for the clock pin) during ac-
cess or precharge states (READ, WRITE, including
'WR, and PRECHARGE commands). CKE may be
used to reduce the data rate.

Auto precharge mode only. The precharge timing
budget (‘RP) begins 6ns/7ns/7.5ns/7ns after the
first clock delay, after the last WRITE is executed.
Precharge mode only.

JEDEC and PC100 specify three clocks.

YAC for -75/-7E at CL =3 with no load is 4.6ns and is
guaranteed by design.

Parameter guaranteed by design.

PC100 specifies a maximum of 4pF.

PC100 specifies a maximum of 5pF.

. PC100 specifies a maximum of 6.5pF.
32.

For -8E, CL =2 and 'CK = 10ns; for -75, CL = 3 and
{CK = 7.5ns; for -7E, CL = 2 and 'CK = 7.5ns; for -6,
CL =3 and 'CK = 6ns.

CKE is HIGH during refresh command period
{RFC (MIN) else CKE is LOW. The Ipp6 limit is actu-
ally a nominal value and does not result in a fail
value.

64Mb: x4, x8, x16 SDRAM
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INITIALIZE AND LOAD M ODE REGISTER '

ax 4()() T‘—%ﬂjr éé Tn[‘%’ ‘ ?e Ft_CLTiI 1 ‘ )}8 ‘ TPI 1 ‘ TD[ 2 ‘ Tp I 3 L
S/ /SR K/ ~a T

AUTO

COMMAND REFRESH

,,/@//// L%éégrgém /,/ NoP //// AM

i

S e

(
DQME,QE’)\AQ;\AH @,/ //”/ %ﬂ% (
( ( ( ( AS|Ian
st 77 Il U U
Y 1 )T ))
i/is> tAH

ALL BANKS

%NGLE BAN !2@’(” / /é:y %:)(/

A10

( ( (( ((
ALL
o1 )7 Y| 27 2 T e X
( High-Z (
Pa %) )
= os tRP tRFC tRFC tMRD
Power-up K K K K X 034
Vop and Precharge AUTO REFRESH AUTO REFRESH Program Mode Register
CLK stable all banks
[//]} DON'T cARE
TIMING PARAMETERS
-6 -7E -75 -8E -6 -7E -75 -8E
SYMBOL* [ MIN [MAX| MIN [MAX| MIN [MAX| MIN [MAX| UNITS SYMBOL* [ MIN [MAX|MIN [MAX|MIN [MAX|MIN |[MAX| UNITS
tAH 1 08 08 1 ns tcKs 15 15 15 2 ns
tAS 15 15 15 2 ns tCMH 1 08 08 1 ns
tCH 25 25 25 3 ns tcMs 15 15 15 2 ns
ta 25 25 25 3 ns 'MRD3 2 2 2 2 K
tOK(3) 6 7 75 8 ns {RFC 60 6 6 70 ns
1K (2) - 75 10 10 ns tRP 18 15 20 20 ns
tOKH 1 08 08 1 ns
*CASlatency indicated in parentheses.
NOTE: 1. If CSttisHIGH at clock HIGH time, all commands applied are NOP.
2. The mode register may be loaded prior to the AUTO REFRESH cyclesif desired.
3. JEDEC and PC100 specify three clocks.
4. Outputsare guaranteed High-Zafter command isissued.
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POWER-DOWN MODE '

T0 . T T2 ( Tn + 1 Tn+2
t
e e e I/ /N S e
| | toxs | ) toks |
/) ) T
toks | tekH )
tcms| teMH
commano W e (X o XX e XTI vor WK reme YK
)
((
DQME?DMQ;\/IH /))/

((
A0-A9, Al Y J)K_Pow W
| " | |
ALL BANKS ((
A10 ) JX_row @
SNGLEBANK ))
tAs| tAH
il D ((
BAO, BA j( BANK(S i, S
))
High-Z (
))
Two clock cycles Input buffersgated off while in
power-down mode
Precharge all All banksidle, enter J All banksidle
active banks power-down mode Exit power-down mode

DON'T CARE

TIMING PARAM ETERS

-6 -7E -75 -8E -6 -7E -75 -8E
SYMBOL* [MIN [MAX|MIN [MAX|MIN [MAX| MIN [MAX| UNITS SYMBOL* [MIN [MAX|MIN [MAX|MIN|MAX| MIN[MAX| UNITS
TAH 1 08 08 1 ns (K(2) - 75 10 10 ns
tAS 15 15 15 2 ns tTOKH 1 08 08 1 ns
TCcH 25 25 25 3 ns xS 15 15 15 2 ns
tol 25 25 25 3 ns TCMH 1 08 08 1 ns
TK(3) 6 7 75 8 ns TCMS 15 15 15 2 ns

*CASlatency indicated in parentheses.

NOTE: 1. Violating refresh requirementsduring power-down may result in a lossof data.
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0 T T2 K] T4 T T6 g 8 9
foK | |LlcL, | \
ax \ e o B R B /S Y U Y U D U B S
sl | | |
o 7. |_NI7 T | | U
teks| tekH
toms| temH
commsno W _swo WX vor XK XPIIIIN e XX YK e YO e XTI o
‘ toms | tomH ‘ ‘ ‘
DQML, DQMH 3 . A /%% / ))\ %
AS | 1AH
s | | | | | | |
A0-A9, A1 /XCOLUMN m2 &(oowmm"’%
welw, | | | | | | | |
wo ) ' D
sl | | | | | | | |
BAO, BAT X BANK % 0( BANK W /
tAC
tAC toH tHz DS | tbH
DQ ‘tLZ Dour m Domm+|w /) Dne % Dne+1 >@
DON'T CARE
123 unDEFINED
TIMING PARAMETERS
-6 -7TE -75 -8E -6 -7TE -75 -8E
SYMBOL* [ MIN [MAX|MIN [MAX|MIN [MAX|MIN [MAX| UNITS SYMBOL* [ MIN [MAX|MIN [MAX|MIN [MAX| MIN [MAX| UNITS
tAC(3) 55 54 54 6 ns tcKs 15 15 15 2 ns
tAC(2) - 54 6 6 ns tCMH 1 08 08 1 ns
tAH 1 08 08 1 ns tcms 15 15 15 2 ns
'AS 15 15 15 2 ns 'DH 1 08 08 1 ns
tcH 25 25 25 3 ns DS 15 15 15 2 ns
ta 25 25 25 3 ns tHZ(3) 55 54 54 6 ns
1CK(3) 6 7 75 8 ns tHZ(2) - 54 6 7 ns
1K (2) - 75 10 10 ns [V 1 1 1 1 ns
{CKH 1 08 08 1 ns tOH 2 3 3 3 ns
*CASlatency indicated in parentheses.
NOTE: 1. For thisexample, the burst length = 2, the CASlatency = 3, and auto precharge isdisabled.
2. x16: A8, A9 and A11 =“Don’t Care”
x8:A9and A11 ="Don’t Care”
x4: A11 =“Don’t Care”
64Mb: x4, x8, x16 SDRAM Micron Technology, Inc., reservestheright productsor spedificat| notice.
64MSDRAM .pmd —Rev. H; Pub. 12/04 38 n Inc. Allrightsreserved.




Aicron

AUTO REFRESH MODE

o Tvl—ﬂ ! TW| ! |'$n1} I e I
| |
SO/ A/ /A <

teks

toms| toMH
| (
COMMAND 2)[ PRECHAF\GEW NOP >@< FQ;,L:JFIE% ////@ NoP >@< PgLFJFIE%-l ////@m//// ACM
)
DQME,QDMQ;\AH /{y /y

((
27 N S
| )7 ))
ALL BANKS | (( (( |
A0 N1 RIITIK o X,
SINGLE BANK )) )T
tAs | tAH
oo )] 1 ST
)) ))
pDQ _Highz (( ((
)) ))
tRP tRrC! tRra!
Precharge all 7 )
active banks DON'TCARE
TIMING PARAMETERS
-6 -7E -75 -8E -6 -7E -75 -8E
SYMBOL* [ MIN [MAX|MIN [MAX|MIN [MAX|MIN [MAX| UNITS SYMBOL* [MIN [MAX|MIN [MAX|MIN [MAX|MIN [MAX| UNITS
'AH 1 08 08 1 ns tOKH 1 08 08 1 ns
'AS 15 15 15 2 ns IKs 15 15 15 2 ns
CH 25 25 25 3 ns tCMH 1 08 08 1 ns
ta 25 25 25 3 ns 'cMS 15 15 15 2 ns
1CK(3) 6 7 75 8 ns tRFC 60 6 6 70 ns
1K (2) - 75 10 10 ns RP 18 15 20 20 ns

*CASlatency indicated in parentheses.

NOTE: 1. Each AUTO REFRESH command performsarefresh cycle. Back-to-back commandsare not required.
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SELF REFRESH M ODE

T0 T ; T2 Tn +1 ( To +1 To+2
[ ] I 1O >
W e T ! TG
ICKS|  >tragMIN)' N
we X | P <
tcks | tekH
toms| tomH
AUTO { ) COMMAND AUTO
or
COMMAND /X PRECHARGE NOP REFREH 7 @( NOP// INHIBIT >@< REFREH
) ))
DQM/ A} )
DQML, DQMH /{( /))/
(( ((
A0-A9, A1 // //
T )) ))
ALL BANKS | (( | ((
A0 N 10
SINGLE BANK )7 ) f
IS | tAH
(( ((
BAO, BA1 BANK(S % / /y
)) ))
High-Z (( ((
bQ )) )
| tRP | ‘ X
Precharge all Enter self refresh mode Exit self refresh mode
active banks (Restart refresh time base)
. I DON'T CARE
CLK stable prior to exiting /
self refresh mode
TIMING PARAMETERS
-6 -7E -75 -8E 1s| -6 -7E -75 -8E 1s|
SYMBOL*| MIN | MAX| MIN |[MAX | MIN |MAX | MIN | MAX [UNI SYMBOL* | MIN [MAX| MIN [IMAX | MIN ([MAX | MIN | MAX |UNI
tAH 1 08 08 1 ns tKs 15 15 15 2 ns
tAS 15 15 15 2 ns t{CMH 1 08 08 1 ns
tCH 25 25 25 3 ns toMs 15 15 15 2 ns
toL 25 25 25 3 ns 'RAS 42 (120009 37 (120,000 44 [120, 50 [120,000| ns
ICK(3) 6 7 75 8 ns R 18 15 20 20 ns
1CK(2) - 75 10 10 ns IXR 70 67 75 80 ns
IoKH 1 08 08 1 ns
*CASlatency indicated in parentheses.
NOTES: 1. No maximum time limit for Self Refresh mode. 'RASMAX) appliesto non-Self Refresh mode.
2. IXSRrequiresminimum of two clocksregardlessof frequency and timing.
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READ — WITHOUT AUTO PRECHARGE '

T0 T ™ K T4 15 10 i 8
] tOK T LR l
ax ! 1 L3 1 g ! ‘ ! ‘ i ‘ ! ‘ ! ‘ l ‘
s/l | | | | | | |
/
o NN/ A /4 N/ A/ R/
tcms |toMH
COMMAND X ACTIVE W nop WX reap XX nop XX wop WX nop X erecrarce (X Nop XX actve X7
| I
DQM / =~
DQML BaWH 5 1000, | 70\ L7700
tas | taH
as[ I l l l \ | \
A0-A9, A11 ROW W MOOLUMN m2>0 / / / m ROW W
tas | t
AS | AH ‘ ‘ ‘ ALL BANKS ‘ ‘
o K _rom ) , I
tAS‘ tAH DISABLEAUTO PRECHARGE ‘ ‘ ‘ SNGﬁEBANKS ‘
BAO, BA1 BANK /)( BANK W &( BANK(S W /}< BANK W
tac ‘ tac ‘ Ac
tAC toH toH toH toH
DQ tLZF XXXX ,\E)ounn Dout m+1 Dout m+2 Dout m+3
‘4—» ‘ tHz
tRCD CASLatency tRp
tRAS
tRC
DON'T CARE
% unpERNED
TIMING PARAMETERS
-6 -7E -75 -8E 1s| -6 -7E -75 -8E 1s|
SYMBOL* | MIN [MAX| MIN [MAX | MIN[MAX| MIN [ MAX|UNI SYMBOL*| MIN|[MAX| MIN[MAX| MIN[MAX| MIN [MAX |UNI
TAC(3) 55 54 54 6 | ns {CMH 1 08 08 1 ns
TACE2) - 54 6 6 | ns foMs 15 15 15 2 ns
TAH 1 08 08 1 ns THZ(3) 55 54 54 6 | ns
fAS 15 15 15 2 ns THZ(2) - 54 6 6 | ns
tcH 25 25 25 3 ns i1z 1 1 1 1 ns
oL 25 25 25 3 ns TOH 2 3 3 3 ns
K (3) 6 7 75 8 ns RAS 42 [12000 37 [1200000 44 [120000 50 [120000 ns
(K(2) - 75 10 10 ns RC 0 60 6 70 ns
TOKH 1 08 08 1 ns fRCD 18 15 0 0 ns
(xS 15 15 15 2 ns P 18 15 20 20 ns

*CASlatency indicated in parentheses.

NOTE:
2. x16: A8,A9 and A11 =“Don’t Care”
x8: A9 and A11="Don’t Care”
x4: A11 ="“Don’t Care”

1. For thisexample, the burst length = 4, the CASlatency = 2, and the READ burst isfollowed by a “manual” PRECHARGE.

64Mb: x4, x8, x16 SDRAM
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READ — WITH AUTO PRECHARGE '

T0 . il . T2 T3 T4 T5 T6 i T8
CK CL
ax i e e ovad SR S NN W A S SR S A S S S
S| o | | | | | | | |
«we ¥ | Xy | | ) a ) ) e
toms| tomH
COMMAND y ACTIVE j@< NOP >@< READ >@< NOP >@< NOP >@< NOP >@< NOP >@< NOP >@< ACTIVE W
| tous] tcm | | |
DQMB%%I\/AH //X W% m
sl i | | | | | | |
AO-A9, A1l @k ROW W //XcoLuun m2 /) Ko X
jﬁg tAH ENABLEAUL’OF'RECHAHGE
wo Ko A7, 71 Y
sl | | | | |
BAO, BA1 X BANK W % BANK W @( BANK W
tAC ‘ tac tAC |
o |Tow | [Tow | [Tow | |Lon
DQ Wmmnm Dou1m+1lmmwm+2 Dout m + 3
|tz [ thz
tRCD CASLatency tRP
tRAS
tRC
[/} DON'T CARE
R UNDEFINED

TIMING PARAMETERS

-6 -7E -75 -8E 1s| -6 -7E -75 -8E 1s|
SYMBOL*| MIN [ MAX| MIN [MAX| MIN [MAX | MIN [MAX [UNI SYMBOL* | MIN [MAX| MIN [MAX | MIN|[MAX| MIN [MAX|UNI
TAC(3) 55 54 54 6 ns t{CMH 1 08 08 1 ns
IAC(2) - 54 6 6 ns 'cMS 15 15 15 2 ns
tAH 1 08 08 1 ns tHZ(3) 55 54 54 6 ns
'AS 15 15 15 2 ns tHZ(2) - 54 6 6 ns
tcH 25 25 25 3 ns iz 1 1 1 1 ns
o 25 25 25 3 ns 'OH 2 3 3 3 ns
tCK(3) 6 7 75 8 ns 'RAS 42 [12000d 37 [120000 44 [120000 50 [12000q ns
1K (2) - 75 10 10 ns tRC 60 60 6 70 ns
tOKH 1 08 08 1 ns tRCD 18 15 20 20 ns
tKs 15 15 15 2 ns RP 18 15 20 20 ns

*CASlatency indicated in parentheses.

NOTE: 1. For thisexample, the burst length = 4, and the CASlatency = 2.
2. x16: A8, A9 and A11 =“Don’t Care”
x8: A9 and A11 ="Don’t Care”
x4: A11 ="“Don’t Care”
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SINGLE READ — WITHOUT AUTO PRECHARGE '

0 m 2 iE] 4 T5 T6 i 8
t t
T S e e e 7 AN S AN G D U NN SR HND N N
ol | | | | | | |
w7 | | | R | e | | any' ) ey
oMs| tomH
COMMAND %CTIVE W NOP >@< READ >@< NOP >@< NOFe >@<PRECHAHGE>@< NOP >@<ACT|VE >@< Y
| i | | | |
DQM / 7 T
DQML, DOMH e % | y | | | ‘
AQ-A9, AT1 }k ROW %’/ ///XooLmMN my7) I row X
LA_S,‘ 'AH ‘ ‘ ALL BANKS ‘
wo KoM I |/ TX— XTI e
tAS‘ tAH DISABLEAUT’O PRECHARGE ‘ SNGLE BANKS
BAO, BA1 x BANK W [7_BANK Y7 Y 1 EINY,
o _ |loy
DQ iz Dout m
|+ tHz
RCD CASlLatency tRp
RAS
tRC
I///) bon'T care
R unpEFNED

TIMING PARAMETERS

-6 -7TE -75 -8E Isl -6 -7E -75 -8E 1s|
SYMBOL*| MIN | MAX| MIN [MAX | MIN|[MAX| MIN [ MAX|UNI SYMBOL*| MIN [ MAX| MIN [MAX| MIN|[MAX| MIN [ MAX|UNI
tAC(3) 55 54 54 6 ns {CMH 1 08 08 1 ns
tAC(2) - 54 6 6 ns HeVE] 15 15 15 2 ns
tAH 1 08 08 1 ns tHZ(3) 55 54 54 6 ns
tAS 15 15 15 2 ns tHZ(2) - 54 6 6 ns
ICH 25 25 25 3 ns Iz 1 1 1 1 ns
toL 25 25 25 3 ns tOH 2 3 3 3 ns
ICK(3) 6 7 75 8 ns RAS 42 [120000| 37 |120000 44 [120000| 50 |[120000| ns
1CK(2) - 75 10 10 ns 'RC 60 60 66 70 ns
{CKH 1 08 08 1 ns {RCD 18 15 20 20 ns
tCKs 15 15 15 2 ns 'R 18 15 20 20 ns

*CASlatency indicated in parentheses.

NOTE: 1. For thisexample, the burst length =1, the CASlatency = 2, and the READ burst isfollowed by a “manual” PRECHARGE.
2. x16: A8,A9 and A11 =“Don’t Care”
x8: A9 and A11="Don’t Care”
x4: A11 ="“Don’t Care”
3. PRECHARGEcommand not allowed else'RASwould be violated.

64Mb: x4, x8, x16 SORAM 43 Micron Technology, Inc. reservestheright productsor specificat notice.
64MSDRAM .pmd —Rev. H; Pub. 12/04 n Inc. Allrightsreserved.




Aicron

SINGLE READ — WITH AUTO PRECHARGE '

T0 T T2 T3 T4 T5 T6 i T8
] 'K | 11Ok ]
T I e e e o -vac AT W NY SN NN W Y S SR S B S
t t
x| o | | | | | | | \
S A/ /4 ) ) ) | aly
‘oms| oMt
COMMAND bk ACTIVE W NOP >@< NOP2 >@< NOP? >@< READ >@< NOP >@< NOP >@< ACTIVE >@< NOP W
‘ temMS| tomH ‘ ‘ ‘
DQM /
DQML, DQMU % ZV
tAS‘ tAH ‘ ‘ ‘
AO-A9, Al y oW % /Koo m3X(/) K v X
tAs| tAH ENABLE AUTO PRECHARGE
o W) % Y,
tAS| tAH ‘ ‘ ‘
BAO, BAT X BANK W &< BANK W % BANK W
tac
toH
DQ Dour m
tRCD CASlLatency tHz
\
tRAS 'RP
tRC
DON'T CARE
KX UNDEFINED
TIMING PARAMETERS
-6 -7TE -75 -8E 1s| -6 -7TE -75 -8E 1s|
SYMBOL*| MIN [MAX| MIN [MAX | MIN [MAX | MIN [MAX |UNI SYMBOL* | MIN [MAX| MIN |[MAX| MIN|MAX | MIN [MAX |UNI
tAC(3) 55 54 54 6 ns t{CMH 1 08 08 1 ns
tAC(2) - 54 6 6 ns tcMs 15 15 15 2 ns
tAH 1 08 08 1 ns tHZ(3) 55 54 54 6 ns
'AS 15 15 15 2 ns tHZ(2) - 54 6 6 ns
tcH 25 25 25 3 ns 1z 1 1 1 1 ns
oL 25 25 25 3 ns {e]] 2 3 3 3 ns
tCK(3) 6 7 75 8 ns 'RAS 42 [120000| 37 |[120000f 44 [120000| 50 |120000( ns
ICK(2) - 75 10 10 ns RC 60 60 66 70 ns
tCKH 1 08 08 1 ns 'RCD 18 15 20 20 ns
toKs 15 15 15 2 ns RP 18 15 20 20 ns
*CASlatency indicated in parentheses.
NOTE: 1. For thisexample, the burst length = 1, and the CASlatency = 2.
2. READ command not allowed or 'tRASwould be violated.
3. x16: A8, A9 and A11 ="“Don’t Care”
x8: A9 and A11 ="Don’t Care”
x4: A11 ="“Don’t Care”
64Mb: x4, x8, x16 SDRAM Micron Technology, Inc., reservestheright productsor specificat notice.
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Aicron

ALTERNATING BANK READ ACCESSES '

T0 T T K] T4 5 T6 v T8
| 1K ] 1oL
ax i s e revas B SN AP SR R G A SR S S N S
ol g | | | | | | | |
«e ¥ | | ) ) | cad ) e N/ /4
tems| tomH
COMMAND §< ACTIVE W NOP >@< READ >@< NOP >@< ACTIVE >@< NOP >@< READ >@< NOP >@< ACTIVE W
toMs| teMH
DQM / 7 ""m m
DQML, DQMH %5\ // Z%k //ZZZ%% /%?A /6%%\ ﬂ%%x
tAS‘ tAH ‘ ‘
nons, it W ron X7 T Y 77X cowme3) Y
tas| tAH ENABLE AUTO PRECHARGE ENABLE AUTO PRECHARGE
wo W_ron W U JIX_ron_ X, N Y
tAS| taH ‘ ‘ ‘
BAO, BAT %\ BANK 0 / % BANK 0 BANK 3 W BANK 3 W % BANK 0 /
tAC ) tac ) tAC )
toH toH toH
DQ Ut m+ 2 Doutrm +3 Dout b
tRCD - BANK 0 CASLatency - BANK 0 tRP- BANK 0 tRCD - BANK 0
'RAS- BANK 0 ‘
tRC- BANK 0 |
tRRD | tRCD - BANK 3 CASLatency - BANK 3
1 I
DON'T CARE
% UNDEFINED
TIMING PARAMETERS
-6 -7E -75 -8E 1s| -6 -7E -75 -8E 1s|
SYMBOL*| MIN | MAX| MIN |[MAX | MIN |MAX | MIN | MAX [UNI SYMBOL* | MIN [MAX| MIN [MAX | MIN [MAX | MIN |MAX |UNI
tAC(3) 55 54 54 6 ns tCMH 1 08 08 1 ns
tAC(2) - 54 6 6 ns tcMs 15 15 15 2 ns
tAH 1 08 08 1 ns iz 1 1 1 1 ns
tAS 15 15 15 2 ns tOH 2 3 3 3 ns
tcH 25 25 25 3 ns 'RAS 42 [120000| 37 |120000( 44 [120000( 50 [120000( ns
toL 25 25 25 3 ns RC 60 60 66 70 ns
ICK(3) 6 7 75 8 ns 'RCD 18 15 20 20 ns
1CK(2) - 75 10 10 ns RP 18 15 20 20 ns
tOKH 1 08 08 1 ns tRRD 12 14 15 20 ns
tcKs 15 15 15 2 ns
*CASlatency indicated in parentheses.
NOTE: 1. For thisexample, the burst length = 4, and the CASlatency = 2.
2. x16: A8, A9 and A11 =“Don’t Care”
x8:A9and A11 ="Don’t Care”
x4: A11 =“Don’t Care”
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T0 . T ) T2 T3 T4 T5 T6 ( Tn+1 Tn+2 Tn+3 Tn+4
a ot L ? T
oo | | | | | | | | | |
/4 N/ I/ /A /N /N /4
toms| _tom
COMMAND x ACTIVE NOP >@< READ >@< NOP >@< NOP >@< NOP >@< NOP 2@< NOP >@<BUF€T TEFM>@< NOP WE

s | tcur
oo B 5\ s | A1 /
1As| tAH ((
A0-A9, AT1 )k oW % /oo m2X(7) f){/ /
tAS| tAH

0Q
Jug

Dout m
X

Dout m-1

tac tac tac
tAC toH toH toH

256 (x16) locations within same row
512 (x8) locationswithin same row
trRcD CASLatency 1,024 (x4) locationswithin same row
! B DON'T CARE
Full page completed
_ & unpEFNED
Full-page burst does not self-terminate.
Can use BURST TERMINATE command.
TIMING PARAMETERS
-6 -7E =75 -8E -6 -7E =75 -8E
SYMBOL* | MIN [MAX| MIN [MAX| MIN [MAX| MIN |[MAX| UNITS SYMBOL* | MIN [MAX| MIN |[MAX|MIN [MAX| MIN |[MAX| UNITS
'AC(3) 55 54 54 6 ns CKS 15 15 15 2 ns
tAC(2) - 54 6 6 ns tCMH 1 08 08 1 ns
tAH 1 08 08 1 ns tcMs 15 15 15 2 ns
tAS 15 15 15 2 ns tHZ(3) 55 54 54 6 ns
tCH 25 25 25 3 ns tHZ(2) - 54 6 6 ns
tcL 25 25 25 3 ns 1z 1 1 1 1 ns
1K (3) 6 7 75 8 ns 1OH 2 3 3 3 ns
1CK(2) - 75 10 10 ns 'RCD 18 15 20 20 ns
{CKH 1 08 08 1 ns
*CASlatency indicated in parentheses.
NOTE: 1. For thisexample, the CASlatency = 2.
2. x16: A8,A9and A11="Don’t Care”
x8: A9and A11="Don’t Care”
x4: A11="Don’t Care”
3. Page left open;no tRP.
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Aicron

tcks

T

READ —DQM OPERATION '

T2

T3

1.t

e

l

tCH[

{CKH

[
L
|

[
[ L}
|

:
|

o N

toms|

\/4

foMH

|~

\/4

\//4

COMMAND X ACTIVE

NOP

>@< READ >@< l\‘lOP >@< NOP >@<

fcms

toMH

DQM /

T 7

0

DQML, DQMH

A0-A9, A11 x ROW

MOOLULVIN m2>W

lﬁ%‘,“‘_“, ENABLE AUTO PRECHARGE ‘ \ ‘ ‘ ‘ ‘
A10 Fow W W
DISABLE AUTO PRECHARGE
tAS| tAH | ‘ ‘
o W s 777K = X T
tac
tac toH
ba ‘LLé %'
'RCD CASLatency
[//] boN'T cARE
R} uNDEFINED
TIMING PARAMETERS
-6 -7E -75 -8E -6 -7E -75 -8E

SYMBOL* | MIN [MAX| MIN |[MAX|MIN [MAX| MIN |MAX| UNITS SYMBOL* | MIN [MAX| MIN |[MAX|MIN [MAX| MIN |[MAX| UNITS
TAC(3) 55 54 54 6 ns tcKs 15 15 15 2 ns
TAC(2) = 54 6 6 ns {CMH 1 08 08 1 ns
tAH 1 08 08 1 ns ‘oMSs 15 15 15 2 ns
'AS 15 15 15 2 ns tHZ(3) 55 54 54 6 ns
ICH 25 25 25 3 ns tHZ(2) - 54 6 6 ns
oL 25 25 25 3 ns iz 1 1 1 1 ns
ICK(3) 6 7 75 8 ns tOH 2 3 3 3 ns
1CK(2) - 75 10 10 ns 'RCD 18 15 20 20 ns
{CKH 1 08 08 1 ns
*CASlatency indicated in parentheses.
NOTE: 1. For thisexample, the burst length = 4, and the CASlatency = 2.

2. x16: A8,A9and A11="“Don’t Care”

x8: A9and A11="Don’t Care”
x4: A11="Don’t Care”
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micron

WRITE — WITHOUT AUTO PRECHARGE '

“J%tm%tqhw#\#\#\L\T\L\

ol |

CKE /'
tg\/|_§ toMH
COMMAND y ACTIVE >@< NOP >@< WRITE >@< NOP >@< NOP >@< NOP >@PRECHAF\GE>@< NOP ACTIVE W
toMs| toMH ‘ ‘
DaML BaWH I }5% RN
ng] | | | | | |
AO-A9, A1t )k ROW W MOOLUMNmSW / % Fow W
iA_g‘ tAH ‘ ‘ ‘ ALLELANKS ‘
o Ko N |/, Y o
t t DISABLE AUTO PRECHARGE SINGLE BANK
sl | | | | |
BAO, BA1 X BANK % Y Y Y
s | tbH s | tbH 'ps| 'bH DS

DH
DQ % DN m WDleHW D|Nm+2>@leNm+3W

tRcD [ [ twr? tRp
tRAS 1 I

DON'T CARE

TIMING PARAMETERS

-6 -7E -75 -8E 1s| -6 7E 75 -8E 1s|

SYMBOL*| MIN [ MAX| MIN [MAX| MIN [MAX | MIN [MAX [UNI SYMBOL*| MIN | MAX| MIN [MAX | MIN[MAX | MIN [MAX |UNI
tAH 1 08 08 1 ns tcms 15 15 15 2 ns
'AS 15 15 15 2 ns 'DH 1 08 08 1 ns
tcH 25 25 25 3 ns DS 15 15 15 2 ns
o 25 25 25 3 ns 'RAS 42 [120000 37 [120000 44 [120,000( 50 [120,000( ns
tCK(3) 6 7 75 8 ns tRC 60 60 6 70 ns
1K (2) - 75 10 10 ns 'RCD 18 15 20 20 ns
tCKH 1 08 08 1 ns R 18 15 20 20 ns
IKs 15 15 15 2 ns 'WR 12 14 15 15 ns
tCMH 1 08 08 1 ns

*CASlatency indicated in parentheses.

NOTE: 1. For thisexample, the burst length =4, and the WRITEburst isfollowed by a “manual” PRECHARGE.
2. 15nsisrequired between <Din m>and the PRECHARGEcommand, regardlessof frequency.
3. x16: A8,A9and A11 =“Don’t Care”
x8:A9and A11="Don’t Care”
x4: A11 ="Don’t Care”
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Aicron

WRITE — WITH AUTO PRECHARGE '

0 . T . I ] T4 5 T6 7 it ]
a [ L
ot | | | | | | | | |
S| ) | | ) ' an ) o o a
COMMAND y ACTIVE W NOP >@< WRITE >@< NOP >@< NOP >@< NOP >@< NOP >@< NOP >@< NOP >@< ACTIVE W
| gl |
DQMII_D,%’SI\/AH / A m m m
sl | | | | |
AO-A9, A1 )k ROW % )Xo m2)(//) / TX_ew XU
ENABLE AU"I’O PRECHARGE ‘ ‘ ‘ ‘

o — I
e 7 /) X eank W

ips| tbH  tps| tDH ips| tbH ps|

DH
ba 7/, /) ﬁk DINm >@k Dlnm+1W Dmm+2>@k DINm+3W /) /

tRCD \ \ twr | tRP
tRAS ‘ ‘
I
tRC
[//] boN'T cARE
TIMING PARAMETERS
-6 -7E -75 -8E 1s| -6 -7E -75 -8E 1s|
SYMBOL*| MIN | MAX| MIN [MAX | MIN | MAX | MIN (MAX |UNI SYMBOL*| MIN | MAX| MIN [MAX| MIN(MAX | MIN |[MAX |UNI
tAH 1 08 08 1 ns toMs 15 15 15 2 ns
tAS 15 15 15 2 ns DH 1 08 08 1 ns
'CH 25 25 25 3 ns DS 15 15 15 2 ns
tcL 25 25 25 3 ns RAS 42 1120,000 37 |120,000[ 44 (120,000 50 [120,000f ns
ICK(3) 6 7 75 8 ns 'RC 60 60 66 70 ns
1CK(2) - 75 10 10 ns 'RCD 18 15 20 20 ns
tCKH 1 08 08 1 ns 'R 18 15 20 20 ns
toKs 15 15 15 2 ns 'WR 1CLK 1CLK 1CLK 1CLK -
{CMH 1 08 08 1 ns +6ns +7ns k- 7.5ns +7ns
*CASlatency indicated in parentheses.
NOTE: 1. For thisexample, the burst length = 4.
2. x16: A8,A9and A11="Don’t Care”
x8: A9and A11="Don’t Care”
x4: A11="Don’t Care”
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SINGLE WRITE — WITHOUT AUTO PRECHARGE '

T0 . T . irl T3 T4 5 T6 7 T8
] CK | 1CL | ]
T T e e e ocoves AN S RN SN R S NP S A S Y S
t t
oo | | | | | | | |
o€ | | an | Can a ) aw
loms| tomH
COMMAND x ACTIVE >@< NOP >@< WRITE >@< NoP4 >@< NOP4 >@<PHECHAHGE>@< NOP ACTIVE NOP W
‘ fcms| teMH ‘ ‘
DQM / 7
DQML, DQMH % y
] ] ] ]
AO-A9, Al % oW W /X corumn mé )
iA_‘i‘ 'AH ‘ ALLBANKS ‘ ‘
o Y rm N / I XTI o,
DISABLE AUTO PRECHARGE SINGLE BANK
tAS| tAH | |
BAO, BA1 X BANK W % BANK W M BANK W M BANK W
tps| tDH
bQ % DINm W
tRCD [ twr? trp
tRAS ‘
tRC
[/} boN'T care
TIMING PARAMETERS
-6 -7TE -75 -8E Ts| -6 -7TE -75 -8E Ts|
SYMBOL*| MIN [ MAX| MIN [MAX| MIN[MAX | MIN [MAX |UNI SYMBOL*[ MIN | MAX| MIN |[MAX | MIN|MAX [ MIN [MAX |UNI
tAH 1 08 08 1 ns tcms 15 15 15 2 ns
tAS 15 15 15 2 ns DH 1 08 08 1 ns
tcH 25 25 25 3 ns DS 15 15 15 2 ns
oL 25 25 25 3 ns RAS 42 (120,000 37 (120,000 44 [120,000/ 50 [120,000f ns
1CK(3) 6 7 75 8 ns RC 60 60 6 70 ns
ICK(2) - 75 10 10 ns 'RCD 18 15 20 20 ns
tCKH 1 08 08 1 ns RP 18 15 20 20 ns
[o’S] 15 15 15 2 ns 'WR 12 14 15 15 ns
t{CMH 1 08 08 1 ns
*CASlatency indicated in parentheses.
NOTE: 1. For thisexample, the burst length =1, and the WRITEburst isfollowed by a “manual” PRECHARGE.
2. 15nsisrequired between <Din m>and the PRECHARGEcommand, regardlessof frequency.
3. x16: A8,A9and A11 =“Don’t Care”
x8: A9 and A11 ="Don’t Care”
x4: A11 ="“Don’t Care”
4. PRECHARGEcommand not allowed else'RASwould be violated.
64Mb: x4, x8, x16 SDRAM Micron Technology, Inc., reservestheright productsor spedificat| notice.
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Aicron

SINGLE WRITE - WITH AUTO PRECHARGE '

R R
w T 0 T ¥ <
toms| toMH

COMMAND yz_;cnv& W NoP3 >@< NoP? >@< NOP® >@< WRITE >@< NOP >@< NOP >@< NOP >@<

toms | tomH
DQM /
DQML, DQMH /»& }/
tas| tAaH ‘
AO-A9, AT1 )k oW % /X cowmnm2)(// X v X
\
las| tAH ENABLE AUTO PRECHARGE
wo Ko Y ]
tAS‘ tAH ‘
BAO, BA1 BANK WY, &Y,
ips| tDH
pQ DN m %
'RCD \ twR rP
tRAS ‘
tRC
[/} boN'T caRe
TIMING PARAMETERS
-6 -7E -75 -8E 1s| -6 -7E -75 -8E 1s|
SYMBOL*| MIN | MAX| MIN [MAX | MIN [MAX | MIN [MAX |UNI SYMBOL*| MIN [ MAX| MIN [MAX| MIN|MAX | MIN |MAX |UNI
tAH 1 08 08 1 ns toMs 15 15 15 2 ns
tAS 15 15 15 2 ns DH 1 08 08 1 ns
'CH 25 25 25 3 ns DS 15 15 15 2 ns
toL 25 25 25 3 ns RAS 42 [120,000( 37 (120,000 44 [120,000/ 50 (120,000 ns
ICK(3) 6 7 75 8 ns 'RC 60 60 66 70 ns
1CK(2) - 75 10 10 ns 'RCD 18 15 20 20 ns
tCKH 1 08 08 1 ns R 18 15 20 20 ns
tcKs 15 15 15 ns 'WR 1CLK 1CLK 1CLK 1CLK -
tCMH 1 08 08 1 ns +6ns +7ns +7.5ng +7ns
*CASlatency indicated in parentheses.
NOTE: 1. For thisexample, the burst length = 1.
2. x16: A8,A9and A11="Don’t Care”
x8: A9and A11="Don’t Care”
x4: A11="Don’t Care”
3. WRITEcommand not allowed else tRASwould be violated.
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Aicron

ALTERNATING BANK WRITE ACCESSES '

T0 T w2 K] 4 5 T i T8 9
ax e S Riiine eoevee A S Y SR N SR [ S A U R U
o |
o 7F ) i o | o ) ' e
toMs| tomH
COMMAND y ACTIVE W NOP >@< WRITE >@< NOP >@< ACTIVE >@< NOP >@< WRITE >@< NOP >@< NOP >@< ACTIVE W
| ‘) o
DL DA 510\ L7000 VAN W/ /N
ins] an_ | | |
AO-A9, A11 )k oW W /)Xo m2)()) Y /)Xo 27/ 7X__row W
ENABLE AU‘TO PRECHARGE ENABLE AU"FO PRECHARGE

U JIK_row K eow X,

7
| | | | ]

BAO, BA1 BANK 0 y A BANK 0 BANK 1 W BANK 1 W % BANK 0

‘ ‘DS‘ tDH 103‘ tDH st‘ tDH tDS‘ toH st‘ tDH tDS‘ tbH tbs “DH ‘DS‘ toH
[

1 1} [ [ 1 1 I
[ole} ﬂk DINm WDle+1>@leNm+2>@kam+3>@k DN b >@leNb+1>@kab+2>@< DINb+3M
‘ T

RCD - BANK 0 ‘ ‘ 'WR-BANKO | tRP-BANKO IRCD - BANK 0
| I |
{RAS- BANK 0
tRC - BANK 0 |
tRRD | tRCD - BANK 1 tWR- BANK 1
U I
DON'T GARE
TIMING PARAMETERS
-6 -7E -75 -8E 1s| -6 -7E =75 -8E 1s|
SYMBOL*| MIN [ MAX| MIN (MAX | MIN [MAX [ MIN [MAX (UNI SYMBOL*| MIN | MAX| MIN |MAX | MIN|MAX [ MIN [MAX |UNI
tAH 1 08 08 1 ns DH 1 08 08 1 ns
tAS 15 15 15 2 ns DS 15 15 15 2 ns
tcH 25 25 25 3 ns RAS 42 (120,000( 37 |[120,000 44 [120,000/ 50 |[120,000f ns
oL 25 25 25 3 ns 'RC 60 60 66 70 ns
1CK(3) 6 7 75 8 ns 'RCD 18 15 20 20 ns
ICK(2) - 75 10 10 ns RP 18 15 20 20 ns
tCKH 1 08 08 1 ns 'RRD 12 14 15 20 ns
toKs 15 15 15 2 ns 'WR 1CLK 1CLK 1CLK 1CLK -
tCMH 1 08 08 1 ns +6ns +7ns +7.5ng +7ns
'cMS 15 15 15 2 ns
*CASlatency indicated in parentheses.
NOTE: 1. For thisexample, the burst length = 4.
2. x16: A8, A9 and A11 =“Don’t Care”
x8:A9and A11 ="Don’t Care”
x4:A11 ="“Don’t Care”
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Aicron

WRITE - FULL-PAGE BURST

T0 T T2 T3 T4 15 ( Tn+1 Tn+2 Tn+3
LT PP E— }
oK O e X Tovas mar s AP S N W R {) Db
teks | tekH ‘
e || (. _
Y/ Y/ AR/ /A /4 N/
tcMS| _tomH
COMMAND % ACTIVE >@< NOP >@< WRITE >@< NOP >@< NOP >@< NOP 2& NOP >@<BURSTTERM>@< NOP
tcms | toMH
DQM / =
7 DY | 00 | 0| A\ 1 77
tAS| tAH (
was w1 Ko s ¥ Wi
))
tAS| tAH («
o Koo W h o
)]
tAS| tAH (
BAO, BAT BANK % Y EETY, / )
)T
ips| toH ips| tDH ips| toH tps| tDH ips | tDH ips| tDH
DQ / % DiNm j@kD|Nm+1>@kDmm+2>@kam+3%@k D|Nm-1>W / M
i [ { ‘ { {
I | I Full-page burst does
256 (x16) locations within same row not self-terminate. Can
512 (x8) locationswithin same row use BURST TERMINATE
1,024 (x4) locationswithin same row command to stop.23
Full page completed J DON'T CARE
TIMING PARAMETERS
-6 -7TE -75 -8E -6 -7TE -75 -8E
SYMBOL* [ MIN [MAX| MIN [MAX| MIN [MAX| MIN [MAX| UNITS SYMBOL* [ MIN [MAX|MIN [MAX|MIN [MAX|MIN |[MAX| UNITS
tAH 1 08 08 1 ns toKs 15 15 15 2 ns
tAS 15 15 15 2 ns t{CMH 1 08 08 1 ns
tCH 25 25 25 3 ns tocMs 15 15 15 2 ns
oL 25 25 25 3 ns DH 1 08 08 1 ns
tOK(3) 6 7 75 8 ns DS 15 15 15 2 ns
ICK(2) - 75 10 10 ns 'RCD 18 15 20 20 ns
tCKH 1 08 08 1 ns
*CASlatency indicated in parentheses.
NOTE: 1. x16: A8,A9and A11="“Don’t Care”
x8: A9and A11="Don’t Care”
x4: A11="Don’t Care”
2. 'WRmust be satisfied prior to PRECHARGE command.
3. Page left open;no 'RP.
64Mb: x4, x8, x16 SDRAM 53 Micron Technology, Inc.,reservestheright t productsor spedificat notice.
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WRITE - DQM OPERATION

T0 T T2 T3 T4 15 T6 T7
1 toK 1t |
CK O p e ol s Ly b LA
tos| o | | | | | | |
|l
CKE
7w | ) e | e e
toMs| teMH
| ||
COMMAND X ACTIVE W NOP >@< WRITE >@< NOP >@< NOP >@< NOP >@< NOP >@< NOP >@
T I
| toms [ tomH |
DQM / 7 /»:’ "’/1/ W 7
DQML, DQMH / % % /
tAS| tAH
||
AO-A9, A1 ROW % MOOLUMN'"ZX/ 7
t t [
iﬁﬂ ENABLE AUTO PRECHARGE | |
A0 7K FOW % ) /
tAS| taAH DISABLE AUTO PRECHARGE |
| | > I
w051 X s WY =,
| Ipg| pH | Ips| bH .‘DS| IDH
DQ %k DiNm / % Dmm+2j@< D|Nm+3%
| |
tRCD
(/] DON'T CARE
TIMING PARAMETERS
-6 -7E -75 -8E -6 -7E -75 -8E
SYMBOL* [MIN [MAX| MIN[MAX|MIN[MAX| MIN[MAX]| UNITS SYMBOL* [MIN [MAX|MIN [MAX|MIN[MAX|MIN[MAX]| UNITS
TAH 1 08 08 1 ns xS 15 15 15 2 ns
AS 15 15 15 2 ns ICMH 1 08 08 1 ns
'CH 25 25 25 3 ns tcMS 15 15 15 2 ns
el 25 25 25 3 ns DH 1 08 08 1 ns
1K (3) 6 7 75 8 ns DS 15 15 15 2 ns
1CK(2) - 75 10 10 ns 'RCD 18 15 20 20 ns
IoKH 1 08 08 1 ns
*CASlatency indicated in parentheses.
NOTE: 1. For thisexample, the burst length = 4.
2. x16: A8,A9and A11="“Don’t Care”
x8: A9and A11="Don’t Care”
x4: A11="Don’t Care”
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54-PIN PLASTIC TSOP (400 mil)

- 2222+08 ———»
— | |- .71

- 80TYP - 2X0.10
U - .375+.075 TYP l
HHHHHHHHH HHHHHHHHHHHHHHH‘ '
2.80 T
SN -
? 11.76 £0.20
10.16 £0.08
O
g HHHHHHHHHHHHHH%HHH [=E=]]
R2X 0.75

PIN #1 ID
R2X1.00

'

T—PI_ATEI) LEAD FINISH: 90% $n, 10% Pb OR100%S 1.2 MAX
PLASTIC PACKAGE MATERIAL: EPOXY NOVOLAC

PACKAGE WIDTH AND LENGTH DO NOT
INCLUDEMOLD PROTRUSION. ALLOWABLE
PROTRUSION 1S0.25 PER SIDE.

NOTE: 1. All dimensionsin millimeters.

2. Package width and length do not include mold protrusion; allowable mold protrusion is0.25mm per side.
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