Features

¢ Organization
- 131,072 words X 32 bits X 2 banks

¢ Fully synchronous
- All signals referenced to positive edge of clock

¢ Internal pipeline operation
- Column address can be changed every clock cycle
* Two internal banks controlled by BA (bank select)

* High speed
- 150/133/100 MHz

- 6.5/7/9 ns clock access time

* 1024 refresh cycles, 16 ms refresh interval (Auto or Self)

* Auto precharge and Auto refresh modes

* Two color registers

Pin arrangement

* Burst read, single write operation

¢ LVTTL compatible I/0O
¢ 3.3V power supply

* JEDEC standard package, pinout and function

- 100-pin LQFP and TQFP
¢ Read/write data masking

* Programmable burst length (1/2/4/8/full page)
* Programmable burst sequence (sequential/interleaved)
* Programmable TAS latency (1/2/3)

* Graphics features

- SMRS cycle

- Block write (8 columns),

Pin designation

write per bit
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=
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poid 17 &E s S
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03 20 61 = 0B
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D823'= 21 60 =I\IZ;Q8 Vcc, VCCQ Power (33\/ + OSV)
Veco = 22 59
DQ?&[SI: 23 58 VCR% Vss, VSSQ Ground
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x5 2 Edx CLK Clock input
e=r e D CKE Clock enabl
[= 53
BAH 29 52 A NC Ock enabe
i PRSI L) et DSF Special function enable
MMM MO PP <P <P < <f <P P LD
ELLEL UL LY IJQELEEE VREF SSTL reference voltage input
REEREEEEEEEEEESRER
Selection guide
Symribol -150 -133 -100 Uniit
Bus frequency £ ax 150 133 100 MHz
Maximum clock access time tAC 6.5 7 9 ns
Minimum address setup time tas 2 2.5 2.5 ns
Minimum address hold time tAH 1.5 1.5 1.5 ns
Minimum row cycle time tre 60 67.5 78 ns
Maximum operating current lecy 300 275 185 mA
Maximum CMOS standby current, self refresh Iecs 3 3 3 mA
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Functional description

The AS4LC256K32S0 is a high performance 8 megabit CMOS Synchronous Graphics Random Access Memory (SGRAM) organized as
131,072 words x 32 bits X 2 banks. Very high bandwidth is achieved using a pipelined architecture where all inputs and outputs are
referenced to the rising edge of a common clock. Programmable burst mode can be used to read up to a full page of data without selecting a
new column address.

The two internal banks can be alternately accessed (read or write) at the maximum clock frequency for seamless interleaving operations. This
provides a significant advantage over asynchronous EDO and fast page mode devices.

This SGRAM product also features a programmable mode register, allowing users to select read latency as well as burst length and type
(sequential or interleaved). Lower latency improves first data access in terms of CLK cycles, while higher latency improves maximum
frequency of operation. This feature enables flexible performance optimization for a variety of applications.

DRAM commands and functions are decoded from control inputs. Basic commands are as follows:

¢ Mode register set ¢ De-activate bank ¢ Deactivate all banks ¢ Select row, activate bank
¢ Select column, write ¢ Select column, read ¢ Deselect, power down ¢ CBR refresh
* Auto precharge with read/write ¢ Self refresh ¢ Block write ¢ Write per bit

* Special mode register set

The 8 Mb SGRAM device is available in a 100-pin LQFP or 100-pin TQFP. It operates with a power supply of 3.3V + 0.3V. Multiple power
and ground pins are provided for low switching noise and EMI. Inputs and outputs are LVTTL compatible.

Logic block diagram
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Recommended operating conditions

Parameter Symbaol Min Nominal Max Unit
VeeVeeo 3.0 3.3 3.6 Vv
Supply voltage
GND 0.0 0.0 0.0 Vv
Viu 2.0 - Ve +03 Vv
Input voltage T
Vi -0.5 - 0.8 Vv
V 2.4 - - Vv
Output Voltagei Oft
VoL - - 0.4 Vv
Ambient operating temperature Ty 0 70 T
TVIL min = -1.5V for pulse widths less than 5 ns.
o = -2mA, and Ig; = 2mA
Recommended operating conditions apply throughout this document unless otherwise specified.
Absolute maximum ratings
Parameter Symbol Min Max Unit
Input voltage Vin: Vout -1.0 +4.6 Vv
Power supply voltage VeeVeco -1.0 +4.6 Vv
Storage temperature (plastic) Tsta -55 +150 T
Power dissipation Pp - 1 W
Short circuit output current Lout - 50 mA

Stresses greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and functional operation

of the device at these or any other conditions outside those indicated in the operational sections of this specification is not implied. Exposure to absolute max-

imum rating conditions for extended periods may affect reliability.
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DC electrical characteristics

-156 -133 -100

Parameter Symboi  Test conditions Min  Max | Min  Max | Min  Max [ Unit  Notes

0V <V, <Vee,
Input leakage current I Pins not under test — OV -3 +3 -3 +3 -3 +3 | pA
Output leakage current Ior Doyr disabled, OV <V, ,, < Veeq -3 +3 -3 +3 -3 +3 | pA
Operating current I tre 2 min, JOL = OmA, CL=3 - 300 - 275 - 185 mA 1
(one bank active) et burst length = 1 CL=2 _ 275 _ 250 _ 175
Precharge standby current Iccap CKE < Vp (max), tcg = 15 ns - 3 - 3 - 3 mA
(power down rnOde) ICCZPS CKE & CLK < VIL (max), tog = ©° - 3 - 3 - 3 mA

CS 2 Vi (min), CKE 2 Vi (min),

Iecon toc = 15 ns; input signals changed - 45 - 45 - 45 | mA

Precharge standby current once during 30 ns

CLK £ Vyj (max), CKE 2 Vi (min),
locans tcg = oo; input signals stable - 20 B 20 B 20 mA

(non power down mode)

Active standby current Iecsp CKE < Vpp (max), tcg = 15 ns - 3 - 3 - 3 mA
(power down rnOde) ICC3PS CLK, CKE < VIL (max), tog = o° - 3 - 3 - 3 mA
CKE 2 Vi (min), CS 2 Vi (min),
Active standby current Icesn tck = 15 ns; input signals changed - 50 - 50 - 50 | mA
(non power down mode, once during 30 ns
one bank active) CKE 2 Vg (min), CLK 2V} (max),
lecans tcg = ©°; input signals stable N 25 N 25 N 25 | mA
Operati . Ior, = 0 mA, Page burst CL=3 - 225 - 200 - 190
(bperat mgdCL;rren Iecy All banks activated mA 1,2
urst mode teep = teep(min) CL=2 - 175 - 150 | - 140
CL=3 - 180 - 150 | - 150
Refresh current I tpe 2 tpe (min) mA 3
s ReER L=2 - 150 | - 130| - 130
Self refresh current 1cce CKE<0.2V - 3 - 3 - 3 mA

* CL = CAS latency
1 This parameter depends on output loading and cycle rates. Measured with outputs open, inputs only change one time during tck (min).

2 Assumed toep (min)
3 Refresh period = 16ms
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AC parameters common to all waveforms

CAS -150 -133 -100
Symbol  Farameter fatency  Min Max [ Min  Max | Min  Max | Unit Notes
tRRD Row active to row active delay 6.5 - 7.5 - 10 - ns 1
treD RAS to TAS delay time 20 - 22.5 - 30 - ns 1
tgp Row precharge 20 - 22.5 - 30 - ns 1
tRAS Row active 40 120K | 45 120K| 60 120K| ns 1
tre Row cycle time 60 - 67.5 - 90 - ns 1
tepL ](;:; ;ata in to new column address 1 3 1 3 1 3 CIK 2
tRDL Last data in to row precharge 1 - 1 - 1 - CLK 2
tRDL Last data in to burst stop 1 - 1 - 1 - CLK 2
. Ssllal;mn address to column address 1 3 1 3 1 3 CIK 3
K CLK cycle time 5 il - o - 1 — ns :

2 10 - 12 - 15 1000 4

. 3 - 6.5 - 7.0 - 9.0 4,5

tac CLK to valid output delay 5 - s - 0 - 2 ns 25
toy Output data hold time 3.5 - 3.5 - 3.5 - ns
tey CLK high pulse width 3.0 - 3.0 - 3.5 - ns 6
ter CLK low pulse width 2.5 - 3.0 - 3.5 - ns 6
tg Input setup time 2.0 - 2.5 - 2.5 - ns 6
ty Input hold time 1.5 - 1.5 - 1.5 - ns 6
tgr7 CLK to output in low Z 3 - 3 - 3 - ns 5
tsHz CLK to output in high 7 3.5 6.7 3.5 7.5 3.5 10 ns
1 Minimum clock cycles = (Minimum time / clock cycle time) rounded up
2 Minimum delay required to complete write.
3 Column address change allowed every cycle.
4 Parameters dependent on CAS latency.
5 Ifclock rising time > 1ns, (tr/2-0.5)ns should be added to parameter.
6 If (tr and tf) > lns, [(tr-+tf)/2-1]ns should be added to parameter.
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Operating modes

Comand CKE,; CKE, U5 RAS TUAS WE DSF DOM BA A8 A7-A0 Note
Mode register set H X L L L L L X Op code 1,2
Special mode register set H X L L L L H X Op code
Auto refresh H H L L L H X X X X X 3
Entry H L L L L H X X X X X 3
Self refresh L H H H X X X X X 3
Exit L H
H X X X X X X X X 3
L X A
Bank activate H X L L H H row address ———
w/ WPB H X A
Auto precharge disable L 4
Read ki H X L H L H X X vy —— ®um
Auto precharge enable H address 45
Auto precharge disable L 4
Write e H X L H L L L X v — coum
Auto precharge enable H address 45
Auto precharge disable L
Block write H X L H L L H X v —uwm
Auto precharge enable H address
Burst stop H X L H H L X X X X X 6
Selected bank vV L
Precharge H X L L H L X X X
Both banks X H
. . L H X X X X X X X
i nt:
Clock suspend or active Ty L v v v X X X X
power down
Exit L H X X X X X X X X
H X X X X X X X
Entry H L
Precharge power down L H H H X X X X
mode H X X X X X X X
Exit L H
L A A A X X X X
DQM H X X X X X A X X X 7
Deselect device H X H X X X X X X X X
No operation H X L H H H X X X X X

1 OP = operation code
AOQ~AS8, BA see above.
2 MRS can be issued only when both banks are precharged. A new command can be issued 2 clock cycles after MRS.
3 Auto refresh functions similarly to CBR DRAM refresh. However, precharge is automatic.
Auto/self refresh can only be issued after both banks are precharged.
4 A8: bank select address. If low during read, write, row active and precharge, bank A is selected.
If high during those states, bank B is selected. Both banks are selected and A8 is ignored if A7 is high during row precharge.
5 A new read/write command cannot be issued during a burst read/write with auto precharge.
It must be issued after the end of the burst. A new row active command can be issued after tpp from the end of the burst.

6  Burst stop command valid at every burst length.
7  DQM sampled at positive edge of CLK. Data-in may be masked at every CLK (Write DQM latency is 0).
Data-out mask is active 2 CLK cycles after issuance. (Read DQM latency is 2).
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Mode register fields

Register programmed with MRS

Address BA A8 A7 A6 A5 A4 A3 A2 Al A0

Function Write mode CR LT mode BT burst length
RFU = 0 during MRS cycle.

Write burst length Burst type

BA A8 Mode A3 Type

0 0 Normal 0 Sequential
1 0 Multiple burst with single write 1 Interleaved

Color register

A7  Registers

0 One color

1 Two color

CAS latency Burst length

A6 A5 MM Latency A2 Al A0 BI=0

0 0 0 Reserved 0 0 0 1

0 0 1 1 0 0 1 2

0 1 0 2 0 1 0 4

0 1 1 3 0 1 1 8

1 X X Reserved 1 X X Reserved!
TBurst length = full page when A2~A0 = 1.
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Burst sequence (burst length = 2)
Initial address
AG Sequential Interleave
0 0 1 0 1
1 1 0 1 0
Burst sequence (burst length = 4)
Initial address
Al AQ Sequential Interleave
0 0 0 1 2 3 0 1 2 3
0 1 1 2 3 0 1 0 3 2
1 0 2 3 0 1 2 3 0 1
1 1 3 0 1 2 3 2 1 0
Burst sequence (burst length = 8)
Initial address
AZ Al AQ Sequential Interleave
0 0 0 o 1 2 3 4 5 6 70 1 2 3 4 5 6 17T
0 0 1 1 2 3 4 5 6 7 O0f1 0 3 2 5 4 7 6
0 1 0 2 3 4 5 6 7 0 12 3 0 1 6 7 4 5
0 1 1 3 4 5 6 7 0 1 2|3 2 1 0 7 6 5 4
1 0 0 4 5 6 7 0 1 2 3|4 5 6 7 0 1 2 3
1 0 1 5 6 7 0 1 2 3 4|5 4 7 6 1 0 3 2
1 1 0 6 7 0 1 2 3 4 5|6 7 4 5 2 3 0 1
1 1 1 7T 0 1 2 3 4 5 6|7 6 5 4 3 2 1 0




AS4LC256K3250

Pin descriptions

Pin Name Pescription

CIK System clock All opelrations synchro.nized to rising edge of CLK. CLK, driven by th.e system
clock, increments the internal burst counter and controls output registers.

Controls CLK input. If CKE is high, the next CLK rising edge is valid. If CKE is
low, the internal clock is suspended from the next clock cycle and the burst
address and output states are frozen. If both banks are idle and CKE goes low,

CKE Clock enabl
ock enable the SGRAM will enter power down mode from the next clock cycle. When in
power down mode and CKE is low, no input commands will be acknowledged.
To exit power down mode, raise CKE high before the rising edge of CLK.
< Chip select Enables or disables device operation by masking or enabling all inputs except

CLK, CKE, DQM. Input commands are ignored when TS = High.

Row and column addresses are multiplexed. Row address: AO~A8 during
AQ~AS8 Address Active command. Column address: AO~A7 when CAS is active; A8 enables/
disables Auto Prechage.

Memory cell array is organized in 2 banks. BA selects which internal bank will
be active. BA is latched during bank activate, read, write, mode register set,

BA Bank select
ani setec and precharge operations. Asserting BA low selects Bank A; BA high selects

Bank B.

RAS Row address strobe Enables row acc.elss and precharge operation. When RAS is low, row address is
latched at the rising edge of CLK.

TAS Column address strobe Eln.ables column access. When CAS is low, column address is latched at the
rising edge of CLK.

WE Write enable Enab?es write opera.tlon and row precharge operation. When WE is low, input
data is latched starting from CAS.
Controls I/0 buffers. When DQM is high, output buffers are disabled during a

DOMO~3 Output disable/ write mask read operation and input data is masked during a write operation. DQM

latency is 2 clocks for Read and O clocks for Write.

Data inputs/outputs are multiplexed. Input mask for Writer-per-bit; column
address mask when block write is active.

DQO0~DQ31  Data input/output

DSF Special function variable Enables block write, write-per-bit, and/or special mode register load.

Vpp/Vss Power supply/ground Power and ground for core logic and input buffers.

Vppo/Vsso  Data output power/ground  Power and ground for data output buffers.
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Device operation

Command Pin settings Description
The following sequence is recommended prior to normal operation.
1. Apply power, start clock, and hold all inputs high.
2. After power-up, pause for a minimum of 100ps.

Power up Drive CKE high prior to a positive clock edge; all others NOP.

3. Precharge both banks.
4. Perform a minimum of 2 auto refresh cycles to stabilize internal circuitry.
5. Perform Mode Register Set command to initialize mode register.

CS=RAS=CAS=WE =

Mode register set low: AO~A8 — opcode

The mode register stores the user selected opcode for the SGRAM operating
modes. The CAS latency, burst length, burst type, test mode and other vendor
specific functions are selected/programmed during the Mode Register Set
command cycle. The default setting of the mode register is not defined after
power-up. Therefore, it is recommended that the power-up and mode register
set cycle be executed prior to normal SGRAM operation. Refer to the Mode
Register Set table and timing for details.

Special mode
register set

Use this command to load the mask and color registers used in block write
and masked write cycles. Control information is applied to address inputs;
data to be written to color or mask registers is applied to DQs. If A6 = 1, and
all other inputs are 0, color register O receives DQ data. If A6 = A7 = Mode
Register M7 = 1, color register 1 receives DQ data. If A5 = 1 and all other
address inputs are 0, mask register receives DQ data.

Device deselect

and no operation (S = high

(NOP)

The SGRAM is deselected when TS is high. CS high disables the command
decoder such that RAS, CAS, WE and address inputs are ignored. Device
deselection is also considered a NOP. The SGRAM also performs a NOP when
RAS, CAS, and WE = high. Since the NOP performs no operation, it may be
used as a wait state in performing normal SGRAM functions.

CS = RAS = low; CAS =
WE = high; AO~A8 =
row address; BA = bank
select

Bank activation

The SGRAM is configured with two internal banks. Use the Bank Activate
command to select a row in one of the two idle banks. Initiate a read or write
operation after tgcp(min) from the time of bank activation.

Bank activation

with WPB

Write-per-bit is activated during a Bank Activation command. All write or
block write cycles to the selected bank/row are masked based on the mask
register.

CS = CAS = A8 = low;
RAS — WF = high: BA —
bank select, AO~A7 =
column address

Burst read

Use the Burst Read command to access a consecutive burst of data from an
active row in an active bank. Burst read can be initiated on any column
address of an active row. The burst length, sequence and latency are
determined by the mode register setting. The first output data appears after
the CAS latency from the read command. The output goes into a high
impedance state at the end of the burst (BL = 1,2,4,8) unless a new burst read
is initiated to form a gapless output data stream. Terminate the burst with a
burst stop command, precharge command to the same bank or another burst
read/write.

CS=CAS=WE=Al10=
low: RAS = high; AO~A8

= column address

Burst write

Use the Burst Write command to write data into the SGRAM on consecutive
clock cycles to adjacent column addresses. The burst length and addressing
mode is determined by the mode register opcode. Input the initial write
address in the same clock cycle as the Burst Write command. Terminate the
burst with a burst stop command, precharge command to the same bank or
another burst read/write. DQM can also be used to mask the input data.
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Command

Pin settings

Description

Block write

Use block write to write a single data value to a block of eight consecutive
column locations addressed by A7-A3. A Special Mode Register Set command
must occur before a block write to assign this data to the color register. Input
data on DQs is used to mask specified column/byte combinations within the
block.

DQM operation

Use DOQM to mask input and output data. It disables the output buffers in a
read operation and masks input data in a write operation. The output data is
tri-stated 2 clocks after DQM assertion (2 clock latency). Input data is masked
on the same clock as DQM assertion (0 clock latency).

CS = WE = low; RAS =

Use burst stop to terminate burst operation. This command may be used to

Burst st
Hrst stop CAS = high terminate all legal burst lengths.
TS A8 — TAS — WT = The Bank Precharge command precharges the bank specified by BA. The
low_' CKS_* hi h_' BA 7_ precharged bank is switched from active to idle state and is ready to be
Bank precharge ' = e, B activated again. Assert the precharge command after tgag(min) of the bank

bank select; AO~A7 =
don’t care

activate command in the specified bank. The precharge operation requires a
time of tgp (min) to complete.

Precharge all

CS = RAS = WE = low;
CAS = A8 = high; BA =
bank select; AO~A7 =
don’t care

The Precharge All command may be used to precharge both banks
simultaneously. If A8 is high, BA is a don’t care and both banks are
simultaneously precharged. If A8 is low, BA specifies which bank is to be
precharged. Both banks are switched to the idle state on precharge
completion.

Auto precharge

CS=CAS=WE (write) =
low; RAS = WE (read) =
A8 = high; BA = bank
select; AO~A7 = column
address

During auto precharge, the SGRAM adjusts internal timing to satisfy

tpas (min) and tgp for the programmed CAS latency and burst length. Couple
the auto precharge with a burst read/write operation by asserting A8 to a
high state at the same time the burst read/write commands are issued. At auto
precharge completion, the specified bank is switched from active to idle state.
Note that no new commands can be issued until the specified bank achieves
the idle state.

Clock suspend/

When CKE is low, the internal clock is frozen or suspended from the next
clock cycle and the state of the output and burst address are frozen. If both
banks are idle and CKE goes low, the SGRAM enters power down mode at the

d CKE =1

power down ow next clock cycle. When in power down mode, no input commands are

mode entry . . .
acknowledged as long as CKE remains low. To exit power down mode, raise
CKE high before the rising edge of CLK.

Clock suspend/ Resume internal clock operation by asserting CKE high before the rising edge

P P y g g g edg
power down CKE = high of CLK. Subsequent commands can be issued one clock cycle after the end of

mode exit

the Exit command.




AS4LC256K3250

Command

Pin settings

Description

Auto refresh

CS = RAS = CAS = low;
WE = CKE = high;
AOQ~BA = don’t care

SGRAM storage cells must be refreshed every 64ms to maintain data integrity.
Use the Auto Refresh command to accomplish the refreshing of all rows in
both banks of the SGRAM. The row address is provided by an internal counter
which increments automatically. Auto refresh can only be asserted when both
banks are idle and the device is not in the power down mode. The time
required to complete the auto refresh operation is tpc (min). Use NOPs in the
interim until the auto refresh operation is complete. This is the most common
refresh mode. It is typically performed once every 15.6us or in a burst of
1024 auto refresh cycles every 64ms. Both banks will be in the idle state after
this operation.

Self refresh

TS =RAS = CAS = CKE =
low; WE = high; AO~BA

= don’t care

Self refresh is another mode for refreshing SGRAM cells. In this mode, refresh
address and timing are provided internally. Self refresh entry is allowed only
when both banks are idle. The external clock and all input buffers with the
exception of CKE are disabled in this mode. Exit self refresh by restarting the
external clock and then asserting CKE high. NOP’s must follow for a time of
tpc (min) for the SGRAM to reach the idle state where normal operation is
allowed. If burst auto refresh is used in normal operation, burst 1024 auto
refresh cycles immediately after exiting self refresh.
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Mode register set command waveform

cik / \ f \ / \ / \ [\ [\ [\

CMD PRE MRS ACT

|
tgp tRse (min) '|

MRS can be issued only when both banks are idle.

Precharge waveforms

Precharge can be asserted after tpag (min). The selected bank will enter the idle state after tgp. The earliest assertion of the precharge
comimand without losing any burst data is show below.

(normal write; BL = 4)

W

P e — i
e Dy i D, X D, N Dy )

(normal read; BL = 4)

s \ / \ / \ / \ / \ / /7

CMD —< Read data > { PRE '
QLD { Up X (O] X 0 X O3}
DQ(CL2)

Uy X 0 X Q0 X Q0
DQ(CL3) { Ug X Uy X U, —

Auto precharge waveforms
A8 controls the selection of auto precharge during the read or write command cycle.
(write with auto precharge; BL = 4)
e N e N Y A VY s W A
g . S

o Dy i D, X D, X D3 —

Auto precharge starts
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(read with auto precharge; BL = 4)

S VD e WY e VD S VY e WY S W S U Y

M ———{ Read data ) [
DQ(CLY) { o X o X (I O}
DQ(CL2) { 0o X 9 X (|22 X L
DQ(CL3) { W X Qll i & X U+

|

Auto precharge starts*

*The row active command of the precharge bank can be issued after tgp from this point. The new read/write command of another activated bank can be
issued from this point. At burst read/write with auto precharge, CAS interrupt of the same/another bank is illegal.

Clock suspension read waveforms (BL=8)

CLK external [ \ / \ / \ / \ / \ / \ / \ / \_
CIK internal I \ / \ / \ / \ / \ / \ / \

CKE \ 7
DQM ==
Do O 0, X U3 X U4

=
=
]
=
&
T

Y
d OPEN OPEN

CLK external [ \ / \ / \ / \ / \ / \ /—\_

CLK internal I \ / \ / \ / \ / \ /—\_
CKE \ — 7
DM S T/
bR {9 ¥ Q> X Q3 X Q4

CLK external  f \ / \ / \ / \ / \ / \ /—\_
CLK internal I \ / \ / \ / \ / \ / | —

CKE \ i ;

DOM o

QLU (9]} X Uz X Uy X U5 X O
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Clock suspension write waveforms

CLK external /—\_/ \ / \ / \ / \ / \ / \

ClKinternal [\ / \ / \ / \ / \ /A
CKE
DQM
pQ  { DI Y D2 X D3 D6 X |
ClRexternal [\ [ \ / / \
ClKintemal [\ / \ / / A
CKE
DQM
o {DI Y D2 | D6 X |
CIK external [ \ / \ / / \
ClKiternal [ / \ / / \
CKE
DQM
Q[P D2 Y D3 D5 X D6 X |
Read/write inferrupt fiming read interrupted by read (BL = 4)
A | A VY A VY A VY A VY A VY A U AV
CMD —{" Read data Rea(|i data_}
ADD |A B}
@y L [0R Y QB 0B ) 0B ) QB3 }
DQ (CL2) {(OA Y OB, ¥ OB ) OB, Y OBy }——
DQ (CL3) — (0A )" OF ) OB ) T8 Y QB }

toep = CAS to CAS delay (= 1 CLK)
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write interrupted by write (BL = 4)

cLk I\ \ \/ / / L A U A / o\
le—— tccp —»
CMD — Writ|e data_§ Write data_}
|
ADD — Ay 1 By }
|
bQ —{ DAy Y DBy ¥ DB ¥ DB, } DBy }
le— tcpp —»l
toep = CAS to CAS delay (= 1 CLK)
tepr, = last address in to new column addres delay (= 1 CLK)
write interrupted by read (BL = 4)
L A \ / /0 /o [/ \
<« tccp —»
CMD —{ Writedata | Readdata }
| |
S S s S
DQ (cL1) —( 0B, 0B, Y OB, { QBs }
bQ (€12) m {_ 0By Y OB ¥ 08, ¥ OBy }——o
by —{ DAy} { OBy X OB ¥ OB, ¥ OBy }
|<— tcop, —»

toep = CAS to CAS delay (= 1 CLK)
tepr, = last address in to new column addres delay (= 1 CLK)

read interrupted by write (CL = 1, BL = 4)

CLK ¢ \ /

\ / \ / \ / \ / / \ / \ /

CMD1 {" Readdata ) Write data__}

bMI g \

DQ1 { 1 T | D, Dy )

bMz \

DQ2 { Dy | D X D, X Dy }—
DQM3 / \

DQ3

{ U | g Dy | D D, X Dy}

To prevent bus contention, maintain a gap between data in and data out.




AS4LC256K3250

read interrupted by write (CL = 2, BL = 4)

S A VY A VY A W A VY A VY A VY A VY A VY A VY A

CMD1 ————{ Read data ¥ White data }

DQML I

pat { D X b b b

CMD2 Wirite data

DQM2 / \

bQz { Do ¥ Dy ¥ Dy ¥ D3 })

CMD3 ——— [ Read data } { Write data }

DQM3 / \

D3 {_ Dy ¥ D )} D ¥ Dy }—>——
CMD4 —— [ Tead data } { Write data }

DQM4 / \

DQ4 @ +—{"Dg ¥ D YD, ¥ Dy }

To prevent bus contention, maintain a gap between data in and data out.

read interrupted by write (CL = 3, BL = 4)

S A VY A VY A VY A U A VY A VY A W A Y B U A

CMD1 —{ Read data } Write data }

bat { D ¥ D ¥ D ¥ Dy 1}

CMD2 Wirite data

DQM2 )\

Doz { Do ¥ b { D, ¥ D3 }

CMD3 —— { Read data } {_Write data }

DOM3 / \

bas Dy Y D ¥ D ¥ Dy »——
CMD4 —— " Read data } {Write data }

DOM4 / \

Dot { Dp ¥ D X D ¥ D3 }

To prevent bus contention, maintain a gap between data in and data out.
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Burst termination

Burst operations may be terminated with a Read, Write, Burst Stop, or Precharge command. When Burst Stop is asserted during the read
cycle, burst read data is terminated and the data bus goes to Hi-Z after CAS latency. When Burst Stop is asserted during the write cycle, burst
write data is terminated and the databus goes to HI-Z simultaneously.

Burst stop command waveform read cycle

e \ / \ / \ / \ / \ / \ / \

M ™ Rend data__} {_ Burstsiop }
bQ €L =1 { Qo X 04 X 0y }
bQ €L =2 { 0y X 0 X 0y —_
DQ (CL=3)

Qg X 0 X Q, —

write cycle (BL = 8)
e \ / \ / _/ | WY A VY A U
M —— A Readdata_} {__ Buntsp }-

DQ

=123 — Qg I (O] | Qz X J3 —

Precharge termination

A Precharge command terminates a burst read/write operation during the read cycle. The same bank can be activated after meeting tgp

read cycle (CL = 1)

Gk \ / \ / \ / \ / \ \ \ / \
CMD Read data { PRE__ X ACT }—
[
DQ { Ug X 0 X 0z X Us }
|‘—tRP —

read cycle (CL = 2)
ko \ / \ / \ / \ / \ / \ / \ / _

CMD Read data PRE ACT

DQ { Qg X Q) I Q2 X Q3 P
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read cycle (CL = 3)

e A U A VY A VY A VY A | A U A \
M ———{Read data_) {_PRE ) {_ AT}
% S :Ql %
writecycle
ake T _ \
MD - ™ Wite data_} PRE ACT

Q- Dy X D, X D, X D3

fRp

Auto refresh waveform

Y

!
A
ER A
A
A8W

AQ-A7

DQM

CKE \

DQ \
Precharge both banks ~ Auto refresh Auto refresh Auto refresh
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Self refresh waveform

CLK

(oY

A8

A0-A7

DQM

CKE

DQ

AVAVAVAY

«——— Self reffesh cycle
Precharge both banks
Self refresh entry

Power down mode waveform

A0-A7

DQM

CKE

DQ

Bank activate

Self refresh exit

tRe

Arbitrary cycle

Active standby NOP

Power down mode.

Power down mode entry Power down mode exit

Enter power down mode by pulling CKE low.

Power down mode entry

All input/output buffers (except CKE buffer) are turned off in power down mode.

Precharge standby

Power down mode

When CKE goes high, command input must be equal to no operation at next CLK rising edge.

NOP! Bank activate

Power down mode exit




Read/write waveform

CLK

TS

1 # 4

DQM

CKE

DQ

AVAVAVAY

AVAVAVAVAVAVAVAVAVAW

fRAS

AS4LC256K3250

(BL=8,CL = 3)

-
A
E |
|
B

|/

Bank activate

Read

Q Q Q Q

Burst read/single write wavetorm

CLK

2

RAS
CAS
WE

AO-AT
DQM
CKE

DQ

AVAVAWAY

Q Q D

(.
B
g
|
v |

Bank activate
Precharge

(BL =4, CL = 3)

AVAVAVAVAVAVAWVAY AWAVAVAWAVAWVAVAVAWAWAWAWA

Activate

Read

Read
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interleaved bank read waveform (BL = 4, CL = 3)

ENAVAVAVAY AVAWAVAYAVAY AVAWAWAVAWAY AVAVAVAVAUAVAWAY

S/ \ / \ L/ L/ \

i
)5

tRAS

DQM
CKE
R O (S0 (ST (T (ST (S0 GE: G L% (FE% (PR (0% (ST2¥ (o120 (S12% T S B
Bank A: Active Read Active | Read | Read | Precharge
Bank B: Read Read Precharge
Interleaved bank read waveform (BL = 4, CL = 3, Autoprecharge)
AV AVAVAVAYAVAVAUAVAVAVAVAVAY AV AVAVAVAVAVAV AVAYAWAVY,
AN e VI T/
oA
TAS g—
WE g_
BA @
A8
AO-A7
DQM
CKE \\
«— tRRD fRRD tRRD, \IRRD
Q {QAof QA } QA QA {08y, (QB.o( OB J(QBA( ]
Bank A: Active Read AP | Active | | Read | AP
Bank B: Active Read AP Active Read Active

AP = internal precharge begins
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Interleaved bank read wavelorm

aK M\ |
S o\]/

(BL=8,CL = 3)

AVAVAWAWAN

AQ-A7
DQM / \
CKE \ r
o {0 (0 O O ) (O] OB @B +———{(2B. QB OB QB O J(OA]
Bank A: Active  Read | Read ' ‘ ! Precharge
Bank B: Precharge Active Precharge Active Read
interleaved bank read waveform (BL = 8, CL = 3, Autoprecharge)
CIK ,Mmf\ﬂﬂmhmf\mmmf\f\ﬂf\ﬂ
tre
s |/ 1/ L/ A [/ |/
RAS @_
tRAS trp tRAS
tRAS trp
CAS
WE
BA
A8
AO-A7
DOM / I\
CKE \ \_/
DQ {QA (A QR.2)( QA QA QA (A QB ) QB QBoc{OBs} QA YOA)]
t t |
Bank A Active Read 0 AP | 0 Active Read
Bank B Active Read AP

AP = internal precharge begins
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Full page interleaved burst read waveform

mm‘x—p

CLK

CKE

DQM

AQ-A7

A8

BA

DQI1

DQ2

DQ3

Bank O
Bank 1

S

QA

X QB X

QAo

QA

QA

QByg

QBy;

Qbrz  H—

Active

Read

X oAy X

A, X

QB X

QB X

QB )

Active

Read

Burst
terminate
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Interleaved bank write waveform (BL = 8)

CLK

fRAS fgp  —>

«—— f(gep —> «—— f(rep —> «—— tpep —>

BA

A8

A0-A7

DQM

CKE

DQ |

Precharge Active | Write |
Precharge

Bank A Active Write|
Bank B Active Write

Interleaved bank write (BL = 8, Autoprecharge)

AV AVAVAYAVAVAVAVAYAVAWAVAVAVAVAVAVAVAYAVAVAVAWAWA
L/ |/

tRAS trp

fRAS

BA

A8

A0-A7

DQM

CKE

DQ |

Bank A Active Write| AP Bank A Active | Write
Bank B Active Write AP Bank B

AP = internal precharge begins
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Full page burst write waveform

i i

-
-
-

DQM

AQ0-A8

BA

DQ

Bank 0 Active | Write

Burst
terminate
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Block write

CLK

CKE

DSF

DOM

AQ-A7

A8

BA

DQ

Bank

1 color register

(VY (N VD N VS [ VY A VY R VY (R W

™~ Data from
Color Regilster 0

™~ Data from
Color Register 0

CAg X

CAa X

Bank O and 1

i

ank O or 1

Bank X

ank X

B:
Bank @

Banks &

{c o durd
\Color dataf

tRCD

I‘ Col maskx Col mask x C

ol mask \y
[— tywp —>|

tRII\S

tRp

Active

Load SP
Mode Register

| Blk write

RC
Bk write

Bk write

Precharge




AS4LC256

K3250

Block write

clkl

CKE

DSF

DQM

A0

AL-A7

A8

BA

DQ

Bank

multiple color register

1

RCD

™~ Data from

Color Regi:

ster 0

—

™~ Data from
Color Register 1

K cay X CAy K
g Bank @ Bank X Bank X
oS | tpy
Color dat (Fol mast Col mask XCol ma l\)
treD »| [€— twr —
RAS R
TRC
™~ Load Color Register 1|
Blk write Blk write Blk write Precharge

Active

Load SP
Mode Reg.
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Block write diagram

Write data Color register

I T
Color data
Mask register ————————————* >|<
DQ7-D
Q7 - Do DQ; DQg DQ5 DQy DQ3 DQ, DQ; DQ
01001011
DQg=1
Column mask
DQ=1
DQg.7: Column mask for DQg_7 El
= g 2
DQg_i5: Column mask for DQg_15 DQz=1 @ £
2 <
DQjg.23: Column mask for DQg.93 DQ3=0 | <
<
DQgy431: Column mask for DQgy_3; DQy=0 g g
E 5
Write per bit DQs=1 ©
Mask data = Mask register + DQM DQg=1
DQy=0
Package dimensions
(P)QFP TQFP Hd
Min Max Min Max D
Al 0.25 0.45 0.05 0.15
A | 2571 | 281 | 135 | 145 ARARRARARGAARARARAAHS
b 0.20 0.40 0.22 0.38 O b
c 0.10 0.20 0.09 0.20 = i
D 13.90 14.10 13.90 14.10 jmin =
E 19.90 20.10 19.90 20.10 = =
e 0.65 nominal 0.65 nominal = €
Hd 17.00 17.40 15.90 16.10 = e
He 23.00 23.40 21.90 22.10 =5 =
L 0.65 0.95 0.45 0.75 He P = =
L1 1.60 nominal 1.00 nominal jmin =
o 0° | 10° 0° 7° = =
Dimensions in millimeters jmis =
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AC test conditions

- Input reference levels of Vi = 2.4V and Vj = 0.8V
- Output reference levels = 1.4V
- Input rise and fall times: 1 ns +1.4V

7o = 50Q 50Q

’J,;_ Croap = 30 pF

out

Figure A: Equivalent output load

Capacitance f =1MHz, T, = 25°C, V¢ = 3.3V
Parameter Symibol Signals Max Unit

CINI AO to BA 5 pF
Input capacitance —

Cing DQM, RAS, CAS, WE, CS, CLK, CKE, DSF 5 pF
1/0 capacitance Ci/o DQO 1o DQ31 5 pF
Part numbering system
AS4 e XXXS0 -XX XX C

Device number Package (device dependent): ,

DRAM LC =3.3VCMOS for synchronous  1/frequency Q = LQFP Commercial temperature

prefix

DRAM TQ = TQFP range, 0 Tto 70 T

Ordering codes
Package/Frequency 150 MH= 133 MHz 106 MHz
Plastic PQFP, 100-pin,

ASALC256K3250-150QC ASAL.C256K3250-133QC ASALC256K3250-100QC
14mm x 20mm

Plastic TQFR, 100-pin, o) 0956K3250-150TQC ASALC256K3250-133TQC AS41.C256K3250-100TQC
14mm x 20mm




