1845¢32256

256K x32 x2 (1 6- Mb|t) ADVANCE INFORMATION
SEPTEMBER 1998
SYNCHRONOUS GRAPHICS RAM
FEATURES GRAPHIC FEATURES
» 256,144 words x 32 bits x 2-bank organization + SMRS cycle
» All inputs are sampled at the positive going — Load mask register
edge of the system clock — Load color register
* Dual internal bank control » Write per bit {old mask)
» Single 3.3V + 3V power supply * Block write {eight columns)

* Programmable mode register
—Burst length (1, 2, 4, 8, and full page)

— Burst type: Sequential and Interleave

ye _ g . . . The ISSI 1342G32256 is a high-speed 16-Mbit CMOS
= Burst Read single-bit Write Operation Synchronous Graphics RAM organized as 256K words x
o s 32 hits x 2 banks. With SGRAM, all input and output
Tif[ﬁsh;:f ?et;ll!gh signals are synchronized with the rising edge of the
? system clock. Programmable Mode Register and
» 2048 refresh cycles/32 ms Special Registers provide a choice of Read or Write burst
. lengths of 1, 2, 4, or 8 locations or a Full Page with burst
* LVTTL compatible inputs and outputs termination options. The SGRAM performance is
* 100-pin PQFP enhanced with the Write-per-bit (WPB) and eight columns

{14mm x 20mm) of Block Write functions.

The 18342G32256 is ideal for high-performance, high-
bandwidth applications including workstation graphics,
set top box, games, and PC-2D/3D graphic applications.

Table 1. Key Timing Parameters

Symbol Parameter -7 -8 -10 Units
tex Clock Cycle Time 7 8 10 ns
Access Time @ CL=3 6 6.5 7 ns

Operating Frequency 143 125 100 MHz

This document contains ADVANCE INFORMATION data. 155 resarves the right to make changes to its products at any time without natice in order to improve design and supply the bast possible
product. We assume no responsibility for any errors which may appear in this publication. © Copyright 1998, Integrated Silicon Soution, Inc.
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Figure 1. 1542G32256 Functional Block Diagram
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Figure 2. 1S42G32256 Pin Configuration, 100-pin PQFP
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Table 2. Pin Descriptions

Symbol Pin Number fle) Name and Function

AD-A9 30-34, 47-51 [ Address: Row/Column addresses are multi-
plexed on the same pins. Row address: RAD-
RA9 Column address: CAQ-CA7

A10/BP 29 [ Bank Select Address: Selects bank to be acti-
vated during row address latch time. Selects
bank for read/write during column address latch
time.

CAS 26 I Column Address Strobe: Latches column ad-
dresses on the positive going edge of the CLK
with CAS low. Enables column access.

CKE B4 I Clock Enable: Masks system clock to freeze
operation from the next clock cycle. CKE should
be enabled at least one clock + toks prior to new
command. Disable input buffers for power down
in standby.

CLK 55 [ System Clock: Active on the positive going
edge to sample all inputs.

CS 28 I Chip Select: Disables orenables device opera-
tion by masking or enabling all inputs except
CLK, CKE and DQMx.
DQO-DQ31 1, 34, 6-7,9-10, IO Data Input/Output: Data Inputs/Outputs are
12-13, 17-18, 20-21, 60-61, multiplexed on the same pins.
63-64, 68-69,71-72, 74-75,
77-78,81-81,83-84, 97-98, 100
DQMO-DQM3 23-24, 56-57 I/O Data Input/Output Mask: Makes data output
Hi-Z, tsHz after the clock and masks the output.
Blocks data input when DQM active. (Byte Mask-
ing)

DSF 53 Define Special Function: Enables write per hit,
block write and special mode register set.

RAS 27 | Row Address Strobe: Latches row addresses
on the positive going edge of the CLK with RAS
low. Enables row access and precharge.

WE 25 I Write Enable: Enables write operation and row
precharge.

Veea 2,8,14,22 59, 67,73,76,79 Supplies voltage for data output

Vee 15, 35, 65, 96 Power Supply Voltage

GNDa 5,11, 19,62, 70, 82, 99 Ground for Da

GND 16, 46, 66, 85 Ground

NC 36-45, 52, 58, 86-95 No connect

Infegrated Silicon Solution, Inc.
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Table 3. Frequency vs. AC Parameter Relationships
1S42G32256: 7 ns (Unit: number of clocks)

CAS tre tras trp trRD trco tceo tcoL troL
Frequency Latency 63ns 42 ns 21 ns 14 ns 20ns 7ns 7ns 7ns
143 MHz (7 ns) 3 9 6 3 2 3 1 1 1
125 MHz (8 ns) 3 8 B 3 2 3 1 1 1
100 MHz {10 ns) 2 7 5 3 2 2 1 1 1
83 MHz (12 ns) 2 6 4 2 2 2 1 1 1
75 MHz (13.4 ns) 2 5 4 2 2 2 1 1 1
66 MHz (15 ns) 2 5 3 2 1 2 1 1 1

1S42G32256: 8 ns (Unit: number of clocks)

CAS trc tras trp trRD trco tceo tcoL tRDL
Frequency Latency 70ns 48 ns 24 ns 16 ns 20ns 8ns 8 ns 8ns
125 MHz (8 ns) 3 9 6 3 2 3 1 1 1
100 MHz (10 ns) 3 8 5 3 2 2 1 1 1
83 MHz (12 ns) 2 6 4 2 2 2 1 1 1
75 MHz (13.4 ns) 2 6 4 2 2 2 1 1 1
66 MHz (15 ns) 2 5 4 2 2 2 1 1 1
50 MHz (20 ns) 2 4 3 2 1 1 1 1 1

1S42G32256: 10 ns (Unit: number of clocks)

CAS tre tras trp trRD trco tcep tcoL troL
Frequency Latency 80ns 50 ns 26 ns 20ns 20 ns 10 ns 10ns 10ns
100 MHz (10 ns) 3 8 5 3 2 2 2 1 1
83 MHz (12 ng) 3 7 5 3 2 2 2 1 1
71 MHz (14 ns) 2 6 4 2 2 2 2 1 1
66 MHz (15 ns) 2 6 4 2 2 2 2 1 1
50 MHz (20 ns) 2 4 3 2 1 1 1 1 1
40 MHz (25 ns) 2 4 2 2 1 1 1 1 1
Integrated Sificon Solution, Inc. B
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Table 4. Truth Table

Function CKEn-1  CKEn U5 RAS TAS WE DSF  DQM  A10 A9 AS-AD
Mode Register Set®? H X L L 3 L L X OP GODE
Special Mode Register Set®® H X L L 3 L H X OP CODE
Auto Refresht H H L H L H L X X X X
Self Refresh, Entry® H L L L L H L X X X X
Sclf Refrosh, Exitt) L H L H H H X X X X X
L H H X X X X X X X X
Bank Active/Row Address H X L L H H L X ¥ Row
Write Per Bil Disable!™® Address
Bank Active/Row Address H X L L H H H X Y Row
VWrite Per Bit Enablgtsm Address
Read and Column Address H X L H L H L X Y L Column
Auto Precharge Disable® Address
Read and Column Address H X L H L H L X v H Column
Aute Precharge Enablet® Address
Write and Column Address H X E H 3 L L X v L Column
Aute Frecharge Disable®® Address
Write and Column Address H X L H L L L X ) H Gelumn
Auto Precharge Enahiebsrio Address
Bleck Wiite and Celumn Address H X L H L L H X Y L Column
Auto Precharge Disable8 Address
Block Write and Column Address H X i H £ L H X V H Column
Autc Pracharge Enable®e™1 Address
Burst Slop® H X L H H L L X X X X
Frecharge Bank Selection H X L L H L L X v L X
Frecharge Both Banks H X L L H L L X X H X
Clock Suspend or H L L H H H X X X X X
Active Power Down Eniry H L H X X X X X X X X
Clock Suspend or L H X X X A X X X X X
Active Powar Down Exit
Precharge Fovar Down Mode Entry H L L H H H X X X X X
H L H X X X X X X X X
Precharge Pover Down Mode Exit L H L v v ¥ v X X X X
L H H X X X X X X X X
DOM® H b3 X X X X X V X X X
No Operation Command H X L H H H X X X X X
H X H X X X X X X X X

Notes:

1. V=Valid, X = Don't Care, H = Logic High, L = Logic Low

2. QP Code: Cperand Code; AQ-A10: Program keys (@ MRS); A5, A6: LMR or LCR select. (@ SMRS) Cdlor register exists only
one per DQi which both banks share. So does Mask Register. Color or mask is loaded into chip through DQ pin.

3. MRS can beissued only at both banks precharge state. SMRS can be issued only if DQs are idle. A new command can be
issued at the next clock of MRS/SMRAS.

4. Autorefresh functions as same as CBR refresh of DRAM. The automatical precharge without row precharge command is
meant by “Auto”. Auto/Self refresh can beissued only at both precharge state.

5. A10: bank select address. If “Low” at read, {block) write, row active and precharge, bank A is selected. If “High” at read,
{block) write, row active and precharge, bank B is selected. If A9 is “High” at row precharge, A10is ignored and both banks
are precharged.

6. ltis determined at row active cyde whether normal/block write operates in write per bit mode or not. For A bank write, at A
bank row active, for B bank write, at B bank row active. Terminology: Write per bit = 140 mask. {Block) Write with write per bit
mode = masked (block) write.

7. During burst read or write with auto precharge, new read/(block) write command cannot be issued. Anather bank read/(block)

write command can be issued at tre after the end of burst.

Burst stop command is valid only at full page burst length.

DQM sampled at positive going edge of a CLK masks the data-in at the very CLK (write DQM latency is 0) but makes Hi-Z

state the data-out of 2 CLK cycles after. (Read DQM latency is 2.)

10. Graphic features added to SDRAMs original features. If SDF is tied to low, graphic functions are disabled and chip operates
as a 16M SDRAM with 32 DQs.

©m
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Table 5. SGRAM vs SDRAM

SDRAM Function MRS Bank Active Write
DSF L H L H L H
SGRAM Function MRS SMRS Bank Active Bank Active Normal Block
with with Write Write
Write perbit  Write per bit
Disable Enable

Notes:
1. If DSF is low, SGRAM functionality is icentical to SDRAM functionality.
2. SGRAM can be used as a unified memory by the appropriate DSF control; SGRAM = Graphic Memory + Main Memory.

Table 6. Mode Register Field Table to Program Modes
Register Programmed with MRS

Address A10 A9 A8, A7 A8, A5, Ad A3 A2, A1, AD
Function RFU W.B.L® ™ CAS Latency BT Burst Length
Test Mode CAS Latency Burst Type Burst Length
AB| A7 Type A6 | A5 | Ad| Latency A3 Type A2 A1l A BT=0 BT=1
0| 0|ModeRegisterSet | 0 | 0 | 0 | Reserved 0 | Sequential [ 0 | O | D 1 Reserved
0|1 Vendor 0 0|1 —_ Interleave | 0 | O | 1 2 Reserved
10 Use 0D | 1|0 2 0|10 4 4
111 Only 0|1 1 3 0o|1] 1 8 8
Wiite Burst Length 1 0 | 0| Reserved 1| 0| 0| Reserved | Reserved
A9 Length 1 0D | 1 Reserved 1| 0| 1| Reserved | Reserved
0 Burst 1 1 0 | Reserved 1| 1| 0| Reserved | Reserved
1 Single Bit 1 1 1 | Reserved 1| 1| 1] 286(Full)® | Reserved
Special mode Register Programmed with SMRS
Address A10, A9, A8, A7 AB A5 Ad, A3, A2 A1, AD
Function X LC4 LM®@ X
Load Color Load Mask
A6 Function A5 Function
0 Disable 0 Disable
1 Enable 1 Enable
Notes:

—_

RFU (Reserved for Future Use)} should stay “0” during MRS cydle.

2. If A9 is high during MRS cycle, “Burst Read Single Bit Write” function will be enabled.
3. The full column burst {256-bit) is available only at Sequential mode of burst type.
4

If LC and LM both high (1), data of mask and color register will be unknown.

POWER UP SEQUENCE

1. Apply power and start clock, attempt to maintain DKE = “H” and the other pins are NOP condition at the inputs.
2. Maintain stable power, stable clock and NOP input condition for a minimum of 200 us.

3. Issue precharge commands for all banks of the devices.

4. Issue two or more auto-refresh commands.

5. Issue a mode register set command to initialize the mode register.

6. Sequence of 4 and 5 may be changed.

The device is now ready for normal operation.

Integrated Sificon Solution, Inc. 7
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Table 7. Burst Sequence (Burst Length = 4)

Initial Address

Al AD Sequential Interleave
0 0 0 1 2 3 0 1 2 3
0 [ 1 2 3 0 1 0 3 2
I 0 2 3 0 1 2 3 0 1
1 1 3 0 1 2 3 2 1 0
Table 8. Burst Sequence (Burst Length = 8)
Initial Address
A2 A1 A0 Sequential Interleave
0o 0 0 o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
o 0 1 1 2 3 4 5 6 7 0 1 0 3 2 5 4 7 6
0o 1 0 2 3 4 5 6 7 0 1 2 3 0 1 6 7 4 5
0o 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 8 7 0D 1 2 3 14 5 4 7 6 1 0 3 2
1 1 0 6 7 0 1 2 3 4 5 6 7 4 5 2 3 0 1
1 1 1 7 0 1 2 3 4 5 B 7 6 5 4 3 2 1 0
Table 10. Pixel to DQ Mapping (at Block Write)
Column Address 3 Byte 2 Byte 1 Byte 0 Byte
A2 Al AD 110314/024 1/023-/016 I¥0154/08 1f07-1/100
0 0 0 DQ24 DQ 16 DQs DQo
0 0 1 DQ25 DQ 17 DQg DQ1
0 1 0 DQ26 DQ18 DQ10 DQ2
0 1 1 DQ27 DQ19 DQ11 DQ3
1 0 0 DQ28 DQ20 DQ12 DQ4
1 0 1 DQ29 DQ21 DQ13 DQ5
1 1 0 DQ30 DQ22 DQ14 DQ6
1 1 1 DQ31 DQ23 DQ 15 DQ7

8 Integrated Silicon Solution, Inc.
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DEVICE OPERATIONS

Clock (CLK)

The clock input is used as the reference for all SGRAM
operations. All operations are synchronizedto the positive
going edge of the clock. The clock transitions must be
monotonic between ViL and ViH. During operation with
CKE high all inputs are assumed to be in valid state (low
or high) for the duration of setup and hold time around
positive edge of the clock for proper functionality and lcc
specifications.

Clock Enable (CKE)

The clock enable (CKE) gates the clock onto SGRAM. If
CKE goes low synchronously with clock (set-up and hold
time same as other inputs), the internal clock suspended
from the next clock cycle and the state of output and burst
addressisfrozen aslong asthe CKE remains low. All other
inputs are ignhoredfrom the next clock cycle after CKEgoes
low. When both banks are in the idle state and CKE goes
low synchronously with clock, the SGRAM enters the
power down mode from the next clock cycle. The SGRAM
remains in the power down mode ignoring the otherinputs
as long as CKE remains low. The power down exit is
synchronous as the internal clock is suspended. When
CKE goes high at least “tss+ICLOCK” before the high
going edge of the clock, then the SGRAM becomes active
fromthe same clockedge accepting all theinput commands.

Bank Select (A10)

This SGRAM is organized as two independent banks of
262,144 words x 32 bits memory arrays. The A10 inputs
are latched at the time of assertion of RAS and CAS to
select the bank to be used for the operation. When A10 is
asserted low, bank A is selected. When A10 is latched
high, bank B is selected. The hanks select AlD is latched
at bank activate, read, write, mode register set and
precharge operations.

Address Inputs (A0-A9)

The 18 address bits are required to decode the 262,144
word locations are multiplexed into ten address input pins
(AD-A9). The 10-bitrow address is latched along with RAS
and A10 during bank activate command. The 8-bitcolumn
address is latched along with CAS, WE and A10 during
read or with command.

NOP and Device Deselect

When RAS, CAS and WE are high, The SGRAM performs
no operation (NOP). NOP does not initiate any new
operation, but is needed to complete operations which
require more than single clock cycle like bank activate,

burst read, auto refresh, etc. The device deselectis alsca
NOP andisenteredby asserting CShigh. CShigh disables
the command deceder so that RAS, CAS, WE, DSF and all
the address inputs are ignored.

Power-up
The following sequence is recommended for Power-up:

1. Powermustbe applied to either CKE and DQM inputs
to pull them high and other pins are NOP condition at
the condition at the inputs before or along with Voo
(and Vooaq) supply.

The clock signal must also be asserted at the same
time.

2. Aifter Voo reaches the desired voltage, a minimum
pause of 200 microseconds is required with inputs in
NOP condition.

3. Beoth banks must be precharged now.

4. Perform a minimum of two auto refresh cycles to
stabilize the internal circuitry.

5. Perform a Mode Register Set cycle to program the
CASlatency,burstlength andburst type as the default
value of mode register is undefined.

At the end of one clock cycle from the mode register set
cycle, the device is ready for operation.

When the above sequence is used for Power-up, all the
outputs will be in high-impedance state. The high-
impedance of outputs is not guaranteed in any other
power-up sequence.

Note: Sequence of 4 and 5 may be changed.
Mode Register Set (MRS)

The mode register stores the data for controlling the
various operating modes of SGRAM. It programs the CAS
latency, burst type, addressing, burst length, test mode
and varicus vendor specific options to make SGRAM
useful for variety of different applications. The default
value of the mode register is not defined, therefore the
maode register must be written afterpower up to operate the
SGRAM. The mode register is written by asserting low on
C8, RAS, CAS, WE and DSF (The SGRAM should be in
active mode with CKE already high prior to writing the
meode register). The state of address pins AD-A9 and A10
in the same cycle as CS, RAS, CAS, WE and DSF going low
is the data written in the mode register. One clock cycles
is required to complete the write in the mode register. The
maode register contents can be changed using the same
command and clock cycle requirements during operation
as long as both banks are in the idle state. The mode
register is divided into various fields depending on
functionality. The burstlength field uses AD-AZ, burst type

Integrated Sificon Solution, Inc.
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uses A3, CAS latency (read latency from column address)
Ad-AB, A7-AB and A10 are usesforvendor specific options
ortestmode use. Andthe write burstlengthisprogrammed
using A9. A7-A8 and A10 must be set to low for normal
SGRAM operation. Refer to the table for specific codes for
variousburstlength, addressing modes and CASlatencies.

Bank Aclivate

The bank activate command is used to select a random
row in an idle bank. By asserting low on RAS and CS with
desiredrow and bank addresses, a row accessisinitiated.
The read or write operation can occur after a time delay of
treo (min) from the time of bank activation. treo (min) is the
internal timing parameter of SGRAM, therefore it is
dependent on operating clock frequency. The minimum
number of clock cycles required between bank activate
and read or write command should be calculated by
dividing trco (min) with cycle time of the clock and then
rounding of the result to the next higher integer. The
SGRAM has two internal banks in the same chip and
shares part of the internal circuitry to reduce chip area,
therefore itrestricts the activation ofboth banksimmediately.
Also the noise generated during sensing of each bank of
SGRAM is high requiring some time for power supplies to
recover before another bank can be sensed reliably. trrp
(min) specifies the minimum time required between
activating different hank. The number of clock cycles
required between different bank activation must be
calculated similar to treo specification. The minimum fime
required for the bank to be active to initiate sensing and
restoring the complete row of dynamic cellsis determined
by tras (min). Every SGRAMbank activate command must
satisfy tras {min) specification before aprecharge command
to that active bank can be asserted. The maximum time
any bank can be in the active state is determined by tras
(max). The number of cycles for both tras {(min) and tras
(max) can be calculated similar to trco specification.

Burst Read

The burst read command is used to access burst of data
on consecutive clock cycles from an active row in an active
bank. The burst read command is issued by asserting low
on CS and RAS with WE being high on the positive edge of
the clock. The bank must be active for at least trco {min)
hefore the hurst read command is issued. The first output
appears in CAS latency number of clock cycles after the
issue of burst read command. The burst length, burst
sequence and latency from the burst read command is
determined by the mode register which is already
programmed. The burst read can be initiated on any
column address of the active row. The address wraps
around if the initial address does not start from a boundary
such that number of outputs from each /O are equaltothe
burst length programmed in the mode register. The output

goesinto high-impedance atthe end ofburst, unless anew
burst read was initiated to keep the data output gapless.
The burstread can be terminated by issuing another burst
read or burst write in the same bank or the other active
bank or a precharge command to the same bank. The
burst stop command is valid for all burst length.

Burst Write

The burstwrite cemmandissimilartoburstread command,
and is used to write data into the SGRAM on consecutive
clock cycles in adjacent addresses depending on burst
length and burst sequence. By asserting low on CS, CAS
and WE with valid column address, a write burstis initiated.
The data inputs are provided for the initial address in the
same clock cycle as the burst write command. The input
buffer is deselected at the end of the burst length, even
though the internal writing may not have been completed
yet. The writing can not complete burst length. The burst
write can be terminated by issuing a burst read and DQM
for blocking data inputs or burst write in the same or the
other active bank.

The write burst can also be terminated by using DQM for
blocking data and precharging the bank “troL” after the last
data input to be written into the active row. See DQM
Operation also.

DQM Operation

The DQM is used mask input and oufput operations. It
works similar to OE during operation and inhibits writing
during write operation. The read latency is two cycles from
DQM and zero cycle for write, which means DQMmasking
occurs two cycles later in read cycle and occurs in the
same cycle during write cycle. DQM operation is
synchronous with the clock. The DQM signal is important
during burstinterrupts of write with read orprecharge inthe
SGRAM. Due to asynchronous nature of the intermnal write,
the DAOM operation is critical to avoid unwanted or
incomplete writes when the complete burst write is required.
DQM is also used for device selection andbus controlina
memory system. DQMO controls DQO to DQ7, DQM1
controls DQS to DQ15, DQM2 controls DQ16 to DQ23,
DQMS3 controls DQ24 to DQ31. DAM masks the DQs by
abyteregardlessthatthe corresponding DQs arein a state
of WPB masking or Pixel masking. Please refer to DQM
timing diagram also.

Precharge
The precharge is performed on an active bank by asserting

low on CS, RAS, WE and A9 with valid A10 of the bank to
be precharged. The precharge command can be asserted
anytime after tras (min) is satisfy from the bank activate
command in the desired bank. “tre” is defined as the

minimum time required to precharge a bank.

10
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The minimum number of clock cycles required to complete
row precharge is calculated by dividing “trr” with clock
cycle time and rounding up to the nexthigher integer. Care
shouldbe taken to make sure that burst write is completed
orDQMisusedtoinhibitwritingbefore precharge command
is asserted. The maximum time any bank can be active is
specified by tras (max). Therefore, each bank has to be
precharged within tras (max) from the bank activate
command. At the end of precharge, the bank enters the
idle state and is ready to be activated again.

Entry to Power Down, Auto refresh, Self refresh and Mode
register Set etc. is possible only when hoth banks are in
idle state.

Auto Precharge

The precharge cperation can also be performed by using
auto precharge. The SGRAM internally generates the
timing to satisfy tras (min) and “tre” for the programmed
burst length and CAS latency. The auto precharge
command is issued at the same time as burst write by
asserting high on A9. Ifburst read or burst write command
is issued with low on A9, the bank is left active until anew
command is asserted. Once auto precharge command is
given, no new command are possible to that particular
bank until the bank achieves idle state.

Both Banks Precharge

Both banks can be precharged at the same time by using
Precharge all command. Asserting low on CS, RAS and
WEwith high on A9 after allbanks have satisfied tras (min)
requirement, performs precharge on both banks. At the
end of tre after parforming precharge all, all banks are in
idle state.

Auto Refresh

The storage cells of SGRAM need to be refreshed every
32 mstomaintain data. An autorefresh cycle accomplishes
refresh of asingle row of storage cells. The internal counter
increments automatically on every auto refresh cycle to
refresh all the rows. An aute refresh command is issuedby
asserting low on CS, RAS and CAS with high on CKE and
WE. The autorefresh command can only be asserted with
bothbankshbeing inidle state andthe device isnotinpower
down mode (CKE is high in the previous cycle). The time
required tocomplete the auto refresh operation is specified
by trc {min). Tha minimum number of clock cycles required
can be calculated by driving trc with clock cycle time and
them rounding up to the next higher integer. The auto
refresh command mustbe followed by NOPs untilthe auto
refresh operation is completed. Both banks will be in the
idle state at the end of autc refresh operation. The auto

refresh is the preferred refresh mode when the SGRAM is
being used for normal data fransactions. The auto refresh
cycle can be performedoncein 15.6 us orthe burst of 2048
auto refresh cycles in 32 ms.

Self Refresh

The self refresh is another refresh mode available in the
SGRAM. The self refresh is the preferred refresh mode for
data retention and low power operation of SGRAM. In self
refresh mede, the SGRAM disables the internal clock and
all the input buffers except CKE. The refresh addressing
and timing is internally generated to reduce power
consumption.

The salf refresh mode is entered from all banks idle state
by asserting low on CS, RAS, CAS and CKE with high on
WE. Once the self refresh mode is entered, only CKE state
being low matters, all the other inputs including clock are

ighored to remain in the refresh.

The self refresh is exited by restarting the external clock
and then asserting high on CKE. This must be followedby
NOF's for a minimum time of tRC before the SGRAM
reachesidle state to begin normal operation. If the system
uses burst auto refrash during normal operation, it is
recommended to use burst 2048 auto refresh cycles
immediately after exiting self refresh.

Define Special Function (DSF)

The DSF controls the graphic applications of SGRAM. If
DSFistiedtolow, SGRAMfunctions as 256K x 32 x 2 Bank
SGRAM. SGRAM can be used as an unified memory by
the appropriate DSF command. All the graphic function
mode can be entered only by setting DSF high when
issuing commands which ctherwise would be normal
SGRAM commands.

SGRAM functions such as RAS Active, Write and WCBR
change to SGRAM functions such as RAS Active with
WPB, Block Write and SWCBR respectively that DSF
controls.

Special Mode Register Set (SMRS)

There are two kinds of special mode registers in SGRAM.
Oneis color register and the other is mask register. Those
usage will be explained at “Write Per Bit” and "Block Write”
session. When A5 and DSF goes high in the same cycle
as CS, RAS, CAS and WE going low, load color register is
filled with color data for associated DQ's through the DQ
pins. Ifboth AS and AB are high at SMRS, data of mask and
color cycle is required to complete the write in the mask
register andthe colorregister atLMR and LCR respectively.
The next color of LMR and LCR, anew commands can be

Integrated Sificon Solution, Inc.
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issued. SMRS, compared with MRS, can be issued at the
active state under the ceondition that DQs are idle. As in
write operation, SMRS accepts the data needed through
DQ pins. Therefore it should be attended nottoinduce bus
contention. The more detailed materials can be obtained
by referring corresponding timing diagram.

Write Per Bit

Write perbit (i.e., I/0 mask mode) for SGRAM is a function
that selectively masks bits of data being written to the
devices. The mask is stored in an internal register and
applied to each bit of data written when enable. Bank
active commandwith DSF=Highenable write per bit for the
associatedbank. The maskusedforwrite perbit operations
is stored inthe mask register accessedby SWCBR (Special
Mode Register Set Command). When a mask bit=0, the
associated data bit is unaltered when a write command is
executed and the write perbithasbheen enable forthe hank
being written. No additional timing conditions. Write perbit
writes can be either masking is the same for write per bit
and non-WPB write.

Block Write

Block write is a feature allowing the simultaneous writing
of consecutive eight columns of data within a RAM device
during a single access cycle. During block write the data to
be written comes from the internal “color” register and DQ
I/0 pins are used for independent column selection. The
block of column to be written is aligned on 8-column
boundaries and is defined by the column address with the
three LSBs ignored. Write command with DSF=1 enable
block write forthe associatedbank. The block width is eight
columns where column ="n” bits for by “n” part. The color
register is the same width as the data port of the chip. Itis
width via a SWCBR where data present on the DQ pins is
to be coupled into the internal color register. The coler
register provides the data masked by the DQ c¢olumn
select, WPB mask (if enable), and DQM byte mask.
Column data masking (Pixel masking) is provided on an
individual column basis for each byte of data. The column
mask is driven on the DQ pins during a block write
command. The DQ columnmask function is segmented on
a per bitbasis {i.e., DQ[0:7] provided the column mask for
data bits [0:7], DQ[8:15] provided the column mask for
data hits [8:15], DQO masks column [0] for data bits [0:7],
DQ9 masks column [1] for data bits [8:15], efc.). Block
writes are always non-burst independent of the burst
length thathasbeenprogrammedintotothe mode register.
If write per bit was enabled by the bank active command
with DSF=1, then write per bitmasking of the cclor register
data is enabled.

If write perbit was disabled by abank active command with
DSF=0, the write per bit masking of the color register data
is disabled. DQM masking providesindependent data byte
masking during normal write operations, except that the
controlis extended to the consecutive eight columns of the
block write.

CLK
CKE

Figure 3. Timing Diagram to lllustrate tswc.
(2CLK Cicle Block Write)

12
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Table 11. Summary of SGRAM Basic Features and Benefits

Features 256K x 32 x 2 SGRAM Benefits

Interface Synchronous Better interaction between memory and system without wait-
state of asynchronous DRAM.
High speed vertical and horizontal drawing.
High operation frequency allows performance gain for
SCROLL, FILL, and BitBLT.

Bank 2 each Pseudo-infinite row length by on-chip interleaving operation.
Hidden row activation precharge.

Page Depth /1 Row 256 bit High-speed vertical and horizontal drawing.

Total Page Depth 2048 bytes High speed vertical and horizontal drawing.

Burst Length (Read) 1, 2, 4, 8 Full Page Programmable burst of 1, 2, 4, 8 and full page transfer per
column address.

Burst Length (Write) 12 48 Full Page Programmable burst of 1, 2, 4, 8 and full page transfer per
column address.

BRSW Switch to burst length of 1 at write without MRS.

Burst Type Sequential & Interleave Compatible with Intel and Motorola CPU based system.

CAS Latency 2,3 Programmable CAS latency.

Block Write 8-Column High speed FILL, CLEAR, Text with color registers.

Maximum 32-byte data transfer {e.g., for 8bpp: 32 pixels) with
plane and byte masking functions.

Color Register 1 each A and B bank share.
Mask Register 1 each Write-per-bit capability (bit plane masking). A and B bank
share.
DAMOD-3 Byte masking (pixel masking for 8bpp system) for data-out/in.
Mask function Write per bit Each bit of the mask register directly controls a corresponding
bit plane.

Pixel Mask at Block Write Byte masking (pixel masking for 8hpp system) for color DQi.

Integrated Sificon Solution, Inc. 13
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BASIC FEATURES AND FUNCTION DESCRIPTION

1. CLOCK SUSPENDED DURING WRITE (BURST LENGTH = 4) 2 CLOCK SUSPENDED DURING READ (BURST LENGTH = 4)

GOMMAND D) FTETT
CKE I—tl\l\:‘lS(ED BY CKE
Lmengy oo X R c;z W ?3 Y| l -

eNGy =) [ XD X e 0 oo X @ Xw

NOT WRITTEN SISPENDED DQUT

e

Note:
1. CKE to CLK disable/enable = 1 clock.

Figure 4. Clock Suspend

1. WRITE MASK (BURST LENGTH = 4) 2. READ MASK (RURSTLENGTH = 4)
CK L L L L
COMMAND E %}
DGM T
"\QAAASK'ED BY CKE
DG (CLOCK — HI-Z \
LATENGY = 2) (o e2 Q3
DQ (CLOCK HZ \
LATENCY = 3) < (1‘1 )4 c|12 X clxa )
DO TG DATA IN MASK = QCLK DO TG DATA OUT MASK =2

3 DOMWITH CLOCK SUSPEND (FULL PAGE READ)

NOTE 2
Gk L L LY
COMMAND RD
CKE
DGM
LATENGY 2 D (oo X or X o
DQ (CLOCK
UATENGY < 3 Cos X X o
Notes:
1. There are four DQMi (i = Q-3).
Each DQMi masks eight DQs. (Cne Byte, one Pixel for 8bpp.)
2. DGM masks data out Hi-Z after two clocks which should be masked by CKE “L".
Figure 5. DQM Operation
14 Infegrated Silicon Solution, Inc.
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1. READ INTERRUPTED BY READ (BURST LENGTH = 4} (SEE NOTE 1.}

CLK
COMMAND
ADD
DQ {CLOCK . .
LATENGY = 2) { Qa0 X GlEm X QTM % qlaz b c‘Bs Y
DO {CLOCK y
LATENGY = 3) {0 X 950 X > p'¢ a2 pd 0B N
teen
(SEENOTE 2)
2. WRITE INTERRLIPTED BY (BLOGK) WRITE (BURST LENGTH = 2) 3. WRITE INTERRLIFTED BY READ (BURST L ENGTH =2)
CLK
COMMAND
ADD
Do (NOTE4)
—( Dao DBo X DB1 y—r— nco ¥ PIXEL DQ(CLOCK
X X X LATENGY = 2)
tan. ‘ Teo DQ{CLOCK
(NOTE ) (NOTE S LATENCY = 3)

4. BLOCK WRITE TO BLOCK WRITE
GLK

GOMMAND {aw X nor X Bw )

(NOTE 7) ‘

ADD Ca X x M B )
pa

tewe
(NOTE §)

Notes:

1. By “Interrpt’, it is possible to stop burst read/write by external before the end of burst
By “CAS Interrupt’, to stop burst read/write by CAS access; read, write, and block write.

. toco: CAS to CAS delay (=1CLK).

. tcoL: Last data in to new column address delay (=1GLK).

. Pixel: Pixel mask.

. toc: Clock cycle ime.

. Bwc: Block write minimum ¢ycle time.

. Other bank can be active or precharge.

NN

Figure 6. CAS Interrupt (1)

Integrated Silicon Solution, Inc. 15
ADVANCE INFORMATION SR037-0C
09/10/98



1S42G32256

1. CLOCK LATENCY =2, BURST LENGTH = 4.

L[ L L L L1 L[ 1

ok | | |
CMD 1 {RrRD X RD )
DQM [ ]
DQ { Do X D1 X D2 X D3 )
G | G
DOM | |
DQ 220 X o1 X bz W b3 )
owp 3 G G
DaM | |
DQ oo X b1 X o2 ¥ 03 )
G G
DM | |
DQ @%TEH A Do W D X D2 W 03 p

2. CLOCK LATENCY = 3, BURST LENGTH = 4.

T3 1 Y o Y I o N O N O
CMD 1 {ro X wR )
pam |
DQ ¢ Do X D1 X D2 X D3 )
G | G
DQM 1 |
DQ { Do X DI X D2 X D3 )
owo 3 ) G
DQM | |
DQ { po X o1 X p2 X D3 )
om 4 G G
DQM | |
DQ { 20—+ po W b1 X b2 ¥ b3 )
oo s GO G
DQM | |
DG Cao >—2oo X ot X b2 X 03 >

{NOTE 2)
Notes:
1. Toprevent bus contention, there should be at least one gap between data in and data out.
2. Topreventbus contention, DQM should be issued which makes at least one gap between
data in and data out.

Figure 7. CAS Interrupt (lI): Read Interrupted by Write and DQM

16 Integrated Silicon Solution, Inc.
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CLK | | |
COMMAND @D
DOM
pQ p—{ D0 X D1 X D2
| | |

MASKED BY DGM

Notes:
1. ToInhibit invalid write, DQM should be issued.

2. This precharge command and burst write command should be of the same bank, otherwise itis not precharge
interrupt but only another bank precharge of dual banks operation.

Figure 8. Write Interrupted by Precharge and DQM

1. NORMAL WRITE (BURST LENGTH = 4) 2. BLOCK WRITE
CLK
COMMAND {wr )y {PRE ) PRE
g —{ oo X D1 X o2 X D3 ) PIXEL |
] i | T
troL terL

(NQTE 1) (NOTE 1)

3. READ (BURST LENGTH =4)

e [ 1 | 1]
COMMAND @D PRE

{NOTE 2]

DQ (CLOCK / X
LATENCY = 2 %0 X ‘|31 X Q|2 X 0|3 ),

DQ (CLOCK y >
LATENCY = 3 { (?0 X (|:1 X (lnz X c.lm o
Notes:

1. troL: Write data-in to PRE command delay, rL: Block Write data-in to PRE command delay.
2. Number of valid output data after row precharge: 1, 2 for CAS, Latency = 2, 3 respectively.

Figure 9. Precharge

Integrated Sificon Solution, Inc.
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1. NORMAL WRITE (BURST LENGTH =4} 2. BLOCK WRITE
cLK L L L] 1
COMMAND WR BW
DQ |— Do X D1 ¥ D2 X D3 }— PIXEL |
| | W * terL - [ tRp >
(NOTE1) * teal >
AUTO PRECHARGE STARTS NOTE 1)
AUTO PRECHARGE STARTS
3. READ (BURST LENGTH = 4}
o [T L L LI ]
GOMMAND GD,
DQ (CLOCK { a0 X a1 X a2 X a3 )
LATENCY = 2) | | |
DQ (CLOCK d 1 2 —
LATENGY = 3) A TO Aot X T K5
T {NOTE 1)
AUTO PRECHARGE STARTS
Note:
1. The row active command of the precharge bank can be issued after e from this point.
The new read/write command of other activated bank can be issued from this point.
Atburst read/write with auto precharge, CAS interrupt of the same bank is illegal.

Figure 10. Auto Precharge

1. WRITE INTERRUPTED BY PRECHARGE

(BURST LENGTH =4) 2. WRITE BURST STOP (FULL PAGE ONLY)

Cli [ I B ok -
COMMAND WR {PRE COMMAND WR {sior )
DM I__l
pa oo X o1 X pz Yo pa — oo ¥ o1 X D2 )
i i b b b =
tROL NOTE 1) BOL

3. READ INTERRUPTED BY PRECHARGE

(BURST LENGTH =4) 4. READ BURST STOP (FULL PAGE ONLY)

CLK CLK
COMMAND RD COMMAND
DQ (CLOCK DQ (CLOCK
LATENCY =2 LATENCY =2
DQ (CLOCK DQ (CLOCK
LATENCY = 3) LATENCY = 3)
Figure 11. Burst Stop and Precharge Interrupted
18 Integrated Silicon Solution, Inc.
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1. MODE REGISTER SET 2. SPECIAL MODE REGISTER SET
CLK | CLK | ' L L L
{NOTE 4) ‘ ‘ |
GOMMAND PRE MRS X ACT COMMAND {8MRs X ACT X SMRS X SMRS X ACT )
| | | | |
| T trp Ll L | | ] Ll L B 1

1 ek 10K 1 GLK 1 CLK 1CLK

Notes:
1. troL: 1 CLK; last data in to Row Precharge.
2. oL 1 CLK last data in to Burst Stop Delay. _
3. Number of valid output data after Row Precharge or Burst Stop: 1, 2 for CAS, Latency = 2, 3 respectively.
4. PRE: Both hanks precharge, if necessary.
MRS can be issued only at all banks precharge state.

Figure 12. MRS and SMRS

1. GLOGK SUSPEND (=AGTIVE POWER DOWN) EXIT 2. POWER DOWN (=PREGHARGE POWER DOWN) EXIT
ex LML e[ L L LY
CKE [« CKE [«
NAL e M INTERNAL e M
INTEHCLK NOTE 1) CLK fNotE2) |_I
e D CMD gl NOP X ACT )

Figure 13. Clock Suspend Exit and Power Down Exit

Integrated Sificon Solution, Inc. 19
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ok | ] | | L[ ] | L( |
(NOTE 4)
CMD {PRE ) (AR ) {omp
CKE R
* trr - | trRc | »
2. SELF REFRESH (NOTE 6)
M
ex LI LML LI LT 1 L
(NOTE 4)
CMD {PRE ) 5ROy
4
CKE I ) I
. tre . 'J| tRe i
Notes:

1. Actlive power down: one or more banks active state.
2. Precharge power down: both banks precharge state.

1. AUTO REFRESH (NOTE 3)

{NOTE 5)

3. The Auto Refresh is the same as CBR refresh of conventional DRAM. No precharge commands are required

after Auto Refresh command. During tre from Auto Refresh command, any other command can notbe

accepted.

entry, self refresh mode is kept while CKE is low.

During self refresh mode, all inputs except CKE will be “Don’t Care”, and outputs will be in Hi-Z state.
During tre from self refresh exit command, any other comman can notbe accepted.

. Before excuting auto/self refresh command, both banks must be idle state.
. (S)MRS, Bank Active, Auto/Self Refresh, Power Down Mode Entry.
. During self refresh mode, refresh interval and refresh operation are performed internally. After self refresh

Before/after self refresh mode, burst auto refresh (2K cycles) is recommended.

Figure 14. Auto Refresh and Self Refresh

20
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Table 11. About Burst Type Control

Basic Mode Sequential Counting At MRS, A3="0". See the Burst Sequence Tahle. (BL=4, 8)
BL=1, 2, 4, 8 and full page wrap around.
Interleave Counting At MRS A3="1". See the Burst Sequence Table. (BL=4, 8)
BL=4, 8. At BL=1, 2 Interleave Counting = Sequential Counting
Pseudo-Mode Pseudo-Document At MRS A3="1". (See to interleave Counting Mode)

Sequential Counting

Staring Address LSB 3 hits A 0-2 should be “000” or “111”. @BL=8
— if LSB ="D00™ Increment Counting.

— if LSB ="111™ Decrement Counting.

For Example, (Assume Addressas except LSB 3 bits are all 0, BL=8)
— @ write, LSB ="000", Accessed Column in order 0-1-2-3-4-5-6-7
— @ read, LSB ="111", Accessed Column in order 7-6-5-4-3-2-1-0
At BL=4, same applications are possible. As above example, at
interleave Counting mode, by confining starting address to some
value, Pseudo-Decrement Counting Mode can be realize. See the
Burst Sequence Table carefully.

Pseudo-Binary Counting

At MRS A3="0". (See to Sequential Counting Mcde) AD-2 ="111".
(See to Full Page Mode). Using Full Page Mode and Burst Stop
Command, Binary Counting Mode can be realized.

— @ Sequential Counting, Accessed Column in order
3-4-56-7-1-2-3 (BL=8)

— @ Pseudo-Binary Counting

Accessed Column in order 3-4-5-6-7-8-9-10 (Burst Stop command)
Note: The next column address of 256 is 0.

Random Column
Access, tcco = 1 CLK

Random Mode

Every cycle Read/Write Command with random column address can

realize Random Column Access. That is similar to Extended Data
Out (EDO) Operation of conventicnal DRAM.

Table 12. About Burst Length Control

Basic Mode 1 At MRS A2, 1, 0 = “D00". At auto precharge, tras should not be
violated.
2 AtMRS A2, 1, 0 = “001". At auto precharge, tras should not be
violated.
4 At MBS A2, 1,0 ="010".
8 AtMRBS A2, 1,0="011".
Full Page AtMRS A2, 1, 0 ="111". Wrap around mode (infinite burst length)
should be stopped by burst stop. BAS interrupt or CAS interrupt.
Special Mode BRSW At MRS A9 =“1". Read Burst =1, 2, 4, 8, full page/write Burst =1. At
auto precharge of write, tras should not be viplated.
Block Write 8-Column Block Write. LSB AQ-2 are ignored. Burst length =1.

tras should not be viclated. At auto precharge, tras should not be
viplated.

Random Mode Burst Stop

teoL =1, Valid DQ after burst stop is 1, 2 for CL=2, 3 respectively.
Using burst stop command, random mede it is possible only at full
page burst length.

Interrupt Mode RAS Interrupt

Before the end of burst, Row precharge command of the same bank
stops read/write burst with Row precharge. troL =1 with DQM, valid
DQ after burst stop is 1, 2 for CL=2, 3 respectively. During read/write
hurst with auto precharge, BAS interrupt can not be issued.

CAS Interrupts

Before the end of burst, new read/write stops read/write burst and starts
new read/write burst or block write. During read write burst with auto
precharge, CAS interrupt can not be issued.

Integrated Sificon Solution, Inc.
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Table 13. Mask Function Procedure

1. Nermal Write
IO masking: By Mask at Write Per Bit Mode, the selected bit planes keep the criginal data.
Ifbitplane 0 3 7, 9, 19, 22 24, and 31 keep the original value.

a. STEP
I. SMRS{LMR): Load mask [31-0]="0111, 1110, 1011, 0111, 1111, 1101, 0111, 0110”
Il. Row Active with DSF “H”: Write Per Bit Mode Enable
Il. Perform Normal Write

b. [llustration

If0 (=DQ) 31 24 23 16 15 8 7 0
External Data-in 11111111 11111111 00000000 00000000
DQMI DQM3=0 DQM2=0 DQM1=0 DQMO=1
Mask Register 01111110 10110111 11111101 01110110
Before Write 00000000 00000000 11111111 11111111
After Write 01111110 10110111 00000010 11111111

DQM byte masking

2. Block Write
Pixel masking: By Pixel Data issued through DQ pin, the selected pixels keep the original data.
See Pixel To DQ Mapping Table.
fPixal 0 4, 8, 13 18 22 27, and 31 keep the original white color.

Assume Bbpp
White = “0000, 0000”, Red = “1010, 0011”, Green = “1110, 0001, Yellow = “0000, 1111”, Blue = “1100, 0011”
a. STEP
I. SMRS(LCR): Load color (for 8bpp, through x32 DQ colo-3 are loaded into color registers). Load
{color3, color2, colort, color)) = (Blue, Green, Yellow, Red)
“1100,0011,1110,0001,0000,1111,1010,0011”
Il. Row Active with DSF “L”: 1/0 Mask by Write Per Bit Mode Disable
lll. Block write with DQ[31-0] = “0111, 0111, 1011, 1011, 1101, 1101, 1110, 1110”

22 Infegrated Silicon Solution, Inc.
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Table 13. Mask Function Procedure (continued)

b. [llustration
10 (=DQ)" 31 24 23 16 15 8 7 0
DQMi DQM3=0 DQM2=0 DAQM1=0 DQMOD= 1
Color Register Color3=Blue Color2=Green Colori=Yellow Colom=Red
Before Block Write & DQ (Pixel data)
000 White DQ24=H White DQ16=H White DQ8=H White DQO=L
001 White DQ25=H White DQ17=H White DQ9=L White DQ1=H
010 White DQ26=H White DQ18=L White DQ10=H White DQ2=H
011 White DQ27=L White DQ19=H White DQ11=H White DQ3=H
100 White DQ28=H White DQ20=H White DQ12=H White DQ4=L
101 White DQ29=H White DQ21=H White DQ13=L White DQ5=H
110 White DQ30=H White DQ22=L White DQ14=H White DQ6=H
111 White DQ31=L White DQ23=H White DQ15=H White DQ7=H
After Block Write

000 Blue Green Yellow White
001 Blue Green White White
010 Blue White Yellow White

011 White Green Yellow White
100 Blue Green Yellow White

101 Blue Green White White
110 Blue White Yellow White

111 White Green Yellow White

Note:

1. Atnormal write, ONE column is selected among columns decoded by A2-0 (000-111).

At block write, instead of ignored address A2-0, DQO-31 control each pixal.

3. Pixel and I/0 masking: By Mask at Write Per Bit Mode, the selected bit planes keep the criginal data.
By Pixel Data issued through DQ pin, the selected pixels keep the original data.
See Pixel To DQ Mapping Table.

Assume 8Bbpp,

White = “0000, 0000”, Red = “1010, 0011”, Green = “1110, 0001, Yellow = “0000, 1111”, Blue = * 1100, 0011"

a. STEP
SMRS(LCR): Load color (for 8bpp, through x 32 DQ color0-3 are loaded into color registers)
Load (color3, color2, color1, colorD, ) = (Blue, Green, Yellow, Red)
=“1100, 0011, 1110, 0001, 0000, 1111, 1010, 0O11"

SMRS(LMR) Load mask. Mask[31-0]="1111, 1111, 1101, 1101, 0100, 0010, 0111, 0110”

Byte 3 : No /O Masking ; Byte 2: 1/0 Masking ; Byte 1: I/O and Pixel Masking ; Byte 0: DQM Byte Masking
lll. Row Active with DSF "H” : I/O mask by Write Per Bit Mode Enable
IV. Block Write with DQ [31-0]="0111, 0111,1111, 1111, 0101, 0101, 1110, 1110” (Pixel Mask)

Integrated Sificon Solution, Inc.
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Table 13. Mask Function Procedure {continued}

b. Nustration

110 (=DQ)" 3 24 23 16 15 8 7 0
Color Register Blue Green Yellow Red
11000011 11100001 00001111 10100011
DQMi DQM3=0 DQM2=0 DQM1=0 DQMD=1
Mask Register 11111111 11011101 01000010 01110110
Before Write Yellow Yellow Green White
00001111 00001111 11100001 00000000
After Write Blue Blue Red White
11000011 11000011 10100011 00000000
110 (=DQ)" 3 24 23 16 15 8 7 0
DQMi DQM3=0 DQM2=0 DQM1=0 DQMD=1
Color Register Color3=Blue Color2=Green Colori=Yellow Colo=Red
Before Block Write & DQ (Pixel data)
000 Yellow DQ24=H Yellow DQ16=H Green DQ8=H White DQO=L
001 Yellow DQ25=H Yellow DQ17=H Green DQ9=L White DQ1=H
010 Yellow DQ26=H Yellow DQ18=H Green DQ10=H White DQ2=H
011 Yellow DQ27=L Yellow DQ19=H Green DQ11=L White DQ3=H
100 Yellow DQ28=H Yellow DQ20=H Green DQ12=H White DQ4=L
101 Yellow DQ29=H Yellow DQ21=H Green DQ13=L White DQ5=H
110 Yellow DQ30=H Yellow DQ22=H Green DQ14=H White DQ6=H
111 Yellow DQ31=L Yellow DQ23=H Green DQ15=L White DQ7=H
After Block Write
000 Blue Blue Red White
001 Blue Blue Green White
010 Blue Blue Red White
011 Yellow Blue Green White
100 Blue Blue Red White
101 Blue Blue Green White
110 Blue Blue Red White
111 Yellow Blue Green White
PIXEL MASK /0 MASK PIXEL & I/O MASK BYTElMASK

Note:
1. DQM byte masking.

2. Atnormal write, ONE column is selected among columns decoded by A2-0 (000-111).

At block write, instead of ignored address A2-0, DQO-31 contral each pixel.

24
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Table 14. Function Truth Table

Current BA

State CS RAS CAS WE DSF (A10) ADDR  Action

IDLE H X X X_ X X X NOP
L H H H X X X NOP
L H H L X X X ILLEGAL®
L H L X X BA CA ILLEGAL®
L L H H L BA RA Row Active; Latch Row Address; Non-1/0 Mask
L L H H H BA RA Row Active; Latch Row Address; I/O Mask
L L H L L X PA Auto Refresh or Self Refresh(4)
L L H L H BA X NOP
L L L H L X X Auto Refresh or Self Refrash(®)
L L L H H BA X ILLEGAL
L L L L L OP Code Mode Register Access®
L L L L H OP Code Special Mode Register Access'®

Row H X X X X X X NOP

Active L H H H X X X NOP
L H H L X X X ILLEGAL®
L H L H L BA CA, AP Begin Read; Latch CA; Determine AP
L H L H H X X ILLEGAL
L H L L L BA CA, AP Begin Write; Latch CA; Determine AP
L H L L H BA CA, AP Begin Write; Laich CA; Determine AP
L L H H X BA RA ILLEGAL™
L L H L L BA RA Precharge
L L H L H X X ILLEGAL
L L L H X X X ILLEGAL
L L L L L X X ILLEGAL
L L L L H OP Code Special Mode Register Access!®

Read H X X X X X X NOP {Continue Burst to End — « Row Active)
L H H H X X X NOP (Continue Burst to End — « Row Active)
L H H L L X X Term burst — Row active
L H H L H X X ILLEGAL
L H L H L BA CA,AP  Term burst, Begin Read; Latch CA; Determine AP
L H L H H X X ILLEGAL
L H L L L BA CA, AP Term burst, Begin Write; Latch CA; Determine AP(%)
L H L L H BA CA, AP Temn burst. Begin Write; Latch CA; Determine AP(3)
L L H H X BA RA ILLEGAL®
L L H L L BA PA Term Burst, Precharge timing for Reads®
L L H L H X X ILLEGAL
L L L X X X X ILLEGAL
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Table 14. Function Truth Table (continued)

Curremt BA
State CS RAS CAS WE DSF (A10) ADDR  Action
Write H X X X X X X NOP (Continue Burst to End — « Row Actfive)
L H H H X X X NQOP (Continue Burst to End — « Row Active)
L H H L L X X Termm burst — « Row Active
L H H L H X X ILLEGAL
L H L H L BA CA, AP Temn burst, Begin Read; Latch CA; Determine AP®)
L H L H H X X ILLEGAL
L H L L L BA CA, AP Tem burst, Begin Write; Latch CA; Determine AP(3)
L H L L H BA CA, AP Tem burst, Begin Write; Latch CA; Determine AP(3)
L L H H X BA RA ILLEGAL®
L L H L L BA RA Term Burst: Precharge timing for Writest®
L L H H H X X ILLEGAL
L L L X X X X ILLEGAL
Read H X X X X X X NOP (Continue Burst to End — Precharge)
with L H H H X X X NQP (Continue Burst to End — Precharge)
Auto L H H L X X X ILLEGAL
Prechage L H L H X BA CA, AP ILLEGAL®
L H L L X BA CA AP  ILLEGAL®™
L L H X X BA RA, PA  ILLEGAL
L L L X X X X ILLEGAL®
Write H X X X X X X NOP (Continue Burst to End — Precharge)
with L H H H X X X NOP (Continue Burst to End — Precharge)
Auto L H H L X X X ILLEGAL
Prechage L H L H X BA CA AP ILLEGAL®
L H L L X BA CA, AP ILLEGAL®
L L H X X BA RA, PA  ILLEGAL
L L L X X X X ILLEGAL®
Pre- H X X X X X X NOP — Idle after trp
chaging L H H H X X X NOP — Idle after trp
L H H L X X X ILLEGAL
L H L X X BA CA AP ILLEGAL®™
L L H H X BA RA ILLEGAL®
L L H L X BA PA NOP — Idle after trp(2)
L L L X X X X ILLEGAL
Block H X X X X X X NOP — Row Active after tewc
Write L H H H X X X NOP — Row Active after swc
Recovering L H H L X X X ILLEGAL
L H L X X BA CA, AP ILLEGAL®
L L H H X BA RA ILLEGAL!®
L L H L X BA PA Term Block Write: Precharge timing for Block Writet®)
L L L X X X X ILLEGAL®
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Table 14. Function Truth Table {continved}

Curret BA
State CS RAS CAS WE DSF (A10) ADDR  Action
Row H X X X X X X NOP — Row Active after trco
Activatng L H H H X X X NOP — Row Active after trco
L H H L X X X ILLEGALE
L H L X X BA CAAP ILLEGAL™
L L H H X BA RA ILLEGAL®
L L H L X BA PA ILLEGAL®
L L L X X X X ILLEGAL®
Refreshing H X X X X X X NOP — Idle after trc
L H H X X X X NOP — Idle after trc
L H L X X X X ILLEGAL
L L H X X X X ILLEGAL
L L L X X X X ILLEGAL
Abbreviations:
RA = Row Address (AD-A9) BA = Bank Address (A10) PA = Precharge All (A9)
NOP = No Operation Command CA = Column Address (AD-A7) AP = Auto Precharge (A9)
otes:

1. All entries assume the CKE was active (High) during the preceding clack cycle and the current clack cyde.

2. lllegal to bank in specified state; Function may be legal in the bank indicated by BA, depending on the state of that bank.
3. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

4. NOP to bank precharging or in idle state. May precharge bank indicated by BA {and PA).

5. lllegal if any bank is notidle.

6. Legal only if all banks are in idle or row active state.
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Table 15. Function Truth Table for CKE
Current CKE CKE

State {(n-1) n S RAS CAS WE DSF ADDR Action
Self Refresh

INVALID

Exit Self Refrash — « « « after trc!"
Exit Self Refrash — « « « aftar trc(!)
ILLEGAL

ILLEGAL

ILLEGAL

NQOP (Maintain Self Refresh)

[l Yl e I
(|| |xIx

rlT|z|z|T|xT|x
®¥|F|IT|IT|XI x| x
XIX|F[IT|IT[x|x
X x|x|r|I|x|x
HKIX| XX XXX
MIX| XX XXX

L X
Both Bank Precharge Power Down
H X

INVALID

Exit Power Down — ABI@

Exit Power Down — ABI®
ILLEGAL

ILLEGAL

ILLEGAL

NOP (Maintain Low Power Mode)

rirjiririrr
rI(T|IXT|XIT| X[
x|r|rr|r|jr|x
®|F|IT|IT|XI | x|x
X|X|F|IT|I | x|x
X xX|x || I | x|x
MK X | X[ X | XX
MKIX|X|X|X| XX

All Banks Idle

Refer to Table 14
Enter Power Down(®
Enter Power Down'®
ILLEGAL

ILLEGAL

ILLEGAL

Enter Self Refresh
ILLEGAL

NOP

rirrjirrjirr|jrr|r|x|=

bl Il I el e s i il - -4
X|r|(r(IT || I x
X M| I x| xX[r|IT|x| x
KIX[X|X | XX | XX X
HKIX[X|X | X|X|X[X X

X
isted Above
X

I Ll = = = = = = e e ) e e

Any State Other Than

Refer to Operations in Table 14
Begin Clock Suspend next cycle(*!
Exit Clock Suspend next cycle!®
Maintain Clock Suspend

r|T|rr({xcjr|ir|jrjrjirr|ir|rfr|x

rir|x|(x
XKix|=

XX =[x
x| =[x
XX x|
XX x([x
Xx|x([=

Abbreviations:
ABI = All Banks Idle

Notes:

1. After CKEs low-to-high transition to exit self refresh mode. And a time of lRe{min) has to be elapse after CKEs low-to-high
transition to issue a new command.

2. CKE low fo high transifion is asynchronous as if restart internal clock.
A minimum setup ime “tss + one clock” must be satisfy before any command other than exit.

3. Power down and self refresh can be entered only from the all banks idle state.

4. Must be a legal command.
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Table 16. Absolute Maximun Ratings®

Symbol Parameters Rating Unit
Voo max Maximum Supply Voltage -1.0to+4.6 \
Veca Max Maximum Supply Voltage for Quiput Buffer -10to+4.6 Vv
VIN Input Voltage -1.0t0+4.6 Vv
Vout Quiput Voltage -1.0t0+4.6 v
Po max Allowable Power Dissipation 1 w
lcs Qutput Shorted Current 50 mA
Torr Operating Temperature 0 to+70 °C
Tsre Storage Temperature -55 10 +150 G

Table 17. DC Recommended Operating Conditions® (At Ta = 0 to +70°C)

Symbol Parameter Min. Typ. Max. Unit
Vee, Veca Supply Voltage 30 33 36 v
ViH Input High Voltage 20 —_ Vee + 0.3 vV
Vi Input Low Voltage -3 — +0.8 v
Note:

1. Stress greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause perma-
nent damage to the device. This is a stress rating only and functional operation of the device at
these or any other conditions above those indicated in the operational sections of this specifi-
catfion is not implied. Exposure to absolute maximum rating conditions for extended periods
may affect reliability.

2. Al voltages are referenced to GND.

3. ViH({max) = 5.5V for pulse width < 5 ns.

4. ViL (min} = 1.5V for pulse width < 5ns.

Table 18. Capacitance Characteristics (At Ta =0 to +25°C, Vec = Veca = 3.3V £ 0.3V, f= 1 MHZ)

Symbol Parameter Typ. Max. Unit
Cin1 Input Capacitance: AD-A10 —_ 4 pF
Cn2 Input Capacitance: CLK, CKE, CS, RAS, CAS, WE, DSF, DQM0-3 — 4 pF
Clo Data Input/Cutput Capacitance: DGIO-DQ31 — 5 pF

Integrated Sificon Solution, Inc.
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Table 19. DC Electrical Characteristics (Recommended Operation Conditions unless otherwise noted.)

Symbol Parameter Test Condition Speed Min. Max. Unit
I Input Leakage Current 0V < Vin < Ve, with pins other than =5 5 MHA
the tested pin at 0V
lou Output Leakage Current Output is disabled =5 5 HA
0V < Vaout < Ve
VoH Qutput High Voltage Level lout = =2 mA 24 — v
VoL Cutput Low Voitage Level lout = +2 MA — 04 vV
fec Operating Current™® One Bank Operation, Burst Length=1 -7 — 145 mA
trG 2 tre (Min), loL = 0 mA -8 — 180
tow > tok {min) -10 — 170
lccap Precharge Standby Current CKE<VL (max) tck = tck (min) — 3 mA
lcceps (In Power-Down Mode) tek = oo - 2
lccan Precharge Standby Current CKE >V {min)  tck = tok (min) —_ 30 mA
lccans  (In Non Power-Down Mode) toK = oo - 15
lccap Active Standby Current CKE <ViL {max) tck = tck (min) - 3 mA
lccars  (In Power-Down Mode) tok = <o —_ 2
locan Active Standby Current CKE >V {min)  tck = tok (min) — 50 mA
lccans  (In Non Power-Down Mode) tck = oo — 30
lcca Operating Current tck = tek (min) CAS latency = 3 -7 - 195 mA
{In Burst Mode)!" loL =0 mA -8 — 170
All banks activated -10 — 140
CAS latency = 2 -7 — 195 mA
-8 — 170
-10 — 140
lccs Auto-Refresh Current trc = trc (min) -7 —_ 195 mA
-8 — 170
-10 — 140
fcce Seli-Refresh Current CKE=z 0.2V — 2 mA
lec Operating Current tre = tRe (min) loL. = 0 mA, tawe {min} -7 — 190 mA
(one Bank Block Write) -8 — 180
-10 — 170
Notes:

1. These are the values at the minimum cycdle time. Since the currents are transient, these values decrease as the cyde time
increases. Also note that a bypass capacitor of at least 0.01 uF should be inserted between Vecc and GND for each memaory
chip to suppress power supply valtage noise (voltage drops) due to these transient currents.

2. leel and leed depend on the output load. The maximum values for lec1 and lec4 are obtained with the output open state.
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Table 20. AC Characteristics®2?

-7 -8 -10
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
tek Clock Cydle Time CAS Latency = 3 7 — 8 — 10 — ns
CAS Latency = 2 10 — 12 — 13 —
tac Access Time From CLK® CAS Latency = 3 - 8 — 65 - 7 ns
CAS Latency = 2 — 7 — 8 — 9

ter CLK HIGH Level Width 2.5 - 3 - 3.5 —_ ns

toL CLK LOW Level Width 25 - 3 - 35 —_ ns

o Qutput Data Hold Time CAS Latency = 3 25 = 25 - 25 — ns

CAS Latency = 2 25 — 25 — 25 —
CAS Latency = 1 25 — 25 — 25 -
tz Quiput LOW Impedance Time 0 — 0 — 0 — ns
Hz Quiput HIGH Impedance Time® CAS Latency = 3 4 6 4 8 4 10 ns
CAS Latency =2 4 10 4 12 4 14
tns Input Data Setup Time 2 — 2.5 — 3 — ns
bH Input Data Hold Time 1 - 1 - 1 —_ ns
tas Address Setup Time 2 — 25 — 3 — ns
taH Address Hold Time 1 — 1 — 1 — ns
teks CKE Setup Time 2 — 2.5 — 3 — ns
tekH CKE Hold Time 1 - 1 — 1 —_ ns
teka CKE to CLK Recovery Delay Time 1CLK+3 — 1CLK+3 — 1CLK+3 — ns
tcs Command Setup Time (CS, RAS, CAS, WE, DQM, DSF) 2 — 25 — 3 — ns
toH Command Hold Time (CS, RAS, CAS, WE, DQM, DSF) 1 — 1 — 1 — ns

Re Command Period (REF to REF / ACT to ACT) 63 - 72 - 90 —_ ns

tRAS Command Period {(ACT to PRE) 45 100,000 48 102,000 50 102,000 ns

tRP Command Period (PRE to ACT) 21 — 24 — 26 — ns
trep CAS to RAS Delay 20 — 20 — 20 — ns

RRD Command Period {ACT [Q] to ACT[1]} 14 —_ 16 —_ 20 —_ ns

topL Last Data In To Precharge CAS Latency = 3 14 — 16 — 20 - ns
Command Delay Time CAS Latency = 2 14 — 16 — 20 —

DAL Last Data In To Active / Refresh ~ CAS Latency = 3 3B — 0 — 50 — ns
Command Delay time CAS Latency = 2 35 — 40 — 50 —
{Auto-Precharge, same bank)

BDPL Block Write to Precharge Command Delay Time 14 — 16 — 20 — ns

tawe Block Write Cycle Time 14 — 16 —_ 20 —_ ns

tr Transition Time 1 30 1 30 1 30 ns

REF Refresh Cycle Time —_ 32 —_ 32 —_ 32 ns

Notes:

1.

2,
3.

When power is first applied, memory operation should be started 100 ps after Vee and VeeQ reach their stipulated voltages.
Alsa note that the power-on sequence must be executed before starting memory operation.
Measured with tT = 1 ns.

The reference level is 1.4V when measuring input signal timing. Rise and fall imes are measured between ViH (min.} and ViL

(max.).

Access time is measured at 1.4V with the load shown in the figure below.

The time thz (max.} is defined as the ime required for the output voltage to transition by + 200 mV from Vo {min.) or VoL
(max.) when the outputis in the high impedance state.
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Figure 21. Operating Frequency / Latency Relationships

Symbhol Parameter -7 -8 -10 Units
CL 3 2 3 2 3 2
tck  Clock Cycle Time 7 10 8 12 10 15 ns
—  Operating Frequency 143 100 125 83 100 66 MHz
tcac  CAS Latency 3 2 3 2 3 2 cyce
trez  Active Command to Read/Write Command Delay Time 3 2 3 2 3 2 cycle
trac  RAS Latency (trco + tcac) 8 4 6 4 6 4 cycle
trc  Command Period (REF to REF/ACT to ACT) 9 6 9 6 9 6 cycle
tras  Command Period (ACT to PRE) 6 4 6 4 6 4 cycle
tRr Command Period (PRE to ACT) 3 2 3 2 3 2 cycle
trre  Command Period (ACT[D] to ACT [1]) 2 2 3 2 2 3 cycle
tcce  Column Command Delay Time 1 1 1 1 1 1 cycle
(READ, READA, WRIT, WRITA)
tore Last Data In to Prechamge Command Delay Time 2 2 2 2 2 2 cycle
foaL  Last Data In to Active/Refresh Command Delay Time 5 4 5 4 5 4 cycle
(Auto-Precharge, Same Bank)
trec  Burst Stop Command to Quiput in 3 2 3 2 3 2 cycle

HIGH-Z Delay Time (Read)
twee  Burst Stop Command to Input in Invalid Delay Time (Write) cycle

tra.  Precharge Command to Qutputin 3 2 3 2 3 2 cycle
HIGH-Z Delay Time (Read)

o
o
o
o
o
o

twor  Precharge Command to Input in Invalid Delay Time (Write) 0 0 0 0 0D 0 cycle

tsoaL  Block Write to Active Command 6 5 6 5 6 5 cyce
(Auto Precharge, Same Bank)

e Last Data Qut to Precharge Command -2 -1 -2 -1 -2 -1 cycle
tsmco  Special Mode Register Set to Command 1 1 1 1 1 1 cycle
trr  Register Set Command to Register Set Command 2 2 2 2 2 2 cycle
tra.  Last Qutput to Auto-Precharge Start Time (Read) -2 -1 -2 - -2 -1 cycle
tavo  DQM to Output Delay Time (Read) 2 2 2 2 2 2 cyde
tomn  DQM to Input Delay Time (Write) 0 0 0 0 0 0 cyce
tmco  Mode Register Set to Command Delay Time 1 1 1 1 1 1 cycle
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AC TIMING WAVEFORMS
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19
CLK WMMMNNNMMMNNJNNNN
CKE | HIGHLEVEL IS NECESSARY

cs [\ L/

u trRP

1/ 1 L/ ‘

-e
=T

tRG: >

AD-AB

DaMm

DQ

AO/BA |

I b

HIGH LEVEL 1§ NECESSARY N P,

T i

HIGH-Z ¥ 4
PRECHARGE AUTO AUTO MODE  ROW AGTIVE
(ALL BANKS) REREFRESH REREFRESH REGISTER (WRITE PER
SET BIT ENABLE
OR DISABLE)

Figure 18. Power On Sequence and Auto Refresh
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0 1 2 3

eu NN ANNANANNNNS
CKE H'GHf — tras n » .
&N/ T\ U T

trP

AQ-AB

DM

{00y

tsac”
oQ
tsLz
£
f 1 P
ROW ACTIVE READ WRITE OR READ
(WRITE PER BIT BLOCK
ENABLE CR WRITE PRECHARGE
DISABLE)

\_IE/

f

ROW ACTIVE
(WRITE PER

BIT ENABLE

el

0RD|SABLE) -_-: - DON'T CARE

Figure 19. Single Bit Read-Write-Read Cycle (Same Page) at CAS Latency = 3, Burst Length =1
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Notes:
1. All inputs can be “Don’t Care” when CSis high at the CLK high going edge.
2. Bank active and read/write are controlled by A10.

A10 Active and Read/Write
0 Bank A
1 Bank B
3. Enable and disable auto precharge function are controlled by A9 in read/write command.
A9 A10 Operation
0 0 Disable auto precharge, leave bank A active at end of burst.
0 1 Disable auto precharge, leave bank B active at end of burst.
1 0 Enable auto precharge, precharge bank A at end of burst.
1 1 Enable auto precharge, precharge bank B at end of burst.
4. A9 and A10 control bank precharge when precharge command is asserted.
A9 A10 Precharge
Q 0 Bank A
0 1 Bank B
1 X Both Bank

5. Enable and disable Write-per Bit function are controlled by DSF in Row Active command.
A10 DSF Operation

0 L Bank A row active, disable write per bit function for bank A.

0 H Bank A row aclive, enable write per bit function for bank A.

1 L Bank B row active, disable write per bit function for bank B.

1 H Bank B row active, enable write per bit function for bank B.
6. Block write/normal write is controlled by DSF.

DSF Operation Minimum cycle time
L Normal write toen
H Block write tewc

Figure 19. Single Bit Read-Write-Read Cycle (Same Page) at CAS Latency = 3, Burst Length = 1 {confinued)
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CKE [HigH NOTE 1
- tre »

- tre

NOTE

CAS

AO-AB

DSF
DQM
ToH-
DQ: GLOCK @ao at X 0az X 0a
LATENCY =2 - trRAC ; ?OTEéi
Q: GLOG NOTE 2 i ad -« [toH - eTisHz
DQ: CLOCK
LATENGY = 3 Qa0 \Qa1 X\ Qa2 A Qe p—1——
* tRAC s * 41t cHz7
NOTE 3 +
tsac
ROW ACTIVE READ PRECHARGE ROW ACTIVE WRITE PRECHARGE
(A-BANK) (ABANK) (A-BANK) (A-BANK) (A-BANK) (A-BANK)
:DON’TCARE
Notes:

1. Minimum cycle ime is required to complete intemal DRAM operation.

2. Row precharge can interrupt burst on any cycle. [CAS Length = 1] valid output data available after Row enters
precharge. Last valid output will be Hi-Z after tsnz from the clock.

3. Access time from Row address. toc x (lreo = CAS Latency = 1) + tsac.

4. Quiput will be Hi-Z after the end of burst (1, 2, 4, and 8). At Full page bit burst, burst is wrap-around.

Figure 20. Read and Write Cycle at Same Bank at Burst Length = 4
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0 1 2 3 4 5 <] 7 8 9 10 1 12 13 14 15 16 17 18 18

SAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAWAVAUAVAVA

CAS F

A S o s e s B s P PO P P S s
]
e e e e e e e e e e

e s A P P o o S F )
e e e e e e 5

i

AD-AB |

A10 [

teLDte—p - tRoL

DSF
NOTE1 NOTEQ
DQM
DQ: CLOCK Q@
LATENCY =2
DQ: CLOCK
LATENCY =3
ROW ACTIVE READ READ WRITE WRITE ~ PRECHARGE e
(A-BANK) (ABANK)  (ABANK) (ABANK)  (ADANK}  (ABANK) 2] DON'T CARE
Notes:
1. To write data before burst read ends, DQM should be asserted three cydles prior to write command to avoid bus
contention,

2. Row precharge will interrupt writing. Last data input, troL before Row precharge, will be written.
3. DQM should mask invalid input data on precharge command cycle when asserting precharge before end of burst.
Input data after Row precharge cycle will be masked internally.

Figure 21. Page Read and Write Cycle Same Bank at Burst Length = 4
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

AD-A8 B

AR R RS F R RO E DR A ST B R eI B R e LR ; -' ]
e i o F;
pio R R R R SR S PR S o 5 AR

R D
DQ RO e o E o ET

foepenbenyeny ' asi xoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxo
B g o Y A R R X B3 13 1 O P

! f ! f f !

ROW ACTIVE WITH MASKED MASKED ROW ACTIVE BLOCK BLOCK

WRITE-PER-BIT BLOCK BLOCK (B-BANK) WRITE WRITE
ENABLE WRITE WRITE (B-BANK) WITH AUTO
(A-BANK) (A-BANK)  WITH AUTO PRECHARGE
PRECHARGE (B-BANK)
{A-BANK)
Naotes:

1. Column Mask (DQi = L: Mask, DQi = H: Non-mask).

2. we: Block Write Cycle time.

3. At Block Write, second cycle should be in NOP.
Qther Bank can be active or precharge.

4. At Block Write, CAQ-2 are ignored.

Figure 22. Block Write Cycle (with Auto Precharge)
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0 1 2 3
CLK

AVAVAVAVY

AVAVAVAVAVAVAVAVAVAVAWAWAW

CKE |[HiGH

N\ /

G e

B et Lo e e e e et e e
L s A P R P P Fo R ROAF s s

e
SR L B U SR B R SR
i £ i R £ KL K e

I
3R
o

QM
DQ Cdlor h,lg)g(
LOAD LOAD
COLCR MASK
REGISTER REGISTER
ROW ACTIVE
WITH
WRITE-PER-BIT
ENABLE
[A-BANK)
Note:

Xe fxe  Golor DBad DBal
MASKED LOAD MASK WRITE
BLOCK MASK WITH AUTO
WRITE REGISTER PRECHARGE
(A-BANK) (B-BANK)
ROWACTIVE  LOAD
WITH COLOR
WRITE-PER-BIT REGISTER
ENABLE
(B-BANK)

—
e K eI R

h———
0 R e e e, S e e

h————
e e e

e e T

DBa? DBa3

1. At the next dock of special mode register set command, new command is possible.

Figure 23. SMRS and Block/Normal Write at Burst Length =4
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o AN NNNNNANANNANNNANS
CKE | HIGH

cs [\ /| |\ /| S

R R e e
e
B ey

— h————
e K eI R 0 R R R e G G G R e D S e S e

h———— h———
0 I D 2 g 2 D
e e e o e e e e e e e e e e e e e e e e e e )
R RO e o

! 1 f (. f
LOAD LOAD MASKED LOAD MASK WRITE
GOLOR MASK BLOCK MASK WITH AUTO
REGISTER | REGISTER  WRITE REGISTER PRECHARGE ____
(A-BANK) (B-BANK) %1 : DON'T CARE
ROW ACTIVE ROWACTIVE  LOAD
WITH WITH COLOR
WRITE-PER-BIT WRITE-PER-BIT REGISTER
ENABLE ENABLE
{A-BANK) {B-BANK)
Note:
1. At the next dock of special mode register set command, new command is possible.
Figure 23. SMRS and Block/Normal Write at Burst Length =4
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CAS \/ A/ VARV A W)

po-as [

A1 O B2,

A9 1

DSF |HieH
DQOM
DQ: CLOCK
LATENCY =2
DQ: CLOCK
LATENCY =3

ROW ACTIVE ROW READ READ READ READ  PRECHARGE
(A-RANK) ACTIVE (B-RANK) (ARANK)  (R-BANK)  (ABANK)  [ARANK)
(B-BANK)
READ ey
(0K DON'T CARE
Notes:

1. CScan be “Don’t Care” when RAS, CAS, and WE are high at the dlock high gaing edge.
2. Tointerrupt a burst read by row precharge, hoth the read and the precharge banks must be the same.

Figure 24. Page Read Cycle at Different Bank at Burst Length = 4
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CAS |

CaMm

DQ Mask —@aﬂﬁm DAae:X[E\as DBb0 DB@@bz DBba DAMDAm DAcXDACS DB@@@@W DBo3)——
b b ! t f

LOAD ROW WRITE MASKED WRITE WITH
MASK ACTIVE {B-BANK) WRITE WITH AUTO
REGISTER {B-BANK) ALTO PRECHARGE PRECHARGE
ROW ACTIVE MASKED (A-BANK) (B-DANK)
WITH WRITE .
WRITE-PER-BIT (A-DANK) - DONT GARE
ENABLE
(A-BANK)
Figure 25. Page Write Cycle at Different Bank at Burst Length = 4
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DSF T

DQM
DQ: CLOCK (o {5
LATENCY = 2 N A
DQ: GLOCK
LATENGY = 3

il o] | !

WRITE READ
(A-BANK) (A-BANK) (B-3ANK) (B-BANK) (A-BANK)
PRECHARGE ROW ACTIVE
(A-BANK) {A-BANK) : DON'T CARE

Note:
1. tooL should be met to complete write.

Figure 26. Read and Write Cycle at Different Bank at Burst Length = 4
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FLrny
L E L Loy e o Cr o e o g
S S S e e S S SR

ooy
R O e R e S S e e
SR
i 2 e e R R

R SO P S
2 LA R o e G G R G Ee

DSF

DOM

DQ: CLOCK
LATENCY =2

DQ: CLOCK
LATENCY =3

Note:

f

ROW ACTIVE
(A-BANK)

!

ROW ACTIVE
(B-BANK)

READ
WITH AUTO
PRECHARGE

{A-BANK)

AUTOPRECHARGE
STARTPOINT
[A-BANK)

WRITE WITH
AUTOPRECHARGE
{B-BANK)

AUTO PRECHARGE

START POINT
(B-BANK)

: DONT CARE

1. troL should be controlled to meet minimum 1Ras before internal precharge start (in the case of Burst Length = 1 and 2,
BRSW mode and Block write).

Figure 27. Read and Write Cycle with Auto Precharge at Burst Length = 4
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ISAVAVAVAVAVAVAVAWAVAVAVAVAVAVAVAVAVAVAVAY

AQ-A8 [

DSF

DQOM

DQ: CLOCK
LATENCY =2

DQ: CLOCK
LATENCY =3

f f ! f !

ROW ACTIVE ROW ACTIVE READ PRECHARGE ROW ACTIVE WRITE WITH
(A-BANK) (B-RANK) WITHOUT (B-BANK) (A-BANK) AUTOPRECHARGE
AUTO (A-BANK)
READ  PRECHARGE
WITH AUTO  (R-RANK) S—
PRECHARGE #1: DON'T CARE
(A-BANK) AUTO
PRECHARGE
STARTPOINT
(A-BANK)

Note:

1. When Read (Write) command with auto precharge is issued at A-Bank after A and B Bank activation.
— If Read (Write) command without auto precharge is issued at B-Bank before A Bank auto precharge starts, A Bank
auto precharge will start at the next cycle of B Bank read command input point.
— Any command can notbe issued at A Bank during tre after A Bank auto precharge starts.

Figure 28. Read and Write Cycle with Auto Precharge |l at Burst Length = 4
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0 1 2 3 4 5 [} 7 8 9 10 11 12 13 14 15 16 17 18 19

T AVAVAVAVAVAVAVAUAVAVAVAVAVAUAVAUAVAVAVAVS

DSF
DOM £
DQ: CLOCK @
LATENCY =2
DG: CLOCK
LATENCY =3
ROW ACTIVE READ AUTO READ AUTO
{A-BANK) WITH AUTO PRECHARGE WITH AUTO PRECHARGE
PRECHARGE START POINT PRECHARGE START POINT
(A-BANK) (ABANK)  (B-BANK) (B-BANK) e
ROW ACTIVE 24 : DONT CARE
(B-RANK) e
Note:

1. Any command to A Bank is not allowed in this period. tre is determined from at auto precharge start point.

Figure 29. Read and Write Cycle with Auto Precharge * at Burst Length = 4
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0 1 2 3 4 5 <] 7 8 9 L0 | 12 13 14 15 16 17 18 19

TSAVAVAVAVAVAVAVAVAVAVAVAVAVAUAVAUAVAUAV AV

L g1 2 Y 2y o R G e G R KA R
e e e e e e
)

28
BhE
2

e

DSF

DAM

DQ: CLOCK
LATENCY =2

DQ: CLOCK
LATENGY =3

f !

ROW ACTIVE READ BURST READ PRECHARGE
(A-BANK) (A-BANK) sTOP (A-BANK) (A-BANK)

2 DONT CARE

Notes:

1. Atfull page mode, burstis wrap-around at the end of burst. So auto precharge is impossible.

2. Aboutthe valid DQs after burst stop, it is same as the case of RAS interrupt. both cases areillustrated above timing
diagram. See the label 1,2 on them. But at burst write, Burst stop and RAS interrupt should be compared carefully.
Refer to the timing diagram of “Full Page Write Burst Stop Cydle™

3. Burst stop is valid at full page mode.

Figure 30. Read Interupted by Precharge Command and Read Burst Stop Cycle (at Full Page Only)
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ISAVAVAVAVAVAVAVAWAVAVAVAVAVAVAVAVAVAVAVAVE

AD-AB |3

DaM |

DQ: CLOCK (orac) n ()
LATENGY = 2 i

DQ: CLOCK
LATENCY =3 A0 \[llai"/

ROW ACTIVE WRITE ROW ACTIVE READ PRECHARGE
(ABANK)  (ABANK) {A-BANK) (A BANK) {A-BANK)
ROW ACTIVE WRITE WITH
(B-BANK) AUTO PRECHARGE PR . DON'T CARE
READ WITH (B-BANK)
AUTOPRECHARGE
{A-RANK)

Notes:

1. BRSW mode is enabled by setting A9 “High® at MRS (Mode Register Set). At the BRSW Mode, the burst length at
write is fixed to “1” regardless of programmed burst length.

2. When BRSW write command with auto precharge is executed, keep it in mind that tras should not be violated. Auto
precharge is executed at the burst-end cycle, so in the case of BRSW write command. The next cycle is also starts
the precharge.

3. WPB function is also possible at BRSW mode.

Figure 32. Burst Read Single Bit Write Cycle at Burst Length = 2, BRSW
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0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19

SAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAWAYANAYAVA

NOTE 1

DQM /

/A /7
DQ {carX Qm:X c2 ¥Yoa .
tsHZ tsHZ

! f ! f T_'_T b
ROW READ CLOCK READ WRITE

ACTIVE SUSPEND READ DCOM WRITE
DGOM

CLOCK
SUSPEND

£ : DON'T GARE

Note:
1. DQM needed to prevent bus contention.

Figure 33. Clock Suspension and DQM Operation Cycle at CAS Latency = 2, Burst Length = 4
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0

ok [\

AVAVAVAVY
le»- 155 1 55-jem 1 55 H 85
CKE NOTE 1 \ j_’

f 4 (o
DQ y) ) ( cac X Cat X 0e2

! o Pt !

PRECHARGE : DONT CARE

PRECHARGE ROW READ
POWER-DOWN AGTIVE
ENTRY
PRECHARGE ACTIVE ACTIVE
POWER-DOWN PCOWER- POWER-
EXIT DOWN DOWN
ENTRY EXIT

Notes:
1. All banks should be in idle state prior to entering precharge power down mode.

2. CKE should be set high at least “1CLK + tss® prior to Row active command.
3. Cannot violate minimum refresh specification (32 ms).

Figure 34. Active/Precharge Power Down Mode at CAS Latency = 2, Burst Length =4
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0 1

M\

QTE 7, A NOTE 7

DO I i
HI-Z 4 HI-Z p/]
SELF &FLF AUTC
REFRE&H REFRE&H REFRESH
ENTRY EXIT m—
= DONT CARE
Notes:

TO ENTER SELF REFRESH MQDE

1. CS, RAS, and CAS with CKE should be low at the same clock cycle.

2. After one clock cycle, all the inputs including the system clock can be “Don’t Care” except for CKE.

3. The device remains in the salf refresh mode as long as CKE stays “Low”. Once the device enters self refresh mode
minimum tras is required before exit from self refresh.

TQ EXIT SELF REFRESH MQDE

4. System clock restart and be stable before returning CKE high.

5. CS starts from high.

6. Minimum tre is required after CGKE going high to complete self refresh exit.

7. 2K cycle of burst auto refresh is required before self refresh entry and after self refresh exitif system uses burst
refresh.

Figure 35. Self Refresh Entry and Exit Cycle
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0 1 2 3 4 5 6

SIS AV AVAVAYAS AR T aVaV aVaVaVa VAW AW aVaV Vs

CKE HIGH CKE HIGH er
— e B
S \ / 5 \| / y) \|

-+~ + tRe >

DQ {C
ba HI-Z HI-Z 4
MRS NEW AUTO NEW
COMMAND REFRESH COMMAND

it DON'T GARE

pazeiEes . DONT CARE

Both bank precharge should be completed ]
Mode Register Set cyde and auto refresh cycle. Figure 37. Auto Refresh Cycle

Notes: _

1. C§, ra8, CAS, and WE activation and DSF of
low at the same clock with address key will set
internal mode register.

2. Minimum ane clock cycle should be met before
new RAS activation.

3. Please refer to Mode Register Set table.

Figure 36. Mode Register Set Cycle
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ORDERING INFORMATION
Commercial Range: 0°C to 70°C

Frequency Speed (ns) Cycle Time Order Part No. Package
143 MHz -7 1S42G32256-7PQ PQFP
125 MHz -8 1542G32256-8PQ PQFP
100 MHz -10 1842G32256-10PQ PQFP

Integrated Silicon Solution, Inc.

2231 Lawson Lane

Santa Clara, CA 95054
Fax: (408) 588-0806

Toll Free: 1-800-379-4774
Email: sales @issi.com
hitp://www.issi.com
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