256Mb (38)-SDR Synchronous DRAM |N S N_l S

32M x8 bit Synchronous DRAM (SDRAM)

Overview

The 256Mb SDRAM is a higreed CMOS synchronous DRAM containing 256 Mbits. It is internally configured as 4
Banks oBM word x8 DRAM with a synchronous interface (all signals are registered on the pa=iiie of the clock

signal, CLK). Read and write accesses to the SDRAM are burst oriented; accesses start at a selected location an
continue for a programmed number of locations in a programmed sequence. Accesses begin with the registration of

a BankActigte command which is then followed by a Read or Write command.

The SDRAM 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 atise#fd 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. liess are well

suited for applications requiring high memory bandwidth and particularly well suited to high performance PC
applications.

Features
9 Fast access time from clock: 4.5/5 ns 9 Interface LVTTL
9 Fast clock rate: 200/166 MHz 1 Packaging

0 54-pin 400 mil plastic TSOP Il packdgk free

1 Fully synchronous operation and Halogen free

1 Internal pipeined architecture
1 8M word x8-bit x 4bank

1 Programmable Mode registers
o CAS Latency: 20r3
o Burst Length: 1, 2, 4, 8, or full page
0 Burst Type: Sequential or Interleaved
0 Burst stop function

9 Auto Refresh and Self Refresh
1 8192 refresh cycles/64ms

1 CKE power dowmode

1 Singlet+3.3V +£0.3\power supply

1 Operating temperatureange
0 Extended Test (ET): ¥ 0~70C

0 Industrial (IT): A=-40~85°C

DISCLAIMERI product, product specifications, and data are subject to chanewtihotice to improve reliability, function or design, or otherwise. The information
LINE GARSR KSNBAY A& O2NNBOG (2 GKS o6Sad 27F Lyaa 3y lopinionsis@éceped. 2ustdmers el satisiy G A 2
themselves as to the suitability of this product for their application. No responsibility for any loss as a result sbarmplgméng reliance on any material contained

herein will be accepted.
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256Mb (x8 - SDR Synchronous DRAM

32Mx8- NDSBP

How to Order

Cdzy OtG|5SyalLh [t13 |t13 {ATS{LJ$§FhLJG)\2y Lb{LDbL({
2 AR{J¢ e LIS [ FUSYy bl a. 9wy
SDR 256Mb | x8 TSOPII | 541 10x22x1.2) | PC166 | Extended Test | NDSBPT516ET
SDR 256Mb | x8 TSOPII | 541 10x22x1.2) | PC166 Industrial Temp | NDSBPT516IT
SDR 256Mb | x8 TSOPII | 541 10x22x1.2) | PC200 Extended Test | NDSBPT520ET
SDR 256Mb | x8 TSOPII | 541 10x22x1.2) | PC200 Industrial Temp | NDSBPT520IT

Visit: http://insignis-tech.com/howto-buy
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256Mb (x8 - SDR Synchronous DRAM

32Mx8- NDSBP

Package Pin Assignments

Figure 1. Pin Assignment (Top View)
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256Mb (x8 - SDR Synchronous DRAM

Block Diagrams
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Figure 2. Block Diagram
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32Mx8- NDSBP
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Pin Descriptions

Table 3. Pin Details

Symbol

Type

Description

CLK

Input

Clock:CLK is driven by the system clock. All SDRAM input signakngpied on the
positive edge of CLK. CLK also increments the internal burst counter and cont
output registers.

CKE

Input

Clock EnableCKEactivates HIGH) andleactivates I(OW) the CLK signal. If CKE
low synchronously witlelock 6etup and told time same as other inputs), the inter
clock is suspended from the next clock cycle and the state of output and burst a
is frozen as long as the CKE remains low. When all banks are in the idl
deactivating the clock controls the entry toe Power Down and Self Refresh mo
CKE is synchronous except after the device enters Power Down and Self
modes, where CKE becomes asynchronous until exiting the same mode. Th
buffers, including CLK, are disabled during Power Down alidR&&esh mode
providing low standby power.

BAO,BA1

Input

BankActivate: BAQ BAlinput select the bank for operation

BA1 BAO Select Bank

0 0 BANK #A

0 1 BANK #B

1 0 BANK #C

1 1 BANK #D

AG-A12

Input

Address InputsAO-A12 are samplediuring the BankActate command (row addre
AGAl12 and Read/Write command (column addressA®with A10 defining Aui
Precharge) to select one location out of the 4M available in the respective bank.
a Precharge command, A10 is sampled to deteenii all banks are to be precharg
(A10 = HIGH). The address inputs also provide theodp during a Mode Register |
command.

CS#

Input

Chip SelectCS# enables (sampled LOW) and disables (sampled HIGH) the cq
decoder. All commands are masked edhCS# is sampled HIGH. CS# providg
external bank selection on systems with multiple banks. It is considered part
command code.

RAS#

Input

Row Address Strobeéfthe RAS# signal defines the operation commands in conju
with the CAS# and WEignals and is latched at the positive edges of CLK. Wher
and CS# are assertedOW" and CAS# is asserted "Hi@lkher the BankActivate
command or the Precharge command is selected by the WE# Sighah the WE#
asserted "HIGHthe BankActivateommand is selected and the bank designate
BAis turned on to the active stateNVhen the WE# is asserted "LOWe Precharg
command is selected and the bank designated AysBwitched to the idle state aft
the precharge operation.
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256Mb (x8 - SDR Synchronous DRAM

CAS# Input |Colunn Address StrobeThe CAS#ignal defines the operation commands
conjunction with the RAS# and WE# signals and is latched at the positive edgey
When RAS# is held "HIGH" andt @Sasserted "LOWhe column access &arted by
asserting CAS#CQW'. Then, the Read or Write command is seledigdasserting WH
"LOW" or "HIGH
WE# Input [Write Enable:The WE# signal defines the operation commands in conjunctior]
the RAS# and CAS# signals and is latched at the positive edges of CLK. Thet)
is used to select the BankActivate or Precharge command and Read o
command.
LDQM, Input [Data Input/Output Mask:Controls output buffers in read mode and maskgut datg
UbQM in write mode.
DQOGDQ15| Input/ |Data I/O:The DQEL5 input ard output data are synchronized with the positive ed
Output |of CLK. The I/Os are maskable during Reads and Writes.
NC - No ConnectThese pins should be left unconnected.
VDDQ Sumply |DQ PowerProvide isolated power to DQs for improved noise immufitg.3V+0.3V)
VSSQ Supply |DQ GroundProvide isolated ground to DQs for improved noise immuigity)
VDD Supply |Power Supply(+3.3V+0.3V)
VSS Supply |Ground
NDS38Pv1:256Mb(x8)2018027 6
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Operation Mode
Fully synchronous operations are performed to latch the commands at the positges of CLRable4 shows the truth
table for the operation commands.

Tab4 Truth Tabl e (Note (1), (2)

Command State |CKErAL| CKErlDQM|BAO,1A10{A0-9,11-12| CS# RASH CASH WE#
BankActivate 1dle(3) H X X \ Row address| L L H H
BankPrecharge Any H X X \Y, L X L H L
PrechargeAll Any H X X X | H X L L H L
Write Active3)| H X \ V | L| Column | L H L L
Write and AutoPrechargd acivd3)| H | X | v | v | # | ddress L

(A0 ~ A8

Read Active3)| H X Vv V | L| Column | L H L
Read and Autoprecharge| activd3)| H X \Y V | H ?:grfi\sg L 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 Actived4)| 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 dle H L | X | X |X X L| L | L |H
SelfRefresh Exit Idle H| X | X | X
(SelfRefresh L H X X X X L H H H
Clock Suspend Mode En{ Active H L X X | X X H X X X
L * + +
Power Down Mode Entry| any(5) H L X % | x X H | X X X
L H H H
Clock Suspend Mode Exi| Active L H X X X X X X X X
Power Down Mode Exit Any L H X X | X X H X X X
(PowerDown L H H H
Data Write/Output Enable Active H X L X | X X X X X X
Data Mask/Output Disabl| Active H X H X X X X X X X

Note: 1.V«/alid, XDon'tCare, ELow levelH=Highéevel
2. CKEsignal is input level when commands are provided.
CKEaz signal is input level one clock cycle before the commands are provided.
3. These are states of bank designated Bysignal.
4. Device state is 1, 2, 4, 8, and full page burst operation
5. Power Down Mode caot enter in the burst operation.
When this command is asserted in the burst cycle, device state is clock suspend mode.
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Commands
1. BankActivatdRAS# = "L", CAS# = "H", WE# = "H", BAs = BaAk2A0Row Address)

The BankActivat command activates the idle bank designated by the,BA@nals By latching the row address

on AO 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 delayraf¢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 beel
precharged (refer to the following figure). The minimum time interval between suiseed3ankActivate
commands to the same bank is defined hy(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-tmablack activation of the

two banks. &rp(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.

Figure 3. BankActivate Command Cycle (Burst Length =n)

T0 T1 , T2 T3 Tn+3 Tn+4 , Tn+5 Tn+6

CLK

ADDRESS

IA RAS# -I CAS# dela}y(tRCD) J | RAS# - RF\S# delay ﬂlme(tRRD) I

Bank A > < > < R/WAwuh > < Bank B > < > < Bank A >
COMMAND _<Acl|vate NoP } NoP H agef Acuvate NOP ]\_< NOP Actlvate
I

| | | | RAS# - Cycletlme(tRC) | | |
h, T T T { T T 1

AutoPrecharge Ea
Begin. Dond Care

2. BankPrecharge commariBAS# = "L", CAS# = "H", WE# = "L", BAs = Bank, A10 =A%,'AAQ and A12 = Don't
care)

The BankPrecharge command precharges the bank disignated by BA signal. The precharged bank is switched f
the activestate to the idle state. This command can be asserted anytime afte(nbin.) is satisfied from the
BankActivate command in the desired bank. The maximum time any bank can be active is specifi€thby.).
Therefore, the precharge function must performed in any active bank withiads{max.). At the end of precharge,

the precharged bank is still in the idle state and is ready to be activated again.

3. PrechargeAllcommandw! { I I b[ b= /!'{1 T blbI 29I|-AFAlbAdAR=. ! &
Don't care)

The PrechargeAll command precharges all banks simultaneously and can be issued even if all banks are not in
active state. All banks are then switched to the idle state.
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4. Read comman@RAS# = "H", CAS# = "L", WE# = "H", BAs =&Hhk "L", AA8 = Column Address)

The Read command is used to read a burst of data on consecutive clock cycles from an active row in an act
bank. The bank must be active for at least tRCD(min.) before the Read command is issued. During retitebursts,
valid dataout element from the starting column address will be available following the CAS latency after the issue
of the Read command. Each subsequent datbelement will be valid by the next positive clock edge (refer to
the following figure). Té DQs go into highmpedance 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 alrea
programmed. A fulpage burst will continue until terminated (#te end of the page it will wrap to column 0 and
continue).

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

T0 T1 T2 T3 T4 T5 T6 T7 T8

cLK _T L L fLfLfLfLfLfLfL

COMMAND —<READA>—< NOP )—( NOP )—( NOP )—( NOP )—( NOP )—( NOP )—( NOP )—( NOP >—

I I

I I I I I I

CASH# Latency=2 \:\ymeou'rA pouT A, X DouT A YL
tcke, DQ ! \ X X / :
I

|
: DOUT AOXDOUT A1XDOUT AZXDOUT A3/

[ [

[ [

| |

[ [

| | [

[ | [

CAS# Latency=3 I I I
teka, DQ ! ! !

The read data appears on the DQs subject to the values on the DQM inputs two clockgiearld€pM 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 lengtt
It may beinterrupted by a BankPrechargefechargeAll 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 followir
figure).

Figure 5. Read Interrupted by a Read (Burst Length = 4, CAS# Latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8
LK L LfLfLfLfLfLfLfL

COMMAND —<READA>—<READ B>—< NOP >—< NOP )—( NOP )—( NOP >—< NOP >—< NOP >—< NOP >—

1 1

| |
<DOUT A X DOUT BDX DOUT le DOUT B2X DOUT Bg> : :
| | | | | |

|

| / |

T { pout AOX DOUT BOX pouT B1XDOUT BQXDOUT Bg>—|7
I I I I I I

CAS# Latency=2 I
teka, DQ

I
I
I
CAS# Latency=3 :
I

|
]
|
|
tcks, DQ :
The DQM inputs are used to avoid I/O contention on the DQ pins when the interrupt comes from a Write commanc
The DQMs must be asserted (HIGH) at least two clocks prior to the Write command tossugi@iaut on the
DQ pins. To guarantee the DQ pins against I/O contention, a single cycle witimpegtance 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 buist read occurs at the second clock of the burst write, the DQMs must be asserted (HIGH) at least on
clock prior to the Write command to avoid internal bus contention.
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Figure 6. Read to Write Interval (Burst Length 2 4, CAS# Latency = 2)

TO T1 T2 T3 T4 5 T6 T7 T8 T9
CLK _T I I I | | | | | I_I L
| | N | | | | | |
] ] | | \ ] ] ] ] ] ]
DQM I I I | | I I | | |
| \ | | | |
COMMAND —( NOP >—< NOP >—<B§?\I‘af>—< NOP >—< NOP )—(READA)—(WRITEA)—( NOP )—( NOP >—< NOP >—
| | | | | | |
CASH Lat 5 | | | | | N I I | |
atency=2_ | | | | | N /[
toka, DO : : : : ! ] { DN A X DIN A, X DIN A, X DIN As )—

Figure 7. Read to Write Interval (Burst Length 2 4, CAS# Latency = 2)
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK T 1 I I I I I I I L
| | I\\ T | | | |
o M SN N N
| | | | AN N\ | | |
COMMAND —< NOP >—< NOP >—<READA>—< NOP >—< NOP >—<WRITE B)—( NOP )—( NOP )—( NOP >—

| |
CAS# Latency=2 | | | I \\I I
tern, DQa ency= : : : : ( DIN B, DIN B, X DIN B, X DIN B, )—
I I I 1 1

| | |
Must be Hi-Z before
the Write Command

Dond Care

Figure 8. Read to Write Interval (Burst Length | 4, CAS# Latency = 3)
TO T1 T2 T3 T4 T5 T6 T7 T8

LK i R
- A oo

/
| | | AN
COMMAND —( NOP >—<READA>—< NOP )—( NOP )—( NOP )—( NOP )—( RITE B)—( NOP NOP )—

| | | S |
I I I
CAS# Latency=3 I I
T T T
| | |

-
tcks, DQ

DOUT Ao DIN Bo DIN B, DIN B> >—
| |

Must be H| Z before
the Write Command

&y Dond Care
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A read burst without the auto prechardenction may benterrupted by a BankPrechardgefechargeAll
command to the same bank. The following figure shows thtgaum time that BankPrechargBfechargeAll
command is issued in different CAS latency.

Figure 9. Read to Precharge (CAS# Latency = 2, 3)
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK

ADDRESS

COMMAND —<RI;AD A>—< INOP )—( ;NOP >—< NOP >—<F>rechargH NOP )—( NOP 2>—<Activate>—< NO
|

Y

| |
| |
| \ |
] DOUT Ao X DOUT A; X DOUT A; X DOUT A }—
| |
|
1
|

CAS# Latency=2
teka, DQ

CAS# Latency=3
teks, DQ

5. Read and AutoPrecharge commaiiAS# = "H", CAS# = "L", WE# = "H", BAs = Bank, A10 =Ad"Fs Ablumn
Address)

The Read and AutoPrecharge command automatically performs the precharge operation after the read operatior
Once this command is given, any subsequent command cannot occur within a time défley(roin.) + burst
length}. At fulkpage burst, only the read operation is performed in this command and the auto precharge function
is ignored.

6. Write commandRAS# 2H", CAS# ="L", WE# = "L", BAs = Bank, A10 = “A8 AColumn Address)

The Write command is used to write a burst of data on consecutive clock cycles from an active row in an acti\
bank. The bank must be active for at leastfmin.) before the Wie command is issued. During write bursts, the
first valid datain 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 {Pswemhigh
impedance at the end of the burst unless another command is initiated. The burst length and burst sequence ar
determined by the mode register, which is already programmed. A&gk burst will continue until terminated

(at the end of the pge it will wrap to column 0 and continue).

Figure 10. Burst Write Operation (Burst Length = 4)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK _T | | | | | | | L
>_

| |
COMMAND —( NOP >—<WR|TEA>—< NOP NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP
|
~

|
DQ —|—<DIN Ao>—<DIN As DIN Az
|
The first data element and the write

are registered on the same clock edge

)—(
)—(

DIN A;
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A write burst without the auto precharge function may be interrupted by a subsequent Write, BankPrecharge/
PrechargeAll, or Rdacommand 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).

Figure 11. Write Interrupted by a Write (Burst Length = 4)

T0 T1 T2 T3 T4 TS5 T6 T7

T8
o TLILILILILILILILIL

COMMAND —< NOP >—<WRITE A)—(WRITE B>—< NOP >—< NOP )—( NOP >—< NOP >—< NOP >—< NOP >—
| | |
| | |

DQ —4—<D|NAO>—<D|N BO>—<DIN Bl>—<DIN Bz>—<DIN B, E i E

The Read command that interrupts a write burst without auto precharge function should be issued one cycle afte
the clock edge in which the last dataelement is registered. In order to avoid data contention, input data must
be removel 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.

Figure 12. Write Interrupted by a Read (Burst Length = 4, CAS# Latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8
LK LfLfLfLfLfLfLfLfL

|
| | | | | | | | |
COMMAND —( NOP )—(WRITEA)—(READ B>—< NOP >—< NOP )—( NOP )—( NOP )—( NOP )—( NOP )—
| | | | | | | | |
, DIOUT BOX DIOUT B1XDIOUT BZXDIOUT Bs >—'—I
T T T T |
|

| | |
DOUT BOX DoUT le DOUT BZX DOUT Bg>—

Input data must be removed from the DQ at
least one clock cycle before the Read data
appears on the outputs to avoid data contention

CAS# Latency=2
teka, DQ

CAS# Latency=3
teks, DQ

The BankPrecharge/PrechargeAll command that interrupts a write burst without the auto precharge function
should be issuedh cycles after the clock edge in which the last dismtaelement is registered, whena equals

twrt ckrounded up to the next whole number. In addition, the DQM signhals must be used to mask input data,
starting with the clock edge following the last dataelement and ending with the clock edge on which the
BankPrecharge/PrechargeAll command is entered (refer to the following figure).
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Figure 13. Write to Precharge
TO T1 T2 T3 T4 T5 T6 T7

CLK S N B B | L1 I I

| ! x
| {

a I I /i T\ I i I

DQM ) ! : ) :

i
I

|
|
1 |
COMMAND —< WRITE >—< >—< \1 NOP >—<Prechargt>—< NOP )—< NOP )—(Actlvate)—( NOP )—<:

ADDRESS

DQ

Dond Care

Note: The DQMs can remain low in this example if the length of the write burst is 1 or 2.

7. Write and AutoPrechargeommand(RAS# = "H", CAS# = "L", WE# = "L", BAs = Bank, A10 =AB"> Alblumn
Address)

The Write and AutoPrecharge command performs the precharge operation automatically after the write
operation. Once this command is given, any subsequent commamehat occur within a time delay §fburst
length-1) + v+ tre(Min.)}. At fulkpage burst, only the write operation is performed in this command and the
auto precharge function is ignored.

Figure 14. Burst Write with Auto-Precharge (Burst Length = 2)
TO T1 T2 T3 T4 T5 T6 T7 T8 19

CLK _T | | | I IF; |_‘||‘|_

| | ¢
| | | | | | | |

Bank A WRITE A (‘Z Bank A
COMMAND —(,m,vat )—( nop M nop M{LumEn I nop 3 nop 3 nop Y>'< nor ) wop W(FACEN—

| |€ N|

I ! ! 1 !
| | | | *x 0 | |
DQ f f f DIN A, DIN A f f {f f f f
1 1 1 1 1 ] 1 1

toaL=twr*trp * Begin AutoPrecharge
Bank can be reactivated at
completion of tpa.

8. Mode Register Set commariRAS# = "L", CAS# = "L", WE# = "[ZAIRG Register Data)

The mode register stores the data for controlling the various operating modes of SDRAM. The Mode Register £
command programs the valued 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 aftetupaaver
undefined; therefore this command must be issued at the pougsequence. The state of pins AO~2Ad the

same cycle is the data written to the mode registBwo clock cycle are required to complete the write in the
mode register (refer to the following figure). The contents of the mode register can be changgahesisame
command and the clock cycle requirements during operation as long as all banks are in the idle state.
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Table 5. Mode Register Bitmap

CS#

v rwm[tmftm] Pty r [ te[tplta[ ol tH[tM!n

wCl! n | wC!FfF |2.]¢Sad [V [ Fd . ¢l L daNBG
| [

+ ~ ~

L p2 NAGS . dzf | yl! T ¢Sad a2 I o|. dzNER(

n . dzN& U non b2 NI | n | { Sl dgs

M {Ay3ftS||m|n| £+tSYyR2NJI| M |[LYydS§N
n|m| £xSyR2NJI!

v v
Peltpltn| /v { [} PH| !'m| !'n D dzZNR G [
n n n wS aSNY n n n M
n n M wS &S NX n n M H
n M n H Of 2 n M n n
n M M o Of 2 n M M y
M | N n wS & SNY M M M (CdzZ f t I 3S

lff 20KSNJ wé lff 20KSNJ wSa
NoteY wC! O6wSaSNIWSR F2NJ FTdzidzZNB dzaS0 a K2 dz
Figure 15. Mode Register Set Cycle
TO T1 T2 T3 ) T4 T5 T6 T7 T8 T9 T10
CLK _T | T | T | '[ T | T LT
] ] ] ]
CKE | | | |
?| | | |
| | | |
| |
|

moem m =

S

RAS#

CAS#

WE#

BAO,1

A10

AO0-A9,
Al11-A12

DQM

izl | ¢ . i o | | | | | |
DQ - T -y T T T T
' }

PrechargeAll Mode Register Any
Set Command m Dond Care

Command
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256Mb (x§ - SDR Synchronous DRAM 32Mx8- NDSBP

1 Burst Length Field (A2~AQis 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.

Table 6. Burst Length Field
Al A0 Burst Lendt

>
N

FN TN P

8
Reserved
Reserved
Reserved
Full Page
Full Pagé.ength:512

PPk |k |o|lo|o|o
Pk |o|o|k |k |o|o
Plo|k|o|r|o|r|o

9 Burst Type Field (A3yhe Addressing Mode can be one of two modes, Interleave Mode or Sequential
Mode. Sequential Mode supportairst length of 1, 2, 4, 8, or full page, but Interleave Mode only supports
burst length of 4 and 8.

Table 7. Addressing Mode Select Field

A3 Burst Type
0 Sequential
1 Interleave

9 Burst Definition, Addressing Sequence of Sequential and Interleave Mode
Table 8. Burst Definition

. dzNE I{“" NIt { 81 dzSy i A LydSNE St
PH| ! m| ' n

’ n nx w nx w
M M2 7 M2 7

n n n M2 H2 nX M2 HJ

. n M M2 H2Z 02 M2 /12 032

M n H>X 02 2 HX 02 N3

M M 02 N M2 02 HZ M2

n n n nM2 H2Z 02 n M2 H2XZ (

n n M M2 H2Z 02 T M2 12 02 H

n M n HYX 02 nx | HYX 02X nx N

n M M 02X nNZ px 02X HZ MZXZ |

y M n n n px c2Z T nX px cxZ O

M n M pY  cX TZ | pY X nX T2 (

M M n C> TZ nX N cC>2 TZ nx (|

M M M T2 NZ MZXZ H TZ C2Z p2x T

CdA t |t 20k Gpmy) > {)E[A“"Di(xﬁfz“m‘ b 2 i dzL ASRNI
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256Mb (x§ - SDR Synchronous DRAM 32Mx8- NDSBP

1 CAS Latency Field (A6~ABNis 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 c
CLK. The minimum whole value satisfying the faligwWormula must be programmed into this field.

tcadmin) ¢ CAS Latency X«t
Table 9. CAS Latency

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

1 Test Mode field (A8~A7These two bits are used tnter the test mode and must be programmed to "00"
in normal operation.

Table 10. Test Mode

A8 A7 Test Mode

0 0 normal mode

0 1 Vendor Use Only
1 X Vendor Use Only

91 Write Burst Length (A9Yhis bit is used to select the write butehgth. When the A%it is"0", the Burst
ReadBurstWrite mode is selected. When the A9 bit is "1", the BiRstadSingleWrite mode is selected.

Table 11. Write Burst Length

A9 Write BurstLength
0 BurstReadBurstWrite
1 BurstReadSingleWrite

Note: Al0 and BAO, A K2 dzZf R &dlF & da[ ¢ RdzZNAy3I Y2RS asSid ¢

9. No-Operation comman@RAS# = "H", CAS# = "H", WE# = "H")

CKSMhENF A2y O2YYFYR A& dzaSR (2 LISNF2N] 2 oKt LINS ¢

u
dzy 61 YiSR O2YYIYyRa TNRPRI{SSRENHSNBHAAGSKNBR ORIINAY I A
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10. Burst Stop comman(RAS# = "H", CAS# = "H", WE# = "L")

The Burst Stop command is used to terminate either fileedjth or fullpage bursts. This command is only
effective in a read/write burst without the auto precharge functioheTerminated 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.

Figure 16. Termination of a Burst Read Operation (Burst Length 4, CAS# Latency = 2, 3)
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK T | | | | | | | | L

|
COMMAND —<REIAD A>—< :\IOP >—< INOP >—< INOP >—< IBSE';‘? >—<INOP >—<INOP >—< NOP >—<I NOP >—
| | | | RS | | |
| |

XDOUT AZX DOUT A3>\I\ i
X X

[

[ [
CAS# Latency=2__| I
teka, DQ : :
[ [

| |

I I

[ [

|
DOUT AOX DOUT Ay
I
|

CAS# Latency=3
teks, DQ

|

T T

| |

| |

| |

DOUT Ao t t
| |

I
|
' \
' DOUT A, X DOUT AZX DOUT A3/
| T T T

Figure 17. Termination of a Burst Write Operation (Burst Length = X)
TO T1 T2 T3 T4 T5 T6 T7 T8

ok _TIIIITIIIII_

|
| | | |
COMMAND —< NOP >—<WR|TEA>—< NOP >—< NOP >—< Bs‘t‘;;‘ )—(INOP >—<INOP >—<I NOP >—<I NOP >—
DQ —f—(DINAO>—<DINA1>—<DINA2
| | | |

11. Device Deselect command (CS# = "H")

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

12. AutoRefresh comman(RAS# = "L", CAS# = "LEAM\ "H", CKE = "H",-AQ2 = Don't care)

The AutoRefresh command is used during normal operation of the SDRAM and is analogoushief@ARASH#
(CBR) Refresh in conventional DRAMs. This command-{gensistent, so it must be issued each time aesh is
required. The addressing is generated by the internal refresh controller. This makes the address bits a "don't car:
during an AutoRefresh command. The internal refresh counter increments automatically on every auto refrest
cycle to all of the rowsThe refrestoperation must be performed 82imes within64ms. The time required to
complete the auto refresh operation is specified yrin.). To provide the AutoRefresh command, all banks
need to be in the idle state and the device must not beawer 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 tim
requirement, k{min), must be met before successive auto refresh operations are performed.
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13. SelfRefesh Entry comman(RAS# = "L", CAS# = "L", WE# = "H", CKE =-A12A0Don't care)

The SelfRefresh is another refresh mode available in the SDRAM. ltis the preferred refresh mode for data retenti
and low power operation. Once the SelfRefresh comdnamegistered, 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 internal
generated to reduce power consumption. The SDRAM may remain in SelfRefresh mode for aitarmEiod.

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

14. SelfRefresh Exit command

This command is used to exit from the SelfRefresh mode. Once this command is registéred [MWice Deselect
commands must be issued foxsgmin.) 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 b&i€afuto
refresh gcles should be completed just prior to entering and just after exiting the SelfRefresh mode.

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

When the SDRAM is operating the burst cycle, the internal CLK is susgeradge:d) from thesubsequent cycle

by issuing this command (asserting CKE "LOW"). The device operation is held intact while CLK is suspended
the other hand, when all banks are in the idle state, this command performs entry into the PowerDown maode. Al
input and outputbuffers (except the CKE buffer) are turned off in the PowerDown mode. The device may not
remain in the Clock Suspend or PowerDown state lotigar therefresh period (64ms) since the command does
not perform any refresh operations.

16. Clock Suspend Mode EkPowerDown Mode Exit command (CKE= "H")

When the internal CLK has been suspended, the operation of the internal CLK is reinitiated from the subseque
cycle by providing this command (asserting CKE "HI&él'command should be NOP or dese)etWhen he
device is in the PowerDown mode, the device exits this mode and all disabled buffers are turned on to the activ
state. to€min.) is required when the device exits from the PowerDown mode. Any subsequent commands can b
issued after one clock cycle frothe end of this command.

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. Duril

a read cycle, the DQM functiomas the controller of output buffers. DQM is also used for device selection, byte
selection and bus control in a memory system.

NDS38Pv1:256Mb(x8)2018027 18



Table 12. Absolute Maximum Rating

Symbol Iltem Values Unit |Note
Vin, Vout | Input, Output Voltage -1.0~4.6 V|1
Voo, Vboo | PowerSupply Voltage -1.0~4.6 V|1
Ta Ambient Temperature Extended 0~70 °c| 1
Test
Ta Ambient Temperature Industrial -40 ~ 85 °c| 1
Temperature
Tstc Storage Temperature -55 ~ 150 °C| 1
TsoLper | Soldering Temperature (10 seconds) 260 °C| 1
Po Power Dissipatio 1 W | 1
los Short Circuit Output Current 50 mA| 1
Table 13. Recommended D.C. Operating Conditions (Vop = 3.3V °0.3V, Ta = -40~85°C)
Symbol Parameter Min. Typ. Max. |Unit|Note
Vobp Power Supply Voltage 3.0 3.3 3.6 V| 2
VbpQ Power Supply Voltagéor 1/0O Bufer) 3.0 3.3 3.6 V| 2
ViH LVTTL Input High Voltage 2.0 3.0 Vopo+0.3| V | 2
Vi LVTTL Input Low Voltage -0.3 0 0.8 vV | 2
L Input Leakage Current _ 10 i 10 mA
(0V¢ Vin ¢ Voo, All other pins not under test = 0
e g o | - | o ™
VoH LVTTL Output "H" Level Volta@gsr=-2mA) 24 - - Vv
VoL LVTTL Output "L" Level Volta@gr= 2mA) - - 0.4 Vv
Table 14. Capacitance (Vop = 3.3V, Ta = 25°C)
Symbol Parameter Min. Max. Unit
G Input Capacitance 2 4 pF
Gio Input/Output Capacitance 4 6 pF

Note: These parameters are periodically sampled and are not 100% tested.
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256Mb (x§ - SDR Synchronous DRAM 32Mx8- NDSBP

Table 15. D.C. Characteristics (Voo = 3.3V °0.3V, Ta = -40~85°C)

6 H AT & ™, Vb2

- " |
Description/Test condition Symbol alE® |

Operating Current
trc? tre(min), Outputs Open lob1 cp cn 3
One bank active

Precharge Standby Current in rpower down mode
tck= 15ns, CS#Viu (min), CKE Vix Iop2n on on
Input signals are changed every 2clks

Precharge Standby Currentrion-power down mode

tck=a, CLK ViL(max), CKE Vin Iop2ns MYy MYy
Precharge Standby Current in power down mode

tek= 15ns, CKEViL (max) lboze | M H

Precharge Standby Current in power down mode

tck=0, CKE ViL (max) Iop2ps ) ) mA
Active Standbyurrent in noRpower down mode

tck= 15ns, CKEVIH (min), CS# Vin (min) IoD3N nn nn

Input signals are changed every 2clks

Active Standby Current in nggower down mode

CKR Vi (min), CLKE Vi(max) tck=n lbosns | 1711 A
Operating Current (Bst mode)

tck=tck(min), Outputs Open, Mulbank interleave Iopa cp cH 3.4
Refresh Current

trc? tro(Min) Ioos y P y 7 3
Self Refresh Current

CKEE 0.2V for other inputs Ml Vop- 0.2V, M ¢ 0.2V Ioos H H
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Table 16. Electrical Characteristics and Recommended A.C. Operating Conditions
(Voo = 3.3V °0.3V, Ta = -40~85°C) (Note: 5, 6, 7, 8)

-51 (200) -6l (166) .
Symbol A.C. Parameter : X Unit | Note
Min. | Max. | Min. | Max.
tre Row cycle tim¢same bank) 55 - 60 -
trrc Refresh cycle time 55 - 60 -
trep RAS# to CAS# del@ame bank) 15 - 18 -
trp Precharge to refresh/row activate
command (same bank) 15 ) 18 )
trrD Row activate to row activate delay 10 12
(different banks) ] ]
twro | Mode register set cycle time 10 - 12 -
t Row activate to precharge timsame
RAS precharge tinf 40 | 120K| 42 | 120K
bank)
twr Write recovery time 10 - 12 -
. CL*=2| - - 10 - ns
tex Clock cycle time 9
CL*=3| 5 - 6 -
tcH Clock high time 2 - 2 - 10
teo ClocKow time 2 - 2 - 10
Access time from CLK CL*=2| - - - 6
tac . 10
(positive edge) CL*=3| - 4.5 - 5
ton Data output hold time 2 - 25 - 9
tiz Data output low impedance 0 - 0 -
thz Data output high impedance - 4.5 - 5 8
tis Data/Address/Control Input saip time 15 - 15 - 10
tiH Data/Address/Control Input hold time 0.8 - 0.8 - 10
troE Power Down Exit seaip time tisttek| - |tsttek| -
trEFI AverageRefresh interval time - 7.8 - 78 | >s
txsr Exit SeHRefresh to any Command trottis| - |trctlis| - ns

*CL is CAS Latency.

Note:

Mo GNB&AA INBFGSNI 0Ky (K248 fAAGSR dzyRSNJ b! 6042t dzi§ a
1 6a2fdziS YI EAYdzy 5/ iNSliadza NG YiSywiB& @ BIOA }Cdzy OG A2y 2
A& Y20 AYLXASR 2NJ 3dzZ N> yiSSRd 9EGSYRSR SELR&dNNB (2

2. All voltages are referenced tadOvershoot Vi (Max) =4.6=  F 2 NJ LJdZnsi Gndegsiholt #(Kin) 1.0V for pulse
GARGK X oyaod

3. These parameters depend on the cycle rate and these values are measured by the cycle rate under the minimum val
of tckand ke Input signals are changed one time durévgry?2 tck

4. These peameters depend on the output loading. Specified values are obtained with the output open.
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5. Powerup sequence is described in Note 11.
6. A.C. Test Conditions

Table 17. LVTTL Interface

Reference Level of Output Signals 1.4V /1.4V
Output Load Refererte to the Under Output Load (B)
Input Signal Levels 2.4V /1 0.4v
Transition Time (Rise and Fall) of Input Signal 1ns
Reference Level of Input Signals 1.4V
Figure 18.1 LVTTL D.C. Test Load (A) Figure 18.2 LVTTL A.C. Test Load (B)
3.3V 1.4v

Output ©
870q 20=30a == 3opF

%1.2Kq 50q
% Output 0—0:0—4

I
|

7. Transition times are measured betweem &d L Transition ise and fall) of input signals are in a fixed slope (1 ns).
8. thzdefines the time in which the outputs achieve the open dircandition and are not at reference levels.
9. If clock rigng time is longer than 1 ndr( 2 -0.5) ns should be added to the parameter.
10. Assumed input rise and fall time(tr& tF) = 1 ns
If tror tF is longer than 1 ns, transient time competii@ashould be considered, i.e.idf-tr)/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 top¥and Vooo (simultaneously) when CKE [ h 2 ¢ >=a5 L& | &ll inbu $ynals
are held "NOP5&tate.
2) Start clock and maintain stable condition for minimum 260> G KSy OoNAyYy 3 /Y9 &l LDI €
DQM is held "HIGH" f¥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 minimumof 2 AutoRefresh 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
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256Mb (x8 - SDR Synchronous DRAM

32Mx8- NDSBP

Timing Waveforms

Figure 19. AC Parameters for Write Timing (Burst Length=4)

TO T1 T2 T3 T4 TS5 T6 T7 ?TB T9 T10 T11 T12 713 T14 T15 T16 T17 T18 T19 T20 T21 T22

CLK

ten

tev |‘—

I Begm Auto

CKE

|
|
T —T T
| Begin Auto

|

|

CS#
RAS#
CAS#
WE#
BAO,1

Al0

AO0-A9, =
All-A12E

|
|
|
| Precharge Bank A |
|
!
|
|

|
| |
I |
| Precharge Bank B |
| v | |
1 1
| |
| |

Activate Write with Activate Write with

Command Auto Precharge Command Auto Precharge

Bank A Command Bank B Command
Bank A Bank B

NDS38Pv1-:256Mb(x8)2018027

Activate Write
Command
Bank A Bank A
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Precharge
Command
Bank A

BS Dona Care
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Figure 20. AC Parameters for Read Timing (Burst Length=2, CAS# Latency=2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11l T12 T13 T14 T15 T16

CLK mEplipgipgigiipgiigipgigEaipininlin
150 o ey O I Ay ey (s Ay Iy B
O | . . | | | JI | | | | |
| | | L | | i e | 3eqin Au
CKE WL UMl Ly T b G brethargesanks |
= =1 | | | |
= | |l |
CS# I R ’Z\-;-/_:_\-;-/_ AN
RAS# o
(J \]
CAS#
WE#
BAO,1
Al10
AO-A9, e
All-A12 &
DQM
DQ
Activate Read Activate Read with Precharge Activate
Command Command Command Auto Precharge  Command Command
Bank A Bank A Bank B Command Bank A Bank A
Bank B
SN Dona Care
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32Mx8- NDSBP
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4, CAS# Latency

Figure 21. Auto Refresh (Burst Length

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

Activate

Auto Refresh
Command

Auto Refresh
Command

Precharge All
Command

Command
Bank A

Command
Bank A

B8N Dona care

GNIS

25 INS|
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256Mb (x§ - SDR Synchronous DRAM 32Mx8- NDSBP

Figure 22. Power on Sequence and Auto Refresh

TO T1 T2 T3 T4 TS5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

]
o L UL LU pipigipipinl
1 S Ay s ey ey Ay Ay Ay Hy (P Ay A I i
| y | | [ | | | | | [ | | | | | | | | | | |
| V 1 | | | | | | | | | | |IRSEL | | | | |
CKE |:;"?:ng:/:[:| ;l; | | | | | | | )ngmmumforZRefreshCyclesarerequlredqz | | | | | |
| \’{ | | | \3[7 | | | | | | | \’3 | | | | | | \] | | | | | |
_'_\, I \, I I L I I L L : I L L L L L I L L
cs# Ly 1\ "’Z_:_\-;-/_:_\-:-/' R |\_:_/| |)}| | |\_:_/| |
[ [ | | | [ | | | [ | | | |
RAS#
CAS#
WE#
BAO,1
A10
AO0-A9 PN
Al1-A12 B e e
Iy | | Iy | | | | | | [T | | | | oy | | [ [ [
T T | | | | | UL | | ! | T | | | | |
DQM N T S VA .o/ T P Ry Y (N NN J0 EN (N KN (NN B N I S I \_|_|_|_
| ) | | | | | | | | | | \ | | | | | | | | | | | |
wigd I (A I I I I I L I I I I [ [ I I I
DO D O N Y [ I A O Ay 0 NG S N N N
[ | [ | | | | | [ | | | | | le | | | | |
Preamrge Al lstIuto Refresh® 2ndt\uto Refresh®” An$y
Command
Inputs mUSIObE ° Mode Register Command Command command
Stable for Set Command
2008 X Dona Care

Note®: The Auto Refresh command can be issue before or after Mode Register Set command
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Figure 23. Self Refresh Entry & Exit Cycle

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 Tl3 T14 T15 T16 T17 T18 T19
CLK

CKE

CS#

RAS#

CAS#

WE#

-

BAO,1

A10

AO-A9, §
Al1-A12

Refresh

Self Refresh Entry Self Refresh Exit Aut

o

Wl Dond Care

Note:

To Enter SelfRefresh Mode

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

2. After 1 clock cycle, dle inputs including the system clock can be don't care except for CKE.
3. The device remains in SelfRefresh mode as long as CKE stays "low".

4. Once the device enters SelfRefresh mode, minimexsid required before exit from SelfRefresh.

To Exit SelfRefresfiode

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 txsris required after CKE going high to complete SelfRefresh exit.

8192cycles of birst AutoRefresh is required before SelfRefresh entry and after SelfRefresh exit if the system uses
burst refresh.

arONPRE
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256Mb (x§ - SDR Synchronous DRAM 32Mx8- NDSBP

Figure 24.1. Clock Suspension During Burst Read (Using CKE)
(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

ak Uy

wo ¥ NN ALY
cs ; T i |

| | | | | | | | | | | |
| | | | | | | | | | | |
T T T T T T T T T T T T
[ [ [ [ [ [ [ [ [ [ [ [
) | | | | | 1z | | | | | |
pg 44 L LG X m X e T A FR I P
| | | | | | | | | | | | |
1" I I 1" ) ] ] T ) ] T ) ) ] ) ] I ) I I I I I
Activate Read Clock Suspend  Clock Suspend Clock Suspend
Command Command 1Cycle 2 Cycles 3 Cycles
Bank A Bank A
B8] Dona Care
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256Mb (x§ - SDR Synchronous DRAM 32Mx8- NDSBP

Figure 24.2. Clock Suspension During Burst Read (Using CKE)
(Burst Length=4, CAS# Latency=3)

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

CLK ' || |' || || || || || || || || || || || || || || || || ||| || || ||
|

I | | I I I | |
I I I I | | | I I I I I I I I | I I I I I I I
T T T T T T T I I I I I I T T T T T T T T
CKE yl I I I I I I \_I_/_r\_I_L/_r\_I_I_L/ I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
: I : : I } } } : } } : : } : } : } : : : : :
CS# | \_;_/ Lo \_;_/ R e e e e
I I I I I I I I I I I I I I I I I I I I I
CAS#
WE#
BAO,1
Al10
AO-A9, RN NN
AL A2 A
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
DQM hl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ﬂ
I I I I I I I I I I I I I I I I I I I I I I I
HiZ I I I I I I I I I I I I I I I —Mmiﬂ—w I I I I I
—_ e e L N R I I I I
°Q P T e e X e X e Rt
T T
Activate Read Clock Suspend  Clock Suspend Clock Suspend
Command Command 1Cycle 2 Cycles 3 Cycles
Bank A Bank A
B®) Dona Care
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Figure 25. Clock Suspension During Burst Write (Using CKE)

(Burst Length=4)

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

T1 T2 T3

T0

S N A

RAS#
CASH#
WE#
BAO,1
A10
DQM
DQ

h{

Clock Suspend  Clock Suspend
1 Cycle

Write

Clock Suspend

3 Cycles

2 Cycles

Command

Activate
Bank A

BN Dona care

Command
Bank A

GNIS
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256Mb (x§ - SDR Synchronous DRAM 32Mx8- NDSBP

Figure 26. Power Down Mode and Clock Suspension (Burst Length=4, CAS# Latency=2)
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256Mb (x§ - SDR Synchronous DRAM 32Mx8- NDSBP

Figure 27.1. Random Column Read (Page within same Bank)
(Burst Length=4, CAS# Latency=2)
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256Mb (x§ - SDR Synchronous DRAM 32Mx8- NDSBP

Figure 27.2. Random Column Read (Page within same Bank)
(Burst Length=4, CAS# Latency=3)
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256Mb (x§ - SDR Synchronous DRAM 32Mx8- NDSBP

Figure 28. Random Column Write (Page within same Bank)
(Burst Length=4)
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256Mb (x§ - SDR Synchronous DRAM 32Mx8- NDSBP

Figure 29.1. Random Row Read (Interleaving Banks)
(Burst Length=8, CAS# Latency=2)
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256Mb (x§ - SDR Synchronous DRAM 32Mx8- NDSBP

Figure 29.2. Random Row Read (Interleaving Banks)
(Burst Length=8, CAS# Latency=3)
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256Mb (x§ - SDR Synchronous DRAM 32Mx8- NDSBP

Figure 30. Random Row Write (Interleaving Banks)
(Burst Length=8)

TO T1 T2 T3 T4 TS5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

CLK | [ | | | | | | | | | i | Ig?l | | | | i | |
| | | | | | | | | | | | | | | | [
0 B

| |<{| | | | | | | | | | ‘.8 | |f?| : | | : <.{ : |
| d | t t t t | t t (I | i {
NI TN N

N/

RAS#
CAS#
WE#
BAO,1 v |
|
A10 roxX
| |
AR B @ 4 %
ALL-ALE = T T S T N
S T O RO A N B oo
poM RN 0 ; | |
| |\f| R e e |§={ [

Hi-Z! | i | { {4 {
R (D (D D D ) () D D D D) D (&
f

Activate Write Activate Write Precharge Activate Write Precharge
Command Command Command Command Command Command Command  Command
Bank A Bank A Bank B Bank B Bank A Bank A Bank A Bank B
* i BN Dona Care
twr>twr (mln.)

NDS38Pv1:256Mb(x8)2018027 37 INSIGEGNIS



32Mx8- NDSBP

=
<
@
O
0
>
o)
c
o
<
3]
c
>
)]
@©
Qo
)]
o
=
o
p=
©
L0
¥

Figure 31.1. Read and Write Cycle
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