MICRON

TECHNOLOGY. ING.

PRELIMINARY

256K x 32
SGRAM

SYNCHRONOUS
GRAPHICS RAM

MT41LC256K32D4

FEATURES

¢ TFully 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 DQMO0-3

* AUTQO PRECHARGE and AUTO REFRESH modes

¢ 17ms, 1,024-cycle refresh (16.61s/row)

¢ LVTTL-compatible inputs and outputs

¢ Single +3.3V 0.3V power supply

OPTIONS MARKING
¢ Timing
10ns cycle (<100 MHz clock rate) -10
12ns cycle (<83 MHz clock rate) -12
15ns cycle (<66 MHz clock rate) -15
¢ Refresh Modes
Standard None
Self Refresh S
¢ Plastic Package
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 3ns 1ns
-12 83 MHz 11ns 3.5ns 1.5ns
-15 66 MHz 13ns 4ns 2ns
GENERAL DESCRIPTION

The MT41L.C256K32D4(S)SGRAM isahigh-speed CMOS,
dynamic random-access memory containing 8,388,608 bits.
Itis 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). Fach of the
128K x 32 bitbanksis 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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sequence. Accesses begin with the registration of an AC-
TIVE command followed by a READ or WRITE command.
The address bits registered coincident with the ACTIVE
command are used to select the bank and the row to be
accessed (BA selects the bank, AQ-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
WRITE burstlengthsof 1,2, 4 or 8locations, or the full page,
with burst terminate option. An AUTO PRECHARGE func-
tion may be enabled to provide a self-timed row precharge
that is initiated at the end of the burst sequence. The
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GENERAL DESCRIPTION (continued)
MT41LC256K32D4(S) uses an internal pipelined architec-
ture to achieve high-speed operation. This architecture is
compatible with the 2rn rule of prefetch architectures, but it
alsoallowsthe column address tobe changed oneveryclock
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 (SGRAMSs) differ from syn-
chronous DRAMs (SDRAMSs) by providing an eight-
column BLOCK WRITE function and a MASKED WRITE
(or WRITE-PER-BIT) function to accommodate high-
performance graphics applications. The BLOCK WRITE
and MASKED WRITE functions may be combined with
individual byte enables (DQ mask, or DQM pins).

The CMOS dynamic memory structure of the
MT41LC256K32D4(8) is designed to operate in 3.3V, low-

power memory systems. An AUTO REFRESH mode is
provided alongwitha 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
combined with special graphics functions, resultin a device
particularly well suited to high-performance graphics
applications.

SGRAMSs offer substantial advances in dynamic
memory operating performance, including the ability to
synchronouslyburst data at a high data rate with automatic
column-address generation; the ability to interleave be-
tween internal banks to hide precharge time; the capability
to randomly change colummn addresses on each clock cycle
duringaburstaccess;and special functions suchas MASKED
WRITEs and BLOCK WRITEs.
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FUNCTIONAL BLOCK DIAGRAM
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PIN DESCRIPTIONS

TQFP
PIN NUMBERS SYMBOL TYPE DESCRIPTION

55 CLK Input [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.

54 CKE Input |Clock Enable: CKE activates (HIGH) and deactivates (LOW) the CLK signal.
After both banks are precharged, deactivating the clock provides POWER-
DOWN mode and SELF REFRESH mode. 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.

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

27,26, RAS#, CAS# | Input |Command Inputs: RAS#, WE#, CAS#, and DSF define the command being

53,25 DSF, WE# entered.

23,56, 24,57 |DAQMO-DAMS | Input |[Input/Output Mask: DQMO-DQMS are byte specific, nonpersistent /O butfer

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 DQO-DQ7, DQM1 masks DQS8-
DQ15, DQM2 masks DQ18-DQ23, and DQM3 masks DQ24-DQ31.

29 BA Input |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.

31-34, 47-50, 51 AD-A8 Input |Address Inputs: AC-A8 are sampled during the ACTIVE command {row-
address AO-A8) and READ/WRITE command (column-address A0-A7 with
A8 defining AUTO PRECHARGE) to select one location out of the 131,072
available in the respective bank. A8 is sampled during a precharge
command to determine 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.
97,98,100,1, 3, 4,| DQO-DQ31 | Input/ [Data I/O: Data bus. The I/Os are byte-maskable during READs and
8,7 80,61 83 64, Qutput (WRITEs. The DQs alsoc serve as column/byte mask inputs during BLOCK
88,89, 71,72,9, WRITEs.
10,12, 13, 17, 18,
20,21,74,75,77,
78,80, 81, 83, 84
30, 36-45, 52, NC — No Connect: These pins should be left unconnected.
58, 86-95
2,8, 14,22, 59, VeoQ Supply |DQ Power: Provide isclated power to DQs for improved noise immunity.
87,73,79
5 11,19,862, 70, VssQ Supply |DQ Ground: Provide isolated ground to DQs for improved noise immunity.
78, 82, 99
15, 35, 65, 98 Ve Supply | Power Supply: +3.3V +0.3V.
16, 46, 66, 85 Vss Supply |Ground
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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).
The SGRAM operates at 3.3V and includes 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 writeaccesses to the SGRAM are burst oriented;
accesses start at a selected location and continue for a
programmed number of locations in a programmed se-
guence. 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 (A0-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
covering deviceinitialization, register definition, command
descriptions and device operation.

Initialization

SGRAMSs 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 Ve and VeoQ) (simultaneously) the SGRAM
requires a 100us delay prior to applying an executable
command. The RAS#, CAS#, WE#, CS#, DSF and DOQM
inputsshould 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.
The first command will be registered on the positive clock
edge following {CKS.

Both banks must then be precharged, thereby placing the
device in the “all bank idle” state. Once in theidle state, two
AUTOREFRESH cyclesmustbe 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 applying any operational command.

Register Definition
MODE REGISTER

The mode register is used to define the specific mode of
operation of the SGRAM. This definition includes the selec-
tion of a burst length, a burst type, a CAS latency and an
operating mode, as shown in Figure 1. The mode register is
programmed via the LOAD MODE REGISTER command
and willretain thestored information untilitis 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 CAS 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, asshown
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 a full-page burstis available 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 thisblock, 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 to 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.
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Address Bus (Ax) Table 1
BURST DEFINITION

Order of Accesses within a Burst
ode Register (M) Burst Starting Column )
Operaing Mode | CAS Latency ‘BT ‘ Burst length Length Address: Type = Sequential | Type = Interleaved
AD
’ 5 0 0-1 0-1
1 1-0 1-0
Burst Length Al A0
Mz M1 MD M3 =0 M3 =1 0 0 0-1-2-3 0-1-2-3
00 0 1 1 4 o 1 1-2-3-0 1-0-3-2
o o 1 ) ) 1.0 2-3-0-1 2-3-0-1
0 10 R . 1 1 3-0-1-2 3-2-1-0
A2 M AD
011 8 8
0 0 0 | 01234567 | 0-1-2-3-456-7
100 | Reseved | Reserved 0 0 1 | 12345670 | 1-0-32547-6
101 | Reseve Reservec 0 1 0 |[2-34567-01 | 2-3-0-1-6-7-45
110 | Reserved Reservec 8 0 1 1 |[3456701-2 | 32107654
111 Full Page Reserved 1 0 0 4-5-8-7-0-1-2-3 | 4-5-8-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 | 5-4-7-6-1-0-3-2
, 1 1 0 | 670-1-2-3-45 | 8-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 | 7-8-5-4-3-2-1-0
M3 Burst Type Cr Gl Crip
0 Sequential Full n=A0-A7 M, ST, e
Cn+3, Cn+4...
1 Interieave Page Not supported
. ...Cn-1 (Cn+258),
(258) |{location O - 255)
Cn {Cn+257)...
M6 M5 M4 CAS Latency
000 Reserved
001 Reserved NOTE: 1. Fora burst length of two, A1-A7 select the block of
— "lo1o 2 two burst; AO selects the starting column within the
011 3 block.
100 Reserved 2. For a burst length of four, A2-A7 select the block of
four burst; A0-A1 select the starting column within
101 Reserved
the block.
110 Reserved .
recorved 3. For a burst length of eight, A3-A7 select the block of
LR e eight burst; AD-A2 select the starting column within
the block.
4. For a full-page burst, the full row is selected and
Mo M8 M7 M6-MO Operating Mode .
AD-A7 select the starting column.
0 ° 0 Defned Standard operalion 5. Whenever a boundary of the block is reached within
All other stales reserved a given sequence above, the following access wraps

within the block.
8. For a burst length of one, A0-A7 select the unique

Flgure 1 column to be accessed, and Mode Register bit M3 is

MODE REGISTER DEFINITION qnorad.
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CAS Latency

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

IfaREAD command isregistered 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 aresult of the clock edge
one cycle earlier (n + i - 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
bevalid by T2, as shown in Figure 2. Table 2 below indicates
the operating frequenciesatwhicheach CASlatencysetting
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 forvendor 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 isapplied to theaddress
inputs, and the data to be written to either the color register

TO T T2 T3

LK f—\ s f s
commanp X reap YOX Nop YIX nor WX

1z LJoH
DQ m DOUT m
1AC
N CAS Latency il
Figure 2

TWO CLOCK CAS LATENCY EXAMPLE

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 D(s.
Similarly, when input A5is“1” and all other address inputs
are “0” during a LOAD SPECTAL MODE REGISTER cycle,
the mask register will be loaded with the data on the DQs.
Applying a “1” to both A5 and A6 (when all other address
inputsare “0”) orapplying a “1” to any address input other
than A5 or A6duringa LOAD SPECTAL MODE REGISTER
cycle is illegal, and unknown operation may result. The
special mode register canbe loaded whenone orboth 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-bitregister which actsas 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
CAS LATENCY
ALLOWABLE OPERATING
FREQUENCY {MHz)
CAS CAS
LATENCY LATENCY

SPEED =2 =3
-10 <66 <100
-12 <55 <83
-15 <44 <66
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Address Bus (Ax)

Special Mode Register (Mx)

Operating Mode | CR | MR Reserved
Y
M4 M3 M2 M1 Mo
0 0 0 0 0 Standard operation
- - - - - All other states reserved
M5 Mask Register
- 0 Leave Unchanged
1 Load New Data
Mg Color Register
- - 0 Leave Unchanged
1 Load New Datfa
M9 Mg M7 Operating Mode
L 0 0 0 Standard operation
- - All other states reserved

Figure 3
SPECIAL MODE REGISTER DEFINITION
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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) CS# | RAS#| CAS#| WE# | DSF | DQM | ADDR DQs | NOTES
COMMAND INHIBIT (NOP) H 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 |bank/row| X 3
ACTIVE with WPB (Select bank, L L H H H X |bank/row X 3,1
activate row and WPB)
READ (Select bank and column and L H L H L X | bank/col X 4,13
start READ burst)
WRITE (Select bank and column and L H L L L X | bank/col |VALID| 4
start WRITE burst)
BLOCK WRITE (Select bank and 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 L X X X 8,7,
SELF REFRESH (enter SELF REFRESH mode) 9 13
LCAD MODE REGISTER L L L L L X | Op-code X 2
LCAD SPECIAL MODE REGISTER L L L L H X | Op-code | VALID| 10
Write enable/output enable - - - - - L - Active
Write inhibit/output High-Z - - - - - H - High-Z] 8

NOTE: 1. CKE is HIGH for all commands shown except SELF REFRESH.
2. ADthrough A8 and BA define the op-code written to the mode register.
3. AOthrough A8 provide row address and BA determines which bank is made active (BA LOW = Bank 0 and
BA HIGH =Bank 1).

4. AODthrough 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 I/Os are “den'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).

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

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

o

~OO0mNG

—
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COMMAND INHIBIT

The COMMAND INHIBIT function prevents commands
trom 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 registerisloaded viainputs A0-A8and 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 tMTC is met.

LOAD SPECIAL MODE REGISTER

This command is used to load either the color register or
mask register by activating theappropriatebit 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 isused toopen (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 AD-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 (the latter for BLOCK WRITEs only).

READ

The READ command is used toinitiatea burstread access
toan active row. The value on the BA input selects the bank,
and the address provided on inputs AD-AY 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 read burst; if it is not selected,
the row will remain open for subsequent accesses. READ
data appears on the D(Qs subject to the values on the DQM
inputs two clocks earlier. If a particular DOM signal was
registered HIGH, the corresponding DQs will be High-Z
two clocks later; if the DOQM signal wasregistered LOW, the
DQs will provide valid data.

WRITE

The WRITE command is used to initiate a burst write
accesstoanactive row. Thevalue onthe BA inputselects 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 a 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-AY. The source of the datais
thecolorregister, which mustbe loaded prior tothe 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
DQOM signals operate as for WRITE cycles but are applied to
all eight columns.

256K x 22 SGRAM
GO1 pm5 — Rey 597
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PRECHARGE

The PRECHARGE command is used to deactivate the
openrow ina particular bank or the openrow inboth banks.
The bank(s) will be available for a subsequent row access
some specified time (‘RP) after the precharge command 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. Otherwise BA is
treated asa “don’t care.” Once abank hasbeen precharged,
it is 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 feature which performs the
same individual-bank precharge function described above,
but without requiring an explicit command. This is accom-
plished by using A8 to enable AUTO PRECHARGE in
conjunction with a specific READ or WRITE command. A
precharge of the bank/row that is addressed with the
READ or WRITE command is automatically performed
upon completion of the READ or WRITE burst, exceptin the
full-page burst mode, where it has no effect. AUTO
PRECHARGE isnonpersistent in that itis 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 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 truncate
either fixed-length or full-page bursts.

AUTO REFRESH

AUTO REFRESH 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’tcare” during an
AUTQ REFRESH command. The MT41LC256K32D4(S) re-
quiresallof its 1,024 rows to be refreshed every 17ms ({REF).
Providing a distributed AUTO REFRESH command every
16.6ps will meet the refresh requirement and ensure that
each row is refreshed. Alternatively, all 1,024 AUTO RE-
FRESH commands can be issued in a burst at the minimum
cycle rate ('RC) once every 17ms.

SELF REFRESH

The SELF REFRESH command (on the “S” 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 isregistered, 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 clock must be stable prior
to CKE going back HIGH. Once CKEis HIGH, the SGRAM
must have NOP commands issued for 'XSR because time is
required for the completion of any bank currently being
internally refreshed.

If the system performs AUTO REFRESH cycles in bursts
during normal operation, a burstof 1,024 AUTO REFRESH
cycles should be completed just prior to entering and just
after exiting the SELF REFRESH mode.

256K x 22 SGRAM
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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.” Thisis accomplished viathe ACTIVE command,
which selects both the bank and the row to be activated.

The ACTIVE command isalso used to determine whether
ornot the write-per-bit maskistobe applied during WRITE
and BLOCK WRITE cycles within thatrow (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) results in 2.7 clocks
rounded to 3. This is reflected in Figure 5, which covers any
case where 3 > 'RCD MIN/'CK > 2 . (The same procedure is
used toconvert other specification limits from time units to
clock cycles).

A subsequent ACTIVE command to adifferentrowin 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.

Asubsequent ACTIVE command tothe 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.

TO T1

CLK

& F \

1
CKE HIGH |
|
|
cs# W ! WA
|
|
|
rast TN T,

1
ENABLE WPB

AC-A8  / ADT]%VEVSS

///| DON'T CARE

Figure 4
ACTIVATING A SPECIFIC ROW IN A
SPECIFIC BANK

T2 T3 T4

F 3 A ;

COMMAND 9( ACTIVE W NOP W

READ or
NOP WRITE W

Figure 5

EXAMPLE: MEETING 'RCD MIN WHEN 2 < 'RCD MINACK < 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 AUTCO PRECHARGE is
either enabled or disabled for that burst access. If AUTQO
PRECHARGE is enabled, the row being accessed is
precharged at the completion of the burst. For the generic
READ commandsused in the followingillustrations, AUTO
PRECHARGE is disabled.

During READ bursts, the valid data-outelementfrom the
starting column address will be available following the
CAS 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 CAS latency is set
to two, and Figure 8 shows a CAS latency of three.

CLK | l |
1
CKE  HIGH |
|
|
|
!
RAS# VM ! W
:
|
onst YIS+ LTI,
l
1
WE# /MW ! W
|
|
DSF W : W/,
i
_ 7
AOAT TR S5 X,
ENABLE AUTC; PRECHARGE
A8
DISABLE AUTO PRECHARGE
|
1
BANK 1
BA
BANK 0
Figure 6

READ COMMAND

Upon completion of a burst, assuming no 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 0 and continue).

A fixed-length READ burst may be followed by, or trun-
cated with, a subsequentREAD burst(provided that AUTO
PRECHARGE isnotactivated), 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
element of alonger burst whichis 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

Iz 1OH
DQ m DOUT J@(
TAC
CAS Lalency
Figure 7
READ BURST WITH CAS
LATENCY OF TWO
TO T1 T2 T3 T4

oLk f b f | * Y
CoMMAND 7 ReaD x Nop i /A

NOP

2 on
1 ! pout ;@j‘*
‘ 1AC T

DONT GARE

BR UNDEFINED

DQ

CAS Latency

Figure 8
READ BURST WITH CAS LATENCY
OF THREE
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xequals the CASlatency minus one. Thisis shownin Figure command can be initiated on any clock cycle following a
9 for a CAS latency of two and Figure 10 for a CAS latency previous READ command. Full-speed, random-read ac-
of three; dataelement s + 3is either the last of aburst of four, cesses within a page can be performed as shown in Figures
or the last desired of a longer burst. The SGRAM does not 11 and 12.

require the 2rn rule of prefetch architectures, so a READ

TO T T2 T3 T4 T5 T6

CLK

3 3 f 3 f 3 f
! | \ | \ I I
! |
! |

R )( wor ){ wor W ren W o W o W

|
\ -.—I-—

\ X= 1cycle\

ADDRESS ’/////////’////////’/////////’////////’
(WX%H%X%HW%

\
|
DQ }
|

NOTE: Each READ command may be to either bank. All DQMs are LOW.

Figure 9
CONSECUTIVE READ BURSTS, CAS LATENCY OF TWO

TO T1 T2 T3 T4 T5 T6 T7

CLK A A A A A I A |

I
COMMAND -< READ }-( NOP )-( NOP )—( NOP )‘( READ >< ‘ >-< NOP )—( NOP )-(:

ADDRESS

DQ

| | | | |

| | | | |
/  DOUT >_< DOUT )_( DOUT )_( Dout )_( DouUT )_
\ n n+1 n+? n+3 b

| | | | |

NOTE: Each READ command may be to either bank. All DQMs are LOW.

DON'T CARE

Figure 10
CONSECUTIVE READ BURSTS, CAS LATENCY OF THREE
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CLK

COMMAND -( READ )—( READ >-< READ )—( READ >-< NOP )-( NOP )-(:

! | | |
BANK, BANK, BANK, BANK,
wooress {38 WG X B X &% NI

I
| [
I [ ! | !
! ‘ / DoUT pouTt pouT DouUT
bQ | | \__n x __a >-< X >-( m )'

NOTE: Each READ command may be to either bank. All DQMs are LOW.

Figure 11
RANDOM-READ ACCESSES WITHIN A PAGE, CAS LATENCY OF TWO

CLK

COMMAND -( READ )-( READ )-( READ )-( READ >-< NCP )-( NCOP >.< NOP ).C

[
[
! | | |
BANK, BANK, BANK, BANK,
e = i R B Y

' [ [
! | |
| | | I I
! /  DOoUT DOUT DoOUT pouT
DQ — 1 1 (O KT 9T KT
| |

NOTE: Each READ command may be to either bank. All DQMs are LOW.

///| DON'T CARE

Figure 12
RANDOM-READ ACCESSES WITHIN A PAGE, CAS LATENCY OF THREE

256K x 32 SGRAM 1 5 Micron Technology, Inc, reserves the nght to change products or specifications without notice
GO1 pm5 — Rey 597 ©1997, Micron Technology, Inc



MICRON

TECHNOLOGY. ING.

PRELIMINARY

256K x 32
SGRAM

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 I/O contention can be avoided. If the speci-
ficationsfora givenspeed gradedonotallow 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.

T4

|+L

Q
=
.
R
e d

).( NOP ).( WRITE ){
ADDRESS ////////,//////////

ek
| |
| 1z |

I

COMMAND { READ )(

-
|

|
|

|

I

I

|

I

| [ [

I I —| = tDs

DQ

NOTE: A CAS LATENCY of 3 is used for illustration. The READ command
may be to either bank, and the WRITE may be to either bank. A
BLOGCK 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)

The DQM inputs are used to avoid I/C contention as
shown in Figures 13 and 14. The DQMs 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-7)
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 datais 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.

TO T1 T2 T3 T4 T5

CLK [ [
| I | | I I
| | | |
| ] | | ] ]
\ ] | | ] I
| | | |
COMMAND { READ )( NOP )( NOP )( NOP )( NOP )( WRITE ){

ADDRESS //////// ///////

t
‘ i 1 ‘,i.,.
| I | I
| i | i
| | |

| s

NOTE: A CAS LATENCY of 3is used for illusiration. The READ command
may be to either bank, and the WRITE may be to either bank. A
BLOCK WRITE can be substituted for the WRITE, in which case
columnvbyle mask data would be applied o the dala inpuls.

DON'T GARE

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-
cated with, a PRECHARGE command to the same bank
(provided that AUTO PRECHARGE was not activated),
and a full-pageburstmay be truncated witha PRECHARGE
command to the same bank. The PRECHARGE command
should be issued one cycle before the clock edge at which
the last desired data element is valid. This is shown in
Figure 15 for a CAS latency of two and Figure 16 fora CAS
latency of three; dataelementr + 3 iseither the last of a burst

T T2

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.

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

T4 T5

CLK

I / 1

L

! [ \

trP

COMMAND + newo M or

)-( NOP )—( NOP )(PFIECHARGEX

)‘( A(I)TIVE )-(:

NOP )-( NOP
| |

DQ { %5

DoUT
n+1

DOUT
n+2

\

|

! I

I | .

| | /[ DouT
I I

I I T

NOTE: DQMs are all LOW.

X

|
| |
. | |
DOUT \ | |

n+3 f | |
I | | |

Figure 15
READ TO PRECHARGE, CAS LATENCY OF TWO

S T N N O N Y

'Rp

COMMAND ( READ H NOP )-( NOP )( NOP ).( NOP )(PHECHARGE)( NOP )( NOP )»( ACTIVE )—{
‘ T T T T T T T T

woness NI N U 50

DQ

DoOUT

DouT
n+2

X

n+d

NOTE: DQMs are all LOW.

! : |

I | | 1 |
[ | | / DouT

| I | \ o )(‘

|

| |

| |
DOUT \ |

| |

| |

>< n+3
T
/7] DONT CARE

Figure 16
READ TO PRECHARGE, CAS 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
tull-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

TO T T2

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 one cycle before the clock edge at
which the last desired data element is valid. This is shown
inFigure 17 fora CASlatency of twoand Figure 18 foraCAS
latency of three; data element i + 3 iseither the last of aburst
of four or the last desired of a longer burst.

T3 T4 T8 T8

CLK

f § F |

[

COMMAND .( READ )( NOP )( NOP )(

BURST
TERMINATE )( NOP ).<:
|

ADDRESS WWWWW’

DQ

NOTE: DQMs are all LOW.

|
/ DOUT H DOUT DOUT DOUT )
\ n 1 n+2 n+3
| |

Figure 17
TERMINATING A READ BURST, CAS LATENCY OF TWO

T0 T T2

T4 T5 T8

O S N Y

Illllll{L

COMMAND ( READ )( NOP ).( NOP )( NOP x
| |

|
| |
)(T BURST E).( NOP ){ NOP
ERMINAT . .
| |

|

1 l I

DQ | | :
I I |

NOTE: DQMs are all LOW.

| |
1 |
[/ Dout DOUT DOUT DOUT I
\ n n+1 n+2 n+3 |

DON'T CARE

Figure 18
TERMINATING A READ BURST, CAS 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
WRITEs 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 D(Qs will remain High-7, and any additional input data
will be ignored (see Figure 20). A full-page burst will
continue until terminated (at the 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

e I~
) ),
i:j,ff:i /

Figure 19
WRITE COMMAND

WRITE command (provided that AUTO PRECHARGE
was not activated), and a full-page WRITE burst can be
truncated witha subsequentWRITE burst or BLOCKWRITE
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

o

COMMAND {WHITE MW onor W owor H(0 wor
ADDRESS /////////,
o N NI

NOTE: Burst Length =2,
DQMs are all LOW,

Figure 20
WRITE BURST

TO ™ T2

CLK+‘*‘+

L

COMMAND ( WRIITE ).( H WF:ITE H
ADDRESS ’/////////
DQ ( DIrI’N }( nDJ:(N1 )( leN )7

NOTE: DQMs are all LOW. Each WRITE command
may be 1o either bank. In the case where the
second WRITE is a BLOCK WRITE, the
column/byte mask data would be applied to

the data inputs.
DON'T CARE

Figure 21
WRITE TO WRITE (OR BLOCK WRITE)

256K x 22 SGRAM
GO1 pm5 — Rey 597

19

Micron Technology, Inc, reserves the nght to change products or specifications without notice
©1997, Micron Technology, Inc



MICRON

TECHNOLOGY. ING.

PRELIMINARY

256K x 32
SGRAM

not require the 2n rule of prefetch architectures, so a
WRITE command canbe initiated on any clock cycle follow-
ing 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 notbe executed. An
example is shown in Figure 23. Data i + 1 is either the last
of a burst of two or the last desired of a longer burst.

TO T1 T2 T3

CLK | | |

I | | |
! | | |
COMMAND_( WRITE ).< WRITE ){ WRITE ).( WRITE }C

| | | |

! | | |
BANK. )_( BANK. BANK, BANK, )@
coLn COLa COL X coLm

! | | |

|

ADDRESS <

Mo X
DO-( DIN ),( I )_( DrénN

NOTE: Each WRITE command may be to either bank.
DQMs are all LOW.

1

DIN ).( DIN
a X
1

Figure 22
RANDOM WRITE CYCLES WITHIN A PAGE

CLK

NOP >—< READ

COMMAND WRITE

0 i
NOTE: Each WRITE command may be to either bank.
DQMs are all LOW.

Figure 23
WRITE TO READ

A fixed-length WRITE burst may be followed by, or
truncated with,a PRECHARGE command to thesame bank
{provided that AUTCO PRECIHARGE 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
isregistered. In addition,when truncating a write burst, the
DOM signals must be used to mask input data on the clock
edge following the last desired data element, as shown in
Figure 24, Data n + 1is either the last of aburst 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
tull-page bursts. The AUTO PRECHARGE command does
not truncate fixed-length bursts and does not apply to full-
page bursts.

TO T T2 T3 T4 T5 T8

| 1 | 1 | | |

DaM e | 1 + 1 | | |

D : | : | | |

I I I I I | I

| | | | | e |

COMMAND —< WRITE >-< NCP NOP PRECHARGE}-( NOP >-< NOP ACTIVE }{

I I

1
i
BANK, //
aor all
1 |
I
|
I

/7] DoNT cARE

NOTE: The DQMs could remain low in this example if the WRITE
burst is a fixed length of 2.

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 provided that the DQMs are LOW atthat time . This
isshown in Figure 25, where data i + 1 is the last desired of
a longer burst.
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TERMINATING A WRITE BURST

MASKED WRITES

Any WRITE performed to a row that was opened via an
ACTIVE with WPBcommand isa MASKED WRITE (Write-
Per-Bit). Data is written to the 32 cells (bits) at the selected
columnlocation subject to the mask stored in the WPB mask
register. If a particular bit in the WPB mask registeris a “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 bitis a “1,” the data
appearing onthe corresponding DQ inputwill be written to
the corresponding DRAM cell.

The overall WRITE mask consists of a combination of the
DQM inputs, which mask on a per-byte basis, and the WPB
mask register, whichmaskson a per-bitbasis. This is shown
in Figure 26. If a particular DQM signal was registered
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 bitis “1.”
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BLOCK WRITEs

BLOCK WRITEs are non-burst accesses that write to
eight column locations simultaneously. A singledatavalue,
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 D) signal coin-
cident with a BLOCK WRITE command, the write to the
corresponding column/byte combination is masked (the
existing datain 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 DOM and WPB masking.

The overall BLOCK WRITE mask consists of a combina-
tion of the DOM signals, the WPB mask register and the
column /byte mask information, asshown in Figure 27. The
masking operation provided by the DQM inputs and WPB
mask register is similar to that provided innormal WRITEs,
with the exception that the mask information is applied
simultaneously toall eight columns. Therefore, ina BLOCK
WRITE, a given bitis written only ifa “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 thesame bank, 'BPL (instead of BWC) mustbe
met.

Table 3

MAPPING OF DQs TO COLUMN/BYTE
LOCATIONS WITHIN A BLOCK

COLUMN ADDRESS
CONTROLLED DQ PLANES

DQ INPUTS A2 Al A0 CONTROLLED
DQO 0 0 0 0-7
DN 0 0 1 0-7
DQ2 0 1 0 0-7
DQ3 0 1 1 0-7
DQ4 1 0 0 0-7
DQ5 1 0 1 0-7
DQ86 1 1 0 0-7
DQ7 1 1 1 0-7
DQs8 0 0 0 8-15
DQ9 0 0 1 8-15
DQ10 0 1 0 8-15
DQi1 0 1 1 8-15
DQ12 1 0 0 8-15
DQ13 1 0 1 8-15
DQi14 1 1 0 8-15
DQ15 1 1 1 8-15
DQ16 0 0 0 18-23
DQ17 0 0 1 16-23
DQ18 0 1 0 168-23
DQ19 0 1 1 18-23
DQ20 1 0 0 16-23
DQ21 1 0 1 168-23
DQ22 1 1 0 18-23
DQ23 1 1 1 16-23
DQ24 0 0 0 24-31
DQ25 0 0 1 24-31
DQ26 0 1 0 24-31
DQ27 0 1 1 24-31
DQ28 1 0 0 24-31
DQ29 1 0 1 24-31
DQ30 1 1 0 24-31
DQ31 1 1 1 24-31
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PRECHARGE

The PRECHARGE command is used to deactivate the
openrow ina particular bank or the openrow inboth banks.
The bank(s) will be available for a subsequent row access
some specified time (‘RP) after the precharge command 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. Otherwise BA is
treated asa “don’t care.” Once abank hasbeen precharged,
it is in the idle state and must be activated prior to any
READ, WRITE or BLOCK WRITE commands being issued
to that bank.
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Figure 28

PRECHARGE COMMAND

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 sav-
ings 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 opera-
ticns.

The POWER-DOWN state is exited by registering a NOP
or COMMAND INHIBIT and CKE HIGH at the desired
clock edge (meeting {CKS).
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POWER-DOWN
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TRUTH TABLE 2 - CKE
(Notes 1-4)
CKEn.1 | CKE, CURRENT STATE COMMAND, ACTIONg NOTES
L L POWER-DOWN X Maintain POWER-DOWN
SELF REFRESH X Maintain SELF REFRESH B
L H POWER-DOWN COMMAND INHIBIT or NOP Exit POWER-DOWN 7
SELF REFRESH COMMAND INHIBIT or NOP Exit SELF REFRESH 8,8
H L Both Banks Idle COMMAND INHIBIT or NCP POWER-DOWN Entry
Both Banks Idle AUTO REFRESH SELF REFRESH Entry 5
H H See Truth Table 3
NOTE: 1. CKE, is the logic state of CKE at clock edge “n”; CKE,,.y was the state of CKE at the previous clock edge.

. CURRENT STATE is the state of the SGRAM immediately prior to clock edge “n”.

. COMMAND, is the command registered at clock edge “n” and ACTION,, is a result of COMMAND,,.

lllegal on nen-“S” devices.

. Not available on non-“S” devices.

1
2
3
4. All states and sequences not shown are illegal or reserved.
5
8
7

Exiting POWER-DOWN at clock edge “n” will put the device in the “all banks idle” state in time for clock
edge n+1.

8. 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 occurring during the
'XSR period.
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TRUTH TABLE 3 - Current State

(Notes 1-5; notes appear on next two pages)

CURRENT STATE | CS# | 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 GPERATICN (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 L L H L | AUTO REFRESH B
L L L L L | LOAD MODE REGISTER B8
L L L L H | LOAD SPECIAL MODE REGISTER 7
L H L H L | READ (Select bank and column and start READ burst) 8
L H L L L | WRITE {Select bank and column and start WRITE burst) 8
Row Active L H L L H | BLOCK WRITE {Select bank and column and start BLOCK
WRITE access) 8
L L H L L PRECHARGE (Deactivate row in bank or banks) 9
L L L L H | LOAD SPECIAL MODE REGISTER 7
L H L H L READ (Select bank and column and start new READ burst) 8
READ L H L L L | WRITE {Select bank and column and start WRITE burst) 8
(AUTO- L H L L H | BLOCK WRITE (Select bank and column and start BLOCK
PRECHARGE WRITE access) 8
DISABLED) L L H L L PRECHARGE (Truncate READ burst, start precharge) 9
L H H L L | BURST TERMINATE 10
L H L H L | READ (Select bank and column and start READ burst) 8
WRITE L H L L L | WRITE (Select bank and column and start new WRITE burst) 8
{AUTO- L H L L H | BLOCK WRITE (Select bank and column and start BLOCK
PRECHARGE WRITE access) 8
DISABLED) L L H L L PRECHARGE (Truncate WRITE burst, start precharge)
L H H L L | BURST TERMINATE 10
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NOTE: 1. This table applies when CKE,, 1 was HIGH and CKE,, is HIGH (see Truth Table 2) and after 'XSR has been
met (if the previous state was SELF REFRESH).

2. 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 it is in that state. Exceptions are covered
in the notes below.

3. 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.

4. The following states must not be interrupted by a command issued to the same bank. COMMAND INHIBIT or
NOP commands, or allowable commands to the other bank should be issued on any clock edge occurring
during these states. Allowable commands to the cther bank are determined by its CURRENT STATE and
Truth Table 3 with exceptions as listed in note 5.

Precharging: Starts with registration of a PRECHARGE command and ends when 'RP is met. Once 'RP is
met, the bank will be in the |dle state.

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 with Auto Precharge
Enabled: 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 with Auto
Precharge Enabled: Starts with registration of a WRITE command with AUTO PRECHARGE enabled, and ends
when IRP has been met. Once 'RP is met, the bank will be in the Idle state.
Block Write with Auto
Precharge Enabled: 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 Idle state.

Block 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 followed 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 idle” state.

Accessing Mode Register: Starts with registration of a LOAD MODE REGISTER command, and ends when 'MTC has
been met. Once IMTC 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.
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5. When issuing commands to a given bank (referred to as the second bank, for discussion) the state of the
other (first) bank must be considered as well. Below is a list of additional restrictions on allowable commands
to the second bank, based on the state of the first bank.

STATE OF FIRST BANK ADDITIONAL RESTRICTIONS TO SECOND BANK
|dle: None
Row Activating: Active command not allowed ('RRD specification)
Row Active: None
Read: None
Write: None
Precharging: None
Read with Auto Precharge
Enabled: See following text
Write with Auto Precharge
Enabled: See following text

The Read with Auto Precharge Enabled or Write with Auto Precharge Enabled states can each be broken
into two parts, the access period and the precharge period. The precharge period is defined as if the same
burst was executed with Auto Precharge disabled and then followed with the earliest possible PRECHARGE
command that still accesses all of the data in the burst. The access period starts with registration of the
command and ends where the precharge period (or 'RP) begins.

During the precharge period of the Read with Auto Precharge Enabled or Write with Auto Precharge Enabled

states, ACTIVE, PRECHARGE, READ and WRITE commands to the other bank may be applied; during the

access petriod, only ACTIVE and PRECHARGE commands to the other bank may be applied.

Not bank specific. 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.

May or may not be bank specific. If both banks are to be precharged, both must be in a valid state for

precharging.

10. BURST TERMINATE is not bank specific; it affects the most recent READ or WRITE burst, regardless of
bank.

© 0o ~NG
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Vcc/Vece supply

relative 10 VS5 i -1V to +4.6V
Voltage on Inputs, NC or 1/O pins

relative 10 VS8 oo e -1V to +4.6V
Operating Temperature, T , (ambient) ......... 0°C to +70°C
Storage Temperature (plastic) ... -55°C to +150°C
Junction Temperature™ ..., +150°C
Short Circuit Qutput Current ..., 50mA

DC ELECTRICAL CHARACTERISTICS AND OPE
{Note: 1) (0°C < T, <70°C; Veo/Vooa = 43.3V £0.3V)

*Stresses greater than those listed under “ Absolute Maxi-
mum Ratings” may cause permanentdamage 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.

**Maximum junction temperature depends upon packag-
ing type, cycle time, loading, ambient temperature and air
flow.

RATING CONDITIONS

PARAMETER/CONDITION SYMBOL MIN MAX UNITS | NOTES
Supply Voltage Voo/Vooce] 3.0 3.6 Vv
Input High (Logic 1) Voltage, all inputs ViH 20 [|Vec+03] V
Input Low (Logic 0) Voltage, all inputs ViL -0.3 0.8 V'
INPUT LEAKAGE CURRENT
Any input OV £Vin £ Voo h -2 2 LA
{All other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT (DQs are disabled; 0V < Vout < VecQ) loz -10 10 LA
OUTPUT LEVELS Vo 24 Vv
Output High Voltage (lout = -2mA)
Cutput Low Voltage (lout = 2mA) Vol 04 Vv
lcc SPECIFICATIONS AND CONDITIONS
(Note: 1, 8, 14) (0°C < T, < 70°C; Voc/VeeQ = +3.83V £0.3V) MAX
PARAMETER/CONDITION SYMBOL| -10 -12 -15 |UNITS| NOTES
SELF REFRESH CURRENT: CKE < 0.2V (S version only) Icct 25 25 25 mA 5
(S only)
STANDBY CURRENT: POWER-DOWN mode, locz 2 2 2 mA
CKE < ViL (MAX), both banks idle
STANDBY CURRENT: CS# = ViH (MIN}), lccs 50 45 40 mA |[3,4,13
ICK > ICK (MIN), CKE > Vin (MIN), both banks idle
STANDBY CURRENT: CS# = ViH (MIN), lcc4 80 55 50 mA |[3,4,13
ICK > ICK (MIN), CKE > Vin (MIN), both banks active after 'RCD met
AUTO REFRESH CURRENT lccs 120 | 100 80 mA | 4,13
('RC = 'RC [MIN])
OPERATING CURRENT: ACTIVE mode, locs 145 | 130 | 100 | mA |3, 4,13
burst = 2, READ or WRITE, 'RC = 'RC (MIN), one bank active
OPERATING CURRENT: ACTIVE mode, loc? 220 | 180 | 150 | mA [3,4,13
burst = 2, READ or WRITE, 'RC > 'RC (MIN), two banks active
OPERATING CURRENT: BURST mode,
full-page burst after 'RCD met, READ or WRITE, lccs 180 180 130 mA |3, 4,13
ICK > ICK (MIN), other bank idle
OPERATING CURRENT: BLOCK WRITE lcce 145 | 130 [ 100 | mA |3,4,13
ICK = ICK (MIN), 'BWC = 'BWC (MIN), one bank active
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CAPACITANCE
PARAMETER SYMBOL MAX UNITS NOTES
Input Capacitance: AO-A8, BA Cnt pF 2
Input Capacitance: RAS#, CAS#, WE#, DQM, CLK, CKE, CS#, DSF Ciz pF 2
Input/Output Capacitance: DQs Cio 7 pF 2
THERMAL CONSIDERATIONS
DESCRIPTION CONDITIONS SYMBOL | TQFP TYP| UNITS | NOTES
Thermal resistance - Junction to Ambient Still air, soldered on 4.5 x 3-inch, 0,4 40 °CIW 15
Thermal resistance - Junction to Case 2-layer printed circuit board 0,c 2 °C/W 15
AC ELECTRICAL CHARACTERISTICS
(Notes: 6,7, 8, 9, 10, 12) (0°C < T, £+70°C) Listed alphabetically by symbol subscript.
AC CHARACTERISTICS =10 -12 -15
PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Access time from CLK (positive edge) IAC 9 11 13 ns
Address hold time TAH 1 15 2 ns
Address setup time IAS 3 35 4 ns
BLOCK WRITE to PRECHARGE delay 'BPL 3 3 3 ICK
BLOCK WRITE cycle time BWC 2 2 2 ICK
CS#, RAS#, CAS#, WE#, DSF, DQM hald time ICH 1 1.5 2 ns
CLK high level width ICHI 3.5 4 5 ns
System clock cycle time CAS Latency =2 ICK 15 18 22 ns
CAS Latency = 3 ICK 10 12 15 ns
CKE hold time ICKH 1 15 2 ns
CKE setup time ICKS 3 3.5 4 ns
CLK low level width oL 35 4 5 ns
CS#, RAS#, CAS#, WE#, DSF, DQM setup time Ics 3 3.5 4 ns
Data-in hold time IDH 1 15 2 ns
Data-in setup time DS 3 35 4 ns
Data-out high-impedance time HZ 10 10 10 ns 11
Data-out low-impedance time nz 3 3 3 ns
LOAD MODE REGISTER command to command MTC 2 2 2 ICK
Data-out hold time IOH 4 4 4 ns
ACTIVE to PRECHARGE command period IRAS 60 [20,000f 72 [120,000| 90 120,000 ns
AUTO REFRESH and ACTIVE to ACTIVE IRC 90 108 135 ns
command period
ACTIVE to READ, WRITE or BLOCK WRITE delay RCD 24 30 30 ns
Refresh period {1,024 cycles) REF 17 17 17 ms 7
PRECHARGE command period RP 30 36 45 ns
ACTIVE bank A to ACTIVE bank B command period IRRD 24 30 30 ns
LOAD SPECIAL MODE REGISTER ISML 2 2 2 ICK
command to command
Transition time T 1 30 1 30 1 30 ns
Write recovery time WR 2 2 2 ICK
Exit SELF REFRESH to ACTIVE command SR 90 108 135 ns
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Voc/Veog = +3.3V 0.3V,
f=1MHz.

3. Iccis dependent on cycle rates.

4, Iccis dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the outputs open.

5. Enables on-chip refresh and address counters.

6. 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 ensured.

7. Aninitial pause of 100us is required after power-up,
tollowed by two AUTO REFRESH commands, before
proper device operation is ensured. The two AUTO
REFRESH command wake-ups should be repeated
any time the fREF refresh requirement is exceeded.

8. AC characteristics assume T = Ins.

9. Inaddition to meeting the transition rate specitica-

tion, the clock and CKE must transit between Vi and
VIL (or between VIL and VIH) in a monotonic manner.

10.

11.

12.

13.

14,

15.

Outputs measured at 1.4V with equivalent load:

l 30pF

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

AC timing tests have VIL = 0V and Vi = 3V with
timing referenced to 1.4V crossover point.

Control, address, and data inputs transition (to TTL
levels) no more than once during the clock period.
Icc specifications are tested after the device is properly
initialized.

See TIN-05-14, “SRAM Thermal Design Consider-
ations” in Micron’s SRAM data book for thermal
design construction.

Q

Zo= 500 500

V=14V
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INITIALIZE AND LOAD MODE REGISTER
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S (7, REFRESH /" { A4t REFRESH AL FE_REGISTER i, RO Aot

tRC

tRC

tMTC

t Power-up:
- Yeec and
CLK stable

t

-Precharge - AUTQO REFRESH
all banks

|
|
(

|
|

- AUTO REFRESH

*The mode register may be loaded prior to the AUTO REFRESH cycles if desired.

POWER-DOWN MODE

)
H

-

‘ ICKH _EC_KS_‘

- Program mode register®

ADDRESS }L BANK(S) L

Precharge all j

tAg| tAH
BANK,
ROW
High-Z
tH
‘ RP Input buffers gated off while in ‘ ‘ ‘
i POWER-DOWN mode. ' :
All banks idle, enter j‘ J All banks idle

active banks

POWER-DOWN mode

Exit POWER-DOWN mode

NOTE: Violating refresh requirements during power-cdown may result in a loss of data. DON'T CARE

UNDEFINED

TIMING PARAMETERS

-10 -12 -15
SYMBOL | MIN MAX MIN MAX MIN MAX | UNITS
AH 1 15 2 ns
as 3 35 4 ns
CH 1 15 2 ns
ICHI 3.5 4 5 ns
1CK (3) 10 12 15 ns
CKH 1 15 2 ns

-0 -12 -15
SYMBOL| MIN MAX MIN MAX MIN MAX | UNITS
CKS 3 35 4 ns
oL 35 4 5 ns
ics 3 3.5 4 ns
MTC 2 2 2 CK
RC 90 108 135 ns
RP 30 36 45 ns

256K x 22 SGRAM
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PRELIMINARY

256K x 32
MICRON SGRAN

TECHNOLOGY. ING.

AUTO REFRESH MODE
S S T R S D AR

({ (
/N /RN /AR /A4
tcks| tokH
tes| 'cH

- {
AUTO AUTO
COMMAND y( pRECHAHGEW NOP >@< REFRESH ,/[@ NoP >@< REFRESH I//@

s T

4
1AS | tAH
— | — (
ADDRESS BANK(S) Eg\g‘;u\-
pq _fehz (f (t
i )
‘ tpp ‘ Re tRe

Precharge all

active banks.

SELF REFRESH MODE

O S s e S/ L&J T

‘ TCKS >1RAS
1 v F L T, Ed
o W | % ’/M&H my
ICKS | ICKH cKs
o8|l "
COMMAND J¥'PRecHaRaEd/)  Nop Wi pli0, mm , NP ) A i Y
4 : v : . : N
148 | 1AH
s ) WWM
DA H\gh—Z‘
RP X8R
Precharge all Enter SELF
active banks. REFRESH mode. [ E(I;gssgr%ﬁeﬁggﬁfr?]: br:(s)gi'
CLK stable prior to exiting
SELF REFRESH mode.
DON'T GARE
B unDEFINED
TIMING PARAMETERS
-10 -12 -15 10 12 -15
SYMBOL | MIN MAX MIN MAX MIN MAX UNITS SYMBOL | MIN MAX MIN MAX MIN MAX UNITS
AH 1 15 2 ns 'CKS 3 35 4 ns
as 3 35 4 ns = 35 4 5 ns
iCH 1 15 2 ns ics 3 3.5 4 ns
ICHI 3.5 4 5 ns RC 90 108 135 ns
1CK (3) 10 12 15 ns RP 30 36 45 ns
1CKH 1 15 2 ns XSR 90 108 135 ns
256K x 32 SGRAM 33 Micron Technology, Inc, reserves the nght to change products or specifications without notice
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PRELIMINARY

256K x 32
Mlcnqu SGRAM

READ - WITHOUT AUTO PRECHARGE

T SO N S e A SUN Y S N S D S D S P G NP S
o [ G [T || |
COMMAND ?Lq_:c;w?. J@gx NOP ;@ READ @/ NCP w@\ NOP @ NOP ;v@\fEREoHAHGE",@{ NCP @ NOP @ ACTNE m
bav TAS/]/WH T ﬂ)y////////////////////f///////////////////////////{//////////ﬁ
moar o /(COL“MNm\PWWWW/WWWWWM row i1
o R _son Y
on _omw_ T = T~ T
AC TOH‘ ’ TOH‘ TOIj‘ | _To_H: J&
bQ |Hm DOoUTm }M,‘DDUTMH J,lm“nour m"w“mu‘m
NOTE: For this example, the BURST LENGTH = 4, the CAS LATENCY = 2 and DON'T CARE

the READ burst is followed by a “manual” PRECHARGE. m UNDEFINED

TIMING PARAMETERS

-10 -12 -15 -10 -12 -15
SYMBOL | MIN MAX MIN MAX MIN MAX UNITS SYMBOL | MIN MAX MIN MAX MIN MAX UNITS
AC g 11 13 ns 'cs 3 3.5 4 ns
1AH 1 15 2 ns tHZ 10 10 10 ns
AS 3 35 4 ns Iz 3 3 3 ns
CH 1 15 2 ns OH 4 4 4 ns
cHI 35 4 5 ns RAS 60 [120000| 72 |1z0000| 90 |120000| ns
1CK (3) 10 12 15 ns RC 90 108 135 ns
'CKH 1 15 2 ns RCD 24 30 30 ns
icKs 3 35 4 ns RP 30 36 45 ns
cL 3.5 4 5 ns
256K x 32 SGRAM Micron Technology, Inc, reserves the nght to change products or specifications without notice
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MICRON

TECHNOLOGY. ING.

PRELIMINARY

256K x 32
SGRAM

READ - WITH AUTO PRECHARGE

Sy B ey =N = e I e I e B e B e B ey B ey
o i VU | | Y| |||

NOP

coMmMAND 24 acTvE L@«

@ READ @(’ NOP ::@:1: NOP @

DaM

cs ICH
m}, W%WWWWWWW)/WWWA

1A8

1AH

/ COLUMN m @%WZWJWWZ%WW?

=/

AOAT ?LE(;W_, | //

A,

BA y\?‘_bBANK W/ﬁ B

U

o

1AC 1AC X 1AC
AC Jlod Jod 1OH TOH
ple} e - DOUT m:lm fbom m+{®®om m+2‘,mtwm mél@‘
-= | Hz

1RCD CAS LATENCY

1RAS RP

'RC

NOTE: For this example, the BURST LENGTH = 4, and the CAS LATENCY = 2.
DON'T GARE
UNDEFINED
TIMING PARAMETERS
-10 -12 -15 -0 -12 -15

SYMBOL | MIN MAX MIN MAX MIN Max | unITS SYMBOL | MIN MAX MIN MAX MIN MAX | UNITS
AC 9 11 13 ns ics 3 3.5 4 ns
AH 1 15 2 ns HZ 10 10 10 ns
as 3 35 4 ns i1z 3 3 3 ns
ICH 1 15 2 ns OH 4 4 4 ns
ICHI 3.5 4 5 ns RAS 60 |1z2o000| 72 |[t120000| 90 (120000 ns
K (3) 10 12 15 ns RC 90 108 135 ns
'CKH 1 15 2 ns RCD 24 30 30 ns
icKs 3 35 4 ns RP 30 36 45 ns
cL 35 4 5 ns

256K x 22 SCRAM

GO1 pm5 — Rey 597
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PRELIMINARY

256K x 32
MICRON SGRAN

TECHNOLOGY. ING.

ALTERNATING BANK READ ACCESSES

t
CLKLGK{L!CLLCHJ$\4\L\L\$\*\
'oKs|_foKH
e 7f | Xy | ) ol | | il | el | il | a | e
tog| fcH
COMMAND % ACTIVE )@( NOP )@( READ )@( NOP )@( ACTIVE )@( NOP )@( AEAD )@( NOP )@( ACTIVE W
tos| toH
oo T | s | s | A0 | L0 | L | L0 | A0
tag
AD-AT7 &EH;
jA_S_ tAH ENABLE AUTC PRECHARGE ENABLE AUTO PRECHARGE
v W _ YT N iy LTI P X
Iag| taH ‘
BA % BANK 0 Wm BANK 0 //////////////// BANK 1 %& /my BANK 1 W//////// BANK O WA
tac tac tac tac tac
'AC o tox Loy o oy
IRcD CAS LATENCY
'RRD
'RaS IRp
IRc
NOTE: For this example, the BURST LENGTH =4, and the CAS LATENCY = 2.
DON'T CARE

B8 UNDEFINED

TIMING PARAMETERS

-10 -12 -15 -10 -12 -15
SYMBOL| MIN MAX MIN MAX MIN MAX | UNITS SYMBOL| MIN MAX MIN MAX MIN MAX | UNITS
AC 9 11 13 ns cs 3 3.5 4 ns
1AH 1 15 2 ns Iz 3 3 3 ns
AS 3 35 4 ns OH 4 4 4 ns
IcH 1 15 2 ns RAS 60 |120000]| 72 (120000 90 [120.,000| ns
ICHI 3.5 4 5 ns RC 90 108 135 ns
CK (3) 10 12 15 ns 'RCD 24 30 30 ns
ICKH 1 15 2 ns RP 30 36 45 ns
ICKS 3 35 4 ns RRD 20 24 30 ns
oL 3.5 4 5 ns
o e o 36 . e e e B o Tochntody. e



l TECHNOLOGY. ING.

PRELIMINARY

256K x 32
SGRAM

READ - FULL-PAGE BURST

S S B o+ AN S S S N S N Sy A ey Y S D B
W ek an ax an an Uy ||
s e s A A Y Y A /I T/ T
- I, f,(, Sy
o - S T,

. ﬁﬁ%WWWWWWW/W/MW/WWWWM
o f v Y o A
. < @mmwmﬂm}ﬁ

'RCD {Bank 0}

CAS LATENCY

256 locations within same row

'RAS (Bank 0}

Full page completed. J

Full-page burst does not self-terminate. /‘
Can use BURST TERMINATE command.

NOTE: For this example, BANK 0 is being accessed and the CAS LATENCY =2.

TIMING PARAMETERS

DON'T CARE

B UNDEFINED

-10 -12 -15 -10 -12 -15
SYMBOL | MIN MAX MIN MAX MIN MAX | UNITS SYMBOL [ MIN MAX MIN MAX MIN MAX | UNITS
AG 9 11 13 ns L 35 4 5 ns
AH 1 15 2 ns cs 3 3.5 4 ns
as 3 35 4 ns HZ 10 10 10 ns
ICH 1 15 2 ns 1z 3 3 3 ns
IGHI 35 4 5 ns OH 4 4 4 ns
ICK (3) 10 12 15 ns RAS 60 |120000]| 72 (120000 90 |120.000| ns
CKH 1 15 2 ns RCD 24 30 30 ns
icks 3 35 4 ns
o e o 37 . e e e B o Tochntody. e



PRELIMINARY

256K x 32
MICRON SGRAN

TECHNOLOGY. ING.

READ - DQM OPERATION

D S B G e e AN S END S HY S N S Y S Y S

ﬁ"“WWWWWWWWW

COMMAND y‘_.:CTIVE W NOP W READ W NOP W NOP W NOP W NOP W NOP W NOP m
oo “WW} Y AW
AD-A7 -_-ROW “%DU_MA'\?'.)’”

ai ENABLE AUTC PRECHARGE
A8 ROW A

tas| tan DISABLE AUTO PRECHARGE \
i | |
on K s SR W/////X(WWWWW/WWW////A
tac
tac toH tac .| toH toH
——————
DQ : _m DOUT m % DouT m+2& DOUT m+3&7
& tHr t_L_é | ‘ tHz
trcD CAS LATENCY
NOTE: For this example, the BURST LENGTH = 4 and the CAS LATENCY = 2. DONT CARE
UNDEFINED
TIMING PARAMETERS
=10 -12 -15 -10 -12 -15
SYMBOL | MIN MAX MIN MAX MIN MAX UNITS SYMBOL| MIN MAX MIN MAX MIN MAX UNITS
AC 9 11 13 ns icL 35 4 5 ns
AH 1 15 2 ns 'Ccs 3 3.5 4 ns
As 3 35 4 ns HZ 10 10 10 ns
ICH 1 15 2 ns 1z 3 3 3 ns
ICHI 3.5 4 5 ns 'OH 4 4 4 ns
ICK (3) 10 12 15 ns RAS 60 |1z20000| 72 |120,000 90 | 120,000 ns
CKH 1 15 2 ns RC 90 108 135 ns
icks 3 35 4 ns RCD 24 30 30 ns
256K x 32 SGRAM 38 Micron Technology, Inc, reserves the nght to change products or specifications without notice
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PRELIMINARY

256K x 32
Mlcnqu SGRAM

WRITE — WITHOUT AUTO PRECHARGE

S B e o B S S B S B S B
AZH”VM/ K/ R AR/ AN/ /A N/
commo Y nrwe W wor e S s U e U v Y wor femsonacfy wor W wor i wanee U
o T S
e o I, | 00 T )

DISABLE AUTC PRECHARGE EANK D or 1

A3 \ \
o s I =~ T s T =
oo .L:‘_bD\Nm J_L' DIN ma1 J—Lq_t.)-w me2 \I—t DIN m+3 .j;!
RCD ‘ | Wi

| I
RAS
RC

RP

NOTE: For this example, the BURST LENGTH = 4 and the WRITE burst is followed by a "manual” PRECHARGE.

DON'T CARE

Ko
B UNDEFINED

TIMING PARAMETERS

-10 -12 -15 -10 -12 -15
SYMBOL | MIN MAX MIN MAX MIN MAX | UNITS SYMBOL [ MIN MAX MIN MAX MIN Max | uNITs
AH 1 15 2 ns ics 3 35 4 ns
AS 3 35 4 ns DH 1 1.5 2 ns
icH 1 15 2 ns DS 3 35 4 ns
ICHI 35 4 5 ns RAS 60 |120000]| 72 (120000 90 |120.000| ns
1CK (3) 10 12 15 ns RC a0 108 135 ns
CKH 1 15 2 ns RCD 24 30 30 ns
cKs 3 35 4 ns RP 30 36 45 ns
‘oL 35 4 5 ns WR 2 2 2 oK
o e o 39 . e e e B o Tochntody. e



MICRON

TECHNOLOGY. ING.

PRELIMINARY

256K x 32
SGRAM

WRITE — WITH AUTO PREC

HARGE

CLK

COMMAND 2 actve /0 nop [ wAITE @f NOP @ NOP @’ NOP @t\ NOP -@\\ NOP @a NOR @ NgP v@/ ACTIVE m
cs tCH
M Y
1as| aH
A-A7 Bk Row LW COLUMNm ¥/ o rw AT
las| 'AH ENABLE AUTO PREGHARGE
A8 W ROW W o T
1as| aH
BA y BANK ')%W%&{imw N D m
ps| 'oH ps | 'DH s | DH ns| oH
ble] t DIN m J—L DIN m+1 l_t DIN m+2 J—L’ DIN m+3 J
tRCD | ‘ WR
RAS ! RP
1RC
NOTE: For this example, the BURST LENGTH = 4.
DON'T GARE
B8 unpEFINED
TIMING PARAMETERS
-10 -12 -15 -10 -12 -15
SYMBOL | MIN MAX MIN MAX MIN MAX UNITS SYMBOL| MIN MAX MIN MAX MIN MAX UNITS
AH 1 15 2 ns ics 3 3.5 4 ns
AS 3 35 4 ns DH 1 1.5 2 ns
'cH 1 15 2 ns DS 3 35 4 ns
IGHI 3.5 4 5 ns ‘RAS 60 |12o0000| 72 |[120000| 90 |[1200000| ns
oK (3) 10 12 15 ns RC 90 108 135 ns
ICKH 1 15 2 ns RCD 24 30 30 ns
ICKS 3 35 4 ns ‘RP 30 36 45 ns
=8 3.5 4 5 ns WR 2 2 2 oK

256K x 22 SGRAM
GO1 pm5 — Rey 597
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PRELIMINARY

256K x 32
MICRON SGRAN

TECHNOLOGY. ING.

WRITE — ALTERNATING BANKS

oM -—

tas

Ao—A?zk R
.EA_§. qtﬁ. ENABLE AUTO PRECHARGE ENABLE AUTO PRECHARGE
tas| taH

BA BANK D BANK 0 4%’{42% BANK 1 Wﬁ%&%&%f BANK 1 QZZ%ZZZ%ZZ%Z%Z& BANK O 4222%

Ips| toH Ips | lpH Ips| IpH Ips| toH Ips | tpH tps  lpH tps| 'pH

tRcD ‘ twR

tRRD
'RAS IRp
tRG

NOTE: For this example, the BURST LENGTH = 4.

DON'T CARE

B unpEFNED

TIMING PARAMETERS

10 -12 15 -10 -12 -15
SYMBOL| MIN MAX MIN MAX MIN MAX | UNITS SYMBOL| MIN MAX MIN MAX MIN MAX | UNITS
AH 1 15 2 ns ics 3 3.5 4 ns
AS 3 35 4 ns RAS 60 |1zoo00| 72 |120,000 90 (120,000 ns
ICH 1 15 2 ns RC 90 108 135 ns
ICHI 35 4 5 ns RCD 24 30 30 ns
1CK (3) 10 12 15 ns RP 30 36 45 ns
ICKH 1 15 2 ns RRD 20 24 30 ns
ICKS 3 35 4 ns WR 2 2 2 ICK
oL 35 4 5 ns
o e o 41 . e e e B o Tochntody. e



PRELIMINARY

256K x 32
Mlcnqu SGRAM

WRITE — FULL-PAGE BURST

OB oy B e o o= N e S s Y sy 0 o D s Y o B S B
o I || T | |

COMMAND ?/L ACTIVE i@ NOR @/ WRITE @a NOR »@( NOP @« NOP e@’ NOP \@‘ NOP “,@rfBUHSTTERM‘y@{ NOP ‘:@:{ NOP

cs 1cH

o I L,
e ) =

jus)

w f A

AS| 1AH

-—

ox s W =~ A

DS | DH ps | D DH DS | DH Ds| DH

H Ips| DH Ds ’
K |7 | J LI Sk ] .
0Q {, DINm —t DINmet —F DINms2 | DIN m+3‘ " DINm-1 — DINm /

256 locations within
same row

Full page completed —/‘

J

1RCD (Bank 0) Full-page burst does not
'RAS (Bank 0) self-terminate.

)

Can use BURST TERMINATE
command.

NOTE: For this example, BANK 0 is being accessed. DOM'T GARE

8% UNDEFINED

TIMING PARAMETERS

-10 -12 15 10 -12 15
SYMBOL | MIN MAX MIN MAX MIN MAX UNITS SYMBOL | MIN MAX MIN MAX MIN MAX UNITS
1AH 1 15 2 ns oL 35 4 5 ns
AS 3 35 4 ns 'cs 3 3.5 4 ns
ICH 1 15 2 ns DH 1 1.5 2 ns
CHI 35 4 5 ns DS 3 3.5 4 ns
1CK (3) 10 12 15 ns RAS 60 |1zoo00| 72 |[120,000| 90 (120000 ns
ICKH 1 15 2 ns RCD 24 30 30 ns
IcKs 3 35 4 ns

256K x 32 SGRAM 42 Micron Technology, Inc, reserves the nght to change pruducts;:sgp;ecultiartlﬁn_?ev:g:glu;;vut‘\gi
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PRELIMINARY

256K x 32

MICHGM;N SGRAM

WRITE - DQM OPERATION

e e S NP S Y S A S

S S L

ollon | ‘ |
U | N | | o) ol | ol | o) | ) | i
COMMAND y(-—;:m NOP )@( WRITE >@( NOP NOP )@( NOP )éa( NOP NOP
o I

1ASH;\:Z— o -A7) N
° !__”

1ag| 1aH DISABLE AUTO PRECHARGE

o W sw XTI < Y

//
Ipg| 1 DH ps| TDH

| | DON'T GARE

KA UNDEFINED

tRcD

NOTE: Forthis example, the BURST LENGTH = 4.

TIMING PARAMETERS

-10 -12 -15 -10 -12 -15

SYMBOL| MIN MAX MIN MAX MIN MAX | UNITS SYMBOL| MIN MAX MIN MAX MIN MAX | UNITS
1AH 1 1.5 2 ics 3 35 4

1AS 3 3.5 4 DH 1 15 2

CH 1 1.5 2 DS 3 3.5 4

ICHI 3.5 4 5 RAS 60 [1zo0000| 72 |1z0,000| 90 |[120000] ns
1CK (3) 10 12 15 RC 90 108 135

ICKH 1 1.5 2 RCD 24 30 30

CKS 3 3.5 4 WR 2 2 2 CK
oL 35 4 5

e 43 s T D D o Saehmoloay. e




PRELIMINARY

256K x 32
Mlcnqu SGRAM

BLOCK WRITE
toL
S was B e S o [N e S e D o H e I s O
e \ \ \
w KXl | s | U e | O s G ) |
COMMAND ACTIVE o’;%ff;LE‘F’iDE)@( N‘DP )@( SLooK )@( N|OP BooK >@( N‘OP )@( N‘OF’ XPREGHARGE)M

tcs tDH

b T Wi | I,

tAS| tAH  tas | tAH

¥ G N S Y, LTI,

tAS| 'AH ENAPLE AUTO PRECHARGE BANK 0 and 1
o W IR~ XX X i
o —Loon o

//// DON'T CARE

R UNDEFINED
TIMING PARAMETERS
-10 -12 -15 -10 -12 -15
SYMBOL| MIN MAX MIN MAX MIN MAX UNITS SYMBOL | MIN MAX MIN MAX MIN MAX | UNITS
AH 1 15 2 ns cL 35 4 5 ns
aAs 3 35 4 ns ics 3 35 4 ns
BPL 3 3 3 ICK DH 1 15 2 ns
BWG 2 2 ick Ds 3 3.5 4 ns
iCH 1 15 2 ns RAS 60 |1zooo0| 72 |120,000 g0 (120,000 ns
ICHI 35 4 5 ns RC 90 108 135 ns
K (3) 10 12 15 ns RCD 24 30 30 ns
CKH 1 15 2 ns SML 2 2 2 oK
lcks 3 3.5 4 ns
256K x 32 SGRAM 44 Micron Technology, Inc, reserves the nght to change pruducts;:sgp;ecultiartlﬁn_?ev:g:glu;;vut‘\gi
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MICR

ON

TECHNOLOGY. ING.

PRELIMINARY

256K x 32
SGRAM

PIN #1 INDEX

HHHHHHHHHH‘HHHHHHHHHH

100-PIN PLASTIC TQFP

HAAAARAAAAARAAARAAAARR AARAAA AAA /

NOTE:

555 (14.10)

[~ —— _—
547 (13.90)

638 (16.20)

r—— —_—
628 (15.95)

1. All dimensicns in inches (millimeters)

795 (20.20)
783 (19.90)

MA;J( or typical where noted.

DC-1
5 0150 (.38)
El .0087 (.22)
B74 (22.20) E 0256 {.65)
864 (21.95) i =
0128 (.325) ] E
E DETAIL A
! R,
osaen) [
055 (1.40) A o010 |
o @i
GAGE PLANE =4
} E 057 (1.45)
030 (75 053 (1.35)
018 (45)

DETAIL A

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side.

M

ICRON

Technology that works for you.
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