MICRON

SYNCHRONOUS
GRAPHICS RAM

FEATURES

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

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

* Dual internal banks for hiding row access/precharge;
dual 128K x 32 architecture

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

* BLOCK WRITE and WRITE-PER-BIT modes

¢ Independent byte operation via DOQM0-3

¢ AUTO PRECHARGE and AUTO REFRESH modes

* 17ms, 1,024-cycle refresh (16.6us/row)

¢ LVTTL-compatible inputs and outputs

* Single +3.3V £0.3V power supply

OPTIONS MARKING
¢ Timing
10ns access (<100 MHz clock rate) -10
12ns access (<83 MHz clock rate) -12
15ns access (€66 MHz clock rate) -15

e Self Refresh S

¢ Plastic Packages
100-pin TQFP (0.65mm lead pitch) LG

¢ Part Number Example: MT41LC256K32D4LG -15

KEY TIMING PARAMETERS

SPEED CLOCK ACCESS SET-UP HOLD
GRADE FREQUENCY TIME TIMES TIMES
-10 100 MHz 9ns 3ans ins
-12 83 MHz 11ns 3.5ns 1.5ns
-15 66 MHz 13ns 4ns 2ns
GENERAL DESCRIPTION

The MT41LC256K32D4(S) SGRAM is ahigh-speed CMOS
dynamic random access memory containing 8,388,608 bits.
It is internally configured as a dual 128K x 32 DRAM with
a synchronous interface (all signals are registered on the
positive edge of the clock signal, CLK). Each of the 128K x
32 bit banks is organized as 512 rows by 256 columns by 32
bits. Read and write accesses to the SGRAM are burst
oriented; accesses start at a selected location and continue
for a programmed number of locations in a programmed
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256K x 32 SGRAM

PULSED RAS, DUAL BANK,
PIPELINED, 3.3V OPERATION

PIN ASSIGNMENT (TOP VIEW)
100-Pin TQFP
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sequence. Accesses begin with the registration of an AC-
TIVE command which is then followed 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 (BA selects the bank, A0-A8 select the
row). Then the address bits registered coincident with the
READ or WRITE command are used to select the starting
column location for the burst access.

The SGRAM provides for programmable READ or
WRITEburstlengths of 1,2, 4 or 8 locations, or the fuli page,
with 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.

Micron Tachnalogy, Inc  reserves he right to change products of specibcations without notice
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GENERAL DESCRIPTION (continued)
The MT41LC256K32D4(S) uses an internal pipelined archi-
tecture toachieve high-speed operation. This architecture s
compatible with the 2n rule of prefetch architectures, but it
alsoallows the column address tobe changed onevery clock
cycle to achieve a high-speed fully random access.
Precharging one bank while accessing the alternate bank
will hide the precharge cycles, and provide seamless high-
speed random access operation.

Synchronous graphics RAMs (SGRAMs) differ from syn-
chronous DRAMs (SDRAMSs) by providing an eight-col-
umn BLOCK WRITE function and a MASKED WRITE (or

m WRITE-PER-BIT) function to accommodate high-perfor-
Q mance graphics applications. The BLOCK WRITE and

X
=

MASKED WRITE functions may be combined with indi-
vidual byte enables (DQ mask, or DQM, pins).

The CMOS dynamic memory structure of the
MT41LC256K32D4(S) is designed to operate in 3.3V, low-
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power memory systems. An AUTO REFRESH mode is
provided along witha power saving POWER-DOWN mode.
All inputs and outputs are LVTTL-compatible.

The two-bank synchronous DRAM and x32 configura-
tion provided by the SGRAM are well suited for applica-
tions requiring high memory bandwidth, and when com-
bined with special graphics functions result in a device
particularly well suited to high performance graphics ap-
plications.

SGRAM s offer substantial advances in dynamic memory
operating performance, including the ability to synchro-
nously burst dataatahigh datarate withautomatic column-
address generation, the ability to interleave between inter-
nal banks in order to hide precharge time, the capability to
randomly change column addresses on each clock cycle
duringaburstaccess, and special functions suchas MASKED
WRITEs and BLOCK WRITEs.

Micron Technology, Inc . raserves the right fo change products of specifications withaut notics.
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FUNCTIONAL BLOCK DIAGRAM
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PIN DESCRIPTIONS
TQFP
PIN NUMBERS SYMBOL
55 CLK
54 CKE
28 CS
27, 26, RAS, CAS
53, 25 DSF, WE
23, 56, 24, 57 DQMO -
DQM3
29 BA
31-34, 47-50, 51 AO-A8
97,98, 100, 1, 3, 4, DQo-
6,7, 60, 61, 63, 64, DQ31
68, 69,71, 72,9, 10,
12,13, 17, 18, 20, 21,
74,75, 77,78, 80,
81, 83, 84
30, 36-45, 52, NC
58, 86-95
2, B, 14, 22, 59, VeeQ
67,73,79
5 11,19, 62, 70, VssQ
76, 82, 99
15, 35, 65, 96 Vee
16, 46, 66, 85 Vss

MT41LC256K32D4(S)
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DESCRIPTION

Clock: CLK is driven by the system clock. All SGRAM input signals are
sampled on the positive edge of CLK. CLK also increments the internal
burst counter and controls the output registers.

Clock Enable: CKE activates (HIGH) and deactivates (LOW) the CLK signal.
Deactivating the clock provides POWER-DOWN mode (all banks idle) and
SELF REFRESH mode (all banks idle). CKE is synchronous except after
the device enters POWER-DOWN and SELF REFRESH modes, where
CKE becomes asynchronous until after exiting the same mode. The input
buffers, including CLK, are disabled during POWER-DOWN and SELF
REFRESH modes providing low standby power. CKE may be tied HIGH.

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

Command Inputs: RAS, WE, CAS, and DSF define the command being
entered.

Input/Output Mask: DQMO-DQMS3 are byte specific, nonpersistent /0 buffer
controls. The I/O buffers are placed in a High-Z state when DQM is sampled
HIGH. Input data is masked when DQM is sampled high during a WRITE
cycle. Output data is masked (two-clock latency) when DQM is sampled
HIGH during a READ cycle. DQMO masks DQ0-DQ7, DQM1 masks DQ8-
DQ15, DQM2 masks DQ16-DQ23, and DQM3 masks DQ24-DQ31.

Bank Address: BA defines to which bank the ACTIVE, READ, WRITE or
PRECHARGE command is being applied. BA is also used to program the
10th bit of the MODE and SPECIAL MODE registers.

Address Inputs: AO-A8 are sampled during the ACTIVE command (row-
address AD-A8) and READ/WRITE command (column-address AG-A7 with
A8 defining AUTO PRECHARGE) to select one location out of the 128K
available in the respective bank.A8 is sampled during a precharge com-
mand determining if both banks are to be precharged (A8 HIGH). The
address inputs also provide the op-code during a LOAD MODE REGISTER
or LOAD SPECIAL MODE REGISTER command.

Data I/O: Data bus. The I/Os are byte-maskable during READs and
WRITEs.The DQs also serve as column/byte mask inputs during BLOCK
WRITEs.

No Connect: These pins should be left unconnected.
DQ Power: Provide isolated power to DQs for improved noise immunity.
DQ Ground: Provide isolated ground to DQs for improved noise immunity.

Power Supply: +3.3V 0.3V,

Ground

Meron Technology. Inc , reserves the nghi fo changs products or specifications without notice
+ 1995, Micron Technology, Inc
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FUNCTIONAL DESCRIPTION

In general, the SGRAM is a dual 128K x 32 DRAM with
graphics features (BLOCK WRITE and MASKED WRITE)
which operates at 3.3V and includes a synchronous inter-
face (all signals are registered on the positive edge of the
clock signal, CLK). Each of the 128K x 32 bit banks is
organized as 512 rows by 256 columns by 32 bits.

Read and write accesses to the SGRAM areburstoriented;
accesses start at a selected location and continue for a
programmed number of locations in a programmed se-
quence. Accesses begin with the registration of an ACTIVE
command which is then followed by a READ or WRITE
command. The address bits registered coincident with the
ACTIVE command are used to select thebank and row tobe
accessed (BA selects the bank, A0-A8 select the row). Then
the address bits (A(-A7) registered coincident with the
READ or WRITE command are used to select the starting
column location for the burst access.

BLOCK WRITE accesses are performed in a manner
similar to WRITEs, except that BLOCK WRITEs are not
burst oriented, and always apply to the eight column loca-
tions selected by A3-A7.

MASKED WRITEs or MASKED BLOCK WRITEs are
similar to the unmasked versions except that the write-per-
bit mask enabled with the ACTIVE command is applied to
the data being written.

Prior to normal operation, the SGRAM must be initial-
ized. The following sections provide detailed information
coveringdeviceinitialization, register definition, command
descriptions and device operation.

Initialization

SGRAMs must be powered-up and initialized in a pre-
defined manner. Operational procedures other than those
specified may resultin undefined operation. Once power is
applied to Vecc and VeoQ (simultaneously) the SGRAM
requires a 100us delay prior to activating CKE. All other
inputs should be held HIGH during this phase of power-
up-.

Once the 100us delay has been satisfied, the CKE pin
must be driven HIGH 'CKS before a positive clock edge,
after meeting 'CKH from the previous clock edge. The first
command will be registered on the clock edge following
ICKS.

Both banks must then be precharged, thereby placing the
device in the “all bank idle” state. Once in the idle state, two
AUTOREFRESH cycles must be performed. Once the AUTO
REFRESH cycles are complete, the SGRAM is ready for
mode register programming. Because the mode register
will power-up in an unknown state, it should be loaded
prior to performing any operational command.

MT41[ C256K32D4(S)
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Register Definition
MODE REGISTER

The mode register is used to define the specific mode of
operation of the SGRAM. This definition inciudes the selec-
tion of a burst length, a burst type, a read latency and an
operating mode, as shown in Figure 1. The mode register is
programmed via the LOAD MODE REGISTER command,
and will retain the stored information until itis programmed
again or the device loses power.

Mode register bits MO through M2 specify the burst
length, M3 specifies the type of burst (sequential or inter-
leaved), M4 through M6 specify the READ latency, and M7
through M9 specify the operating mode.

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

Burst Length

Read and write accesses to the SGRAM are burst ori-
ented, with the burst length being programmable, as shown
in Figure 1. The burst length determines the maximum
number of column locations that can be accessed fora given
READ or WRITE command. Burst lengths of 1, 2, 4, or 8
locations are available for both the sequential and the
interleaved bursttypes, and afull-pageburstisavailable for
the sequential type. The full-page burst is used in conjunc-
tion with the BURST TERMINATE command to generate
arbitrary burst lengths.

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

When a READ or WRITE command is issued, a block of
columns equal to the burst length is effectively selected. All
accesses for that burst take place within this block, meaning
that the burst will wrap within the block if a boundary is
reached. The block is defined by A1-A7 when the burst
length is set ta two, by A2-A7 when the burst length is set
to four and by A3-A7 when the burst length is set to eight.
The lower order address bit(s) are used to select the starting
location within the block. Full page bursts wrap within the
page if the boundary is reached.

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.

The ordering of accesses within a burst is determined by
the burst length, the burst type and the starting column
address, as shown in Table 1.

Micron Technology Inc , resarves the nght to change products of specihcations withoul notice
+ 1995, Micron Technology. Inc
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Mode Ragister {Mx)
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Table 1
BURST DEFINITION
Order of Accesses within a Burst
Starting Column
Address: Type = Sequential | Type = Interleaved
A0
0 0-1 0-1
1 1-0 1-0
At A0
0o 0 0-1-2-3 0-1-2-3
o 1 1-2-3-0 1-0-3-2
i 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
A2 A1 A0
0 0 O 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
o 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
o 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
o 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
i 0 O 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1t 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
n=AD- A7 Cn, Cn+1, Cn+2
Cn+3, Cn+4... Not supported
(location 0 - 255) | *C1°1 (Cn+256),
Cn (Cn+257)....

. For a burst length of two, A1-A7 select the block of
two burst; AO selects the starting column within the
block.

For a burst length of four, A2-A7 select the block of
four burst; A0-A1 select the starting column within
the block.

. For a burst length of eight, A3-A7 select the block of

eight burst; A0-A2 select the starting colurmn within
the block.

. For a full-page burst, the full row is selected and

AQ-A7 select the starting column.

. Whenever a boundary of the block is reached within

a given sequence above, the following access wraps
within the block.

For a burst length of one, A0-A7 select the unique
column to be accessed, and Mode Register bit M3 is
ignored.

Micron Technology, Inc , reserves the right o change peoducts o specificaliona withaut atice.
1995_ Micron Technakogy. Inc
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Read Latency

The READ latency is the delay, in clock cycles, between
the registration of a READ command and the availability of
the first piece of output data. The latency can be set to 2 or
3 clocks.

If a READ command is registered at clock edge n, and the
latency is m clocks, the data will be available by clock edge
n+m. The DQs will start driving as a result of the clock edge
one cycle earlier (12 + m - 1) and, provided that the relevant
access times are met, the data will be valid by clock edge
n + m. For example, assuming that the clock cycle time is
such that all relevant access times are met, if a read com-
mand is registered at T0, and the latency is programmed to
2 clocks, the DQs will start driving after T1 and the data will
be valid by T2, as shown in Figure 2, Table 2 below indicates
the operating frequencies at which each READ latency
setting can be used.

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

Operating Mode

In normal operation (M7 — M9 = 0), the programmed
burst length applies to both read and write bursts.

M7 =1is used for vendor specific testing. Test modes and
reserved states should not be used because unknown op-
eration or incompatibility with future versions may
result.

SPECIAL MODE REGISTER

The special mode register is used to load the color and
mask registers, which are used in BLOCK WRITE and
MASKED WRITE cycles. The control information being
written to the special mode register is applied to the address

FXTIX
SEOOER00
ale] RS

Read Latency

Figure 2
TWO CLOCK READ LATENCY EXAMPLE

MT41LC256K32D4(S}
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inputs and the data to be written to either the color register
or the mask register is applied to the DQs. As shown in
Figure 3, when input A6is “1”, and all other address inputs
are “0” during a LOAD SPECIAL MODE REGISTER cycle,
the color register will be loaded with the data on the DQs.
Similarly, when input A5 is “1”, and all other address
inputsare “0” during a LOAD SPECIAL MODE REGISTER
cycle, the mask register will be loaded with the data on the
DQs. Applying a “1” to both AS and A6 (when all other
address inputs are “0”) or applying a “1” to any address
inputother than A5 or A6, duringa LOADSPECIALMODE
REGISTER cycle is illegal and unknown operation may
result. The special mode register can be loaded when one or
both banks are either active or idle.

COLOR REGISTER

The color register is a 32-bit register which supplies the
data during BLOCK WRITE cycles. The color register is
loaded via a LOAD SPECIAL MODE REGISTER cycle
(described in the previous section) and will retain data until
loaded again or until power is removed from the SGRAM.

MASK REGISTER

The mask register (or write-per-bit mask register) is a 32-
bit register which acts as a per-DQ mask during MASKED
WRITE and MASKED BLOCK WRITE cycles. This opera-
tion is described under the respective headings later in this
data sheet. The mask register is loaded via a LOAD SPE-
CIAL MODE REGISTER cycle (described previously, un-
der the Special Mode Register heading) and will retain data
until loaded again or until power is removed from the
SGRAM.

Table 2
READ LATENCY
ALLOWABLE OPERATING
FREQUENCY (MHz)
READ READ
LATENCY LATENCY
SPEED =2 =3
-10 < 66 <100
-12 <55 <83
-15 <44 < 66

Micron Technology, Inc , reserves the nght 1o change products or specifications without natice
1995, Micron Technology. Inc,
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/BA/8/7/6/5/4/3/2/1/0 Address Bus {Ax)

'

(:\9:;/ 8/1./ 8,48 /4 f3 /2 /1 /0

Special Mode Register (Mx)

- Operating Mode | CR | MR Reserved
g M4 M3 M2 M1 MO
0 0 0 0 0 Standard operation
All other states reserved

Ms Mask Register

- 0 Leave Unchanged
1 Load New Data
M6 Color Register

= 0 Leave Unchanged
1 Load New Data

M9 M8 M7 Operating Mode
- 0 o] 0 Standard operation
All other states reserved

Figure 3
SPECIAL MODE REGISTER DEFINITION

MT41LC256K32D4(S)
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Commands
Truth Table 1 provides a quick reference of available the Operation section; these tables provide current state/
commands. This is followed by a verbal description of each next state information.

command. Two additional Truth Tables appear following

TRUTH TABLE 1 - Commands and DQM Operation

(Notes: 1)
NAME (FUNCTION) TS | RAS| TAS | WE | DSF | DQM| ADDR DQs | NOTES
COMMAND INHIBIT (NOP) X | x| x| x| x X X -
NO OPERATION (NOP) L H H H L X X X 13
ACTIVE (Select bank and activate row) L L H H L X |bankfrow| X 3 m
ACTIVE with WPB (Select bank, L L H H H X [bankfrow| X | 3,11 Q
activate row and WPB}) m
READ (Select bank & column and start READ burst) | L H L H L X | bank/col X 4,13 >
WRITE (Select bank & column and L H L L L X | bank/col |VALID| 4 g
start WRITE burst)
BLOCK WRITE (Select bank & column and L H L L H X | bank/col | MASK| 4, 12
start BLOCK WRITE access)
PRECHARGE (Deactivate row in bank or banks) L L H L L X Code X 5,13
BURST TERMINATE L H H L L X X Active| 13
AUTO REFRESH or L L L H X X X [6,7,9
SELF REFRESH (enter SELF REFRESH mode) 13
LOAD MODE REGISTER L L L L L X [ OpCode| X 2
LOAD SPECIAL MODE REGISTER L L L L H X | OpCode [VALID| 10
Write enable/output enable - - - - - L - Active 8
Write inhibit/output High-Z - - - - - H - High-Z| 8

NOTE: 1.

2
3.

moLeND

—

12.
13.

MT41LC256K32D4(S)
GO1 pms - Rev. 12/95

CKE is HIGH for all commands shown except SELF REFRESH.

. A0 through A8 and BA define the op-code written to the mode register.

AQ through A8 provide row-address and BA determines which bank is made active (BA LOW = Bank 0 and
BA HIGH = Bank 1).

AQ through A7 provide column-address; A8 HIGH enables the AUTO PRECHARGE feature (nonpersistent)
while A8 LOW disables the AUTO PRECHARGE feature; BA determines which bank is being read from or
written to (BA LOW = Bank 0 and BA HIGH = Bank 1).

A8 LOW: BA determines bank being precharged (BA LOW = Bank 0 and BA HIGH = Bank 1). A8 HIGH:
both banks precharged and BA is a “don’t care.”

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

Internal refresh counter controls row addressing; all inputs and /Os are “don’t care” except for CKE.
Activates or deactivates the DQs during WRITEs (zero-clock delay) and READs (two-clock delay).

Enter SELF REFRESH is illegal on non-S version.

DQs contain either color data or WPB mask data.

Any WRITE or BLOCK WRITE cycles to the selected bank/row while active will be masked according to the
contents of the mask register, in addition to the DQM signals and the column/byte mask information (the latter
for BLOCK WRITEs only).

DQs contain the column/byte mask data for the BLOCK WRITE.

DSF is actually “don’t care”, but it is recommended to be LOW for compatibility with future devices.

4 g Micron Technology. Inc , reserves the nigh I changs products or specrfications without notice
= 4:1995, Micron Technology, Inc
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COMMAND INHIBIT

The COMMAND INHIBIT function prevents commands
from being executed by the SGRAM, regardless of whether
the CLK signal is enabled. The SGRAM is effectively deac-
tivated, or deselected.

NO OPERATION (NOP)

The NO OPERATION (NOP) command is used to per-
form a NOP to an SGRAM which is selected (CS is LOW).
This prevents unwanted commands from being registered
during idle or wait states.

LOAD MODE REGISTER

The mode register is loaded via inputs A0-A8 and BA.
See Mode Register heading in Register Definition section.
The LOAD MODE REGISTER command can only be issued
when both banks are idle, and a subsequent executable
command cannot be issued until '"MTC is met.

LOAD SPECIAL MODE REGISTER

This command is used to load either the color register or
mask register by activating the appropriate bit in the special
mode register. The control information is provided on
inputs A0-A8 and BA, while the data for the color or mask
register is provided on the DQs. See Special Mode Register
heading in Register Definition section. The LOAD SPE-
CIAL MODE REGISTER command can be issued when
both banks are idle, or one or both are active, but with no
READ, WRITE or BLOCK WRITE accesses in progress. A
subsequent executable command cannot be issued until
'SML 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 BA input selects the bank, and the address provided on
inputs A0-A8 selects the row. This row remains active (or
open) for accesses until a precharge command is issued to
that bank. A PRECHARGE command must be issued be-
fore opening a different row in the same bank.

ACTIVE WITH WPB

This command is similar to the ACTIVE command, ex-
cept that the write-per-bit mask is activated. Any WRITE or
BLOCK WRITE cycles to the selected bank/row while
active will be masked according to the contents of the mask
register, in addition to the DQM signals, and the column/
byte mask information (thelatter for BLOCK WRITEs only).

MT41LC256K32D4(S)
GOY pm5 - Rav. 1295

4-10

ADVANCE

MT41LC256K32D4(S)
256K x 32 SGRAM

READ

The READ command is used to initiate a burst read access
toanactive row. The value on the BA input selects the bank,
and the address provided on inputs A0-A7 selects the
starting column location. The value on input A8 determines
whether or not AUTO PRECHARGE is used. If AUTO
PRECHARGE is selected, the row being accessed will be
precharged at the end of the read burst; if it is not selected,
the row will remain open for subsequent accesses. READ
data appears on the DQs subject to the values on the DQM
inputs two clocks earlier. If a particular 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 provide valid data.

WRITE

The WRITE command is used to initiate a burst write
access toan activerow. The value onthe BA input selects the
bank, and the address provided on inputs A0-A7 selects the
starting column location. The value oninput A8 determines
whether or not AUTO PRECHARGE is used. If AUTO
PRECHARGE is selected, the row being accessed will be
precharged at the end of the write burst; if it 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 signals registered coincident with the
data. If a particular DQM signal is registered LOW, the
corresponding data will be written to memory (subject also
to the write-per-bit mask, if activated); if the DQM signal is
registered HIGH, the corresponding data inputs will be
ignored, and the write will not be executed to that byte
location.

BLOCK WRITE

The BLOCK WRITE command is used to write a single
data value to the block of eight consecutive column loca-
tions addressed by inputs A3-A7. The source of the data is
the color register, which mustbe loaded prior to the BLOCK
WRITE. The information on the DQs which is registered
coincident with the BLOCK WRITE command is used to
mask specific column/byte combinations within the block,
as described in the Operation section of this data sheet. The
DQM signals operate as for WRITE cycles, but are applied
to all eight columns.

Micron Technology. Inc . reserves the right to change products or spacificalions wilhout notics.
©1995. Micron Technokogy. Inc.



PRECHARGE

The PRECHARGE command is used to deactivate the
open row in a particular bank, or the open row in both
banks. The bank(s) will be available for a subsequent row
access some specified time (‘RP) after the precharge com-
mand is issued. Input A8 determines whether one or both
banks are to be precharged, and in the case where only one
bank is to be precharged, input BA selects the bank. Other-
wise BA is treated as a “don’t care”. Once a bank has been
precharged, itis in the idle state and must be activated prior
to any READ, WRITE or BLOCK WRITE commands being
issued to that bank.

AUTO PRECHARGE

AUTO PRECHARGE is a nonpersistent feature which
performs all of the same individual-bank precharge func-
tions as previously described. The AUTO PRECHARGE
feature allows the user to issue a READ, WRITE or BLOCK
WRITE command that automatically performs a precharge
upon the completion of the BLOCK WRITE access or READ
or WRITE burst, except in the full-page burst mode, where
it has no effect.

The use of this feature eliminates the need to “manually”
issue a PRECHARGE command during the functional op-
eration of the SGRAM. AUTO PRECHARGE ensures that
the precharge is initiated at the earliest valid stage within a
burst. The user must not issue another command until the
precharge time (*RP) is completed. This is determined as if
a manual PRECHARGE command was issued at the earli-
est 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 truncate
either fixed-length or full-page bursts,

MT41L.C256K3204(S)
GO1 pmS - Aev 12495
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AUTO REFRESH

AUTOREFRESH is used during normal operation of the
SGRAM and is analagous to CAS-BEFORE-RAS (CBR)
REFRESH in conventional DRAMs. This command is non-
persistent, so it must be issued each time a refresh is
required.

The addressing is generated by the internal refresh con-
troller. This makes the address bitsa “don‘t care” during an
AUTO REFRESH command. The MT41LC256K32D4(S)
requires all of its 1,024 rows to be refreshed every 17ms
(‘REF). Providing a distributed AUTO REFRESH command
every 16.6us will meet the refresh requirement and ensure
that each row is refreshed. Alternatively, all 1,024 AUTO
REFRESH commands can be issued in a burst at the mini-
mum cycle rate (RC) once every 17ms.

SELF REFRESH

The SELF REFRESH command (on the “5” version) can
be used to retain data in the SGRAM, even if the rest of the
system is powered down. When in the SELF REFRESH
mode, the SGRAM 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 SGRAM become “don’t cares” with the exception of
CKE, which must remain LOW.

Once SELF REFRESH mode is engaged, the SGRAM
provides its own internal clocking, causing it to perform its
own auto refresh cycles. The SGRAM may remain in SELF
REFRESH mode for an indefinite period.

The procedure for exiting SELF REFRESH requires a
sequence of commands. First, the system clock must be
stable prior to CKE going back HIGH. Once CKE is HIGH,
the SGRAM must have NOP commands issued for 'XSR,
because time is required for the completion of any bank
currently being internally refreshed.

Micron Technalogy, Inc., reserves the right 1o change products or specifications without notios.
1985, Micron Technalogy, Inc
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Operation
BANK/ROW ACTIVATION

Before any READ or WRITE commands can be issued to
a bank within the SGRAM, a row in that bank must be
“opened.” This is accomplished via the ACTIVE command,
which selects both the bank and the row to be activated.
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Figure 4
ACTIVATING A SPECIFIC ROWIN A
SPECIFIC BANK
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The ACTIVEcommand is also used to determine whether
or not the write-per-bit mask is to be applied during WRITE
and BLOCK WRITE cycles within that row (see Figure 4). If
DSF is HIGH at the time the ACTIVE command is regis-
tered (ACTIVE with WPB) then the mask will be applied to
all WRITE and BLOCK WRITE cycles to that row until the
row is “closed”(precharged).

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 specification of 30ns
with a 90 MHz clock (11.11ns period) resuits in 2.7 clocks
rounded to 3. This is reflected in Figure 5, which covers any
case where 3 > 'RCDMIN/CK > 2. (The same procedure is
used to convert other specification limits from time units to
clock cycles).

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

A subsequent ACTIVE command to the otherbank canbe
issued while the first bank is being accessed, which results
in a reduction of total row access overhead. The minimum
time interval between successive ACTIVE commands to
different banks is defined by '‘RRD.
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S o B

i

l
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COMMAND 9<

READ or
NoP >@< WRITE >@<

-

Figure 5
EXAMPLE: MEETING 'RCD MIN WHEN 2 < 'RCD MIN/CK < 3
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READs

READ bursts are initiated with a READ command, as
shown in Figure 6.

The starting column and bank addresses are provided
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 generic
READcommands used in the following illustrations, AUTO
PRECHARGE is disabled.

During READbursts, the valid data-out element from the
starting column address will be available following the
READ latency after the READ command. Each subsequent
data-out element will be valid by the next positive clock
edge. Figure 7 shows the case where the READ latency is set
to two, and Figure 8 shows a READ latency of three.

Upon completion of a burst, assuming no other com-
mands have been initiated, the DQs will go High-Z. A full-
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READ COMMAND
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page burst will continue until terminated (at the end of the
page it will wrap to column 0 and continue).

A fixed-length READ burst may be followed by, or trun-
cated with, asubsequent READ burst (provided that AUTO
PRECHARGE is not activated) and a full-page READ burst
can be truncated with a subsequent READ burst. In either
case, a continuous flow of data can be maintained. The first
data element from the new burst follows either the last
element of a completed burst, or the last desired data
elementof a longer burst which is being truncated. The new
READ command should be issued x cycles before the clock
edge at which the last desired data element is valid, where

Read Latency

Figure 7
READ BURST WITH READ
LATENCY OF TWO

......
(XN

[ol0] RN

Read Latency

[/ poN'T cARE

& unoerFineD
Figure 8
READ BURST WITH READ LATENCY
OF THREE
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x equals the read latency minus one. This is shown in
Figure 9 for a read latency of two and Figure 10 for a read
latency of three; data element n + 3 iseither the lastof a burst
of four, or the last desired of a longer burst. The SGRAM

ADVANCE
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READ command can be initiated on any clock cycle follow-
ing a previous READ command. Full speed random read
accesses within a page can be performed as shown in
Figures 11 and 12.

WﬂMSI

does not require the 2n rule of prefetch architectures, so a
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NOTE: Covers either successive READS to the active row in a given bank,
or to the active rows in different banks. DQMs are all active (LOW).

Figure 9
CONSECUTIVE READ BURSTS, READ LATENCY OF TWO
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Figure 10
CONSECUTIVE READ BURSTS, READ LATENCY OF THREE
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Figure 11
RANDOM READ ACCESSES WITHIN A PAGE, READ LATENCY OF TWO
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Figure 12
RANDOM READ ACCESSES WITHIN A PAGE, READ LATENCY OF THREE
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A fixed-length READ burst may be followed by, or trun-
cated with, a WRITE burst or BLOCK WRITE command
(provided that AUTO PRECHARGE was not activated)
and a full page READ burst may be truncated by a WRITE
burst or BLOCK WRITE command. 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 [ /O contention can be avoided. If the speci-
fications fora given speed grade do notallow for contention
to be avoided at a particular operating frequency, a single
cycle delay must occur between the last READ data and the
WRITE command.
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NOTE: A READ LATENCY of 3 is used for illustration. A BLOCK WRITE
can be substituted for the WRITE. in which case column/byte mask
data would be applied to the data inputs.

Figure 13
READ TO WRITE (OR BLOCK WRITE)
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The DQM inputs are used to avoid 1/0 contention as
shown in Figures 13 and 14. The DQMSs must be asserted
(HIGH) at least two clocks (DQM latency is two clocks for
output buffers) prior to the WRITE command 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 signals. The DQM signals
must be de-asserted (DQM latency is zero clocks for input
buffers) prior to the WRITE command to ensure that the
written data is not masked. Figure 13 shows the case where
the clock frequency allows for bus contention to be avoided
without adding a NOP cycle, and Figure 14 shows the case
where the additional NOP is needed.
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NOTE: A READ LATENCY of 3 is used for illustration. A BLOCK WRITE
can be subslituted for the WRITE, in which case column/byte mask

data would be applied to the data inputs.
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Figure 14
READ TO WRITE (OR BLOCK WRITE)
WITH EXTRA CLOCK CYCLE
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A fixed-length READ burst may be followed by, or trun- of four, or the last desired of a longer burst. Following the
cated with, a PRECHARGE command to the same bank PRECHARGE command, a subsequent command to the
(provided that AUTO PRECHARGE was not activated) same bank cannot be issued until 'RP is met. Note that part
and a full-page burstmay be truncated witha PRECHARGE of the row precharge time is hidden during the access of the
command to the same bank. The PRECHARGE command last data element.
should be issued one cycle before the clock edge at which In the case of a fixed-length burst being executed to
the last desired data element is valid. This is shown in completion, a PRECHARGE command issued at the opti-
Figure 15 for a read latency of two and Figure 16 for a read mum time (as described above) provides the same opera-
latency of three; data element n + 3 is either the last of aburst tion that would result from the same fixed-length burst
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Figure 15
READ TO PRECHARGE, READ LATENCY OF TWO
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Figure 16
READ TO PRECHARGE, READ LATENCY OF THREE
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with AUTO PRECHARGE. The disadvantage of the
PRECHARGE command is it requires that the command
and address busses be available at the appropriate time to
issue the command, but the advantage of the PRECHARGE
command is that it can be used to truncate fixed-length or
full-page bursts. The AUTO PRECHARGE command does
not truncate fixed-length bursts and does not apply to full
page bursts.

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

m™
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may be truncated with a BURST TERMINATE command,
provided that auto-precharge was not activated. When
truncating a READ burst, the BURST TERMINATE com-
mand should be issued 1 cycle before the clock edge at
which the last desired data element is valid. This is shown
in Figure 17 for aread latency of two and Figure 18 for aread
latency of three; data element n + 3 is either the last of a burst
of four, or the last desired of a longer burst.
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Figure 17
TERMINATING A READ BURST, READ LATENCY OF TWO
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TERMINATING A READ BURST, READ LATENCY OF THREE
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WRITEs

WRITE bursts are initiated with a WRITE command, as
shown in Figure 19.

The starting column and bank addresses are provided
with the WRITE command, normal or BLOCK WRITE is
selected, 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. BLOCK WRITEs are covered later in this section.
For the generic WRITE commands used in the following
illustrations, AUTO PRECHARGE is disabled, and all
WRITESs are normal WRITEs unless noted.

During WRITE bursts, the first valid data-in element will
be registered coincident with the WRITE command. Subse-
quent 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 20). A full-page burst will
continue until terminated (atthe end of the page it will wrap
to column 0 and continue).

A fixed-length WRITE burst may be followed by, or
truncated with, a subsequent WRITE burst or BLOCK
WRITE command (provided that AUTO PRECHARGE
was not activated) and a full page WRITE burst can be
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Figure 19
WRITE COMMAND
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truncated with asubsequent WRITE burst or BLOCK WRITE
command. The new WRITE or BLOCK WRITE command
can be issued on any clock following the previous WRITE
command, and the data provided coincident with the new
command applies to the new command. An example is
shown in Figure 21. Data n + 1 is either the last of a burst of
two, or the last desired of a longer burst. The SGRAM does
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U N T Y
COMMAND @;ng)( o )( m;p W o
oo M T

NOTE: Burst Length = 2.
DQMs are alt active (LOW).
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Figure 20
WRITE BURST
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NOTE: DQMs are all active (LOW). The second
WRITE can be a BLOCK WRITE, in which
case column/byte mask data would be
applied to the data inputs.
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Figure 21
WRITE TO WRITE (OR BLOCK WRITE)
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not require the 2n rule of prefetch architectures, so 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 as shown in
Figure 22.

A fixed-length WRITE burst may be followed by, or
truncated with, a subsequent READ burst (provided that
AUTO PRECHARGE was not activated) and a full-page
WRITE burst can be truncated with a subsequent READ
burst. Once the READ command is registered, the data
inputs will be ignored, and writes will not be executed. An
example is shown in Figure 23. Data n + 1 is either the last
of a burst of two, or the last desired of a longer burst.
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RANDOM WRITE CYCLES WITHIN A PAGE
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WRITE TO READ
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A fixed-length WRITE burst may be followed by, or
truncated with,a PRECHARGE command to the same bank
(provided that AUTO PRECHARGE was not activated)
and a full-page WRITE burst may be truncated with a
PRECHARGE command to the same bank. The
PRECHARGE command should be issued 'WR cycles after
the clock edge at which the last desired input data element
is registered. In addition, the DQM signals must be used to
mask input data, starting with the clock edge following the
last desired data element and ending with the clock edge on
which the PRECHARGE command is entered. An example
is shown in Figure 24. Data n + 1 is either the last of a burst
of two, or the last desired of a longer burst. Following the
PRECHARGE command, a subsequent command to the
same bank cannot be issued until 'RP is met.

In the case of a fixed-length burst being executed to
completion, a PRECHARGE command issued at the opti-
mum time (as described above) provides the same opera-
tion that would result from the same fixed-length burst
with AUTO PRECHARGE. The disadvantage of the
PRECHARGE command is it requires that the command
and address busses be available at the appropriate time to
issue the command, but the advantage of the PRECHARGE
command is that it can be used to truncate fixed-length or
full-page bursts. The AUTO PRECHARGE command does
not truncate fixed-length bursts and does not apply to full
page bursts.
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Figure 24
WRITE TO PRECHARGE
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Fixed-length or full-page WRITE bursts can be truncated
with the BURST TERMINATE command. When truncating
a WRITE burst, the input data applied one clock edge prior
to the BURST TERMINATE command will be the last data
written. This is shown in Figure 25, where data n + 1 is either
the last of a burst of two, or the last desired of a longer burst.
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Figure 25
TERMINATING A WRITE BURST

MASKED WRITES

Any WRITE performed to a row that was opened via an
ACTIVE with WPB command isa MASKED WRITE (Write-
Per-Bit). Data is written to the 32 cells (bits) at the selected
column location subject to the mask stored in the WPB mask
register. If a particular bit in the WPB mask registerisa “0”,
the data appearing on the corresponding DQ input will be
ignored, and the existing data in the corresponding DRAM
cell will remain unchanged. If a mask bit is a “1”, the data
appearing on the corresponding DQinput will be written to
the corresponding DRAM cell.

The overall WRITE mask consists of a combination of
the DOQM inputs, which mask on a per-byte basis, and the
WPB mask register, which masks on a per-bit basis. This is
shown in Figure 26. If a particular DQM signal was regis-
tered HIGH, the corresponding byte will be masked. A
given bit is written only if the corresponding DQM signal
registered is “0” and the corresponding WPB mask register
bit is 17

ORAM
MASK oame

Figure 26
WRITE MASKING - FUNCTIONAL
REPRESENTATION
gg:\p&i};?d&(:ftigsg 4_21 Micron Technclogy Inc | reservas the nght to change products o:;::::;:\n:;t‘::}ggn;n;:‘i
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BLOCK WRITES

BLOCK WRITEs are non-burst accesses that write to
eightcolumn locations simultaneously. A single data value,
which was previously loaded in the color register, is written
to the block of eight consecutive column locations ad-
dressed by inputs A3-A7. The information on the DQs
which is registered coincident with the BLOCK WRITE
command is used to mask specific column/byte combina-
tions within the block. The mapping of the DQ inputs to the
column/byte combinations is shown in Table 3.

When a “0” is registered on a particular DQ signal coin-
cident with a BLOCK WRITE command, the write to the
corresponding column/byte combination is masked (the
existing data in the corresponding DRAM cells will remain
unchanged). When a “1” is registered, the color register
data will be written to the corresponding DRAM cells,
subject to the DQM and WPB masking.

The overall BLOCK WRITE mask consists of a combina-
tion of the DQM signals, the WPB mask register and the
column/byte mask information, as shownin Figure27. The
masking operation provided by the DQM inputs and WPB
mask register is similar to that provided in normal WRITESs,
with the exception that the mask information is applied
simultaneously to all eight columns. Therefore, ina BLOCK
WRITE, a given bit is written only if a “0” was registered for
the corresponding DQM signal, a “1” was registered for the
corresponding DQ signal, and the corresponding bit in the
WPB mask register is “1”.

A BLOCK WRITE access requires a time period of BWC
to execute, so in general, the cycle after the BLOCK WRITE
command should be a NOP. However, ACTIVE or
PRECHARGE commands to the other bank are allowed.
When following a BLOCK WRITE with a PRECHARGE
command to the same bank, 'BPL (instead of 'tBWC) must be
met.

MT41LC256K3204(S)
GO1 pm5 - Rev. 12/95
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Table 3

MAPPING OF DQs TO COLUMN/BYTE
LOCATIONS WITHIN A BLOCK

DQ INPUTS
DQoO
[s]e]
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DQs
DQ9
DQ10
DQ11
DQ12
DQ13
DQ14
DQ15
DQ16
DQ17
DQ18
DQ19
DQ20
DQ21
DQ22
DQ23
DQ24
DQ25
DQ26
DQ27
DQ2s
DQ29
DQ30
DQ31

P
~N

- e om0 OO0 = a A DO OO0 = aA A OO0 00 - - a a0 00

COLUMN-
ADDRESS
CONTROLLED
Al

>
o

- OO N A0 A 00 a0 =00 4400 a9 a0 0 - —-00
—_- O = O 202040 =0 A0 A0 A0 N0 A0 A0 A0 a0 A0 —~-~0

DQ PLANES
CONTROLLED
0-7
0-7
0-7
0-7
0-7
0-7
0-7
0-7
8-15
8-15
8-15
8-15
8-15
8-15
8-15
8-15
16-23
16-23
16-23
16-23
16-23
16-23
16-23
16-23
24-31
24-31
24-31
24-31
24-31
24-31
24-31
24-31
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MA24 \
MA25 29
MR28B T
MR27'
MR28
MR29
MRA30
MA31
|EEEES ..
Dal
* IsgRsEE
00000 UOL

BLOCK OF COLUMNS
(SELECTED BY
A3-AT REGISTERED
COINCIDENT WITH
BLOCK WRITE
COMMAND)
1
1 A
I H
! "I I
1 =i
ROW IN BANK PSS S HaRT
(SELECTED BY __| A_,;m A
AD-AB, AND BA
REGISTERED R Al
COINCIDENT
WITH ACTIVE SRR il T
COMMAND) P MAt
MR12
COLUMN MASK DQO NR13
ONTHEDQ 0Q1 4T
INPUTS  DG2 MR14
(REGISTERED DQ3 MR1S
COINCIDENT DQ4 \
WITH BLOCK DQ5
WRITE D08 74 I Daw oroose
COMMAND) DQ7 _1 CGEETE LT
wre L
v D1
wask [are HED-H2A
REGISTER [=—
(PREVIOUSLY
Loapen [mrsl>
AOM |——r1
CORRESPONDING |MPSH
DQINPUTS) [MPR8
W7 |H
L COLOR REGISTER
2= p@r  (PREVIOUSLY LOADED FROM
55%%%555 CORRESPONDING DQ INPUTS)
Figure 27
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PRECHARGE

The PRECHARGE command is used to deactivate the
open row in a particular bank, or the open row in both
banks. The bank(s) will be available for a subsequent row
access some specified time ({RP) after the precharge com-
mand is issued. Input A8 determines whether one or both
banks are to be precharged, and in the case where only one
bank is to be precharged, input BA selects the bank. Other-
wise BA is treated as a “don’t care”. Once a bank has been
precharged, itis in the idle state and must be activated prior
to any READ, WRITE or BLOCK WRITE commands being
issued to that bank.

w T4 L
s W | I,
ws W | I,
s Y| I
I, | I
OSE Y
o e

7] oonT care

Figure 28
PRECHARGE COMMAND

MT41LC256K32D4(S)
GO1 pr5 - Rev 1208
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POWER-DOWN

POWER-DOWN occurs when both banks are in the
idle state (precharged) and CKE is registered LOW (see
Figure 29). Entering POWER-DOWN deactivates the input
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 refresh period
(17ms) since the command does not perform any refresh
operations.

The POWER-DOWN state is exited by taking CKE back
HIGH. CKE must go HIGH 'CKS before a positive clock
edge, after meeting 'CKH from the previous clock edge. The
first command after exiting POWER-DOWN will be regis-
tered on the clock edge following *CKS.

RN Y S RV S s B e B

ICks \ ICKH _ 1cKS
BRELES A s

CKE

COMMAND

Alt banks idle
Input butters gated oft .

ACTIVE ’(2

L PAS
Enter POWER- Exit POWER- 'RC
DOWN mode DOWN mode
Figure 29
POWER-DOWN
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ACTION, NOTES
Maintain POWER-DOWN
Maintain SELF REFRESH 6
Exit POWER-DOWN 7
Exit SELF REFRESH 6,8
POWER-DOWN Entry
SELF REFRESH Entry 5

CKE,, is the logic state of CKE at clock edge n; CKE,,.q was the state of CKE at the previous clock edge.

Exiting POWER-DOWN at clock edge n will put the device in the “all banks idle” state in time for clock

TRUTH TABLE 2 - CKE
(Notes 1-4)
CKE,.1 | CKE, CURRENT STATE COMMAND,
L L POWER-DOWN X
SELF REFRESH X
L H POWER-DOWN COMMAND INHIBIT or NOP
SELF REFRESH COMMAND INHIBIT or NOP
H L Both Banks Idle COMMAND INHIBIT or NOP
Both Banks Idle AUTO REFRESH
H H See Truth Table 3
NOTE: 1.
2. CURRENT STATE is the state of the SGRAM immediately prior to clock edge n.
3. COMMAND,, is the command registered at clock edge n and ACTION,, is a result of COMMANDy, .
4, Al states and sequences not shown are illegal or reserved.
5. lliegal on non “S” devices.
6. Not available on non “S”" devices.
7.
edge n+1.

Exiting SELF REFRESH at clock edge n will put the device in the “all banks idle” state once XSR is

met. COMMAND INHIBIT or NOP commands should be issued on any clock edges occuring during the
XSR period.

MT41LC256K32D4(S)
GOY.pmS - Rev. 12/95
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TRUTH TABLE 3 - Current State
(Notes 1-4; notes appear on next page)

CURRENT STATE | TS | RAS | CAS | WE | DSF | COMMAND/ACTION NOTES
Any H X X X X | COMMAND INHIBIT (NOP/ continue previous operation)
L H H H L | NO OPERATION (NOP/ continue previous operation)
L L H H L | ACTIVE (Select bank and activate row)
L L H H H | ACTIVE w/WPB (Select bank, activate row and WPB)
- Idle L|vL|L|H]| L |AUTOREFRESH 5
L L L L L | LOAD MODE REGISTER 5
m L L L L H | LOAD SPECIAL MODE REGISTER 6
m L H L H L | READ (Select bank and column and start READ burst) 7
m L H L L L | WRITE (Select bank and column and start WRITE burst) 7
> Row Active L H L L H | BLOCK WRITE (Select bank & column and start BLOCK
g WRITE access 7
L L H L L PRECHARGE (Deactivate row in bank or banks) 8
L L L L H | LOAD SPECIAL MODE REGISTER 6
L H L H L READ (Select bank and column and start new READ burst) 7
READ L H L L L | WRITE (Select bank and column and start WRITE burst) 7
(AUTO- L H L L H | BLOCK WRITE (Select bank & column and start BLOCK
PRECHARGE WRITE access) 7
DISABLED) L L H L L | PRECHARGE (Truncate READ burst, start precharge) 8
L H H L L | BURST TERMINATE 9
L H L H L | READ (Select bank and column and start READ burst) 7
WRITE L H L L L | WRITE (Select bank and column and start new WRITE burst) 7
(AUTO- L H L L H | BLOCK WRITE (Select bank & column and start BLOCK
PRECHARGE WRITE access) 7
DISABLED) L L H PRECHARGE (Truncate WRITE burst, start precharge) 8
L H H L L | BURST TERMINATE 9
ot s P 1595 4-26 T o o5 Wi Toenmoiogy. 1o
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256K x 32 SGRAM

This table applies when CKE,.y was HIGH and CKE,, is HIGH (see Truth Table 2) and after 'XSR has been
met (if the previous state was SELF REFRESH).
This table is bank specific, except where noted; i.e., the CURRENT STATE is for a specific bank and the
commands shown are those allowed to be issued to that bank, when in that state. Exceptions are covered in
the notes below.
CURRENT STATE definitions:
Idle: the bank has been precharged and 'RP has been met.
Row Active: a row in the bank has been activated and 'RCD has been met. No data bursts/
accesses and no register accesses are in progress.
Read: a READ burst has been initiated, with AUTO PRECHARGE disabled, and has not yet
terminated or been terminated. -
Write: a WRITE burst has been initiated, with AUTO PRECHARGE disabled, and has not yet
terminated or been terminated. m
The following states must not be interrupted by a command issued to the same bank. COMMAND INHIBIT or m
NOP commands, or allowable commands to the other bank should be issued on any clock edge occuring
during these states. Allowable commands to the other bank are determined by it's CURRENT STATE; refer m
to Truth Table 3 and these notes.
Precharging: Starts with registration of a PRECHARGE command and ends when 'RP is met. Once
'RP is met, the bank will be in the Idle state. g
Row Activating: Starts with registration of an ACTIVE command and ends when 'RCD is met. Once
'RCD is met, the bank will be in the Row Active state.
Read/Precharge: Starts with registration of a READ command with AUTO PRECHARGE enabled, and
ends when 'RP has been met. Once 'RP is met, the bank will be in the Idle state.
Write/Precharge: Starts with registration of a WRITE command with AUTO PRECHARGE enabled, and
ends when 'RP has been met. Once 'RP is met, the bank will be in the Idie state.

Block Write/
Precharge: Starts with registration of a BLOCK WRITE command with AUTO PRECHARGE
enabled, and ends when 'RP has been met. Once 'RP is met, the bank will be in the
Idie state.
Biock Write: Starts with registration of a BLOCK WRITE command and ends when either 'BPL or
'BWC has been met. 'BPL applies when the BLOCK WRITE is to be foliowed by a
PRECHARGE and 'BWC applies when it is to be followed by any other allowable
command. Once 'BWC is met, the bank will be in the Row Active state.
Refreshing: Starts with registration of an AUTO REFRESH command and ends when 'RC is met.
Once 'RC is met, the SGRAM will be in the “all banks idie” state.
Accessing Mode
Register: Starts with registration of a LOAD MODE REGISTER command, and ends when ‘MTC
has been met. Once MTC is met, the SGRAM will be in the “all banks idle” state.
Accessing Special
Mode Register: Starts with registration of a LOAD SPECIAL MODE REGISTER command, and ends
when ISML has been met.
Requires that both banks are idle.
Requires that the other bank is either idle or in the Row Active state.
READ, WRITE and BLOCK WRITE accesses will interact between banks as they do within a bank.
If both banks are to be precharged, both must be in a valid state for precharging.
BURST TERMINATE is not bank specific; it affects the most recent READ or WRITE burst, regardiess of
bank.

4 27 Micron Technology, Inc | reserves the nght to change products of specifications without nobce.
= 211995, Micron Tachnology. Inc.
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Voo / Ve supply

relative to Vs L -1V to +4.6V
Voltage on Inputs, NC or I/O pins

relative to Ves
Operating Temperature, T, (ambient) .

Storage Temperature (plastic) ... -5’5°( to +150°C
Power Dissipation ... 1w
Short Circuit Qutput Current ..., 50mA

ADVANCE

MT41LC256K32D4(S)
256K x 32 SGRAM

*Stresses greater than those listed under “Absolute Maxi-
mum 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 indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Note: 1) (0°C < T, < 70°C; Voe/Veea = +3.3V 10.3V)

PARAMETER/CONDITION

Supply Voltage

Input High (Logic 1) Voltage, all inputs
Input Low (Logic 0) Voltage, all inputs

INPUT LEAKAGE CURRENT
Any input OV < Vin < Vce

(All other pins not under test = QV)

OUTPUT LEVELS
Output High Voltage (lout = -2mA)
Output Low Voltage (lout = 2mA)

lcc SPECIFICATIONS AND CONDITIONS
(Note: 1, 14) (0°C < T, < 70°C; VeciVeca = +3.3V £0.3V)

PARAMETER/CONDITION
SELF REFRESH CURRENT: CKE < 0.2V (S version only)

STANDBY CURRENT: POWER-DOWN mode,
CKE < Vit (MAX), both banks idle

STANDBY CURRENT: TS 2 Vi1 (MIN),
ICK > 'CK (MIN), CKE > Vi1 (MIN), both banks idle

STANDBY CURRENT: CS 2 Vi1 (MIN),

AUTO REFRESH CURRENT

(‘RC = 16.6ps)

OPERATING CURRENT: ACTIVE mode,

burst = 2, READ or WRITE, 'RC > 'RC (MIN), one bank active
OPERATING CURRENT: ACTIVE mode,

burst
OPERATING CURRENT: BURST mode,
full-page burst after 'RCD met READ or WRITE,
ICK > 'CK (MIN), other bank idie

MT41LC256K32D4(S)
GOY pm5 - Rev 1295

OUTPUT LEAKAGE CURRENT (DQs are disabled; OV < Vout < VceQ)

ICK > 'CK (MIN), CKE > Vi1 (MIN), both banks active after '/RCD met

= 2, READ or WRITE, 'RC = 'RC (MIN), two banks active

4-28

SYMBOL MIN MAX UNITS | NOTES
VeeVeea| 3.0 3.6 \
ViH 2.0 Vee+0.3 \Y
ViL -0.3 0.8 \Y
It -2 2 A
loz -10 10 uA
Vor 2.4 \Y
Vou 04 \
MAX
SYMBOL | -10 -12 -15 |UNITS| NOTES
lcet TBD | TBD | TBD nA 5
(S only)
lcce TBD | TBD | TBD | mA
lcce TBD | TBD | TBD | pA
(S only)
lcca TBD | TBD | TBD | mA |3,4,13
Icca TBD | TBD | TBD | mA |3, 4,13
lces TBD | TBD | TBD | mA 4
lccs TBD | TBD | TBD | mA 3,4
lcc7 TBD | TBD | TBD | mA 3,4
Iccs TBD | TBD | TBD | mA 3,4

Micran Technology Inc . reserves the right in rhange products or specificatians without notice

1995 Micron Technotogy Inc
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PARAMETER
Input Capacitance: A0-A8, BA

Input Capacitance: RAS, CAS, WE, DQM, CLK, CKE, CS, DSF

Input/Qutput Capacitance: DQs

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

ADVANCE

MT41LC256K32D4(S)
256K x 32 SGRAM

SYMBOL | MAX UNITS NOTES
Cn 5 pF 2
Ciz 5 pF 2
Cio 7 pF 2

(Notes: 6, 8, 9, 10, 12) (0°C < T, < +70°C) Listed alphabetically by symbol subscript.

AC CHARACTERISTICS

PARAMETER

Access time from CLK (pos. edge)
Address hold time

Address setup time

BLOCK WRITE to PRECHARGE delay
BLOCK WRITE cycle time

T3, RAS, CAS, WE, DSF, DQM hotd time
CLK high level width

System clock cycle time

CKE hold time

CKE setup time

CLK low level width

CS, RAS, CAS, WE, DSF, DQM setup time
Data-in hoid time

Data-in setup time

Data-out high-impedance time

Data-out low-impedance time

LOAD MODE REGISTER command to command
Data-out hold time

ACTIVE to PRECHARGE command period
AUTO REFRESH and ACTIVE to ACTIVE
command period

ACTIVE to READ, WRITE or BLOCK WRITE delay
Refresh period (1,024 cycles)
PRECHARGE command period

ACTIVE bank A to ACTIVE bank B command period
LOAD SPECIAL MODE REGISTER
command to command

Transition time

Write recovery time

Exit SELF REFRESH to ACTIVE command

MT41LC256K3204(S)
GO1.pms - Rev 12/95

SYM
tac
'AH
AS
'BPL
BWC
'CH
'CHI
ICK
ICKH
ICKS
oL
'cs
'DH
DS
tHZ
Wz
MTC
'OH
'RAS
‘RC

'RCD
'REF
‘AP
‘RRD
tSML

tT
'WR
XSR

- N W W -

90

4-29

-10

MAX
9

120K

17

30

1.5
35

108

-12

-15
MAX MIN MAX | UNITS | NOTES

11 13 ns
2 ns

4 ns

3 ICK

2 'CK

2 ns

5 ns

15 ns

2 ns

4 ns

5 ns

4 ns

2 ns

4 ns

10 4 10 ns 11

3 ns

2 ICK

4 ns

120K 90 120K ns
135 ns

45 ns

17 17 ms 7

45 ns

45 ns
2 'CK

30 1 30 ns
2 ICK

135 ns
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NOTES

1. All voltages referenced to Vss.
2. This parameter is sampled. Vcc/Veeq = +3.3V 10.3V;

f=1MHz.

. Icc is dependent on cycle rates.
. Icc is dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle
time and the outputs open.

. Enables on-chip refresh and address counters.
. The minimum specifications are used only to indicate

cycle time at which proper operation over the full
temperature range (0°C < T, £70°C) is assured.

. An initial pause of 100us is required after power-up,

followed by two AUTO REFRESH commands before
proper device operation is assured. The two AUTO
REFRESH command wake-ups should be repeated
any time the 'REF refresh requirement is exceeded.

. AC characteristics assume 'T = Ins.

MT41LC256K32D4(S)
GO1.pmS ~ Rev. 1295
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MT41LC256K32D4(S)
256K x 32 SGRAM

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

10. Outputs measured at 1.4V with equivalent load:

11.

12.

13.
14.

1

!

tHZ defines the time at which the output achieves the
open circuit condition; it is not a reference to Vo or
Vor.

AC timing tests have ViL = 0V and ViH = 3.0V with
timing referenced to 1.4V crossover point.

All other inputs at CMOS levels.

Icc specifications are tested after the device is properly
initialized.

Q—t )
Zo= 509$ %509 30pF

V=14V

Micran Technology, Inc . reserves the right to change prociucts or speciications without notice
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INITIALIZE AND LOAD MODE REGISTER
m%wsﬁ ﬁl I
%

tCKs ’ {
cke

icH tcs
COMMAND NOP WPRECHARGE / /i / Y/ / //, ACTIVE %29(
//////(////(/)Cj(/ I //( /////////////>sz>@
bg M § | ss {
T=100ps _‘ lap l tRC ‘ . RC } . tMTC ‘
t
Power-up: K K k K i
Vcc and Precharge ~ AUTO REFRESH AUTO REFRESH Program mode register**
CLK stable all banks. (Bank 0)* (Bank 1)*
*Starts at Bank 0 and alternates banks.
**The mode register may be loaded prior to the AUTO REFRESH cycles if desired.
POWER-DOWN MODE
| | ] loks | Jekn_ toks | |

CKE "
Ics)| ten "
COMMAND gk NOP j@(pnecumee NOP MW /
tas| taH o
il nming {
A0ORESS 11 11I1K_8ankes) ) ////////////////////////////////(//////////////////%V/////////// W
Q High-2 % ‘
‘ tre . . .lnput buffers gated off while in . {‘ _‘
POWER-DOWN mode.
Precharge ) All banks idle, enter ) All banks idle
active banks. POWER-DOWN mode .
Exit POWER-DOWN mode
DON'T CARE
NOTE: Violating refresh requirements during power-down may result in a loss of data.
R unpeFiNeD
TIMING PARAMETERS
-10 12 -15 -10 -12 -15
SYM MIN | MAX MIN | MAX MIN | MAX | UNITS SYM MIN | MAX MIN | MAX MIN | MAX |UNITS
'aH 1 15 2 ns ICKS 3 35 4 ns
tas 3 35 4 ns ‘cL 35 4 5 ns
'CH 1 1.5 2 ns 'cs 3 35 4 ns
'CHI 35 4 5 ns MTC 2 2 2 'CK
ICK 10 12 15 ns 'RC 90 108 135 ns
'CKH 1 15 2 ns 'RP 30 36 45 ns
g‘ol"‘\pl‘fsz‘_ld:izo‘;(;; 4_ 31 Micron Technology, Inc . reserves the right to change products ;; gﬁg;a':.kl::'tok:n: xf::zrxyo(::
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.J—_I_F

|

CKE

tcs | tcH

AUTO REFRESH MODE

e S

ﬂbm_fﬂ

i

ADVANCE

MT41LC256K32D4(S)

256K x 32 SGRAM

33—11—\_

|

DQ High-2

Precharge
active banks.

N

NWVHOS .

AODRESS /1) Comvsr)

High-Z

DO | ‘_ .

Precharge active banks. -)

TIMING PARAMETERS

-10 -12

SYM MIN | MAX MIN | MAX
tAH 1 15

'AS 3 35

'CH 1 1.5

'CHI 35 4

'CK 10 12

'CKH 1 15

MT41LC256K32D4(S}
GO1.pm5 - Rev 12/95

tAH

tap
-

55

-16

=
anen S
=

N
N o

KooRESS /1111111 ﬁ@@(// T

t

'R

§5

-~
COMMAND y NOP WPHECHARGQ&NOPX Eé’gSSH %Z%NOPE( NOP )
t

AUTO REFRESH

AUTO

REFRESH

|-

J

SELF REFRESH MODE

i //mjﬂ_;—z_rﬁ_

'CKH ‘CKS

MAX

UNITS
ns
ns
ns
ns
ns
ns

tcks

5

N

Enter SELF REFRESH mode )

4-32

SYM
'CKs
'cL
'cs
‘RC
'‘RP
XSR

CLK stabie prior to exiting

i /WQ

'R

1
)

|

SELF REFRESH mode. ™_»

Exit SELF REFRESH mode, J
(Restart refresh lime base.)

3.5

80

30
90

-10

MAX

MIN
3.5

3.5
108
36

108

-12

MAX

i
’ XSR I
DON'T CARE
B33 UNDEFINED
-15
MIN | MAX |UNITS
4 ns
5 ns
4 ns
135 ns
45 ns
135 ns
pe or spacifications withoul nolice
1 1995, Micron Technology, Inc
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MT41LC256K32D4(S)
MICRON 256K x 32 SGRAM

READ ~ WITHOUT AUTO PRECHARGE

I S e e T AV SR NN S Y S N S Y S FOUY S TN S B

N D e
CKE df’ i

COMMAND AC;‘??H- NOP J«EAD >@( NOP NOP NOP >@<PRE7CNARGE NOP NOP ACTIVE
cs tCH I l
oo ///////dH//////////////////)l\ | W/ ////////////////////////////////////////)////////////’%
s K on KK o /////// 1Y //// )j //////)(/// /)/( v S
s ,4’///////////////7//////// K_row XTI

'ac 'AC

/ ///G I// //f i
T o X, ( i s >0///// L S,

ccccccccccccc

‘ | l'Lz
. 'Rep . { READ LATENCY
'RAS tRP
'AC '
NOTE: For this example, the BURST LENGTH = 4, the READ LATENCY = 2 and the READ burst 1s followed by a “manual” PRECHARGE DON'T CARE
FRR unoerneo
TIMING PARAMETERS
-10 -12 -15 -10 -12 -15
SYM MIN | MAX MIN | MAX MIN | MAX | UNITS SYM MIN | MAX MIN | MAX MIN | MAX | UNITS
'AC 9 1 13 ns ‘cs 3 35 4 ns
'AH 1 15 2 ns 'HZ 4 10 4 10 4 10 ns
tAS 3 35 4 ns 'z 3 3 3 ns
ICH 1 1.5 2 ns 'OH 4 4 4 ns
ICHI 3.5 4 5 ns 'RAS 60 120K 72 120K 90 120K ns
CK 10 12 15 ns 'RC 90 108 135 ns
'CKS 3 35 4 ns ‘RCD | 30 36 45 ns
'cL 35 4 5 ns ‘RP 30 36 45 ns
gg: nLC256K32D (S) 4_33 Micron Technaioy, Inc , reserves the right to change products or specifications without notice
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ADVANCE
MICRON MT41LC256K32D4(S)

256K x 32 SGRAM
READ - WITH AUTO PRECHARGE
R L 1 S G S {! 4L b JT l L

tcxs| [ |

ok -
comu e Y1 wxix&xl >@<\ W U XU
o W/ T

1AS| tAH

v R o I mjw@w)f/i// )WI///W}/////////)(///W/ I =

o X S Y. =
w s TN == Y] MMM{/M)M////])W/ I = )
L '(fug' 7| Cor "JVI'O,';.C" R

NOTE: For this example, the BURST LENGTH = 4, and the READ LATENCY = 2

{7} DON'T CARE
%% UNDEFINED
TIMING PARAMETERS
-10 -12 -15 -10 -12 -15
SYM MIN MAX MIN MAX MIN MAX | UNITS SYM MIN MAX MIN MAX MIN MAX | UNITS
"ac 9 1 13 ns 'cs 3 35 4 ns
'AH 1 1.5 2 ns HZ 4 10 4 10 4 10 ns
'AS 3 35 4 ns 'z 3 3 3 ns
'CH 1 1.5 2 ns 'OH 4 4 4 ns
'CHI 35 4 5 ns IRAS 60 | 120K | 72 | 120K | 90 | 120K | ns
'CK 10 12 15 ns ‘RC 90 108 135 ns
'CKS 3 3.5 4 ns RCD 30 36 45 ns
cL 3.5 4 5 ns ‘AP 30 36 45 ns
:;: Llf:?ﬁ:;z?‘zll:é 4_34 Miceon Technology. tnc . reserves the nght to change products ?:;g;c;:f:,g:ﬂ:e:::m;ym:ﬁ:




ADVANCE

MT41LC256K32D4(S)

MICRON 256K x 32 SGRAM

READ - FULL-PAGE BURST
4 i'“fgﬂ:&qjif m f ,_f [T S N S

W i l .

COMMAND ACTIVE NOP NOP _«% NOP Bunsrren
A // ) WM

D, W, cmumx//////(/////////)/////// J
i

o KU j I, f// Wi f///&///// 2 //[ Y,
i

AO-A7

l
J///// i (/// W ////////(//////////////(/

Ag

1AS

BA&EANKG )7////////% BANKO ///

IR

tRCO (Bank 0) . READLATENCY Full-pa
1RAS (Bank 0) ] Can use BURST TERMINATE command. DON'T CARE
NOTE: For this example, BANK 0 is being accessed and the READ LATENCY = 2 m UNDEFINED
TIMING PARAMETERS
-10 -12 -15 -10 -12 -15
SYM MIN | MAX MIN | MAX MIN | MAX [ UNITS SYM MIN | MAX MIN | MAX MIN | MAX [UNITS
'AC 9 11 13 ns ‘cL 3.5 4 5 ns
'aH i 1.5 2 ns 'cs 3 35 4 ns
AS 3 35 4 ns HZ 4 10 4 10 4 10 ns
'CH 1 1.5 2 ns Wz 3 3 3 ns
'CHI 35 4 5 ns 'OH 4 4 4 ns
IcK 10 12 15 ns '‘RAS | 60 | 120K | 72 [ 120K | 90 | 120K | ns
'CKS 3 35 4 ns 'RCD 30 36 45 ns
g;:;f:?ﬁ;:fﬂ;(g; 4_35 Micron Technology, Inc | reserves the right to change pvmwls‘?;z?szgn;:mﬂ:
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256 locations within same row

Full page completed /‘

e burst does not self-terminate. J‘
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MICRON

ADVANCE

MT41LC256K32D4(S)
256K x 32 SGRAM

READ - DQM OPERATION

II:C—KI:L:[%TL J—l

Pl

tcks ‘

| l | o (

COMMAND ACTIVE NOP READ

cs

AQ-A7

///////////// coLUMN m ////
i R

NOTE: For this example, the BURST LENGTH = 2 and the READ LATENCY = 2.

TIMING PARAMETERS

-10 -12 -15
SYM MIN | MAX MIN | MAX MIN | MAX | UNITS
'AC 9 1 13 ns
‘AH 1 1.5 2 ns
tAS 3 3.5 4 ns
'CH 1 15 2 ns |
ICHI 35 4 5 ns
'CK 10 12 15 ns
'CKS 3 3.5 4 ns
'cL 35 4 5 ns
MT41LC256K32D415)
GO1.pm5 - Ray 12/85

ol
ey

ENABLE AUTQ PRECHARI

DISABLE AUTO PRECHARGE

&
Vi

i, M)j///// T
7/// ////»CD«//// I

ssssssss

DOUTW—-
LWz

DON'T CARE
B unpeFINED
-10 -12 -15
_SYM MIN | MAX MIN | MAX MIN | MAX [ UNITS
'cs 3 3.5 4 ns
HZ 4 10 4 10 4 10 ns
™4 3 3 3 ns
'0H 4 4 4 ns
RAS 60 | 120K | 72 [ 120K | 90 | 120K | ns
RC 90 108 135 ns
'RCD | 30 36 45 ns
'RP 30 36 45 ns
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ADVANCE

MT41LC256K32D4(S)
MICRON 256K x 32 SGRAM

WRITE - WITHOUT AUTO PRECHARGE

SR IC;mJ 1 J LI LFL,M—L

Icks ‘ ‘

- |
CKE ’}/ ‘ |
les| 'en

COMMAND ACTIVE NOP WRITE}@LNOP
T

l

PRECHARGE>@< NOF >@< NOP >@< ACTIVE

lcs
oam ’////////////////////////% 1 ; }////////%if’///j//j///////////// ////////////7//////)//////////1/&
swar oy %“"‘““W///////////f////////// ///////// I 4/11[
o @J«Ww T | AT ////jm//////////
"E .&‘. DISABLE AUTQ PRECHARGE f
SN i S //////// i s
Jﬁjﬁi 0s) tor ¢§H o) oy I |
DINm DlN}}\\j}—(Dmmz DINms3 ‘ ‘ -
L 'ReD . / ,.7 . twe E;‘ ‘
“as L mP .
NOTE: For this example, the BURST LENGTH = 4 and the WRITE burst is followed by a "manual” PRECHARGE |
[/} pon't care
B2 unpeFINED
TIMING PARAMETERS
-10 -12 -15 -10 -12 -15
SYM MIN | MAX MIN | MAX MIN | MAX | UNITS SYM MIN | MAX MIN | MAX MIN | MAX | UNITS
AH 1 15 2 ns 'DH 1 1.5 2 ns
'AS 3 3.5 4 ns DS 3 35 4 ns
'CH 1 1.5 2 ns 'RAS 60 120K 72 120K 90 120K ns
'CHI 3.5 4 5 ns 'RC 90 108 135 ns
IcK 10 12 15 ns 'RCD | 30 36 45 ns
'CKS 3 3.5 4 ns 'RP 30 36 45 ns
cL 35 4 5 ns 'WR 2 2 2 'cK
'cs 3 35 4 ns
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ADVANCE

MT41LC256K32D4(S)
MICRON 256K x 32 SGRAM

WRITE - WITH AUTO PRECHARGE

o _JWL’%P:l;Jn;;.—J—LJ 7__4 1_{ *m,ﬁ_fwlw

'cxsl ‘

(
|
MF rEOP ) »laop )@)( NOP ){Z)( NOP %Z}( O
N ‘ i

i i

ENABLE AUTO PRECHARGE

Cron WU | W/////// W f// ///// i ///////////// T
) ><////////////// I,

‘DS oH

Dbl Pt W tetid Il U il Sl WSt Byl
= =
OINm + +. + - _—_—
‘ tAcD
- - " .

|
oL m //Jf// )/////////// TN, // //////{/// T

WVHOS .

§
\‘
“,\
§
S
§
N
§
\\\
NS
S
=

tAAS
'Rc

NOTE:  For this xample, the BURST LENGTH = 4

{77} oon care
m UNDEFINED
TIMING PARAMETERS
-10 12 1% -10 -12 -15
SYM MIN | MAX | MIN | MAX | MIN | MAX |UNITS SYM MIN | MAX MIN | MAX | MIN | MAX | UNITS
‘AH 1 1.5 2 ns DH 1 1.5 2 ns
'AS 3 35 4 ns DS 3 35 4 ns
'CH 1 15 2 ns 'RAS 60 | 120K | 72 [ 120K | 90 | 120K | ns
ICHI 35 4 5 ns "RC 90 108 135 ns
'CK 10 12 15 ns ‘RCD 30 36 45 ns
'CKS 3 35 4 ns tRP 30 36 45 ns
tcL 35 4 5 ns 'WR 2 2 2 IcK
'cs 3 35 4 ns
Ié;‘l :)L::?b:..’!vzc:;ig; 4_38 Micron Technology. Inc . reserves the right to change wwmlsxélggcmlmmﬁl::




ADVANCE

MT41LC256K32D4(S)
MICRON 256K x 32 SGRAM

WRITE - FULL-PAGE BURST
ﬂm&ruuxgg_guupgg

;ﬁ *w# —
comanp yC‘ “hor W(LW‘L} W o T} w
o YT ] *,1, Y MM/ T

|
las| tan } .
M/MM(‘W// W J////// /)///// i j//////ﬂmﬂ//

»tlp«//////////// i ////////////// //// /////////
Iy | l

s YT oo ,MZ/I/////////// W //////////////////;’/////////MMMZ%

tos) 'oH 'Ds DH tos ‘DH 'Ds 'DH lps

oQ - DIN m DIN mel IN ms. 2 DIN m+ 31 ————————————
| R ‘ {

256 locations within r

Full page completed J‘
. 'RCO (Bank 0) Full-page burst does not /

WVYHOS

|
////////M//f/// I

same row

-—

\RAS (Bank 0) I self-terminate.
Can use BURST TERMINATE J‘
command.
NOTE: For this example, BANK 0 s being accessed,
77 pon'T caRe
B unoerineD
TIMING PARAMETERS
-10 -12 -15 -10 -12 -15
SYM MIN MAX MIN MAX MIN | MAX [ UNITS SYM MIN MAX MIN | MAX MIN MAX | UNITS
'AH 1 1.5 2 ns 'cL 3.5 4 5 ns
tAS 3 35 4 ns 'cs 3 35 4 ns
'CH 1 15 2 ns 'DH 1 1.5 2 ns
'CHI 3.5 4 5 ns 'DS 3 35 4 ns
ICK 10 12 15 ns IRAS 60 120K 72 120K 90 120K ns
ICKS 3 3.5 4 ns 'RCD 30 36 45 ns
g;‘&:ﬁ:{:&::fl)‘g:; 4_39 Micron Technology, Inc . reserves the nght to change products ?: :ggcﬂ:m;:’l‘:z:ﬂ;ym::



ADVANCE

MT41LC256K32D4(S)
MICRON 256K x 32 SGRAM

WRITE - DQM OPERATION
M.CH,L_JI}lLllLJl_ll_

. jﬁ 1 i ! l l |
COMMAND //// NOP //// WRITE NOP WRITE )@( NOP ////m////////m////
M IS | A J NS J J N j// Wi
I,

el QI i /////j
" J‘ // /)j ENABLE AUTO PRECHARGI //

DISABLE AUTO PRECHARGE DISABLE AUTO PRECHARGE / //DW //
s iy e // M w i
¢ // I // mh

BA

NVHOS l

DQ

WR

. tRCD
‘RAS
tRC
NOTE: For thi le, the BURST LENGTH = 2. -
or this example, the DON'T CARE
R unDEFINED
TIMING PARAMETERS
-10 -12 -15 -10 -12 -15
SYM MIN | MAX | MIN | MAX | MIN | MAX |UNITS SYM MIN | MAX | MIN | MAX | MIN | MAX |UNITS
'AH 1 1.5 2 ns 'DH 1 15 2 ns
tas 3 35 4 ns DS 3 35 4 ns
'CH 1 1.5 2 ns 'RAS 60 | 120K | 72 | 120K | 90 [ 120K | ns
tCHI 35 4 5 ns RC 90 108 136 ns
'CK 10 12 15 ns '‘RCD | 30 36 45 ns
tcks | 3 35 4 ns AP 30 36 45 ns
oL 3.5 4 5 ns 'WR 2 2 2 'CK
'Cs 3 35 4 ns
gT:!pl;“Csi’fo:.meé 4_40 Micron Technology. Inc., reserves the right to change pvoducﬁ spscmu bons withaut notce
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ADVANCE

MT41LC256K32D4(S)
MICRON 256K x 32 SGRAM

BLOCK WRITE

mtltltl_fﬁ‘

tBPL

MM NoP NoP PRECHARGE
7////(////////////////////@&“ m }/ /)r Wi,

as| taM 1aS | tAH
-~

AO-A7 W{;Qﬁ COLUMN m /////j///////&( COLUMN ){Z//’/////)/( /////////////////////////////////////A

ENABLE AUTO PRECHAR

I Smmmmmmmmmt==xa

DISABLE AUTO PRECHARGE DISABLE AUTO PRECHARGE ) BANK O or 1
g Tk eass X7
igs’ 'DH ‘ 'ps| oH
C/B MASK
! ! Kal
DON'T CARE
R unperineD
TIMING PARAMETERS
-10 -12 15 -10 12 -15
SYM MIN | MAX MIN | MAX MIN | MAX [ UNITS SYM MIN | MAX MIN | MAX MIN | MAX | UNITS
tAH 1 1.5 2 ns ‘cL 35 4 5 ns
AS 3 3.5 4 ns ics 3 35 4 ns
'BPL 3 3 3 'cK 'DH 1 15 2 ns
Bwc | 2 2 2 ICK DS 3 35 4 ns
'CH 1 1.5 2 ns BAS | 60 | 120K | 72 [ 120k | 90 | 120K | ns
'CHI 3.5 4 5 ns |'RC 90 108 135 ns
1cK 10 12 15 ns 'RCD | 30 36 45 ns
ICKS 3 35 4 ns 'RP 30 36 45 ns
g;;:ﬁ:.’:ﬂ:xl)‘;lgl 4_41 Micron Technology. Inc , reserves the night 1o change products Or spocmmm s without notice
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