16Mb (x16) - SDR Synchronous DRAM INS| (e N | S

1M x 16 bit Synchronous DRAM (SDRAM)

Overview

The 16Mb SDRAM is a high-speed CMOS synchronous DRAM containing 16 Mbits. It is internally configured as a dual
512K word x 16 DRAM with a synchronous interface (all signals are registered on the positive edge of the clock signal,
CLK). Each of the 512K x 16 bit banks is organized as 2048 rows by 256 columns by 16 bits. 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 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 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.

Features

o Fast access time: 5.4ns

o Fast clock rate: 166 MHz

o Self refresh mode: standard
« Internal pipelined architecture
e 512K word x 16-bit x 2-bank

e Programmable Mode registers
- CAS Latency: 2, or 3

- Burst Length: 1, 2, 4, 8, or full page
- Burst Type: Sequential or Interleaved
- Burst stop function

« Individual byte controlled by LDQM and UDQM
o Auto Refresh and Self Refresh

o 4096 refresh cycles/64ms

o CKE power down mode

o JEDEC standard +3.3V+0.3V power supply

o Operating temperature range
- Extended Test (ET): 0 ~ 70°C
- Industrial (IT): -40 ~ 85°C

o Interface: LVTTL

e 50-pin 400 mil plastic TSOP Il package
-Pb and Halogen Free

DISCLAIMER: All product, product specifications, and data are subject to change without notice to improve reliability, function or design, or otherwise. The
information provided herein is correct to the best of Insignis Technology Corporation’s knowledge. No liability for any errors, facts or opinions is accepted.
Customers must satisfy themselves as to the suitability of this product for their application. No responsibility for any loss as a result of any person placing reliance
on any material contained herein will be accepted.
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16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

How to Order

Function | Density | 10 Pkg Type | Pkg Size Speed & | Option INSIGNIS PART
Width Latency NUMBER:

SDR 16Mb x16 TSOPII 501 10x21(x1.2) | PC166 Extended Test NDS96PT4-16ET

SDR 16Mb | x16 TSOPII 501 10x21(x1.2) | PC166 Industrial Temp NDS96PT4-161T

Visit: http://insignis-tech.com/how-to-buy
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16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

Package Pin Assignments
Figure 1. Pin Assignment (Top View)

vop[]1© 50 ] VSS
pao[_|2 49 [ D@15
pa1[_]3 48 [ ]DQ14
vssal_ |4 47 [ Jvssa
pazl |5 46 [ |DQ13
pail_le 45 | 1ba1z
vopal_]7 44 [ vopo
Dasa 8 43 [ 1pan
DS o 42 [ Do
vssal_]10 41 [ Jvssa
Das[_ |1 40 [ DQY
DA7 [ |12 39 [ ] DQs
vopal |13 ig [__|vDDQ
Loom_]14 37 [ INC
WE# [ |15 36 [ Jupam
CAS#[_|16 35 [ JCLK
RAS#[ |17 34 [ |CKE
cs#[_|18 33 [ INC
A1 ]19 32 [ A9
atoap[ |20 3| |A8
Al | o [ AT
A1 |22 20 [ A6
Az |23 28 [_]AS
A3 |24 27 [ a4
vDD[_|25 26 [ |vss
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Figure 2. Block Diagram

CLOCK
CLK BUFFER
CKE —— ;
i 2048x256x16
CS# g CELL ARRAY
RAS# COMMAND a8 (BANK #0)
CONTROL
C‘Jﬁéz DECODER SIGH;‘-El || Column Decoder
GENERATOR
DaQo
A10/AP = COLUMN o '
COUNTER REGISTER DQ15
LDaQM, ubDam
AD ADDRESS
1 BUFFER
A9 = 2048x256x16
A1 5% CELL ARRAY
a (BANK #1)
REFRESH
COUNTER Column Decoder
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Pin Descriptions

Table 1. Pin Details

Symbol

Type

Description

CLK

Input

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

CKE

Input

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 both banks are in the idle state,
deactivating the clock controls the 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.

A1

Input

Bank Activate: A11 (BA) defines to which bank the BankActivate, Read, Write, or
BankPrecharge command is being applied.

A0-A10

Input

Address Inputs: A0-A10 are sampled during the BankActivate command (row address
A0-A10) and Read/Write command (column address AO0-A7 with A10 defining Auto
Precharge) to select one location out of the 512K available in the respective bank. During
a Precharge command, A10 is sampled to determine if both banks are to be precharged
(A10 = HIGH). The address inputs also provide the op-code during a Mode Register Set
command.

CS#

Input

Chip Select: CS# enables (sampled LOW) and disables (sampled HIGH) the command
decoder. 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.

RAS#

Input

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 BankActivate
command or the Precharge command is selected by the WE# signal. When the WE# is
asserted "HIGH," the BankActivate 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.

CAS#

Input

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 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."

WE#

Input

Write Enable: The WE# signal defines the operation commands in conjunction with the
RAS# and CAS# 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,
ubQM

Input

Data Input/Output Mask: LDQM and UDQM are byte specific, nonpersistent /O buffer
controls. The 1/O buffers are placed in a high-z state when LDQM/UDQM is sampled
HIGH. Input data is masked when LDQM/UDQM is sampled HIGH during a write cycle.
Output data is masked (two-clock latency) when LDQM/UDQM is sampled HIGH during a
read cycle. UDQM masks DQ15-DQ8, and LDQM masks DQ7-DQO.

DQO0-DQ15

Input/Output

Data I/0: The DQO0-15 input and output data are synchronized with the positive edges of
CLK. The 1/Os are byte-maskable during Reads and Writes.

NC

No Connect: These pins should be left unconnected.
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16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

Vbba Supply  |DQ Power: Provide isolated power to DQs for improved noise immunity.
(3.3V+ 0.3V)

Vssa Supply  [DQ Ground: Provide isolated ground to DQs for improved noise immunity.

Vbp Supply  |Power Supply: 3.3V + 0.3V

Vss Supply  |Ground
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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.

Table 2. Truth Table('2

Command State |[CKEn-1|CKEn| DQM®) [A11|A10| A0-9 | CS# | RAS# |CAS#| WE#
BankActivate Idle® H X X V|V ]|V L L H H
BankPrecharge Any H X X V|L X L L H L
PrechargeAll Any H X X X | H X L L H L
Write Active® H X Vv V|L ]|V L H L L
Write and AutoPrecharge Active® H X Vv V|H]|V L H L L
Read Active® H X Vv V|L ]|V L H L H
Read and Autoprecharge Active®) H X \ V|H \ L H L H
Mode Register Set Idle H X X OP code L L L L
No-Operation Any H X X X1 X ]| X L H H H
Burst Stop Active® H X X X1 X ]| X L H H L
Device Deselect Any H X X X | X X H X X X
AutoRefresh Idle H H X X1 X ]| X L L L H
SelfRefresh Entry Idle H L X X | X X L L L H
SelfRefresh Exit Idle L H X X1 X ]| X H X X X

(SelfRefresh) L H H H

Clock Suspend Mode Entry Active H L X X | X X H X X X
L \' \Y \

Power Down Mode Entry Any®) H L X X1 X | X H X X X
L H H H

Clock Suspend Mode Exit 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 Disable Active H X H X | X X X X X X

Notes: 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 A11 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.
6. LDQM and UDQM
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Commands

1
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BankActivate
(RAS# = "L", CAS# = "H", WE# = "H", A11 = Bank, A0O-A10 = Row Address)

The BankActivate command activates the idle bank designated by the BA signals. By latching the row address
on A0 to A10 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 trcp (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 two 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. trrp (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)
10 1 12 13 In+3  Tned  Tne5  Tneb

CLK _Tl'j R
ADDRESS o a4

l HHS“JI"F-SH de|al;u.“| I | RASH- Rhﬁ#dﬂla,l‘lmeﬂ. o) l

COMMAND —{f:ﬁ:,;)—{ H T S A Sa— P:TS.E.}—{ wor }—{ wor H:.:.;’:.#.}—

| | RASH - ':!.I'E-|E‘tll'l'l'l’|tqc| | |
4 Ir

AutcPrecharge
Begin B Don't Care

BankPrecharge command
(RAS# = "L", CAS# = "H", WE# ="L", A11 ="V”, A10 ="L", A0-A9 = Don't care)

The BankPrecharge command precharges the bank disignated by A11 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.

PrechargeAll command
(RAS# = "L", CAS# = "H", WE# = "L", A11 = Don't care, A10 = "H", A0-A9 = Don't care)

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

Read command
(RAS# ="H", CAS# ="L", WE# = "H", A11="V", A10 = "L", A0-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 trcp (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).



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

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK LfLfLfLfLfLfLfLfL

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

| | |
| | | | | |
CAS# Latency=2 \\ymx pouTt A, ¥ pouT A, X pouT A Y—.
tcke, DQ \ 0 X X 4 :

| |

| |

| I I I | I

I I I I | I I
: : : ( DOUT A, X DOUT A, x DOUT A, X DouT A3> :

CAS# Latency=3
tcks, DQ

The read data appears on the DQs subject to the values on the LDQM/UDQM inputs two clocks earlier (i.e.
LDQM/UDQM 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).

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

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

|
COMMAND —<RIIEAD A)—(FlIEAD B)—( INOP )—( INOP >—<INOP )—(INOP >—<IN0P >—<I NOP )—(INOP )—

[ [ [ [ [ [ | [

CAS# Latency=2 / \ | |
\ DOUT A, X DOUT Bux DOUT B, X DOUT B, X DOUT B; Ve |

[ [ [ [ [ [

tcke, DQ |
| ~ . . . ) |
T \DOUT AgX DOUT BDX DOUT B1XDOUT B2XD0UT BS>_|7
| | | | | | |

CAS# Latency=3
tCK3! DQ

The LDQM/UDQM inputs are used to avoid I/O contention on the DQ pins when the interrupt comes from a
Write command. The LDQM/UDQM 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 1/0O 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
LDQM/UDQM must be asserted (HIGH) at least one clock prior to the Write command to avoid internal bus

N\

contention.
Figure 6. Read to Write Interval (Burst Length > 4, CAS# Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9

CLK _T | | | | | | | | I_‘IF L
| | N | | | | | |
| | | [N | | | | | |

DM | | | N [ [ [ [ [
| | | | | |

AN

| | | |
COMMAND —( nop >—< NOP Hf;’i‘:a::H NOP >—< NOP )—(READ A)—(WRITE A)—( NOP )—( NOP )—( NOP )—
| | | |

N\ |

N

I

I N I I I I

I Nl /

T T \ DIN A, X DIN A X DIN A, X DIN A3 >—
| | | | |

[ [ [ [
[ [ [ [
CAS# Latency=2 | | | |
tekz, DQ | | | |
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Figure 7. Read to Write Interval (Burst Length > 4, CAS# Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8
LK 1LfLfLfLfLfLfLfLfL

|
DQM M_/ :\ T\ N\ : | : :
| | | | A | | |
[ \: \l [ [ |

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

| | | I
| \

|
|
| /
] ] { DINB, DIN B, X DIN B, X DIN B, >—
| | | | |
Must be i-li-Z before
the Write Command

| |
| |
CAS# Latency=2 | I
| |
I I

|
|
|
tcke, DQ I

Don’t Care

Figure 8. Read to Write Interval (Burst Length = 4, CAS# Latency = 3)

T4 T5 T6 T7 T8

TO T1 T2
| | | | L
T |

CLK T 1 | |
3
(BN | |
|
|

T3
|
S VIR N
| AR N

COMMAND —( NoP )—(READ ay~ nop 3 nop (" Nop ) Nop M(WRITEB)~ NOP }{ NOP }—
I I : : \‘: \\J N | :

: @|_< DINB, X DINB; X DINB, >_
| - :

|
| | |
CAS# Latency=3 | | |
| | |
| | | ] [ ]
Must be Hi-Z before

tCKS! DQ
the Write Command

B8N Don’t Care

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.

Figure 9. Read to Precharge (CAS# Latency =2, 3)

T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK

ADDRESS

N| |
COMMAND —<READ A)—( NOP )—( NOP )—( NOP )—(Drecharge)—( NOP H NOP >—<V/Im:tivate>—<I NOP >—
T T
|

CAS# Latency=2

/ DOUT A X DOUT A X DOUT A DOUT AR\
o 1 2 3

T T

| | |

| | | |

| | \ VAL | |

tek2, DQ | | | | | A | |
| | | ] ] ] ] | |

CAS# Latency=3 } } } (DOUT Ao X DOUT A, X DOUT Ai DOUT A3> } }
texs, DQ I I I r r — ) I I
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5 Read and AutoPrecharge command
(RAS# ="H", CAS# ="L", WE# = "H", A11 =*V”, A10 = "H", A0-A7 = 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 {trp
(min.) + burst length}. At full-page burst, only the read operation is performed in this command and the auto
precharge function is ignored.

6  Write command
(RAS# ="H", CAS# ="L", WE# ="L", A11 =“V”, A10 = "L", A0-A7 = 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 trcp (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).

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

TO T T2 T3 T4 T5 T6 T7 T8
CLK 1L fLfLfLfLfLfLflLfL

|
| | | | | | | I |
COMMAND —< NOP )—(WRITE A>—< NOP >—< NOP )—( NOP >—< NOP >—< NOP >—< NOP >—< NOP )—
| | | | | | | | |
DQ _:_<5.NA0)_(.;.NA1)_(.;.NAZ)_(.;.NA3 ! ! !
| | | I | | | |

The first data element and the write
are registered on the same clock edge

A write 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).

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

TO T T2 T3 T4 T5 T6 T7 T8
LK 1 fLfLfLfLfLfLfLfL

|
| | | | | | | | |
COMMAND —( NOP )—(WRITE A)—(WRITE B)—( NOP )—( NOP )—( NOP )—( NOP >—< NOP )—( NOP >—
| | | | | | | | |
DQ —:—( DN Ao )—( DIN Bo )—( oIN B )—( DIN B, )—( oIN Bg> : : :
| | | | | | | | |

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

T0 T1 T2 T3 T4 T5 T6 T7 T8
LK 1LfLfLfLfLfLfLfLfL

|
| | | | ] | | | |
COMMAND —( NOP )—(WRITEA)—(READ B)—( NOP )—( NOP )—( NOP )—( NOP )—( NOP >—< NOP >—
| | | | | | | | |
I don't ca DIOUT B.,XD;)UT B1XDIOUT BZXDIOUT B;)—:i
T
|

DOUT Bux DOUT B, X DOUT B, X DOUT B; )—

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
tck2, DQ

CAS# Latency=3
teks, DQ

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 LDQM/UDQM 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).

Figure 13. Write to Precharge

TO T T2 T3 T4 T5_ T6__ T7
CLK S 51 f_l N N N NN
§

DQM LI—/_ \ ! 3( ! E

| tee | )

COMMAND M >—<Precharge>—< NOP >—< NOP )—(Actlvate>—< NOP )—<
|

ADDRESS

|
! |
§ |
Don’t Care

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

DQ

7  Write and AutoPrecharge command (refer to the following figure)
(RAS# ="H", CAS# ="L", WE# ="L", A11 =“V", A10 = "H", A0-A7 = 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 + tre (min.)}. At full-page 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 ™M T2 T3 T4 T5 T6 T7 T8 T9
CLK _‘Ir I I I I I L f I I_‘II‘ L

I A H R I R

| | |
Bank A WRITE A ('Z Bank A
CoMMAND  ~(EEEEY( e o Y- o o Y e o -

| l¢

| | | l¢ |
| | | |
DQ T T T DIN A, DIN A, T
1 1 1 1

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

N|

| ] | pl
*ooh | |

| 1 |

I I
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8 Mode Register Set command
(RAS# ="L", CAS# ="L", WE# ="L", A11 = “V", A10 = V", AO-A9 = 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~A9 and A11 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 both banks
are in the idle state.

Table 3. Mode Register Bitmap
A11 [ A10 | A9 A8 | A7 A6 | A5 | A4 A3 A2 | A1 [ A0

0 RFU* | WBL | Test Mode CAS# Latency BT Burst Length
' ' — !
A9 | Write Burst Mode A8 | A7 Test Mode A3 |Burst Type
0 Burst 00 Normal 0 [Sequential
1 Single Bit 1 | 0 |Vendor Use Only 1 Interleave
0 | 1 |[Vendor Use Only
v y
A6 | A5 | A4 | CAS# Latency A2 A1 A0 Burst Length
0 0 0 Reserved 0 0 0 1
0 0 1 Reserved 0 0 1 2
0 1 0 2 clocks 0 1 0 4
0 1 1 3 clocks 0 1 1 8
1 0 0 Reserved 1 1 1 Full Page (Sequential)
All other Reserved All other Reserved

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

Figure 15. Mode Register Set Cycle
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

ok —f LfLfLflLflLf1lflflflfLsif

CKE V 1 1 1 1 1 1 1 : 1
I I I I I I I I I I I I
| | | | | —twmo, | | | |

1 1 | 1 1 | 1 | 1 1 1 1
cs# | N/ N/ T\ | | |
|

CAS# D 4

WE#

I

A1 R

A10

A0-A9 B

I I I I I I I I I I I I
oTe1V I NG S S SN N N N SN SN BN N BN
O P

DQ -1t - -t - -t -t - —|— =+ = — -

1 1 1 1 j 1 1 1 1 1
PrechargeAll nsn;gﬁegistir rl-}ny m Don’t care
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16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

o Burst Length Field (A2~A0)

This field specifies the data length of column access using the A2~AQ0 pins and selects the Burst Length to
be 1, 2, 4, 8, or full page.

Table 4. Burst length

A2 Al 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

e Addressing Mode Select Field (A3)

The Addressing Mode can be one of two modes, Interleave Mode or Sequential Mode. Sequential Mode
supports burst length of 1, 2, 4, 8, or full page, but Interleave Mode only supports burst length of 4 and 8.

Table 5. Addressing Mode Select Field

A3 Addressing Mode
0 Sequential
1 Interleave

o Burst Definition, Addressing Sequence of Sequential and Interleave Mode
Table 6. Burst Definition

Li%réstth AD Start ﬁ?dress A0 Sequential Interleave
> X X 0 0, 1 0, 1
X X 1 1,0 1,0
X 0 0 0,1,2,3 0,1,2,3
4 X 0 1 1,2,3,0 1,0,3,2
X 1 0 2,3,0,1 2,3,0,1
X 1 1 3,0,1,2 3,2,1,0
0 0 0 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
0 0 1 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
0 1 0 2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
8 0 1 1 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5,4
1 0 0 4,5,6,7,0,1,2, 3 4,56,7,0,1,2,3
1 0 1 5,6,7,0,1,2,3,4 5,4,7,6,1,0,3,2
1 1 0 6,7,0,1,2,3,4,5 6,7,4,5,2,3,0,1
1 1 1 7,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0
Full page [location = 0-255 ? 2”’ n;?a r;]+3, 255, 0, Not Supported
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o CASH# 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 tCK

Table 7. 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

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

Table 8. Test Mode field

A8 A7 Test Mode

0 0 normal mode

0 1 Vendor Use Only
1 X Vendor Use Only

o 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.

Table 9. Write Burst Length

A9 Write Burst Mode
0 Burst-Read-Burst-Write
1 Burst-Read-Single-Write

Note: A11 should stay “L” during mode set cycle.

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.

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.

NDS96Pv1.3-16Mb(x16)20180712 15 .



Figure 16. Termination of a Burst Read Operation (Burst Length > 4, CAS# Latency = 2, 3)

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

|
COMMAND —<RILAD A>—< INOP >—< INop )—( INop b Z‘t‘;s‘ d INop b INOP >—<I NOP >—<I NOP )—
i i i ' : '

|The burst ends after a delay equal to the CAS# Latency

CAS# Latency=2

[
<DOUT ADX DOUT A, X DOUT A; X DOUT A; \\)l I

i
| | |
t DQ | | / | | |
CK2; | | | | | | | \I |
| | | ] ] ] ] | |
CAS# Latency=3 } } { bout A, X pouT A, X pout A, ¥ DOUT A, YL |
teks, DQ ! ! ! \ ! X ! X ! X ! / ! ;

Figure 17. Termination of a Burst Write Operation (Burst Length = XX)

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

|
| | | | | | | | |
COMMAND —( NoP )—(WRITE A)—( NOP )—( NOP )—( Z‘t’;:' )—( NOP )—( NOP >—< NOP )—( NOP >—
| | | | | | | | |
DQ —:—(DIIN Aa>—<rl>m A1>—<I:I)INA2 't card : : : :
| I T T | | | |

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.

12 AutoRefresh command
(RAS# = "L", CAS# = "L", WE# = "H", CKE = "H", A0-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 hon-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 trc (min.). To provide the AutoRefresh
command, both 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, trp (min), must be met before successive auto refresh operations
are performed.

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. 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).
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SelfRefresh Exit command
(CKE = "H", CS# = "H" or CKE = "H", RAS# = "H", CAS# = "H", WE# = "H")

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.

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 both 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.

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"). When the device is in the PowerDown
mode, the device exits this mode and all disabled buffers are turned on to the active state. tpbe (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.

Data Write / Output Enable, Data Mask / Output Disable command (LDQM/UDQM = "L", "H")
During a write cycle, the LDQM/UDQM signal functions as a Data Mask and can control every word of the input
data. During a read cycle, the LDQM/UDQM functions as the controller of output buffers. LDQM/UDQM is also

used for device selection, byte selection and bus control in a memory system. LDQM controls DQO to DQ?7,
UDQM controls DQ8 to DQ15.

Table 10. Absolute Maximum Rating

Symbol Item Values Unit Note
ViN, Vout Input, Output Voltage -1.0~46 Vv 1
Vbb, Vbba Power Supply Voltage -1.0~4.6 Vv 1

Extended 0~70 °C 1

Ta Ambient Temperature Test
Industrial -40 ~ 85 °C 1
TstG Storage Temperature -55~125 °C 1
TsOLDER Soldering Temperature 260 °C 1
Pp Power Dissipation 1 w 1
los Short Circuit Output Current 50 mA 1
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Table 11. Recommended D.C. Operating Conditions (Ta = -40~85°C)

Symbol Parameter Min. Max. |Unit Note
VoD Power Supply Voltage 3.0 3.6 Vv 2
Vbba Power Supply Voltage (for I/O Buffer) 3.0 3.6 Vv 2
ViH LVTTL Input High Voltage 2.0 Vbpo+0.3 | V 2
Vi LVTTL Input Low Voltage -0.3 0.8 Vv 2
n Input Leakage Current 1 ’
( OV < Vin < Vop, All other pins not under test = 0V) - 10 0 HA
Output Leakage Current
loz Output disable, 0V < Vour < Vbpa) -10 10 wA
VoH LVTTL Full Drive Output "H" Level Voltage 24 — lout = -2mA
VoL LVTTL Full Drive Output "L" Level Voltage — 0.4 louT = 2mA
Table 12. Capacitance (Voo = 3.3V, f = 1MHz, Ta = 25°C)
Symbol Parameter Min. Max. Unit
Ci Input Capacitance 2 5 pF
Cio Input/Output Capacitance 4 7 pF
Note: These parameters are periodically sampled and are not 100% tested.
Table 13. D.C. Characteristics (Voo = 3.3V + 0.3V, Ta = -40~85°C)
Description/Test condition Symbol -BIIW(;I)((SG) Unit |Note
Operating Current
trc > tre(min), Outputs Open DD 80 3
One bank active
Precharge Standby Current in non-power down mode
tck = 15ns, CS#> ViH(min), CKE> V4 IpD2N 25
Input signals are changed every 2clks
Precharge Standby Current in power down mode
tck = 15ns, CKE < ViL(max) Ipp2p 2
Precharge Standby Current in power down mode
tck = oo, CKE < ViL(max) IpD2Ps 2
Active Standby Current in non-power down mode mA
tck = 15ns, CKE > ViH(min), CS#> ViH(min) IbD3N 40
Input signals are changed every 2clks
Active Standby Current in non-power down mode 35
CKE > Vii(min), CLK < Vi(max), tok = Ibb3ns
Operating Current (Burst mode) 110
tck=tck(min), Outputs Open, Multi-bank interleave Iop4 3,4
Refresh Current %
trc > tre(min) lops 3
Self Refresh Current
CKE < 0.2V ; for other inputs Vin=Vop - 0.2V, ViL < 0.2V IbDs 2
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Table 14. Electrical Characteristics and Recommended A.C. Operating Conditions
(Voo = 3.3V#0.3V, Ta = -40~85°C) &:67:9)

-61 (166 .
Symbol A.C. Parameter Min. ( I)\Ilax. Unit | Note
tre Row cycle time 9
(same bank) 60 i
trcD RAS# to CAS# delay 9
(same bank) 18 )
trp Precharge to refresh/row activate 18 ) ns 9
command (same bank)
tRRD Row activate to row activate delay 9
(different banks) 12 )
trAS Row activate to precharge time
(same bank) 42 100K
twr Write recovery time 2 ; tck
tck Clock cycle time cLr-s 7> - 10
CL*=3 6 -
tcH Clock high time 2.5 - ns
toL Clock low time 2.5 - 11
Access time from CLK CL*=2 - 6
tac (positive edge) CL*=3 i 5.4
tccp CAS# to CAS# Delay time 1 - tck
toH Data output hold time 2 - 10
tLz Data output low impedance 1 -
tHz Data output high impedance - 5.4 ns 8
tis Data/Address/Control Input set-up time 2 - 11
tiH Data/Address/Control Input hold time 0.8 - 11
trDE PowerDown Exit set-up time tis+tck - tck
trREFI Refresh Interval Time - 15.6 us
txsRr Exit Self-Refresh to any Command tRe.tis - ns

* CL is CAS# Latency.

Notes:

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

2. Allvoltages are referenced to Vss. VIH (Max) = 4.6V for pulse width < 3ns.VIL (Min) = -1.0V for pulse width < 3ns.

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

4. These parameters depend on the output loading. Specified values are obtained with the output open.

5. Power-up sequence is described in Note 12.

6. A.C. Test Conditions

Table 15. 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
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16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

Figure 18.1 LVTTL D.C. Test Load (A) Figure 18.2 LVTTL A.C. Test Load (B)

3.3V 1.4V

%1 2KQ 50Q
j_ Output
I3°PF I 30pF

870Q 20=50Q
7. Transition times are measured between Vi1 and VL. Transition (rise and fall) of input signals are in a fixed slope (1
ns).

Output ©

—AM—

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

9. These parameters account for the number of clock cycle and depend on the operating frequency of the clock as
follows:

the number of clock cycles = specified value of timing/Clock cycle time
(count fractions as a whole number)

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

11. Assumed input rise and fall time t1 (tr & tF) = 1 ns

If tr or tr is longer than 1 ns, transient time compensation should be considered, i.e., [(tr + tf)/2 - 1] ns should be
added to the parameter.
12. Power up Sequence

Power up must be performed in the following sequence.

1) Power must be applied to Vbp and Vbba (simultaneously) when CKE= “L”, DQM= “H” and all input signals are
held "NOP" state.

2) Start clock and maintain stable condition for minimum 200 us, then bring CKE= “H” and, it is recommended
that DQM is held "HIGH" (Vbb 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.
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Timing Waveforms
Figure 19. AC Parameters for Write Timing (Burst Length=4)

TO T1 T2 T3 T4 5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

| |
| |
| ' ! |
Begin Auto

| Precharge Bank B |
| v | |
L L
| |
| |

| [ |
| | |
Begin Auto I I I
Precharge Bank A | | |
| | |
t |
|
|

L]

| |
1 s
.a_
(3 Z
Orl 5
|

-

|

Q0o

Activate Write with Activate Write with Activate Write Precharge

Command Auto Precharge Command Auto Precharge Command Command Command

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

Don’t Care
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Figure 20. AC Parameters for Read Timing (Burst Length=2, CAS# Latency=2)

T14 T15 T16

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T1

ok — LM ey

= QG

hald 11 4l
e I
CKE I I I I ‘2_‘:{ Blegin Auto
t|s| | HMtsi=| | Nob Precharge Bank B
N_ | —N tufe | ' \I

._i-;

Cs# | [ .
|

e
e

RAS#

CAS#

WE#

| .. [ [ [ .-
AN AN

A1l

A10
A0-A9 N
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
B8N Don’t Care
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1Mx16 — NDS96P
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Figure 21. Auto Refresh (Burst Length=4, CAS# Latency=2)

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

| | | |

{ |
» ) ) | Y

|
|

\_;_/
|
|

)
{
I
I )

T0O T1

>
<
o
()
[%2]
>
o
c
(@)
—
<
5]
c
>
AN
o
(@]
v
1
[©)
—
L3
e
>
©
—

CLK

GNIS

Command

Bank A
B8N Don’t Care
INSI

Command

Activate
Bank A

23

Auto Refresh
Command

Auto Refresh
Command

Precharge All

Command
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16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

Figure 22. Power on Sequene and Auto Refresh

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

CLK _l _II—'H—Ilululull—luul:‘}—ll—lull—luuI—liLl
S R R N N R N B R
| | | | | | IR | | | | T 1
CKE _|_,,/ Hole | | |
TR | |
— | ) | |
Cs# N/ ;.,-_:_\_;_/_:_\_;_/
A IR |
I ]

BNZE

Mlnlmum for 2 Refresh Cycles are required 7' u
t +——+
| [T
|
RAS#

CAS#
WE#
A1l
A10 w-
| . Adi ‘
A0-A9 ~ (A
[t | [ | | | | | [ | | | | [ | | | | |
[ | [ | | | | | | | | | | | [ | | | | |
DQM [ | [ | [ | | | [N | | | | [ | | | | |
[ N R H—— T T R A
[ | [ [ [ [ | | | | | | | | [ | | | | |
HI 2 | [ | | | | | [ | | | | [ | | | | |
DQ i I PR Ut U [ A SN ¥ U | A A U Y G U )
I | [ | | | | | | I | | | | [ | | | | | |
Preaarge Al f e ? Al ?
Command 1st Auto Refresh” 2nd Auto Refresh"” c"y d
Command Command omman
Inputs must be Mode Register
gtable for Set Command
00K [N Don’t 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

S R Ly Lo

I O I N 1L 2 T A Y
— A=+t A==t =t == —
L I e I B

Self Refresh Entry Self Refresh Exit Auto Refresh

BN Don’t Care

Notes:

To Enter SelfRefresh Mode

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

2. After 1 clock cycle, all the 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, 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.

4096 cycles of burst AutoRefresh is required before SelfRefresh entry and after SelfRefresh exit if the
uses burst refresh.

© o N’

NDS96Pv1.3-16Mb(x16)20180712 25

system



16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

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

ek LU U UL UL
oxe ] ANVAAVEEV2 VRNV,
e N1/ ; —

SO

A10
|
A0-A9 RN~ (RN~
| | | | | |
| | | | | |
| | | | | |
DaM a T T T T T T
| | | | | | |
Hi- ZI | | | HZ | | |
ok IR PR I D J__l_.(@ Axt Ax2 Ax3 I I I Ry N I
DQ I I I I I I - - X - X .x - X - - X - | I | | | | |
Activate Read Clock Suspend  Clock Suspend Clock Suspend
Command Command 1 Cycle 2 Cycles 3 Cycles
Bank A Bank A

BN Don’t Care
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16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

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

ok UYL UUULL

o« W TN N
* NN/

RAS# RN
CASH# PR
WE#
A1
A10 0 | AN
|
A0-A9 S Y
| | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
DQM &I | | | | | | | | | | | | | | | | | | | | | | A
| | | | | | | | | | | | | | | | | | | | | | |
Hi-ZI | | | | | | | | | | | | | | | —N‘Hj‘ﬂ | | | | |
i P U X X X N e U U N
e B i ik ol 0, ST G GRENE R by bl by ot b
T T
Activate Read Clock Suspend  Clock Suspend Clock Suspend
Command Command 1 Cycle 2 Cycles 3 Cycles
Bank A Bank A

B8N Don’t Care
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16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

Figure 25. Clock Suspension During Burst Write (Using CKE)
(Burst Length=4)

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

o FT T AN/

|
| | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
DQM al | | | | | | | | | | | | | | | | | | | | | | A
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
Hi- | | | | 7_ | _ | | | . | | | | | | | | | | | | |
| | = | | | | | | | | |
T T T T
Activate Clock Suspend  Clock Suspend Clock Suspend
Command 1 Cycle 2 Cycles 3 Cycles
Bank A Write
Command
Bank A E Don’t Care
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16Mb (x16) - SDR Synchronous DRAM

1Mx16 — NDS96P

Figure 26. Power Down Mode and Clock Suspension (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
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Figure 27.1. Random Column Read (Page within same Bank)

(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
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Figure 27.2. Random Column Read (Page within same Bank)

(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
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Figure 28. Random Column Write (Page within same Bank)
(Burst Length=4)

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

CLK —|,|—|||—|,UU'—"—"—”—"—"—"—"—"—”—"—"—"—"—"—"—"—"—“—
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.ol | | | | | | | | | | | | | | |
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Bank B Bank B Bank B Bank B Bank B Bank B Bank B
W% Don’t Care
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Figure 29.1. Random Row Read (Interleaving Banks)
(Burst Length=8, 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

ok — Lfyyrerrrtryyuues ;

|

|
CKE T T/

|

N TN

CS# Va 33—:—\/
o

| tro | ) | | ltacy | | | | | | | | Il 0 | | | | | | |
—2——— n—»| I I I I I I I I — = I I I I I I
DQM & 1 1 ][ 1 1 1 1 1 1 1 1 1 1 1 1 1 ,] 1 1 1 1 1 1 1 1
| [ | | | | | | | | | | | | ¢ | | | | | | | |
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Bank B Bank B Bank A Bank A Bank B Bank B
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Figure 29.2. Random Row Read (Interleaving Banks)
(Burst Length=8, 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
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Figure 30. Random Row Write (Interleaving Banks)
(Burst Length=8)

TO T™1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

CLK

CKE
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WE#
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Bank A Bank A Bank B Bank B Bank A Bank A Bank A Bank B
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NDS96Pv1.3-16Mb(x16)20180712 35



16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

Figure 31.1. 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

CLK W
|

CKE |
|

cS# ’
N
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| |
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DQ L I
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Activate Read Write The Write Data Read The Read Data
Command Command Command is Masked with a Command is Masked with a
Bank A Bank A Bank A Zero Clock Bank A Two Clock
Latency Latency

BN Don’t Care
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16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

Figure 31.2. Read and Write Cycle (Burst Length=4, CAS# Latency=3)

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

ek UYWL UL
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|
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Bank A BN Don’t Care
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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

Figure 32.1. Interleaving Column Read Cycle (Burst Length
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TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

Figure 32.2. Interleaved Column Read Cycle (Burst Length=4, CAS# Latency=3)
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Figure 33. Interleaved Column Write Cycle (Burst Length=4)
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Figure 34.1. Auto Precharge after Read Burst (Burst Length=4, CAS# Latency=2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Ti1 T12T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

| | | | | | | | | | | | | | (1[7 | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
CKE High! | | | | | | | | | | I BeginAuto [ [} | " Begin Autol | | | | |
| | | | | | | | | | | | Precharge | i | | Precharge | | | | | |
| | | | | | | | | | | | BankB | i | BankA | | | | | |
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Bank B Bank A Bank B
NN Don’t Care
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Figure 34.2. Auto Precharge after Read Burst (Burst Length=4, CAS# Latency=3)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T
CLK —]

T13 T14 T15 T16 T17 T18 T19 T20 T21 T22
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§
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DQM kl | | | | | | | | | | | [ | | | | | | | | |
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| | | | | | | | | | | | Iy | | | | | | | | |
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16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

Figure 35. Auto Precharge after Write Burst (Burst Length=4)

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22
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Figure 36.1. Full Page Read Cycle (Burst Length=Full Page, CAS# Latency=2)

TO T1 T2 T3 T4 T5 T6 TZ T8 T9 T10 T11 T12 T13 T14 T15 T16T17T18T1? T20 T21 T22

CLK S A By By ey By By B 2 By B My s M| | | B
I R S T R O N O N I O TN (NS (N A B
_ T T T T T T T T T T T T T T T T T T T T T
CKE Manh | I S T S S N 2 B
S N T S T S U U0 A A S N N N A N | I‘JBI b
et N1/ T NN/ T N N N\
\'!f:_:_\'!'/_:_\'r/l P |\'|'/| [ T T T R |

| | | | | | | | y | | | | | | | | | | |
| | | | | | | [ | | | | | | | | | | | | |
bDam & 1 1 1 1 1 1 1 1 ’L 1 1 1 1 1 1 l 1 l 1 l ! J\ l l l
L
| | | | | | | [ | | | | | | | | | | Fo ! | |
i-ZI | | | | | | | 4 | | | | | | | | | | | L0 | |
b 25 oL L Gl E X EDEDNENE DD - - 4 — 1= -
| | | | | [ | |
+ + + +
Activate Read Activate  The burst counter wraps  Read Precharge Activate
Command C d C d from the hi order C d ¢ gJ Py N
Bank A Bank A Bank B Page address back to zero Bank B BankB Bank B
during this time interval
Full Page burst operation does not Burst Stop E ’
terminate when the burst length is satisfied; Command Don’t Care
the burst counter increments and continues
bursting beginning with the starting address
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Figure 36.2. Full Page Read Cycle (Burst Length=Full Page, 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 | | | | | | | | (A | | | | | | | | [ | | |
| | | | | | | | I | | | | | | | | | , | | | |
ighl | | | | | | | ol | | | | | | | | [ | | |
CKE Hghl | | | | | | | | i | | | | | | | | | | y | | | |
| | | | | | | | | . | : | | | I | : : | \’17 | : | |

| | | i t t t t —\ /==t S+t
cs# | | | | | | | | | ,_I_\_;_/ | | | | | | | [ | | |
| | | | | | U | | | | | | LA | |

| | | | | | | | | | | | | | | | | \ | |
| | | | | | | | | | | | | | | | | | | | |
DQM k l l l l l l l l l l l l l l l l l l l ll l l l l
{
| | | | | | | | I I | I I I I I I I I N | | | |
i- ZI | | | | | | | | & | | |
R Bt e ) &) 0 @a@m@@@@ e =it -
I | | | | I ' I I I |
éctlvate ; Read Acnvate Read Precharge Activate
omman Command Command Command Command Command
Bank A Bank A Bank B Bank B
Bank B Bank B
The burst counter wraps
from the highest order - ’
page address back to zero (B:u:::ns:ng \\I Don t cal’e
during this time interval omma
Full Page burst operation does not
terminate when the burst length is satisfied;
the burst counter increments and continues
bursting beginning with the starting address
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Figure 37. 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
CLK —

| |
| |
CKE High: : :
| |

| | | | | | | 3 | | | | | | | | | | | | | | | |
| | | | | | [ | | | | | | | | | | | | | | |
DQM E l l l l l l l 3( l l l l l l l ] l ] l ] ] ] ] ]
| | | | | | | | | | | | | | | | | | | | | | |
Data is ignored
2 | | | | | R | | | | | | | |1 Jrpisianpred | | |
0 *h - CIEEEE TS I
I I | ke I | | |
‘ + + +
Activate erle Acllvate Write Precharge Activate
Command Command Command Command Command Command
Bank A Bank A Bank B Bank B Bank B Bank B
The burst counter wraps Burst Sto
from th;dhighe:t okrder Full Page burst operation does not Commang E Don’t Care
zag_e a th_ref_s ac t to ztlero terminate when the burst length is satisfied;
uring this time interva the burst counter increments and continues
bursting beginning with the starting address
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16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

Figure 38. Byte Read and Write Operation (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

S Nl ipipipininipipipipigipipinipipipiniainl

| | | | | | | | | | | | | | | | | | | | | |
ighl | | | | | | | | | | | | | | | | | | | | | |
CKE ngh| [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [
[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [
[ } } [ t t [ t t [ t t
Cs# \_:_/ Lo \_:_/ R \_:_/ R \_;_/ I
| | | | | | | | | | | | | | | | | | |
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DQ8-DQ15— 4+ — :_ &+ —l—
Activate Read Upper Byte Lower Byte Write Upp?er Byte ReId
Command C is ked is C is ked C Lower Byte Lower Byte
Bank A Bank A Bank A Bank A is masked is masked

¥ Don’t Care
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Figure 39. Random Row Read (Interleaving Banks)
(Burst Length=4, CAS# Latency=2)
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Figure 40. Full Page Random Column Read (Burst Length=Full Page, CAS# Latency=2)
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Full Page)

Figure 41. Full Page Random Column Write (Burst Length

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22
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16Mb (x16) - SDR Synchronous DRAM 1Mx16 — NDS96P

Figure 42. Precharge Termination of a Burst
(Burst Length=4, 8 or Full Page, 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 | | | | | 5{ | I;I | | | | | | 5I
| | | | | ! | | | | | | | | | I | | | | |
i i il i
T
| | | | | ‘;l) | I‘]BI | | | | | | | I‘)l)l : | | | |
CS# | } } | } I—\-:_/—’—\’—’—\-:_/. } | } :\-:_/—:—\—!—\_;_/: : i i
NN N N NN
L — Sy e g T~ O - . ol | il -~ | A—t .
RAS# W) | ANNNEY ' OREN | ANNENR | ANNENY | s A

Activate Write Precharge Activate Read Precharge Activate Precharge Termination
Command Command [ i [ d Command Command Command  of a Read Burst
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1Mx16 — NDS96P

16Mb (x16) - SDR Synchronous DRAM

Figure 43. 50 Pin TSOP Il Package Outline Drawing Information
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Symbol Dimension in inch Dimension in mm

Min Normal Max Min Normal Max
A — — 0.047 — — 1.20
A1l 0.002 0.005 0.008 0.05 0.125 0.20
A2 0.035 0.039 0.043 0.9 1.0 1.1
B 0.008 — 0.018 0.2 — 0.45
c — 0.006 — — 0.155 —
D 0.82 0.825 0.83 20.82 20.95 21.08
E 0.395 0.400 0.405 10.03 10.16 10.29
le — 0.031 — — 0.80 —
HE 0.455 0.463 0.471 11.56 11.76 11.96
L 0.016 0.020 0.024 0.40 0.50 0.60
L1 — 0.0315 — — 0.80 —
S — 0.035 — — 0.88 —
y — — 0.004 — — 0.10
0 0° — 8° 0° — 8°

Notes:

1. Dimension D&E do not include interlead flash.

2. Dimension B does not include dambar protrusion/intrusion.
3. Dimension S includes end flash.

4. Controlling dimension: mm
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