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1. General Description

The CS56SD256 SDRAM is a high-speed CMOS synchronous DRAM containing 256 Mbits. It
is internally configured as 4 Banks of 4M word x 16 DRAM with a synchronous interface (all
signals are registered on the positive edge of the clock signal, CLK). Read and write accesses
to the SDRAM are burst oriented; accesses start at a selected location and continue for a
programmed number of locations in a programmed sequence. Accesses begin with the
registration of a BankActivate command which is then followed by a Read or Write command.
The CS56SD256 provides for programmable Read or Write burst lengths of 1, 2, 4, 8, or full
page, with a burst termination option. An auto precharge function may be enabled to provide a
self-timed row precharge that is initiated at the end of the burst sequence. The refresh functions,
either Auto or Self Refresh are easy to use. By having a programmable mode register, the
system can choose the most suitable modes to maximize its performance. These devices are
well suited for applications requiring high memory bandwidth and particularly well suited to high
performance PC applications.

2. Features

. Fast access time from clock: 5/ 5.4 ns . Programmable Mode registers
- CAS Latency: 2, or 3
Burst Length: 1, 2, 4, 8, or full page

. Fast clock rate: 166/143 MHz

o Fully synchronous operation

Burst Type: Sequential or Interleaved

. Internal pipelined architecture _ Burst stop function

. 4M word x 16-bit x 4-bank o Auto Refresh and Self Refresh
o CKE power down mode . 8192 refresh cycles/64ms

. Single +3.3V £ 0.3V power supply . Operation Temperature:

- Industrial grade: TA= -40~85°C
- Commercial grade: TA=0~70°C

. Interface: LVTTL

. Packages: 54-pin TSOP2-400mil
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o KEY TIMING PARAMETERS
CS56SD64 -6 7 unit
tCK3 Clock Cycle time(min.) 6 7
tAC3 Access time from CLK(max.) 5 5.4
ns
tRAS Row Active time(min.) 42 42
tRC Row Cycle time(min.) 60 63
3. Pin Configurations
54L TSOP2-400mil
vDD [ ]1© 54 [ 1VSS
pao |2 53 1 DQ15
vooa [ |3 52 [ 1vssa
D14 51 1 Da14
Da2[]5 50 [ DQ13
vssal[ |6 49 [ vDDQ
D37 48 [ 1 D012
Doa[ |8 47 [ pan
vDbDo |9 46 [ VSSQ
pas |10 45 [ 1 pa1o
pas [ 1 44 [ 1DQ9
vssQ [ |12 43 ] vDDQ
par |13 42 [ 1 pas
vDD [ |14 41 [ Jvss
LDamM [ 15 40 [ 1 NC
WE#[__|16 39 [Jupam
casg# |17 38 [ JCLK
RAS#[ |18 37 [ CKE
cs#__|19 36 [ A12
Bao {20 35 1 AN
Ba1 [ |21 Mq[ 1A
A10/AP [ 22 331 A8
A0 [ 23 32 [ A7
Al |24 N[ IAe
A2 125 30 1 A5
A3[ |26 29[ 1 ng
vDD [ 27 28 ] vss
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3.1 Pin Descriptions

Symbol Type Description

CLK Inout Clock: CLK is driven by the system clock. All SDRAM input signals are sampled on the positive
npu

edge of CLK. CLK also increments the internal burst counter and controls the output registers.
Clock Enable: CKE activates (HIGH) and deactivates (LOW) the CLK signal. If CKE goes low

synchronously with clock (set-up and hold time same as other inputs), the internal clock is
suspended from the next clock cycle and the state of output and burst address is frozen as long
as the CKE remains low. When all banks are in the idle state, deactivating the clock controls the
CKE input entry to the Power Down and Self Refresh modes. CKE is synchronous except after the device
enters Power Down and Self Refresh modes, where CKE becomes asynchronous until exiting the

same mode. The input buffers, including CLK, are disabled during Power Down and Self Refresh

modes, providing low standby power.

Bank Activate: BAO, BA1 input select the bank for operation.

BA1 BAO Select Bank

BAO,BA1 Input 0 0 BANK #A

0 1 BANK #B
1 0 BANK #C
1 1 BANK #D

IAddress Inputs: A0-A12 are sampled during the BankActivate command (row address A0-A12) and
Read/Write command (column address A0-A8 with A10 defining Auto Precharge) to select one
AO0-A12 Input  [location out of the 4M available in the respective bank. During a Precharge command, A10 is
sampled to determine if all banks are to be precharged (A10 = HIGH). The address inputs also

provide the op-code during a Mode Register Setcommand.

Chip Select: CS# enables (sampled LOW) and disables (sampled HIGH) the command decoder.
CS# Input  [All commands are masked when CS# is sampled HIGH. CS# provides for external bank selection

on systems with multiple banks. It is considered part of the command code.
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Row Address Strobe: The RAS# signal defines the operation commands in conjunction with the
CAS# and WE# signals and is latched at the positive edges of CLK. When RAS# and CS# are
asserted "LOW" and CAS# is asserted "HIGH," either the Bank Activate command or the
RASH# Input  [Precharge command is selected by the WE# signal. When the WE# is asserted "HIGH," the Bank
Activate command is selected and the bank designated by BA is turned on to the active state. When
the WE# is asserted "LOW," the Precharge command is selected and the bank designated by BA is
switched to the idle state after the precharge operation.
Column Address Strobe: The CAS# signal defines the operation commands in conjunction with the|
RAS# and WE# signals and is latched at the positive edges of CLK. When RAS# is held "HIGH" and
CASH input CS# is asserted "LOW," the column access is started by asserting CAS# "LOW." Then, the Read or|
\Write command is selected by asserting WE# "LOW" or "HIGH."
\Write Enable: The WE# signal defines the operation commands in conjunction with the RAS# and
WE# Input |CASH# signals and is latched at the positive edges of CLK. The WE# input is used to select the
BankActivate or Precharge command and Read or Write command.
LDQM, UDQM Input  |Data Input/Output Mask: Controls output buffers in read mode and masks Input data in write mode.
Input/ [Data I/O: The DQO-15 input and output data are synchronized with the positive edges of CLK. The
Pao-bats Output |I/Os are maskable during Reads and Writes.
NC/RFU - No Connect: These pins should be left unconnected.
VDDQ Supply |DQ Power: Provide isolated power to DQs for improved noise immunity. ( 3.3V+0.3V )
VSSsQ Supply |DQ Ground: Provide isolated ground to DQs for improved noise immunity. (0 V')
VDD Supply  [Power Supply: +3.3V +0.3V
VSS Supply |Ground
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4. Block Diagram

CLK —— CLOCK ﬁ AM x 16
BUFFER | : CELL ARRAY
« (BANK &4)
CSs#
RASH — Dao
CASH COMMAND 1
WE# DECODER CONTROL DQ15
el SIGHAL
GEMNERATOR
LDQM, UDQaMm
COLUMM z -
A10/AP COUNTER z CELA'N'?(RE;}T
MODE
REGISTER
AD-AS
A1 ADDRESS
A12 BUFFER
BAOD 3 AM x 16
BA1 Z E CELL ARRAY
® 8 (BANK #C)
REFRESH T oI DECOUET

COUNTER

4M x 16
CELL ARRAY
(BANK #0)

Row

5. Operation Mode

Fully synchronous operations are performed to latch the commands at the positive edges of
CLK. Table 4 shows the truth table for the operation commands.
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Truth Table (Note 1, 2)

Command State CKEn-1 | CKEn | DQM | BAO,1 | A10 [ A0-9,11-12 | CS# | RAS# | CAS# | WE#

BankActivate Idle(3) H X X v Row address L L H H
BankPrecharge Any H X X \Y L X L L H L
PrechargeAll Any H X X X H X L L H L
Write Active(3) H X % % L | Column L H L L
Write and AutoPrecharge Active(3) H X \VJ \YJ H address L H L L
Read Active(3) H X % % L | Column L H L H
Read and Autoprecharge Active(3) H X Vv Y H address L H L H
Mode Register Set Idle H X X OP code L L L L
No-Operation Any H X X X X X L H H H
Burst Stop Active(4) H X X X X X L H H L
Device Deselect Any H X X X X X H X X X
AutoRefresh Idle H H X X X X L L L H
SelfRefresh Entry Idle H L X X X X L L L H
) Idle H X X X

SelfRefresh Exit L H X X X X
(SelfRefres L H H H
. H X X X

Clock Suspend Mode Entry Active H L X X X X
L \Y, \Y \Y
H X X X

Power Down Mode Entry Any(9) H L X X X X
L H H H
Clock Suspend Mode Exit Active L H X X X X X X X X
. Any H X X X

Power Down Mode Exit L H X X X X
(PowerDow L H H H
Data Write/Output Enable Active H X L X X X X X X X
Data Mask/Output Disable Active H X H X X X X X X X

Note:
1. V=Valid, X=Don't Care L=Low level H=High level
2. CKEn signal is input level when commands are provided.
CKEn-1 signal is input level one clock cycle before the commands are provided.
3. These are states of bank designated by BA signal.
4. Device state is 1, 2, 4, 8, and full page burst operation.
5. Power Down Mode can not enter in the burst operation.

When this command is asserted in the burst cycle, device state is clock suspend mode.
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5.1 Commands

5.1.1 Bank Activate

(RAS# ="L", CAS# = "H", WE# = "H", BAs = Bank, A0-A12 = Row Address)

The BankActivate command activates the idle bank designated by the BAO, 1 signals. By
latching the row address on A0 to A12 at the time of this command, the selected row access is
initiated. The read or write operation in the same bank can occur after a time delay of tRCD
(min.) from the time of bank activation. A subsequent BankActivate command to a different row
in the same bank can only be issued after the previous active row has been precharged (refer
to the following figure). The minimum time interval between successive BankActivate
commands to the same bank is defined by tRC (min.). The SDRAM has four internal banks on
the same chip and shares part of the internal circuitry to reduce chip area; therefore it restricts
the back-to-back activation of the two banks. tRRD (min.) specifies the minimum time required
between activating different banks. After this command is used, the Write command and the
Block Write command perform the no mask write operation.

—T_‘—T_—T_‘

ADDRESS . N :
) HAS#-IEAS#deIMT.uLL] J | RASE - Rha#dmayime[tw; |

s | ¥
COMMAND  ~(E5ii )+ nor i wor D —(m. wor -( wor W i —

| | | RAS# - Cycle time(ta) | | |

d b
k] I T T T L]

AutoPrecha i
“Begin m Don’t Care

T3 Tn+3 Tn+4 , Tn+5 Tn+6

Bank Activate Command Cycle (Burst Length = n)

5.1.2 BankPrecharge command

(RAS# ="L", CAS# = "H", WE# ="L", BAs = Bank, A10 = "L", AO-A9 , A11 and A12 = Don't care)
The BankPrecharge command precharges the bank disignated by BA signal. The precharged
bank is switched from the active state to the idle state. This command can be asserted anytime
after tras(min.) is satisfied from the BankActivate command in the desired bank. The maximum
time any bank can be active is specified by tras(max.). Therefore, the precharge function must
be performed in any active bank within tras(max.). At the end of precharge, the precharged
bank is still in the idle state and is ready to be activated again.
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5.1.3 PrechargeAll command

(RAS# ="L", CAS# = "H", WE# = "L", BAs = Don’t care, A10 = "H", A0-A9, A11 and A12 = Don't
care)

The PrechargeAll command precharges all banks simultaneously and can be issued even if all
banks are not in the active state. All banks are then switched to the idle state.

5.1.4 Read command

(RAS# ="H", CAS# = "L", WE# = "H", BAs = Bank, A10 = "L", AO-A7 = Column Address)

The Read command is used to read a burst of data on consecutive clock cycles from an active
row in an active bank. The bank must be active for at least trco (min.) before the Read
command is issued. During read bursts, the valid data-out element from the starting column
address will be available following the CAS latency after the issue of the Read command. Each
subsequent data-out element will be valid by the next positive clock edge (refer to the following
figure). The DQs go into high-impedance at the end of the burst unless other command is
initiated. The burst length, burst sequence, and CAS latency are determined by the mode
register, which is already programmed. A full-page burst will continue until terminated (at the
end of the page it will wrap to column 0 and continue).

TO Lk T2 T3 T4 T5 T6 T7 T8
CLK 1L 1L fLfLfLfLfLfL

COMMAND —CREAD?:< INDF‘ }-{ II‘IOP :)—( INDF‘ Hlmop }-{Iuop }—{ NOP }-{ NOP H NOP }_

CAS# Latency=2
tows, DQ

™, !
| | | |

I N e e

|
: {mm}(mwm}{mwm:{mmn,}

CAS# Latency=3
toxs. DO

Burst Read Operation (Burst Length = 4, CAS# Latency = 2, 3)

The read data appears on the DQs subject to the values on the DQM inputs two clocks earlier
(i.e. DQM latency is two clocks for output buffers). A read burst without the auto precharge
function may be interrupted by a subsequent Read or Write command to the same bank or the
other active bank before the end of the burst length. It may be interrupted by a BankPrecharge/
PrechargeAll command to the same bank too. The interrupt coming from the Read command
can occur on any clock cycle following a previous Read command (refer to the following figure).
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CLK

O T1 T2 T3 T4 T5 T6 T7 T8
| L L f Lf 1 | | | L

COMMAND —{READ&HHEADHH .HDP }—( HOP H HOP )—{ }—{ HOP }—{ HOP )—( HOP }—

CAS# Latency=2

tl.':h’.!! DQ

CAS# Latency=3

tews, DQ

DOUTA.:.XDOLFFB;XDIOLWEXEIDUT&KME,\ : i

£l
| | | |

I
: fmmemm}{mm&Xmma;Xmms}—:—
I

Read Interrupted by a Read (Burst Length = 4, CAS# Latency = 2, 3)

The DQM inputs are used to avoid I/O contention on the DQ pins when the interrupt comes from
a Write command. The DQMs must be asserted (HIGH) at least two clocks prior to the Write
command to suppress data-out on the DQ pins. To guarantee the DQ pins against I/O
contention, a single cycle with

high-impedance on the DQ pins must occur between the last read data and the Write command
(refer to the following three figures). If the data output of the burst read occurs at the second
clock of the burst write, the DQMs must be asserted (HIGH) at least one clock prior to the Write
command to avoid internal bus contention.

T T T2 T3 T4 TS T6 T7 Ta T

CLK JI I I I i I F I i I i I = I I II I_
N N A N S S S
n |
DaM | | ot | | | | |
| | o | [
COMMAND —( >—< NOP HE':,:.:‘AH >—< NOP >—<HEA&D£L>—<\WTE&>—< HOR >—< HOR >—< HOR )—
[ [ [ [ R
| | | | [ | |
CAS# Latency=2 | | | | L /
T T T T T \'I % DN &g X DAN &, X DN A X DI 2y }-
texz, DQ [ [ [ [ | [ [ [ I

Read to Write Interval (Burst Length 2 4, CAS# Latency = 2)
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Dam L'_l_/
COMMAND _{ }_{ ) D S D S o s i S S D S = o

[ [
CAS# Latency=2 : :
| |
[ [

K L L fLfLfLfLfLfLfl
:
|
|

texz, DQ

|
|
| .
I | { oms, X ows, XDIHBJXDIHE,>—-
: Must be hi-Z he'l'urle ! ! !
the Write Command

[ Don't Care

Read to Write Interval (Burst Length 2 4, CAS# Latency = 2)

T4 15 T6 T7 T8
CLK _T LT LT LT LT LT L1 L

1/ N\ | |

| | | NN | |
COMMAND ~ rIIOP (rean )~ wop ' wor )—(IHDP‘ )—(:I P (R u}-{luop }-(Inop H—
CAS# Latency=3 i (E\>"—|—< oms, W ome. X ;m B

toks, DO
Must be H| -£ before
the Write Command

Dam |

—_— —
Ia

T

|

'\ |
|

B8 Don't Care
Read to Write Interval (Burst Length = 4, CAS# Latency = 3)

A read burst without the auto precharge function may be interrupted by a BankPrecharge/
PrechargeAll command to the same bank. The following figure shows the optimum time that
BankPrecharge/ PrechargeAll command is issued in different CAS latency.
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TO Lk T2 T3 T4 T5 6 . T7 T8

CLK

ADDRESS

ITRP

COMMAND —(READAH NDP }-{ NI:IF' }-(: >—<Prwhamn>—< HOP }-{ }-(mr-am}-(: HOF }-

T

|

W |
YAl
|

| | | | |

| I | | |

Ei?#é{liatEHCFE i i { :;cu.rr A }(l:;u:uu-rn. :}{:;DUT 8 X IZ:IIDLIT 4 ) i i
| | | ] ] ] ] | |

CAS# Latency=3__ . . Iy L .
o ba y= | | : \nnman:oman:nmannmn,f | |

Read to Precharge (CAS# Latency = 2, 3)

5.1.5 Read and AutoPrecharge command

(RAS# ="H", CAS# ="L", WE# = "H", BAs = Bank, A10 = "H", A0-A8 = Column Address)

The Read and AutoPrecharge command automatically performs the precharge operation after
the read operation. Once this command is given, any subsequent command cannot occur within
a time delay of {tre(min.) + burst length}. At full-page burst, only the read operation is performed
in this command and the auto precharge function is ignored.

5.1.6 Write command

(RAS# = "H", CAS# ="L", WE# = "L", BAs = Bank, A10 = "L", A0-A8 = Column Address)

The Write command is used to write a burst of data on consecutive clock cycles from an active
row in an active bank. The bank must be active for at least treo (min.) before the Write command
is issued. During write bursts, the first valid data-in element will be registered coincident with the
Write command.

Subsequent data elements will be registered on each successive positive clock edge (refer to
the following figure). The DQs remain with high-impedance at the end of the burst unless
another command is initiated. The burst length and burst sequence are determined by the
mode register, which is already programmed. A full-page burst will continue until terminated (at
the end of the page it will wrap to column 0 and continue).
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A write

T0 T1 T2 T3 T4 TS TG 7 T8
CLK x I r I r I - I E I k- I r I r I - I_

COMMAND —{ NOP HWTEAH :’)—{ NOP )—{ )—( NOP )—{I :}-—{I NoP Hluop :)—
DQ HnlmmHnleHnlmmHnlug)—ﬁ ; ; ;

Tha Tirat uatgmmnammwm
are regiatered on the same cleck sdgs

Burst Write Operation (Burst Length = 4)

burst without the auto precharge function may be interrupted by a subsequent

Write, BankPrecharge/PrechargeAll, or Read command before the end of the burst length. An
interrupt coming from Write command can occur on any clock cycle following the previous
Write command (refer to the following figure).

TO T1 T2 T3 T4 T5 TG 7 T8

CLK l l l l l l | | L
|
COMMAND —( NoP }—(ﬁﬁlTEAHWRITEB}—( e }-(: NP :)-{: >—<INDP Hlmp }—{INDF }_
| | | | |
Da —:—{DIN%HDIM&HDINE.HDINE,HDIHB_-} ! ! !

Write Interrupted by a Write (Burst Length = 4)

The Read command that interrupts a write burst without auto precharge function should be
issued one cycle after the clock edge in which the last data-in element is registered. In order
to avoid data contention, input data must be removed from the DQs at least one clock cycle
before the first read data appears on the outputs (refer to the following figure). Once the Read
command is registered, the data inputs will be ignored and writes will not be executed.
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To Lk T2 T3 T4 T3 TG 7 T8
CLK 1L f1Lf L fLflLfLfLfLfL

COMMAND —{ I!‘IDP HWI;:I‘I’E&.HR;EADBH !mp H!mp H!NDP H!mp }—(TNDP' :)—(IMOP >—

CAS# Latency=2
tckz, DQY

CAS# Latency=3
tews, DQ

-l
Input data must be remowved from the DG at
least one clock cycle before the Read data
appears on the outputs to avoid data contention

Write Interrupted by a Read (Burst Length = 4, CAS# Latency = 2, 3)

The BankPrecharge/PrechargeAll command that interrupts a write burst without the auto
precharge function should be issued m cycles after the clock edge in which the last data-in
element is registered, where m equals twr/tck rounded up to the next whole number. In addition,
the DQM signals must be used to mask input data, starting with the clock edge following the
last data-in element and ending with the clock edge on which the BankPrecharge/PrechargeAll
command is entered (refer to the following figure).

Lk LI I O e O B T B
tap : N

ADDRESS

DQ

Note: The LDQM/UDQM can remain low in this example if the length of the write burst is 1 or 2.
Write to Precharge
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5.1.7 Write and AutoPrecharge command_(RAS# = "H", CAS# ="L", WE# = "L", BAs =
Bank, A10 = "H", A0-A8= Column Address)

The Write and AutoPrecharge command performs the precharge operation automatically after
the write operation. Once this command is given, any subsequent command can not occur
within a time delay of {(burst length -1) + tWR + tRP (min.)}. At full-page burst, only the write
operation is performed in this command and the auto precharge function is ignored.

T0 T T2 T3 T4 Ta TG T7 T8 T3

CLK | | | | | | 1‘__‘[ L1 |_T L
COMMAND —-—<NDF>—<NDP }—(:...m......}-{ HHDPEI)-( NDF}-{ )—(NDF)—-—
e g o

1 l
LT PR P * Begin AutnF're-{:harqe
Bank can be reactivated at
completion of taa.

Burst Write with Auto-Precharge (Burst Length = 2)

5.1.8 Mode Register Set command (RAS# = "L", CAS# = "L", WE# = "L", A0-A11 = Register
Data)

The mode register stores the data for controlling the various operating modes of SDRAM. The
Mode Register Set command programs the values of CAS latency, Addressing Mode and Burst
Length in the Mode register to make SDRAM useful for a variety of different applications. The
default values of the Mode Register after power-up are undefined; therefore this command must
be issued at the power-up sequence. The state of pins AO~ A12 in the same cycle is the data
written to the mode register. Two clock cycles are required to complete the write in the mode
register (refer to the following figure). The contents of the mode register can be changed using
the same command and the clock cycle requirements during operation as long as all banks are
in the idle state.
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5.1.8.1Mode Register Bitmap

BAT[BAO[A12Z [A11 [AID] A9 | AB | AT [ A6 | A5 [ A4 | A3 | A2 | Al | AD

RFUF] O | RFU* WBL | Test Mode CAS Latency BT Burst Length
i |
i | —
AS | Write Burst Length Al | AT Test Mode A3 | Burst Type

0 Burst 010 Mormal 0 Sequential
1 Single Bit 1 0 Vendor Use Only 1 Intereave
0] 1 Vendor Use Only

A | AR | Ad CAS Latency A2 Al Al Burst Length

0 0 0 Reserved 0 0 0 1

0 0 1 Reserved 0 0 1 P

0 1 0 2 clocks 0 1 0 4

0 1 1 3 clocks 0 1 1 5

1 0 0 Reserved 1 1 1 Full Page (Sequential)

All other Reserved All gther Reserved

Note: RFU (Reserved for future use) should stay “0” during MRS cycle.

TO T1 T2 T3 ., T4 T5 TG T7 T8 T9 T10
CLK | | | T_I ] ] | ] | | | |
| | | | | | | | | | | |
CKE I I I I I I I I I I I I
' I I I [ I,  twro | I I I I
| | | I ¢ I 'l | | | |
cs# Y2 Y Y R
[ , [
RAS# | [
CAS# | : |
[ !
| 1 |
WE# | '
BAO,1
A0
AD-A9,
A11-A12
DamMm .
| M |tep jo | N | I | | | I
0o H-l'zl-——l——-l-——l—:-—l-——l———l——-l———:——-:-——ll———ll—
[ [ | [ [ | [ |
T
Pchnarqanll :::Ia Reglater Any - Don’t Care

Mode Register Set Cycle
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5.1.8.2 Burst Length Field (A2~A0)

This field specifies the data length of column access using the A2~A0 pins and selects the Burst
Length to be 2, 4, 8, or full page.

Burst Length Field

A2 A1l A0 Burst Length
0 0 0 1
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Full Page

5.1.8.3 Burst Type Field (A3)
The Burst Type can be one of two modes, Interleave Mode or Sequential Mode.

Burst Type Field

A3 Burst Type
0 Sequential
1 Interleave

5.1.8.4 Burst Definition, Addressing Sequence of Sequential and Interleave Mode

Burst Definition

Start Address
Burst Length Sequential Interleave
A2 A1 A0
X X 0 0,1 0,1
2
X X 1 1,0 1,0
X 0 0 0,1,2,3 0,1,2,3
X 0 1 1,2,3,0 1,0,3,2
4
X 1 0 2,3,0,1 2,3,0,1
X 1 1 3,0,1,2 3,2,1,0

16
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0 0 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
0 0 1,2,3,4,5/6,7,0 1,0,3,2,5,4,7,6
0 1 2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
.0 1 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5,4
° 1 0 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
1 0 5,6,7,0,1,2,3,4 5,4,7,6,1,0,3,2
1 1 6,7,0,1,2,3,4,5 6,7,4,52,3,0,1
1 1 7,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0
n, n+1, n+2, n+3, ...511, 0,
Full page location = 0-511 Not Support
1,2,... n-1,n, ...

5.1.8.5 CAS Latency Field (A6~A4)

This field specifies the number of clock cycles from the assertion of the Read command to the

first read data. The minimum whole value of CAS Latency depends on the frequency of CLK.

The minimum whole value satisfying the following formula must be programmed into this field.

tcac(min) < CAS Latency X tcx

CAS Latency Field

A6 A5 A4 CAS Latency
0 0 0 Reserved
0 0 1 Reserved
0 1 0 2 clocks
0 1 1 3 clocks
1 X X Reserved

5.1.8.6 Test Mode field (A8~A7)
These two bits are used to enter the test mode and must be programmed to "00" in normal

operation.
Test Mode
A8 A7 Test Mode
0 normal mode
1 Vendor Use Only
X Vendor Use Only

17

Rev. 1.0

Chiplus reserves the right to change product or specification without notice.




CHIPLl

"} 16Mx16bit Synchronous DRAM (SDRAM)
CS56SD256

5.1.8.7 Write Burst Length (A9)

This bit is used to select the write burst mode. When the A9 bit is "0", the
Burst-Read-Burst-Write mode is selected. When the A9 bit is "1", the Burst-Read-Single-Write
mode is selected.

Write Burst Length

A9

Write Burst Mode

0

Burst-Read-Burst-Write

1

Burst-Read-Single-Write

Note: A10 and BAO,1 should stay “L” during mode set cycle.

5.1.9 No-Operation command
(RAS# ="H", CAS# = "H", WE# =

"H)

The No-Operation command is used to perform a NOP to the SDRAM which is selected (CS# is
Low). This prevents unwanted commands from being registered during idle or wait states.

5.1.10 Burst Stop command

(RAS# = "H", CAS# = "H", WE# ="L")

The Burst Stop command is used to terminate either fixed-length or full-page bursts. This
command is only effective in a read/write burst without the auto precharge function. The

terminated read burst ends after a delay equal to the CAS latency (refer to the following figure).
The termination of a write burst is shown in the following figure.

TO

™

T2

T3 T4 T5 T6

T7

Lk I T oy O N O o B

T8

COMMAND

XX EHEAEHEHEH

CAS# Latency=2

1 j Thee: burst ends al"u-r 3 dﬂly equal to 'ﬂw CASH LJ'berH:j'

tews, DQ

CAS# Latency=3

DCILIT-I!.;XD’L‘IIJT& XDDLII.H XDDLITA ‘lbhl-\\

T T\

I
[
!
I
[
|
r
|

towa, DQ

Termination of a Burst Read Operation (Burst Length > 4, CAS# Latency = 2, 3)

A

e

{D'CIUT F.uX DouUT F.qXD'DUT.R;X DOUT Ay
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TO T T2 T3 T4 TS T6 T7

T8
CLK T|T|T|T|T|T|T| ITI_
COMMAND —( NOP )—(WRITEA)—( INDP >—<INDP )-(IE'S;‘;‘HIH{:P >—<INDP >_< NOP >_< NOP >_
I I
o

Termination of a Burst Write Operation (Burst Length = X)

5.1.11 Device Deselect command (CS# = "H")

The Device Deselect command disables the command decoder so that the RAS#, CAS#, WE#
and address inputs are ignored, regardless of whether the CLK is enabled. This command is
similar to the No operation command.

5.1.12 AutoRefresh command

(RAS# ="L", CAS# ="L", WE# = "H", CKE ="H", , AO-A11 = Don't care)

The AutoRefresh command is used during normal operation of the SDRAM and is analogous to
CAS#-before-RAS# (CBR) Refresh in conventional DRAMs. This command is non-persistent,
so it must be issued each time a refresh is required. The addressing is generated by the internal
refresh controller. This makes the address bits a "don't care" during an AutoRefresh command.
The internal refresh counter increments automatically on every auto refresh cycle to all of the
rows. The refresh operation must be performed 4096 times within 64ms. The time required to
complete the auto refresh operation is specified by tre(min.). To provide the AutoRefresh
command, all banks need to be in the idle state and the device must not be in power down
mode (CKE is high in the previous cycle). This command must be followed by NOPs until the
auto refresh operation is completed. The precharge time requirement, tre(min), must be met
before successive auto refresh operations are performed.

5.1.13 SelfRefresh Entry command

(RAS# ="L", CAS# ="L", WE# = "H", CKE ="L", AO-A11 = Don't care)

The SelfRefresh is another refresh mode available in the SDRAM. It is the preferred refresh
mode for data retention and low power operation. Once the SelfRefresh command is registered,
all the inputs to the SDRAM become "don't care" with the exception of CKE, which must remain
LOW. The refresh addressing and timing is internally generated to reduce power consumption.
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The SDRAM may remain in

SelfRefresh mode for an indefinite period. The SelfRefresh mode is exited by restarting the
external clock and then asserting HIGH on CKE (SelfRefresh Exit command).

5.1.14 SelfRefresh Exit command

This command is used to exit from the SelfRefresh mode. Once this command is registered,
NOP or Device Deselect commands must be issued for txsr(min.) because time is required for
the completion of any bank currently being internally refreshed. If auto refresh cycles in bursts
are performed during normal operation, a burst of 4096 auto refresh cycles should be
completed just prior to entering and just after exiting the SelfRefresh mode.

5.1.15 Clock Suspend Mode Entry / PowerDown Mode Entry command (CKE = "L")

When the SDRAM is operating the burst cycle, the internal CLK is suspended (masked) from
the subsequent cycle by issuing this command (asserting CKE "LOW"). The device operation is
held intact while CLK is suspended. On the other hand, when all banks are in the idle state, this
command performs entry into the PowerDown mode. All input and output buffers (except the
CKE buffer) are turned off in the PowerDown mode. The device may not remain in the Clock
Suspend or PowerDown state longer than the refresh period (64ms) since the command does
not perform any refresh operations.

5.1.16 Clock Suspend Mode Exit / PowerDown Mode Exit command (CKE= "H")

When the internal CLK has been suspended, the operation of the internal CLK is reinitiated
from the subsequent cycle by providing this command (asserting CKE "HIGH", the command
should be NOP or deselect). When the device is in the PowerDown mode, the device exits this
mode and all disabled buffers are turned on to the active state. troe(min.) is required when the
device exits from the PowerDown mode. Any subsequent commands can be issued after one
clock cycle from the end of this command.

5.1.17 Data Write / Output Enable, Data Mask / Output Disable command (DQM = "L", "H")
During a write cycle, the DQM signal functions as a Data Mask and can control every word of
the input data. During a read cycle, the DQM functions as the controller of output buffers. DQM
is also used for device selection, byte selection and bus control in a memory system.
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Absolute Maximum Rating.

Symbol Item Values Unit [ Note

VIN, VOUT Input, Output Voltage -1.0~4.6 1

VDD, VDDQ Power Supply Voltage -1.0~4.6 1
C-grade: 0~70

TA Ambient Temperature °C 1
I-grade: -40~85

TSTG Storage Temperature -55 ~ 150 °C 1

TSOLDER Soldering Temperature (10 Seconds) 260 °C 1

PD Power Dissipation 1 w 1

I0S Short Circuit Output Current 50 mA 1

5.1.17.1 Recommended D.C. Operating Conditions ( C-grade: Ta = 0~70°C, I-grade: Ta = -40~85°C)

Symbol Parameter Min. Typ. Max. Unit | Note
VDD Power Supply Voltage 3.0 3.3 3.6 V 2
VDDQ [Power Supply Voltage(for I/O Buffer) 3.0 3.3 3.6 V 2
VIH LVTTL Input High Voltage 2.0 3.0- VDDQ+0.3| V 2
VIL LVTTL Input Low Voltage -0.3 - 0.8 V 2
Input Leakage Current
lL -10 - 10 uA
( OV=VIN<VDD, All other pins not under test = 0V )
IOL Output Leakage Current Output disable, 0V<VOUT<VDDQ) -10 - 10 uA
VOH LVTTL Output "H" Level Voltage ( IOUT =-2mA) 2.4 - -
VOL LVTTL Output "L" Level Voltage ( IOUT =2mA) - - 0.4
Capacitance (VDD = 3.3V, f = 1MHz, TA= 25°C)
Symbol Parameter Min. Max. Unit
Cl Input Capacitance 1 4 pF
Cl/O Input/Output Capacitance 4 6 pF
Note: These parameters are periodically sampled and are not 100% tested.
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5.1.17.2 D.C. Characteristics (VDD = 3.3V+ 0.3V, C-grade: TA = 0~70°C, I-grade: TA = -40~85°C)

Chiplus reserves the right to change product or specification without notice.

-6l -7l
Description/Test condition Symbol Unit | Note
Max
Operating Current
IDD1 60 55 3
tRC = tRC(min), Outputs Open One bank active
Precharge Standby Current in non-power down mode
tCK = 15ns, CS#=VIH(min), CKE=V|H IDD2N 30 30
Input signals are changed every 2clks
Precharge Standby Current in non-power down mode
IDD2NS 18 18
tCK = oo | CLK <V|_(max), CKE =VIH
Precharge Standby Current in power down mode
IDD2P 2 2
tCK = 15ns, CKE < V|L(max)
Precharge Standby Current in power down mode
IDD2PS 2 2
tCK = oo , CKE =< VIL(max)
mA
IActive Standby Current in non-power down mode
tCK = 15ns, CKE 2VIH(min), CS#=VIH(min) Input signals are changed every | IDD3N 40 40
2clks
IActive Standby Current in non-power down mode
IDD3NS 40 40
CKE 2 VIH(min), CLK < VIL(max), tCK = oo
Operating Current (Burst mode)
IDD4 62 60 3,4
tCK =tCK(min), Outputs Open, Multi-bank interleave
Refresh Current
IDD5 80 75 3
tRC = tRC(min)
Self Refresh Current
IDD6 2 2
CKE <0.2V ; for other inputs VIH=VDD - 0.2V, VIL < 0.2V
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5.1.17.3 Electrical Characteristics and Recommended A.C. Operating Conditions (VDD = 3.3Vt
0.3V, C-grade: TA=0~70°C, I-grade: TA = -40~85°C) (Note: 5, 6, 7, 8)

Symbol A.C. Parameter 4 =i Unit | Note
Min. Max. Min. Max.

tRC Row cycle time (same bank) 60 - 63 -

tRFC [Refresh cycle time 60 - 63 -

tRCD |RAS# to CAS# delay (same bank) 18 - 21 -

tRP Precharge to refresh/row activate command (same bank) 18 - 21 -

tRRD |Row activate to row activate delay (different banks) 12 - 14 -

tMRD  |Mode register set cycle time 12 - 14 -

tRAS |[Row activate to precharge time (same bank) 42 120K 42 120K

tWR  |Write recovery time 12 - 14 -

tCK Clock cycle time cL’= 10 - 10 - ns 9

CL*=3 6 - 7 -

tCH Clock high time 2 - 25 - 10
tCL Clock low time 2 - 25 - 10
tAC Access time from CLK (positive edge) cL'=2 - 6 . 6

CL*=3 - 5 - 5.4 10

tOH Data output hold time 25 - 25 -
tLz Data output low impedance 0 - 0 -
tHZ Data output high impedance - 5 - 5.4 8
tIS Data/Address/Control Input set-up time 1.5 - 1.5 - 10
tiH Data/Address/Control Input hold time 0.8 - 0.8 - 10

tPDE Power Down Exit set-up time tIS+tCK - tIS+CK -

tREFI Average Refresh interval time - 7.8 - 7.8 us

tXSR Exit Self-Refresh to any Command tRC+tIS - tRC+tIS - ns

*

CL is CAS Latency.

Note:

1.
2.
3.

Stress greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device.

All voltages are referenced to VSS. VIH (Max) = 4.6V for pulse width < 3ns. VIL (Min) = -1.0V for pulse width <3ns.

These parameters depend on the cycle rate and these values are measured by the cycle rate under the minimum value
of tCK and tRC. Input signals are changed one time during every 2 tCK.

These parameters depend on the output loading. Specified values are obtained with the output open.
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5. Power-up sequence is described in Note 11.
6. A.C. Test Conditions
LVTTL Interface

Reference Level of Output Signals

1.4V / 1.4V

Output Load Reference to the Under Output Load (B)
Input Signal Levels 2.4V /0.4V
Transition Time (Rise and Fall) of Input Signals 1ns
Reference Level of Input Signals 1.4V

T 3.3V

= 120
Cutput © —T_ l[/
30pF o

? = a700

W

uy
—
R

LVTTL D.C. Test Load (A)

14*.!

7Z0=500

Output © J_E:I
77 777 30pF

LVTTL A.C. Test Load (B)

7. Transition times are measured between VIH and VIL. Transition (rise and fall) of input signals are in a fixed slope (1 ns).

8. tHZ defines the time in which the outputs achieve the open circuit condition and are not at reference levels.

9. If clock rising time is longer than 1 ns, (tR / 2 -0.5) ns should be added to the parameter.

10. Assumed input rise and fall time tT (tR & tF) = 1 ns If tR or tF is longer than 1 ns, transient time compensation should be

considered, i.e., [(tr + tf)/2 - 1] ns should be added to the parameter

11. Power up Sequence

Power up must be performed in the following sequence.

1.) Power must be applied to VDD and VDDQ (simultaneously) when CKE= “L”, DQM=

"NOP" state.

“H” and all input signals are held

2.) Start clock and maintain stable condition for minimum  200s, then bring CKE=“H" and, it is recommended that

DQM is held "HIGH" (VDD levels) to ensure DQ output is in high impedance.

3.) All banks must be precharged.

4.) Mode Register Set command must be asserted to initialize the Mode register.

5.) A minimum of 2 Auto-Refresh dummy cycles must be required to stabilize the internal circuitry of the device.

* The Auto Refresh command can be issue before or after Mode Register Set command

Rev. 1.0
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5.2 Timing Waveforms
5.21 AC Parameters for Write Timing_(Burst Length=4)

TO T T2 T3 T4 15 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

Ml I :'. I I I ;. :! I I I I I I !. I I
T hiah— | T T T 4 | T T T " T T T T T
CKE lhu B L T E;'.?é}‘;’}t,‘f,"anﬂ Lo .i'é’m":g.“'é"ams I
I I I I ! I I I | [ S | I T | | | ! I I
| | | | | | | | | 1 | | | | | | | | | |
Lo Lo | L S \l'/ Lo \r/ N o
ik | I3 1) | T
RAS# i Al | A - ! | s ¥
Lo e e T
chss : : . : 7
[ L [ : b : |
| |
WE# I I I | I
|
| | | | | | | | | | | | | |
BAO,1 ! ' ' '
L I
| |
A10 : @ I I
AOA9 T e ) (A R A R
A11.A12 =) &) ()
I I ro
pam NS B L5
| | |

(T | I |
. L
;:: + ' ' B . | |t ! L I
i —— M — AR T e M= |

DQ = (e )E) (e )(ea) 4 — (ol o )(oe) - == + —

Lictivats ‘Writs with HLecflvate WT'A‘I'IJ'I Activate ‘Writa Pracharge

Commamnd Aute Prechargs  Command Auto Precharge Comrand Commanid Command

Bank & Command Bank B Command Bank A Bank & Bank A
Bank A Bank B

B Don’t Care
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5.2.2 AC Parameters for Read Timing_(Burst Length=2, CAS# Latency=2)

TO T1 T2 T3 T4 T5 Té T7 T8 T9 T10 T11 T12 T13 T14 T15 T1é

CLK ___IT_J_LJ_I_F'_I'_I_LJ_LJ_I_'1_'W_I_LJ_LJ_I_F'_TW_I_LJ_L_

[

| [ | | | |
Wb | | | | | | !_ :I: | | |
CKE q| | | =Tl | | i T Begn Avto T
| | = | )] | 1 | | | | Prech BankB /)
e [ I | | i I | I Iﬂ: R | [
[ [ [
[

1j J— I 1) I
Cs# | W J .:I.:W:_.:.: I | I
0 | i\ | I |
11 | I ] _Z'IZ | H
RAS# |
CAS# |
|
|
WEZ : [
|
BAO,1 | |
| | |
—H b= | | | 1 |
I LU
A10 | ::I:: @
|
AQ-AS9,
A11-A12 (cex)
| )
DQM | L
I i
I ::.::
Hi-Z I I | |
ba  mz - — HEANEH -+ I -
| | | |
oz
Activate Read with FrechgE Activate
Command Command Command Auto Precharge  Command Command
Bank A Bank A Bank B Command Bank A Bank A
Bank B
[ Don't Care
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5.2.3 Auto Refresh_(Burst Length=4, CAS# Latency=2)
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11T12T13 T14T15 T16 T17 T18 T19 T20 T21 722

CLK

CKE

CS#

RAS#

CAS#

WE#

BADA

A10

B Don't Care
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5.2.4 Power on Sequence and Auto Refresh

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 713 T14 T15 T16 T17 T18 T19 T20 T21 T22
CLK ";|_||||||||||||".-‘||'lll'lll'}'ll'I'I!I!I'I_
_r-=_i4_|_‘_|_r{3 I i | I 1
[ N B N )
L —
CKE L Apeee
1 1 |

13MInkmum for 2 Refresh Cycles a
— [ I ——t—t— —— | — e ————t —

CS# o I I _:;_W | | ol I I \_;_/ | oyl I I \_;_/ I I
Il | | | | | | | | Il | | | |

_g__
g

RAS#
CAS#
WE#
BAO,1
A10 f
AD-A9 i
A11-A12 ] ] ] ] ':-: ] | | | | ] ] ':-: ] | | ] ':-: ]
[ I |_p | | I I I T | | I I Ll | | I I
[ ] [ | | | ] | [ | | ] | [ | | | | |
DOM [ PR S S I I [ | I I I 1A | |
ol ([ T [ o (T T [ [T T o oo
@Lw I 1 [ [ I I I [ | [ I I 1A | | I I I
I S U A e ik ek ek sl et e
| Em"‘.’t‘”": All T | mtum Rn:l'lm‘" | | | | | 2r|ut.trh:| Rt.a'l'raah”. | | | ”'"1; | |
OITUTREN
Inputs must ba Mode Reglatsr Command Gommand commens
5 for Set Command
2003 [ Don't Care
Note™: Tha suto Rafresh command can be laswa befors or after Mods Register Set command
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5.2.5 Self Refresh Entry & Exit Cycle

TO T1 T2 T3 T4 T5 Té T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T18

Sy

CLK

I |
I, |
| :':'H4+23-1 |
L 1
[ I

CKE

CS#

RAS#

CAS#

WE#

BAOD.1

A10

AD-A9,
A11-A12

DamMm

B Don’t Care

Note: To Enter SelfRefresh Mode

A DN

© N o O

CS#, RAS# & CAS# with CKE should be low at the same clock cycle.

After 1 clock cycle, all the inputs including the system clock can be don't care except for CKE.

The device remains in SelfRefresh mode as long as CKE stays "low".

Once the device enters SelfRefresh mode, minimum tRAS is required before exit from SelfRefresh.
To Exit SelfRefresh Mode

System clock restart and be stable before returning CKE high.

Enable CKE and CKE should be set high for valid setup time and hold time.

CS# starts from high.

Minimum tXSR is required after CKE going high to complete SelfRefresh exit.
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9. 4096 cycles of burst AutoRefresh is required before SelfRefresh entry and after SelfRefresh exit if the system uses

burst refresh.

5.2.6
5.2.6.1 Clock Suspension During Burst Read (Using CKE)_(Burst Length=4, CAS# Latency=2)

TO T1 T2 T3 T4 T5 76 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

| | | | | | | | | | | | | | | | | | | | | | |
ce W11 T NN\ T T
| | | | | | | | | | | | | | | | | | | | | | |
Cs# + | + + | + + + + + + + + } + } + } } } } }
| | | | | | | | | | | | | | | | | | | | | | I
| \'7'/ | | \'I'/ | | | | | | | | | | | | | | | | | |
RAS# I :
| | | | | | | | | | | | | | | | | | | | | | |
we B A AEEEE T EEE e e
| | | | | | | | | | | | | | | | | | | | | | |
v B D CEIEEE e
| |
| | | | | | | | | | | | | I | | | | | | | | |
=W
| | | | | | | | | | | | | | | | | | | | | | |
|
w B e e
| | | | | | | | | | | | | | | | | | | | | | |

1 D - e e
Al11-A12 @

T e T
[ T [ | | |
| | | | | | | | | | | | | | | | | | | | | | |
DQM ‘l I I I I I I I I I I I I 1 I I I I I I I I I ‘
T T T T T T T T N A R T A D N R
I N e G ' A0S JU I PR I
Da - ! T ! _!_ ! _! A X '!_'H X ml A N _!_'
Activate Raad {:IuTelc Suzpand ::Ju Suspend Clack Suspend
Command Command 1 Cycla 2 Cycles 3 Cycls
Baink A Bank &
[ Don't Care
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5.2.6.2 Clock Suspension During Burst Read (Using CKE)_(Burst Length=4, CAS# Latency=3)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11T12 T13 T14 T15 T16 T17 T18 T19 T20 721 T22

| | | | | | | | |
| | | | | | | I | I I | | I : | | | | | | | |
I I I I l l I | | | | | I I I I l I I I
CKE 'I | | | | | I\_I./_r\l I/_:_\\I | I/’I | | | | | [
| | | | | | | | | | | | | | | | | | | | | | |
+ | + + | f + + + + f f + + + + + + f +
Cs# N T O N e e
|\'v-/| |\'r/| T N A Y AN R B
|
| | | | I | | | | | | | | | | | | |
CAS# ! '
| | | | | | | | | | | | | | | | | |
WE#
BAOD1
A10

|
m . ERC /D e e e
A11-A12 @

| | | | | | | | | | | | | | | | | | | | | | |
T T T T (N (N A (N Y N Y SN NN SN HN E B
DQM ‘I T T T T N A (N S N R SN EN E RN B |‘
R e e e e e e
Hi1| [ T Y T TR T AN N R A R |—nt.¢).1—< [ Y B T
0 Bl L OCE X X E - k4

activate Read Clock Suspend  Clock Suspend Clock Suspend
Command Command 1Cycia 2 Cyeles 3 Cyclss
Bank & Bank A
[ Don't Care
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5.2.7 Clock Suspension During Burst Write (Using CKE)_(Burst Length

-

— 16Mx16bit Synchronous DRAM (SDRAM)
PL 2

CHi

T4 T5 76 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

O T1 T2 T3

CLK

CKE
CS#

RAS#

CAS#

WE#

BADA

A10

AD-A9,

o~
o
<
-
s
=T

Clock Suspsnd  Clock Suspend
2 Cycies

T
1Cycle
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5.2.8 Power Down Mode and Clock Suspension_(Burst Length=4, CAS# Latency=2)

TO T1 T2 T3 T4 T5 76 T7 T8 T9 TI0 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22
CLK

CKE | | | | | |

CS#

RAS# [

CAS# ! ' !

WE# |
I
|

D=V Weeeoooo - Weeoooo 0

v R T ey A

A0-A9,

M@ Q- - -

|
pam !

(BN

| | | | | |
| | | | | |
] ] ] ] ] ]
| | | | | |
| I I I I |

d-b bt
|

|
|
|
| |
3 i
DQ T J|_ - [ [ -
' + ¢ ACTIVE > & + ' ' g ' PRECHARGE ' 4
Lctivats STANDBY Read angs STAMDEY Power Down
command Command ‘,?1';.'?‘ Suspension E;'d““‘““"" Command Wods Exit
Bank & Bank & Bank A my
Power Down Diown + Command
Mode El Mods Edit Power Down
ey Mods Entry B Don't Care
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5.29
5.2.9.1 Random Column Read (Page within same Bank)_(Burst Length=4, CAS# Latency=2)

TO T T2 T3 T4 T5 16 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

I I

| | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
CKE 'I | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
: | + + | + + : | | : + : | : : | + : | : :
CS#
ANV RN S B AN VAN VA R R ANV RN AN VAR AN VAN,
| | |
RAS# | | ] | | | |
| | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | |
CAS# | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
|
WE# | | | | | | |
| | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | |
BAOD,1 | | | | | | |

A1D @ [ | [ | |
ariar EDEGEEDE & o)

| | | | | | | | | | | | | | | | | | | | | | |
aTa URY T N N U NN (NN NN N NN N N S AN SN NN AN SN N NN NN N
| | | | | | | | | | | | | | | | | | | | | | |
Hi- | | | | | | | 1 1 1 | 1 | | | | | | | | | I |
o MR RN 4 — = L X
. N e e ; — N
f.'u:tltatn Rntl! Rstd Ratu PN;JI‘BE m:u‘tm Rasad
Command Command command  Command Command Ccommand Command
Bank 4 Bank & Bank A Bank & Bank A Bank & Bank &

- Don’t Care
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5.2.9.2 Random Column Read (Page within same Bank)_(Burst Length=4, CAS# Latency=3)

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

AVAS, NG & e O ) e

|
i
DQ - %F - |

Activaie R;;u ﬁ:;;u R;I;a PN&NDB Mﬂf\"ata R;!;u

Command Command command  Command Command Command Command
Bank A Bank A Bank & Bank & Bank & Bank & Bank &

B Don't Care
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TO T™ T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 722

5.2.10 Random Column Write (Page within same Bank)_(Burst Length

foRithat
4t
Fogeatd

CKE
CS#
RAS#
CAS#
WE#
BAO
A10
AD-A9,
A11-A12

Rev. 1.0

[ Don't Care
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5.2.11
5.2.11.1 Random Row Read (Interleaving Banks)_(Burst Length=8, CAS# Latency=2)

TO 71 T2 T3 T4 T35 T6 T7 T8 T3 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 722

E

. L Lo I
pom R ! . i
| o |

\ [
= | |
J ]

I

- (e e X o) @@@@@@@@ -

i-Z
|
Aﬁ‘ﬂtﬂh Rﬂt‘l ﬁ%a‘tﬂ- Rﬁﬂt Aﬁ‘ﬂtﬂ& HZGM+
Command Command Command Command Command Command
Bank B Bank B Bank & Bank A Bank B Bank B
Pracharge
S and [ Don't Care
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5.2.11.2 Random Row Read (Interleaving Banks)_ (Burst Length=8, CAS# Latency=3)

TO T1 T2 T3 T4 T5 T6 T7 T8 T3 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 721 T22

| | | | | |
| | | |
CKE e O N I B
| | | | | |
| |

N\ N N TN TN T

| | | | | | | | | | | | | | | | | | | | | |
AD-AD,
AM1A12 () (o) (can)
| | | | | LTI | | | | | | \ | | | | | |
L I n—b| Lol e——w
1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 1 | | 1 1 1 |
| | | | | | | | I I I I I I I ) I I I I I I I |
i I | I I I I | |
Hi-
Da —EI- —T T T @@@@@@@@@@@@@@@
.\'A.I:I:Itm Read m-.-ata Fhﬂan:l Pm?hxga M:m'atn RDTH‘I Prﬁ-t:harg&
Comimand Command Comimand Commeand Command Command Command Comimeand
Bank B Bank B Bank & Banik &4 Bank B Bank B Bank B Bank &
[ Don't Care
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5.2.12 Random Row Write (Interleaving Banks)_(Burst Length=8)

TO 71 T2 T3 T4 T5 16 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

L UL

]
—
-

| | | A i | L |
I I I e —H———H I W—t—¥ I
l l l 1) 1 l 1) l l
|
|

e O O o

R
actate wite achvate Wi ramarge sctyate wite  Prodrarge
Command Command Command Command  Command Command Command Command
Bank A Bank & Bank B Banik B Bank & Bank & Bank & Bank B
*twr>twr (min.) [ Don’t Care
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5.2.13

5.2.13.1 Read and Write Cycle (Burst Length=4, CAS# Latency=2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

AR

w141 B EDCS &) &9

I I I [ I [ I I [ I I [ I | I | I
pam _ ! v v v v v or b aNEEE !/‘!\: !
RN YANERRE NS
. | | | | | | | |
i T PR TN B B | i _ e el -
Pa T o T o T XXX e @ — - — HEXe <
Mﬂtam Raad wjlhm 'I'rx‘m‘lteﬂata ﬁ;a;‘; Thaﬂaj;nata
Command Commiand Command I Masked with a Command Iz Masked with a
Bank & Bank & Bank & Zaro Clock Bank 4 Two Clock
Latancy Latency
B Don't Care
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5.2.13.2 Read and Write Cycle (Burst Length=4, CAS# Latency=3)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 721 T22

AT ) () (ea) (e22)

| | | | | | | | | | | | | | | | | | |
e R L N N B N B B N N N R B V4 \ N AR B VA N
ERERE RPN NN
Hi-Z
— e A e L ) L — ol -
ba i R e Rl G0, G0, CO G DS .|..
Mlt"ﬂ‘tﬂ RBL] W$B TMWD&BT The Read Data
Command Command Command |= Maskad with a s Maskad with a
Bank & Bank & Bank & Zero Clock Read Two Clock
Lafsncy Command Latency
Bank A [ Don't Care
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5.2.14
5.2.14.1 Interleaving Column Read Cycle (Burst Length=4, CAS# Latency=2)

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 TI0T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

A.chIaI& n;l;n Actlvate Rn1;u RJ;H Ra‘!;u Rﬂ& m‘g pr?cna.-ga PuTmarga
Command Command  Command [ C C g Command  Command command  Command
Bank & Bank & Bank B Bank B Bank B Bank B Bank A Bank B Bank 4 Bank B
- Don’t Care
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5.2.14.2 Interleaved Column Read Cycle (Burst Length=4, CAS# Latency=3)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

“ yydyyyyyyyyyy Yy Uy Ly LI LI

| | [ | | | | | | | | | | | | | | | | | | |

| I R | I | I I I I I I I I I I I I I I I I
CKE 'l S T (Y ([ (Y Y Y O O SO B

T T Y (Y (Y (Y [ AN NN S B B

| | | | | | | | | + +

Cs# PN/ N S NSNS NSNS NSNS

LT T | | | T T
RAS# | 4 A | | | | | |

I |

I N e e e e e e e e e e e e

CAS# | va | | | |

" EEm o A A A A s—
A2 IRCOEHD D

I (PR T | I | | | | | [ | [ | [ [ [ | |
| | | | | | | | | | | | | | | | | | | | |
DQM ‘ 1 I b 1 I 1 I I I I I I I I I I I I I I ‘
| | [ 1 | It | | | | | | | | | | | | | |
i'g_ | I | | | | | | | | | | | | | | | | | |
_ RN S [ N [ N | £
DQ L —|— i = Ko X e ) X X oo ot oz Yozt X o X v Xz o) + — |
.u.::ﬂIm R;I.;n Ratd R;;u R;Ea R;Ea Fr\gﬁm& Prnzl.arga
Command Comm Command  Command  Command  Command Command  command
Bank A Bank h.n . Bank B Bank B Bank B Bank & Bank B Bank &
vats
Command
Bank B

B Don't Care
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CHIPLU}
| CS56SD256

5.2.15 Interleaved Column Write Cycle (Burst Length=4)

O T1 T2 T3 T4 15 T6 T7 T8 T3 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

e SHHHHHHHUUHHH U HH L L

A0-A9,
A11-A12 Z
I I il I I
DaM L ! I N R R
| | | 1 o gy | | | | | | | | | | | | | | ! | |
ol 14 —— t H | | | | | | | | | | 1 | | | | |
i-Z
o - EEEEEOEE@ENIEIEEEE - T
mn:l:ata vn?ta w‘r;a w‘rtm wIm mTw Wﬂ$ T PWIMI‘EE
Commiand Comimal o 1d [ 1d v 3 o g Command Commanid
Bank & Bank A Bank B Bank B Bank B Bank & Bank B Bank B
Activats Prechargs
Sk BankA B Don't Care
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16Mx16bit Synchronous DRAM (SDRAM)
C.1-I|P }
CS56SD256

5.2.16
5.2.16.1 Auto Precharge after Read Burst (Burst Length=4, CAS# Latency=2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

|
| | | | | | | | | | | | | Itu=' | | | | | | | |
| | | | | | | | | | | | A | | | | | |
Dam . 1 l 1 1 1 1 1 1 1 1 1 ] ] e ] ] ] ] ] l ] ]
| | | | | | | | | | | | | | | | | |
Hi-ZI | | | | | | | | | | | | | | |
—_—a e J_ 1
ba T ..m @@@@@@ ()| .'“C
.ﬂ.n‘ﬂtm Rm .q. Rmad with Rsad with .ﬂ.cﬂ'fa‘bﬂ Hﬂaﬂtﬂﬂ m-mta
Command Command Commam! Auto Prachargs Lufo prachangs Command &uto Precharge Comma
Bank A Bank A Bank B Comimand Command Bank B Comimand Bank &
Bank B Bank & Bank B
[ Don't Care
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16Mx16bit Synchronous DRAM (SDRAM)
C.1-I|P }
CS56SD256

5.2.16.2 Auto Precharge after Read Burst (Burst Length=4, CAS# Latency=3)

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

i

| | | | I I I | | | | | | | |
Highl T T T T T T T Begin Autol (1 T Begin Auto T T T T T T
CKE | | | | | | | | Precharge | ) | | Prechargs | | | | | | |
I I I I I I I | Bamkd | I Bm"‘l_ﬁ I I I I I I I

| } } f | 4 4 }

|
|
|
| | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | [ | | | | | | | | |
Dam ‘ L L L L L L I I I I L L L -:_: L l L l L l l l l l
| | | | | | | | | | | | | | | | | | | | | |
- Sl | | | | | | | | | | | | | | | | |
i-Z
il A N U SN | L L
bQ T T @@@@@@@@@@@ = e XEr )
.ﬂﬂﬂtﬂ& Rﬁat Rm'nm Rmm A;&tﬂ Rmtwlm
Command Command Auto Precharge Lubo Prechargs Command Luto Prachangs
Bank & Bank & Command Command Bank B Command
ate Bank B Bank & Bank B
Command
Bank B [ Don't Care
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o 16Mx16bit Synchronous DRAM (SDRAM)
C'HIPLU}
: CS56SD256

5.2.17 Auto Precharge after Write Burst (Burst Length=4)

TO T1 T2 T3 T4 T5 16 T7 T8 T3 T10 T11 T12T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

CKE
CS#
RAS# : :
| |
CAS# ! !
| |
| |
WE# | |
: |
BAD,1 I I
|
|
A10 I :
| |
AD-A9,
A11A12 (e (=9 (=)
| | | | | | | | | | I !1“"! | l | | | | | | |
ST VA N O O 0 S O
NN NN RPN
Hi- |
o TE__ L GaeeaaEnEenEEnmnEEd - — L - EoEnEEn- -
Anﬂtm ‘M"I‘Th 'ﬂﬁbﬂlm 'ﬁ:hemm A&\lﬂa mrxm
Command Command At Pracharge At Pracharge ‘Command Auto Prachangs
ate Bank B Bank & Bank B
Bank B [ Don’t Care
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o 16Mx16bit Synchronous DRAM (SDRAM)
C.1-I|PJ,U2
: CS56SD256

5.2.18
5.2.18.1 Full Page Read Cycle (Burst Length=Full Page, CAS# Latency=2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

[ [ [ [ I [ [ [ [ [ I [ [ [ | [ | [ | [ | |
ST T T T T T T T =T T T T T T T T T T T T =T T T
CKE Hwl | | | | | | I | | | | | | | | | | [ | |
| | | | I | | I | I | | | | | | | | [ | |
| | | } — —+ } I t t t t t t I I |
Cs# \;_/_:_:_\_;_/_:_\;_/| Lo |\_;_/| Coor o N S N/
| | I | (U | | | | | | | [ |
RAS#
CAS#
WE#
BAO,1 -
A10 -
|
AD-A9, i
AM1A12 (e (o)
NEEEEEEEII R e
D{JM L L L L ! ! ! ! -:.: L ! ! L L ! L ! L ! L L .:.: L L L
BN
i-Z
b FE oot - 4 (O BIEDEICEIEIEIEIEIED 4 -
An;am Rmt mutata Th burst &WW qu pm; arge m;tm
Command Command  Command from the highsst ondar Command Command Command
Bank A Bank & Bank B  Pageaddrsss back bo 2ero mank B Bank B Bank B
during this tims Interdal
Aetmails wtin e B longfh s safatont sustson [l Don't Care
tha burst counter Incremants and continwas
Bursting beginning with the starting address
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o 16Mx16bit Synchronous DRAM (SDRAM)
C.1-I|PJ,U2
: CS56SD256

5.2.18.2 Full Page Read Cycle (Burst Length=Full Page, CAS# Latency=3)

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

c UL AU UL LT

page sccress back to 2ro Buret Stop [ Don’t Care
during this tims Intsrval

Full Paga burst oparation doss not
tarminats wnan ths burst langtn Is aatsnian;

the burst counter Incremants and continusa
Bursting beginning with tha afarfing address
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= 16Mx16bit Synchronous DRAM (SDRAM)
CHIPL_U}
; CS56SD256

5.2.19 Full Page Write Cycle (Burst Length=Full Page)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22
(1, Qe ISy Iy I I Uy N Iy A 6 N

NI N T T TN TN TN

AD-A9,
A11-A12
[ IIII,:_:I | | | | | | | [
S VAN N U N O O O O O
o | N R A I D
|

| | |
| | |
L L [l
.:-: | | |
Hi I ! ! I I | "y | | |
b0 Ao L G DI — -+~ -

4 + +
actvate Write Activale write Prech Acthrate
Command Cornmand Command ‘Command m Command
Bank & Bank & Bank B Bank B Bank B Bank B
The burst counter wraps Burst Stop
from the highest order Full Page burst 1
operation doss not Command
Wm”f:mmm“" terminats when the burst lsngth ks satisNad: - Don’t Care
during this Interval the burst counter Incremants and continuss
bursting beginning with the starting asdress
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= 16Mx16bit Synchronous DRAM (SDRAM)
CHIPL_U}
; CS56SD256

5.2.20 Byte Read and Write Operation (Burst Length=4, CAS# Latency=2)

TO T T2 T3 T4 T5 76 T7 T8 T9 TIOTI1 T2 T13 T14T15 T16 T17 T18 T19 T20 T21 T22
CLK

|
CKE Highl :
I
|

|

| |
I I
| | |

| | |

I 4 I

cs# '\_;_/ , !

|

RAS#

NN

CAS#

WE#

BAD1

A10

AD-A3,
A11-A12

LDGM

upam

|
DQo-Da7 !
|

B Don’t Care
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16Mx16bit Synchronous DRAM (SDRAM)
C.1-I|P }
CS56SD256

5.2.21 Random Row Read (Interleaving Banks)_(Burst Length=4, CAS# Latency=2)

TO T T2 T3 T4 T5 T6 T7 TB 9 T10 T11 T12 T13 T14 T15 T16 T17 T1B T19 T20 T21 T22

|

High | Begin auto | 1
CKE | | Prechargs | | Prechargs |
Bank | Bank & | | | BankB | | EBanka |

| I I | I I
| | | | | |
| I | Prachargs | 5 | | Prechargs | |
I I I B I I
| |
|

|
|
|
| I I I | I I ety PR I B I I W— | I I
| | | | | | | | | | | | | |
DaM ‘ ] l l l ! ! ! ! LN ! ! ] L ! l ! l ! (IR | l l l
| | | | | | | | I | | | | | | | | | | | | |
| | | | | | | | | | |
pa -+t @@@@@@@@ @@@@@@@@ -
Mhtam T Agm-m Rtm nchh T n&ma ﬁmad .n.nu-rana
‘Comrmand Command Bank & Command Command Bank & Command
Bank B REadl  Bank & with Auto Banik B Bank A with Auto Bank B
Bank B Pracharge FRead Precharge
:E‘.,‘L"; Bk [ Don't Care
Pracharge
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e 16Mx16bit Synchronous DRAM (SDRAM)
CHIPLU}
| CS56SD256

5.2.22 Full Page Random Column Read (Burst Length=Full Page, CAS# Latency=2)

O T1 T2 T3 T4 T5 16 T7 T8 T9 T10 T11 T12 1713 T14 T15 T16 T17 T18 T19 T20 T21 T22
ck AL LU L L L L L L L

; L |
CKE : T
I I I
Cs# / L I
! | | |
RAS# . | | |
] I I
. [ [ [
CAS# d ! ! |
! [ I [
WE# ! ! | |
! | | |
) I I I I I
! | |
BAD,1 - 1% 1 | I I
| | | |
(. I I I I I
A0 : | 2 | | | | |
I (- | | | | | .
AD-A9, d i !
AM1AT2 s G S (=)
| | 1 | [T | | | | | | | | | | | Iqll__;-_l—ﬂ | |
CU VAN S I O O U O O O O M R
N N
Hi-é_ IH——PIH—J!:—:—H | | | | | | | | | | | | _L :__L :
T X D+~ -
.G.Ch‘tal& Aﬂﬂtﬂtﬂ T RI}.B{!+ T Ritﬂ H:ﬂtl Rstl:l F‘FB[IW A;BIE
Comrmand Command Command Command Command Command Command Bank B Command
Bank & Bank B - Bank B aoh Bank B Bank & Bank B [Prechargs Temination) Bank B
Commana Commmand [l Don't Care
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o 16Mx16bit Synchronous DRAM (SDRAM)
C'HIPLU}
: CS56SD256

5.2.23 Full Page Random Column Write (Burst Length=Full Page)

CLK : !
CKE
cs# ff | '
T
RASH |
I 1) 13
CAS# y 4
(- ' .
WE# | A
BAI],'I | i iE iE
| _::: : i
A10 I i IF IF
| 1 1 .
A0-AS,
A11-A12 CHE
I I Bl I | I I I I I I I [ I P — [
LU AN S O SN N S B AN S A B NNV e VIS I
| It“:" | th‘:I 1 | I | I I | | I | I | L | (N | |
Hi- H——M—nl——ﬂ | | | | | | | | | | (L | | | | |
S R T AR
nm‘l:m n.nutm wn“lns NL ‘-’f:hﬂ 'N'In 1M'1t.n I Pr\ectarge A&vatn
Command Command Command Command  Command Command Command Bank B C
Bank & Bank B Bank B Bank B Bank & Eanik B {Prechargs Teminatien) Bank B
= write Data
g;mtnlm E;T;w ara masked - Don’t Care
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16Mx16bit Synchronous DRAM (SDRAM)
C.1-I|P }
CS56SD256

5.2.24 Precharge Termination of a Burst_(Burst Length=4, 8 or Full Page, CAS#
Latency=3)

TO T1 72 73 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22
cx UL A A L L L L UL L

I
CKE  Hah ;

CS# '\;_/

./

TN

Mn*tm wtm Prechargs Ag'vstn Raad Precharge ,qj;m Precharge Termination
‘Command Command Command ‘Command Command Command Command  ©f @ Read SBurat
Bank B Bank A Bank A Bank & Bank & Bank A Bank &
Prach Tarmnination
Wit Dats ars masked B Don't Care
6. Order Information
Package Type:
N: 54L TSOP2-400mil
Temperature: Speed:
C (Commercial) : 0~70°C = | 5- 166 MHZ
| (industnal) - -40~85°C 7- 143 MHZ
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’ "} 16Mx16bit Synchronous DRAM (SDRAM)
CHIiPLU
CS56SD256

7. Package Outline Dimensions:

- 54L TSOP2-400mil
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I5°REF 2
RO12 MIN - !
’ [~ =
D 2 ——
i RO4Z~025 \ =R
L=1
SEATING PLAN GAUGE PLANE | _,i ; 3
EEATING FLANE (|5 117 =
.../ “E%f,f =

- DETAIL A

1 27
O0O0000000NNO0000000N0ON0000 b

O WITH PLATING

o

CC]]:
/

)'
O BASE METAL | l_ bt |
OO0 0000O000 0000 0000000 o0
34 ol DETAIL E-FH
Y MEOL
L s larlaz|l o |lwm | clals|e || e|L|uly]|s
Min. | - | 0.05 | 0.55] 030 | 030 | 012 | 012 |2212|1006 |11.56| 0.70 | 040 | 070 | - | o°
mmo Mom.| — | o040 | 100 | - | - | - | - |eeea|i0i6|117e| 080 | 050 | 080 | - | -
Mo, | 120 | 015 | 105 | 0,45 | 0.40 | 0.21 | 016 |222210.26 | 1196 | 0.90 | 060 | 020 | 01 | &
Mim, | - |0.002|0027]0012] 0012 |0.005|0005 | 0871|0296 (0455|0028 | 0.016 | 0028 | - | o
inch [Mom, | — (G004 (0,039 - - - - [Q87o( 0400 0453 0031 00200031 - -
Mo, |0.047 | 0,006 | 0,041 | 0,018 | 0,016 | 0,008 |0.006 [0.279|0.404 | 0,471 |0,035 | 0,024 | 0,025 (0004 | 2
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