TREND

NS1616AAT
512K Words x 16 Bits x 2 Banks (16-MBIT)
SYNCHRONOUS DYNAMIC RAM
FEATURES
¢ Clock frequency: 200, 166, 143 MHz
* Fully synchronous; all signals referenced to a

positive clock edge
e Two banks can be operated simultaneously and
independently
¢ Dual internal bank controlled by A11
(bank select) PIN CONFIGURATIONS
* Single 3.3V power supply 50-Pin TSOP (Type Il)
e LVTTL interface P S ~ 0 oo
* Programmable burst length DQO 2 4911 pats
= (1,2, 4,8, full page) anoo [ 4 R e
» Programmable burst sequence: a2 I% g a0 % pats
Sequential/Interleave vbba [ 7 4211 voba
e 2048 refresh cycles every 32 ms Egg (i o i % gg:é
* Random column address every clock cycle G'\IDDQ(; % 1? Z; % gggo
» Programmable CAS latency (2, 3 clocks) vor e o SRyt
* Burst read/write and burst read/single write oom 1 2B oo
operations capability % % e > % oLK
¢ Burst termination by burst stop and cs [ 18 33T NC
precharge command NP e o e
* Byte controlled by LDQM and UDQM o= b bod S
» Packages 400-mil 50-pin TSOP-II 2 % 2 2 % s
* Lead-free package option voD [L] 25 26[T] GND

PIN DESCRIPTIONS

AO-A11 Address Input

AO0-A10 Row Address Input
Al1 Bank Select Address
AO-A7 Column Address Input
DQOtoDQ15 DataDQ

CLK System Clock Input
CKE Clock Enable

CS Chip Select

RAS Row Address Strobe Command

CAS Column Address Strobe Command
WE Write Enable

LDQM Lower Bye, Input/Output Mask
ubDQMm Upper Bye, Input/Output Mask
VDD Power

GND Ground

vDDQ Power Supply for DQ Pin

GNDQ Ground for DQ Pin

NC No Connection
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PIN FUNCTIONS

Pin No. Symbol

20to 24 A0-A10
27 to 32

Type

Input Pin

Function (In Detail)

A0 to A10 are address inputs. A0-A10 are used as row address inputs during active

command input and A0-A7 as column address inputs during read or write command
input. A10 is also used to determine the precharge mode during other commands. If
A10 is LOW during precharge command, the bank selected by A11 is precharged,
but if A10 is HIGH, both banks will be precharged.

When A10 is HIGH in read or write command cycle, the precharge starts
automatically after the burst access.

These signals become part of the OP CODE during mode register set command
input

19 A1

Input Pin

A11 is the bank selection signal. When A11 is LOW, bank 0 is selected and when
high, bank 1 is selected. This signal becomes part of the OP CODE during mode
register set command input

16 CAS

Input Pin

CAS, in conjunction with the RAS and WE, forms the device command. See the
“Command Truth Table” item for details on device commands

34 CKE

Input Pin

The CKE input determines whether the CLK input is enabled within the device. When
is CKE HIGH, the next rising edge of the CLK signal will be valid, and when LOW,
invalid. When CKE is LOW, the device will be in either the power-down mode, the

- clock suspend mode, or the self refresh mode. The CKE is an asynchronous input.

35 CLK

Input Pin

CLK is the master clock input for this device. Except for CKE, all inputs to this device

are acquired in synchronization with the rising edge of this pin

18 CS

Input Pin

The CS input determines whether  command input is enabled within the device.
Command input is enabled when CS is LOW, and disabled with CS is HIGH. The
device remains in the previous state when CS is HIGH

2,3,56,89 11 DQOto
12, 39, 40, 42, 43, DQ15
45, 46, 48, 49

DQ Pin

DQO to DQ15 are DQ pins. DQ through these pins can be controlled in byte units
using the LDQM and UDQM pins.

14, 36 LDQM,
ubaMm

Input Pin

LDQM and UDQM control the lower and upper bytes of the DQ buffers. In read

mode, LDQM and UDQM control the output buffer. When LDQM or UDQM is LOW,
the corresponding buffer byte is enabled, and when HIGH, disabled. The outputs go
to the HIGH impedance state when LDQM/UDQM is HIGH. This function
corresponds to OE in conventional DRAMs. In write mode, LDQM and UDQM control
the input buffer. When LDQM or UDQM is LOW, the corresponding buffer byte is
enabled, and data can be written to the device. When LDQM or UDQM is HIGH, input
data is masked and cannot be written to the device

17 RAS

Input Pin

RAS, in conjunction with CAS and WE, forms the device command. See the
“Command Truth Table” item for details on device commands

15 WE

Input Pin

WE, in conjunction with RAS and CAS, forms the device command. See the
“Command Truth Table” item for details on device commands

_7,13,38,44  VDDQ  Power Supply Pin  VDDQ is the output buffer power supply
o VDD P S P VDD o I
10 7 GNDQ_ P S P GNDQ i f

26, 50 GND

Power Supply Pin

GND is the device internal ground.
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FUNCTIONAL BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS®

Symbol Parameters Rating Unit
VDD MAX Maximum Supply Voltage -1.0to+4.6 V
VDDQ MAX Maximum Supply Voltage for Output Buffer -1.0to+4.6 V
VIN Input Voltage -1.0to+4.6 V
Vout Output Voltage -1.0to+4.6 V
PDb max Allowable Power Dissipation 1 W
Ics Output Shorted Current 50 mA
Torr Operating Temperature Com 0to +70 °C
Ext. -25t0+85 °C
Ind. -40to+85 °C
TsTG Storage Temperature -55t0+150 °C

DC RECOMMENDED OPERATING CONDITIONS® (At Ta = 0 to +70°C)

Symbol Parameter Min. Typ. Max. Unit
Vb, Vbba Supply Voltage 3.0 3.3 3.6 Vv
ViH Input High Voltage® 2.0 — Vop + 0.3 \
ViL Input Low Voltage® -0.3 — +0.8 \

CAPACITANCE CHARACTERISTICS2 (At Ta = 0 to +25°C, VDD = VDDQ = 3.3 + 0.3V, f = 1 MHz)

Symbol Parameter Typ. Max. Unit

CiNt Input Capacitance: A0-A11 — 4 pF

CIN2 Input Capacitance: (CLK, CKE, CS, RAS, CAS, WE, LDQM, UDQM) — 4 pF

Cl/Oo Data Input/Output Capacitance: DQ0-DQ15 — 5 pF
Notes:

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

periods may

affect reliability.

. All voltages are referenced to GND.
. VIH (max) = Voba + 2.0V with a pulse width < 3 ns.

Rev.100
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DC ELECTRICAL CHARACTERISTICS (Recommended Operation Conditions unless otherwise noted.)

Symbol Parameter Test Condition Speed Min. Max. Unit
I InputLeakage Current 0V <VIN £ VDD, with pins other than -5 5 HA
the tested pin at OV
loL OutputLeakage Current Output is disabled, 0V < VouTt < VDD -5 5 MA
VoH Output High Voltage Level lout =-2 mA 24 — Vv
VoL Output Low Voltage Level lout =+2 mA — 04 \Y
lcct Operating Current*2 One Bank Operation, CAS latency =3 Com. -5 — 170 mA
Burst Length=1 Com. -6 — 160 mA
trc > trc (min.) Com. -7 — 140 mA
lout = 0OmA
lccap Precharge Standby Current CKE < ViL (MAX) tck = tek (MIN) Com. — — 3 mA
lccars (InPower-Down Mode) tck = Com. — — 2 mA
Iccan Active Standby Current CKE = ViH (MIN) tck = tek (MIN) — — 40 mA
lccans (InNon Power-Down Mode) tck = e Com. - — 30 mA
lccs Operating Current tck = tek (MIN) CAS latency =3 Com. -5 — 170 mA
(In Burst Mode)™ lout = OmA Com. -6 — 150 mA
Com. -7 — 130 mA
CAS latency =2 Com. 5 — 170 mA
Com. -6 — 150 mA
Com. -7 — 130 mA
Iccs Auto-Refresh Current trc =tRc (MIN) CAS latency =3 Com. -5 — 120 mA
Com. -6 — 100 mA
Com. -7 — 70 mA
CAS latency =2 Com. 5 — 120 mA
Com. -6 — 100 mA
Com. -7 — 70 mA
Icce Self-Refresh Current CKE<0.2V — — 1 mA
Notes:

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

2. lcct1 and Icc4 depend on the output load. The maximum values for lcct1 and Icc4 are obtained with the output open state.

Rev.100
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AC CHARACTERISTICS:23

-5 -6 -7
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
tck3 Clock Cycle Time CAS Latency = 3 5 — 6 - 7 - ns
tck2 CAS Latency = 2 8 — 8 — 8 — ns
tac3 Access Time From CLK® CAS Latency =3 — 5 — 55 — 55 ns
tac2 CAS Latency = 2 — 6 — 6 — 6 ns
tcH CLK HIGH Level Width 2 — 2.5 — 2.5 — ns
tcL CLK LOW Level Width 2 — 2.5 — 2.5 — ns
toH3 Output Data Hold Time CAS Latency =3 2 — 20 — 20 — ns
toH2 CAS Latency = 2 25 — 2.5 — 2.5 — ns
tLz Output LOW Impedance Time 0 — 0 — 0 — ns
tHz3 Output HIGH Impedance Times) CAS Latency = 3 — 4 — 55 — 55 ns
tHz2 CAS Latency = 2 — 6 — 6 — 6 ns
tos Input Data Setup Time 15 — 1.5 == 2 — ns
toH Input Data Hold Time 1 — 1 — 1 — ns
tas Address Setup Time 15 — 1.5 — 2 — ns
tAH Address Hold Time 1 — 1 — 1 — ns
tcks CKE Setup Time 15 — 1.5 — 2 — ns
tek CKE Hold Time 1 — 1 — 1 — ns
tcka CKE to CLK Recovery Delay Time 1CLK+3 — 1CLK+3 — 1CLK+3 — ns
tcs Command Setup Time (CS, RAS, CAS, WE, DQM) 15 — 15 — 2 — ns
tcH Command Hold Time (CS, RAS, CAS, WE, DQM) 1 — 1 — 1 — ns
tre Command Period (REF to REF / ACT to ACT) 48  — 54 — 63 — ns
tRAS Command Period (ACT to PRE) 2 — 36 100,000 42 100,000 ns
trP Command Period (PRE to ACT) 16 — 18 — 20 — ns
trReD Active Command To Read / Write Command Delay Time 16 — 16 — 16 — ns
trRRD Command Period (ACT [0] to ACT[1]) 11 — 12 — 14 — ns
toPL3 Input Data To Precharge CAS Latency = 3 — 2CLK 2CLK  — 2CLK  — ns
Command Delay time .
topL2 CAS Latency = 2 — 2CLK 2CLK  — 2CLK  — ns
toAL3 Input Data To Active / Refresh CAS Latency =3 2CLK+trp — 2CLK+tRr —  2CLK+trp — ns
Command Delay time (During Auto-Precharge)
toaL2 CAS Latency =2 ~ 2CLK+trr — 2CLK+trRP — 2CLK+trp — ns
tr Transition Time 1 10 1 10 1 10 ns
tREF Refresh Cycle Time (2048) - 3 — 32 — 32 ms
Notes:

1. When power is first applied, memory operation should be started 100 ps after Voo and Vopa reach their stipulated voltages. Also note that the power-on

sequence must be executed before starting memory operation.
2. Measured with tt = 1 ns.
3. The reference level is 1.4 V when measuring input signal timing. Rise and fall times are measured between Vi1 (min.) and ViL (max.).
4. Access time is measured at 1.4V with the load shown in the figure below.
5. The time tHz (max.) is defined as the time required for the output voltage to transition by + 200 mV from Vo (min.) or VoL (max.) when the
output is in the high impedance stat

Rev. 100
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OPERATING FREQUENCY / LATENCY RELATIONSHIPS

SYMBOL PARAMETER -5 -6 -7 UNITS

— Clock Cycle Time 5 6 7 ns

— Operating Frequency 200 166 143 MHz

tcac CAS Latency 3 3 3 cycle

treD Active Command To Read/Write Command Delay Time 3 3 3 cycle

tRaC RAS Latency (tRcd + toac) 6 6 6 cycle

tre Command Period (REF to REF / ACT to ACT) 9 9 9 cycle

tRAS Command Period (ACT to PRE) 6 6 6 cycle

tRP Command Period (PRE to ACT) 3 3 3 cycle

tRRD Command Period (ACT[0] to ACT [1]) 3 3 3 cycle

tceo Column Command Delay Time 1 1 1 cycle
(READ, READA, WRIT, WRITA)

topL Input Data To Precharge Command Delay Time 1 1 1 cycle

toAL Input Data To Active/Refresh Command Delay Time 4 4 4 cycle
(During Auto-Precharge)

tRBD Burst Stop Command To Output in HIGH-Z Delay Time 3 3 3 cycle
(Read)

twsp Burst Stop Command To Input in Invalid Delay Time 0 0 0 cycle
(Write)

traL Precharge Command To Output in HIGH-Z Delay Time 3 3 3 cycle
(Read)

twoL Precharge Command To Input in Invalid Delay Time 0 0 0 cycle
(Write)

traL Last Output To Auto-Precharge Start Time (Read) -2 -2 -1 cycle

tamp DQM To Output Delay Time (Read) 2 2 2 cycle

tomp DQM To Input Delay Time (Write) 0 0 0 cycle

tMcD Mode Register Set To Command Delay Time 2 2 2 cycle

AC TEST CONDITIONS (Input/Output Reference Level: 1.4V)

Input

tek R
tew ,, toL |

»

/[

CLK 14V- - - -
0.0V- -J

tcs

S, e tcH
2.8V-
INPUT tv- - -
0.0V-

toHje—

* tac

OUTPUT 14V v

Output Load

10 O _J_
I

50 pF

500
A0+
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COMMANDS

Active Command

CLK I ; I

CKE HIGH
cs \ /
RAS \ /-

Read Command

CLK I ; I

CKE HIGH

s N\

RAS /
CAS \

—

WE /

.

AO-A9 X ROW X

A10 X row X
BANK 1

A11 X
BANK 0

Write Command

CLK | ; |

CKE HIGH

s N\

—

RAS /

)

CAS \ /
WE \ /
AO0-A9 X coLumn® X

AUTO PRECHARGE
A10 X X
NO PRECHARGE
BANK 1
A11 X X

BANK 0

Notes:
1. A8-A9 = Don’t Care.

A0-A9 X corumn (D X
AUTO PRECHARGE
A10 X X
NO PRECHARGE
BANK 1
A1 X X

BANK 0

Precharge Command

CKE HIGH
cs \ /
RAS \ /T

A0-A9 X X
BANK 0 AND BANK 1
A10 X X
BANK 0 OR BANK 1
BANK 1
A11 X X
BANK 0
|:| Don't Care

Rev.100
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COMMANDS (cont.)
No-Operation Command Device Deselect Command
e L F L o L F L
CKE HIGH CKE HIGH
cs N\ AR s ___ 7/ b
RAs N RAS X X
CAS / \ CAS X X
WE 4 N\ WE X X
AO-A9 W X AO-A9 X X
A10 X X A10 X X
A11 X X A1 X X
Mode Register Set Command Auto-Refresh Command
CT O B N ox | F 1
CKE HIGH CKE HIGH
AN A s\ A
RAS \ /- RAS \ /-
CAS \ /T cas  \ /-
WE _____\ / WE / N\
AO-A9 X opcobe X AO-A9 X X
A10 X opcobe X A10 X X
A11 X opcooe . X A11 X X

|:| Don't Care

Rev.100
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COMMANDS (cont.)
Self-Refresh Command Power Down Command
o L b ST B N
cke  \ CKE ALL BANKS IDLE\
cs \ A cs ) ST ¢
RAS \ /- RAS W nor X
CAS \ / CAS X nor X
WE / \ WE NoP_ X X
A0-A9 X X A0-A9 X X
A10 X X A10 X X
A11 X X A11 X X
Clock Suspend Command Burst Stop Comman
cox L L ok L F L
CKE BANK(S) ACTIVE\, CKE HioH
cs X __vor_ X g8 T\ —
RAS X nop X RAS / N\
CAS ) G, CAS / N\
WE ___NoP X X WE _____\ /
A0-A9 X X A0-A9 X X
A10 X X A10 X X
A1 X X A1 X )4

10
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Mode Register Set Command
(CS, RAS, CAS, WE = LOW)

The NS1616AAT product incorporates a register that
defines the device operating mode. This command
functions as a data input pin that loads this register from
the pins A0 to A11. When power is first applied, the
stipulated power-on sequence should be executed and
then the NS1616AAT should be initialized by executing
a mode register set command.

Note thatthe mode register set command can be executed
onlywhenbothbanks areintheidle state (i.e. deactivated).

Another command cannot be executed after a mode
register set command until after the passage of the period
tmcb, which is the period required for mode register set
command execution.

Active Command
(CS, RAS = LOW, CAS, WE= HIGH)

The NS1616AAT includes two banks of 4096 rows each.
This command selects one of the two banks according to
the A11 pin and activates the row selected by the pins A0
to A10.

This command corresponds to the fall of the RAS signal
from HIGH to LOW in conventional DRAMSs.

Precharge Command
(CS, RAS, WE = LOW, CAS = HIGH)

This command starts precharging the bank selected by
pins A10 and A11. When A10 is HIGH, both banks are
precharged atthe sametime. When A10is LOW, the bank
selected by A11 is precharged. After executing this
command, the next command for the selected bank(s) is
executed after passage of the period trp, which is the
period required for bank precharging.

This command corresponds to the RAS signal from LOW
to HIGH in conventional DRAMs

Read Command
(CS, CAS = LOW, RAS, WE = HIGH)

This command selects the bank specified by the A11 pin
and starts a burst read operation at the start address
specified by pins A0 to A9. Data is output following CAS
latency.

The selected bank must be activated before executing
this command.

When the A10 pin is HIGH, this command functions as a
read with auto-precharge command. After the burst read
completes, the bank selected by pin A11 is precharged.
Whenthe A10pinis LOW, the bank selected by the A11 pin
remainsinthe activated state afterthe burstread completes.

Write Command
(CS, CAS, WE = LOW, RAS = HIGH)

When burst write mode has been selected with the mode
register set command, this command selects the bank
specified by the A11 pin and starts a burst write operation
at the start address specified by pins A0 to A9. This first
data must be input to the DQ pins in the cycle in which this
command.

The selected bank must be activated before executing this
command.

When A10 pinis HIGH, this command functions as a write
with auto-precharge command. After the burst write
completes, the bank selected by pin A11 is precharged.
When the A10 pinis low, the bank selected by the A11 pin
remainsinthe activated state afterthe burst write completes.

After the input of the last burst write data, the application
must wait for the write recovery period (tppL, toaL) to elapse
according to CAS latency.

Auto-Refresh Command
(CS, RAS, CAS = LOW, WE, CKE = HIGH)

This command executes the auto-refresh operation. The
row address and bank to be refreshed are automatically
generated during this operation.

Both banks mustbe placedin the idle state before executing
this command.

The stipulated period (trc) is required for a single refresh
operation, and no other commands can be executed during
this period.

The device goes to the idle state after the internal refresh
operation completes.

Thiscommand must be executed atleast 4096 times every
64 ms.

This command corresponds to CBR auto-refresh in
conventional DRAMs.

Rev.100
06/15/07
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Self-Refresh Command
(CS, RAS, CAS, CKE = LOW, WE = HIGH)

This command executes the self-refresh operation. The
row address to be refreshed, the bank, and the refresh
interval are generated automatically internally during this
operation. The self-refresh operationis started by dropping
the CKE pinfrom HIGH to LOW. The self-refresh operation
continues as long as the CKE pin remains LOW and there
is no need for external control of any other pins. The
self-refresh operation is terminated by raising the CKE pin
from LOW to HIGH. The nextcommand cannot be executed
untilthe device internal recovery period (trc) has elapsed.
After the self-refresh, since it is impossible to determine
the address of the last row to be refreshed, an auto-refresh
should immediately be performed for all addresses (4096
cycles).

Both banks must be placed in the idle state before
executing this command.

Burst Stop Command

(CS, WE, = LOW, RAS, CAS = HIGH)

The command forcibly terminates burst read and write
operations. When this command is executed during a

burst read operation, data output stops after the CAS
latency period has elapsed.

No Operation
(CS, = LOW, RAS, CAS, WE = HIGH)
This command has no effect on the device.

Device Deselect Command
(CS =HIGH)
This command does not select the device for an object of

operation. In other words, it performs no operation with
respect to the device.

Power-Down Command
(CKE = LOW)

When both banks are in the idle (inactive) state, or when
at least one of the banks is not in the idle (inactive) state,
this command can be used to suppress device power
dissipation by reducing device internal operations to the
absolute minimum. Power-down mode s started by dropping
the CKE pin from HIGH to LOW. Power-down mode
continues aslongasthe CKE pinis held low. All pins other
than the CKE pin are invalid and none of the other
commands can be executed in this mode. The power-
down operation is terminated by raising the CKE pin from
LOW to HIGH. The next command cannot be executed
until the recovery period (tcka) has elapsed.

Since this command differs from the self-refresh command
described above in that the refresh operation is not
performed automatically internally, the refresh operation
must be performed within the refresh period (treF). Thus
the maximum time that power-down mode can be held is
just under the refresh cycle time.

Clock Suspend
(CKE =LOW)

This command can be used to stop the device internal
clock temporarily during a read or write cycle. Clock
suspend mode is started by dropping the CKE pin from
HIGH to LOW. Clock suspend mode continues as long as
the CKE pinis held LOW. Allinput pins otherthanthe CKE
pin are invalid and none of the other commands can be
executed in this mode. Also note that the device internal
state is maintained. Clock suspend mode is terminated by
raising the CKE pin from LOW to HIGH, at which point
device operation restarts. The next command cannot be
executed until the recovery period (tcka) has elapsed.

Since this command differs from the self-refresh command
described above in that the refresh operation is not
performed automatically internally, the refresh operation
must be performed within the refresh period (treF). Thus
the maximum time that clock suspend mode can be held
is just under the refresh cycle time.

12
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COMMAND TRUTH TABLE®2

CKE
Symbol Command n-1 n CS RASCAS WEDQM A11 A10 A9-A0 1/On
MRS Mode Register Set®4 H X L L L L X OP CODE X
REF Auto-Refresh® H H L L L H X X X X  HIGH-Z
SREF Self-Refresh©® H L L L L H X X X X  HIGH-Z
PRE Precharge Selected Bank H X L L H L X BS L X X
PALL Precharge Both Banks H X L L H L X X H X X
ACT Bank Activate™ H X L L H H X BS Row Row X
WRIT Write H X L H L L X BS L Columnes X
WRITA Write With Auto-Precharge® H X L H L L X BS H Columnee X
READ Read® H X L H L H X BS L Columnoe X
READA Read With Auto-Precharge® H X L H L H X BS H Columncs X
BST Burst Stop® H X L H H L X X X X X
NOP No Operation H X L H H H X X X X X
DESL Device Deselect H X H X X X X X X X X
SBY Clock Suspend / Standby Mode L X X X X X X X X X X
ENB Data Write / Output Enable H X X X X X L X X X Active
MASK Data Mask / Output Disable H X X X X X H X X X  HIGH-Z
DQM TRUTH TABLE®?
CKE DQM

Symbol Command n-1 n UPPER LOWER

ENB Data Write / Output Enable H X L L

MASK Data Mask / Output Disable H X H H

ENBU Upper Byte Data Write / Output Enable H X L X

ENBL Lower Byte Data Write / Output Enable H X X L

MASKU  Upper Byte Data Mask / Output Disable H X H X

MASKL Lower Byte Data Mask / Output Disable H X X H

CKE TRUTH TABLE®?
Cke

Symbol Command Current State n-1 n CS RASCAS WE A11 A10A9-A0
SPND  Start Clock Suspend Mode Active H L X X X X X X X

— Clock Suspend Other States L L X X X X X X X

— Terminate Clock Suspend Mode Clock Suspend L H X X X X X X X

REF Auto-Refresh Idle H H L L L H X X X
SELF  Start Self-Refresh Mode Idle H L L L L H X X X
SELFX Terminate Self-Refresh Mode Self-Refresh L H L H H H X X X

L H H X X X X X X
PDWN  StartPower-Down Mode Idle H L L H H H X X X
H L H X X X X X X
— Terminate Power-Down Mode Power-Down L H X X X X X X X

Rev. 100
06/15/07
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OPERATION COMMAND TABLE®2

Current State Command Operation CS RASCAS WE A11 A10A9-A0
Idle DESL No Operation or Power-Down('? H X X X X X X
NOP No Operation or Power-Down('? L H H H X X X
BST No Operation or Power-Down L H H L X X X
READ / READA lllegal L H L H V V Vs
WRIT/WRITA lllegal L H L L V. V. Vs
ACT Row Active L L H H V V Vo
PRE/PALL No Operation L L H L v vV X
REF/SELF Auto-Refresh or Self-Refresh(®® L L L H X X X
MRS Mode Register Set L L L L OP CODE
Row Active ~ DESL No Operation H X X X X X X
NOP No Operation L H H H X X X
BST No Operation L H H L X X X
READ/READA Read Start(” L H L H V V Vm
WRIT/WRITA Write Start(™ L H L L VvV V. Vo
ACT lllegal®® L L H H V V. Vm
PRE/PALL Precharge L L H L % v X
REF/SELF lllegal L L L H X X X
MRS lllegal L L L L OP CODE
Read DESL Burst Read Continues, Row Active When Done H X X X X X X
NOP Burst Read Continues, Row Active When Done L H H H X X X
BST Burst Interrupted, Row Active After Interrupt L H H L X X X
READ/READA Burst Interrupted, Read Restart After Interrupt™® L H L H % V. Ve
WRIT/WRITA Burst Interrupted Write Start After Interrupt1® L H L L V V. Vm
ACT lllegal®® L L H H V V. Vm
PRE/PALL Burst Read Interrupted, Precharge After Interrupt L L H L v Vv X
REF/SELF lllegal L L L H X X X
MRS lllegal L L L L OP CODE
Write DESL Burst Write Continues, Write Recovery When Done H X X X X X X
NOP Burst Write Continues, Write Recovery When Done L H H H X X X
BST Burst Write Interrupted, Row Active After Interrupt L H H L X X X
READ/READA Burst Write Interrupted, Read Start After Interrupt™1® L H L H v V. Ve
WRIT/WRITA Burst Write Interrupted, Write Restart After Interrupt®L H L L v V. Ve
ACT lllegal® L L H H V V. Vm
PRE/PALL Burst Write Interrupted, Precharge After Interrupt L L H L v Vv X
REF/SELF lllegal L L L H X X X
MRS lllegal L L L L OP CODE
Read With DESL Burst Read Continues, Precharge When Done H X X X X X X
Auto- NOP Burst Read Continues, Precharge When Done L H H H X X X
Precharge BST lllegal L H H L X X X
READ/READA Illegal L H L H V V Vm
WRIT/WRITA lllegal L H L L V. V. Vs
ACT lllegal(® L L H H V 'V Voo
PRE/PALL lllegal(® L L H L v Vv X
REF/SELF lllegal L L L H X X X
MRS lllegal L L L L OP CODE
14
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OPERATION COMMAND TABLE(2

Current State Command Operation CS RASCAS WE A11 A10A9-A0
Write With DESL Burst Write Continues, Write Recovery And Precharge H X X X X X X
Auto-Precharge When Done
NOP Burst Write Continues, Write Recovery And Precharge L H H H X X X
BST lllegal L H H L X X X
READ/READA lllegal L H L H Vv v v(§
WRIT/WRITA lllegal L H L L Vv v v
ACT lllegal(10) L L H H Vv v vy
PRE/PALL lllegal(10) L L H L VvV VvV X
REF/SELF lllegal L L L H X X X
MRS lllegal L L L L OPCODE
Row Precharge  DESL No Operation, Idle State After trp Has Elapsed H X X X X X X
NOP No Operation, Idle State After trp Has Elapsed L H H H X X X
BST No Operation, Idle State After trp Has Elapsed L H H L X X X
READ/READA lllegal(10) L H L H Vv v v(i§
WRIT/WRITA lllegal(10) L H L L Vv Vv v
ACT lllegal(10) L L H H Vv Vv v
PRE/PALL No Operation, Idle State After tp Has Elapsed®) L L H L v Vv X
REF/SELF lllegal L L L H X X X
MRS lllegal L L L L OP CODE
Immediately ~ DESL No Operation, Row Active After trco Has Elapsed H X X X X X X
Following NOP No Operation, Row Active After trco Has Elapsed L H H H X X X
Row Active ~ BST No Operation, Row Active After treo Has Elapsed L H H L X X X
READ/READA lllegal(10) L H L H Vv v v
WRIT/WRITA llegal(10) L H L L VvV Vv v
ACT llegal(10,14) L L H H VvV Vv V9
PRE/PALL llegal(10) L L H L VvV VvV X
REF/SELF lllegal L L L H X X X
MRS lllegal L L L L OP CODE
Write DESL No Operation, Row Active After torL Has ElapsedH X X X X X X
Recovery NOP No Operation, Row Active After torL Has Elapsed L H H H X X X
BST No Operation, Row Active After torL Has Elapsed L H H L X X X
READ/READA  Read Start L H L H Vv Vv V(g
WRIT/WRITA Write Restart L H L L Vv Vv Vg
ACT llegal(10) L L H H Vv Vv v
PRE/PALL llegal(10) L L H L V VvV X
REF/SELF lllegal L L L H X X X
MRS lllegal L L L L OP CODE

Rev.100
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OPERATION COMMAND TABLE®2»

Current State Command Operation CS RASCAS WE A11 A10A9-A0
Write Recovery DESL No Operation, Idle State After toaL Has Elapsed H X X X X X X
With Auto- NOP No Operation, Idle State After toaL Has Elapsed L H H H X X X
Precharge BST No Operation, Idle State After toaL Has Elapsed L H H L X X X

READ/READA lllegal® L H L H V V Vo
WRIT/WRITA lllegalc® L H L L V V Ve
ACT lllegalo) L L H H V V Vm
PRE/PALL lllegalt® L L H L Vv VvV X
REF/SELF lllegal L L L H X X X
MRS lllegal L L L L OP CODE
Refresh DESL No Operation, Idle State After trp Has Elapsed H X X X X X X
NOP No Operation, Idle State After trp Has Elapsed L H H H X X X
BST No Operation, Idle State After trp Has Elapsed L H H L X X X
READ/READA lllegal L H L H V V Vo
WRIT/WRITA lllegal L H L L V. vV Vo
ACT lllegal L L H H V V. Vs
PRE/PALL lllegal L L H L v Vv X
REF/SELF lllegal L L L H X X X
MRS lllegal L L L L OP CODE
Mode Register DESL No Operation, Idle State After tucp Has Elapsed H X X X X X X
Set NOP No Operation, Idle State After tuco Has Elapsed L H H H X X X
BST No Operation, Idle State After tuco Has Elapsed L H H L X X X
READ/READA lllegal L H L H V V Vo
WRIT/WRITA lllegal L H L L V.V Vo
ACT lllegal L L H H V V. Vs
PRE/PALL lllegal L L H L v Vv X
REF/SELF lllegal L L L H X X X
MRS lllegal L L L L OP CODE
Notes:

1. H: HIGH level input, L: LOW level input, X: HIGH or LOW level input, V: Valid data input

2. All input signals are latched on the rising edge of the CLK signal.

3. Both banks must be placed in the inactive (idle) state in advance.

4. The state of the A0 to A11 pins is loaded into the mode register as an OP code.

5. The row address is generated automatically internally at this time. The DQ pin and the address pin data is ignored.

6. During a self-refresh operation, all pin data (states) other than CKE is ignored.

7. The selected bank must be placed in the inactive (idle) state in advance.

8. The selected bank must be placed in the active state in advance.

9. This command is valid only when the burst length set to full page.

10. This is possible depending on the state of the bank selected by the A11 pin.

11. Time to switch internal busses is required.

12. The NS1616AAT can be switched to power-down mode by dropping the CKE pin LOW when both banks in the idle
state. Input pins other than CKE are ignored at this time.

13. The NS1616AAT can be switched to self-refresh mode by dropping the CKE pin LOW when both banks in the idle state.
Input pins other than CKE are ignored at this time.

14. Possible if trRRD is satisfied.

15. lllegal if tras is not satisfied.

16. The conditions for burst interruption must be observed. Also note that the NS1616AAT will enter the precharged state
immediately after the burst operation completes if auto-precharge is selected.

17. Command input becomes possible after the period trcb has elapsed. Also note that the NS1616AAT will enter the
precharged state immediately after the burst operation completes if auto-precharge is selected.

18. A8,A9 =don'’t care.
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CKE RELATED COMMAND TRUTH TABLE®

Current State

Operation

CKE

=
'
-y

ol
(7]}

|

(7]

ol

(7]

=|
mi|

A10 A9-A0

Self-Refresh

Undefined

Self-Refresh Recovery®
Self-Refresh Recovery®
lllegal®

lllegal®

Self-Refresh

ju

>

Self-Refresh Recovery

Idle State After trc Has Elapsed

ldle State After trc Has Elapsed

lllegal

lllegal

Power-Down on the Next Cycle

Power-Down on the Next Cycle

lllegal

lllegal

Clock Suspend Termination on the Next Cycle @
Clock Suspend

Power-Down

Undefined

Power-Down Mode Termination, Idle After
That Termination®

Power-Down Mode

r Tjrmrr— I I T T T T I IT|rM—rrMrrHrr—

I Xr T r——r—r—rr II>TXTITIr T ITTXIT3ITX|>S

X XX X I I|IXrrr—r— I X

X XX X I T X I I X|Xrm— I I X X|>»l

X XX X X I X X I X|X X I X X|>»|

X XX X X X X X X X X X[X X X X X X

X XX X X X X X X X X X[X X X X X

X XX X X X X X X X X X[X X X X X X

Both Banks Idle

No Operation

See the Operation Command Table
Bank Active Or Precharge
Auto-Refresh

Mode Register Set

See the Operation Command Table
See the Operation Command Table
See the Operation Command Table
Self-Refresh®

See the Operation Command Table
Power-Down Mode®

OP

opP

Q X X X X|Xx

o
o
m

QA X X X X

o
O
m

X X X X|X

< X X X

Other States

See the Operation Command Table
Clock Suspend on the Next Cycle®
Clock Suspend Termination on the Next Cycle

L
H
H
H
H
H
H
H
H
H
H
L
H
H
L

Clock Suspend Termination on the Next CycleL

rTrr If(Xr—rrr OO I T

X X X X|¥X - Ir—rr—r— I|X

X X X X|X I Xr—rm—r— I X|X

X X X X|>X rmr—r I X X~ r— I X X|X

X X X X|X ™ I X X X I X X X|X

X X X X|X

X X X X|X

Notes:

1. H: HIGH level input, L: LOW level input, X: HIGH or LOW level input

2. The CLK pin and the other input are reactivated asynchronously by the transition of the CKE level from LOW to HIGH.

The minimum setup time (tcka) required before all commands other than mode termination must be satisfied.
3. Both banks must be set to the inactive (idle) state in advance to switch to power-down mode or self-refresh mode.

4. The input must be command defined in the operation command table.

Rev.100
06/15/07
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TWO BANKS OPERATION COMMAND TRUTH TABLE®2

Previous State Next State

Operation CS RASCAS WE A11 A10A9-A0 BANKOBANK1 BANKOBANK1

DESL H X X X X X X Any Any Any  Any

NOP L H H H X X X Any Any Any Any

BST L H H L X X X RW/A I/A A I/A

| I/A | I/A

I/A  R/WI/A I/A A

I/A | I/A |

READ/READA L H L H H H CA® I/A R/W/A I/A RP

H H CA® R/W A A RP

H L CA® I/A  R/W/A I/A R

H L CA® RW A A R

L H CA® RW/A  I/A RP I/A

L H CA® A RW RP A

L L CA® RW/A  I/A R I/A

L L CA® A R/W R A

WRIT/WRITA L H L L H H CA® I/A  R/W/A /A WP

H H CA® R/W A A WP

H L CA® I/A  RW/A I/A W

H L CA® RW A A W

L H CA® RW/A  I/A WP I/A

L H CA® A R/W WP A

L L CA® RW/A I/A w I/A

L L CA® A RW w A

ACT L L H H H RA RA Any [ Any A

L RA RA | Any A Any

PRE/PALL L L H L X H X R/W/A/l  I/A | |

X H X I/A  R/W/A/ | |

H L X I/A  R/W/A/ I/A |

H L X R/W/A/l  I/A R/W/A/L |

L L X R/W/A/l  I/A | I/A

L L X I/A  R/W/A/ | R/WI/A/

REF L L L H X X X [ [ [ [

MRS L L L L OPCODE [ [ [ [
Notes:

1. H: HIGH level input, L: LOW level input, X: HIGH or LOW level input, RA: Row Address, CA: Column Address
2. The device state symbols are interpreted as follows:

| Idle (inactive state)
A Row Active State
R Read
W Write
RP Read With Auto-Precharge
WP  Write With Auto-Precharge
Any Any State
3. CA: A8,A9 =don't care.
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SIMPLIFIED STATE TRANSITION DIAGRAM (One Bank Operation)

MODE
REGISTER
SET

BST

SREF entry

SREF exit

AUTO

REFRESH

ACTIVE
POWER
DOWN

BANK
ACTIVE

WRITE WITH
AUTO
PRECHARGE

POWER APPLIED POWER ON

Automatic transition following the
— - )
completion of command execution.

——» Transition due to command input.

READA CKE

CKE_

READ WITH CKE

AUTO
PRECHARGE

PRE-

CHAFW <
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Device Initialization At Power-On
(Power-On Sequence)

Asisthe case with conventional DRAMs, the NS1616AAT
product mustbe initialized by executing a stipulated power-
on sequence after power is applied.

After power is applied and VDD and VDDQ reach their
stipulated voltages, set and hold the CKE and DQM pins
HIGH for 100 ps. Then, execute the precharge command to
precharge both bank. Next, execute the auto-refresh
command twice or more and define the device operation
mode by executing a mode register set command.

The mode register set command can be also set before
auto-refreshcommand.

Mode Register Settings

The mode register set command sets the mode register.
When this command is executed, pins A0 to A9, A10, and
A11 function as data input pins for setting the register, and
this data becomes the device internal OP code. This OP
code has four fields as listed in the table below.

Input Pin Field
A11, A10, A9, A8, A7 Mode Options
A6, A5, A4 CAS Latency
A3 Burst Type
A2, A1, AO BurstLength

Note thatthe mode register set command can be executed
only when both banks are in the idle (inactive) state. Wait
at least two cycles after executing a mode register set
command before executing the next command.

CAS Latency

During a read operation, the between the execution of the
read command and data output is stipulated as the CAS
latency. This period can be set using the mode register set
command. The optimal CAS latency is determined by the
clockfrequency and device speed grade. See the “Operating
Frequency/Latency Relationships”item for details on the
relationship between the clock frequency and the CAS
latency. See the table on the next page for details on setting
the mode register.

Burst Length

When writing or reading, data can be input or output data
continuously. Inthese operations, an address is input only
once and that address is taken as the starting address
internally by the device. The device then automatically
generates the following address. The burst length field in
the mode register stipulates the number of data items input
oroutputinsequence. Inthe NS1616AAT product, a burst
length of 1, 2, 4, 8, or full page can be specified. See the
table on the next page for details on setting the mode
register.

Burst Type

The burst data order during a read or write operation is
stipulated by the burst type, which can be set by the mode
register setcommand. The NS1616AAT product supports
sequential mode and interleaved mode bursttype settings.
See the table on the next page for details on setting the
mode register. See the “Burst Length and Column Address
Sequence” item for details on DQ data orders in these
modes.

Write Mode

Burst write or single write mode is selected by the OP code
(A11, A10, A9) of the mode register.

A burst write operation is enabled by setting the OP code
(A11, A10, A9) to (0,0,0). A burst write starts on the same
cycle as a write command set. The write start address is
specified by the column address and bank select address
at the write command set cycle.

A single write operation is enabled by setting OP code
(A11,A10,A9)to (0, 0,1). In a single write operation, data
is only written to the column address and bank select
address specified by the write command set cycle without
regard to the bust length setting.
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MODE REGISTER

A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

Address Bus (Ax)
Mode Register (Mx)

WRITE MODE LT MODE BT BL
M2 M1 MO Sequential Interleaved
BurstLength 0 0 0 1 1
0 O 1 2 2
0 1 0 4 4
0 1 1 8 8
1 0 0 Reserved Reserved
1 0 1 Reserved Reserved
1 1 0 Reserved Reserved
1 1 1 Full Page Reserved
M3 Type
Burst Type 0 Sequential
1 Interleaved
M6 M5 M4 CASLatency
LatencyMode 0 0 O Reserved
0 0 1 Reserved
0 1 0 2
0 1 1 3
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved
M11 M10 M9 M8 M7 Write Mode
0 0 1 0 0 Burst Read & Single Write
0 0 0 0 0 Burst Read & Burst Write

Note: Other values for these bits are reserved.

Rev.100A
06/15/07
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BURST LENGTH AND COLUMN ADDRESS SEQUENCE

Column Address

Address Sequence

Burst Length A2 A1 A0 Sequential Interleaved
2 X X 0 0-1 0-1
X X 1 1-0 1-0
4 X 0 0 0-1-2-3 0-1-2-3
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
8 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
0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
111 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
Full Page n n n Cn, Cn+1,Cn+2 None
(256) Cn+3, Cn+4.....
...Cn-1(Cn+255),
Cn(Cn+256).....

Notes:

1. The burst length in full page mode is 256.
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BANK SELECT AND PRECHARGE ADDRESS ALLOCATION

Row X0 — Row Address
X1 — Row Address
X2 — Row Address
X3 — Row Address
X4 — Row Address
X5 — Row Address
X6 — Row Address
X7 — Row Address
X8 — Row Address
X9 — Row Address
X10 0 Precharge of the Selected Bank (Precharge Command)  Row Address
1 Precharge of Both Banks (Precharge Command) (Active Command)
X11 0 Bank 0 Selected (Precharge and Active Command)
1 Bank 1 Selected (Precharge and Active Command)
Column YO — Column Address
Y1 — Column Address
Y2 — Column Address
Y3 — Column Address
Y4 — Column Address
Y5 — Column Address
Y6 — Column Address
Y7 — Column Address
Y8 — Don’tCare
Y9 — Don’tCare
Y10 0 Auto-Precharge - Disabled
1 Auto-Precharge - Enables
Y11 0 Bank 0 Selected (Read and Write Commands)
1 Bank 1 Selected (Read and Write Commands)

Rev. 100
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Burst Read

The read cycle is started by executing the read command.
The address provided during read command execution is
used as the starting address. First, the data corresponding
to this address is output in synchronization with the clock
signal afterthe CASlatency period. Next, data corresponding
to an address generated automatically by the device is
output in synchronization with the clock signal.

The output buffers go to the LOW impedance state CAS
latency minus one cycle after the read command, and go
to the HIGH impedance state automatically after the last
data is output. However, the case where the burst length

is a full page is an exception. In this case the output
buffers must be set to the high impedance state by
executing a burst stop command.

Note that upper byte and lower byte output data can be
masked independently under control of the signals applied
tothe U/LDQM pins. The delay period (tavp) is fixed at two,
regardless of the CAS latency setting, when this function
is used.

The selected bank must be set to the active state before
executing this command.

CLK 1 1 1 1 1

coMMAND _Y{READ A0 Y

\_

-~ tQMD=2 ——>;

uDQM : /

LDQM

/

DQ8-DQ15

@._(DOUT AZXDOUT A3)—
- : HI-Z - HI-Z

DQO-DQ 7

{DouTt A0 YL DouT A1)

READ (CA=A, BANK 0)

CAS latency = 3, burst length = 4 B 4 aul 4 S5

Burst Write

The write cycle is started by executing the command. The
address provided during write command executionis used
asthe starting address, and atthe same time, data for this
address is input in synchronization with the clock signal.

Next, dataisinputin otherin synchronization with the clock
signal. During this operation, data is written to address
generated automatically by the device. This cycle
terminates automatically after a number of clock cycles
determined by the stipulated burst length. However, the
case where the burst length is a full page is an exception.
Inthis case the write cycle must be terminated by executing

© HI-Z

DATA MASK (LOWER BYTE)

a burst stop command. The latency for DQ pin data input
is zero, regardless of the CAS latency setting. However, a
wait period (write recovery: torL) after the last data input is
required for the device to complete the write operation.

Note that the upper byte and lower byte input data can be
masked independently under control of the signals applied
tothe U/LDQM pins. The delay period (tomp) is fixed at zero,
regardless of the CAS latency setting, when this function
is used.

The selected bank must be set to the active state before
executing this command.

S e I e B

COMMAND _ X WRITEX

N : BURST LENGTH

DQ—={ DNO X DN1 X Dn2 X DIN3 )

/

CAS latency = 2,3, burst length = 4
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Read With Auto-Precharge

The read with auto-precharge command first executes a
burstread operation and then puts the selected bankinthe
precharged state automatically. After the precharge com-
pletes, the bank goes to the idle state. Thus this command
performs aread command and a precharge commandina
single operation.

During this operation, the delay period (traL) between the
last burst data output and the start of the precharge
operation differs depending on the CAS latency setting.

When the CAS latency setting is two, the precharge
operation starts on one clock cycle before the last burst
data is output (traL =—1). When the CAS latency setting is

three, the precharge operation starts on two clock cycles
before the last burst data is output (traL = —2). Therefore,
the selected bank can be made active after a delay of trp
from the start position of this precharge operation.

The selected bank must be set to the active state before
executing this command.

The auto-precharge functionis invalid if the burst length is
set to full page.

CAS Latency 3 2
tPaL —2 —1

READ WITH AUTO-PRECHARGE
(BANK 0)

CAS latency = 2, burstlength = 4

CLK |
coMMAND _RERDR0X W acT o X
5 | o
DQ {Dout 0 ) Dout 1) Dout 2 Dout 3 )

PRECHARGE START ¢ tRP ——>

(BANK 0)

CAS latency = 3, burstlength = 4

CLK |
COMMAND X READA 0X XACT 0
; e tPQL —>
DQ { Dout 0 ) Dout 1) Dout 2) Dout 3)
READ WITH AUTO-PRECHARGE ~ PRECHARGE START/ - — AP >

Rev. 100
06/15/07
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Write With Auto-Precharge

The write with auto-precharge command first executes a
burst write operation and then puts the selected bankinthe
precharged state automatically. After the precharge
completes the bank goes to the idle state. Thus this
command performs a write command and a precharge
command in a single operation.

During this operation, the delay period (tpaL) between the
last burst data input and the completion of the precharge

Therefore, the selected bank can be made active after a
delay of tpaL.

The selected bank must be set to the active state before
executing this command.

The auto-precharge function is invalid if the burstlength is
set to full page.

— CAS Latenc 3 2
operation differs depending on the CAS latency setting. y
The delay (tpaL) is tre plus one CLK period. That is, the toAL 10LK 10LK
precharge operation starts one clock period after the last +tRP +tRP
burst data input.
CLK I
COMMAND  XWRITE AQX X AcTo X
PRECHARGE START
DQ—{ DINO X Din1 X Din2 ) DIN3 ) :
< tRP >
WRITE WITH AUTO-PRECHARGE < tDAL ——»
(BANK 0) '
CAS latency = 2, burstlength = 4
CLK
COMMAND  XWRITE AQX XACT 0

WRITE WITH AUTO-PRECHARGE

]
<

DQ = DIN O X DNt Y DIN2 X.DINS )—/

PRECHARGE START

tRP
tDAL

(BANK 0)

CAS latency = 3, burstlength = 4
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Interval Between Read Command

A new command can be executed while a read cycle is in
progress, i.e., before that cycle completes. When the
second read command is executed, after the CAS latency
has elapsed, data corresponding to the new read command
is output in place of the data due to the previous read
command.

The interval between two read command (tccp) must be at
least one clock cycle.

The selected bank must be set to the active state before
executing this command.

CLK

COMMAND :>(READ 20 Y READ BOY(

DQ {Dout A0 Y Dout BoY Dout B1)Dout B2 )X DOUT B3y

<—> tcco

READ (CA=A, BANK 0) READ (CA=B, BANK 0)

CAS latency = 2, burstlength = 4

Interval Between Write Command

A new command can be executed while a write cycle is in
progress, i.e., before thatcycle completes. Atthe pointthe
second write command is executed, data corresponding to
the new write command can be input in place of the data
for the previous write command.

The interval between two write commands (tccp) must be
at least one clock cycle.

The selected bank must be set to the active state before
executing this command.

CLK

«——» tCCD

COMMAND _YWRITE AQYWRITE B

\4 Y
DQ —{ Din A0 X Din B0 ) Din B1 ) Din B2 X Din B3 )

WRITE (CA=A, BANK 0) WRITE (CA=B, BANK 0)

CAS latency = 3, burstlength = 4

Rev.100
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Interval Between Write and Read Commands

A new read command can be executed while a write cycle Theinterval (tccp) between command mustbe atleastone
is in progress, i.e., before that cycle completes. Data clock cycle.

correspondingtothe new read commandis output afterthe
CAS latency has elapsed from the point the new read
command was executed. The I/On pins must be placed in
the HIGH impedance state at least one cycle before data
is output during this operation.

The selected bank must be set to the active state before
executing this command.

CLK I

«——»1CCD

cOMMAND —_YGRTE A)(READ B0

DQ —{Din A0 X )T(DOUT B0 Dout B1Y{Dout B2){DouT B3}

WRITE (CA=A, BANK 0)  READ (CA=B, BANK 0)

CAS latency = 2, burstlength = 4

CLK

<—> tccp

COMMAND XWRlTE AO)%

v s 5
DQ —{ Din A0 X X )T(DOUT BOY Dout B1){ Dour B2){ Dout B3}

WRITE (CA=A, BANK 0) READ (CA=B, BANK 0)

CAS latency = 3, burstlength = 4
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Interval Between Read and Write Commands

A read command can be interrupted and a new write
command executed while the read cycle is in progress,
i.e., before that cycle completes. Data corresponding to
the new write command can be input at the point new
write command is executed. To prevent collision
between input and output data at the DQn pins during
this operation, the

output data must be masked using the U/LDQM pins. The
interval (tccp) between these commands must be at least
one clock cycle.

The selected bank must be set to the active state before
executing this command.

CLK

«——» tCCD

COMMAND _XREAD A0 YSWRITE BOX

u/LDQM \

: v
: HI-Z
DQ ————Din B0 ){ Din B1 ) DIn B2 ) DiN B3 )

READ (CA=A, BANK 0)  WRITE (CA=B, BANK 0)

CAS latency = 2, 3, burstlength = 4

Rev. 100
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Precharge

The precharge command sets the bank selected by pin A11
tothe precharged state. This command can be executed at
atime tras following the execution of an active command to
the same bank. The selected bank goes to the idle state at
atime trr following the execution of the precharge command,
and an active command can be executed again for that
bank.

If pin A10 is low when this command is executed, the bank

Read Cycle Interruption

Using the Precharge Command

A read cycle can be interrupted by the execution of the
precharge command before that cycle completes. The
delay time (traL) from the execution of the precharge
command to the completion of the burst output is the
clock cycle of CAS latency.

selected by pin A11 will be precharged, and if pin A10 is CAS Latency 3 2
HIGH, both banks will be precharged atthe same time. This trRaL 3 2
input to pin A11 is ignored in the latter case.
CLK
: , tRAL 4
COMMAND _YREAD A0 W PrEO X
5 /e ' \
DQ— {Dout AOXDour AIX Dour A2) —

CAS latency = 2, burstlength = 4

READ (CA=A, BANK0)  PRECHARGE (BANK 0)

CLK
: tRQL §
COMMAND _XREAD A0
DQ — {Dour AOXDour AT} Dout A2)

READ (CA=A, BANK 0)

CAS latency = 3, burstlength = 4

PRECHARGE (BANK 0)
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Write Cycle Interruption Using the
Precharge Command

A write cycle can be interrupted by the execution of the
precharge command before that cycle completes. The
delay time (twpL) from the precharge command to the point
where burstinputisinvalid, i.e., the point where input data
is no longer written to device internal memory is zero clock
cycles regardless of the CAS.

To inhibit invalid write, the DQM signal must be asserted
HIGH with the precharge command.

This precharge command and burst write command must
be ofthe same bank, otherwise itis not precharge interrupt
but only another bank precharge of dual bank operation.

Inversely, to write all the burst data to the device, the
precharge command must be executed after the write
data recovery period (tprL) has elapsed. Therefore, the
precharge command must be executed on one clock
cycle that follows the input of the last burst data item.

CLK |

CAS Latency 3 2
twoL 0 0
topL

.o twDL=0

X PREO X

COMMAND XWR&TE M X

DQM

s {
DQ —DiNi A0 X Din AT)XDIN A2 XDIN A3 )

WRITE (CA=A, BANK 0)
CAS latency = 2, burstlength = 4

MASKED BY DQM
PRECHARGE (BANK 0)

CLK

< tDPL—>

COMMAND _Y(vaiTe AoX

X PF%EOX

DQ— D A0 X Div AT X Din A2 X DN A3 )

WRITE (CA=A, BANK 0)

CAS latency = 3, burstlength = 4

PRECHARGE (BANK 0)

Rev.100
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Read Cycle (Full Page) Interruption Using
the Burst Stop Command

The NS1616AAT can output data continuously from the
burststartaddress (a) tolocation a+255 duringareadcycle
inwhichthe burstlengthis settofullpage. The NS1616AAT
repeats the operation starting at the 256th cycle with the
data output returning to location (a) and continuing with
a+1, a+2, a+3, etc. A burst stop command must be
executed to terminate this cycle. A precharge command
must be executed withinthe ACT to PRE command period
(tras max.) following the burst stop command.

After the period (trD) required for burst data output to
stop following the execution of the burst stop command
has elapsed, the outputs go to the HIGH impedance
state. This period (trep) is two clock cycle when the
CAS latency is two and three clock cycle when the CAS
latency is three.

CAS Latency 3
trRBD 3 2

CLK | | L]

«—— tRBD —>

READ (CA=A, BANK 0) v

CAS latency = 2, burstlength =

commanp “XReraX NEESED ¢
DQ — ( D:OUT A0 ||Dout AOX Dout A1XD.OUT A2){ Dout A?)m

BURST STOP

READ (CA=A, BANK 0)

CAS latency = 3, burstlength = 4

CLK L |
; < tRBD >
COMMAND _XREAD 40X X BsT X
DQ ( DouT A0 | [Dout AOXbOUT A1YDour A2){ Dour A3)ﬁ

% BURST STOP
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Write Cycle (Full Page) Interruption Using
the Burst Stop Command

The NS1616AAT can input data continuously from the
burst start address (a) to location a+255 during a write
cycle in which the burst length is set to full page. The
NS1616AAT repeats the operation starting at the 256th
cycle with data input returning to location (a) and
continuing with a+1, a+2, a+3, etc. A burst stop
command must be executed to terminate this cycle. A
precharge command

must be executed within the ACT to PRE command
period (tras max.) following the burst stop command.
After the period (twsb) required for burst data input to
stop following the execution of the burst stop command
has elapsed, the write cycle terminates. This period
(twsp) is zero clock cycles, regardless of the CAS
latency.

CLK | Lfﬂ

twBD=0 :
-« tRP——

COMMAND _YGWRITE A

X .BST W pPreo X

A/

INVALID DATA

DQ — Din A0 X DIN A1

READ (CA=A, BANK 0)

Burst Data Interruption Using the U/LDQM
Pins (Read Cycle)

Burst data output can be temporarily interrupted (masked)
during a read cycle using the U/LDQM pins. Regardless of
the CAS latency, two clock cycles (tamp) after one of the U/
LDQM pins goes HIGH, the corresponding outputs goto the
HIGH impedance state. Subsequently, the outputs are
maintained in the high impedance state as long as that U/
LDQM pin remains HIGH. When the U/LDQM pin goes
LOW, output is resumed at a time tamp later. This output

\
DiN A ) DN A1 ) Din A2 Y );
J

BURST STOP PRECHARGE (BANK 0)

|:| Don't Care

control operates independently on a byte basis with the
UDQM pin controlling upper byte output (pins
DQ8-DQ15) and the LDQM pin controlling lower byte output
(pins DQO to DQY7).

Since the U/LDQM pins control the device output buffers
only, the read cycle continues internally and, in particular,
incrementing of the internal burst counter continues.

cew 1 1 1 1

COMMAND D(READ o

tQN:/ID=2

ubDQM / \

HbaM ; / \
_ X X | N
DQ8-DQ15 : : @—;T(E.)OUT A2){ DouT A3 e

DQoO-DQ 7

{Dout A0 Y DouT A1)

READ (CA=A, BANK 0)

CAS latency = 2, burstlength = 4

© HI-Z

DATA MASK (LOWER BYTE)
DATA MASK (UPPER BYTE)

Rev.100
06/15/07
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Burst Data Interruption U/LDQM Pins (Write

Cycle)

Burst data input can be temporarily interrupted (muted )
during a write cycle using the U/LDQM pins. Regardless of
the CAS latency, as soon as one of the U/LDQM pins goes
HIGH, the corresponding externally applied input data will
no longer be written to the device internal circuits.
Subsequently, the corresponding input continues to be
muted as long as that U/LDQM pin remains HIGH.

The NS1616AAT will revertto acceptinginput as soon as

that pin is dropped to LOW and data will be written to the
device. Thisinput control operates independently on abyte
basis with the UDQM pin controlling upper byte input (pin
DQ8toDQ15) andthe LDQM pin controlling the lower byte
input (pins DQO to DQY7).

Since the U/LDQM pins control the device input buffers
only, the cycle continues internally and, in particular,
incrementing of the internal burst counter continues.

cek L1 L Lo

COMMAND MWRITE A0YC
ubQM /] \_
tDMD=0 :
LDQM / N\
Y :
DQ8-DQ15 ’4 X Din A1 )L DiIn A2 ) DIN A3 )

!

DQO-DQ7 { Din A0 XX

v .
)4 Y Din A3 )

WRITE (CA=A, BANK 0) DATA MASK (LOWER BYTE)

DATA MASK (UPPER BYTE)

CAS latency = 2, burstlength = 4

Burst Read and Single Write

The burst read and single write mode is set up using the
mode register set command. During this operation, the
burstread cycle operates normally, butthe write cycle only
writes a single data item for each write cycle. The CAS
latency and DQM latency are the same as in normal mode.

|:| Don't Care

CLK
COMMAND MWRITE AOX
\
DQ { DN AD )

Nt/
WRITE (CA=A, BANK 0)

CAS latency =2, 3

34

Rev.100
06/15/07



TRrRenND

Bank Active Command Interval

When the selected bank is precharged, the period trp
has elapsed and the bank has entered the idle state, the
bank can be activated by executing the active
command. If the other bank is in the idle state at that
time, the active command can be executed for that bank
after the period trrRD has elapsed. At that point both
banks will be in the active state. When a bank active
command has been executed, a precharge command
must be executed for

that bank within the ACT to PRE command period (tras
max). Also note that a precharge command cannot be
executed foran active bank before tras (min) has elapsed.

After a bank active command has been executed and the
trcdperiod has elapsed, read write (including auto-precharge)
commands can be executed for that bank.

etk 1 L1 L |

< tRRD

coMMAND Y AacT 0 Y

BANK ACTIVE (BANK 0)

X'lACT 1 )

BANK ACTIVE (BANK 1)

etk | L1 L 1

- tRCD

coMMAND Y AcT 0 )¢

BANK ACTIVE (BANK 0)

CAS latency = 3

Clock Suspend

When the CKE pin is dropped from HIGH to LOW during a
read orwrite cycle, the NS1616AAT enters clock suspend
mode onthe next CLK rising edge. This command reduces
the device power dissipation by stopping the device internal
clock. Clock suspend mode continues as long as the CKE
pin remains low. In this state, all inputs other than CKE pin
areinvalid and no other commands can be executed. Also,
the device internal states are maintained. When the CKE
pin goes from LOW to HIGH clock suspend mode is
terminated on the next CLK rising edge and device operation
resumes.

XFliEAD [ 4

BANK ACTIVE (BANK 0)

The next command cannot be executed until the recovery
period (tcka) has elapsed.

Since this command differs from the self-refreshcommand
described previously in that the refresh operation is not
performed automatically internally, the refresh operation
must be performed within the refresh period (tref). Thus the
maximum time that clock suspend mode can be heldis just
under the refresh cycle time.

CLK

5 s
CKE N/

coMmMAND X READ 0 )¢

DQ ; { DouT 0 )€ DOUT 1

READ (BANK 0)

CAS latency = 2, burstlength = 4

M DouT 2 Y DOUT 3 Y

CLOCK SUSPEND

Rev. 100
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OPERATION TIMING EXAMPLE

Power-On Sequence, Mode Register Set Cycle

T T T2 T T ) T7 T18 T
ax L] L L L L L L
—> {CHI [«
<« 1CK—> <L ((
K Kol ) ﬁ
o y \
s /N AL/ AL/ )\ L4/ |\ AL/ | &
o {CS 4e—>{«—>} CH 0 P
RAS \ | /[ \ /] LN/ \ |/
toS 7131 {CH p |
s /T N A N A AR
fcs fcH p p
eI\ |/ O O | AT TN
p e tAS 1e—>1«>F tAH
A-A9 [ I XeoeX X ron X
et [ 1 % [ whedetw [
A10 (" \ ” ” X CODEX X R(?WX
| | | i | " seolor | BANK |
At I L XooeX XX
f f o
DQM HIGH JJ JJ \
ff ff
DQ
) )
—1 il K P e e i s
<PALL> <REF> <REF> <MRS> <ACT>
@ Undefined
CAS latency = 2, 3 [ ] Dont Care
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Power-Down Mode Cycle

T0 T1 T2 T3 ) ( ) Tn Tn+1 Tn+2 Tn+3
oK ] I L1 fj I fj | | | | |
] {CHI [« )) ] ]
fOKStedle— ok —>{  fe—>1-f0L t—tCKS { > 1CKH
CKE ?5/( Il tPK?CH_’ Jgjﬁ {ckA
e bl L L L
s _f | NALL/ \VARVARVAAVARYARNNYVAR
- {CS Je—>te>t {CH I It I .
RAS \ | [ [ | I \ | /
) ) )
- tcs/ ‘ {cH . p p
CAS AR ] [ /N
tCS re>re—>r {CH i e [
S Y/ 1 74—
(L (L L s A
AC-AY | I I %0&
) )
| tstolorw | | / f f | | |
Af0 D I I I X Ao X
| BaKooat | L €. ”ﬂ 3 | BANK 1 |
S—"Cn - XX
w1 1 W]
oo I
( [ [
D
‘ )
EXIT
tRP POWER DOWN MODE ————1« POWER DOWN MODE "j— ttHH%S
<PRE> <SBY> <ACT>
<PALL> =
Undefined
|:| Don't Care

CAS latency =2, 3
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Auto-Refresh Cycle

10 T1 T2 T3 ) Tl Tm Tn T+l
ax ] N T o o O o N O O
= {CHI [« ’ ’ ’
{CKS e toK—> >ricL (
ke [ |
1CS 1>t {CH a (L I

s_ A NALZ/ | \ALZ/ J\A [/ )N\ |\
{CS +e—>le—>t tCH e 14
s N N 2 N 7 N NI
{05 Tt {eH . ‘
o VT T | AN AT TN
1CS €—>«>r tCH i [ [
S Y 2 I W 8 W 2 AR
AGA9 I I{l{ )X
| tsqeslorin | | £ | f | i’ | |
A10 Souos\ ,’,’ }Ij’ J}’ X RQWX
| | | | f | 4 | LBk
A ] ] X X
| | | | S /| ] k]
7
ff ( [
. J J J
tRP tRC tRC tRC > tRAS
RO
@ Undefined
CAS latency =2, 3 [ ] Dont care
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Self-Refresh Cycle

T0 T T2 T3 . . m Tm+1 Tm+2 Tn
e ] HyasanlpEnEuEnEw
N tCH| «— ) /) J)
10KS > e— 0K —>] «—>r{CL \[—v— tcKS 1CKS > y
CKE | tou— /U /[[ /[ ﬂ
ety . p tokA —> ‘
S an 2 NV raR e UV s ey AR VAR VA A U
o {CS 4«—>fe>+ tCH " M v
S U Y — ==
{CS 1>« {CH e [« i
s TN o | /e = |
| tsetert o p p P
S U g p o - AR
Ifa (L (L
A I J
| tsjork o | | ! . | | | . |
A10 n \ }’J J }’}’
| | | f ] | | | , |
At I I I
) U )
/L (L /L
DO I I I
pJ J )
[ l [l
D
: I ]
EXIT
RP SELF REFRESHMODE ——»le— SELF sl tRC————»le— g —
REFRESH
PAL> <SELF> <REF>
@ Undefined
CAS latency = 2, 3 [[] Don't Care

Note 1: A8,A9 = Don’t Care.
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Read Cycle
T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
ek | | L L} | | | L |
! {CHl [«
{CKS 4erfe— 10K —>| «—HCL
CKE _/ ,: 1CKA —>|
| _lesyeootion
s_JINLZ/ T\ A\ L/ I\ VAL \\] \__
{CS 4e—>fe>t tCH
RAS M/ / |\ \ |/ \ | /
105+t tCH
CAS /1 \ \ |/ /1 \ / 1\
1CS 1e—>le>t tCH
WE {1\ / 1\ A\ / / 1\
1AS fe>le>t tH 0
A9 X ow X Xoouwin X Ao X
45 el BANK 0 AND
A0 X ror X \ MOFRE / XA A Fon X
1 ol o Bl A0 O B
A1 Xk X X X X o Y X X
BANK 0 BANK O CH BANKO BANK O
| 10S 4>« tquD | L
DQM \ j’
<«—1AC «— tAC «—1AC «— tAC
<toH»] | «toH « toH 4" «toH
DQ I DouT DouT Doum+2%00wm+3@
17 - | et
— R ———»le— toa0 ———> «—tRaL »<—1RCD
— tRAS »—1RP > RAS
«— {RC »«—1RC
ACT>  <READ> :FTELELZ <ACT>
@ Undefined
CAS latency = 2, burstlength = 4 [] Don't Care

Note 1: A8,A9 = Don’t Care.
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Read Cycle / Auto-Precharge

10 T1 T2 T3 T4 T5 T6 T7 T8 19 T10

CK | | | | L4 | | | | |
- {CH [«
{CKS 4e>le— tCK —>! —CL
CKE < 1CKA —>|
o 1CS Te>i«>t {CH
s NVVARNNYYAAVAAVARVAAVARNNY V2R
1CS +e—>le>t {CH
RAS / 1\ \ |/
tcs <> 1CH
CAS [ 1\ \ |/ /1 \
1CS He—>let ICH
WE /1 \ / 1\
{AS 1€¢>[€>r tAH (1)
A-A9 X ron X Xeowminy X ron X
1S Leplenrt tAH

/AUT(‘) PRE\ X o Y

=
g
o
~
A y
. A.
A A
h 4 Y
N

|
tAs tAH BANK 1 J BANK 1
At Yok X XX XX
BAC B o BANKC
\ 108 4e>1<—tup » !
DQM
<t [« 1AC le—1AC
<«10H «10H <« {OH <1OH
DQ DoUTm DouT et Dot 2 YOO DouTme3
17 Je> | Hz
[ tRCD —————— >« {0AC ———> «—tPQL —1RCD
le— tRAS ple RAS
— {RC »<«—1{RC
ACT>  <READA <ACT>
B Undefined
CAS latency = 2, burstlength = 4 [] Don't Care

Note 1: A8,A9 = Don’t Care.
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Read Cycle / Full Page

T0 T T2 T3 T4 T5 T6 T260 T261 T262 T263
K | | t [
1CKS fe—>{« toK—_: L tcL
CKE _/, tCKA —»f
| _fespemerton p
s /AN LL/ AL/ [\ /] A [7 T\
{cs {oH
s \ | / 7T J 7T |/
| slodestor | | 1 ] |
CAS /| \ \ | / /
[ _ospemeton | | | |
WE / 1\ / |\ \ | /N
| usfodorw | 0| 1 - |
AO-A9 X row X X cowum X
| s doleotin | | | | | | |
A10 )< ROW >( \ |/ \ | /
| s qeeotit | NOPRE | | | | [ WK0RT ]
Al \Buk o / \| BANKO / \| BANKO /
| 1CS 4«—><—tqmD tCcH
DQM \
<«—1AC «— tAC <—tAJC «— tAC <« tAC
(< 1OH >/ «tOH- < toH 4" «tOH <tOH
DQ : Dour Om Dout 0 [YQKARouUT O ;@{ DouT 0 DOUT 01 —
tLz 4 I le— tHZ —>|
<«— tRCD > {CAC <—1RBD
(BANK 0)
l«— RAS tRP
(BANKO)
«— tRC
(BANKO)
<ACT 0> <READ0> <BST> <PRE 0>
B Undefined
CAS latency = 2, burstlength = full page [] Dontt Care

Note 1: A8,A9 = Don’t Care.
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Read Cycle / Ping-Pong Operation (Bank Switching)

T0 1 T2 3 T4 5 6 7 T8 T9 T10
T | L | | | L+ | | | |
—>| {CHI [«
tcks tCK —>| tcL
CKE _/, {CKA —>|
tcs tCH
S_ /T X\ Z/ T\ N 7T\ A\ 7T\ AN\ [
tcs tCH
RAS | N | £ | /I \\ | / | /I \ A\ 1/ | NI /\ |/
tcs tCH
CAS /| \ | L/ |\ | NI /Z/ [\ / |\ | \_
tcs tCH
WE 8 N/ | \ /| \ A\ / / |\ | /
tAS tAH (1) ‘ (1)
A0-A9 X row X XeoumX ) row X o) X row X
S AUTO PRE | AUTO PRE | |
A0 ) G X XOCwX XX | / XFn X\ | /
15 L slesl taH No PRE | NOPRE ~ BANKOOR | BANK O OR 1
L
At1 \BANKO /° NBANKO /= /BANK T\ ki \BANKO / N\ BANKO /" /BANK T\
| | 10 ——>{«— taMp— > fcH | |
DaM \ /£
«— tAC l«— tAC —>| le— tAC l— tAC
letOH »>| < tOH > l« tOH < tOH
DQ DOUT Om m DOUT Om+1 DOUT m DOUT 1m# ——
129 | «— tHz 1z — thz
«— tRRD >
(BANK 0 TO 1)
le— tRCD tCAC tRCD {CAC 4_tRCD ]
(BANK 0) (BANK 1) (BANK 1) (BANK 1) (BANK 0)
'_(Btmf o (Bf\ﬁi 0 (Bm(S 0)
l«— {RC tRC
(BANK 0) (BANK 0)
tRAS tRP
(BANK 1) (BANK1)
tRC
(BANK 1)
<ACT 0> <READ 0> <ACT1> <READ 1> <PRE 0> <ACT 0> <PRE 1>
<READA 0> <READA 1>
B Undefined
CAS latency = 2, burstlength = 2 [] Don't Care
Note 1: A8,A9 = Don’t Care.
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Write Cycle
T0 T T2 T3 T4 T5 T6 T7 T8 T9 T10
T | Lt | | l L | | | |
- toH [«
OKS fe»le— tOK—>  l«—>-fol
CKE _/,: {CKA —>|
103 F>> toH
s_A NI/ T\ /| V|V ] A\ L2/ \A\LZ/]\
{CS 4e¢—>te—>+ ICH
RAS N £ / |\ \ |/ \ |/
03 1] tCH
CAS /1 \ \ |/ / 1\ / |\
ol | ] |
WE /|1 \ \ |/ \ |/ / 1\
tAS >« tAH (1)
AO-AY X ron X XcownnX X row X
5 Lt | BKOAND! |
A0 Xron X \NoPRE / XX XX
| usleoloow | BANK | | | BANK 0 OR 1 BANK
At Xea X X X Xoaw X X X
BANIKO s BANKO PRI BAI\IIKO BAII\IKO
DO L
{DS]> ¢ {DH-»{tDS{e>{« {DH »{tDS{«>fe- IDH-»}1DS erre- tDH
DQ X Dnm 10( Dt YK Onme2 dDm m+&
I [ [ [ [
«— tROD —————» «— tDPL —> RO —
«— tRAS tRP tRAS —
l«— tRC »ie tRC —
<ACT> <WRIT> <PRE> <ACT>
<PALL>
@ Undefined
CAS latency = 2, burstlength = 4 [] Don't Care
Note 1: A8,A9 = Don’t Care.
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Write Cycle / Auto-Precharge

T0 T T2 T3 T4 T5 T6 T7 T8 79 T10
T | L1 | | l | | L} | |
> {oHl [
(CKSfepte— tok—>f  le—>ttoL
CKE __/ . 1CKA —>
108 1>« {CH
SV ARSNYYARNNYIARAVARVARWARWAR SNVIAR
{68 4epleat-tCH
RAS A/ / |\ \ |/
tcs {CH
0AS / |\ A/ /1 \
1CS 1e—>le>t tCH
WE {1\ \ |/ [\
{AS (€T tAH (M
A0-A9 X ron X XcowimnX X ron X
tASLepie>tAH
A0 X o X /ATOPRE\, X ron X
| T
{AS {e—>le>t tAH BANK 1 BANK 1
i ) D) X X X
BA,\fKO ics BANKO o BAII\IKO
DOM A
{DSf«>e {DH>tDSe>i«tDH »}{DS{er1e- DH »{IDS {erte- tDH |
DQ | X Dun ;O( Dl\N m+1b( D||Nm+2 d'Dwm#* | |
< A0 ———» — tDAL tROD—
— tAs >le—tRP tRAs —
«— RC tRC —
<ACT> <WRITA> <ACT>
B Undefined
CAS latency = 2, burstlength = 4 [] Don't Care

Note 1: A8,A9 = Don’t Care.
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Write Cycle / Full Page

T0 T1 T2 T3 T4 T5 . T258 T259 T260 T261 T262
ax L[] L F L L L L L L
>l {0l [«
{CKS fete— fK—>|  [—>}iOL p
4
CE el o] |
| _tosqererton .
VAR NVIARNNYYARVAN/ARWARNN VANV
108 fe—>tet-tOH .
RAS N/ /| \ J /| \ A\ | /
1cs tCH .
s ) S, y /ARWA R —
| 103 Je—ntet-tCH p
WE /1 \ \ |/ | \ | [\ ]| /
tAS -1€>—>r tAH (1) e
A0-A9 X ron X Xcowmimy I
tAS L plenl-tAH }}// I
Ao ) D \ |/ B \ | /
N NOPRE i BANK 0OR
1AS Leplen tAH . p .
At N\BAK o \ B0 / B \ Bako /
| {cs {CH
. N Ty
Y
1DSfe> ¢ {DH-»{{DS}e> |¢ tDH »iDSfe>te- DH »JDS ferte tDH
DQ X D|N0m%( DI 0m+1}O(D|N0m+2;d>DNOm-1;CXD|N0m)O( X
T T T ) T
«— tRCD ————— > «— tDPL——>
— 1RAS > tRP
<« {RC
<ACT 0> <WRITO> BST>  <PRED>
@ Undefined
CAS latency = 2, burst length = full page [] bon't Care
Note 1: A8,A9 = Don’t Care.
46
Rev.100

06/15/07



TREND

Write Cycle / Ping-Pong Operation

T0 T T2 T3 T4 T5 T6 T7 T8 T9 T10
ok ] | | | | | L4 | | | |
—>| {CHI [«
tCKS <« {CK—> «—>1{CL
CKE _/ 1CKA —>»|
1S <>+ {CH
s T\ //T A A\ /T A\ A\ 7T\ [
tcs tCH
RAS N\ /£ / [\ AL L VAN \ |/
el ] ] |
CAS / |\ \ | // L/ / 1\
[ okl | ]
WE / |\ NI // NVANYYERWARN
| tAS < > tAH | ) | (1)
AO-A9 X row X Xcown} X row oL ROW
| slodolun | AUTOPRE | | AUTO PRE |
A0 X row X X ROW X XA\ |/ (on )
| s fesleslthr NOPRE NOPRE  BAIK 00R
| |
Al \BANKO a0/~ /BaK T\ TN \eak o/ \ Bk o /
tcs tCH
DQM /
{DS —€>|< tDH>| tDS{«>! < tDH»>{IDS€>| <« {DH» [DS{<>t < {DH»|IDS <>« tDH»| DS <>t tDH>| DS 14>« tDH>| IDS 1> < tDH
DQ X DN Om WN 0m+1Hl;N 0m+2*:) DIN 0m+3>H:DIN m H;w 1m+MI;N 1m+2HD;u 1m+3;L
T T T T
«<— tRRD l«— 1DPL le— fOPL —
(BANKOTO 1)
D  tRCD > e tRCD __
(BANK0) (BANK 1) (BANK 0)
<—(BE\R’4\KSO) (Bmi 0 (Bm? 0
 RC__
‘_(B}\ﬁ% 0 (BAR& 0
_ tRAS
(BANK 1)
'_(B;t\?l%n
<ACT 0> <WRIT 0> <ACT 1> <WRIT 1> <PRE 0> <ACT 0>
<WRITA 0> <WRITA 1>
B Undefined
CAS latency = 2, burst length = 2 [] Don't Care

Note 1: A8,A9 = Don’t Care.
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TREND

Read Cycle / Page Mode

T0 T T2 IE! T4 T8 T 7 T8 T TI0
ok | | Lt | | | L+ | | | |
> {CHI [«
tCKS <« 0K —> «——>-{CL
CKE _/ ,: tCKA —>
{CS 7>« {CH
s [\ 1/ T\ 1T\ /T A\ /T /[
tCS -e—>e—>t tCH
RAS \ | £ \ / |\ / |\ \ |/
tcs tCH
CAS 1\ | A\ |/ | \ | / | \ | / | / |\ |
tCS el tCH
WE /1 \ / |\ / |\ / |\ \ | /
tAS >« tAH (1) (1) (1)
AG-A9 X ron X Xeowminy Yooy Xcoumox
US Jenlerl | | | | ATOPRE | BAWKOAWD:
A10 X row X \ NOPRE / NOPRE / XK X X X
AR BANK | BANK | JOTRE BANKOOR
At Weun 1 X X X X X X Bkt X Xeuki X
BANKO BAKO BANK BAKO BAKO
| tcs <«<—1{QMD tCH |
DQM \ /
<«— tAC <« tC «— tC—> [«—tAC— [«—tC—>| [«—tAC—]
<-tOH <-1OH <-tOH < {OH < tOH <«1OH
DQ : Doutm DouT m+1 Doutn %( DouT n+ DouTo DOUT 0+1
1z | | «—tHz—>
«—1{RCD —————>|«—{CAC > tcAC > tCAC >« tRQL
«— tRAS >« tRP
<«—1RC
<ACT> <READ> <READ> <READ> <PRE>
<READA> <PALL>
R Undefined
CAS latency = 2, burst length = 2 [T] Don't Care

Note 1: A8,A9 = Don’t Care.
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TReND

Read Cycle / Page Mode; Data Masking

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
oK | | | | | | | | | | |
—>{ {CHI [«
tCKS <«— {CK —>| «——>1{CL
CKE _/ ,‘ 1CKA —»
1CS 1>« {CH
s/ IN LA/ T\ LA/ AL/ AL/ AL/ |\
1CS 4e—>le—>+ tCH
RAS N/ /| \ / |\ / |\ A\
1CS &> tCH
0AS [ |\ \| / \ |/ \ | / / |\
ol | | | |
WE / |\ / |\ / |\ / 1\ \
tAS Te>«> tAH 0] (1) (1)
AO-A9 X row X Xcowmn XeowmnX Xcouwmo)
b Lol | | | ATOPRE | BAKOAID]
A0 X ron X \ Hoeee / \ lopre / X X X X
AR BN | paki  NOPRE  NOPRE BANK 0 OR
. o D G (D G €5 G €0
K0 o I K0 T WD KO
o N [T |
«—{AC «— tAC «— tAC «— tAC <« #C
<«t0H "‘ <« 1OH> <tOH <« toH « tOH
DQ DouT % DouT i DuT % DouTos1
Lz L——HZ {LZ 4>
<«—1RCD »><«— {CAC <—1CAC ><«— {CAC ><— {RQL
<«— tRAS >« {RP
<«<—1RC
<ACT> <READ> <MASK>  <READ, ENB> <PRE>
<READA, ENB> <PALL>
B Undefined
CAS latency = 2, burst length = 2 [] pon't Care

Note 1: A8,A9 = Don’t Care.
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TRrRenND

Write Cycle / Page Mode
70 T T T3 T4 T5 T6 T7 T8 9 TI0
oK ] I L I I I I I I
—> {CHI [«
tCKS 4> le— tCK —>| toL
CKE _/, {CKA —>
1CS 1>+ {CH
s /N1 LT LT\ 7T AL/ [N
1CS 4e—>{«—>t tCH
RAS N |/ / |\ / |\ / |\ \ |/
ol o | | | |
CAS 1\ A\l / \ |/ \ |/ /
{cs > {CH | | |
WE /1 \ \ |/ A/ \ |/ \
tAS >t thH (1) 1) 1)
AO-A9 ROl X X cowmnmy XcoLuu Y XooLu o
s Lottt | | | | ATOPRE | BAIKOAWD:
At0 G | \orre / \Noere / A A X
US et | BANK 1 | BANK 1 | NOTEB I
M1 Gk 1 X X X X X ) €D X e X
BAVKO BANKO BANKO BANKO BANKO
| 1CS < fcH
DQM /
DS} «>{« {DH>tDS{e> <« tDH »{tDS{e>{«1DH »IDS{erie- tDH > DS fe>|«- tDH»{ DS} x|« tDH
DQ X Dim ;OI Dwms1 YO( Dnn dDmnﬂJO Do HI)NMJ(
I I | | | |
«—tRCD ————> <= IDPL —>
<«— tRAS tRP
—tRe
<ACT> <WRIT> <WRIT> <WRIT> <PRE>
<WRITA> <PALL>
B} Undefined
CAS latency = 2, burst length = 2 [ ] Don't Care
Note 1: A8,A9 = Don’t Care.
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TREND

Write Cycle / Page Mode; Data Masking

0 T T BT 5 T6 7 8 ™ THO
ok | | Lt | | | | | | | |
1CKS +e>i« tCK—_: (CH :_ >-10L
CKE _/ ,< toKA —>
1CS 7>t {CH
ARV VARV ARNNYVIAR NV IAR NV
tcs «>+ {CH
A A /£ / |\ / |\ /| \ A\ |/
tcs > {CH
CAS | [\ A\ |/ \ | / \ | / / :
tcs > {CH
WE AR |/ A |/ \ | / \
TAS 4>t thH ) (1) (1
AG-AY )(EOP( Xeowmn XoomnnX Xcowmox
AR | | | ATOPRE | BAKOWD!
A0 X ron X \ NOPRE / \ Hope / X X X X
Wolofeol | wki | w1 | MO BANK 0RO
i T e X XX X e )
B o KT O B B
I be—
DQM {4 ;F 7 T\ \ [

{DS}>{« tDH-»|DS{e>{« IDH »iDS{er{« DH {DSHer{« tDH»{iDS}er!« IDH
DQ X Owm XX Dt }O( DiNn X Dio DiN o+
T T

«—tRep ——> <« 1OPL —>
— 1RAS tRP
«—1RC
<ACT> <WRIT> WRT>  <MASK>  <WRIT> <PRE>
<WRITA> <PALL>
B Undefined
CAS latency = 2, burst length = 2 |:| Don't Care

Note 1: A8,A9 = Don’t Care.
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TREND

Read Cycle / Clock Suspend

70 T1 T2 T3 T4 T5 T6 17 T8 T9 T10
oK | | | | | | | | | |
—> {CHI [«
tCKS <« {CK —>| < tcL tCKS tCKH
CKE _/,‘ tCKA —>| \ /
{CS 1¢>{«>+ {CH
s /| NI/ | AL/ | / T\ | | \ | /7 T\ |/
1CS +e—>te—>t tCH
RAS N/ / |\ \ A\ / \ | /
1CS 4> tCH \
CAS /| \ \ | / \ / |\ / |\
iy P gy T T\ ] |
WE /| \ /| \ \ \ |/ / |\
tAS >« tAH | ) \
AO-A9 RoW X Xcoummy | RO
B Lokl | ATOPRE | | |1 | ewkomotr |
A10 ROW XX \ XX XA X
1S de sk ol it | NOPRE | | | \ l BANKOOR | BANK 1
A1 I ¢ X et X \ BANK X X
BANKO BANKD PR \ BANKO BANK
| 1CS 4e—>|<— tQMD | |
DQM \ /[ \
«—1AC «— tAC l
l«1OH l« tOH
DQ DouTm DOUT 41 %
1z ' ' — iz
«— tRCD > tCAC >
l«— tRAS <— {RP —>| «— tRAS—
— IRC e —
<ACT 0> <READ> <SPND> <SPND> <PRE> <ACT >
<READ A> <PALL>
B Undefined
CAS latency = 2, burst length = 2 [[] Don't Care

Note 1: A8,A9 = Don’t Care.
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TRrReEND

Write Cycle / Clock Suspend

T T T2 T T4 T 7 T8 T T
oK | | L+ | | | | | |
fCHI [«
tCKS oK —>; <« {CL 1CKS tCKH
CKE _/,‘ 1CKA —» \ | ] /
1CS 1>« tCH
s /1 NALL/ [ \A L/ N A\ /7 T\A L7\
1CS -e—>le—>+ tCH
RAS N £ /) \ |/ \ |/
tcs tCH \ |
CAS /| \ AN/ / 1\ /
| st | [ | |
WE 7 T\ \ | / \ / / 1\
tAS 1« tAH (1) \
AO-AY X row X Xcowinink | ROW
| owslolodw | wome [ ] | o1 |
A0 X Ron X | XX | \\ | | XX | X_ron X
[ sl NOPRE BANKOOR BANK 1
Al ) ) ¢ X Bk X \ XBANK 1 X X
BANKO s KD oy BAKD BANKD
| | I
V.
tos tDH l DS tDH
T I | I
«— tRCD —————>| <— tDPL—>
le— {RAS > < tRP ><«— {RAS
«— tRC »<— {RC
<ACT> <WRIT,SPND>  <SPND> <PRE> <ACT >
<WRITA, SPND> <PALL>
@ Undefined
CAS latency = 2, burst length = 2 [] Don't Care

Note 1: A8,A9 = Don’t Care.
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TREND

Read Cycle / Precharge Termination

10 T 2 T3 T4 T5 T6 17 T8 T9 T10
oK ] I L+ Lt | I I I I I I
—> {CHI [«
{CKS Je>{¢— tcK —> «—>CL
CKE _/,: tCKA —>
1CS 1¢>[«>t {CH
s /T /7T 7T\ T\ 7T\ 1/
1CS 4e—>fe>t+ tCH
RAS N/ / |\ \ | / \ |/ / 1\
1CS &> tCH
CAS /|1 \ \ |/ /] \ / |\ \ | /
s et to | | | | |
WE /1 \ / 1\ \ | / / 1\ /| \_
tAS T>r<>r tAH U] 1)
AG-A9 X row X XoouumimX ROW X cowminX
s Lol | | | ATOPRE
A10 X ron X \ / \ (o) XN
S SR NOPRE B0 OR 8K NOPRE
A1 ek o )/ \ Buko / \ Bako / X X DS
BANKO BANKO
1S e><«—tqud <>t {CH | |
DQM \ /
«—1AC [«— {AC —»| |«—tAC <« tHz
W;I/ < tOH <« tOH i« tOH
DQ DouTm DOUT el DOUT 142
iz HM I
«— tRCD >« {CAC > l«— tRQL > <— RCD >«—1{CAC—
l«— {RAS »e— P —»|<«—1{RAS
«— tRC tRC
<ACT 0> <READ 0> <PRE 0> <ACT > <READ>
<READA>
B Undefined
CAS latency = 2, burst length = 4 [] Don't Care

Note 1: A8,A9 = Don’t Care.
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TREND

Write Cycle / Precharge Termination

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
ok | L} I I I I L | I I I
—>| {CHI [«
tcKs <« tCK —> 1L
CKE _/: tCKA —>
{CS T>{«>f {CH
s AN/ [\ AL /[ AL /AL L\ L
1CS e—>fe—nt ICH
RAS A/ / |\ \ |/ A\ |/ /| \
1CS e tCH
CAS /| \ \ |/ / |\ / |\ \ |/
| s desertion | | | | |
WE /| \ \ | / A\ |/ / |\ \ | /
tAS 1e>«>r tAH (1) (1)
AO-A9 X ron X Xcowwin ROW X cowninX
| ettt | | | | | W
4o ) G \ | [ O XX
| 1S Jefenl Ui | NOPrE | | BANK 0OR | BANK 1 | NOPRE
At \BANK0 /- \ BKo / \ ko / X X BN X
ics {CH— tcs | tcH BANK 0 BANK 0
R N I tcs
DQM ‘I? I‘;l A X
tDH tDH tDH tDH
tDs tDs tDs DS 1e—>
DQ ;_[;Imm DINM:NOM X } DINn
T T T T T T
«— tRCD —————»| < {RCD — ’
«— {RAS ><— tRP > «— RAS
«— tRe “— fRe
<ACT 0> <WRIT 0> <PRE 0> <ACT > <WRIT>
<WRITA>
R Undefined
CAS latency = 2, burst length = 4 [ ] Don't Care

Note 1: A8,A9 = Don’t Care.
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TReEND

Read Cycle / Byte Operation

T0 T T2 T3 T4 T5 T6 T7 T8 T9 T
CLK | | | 1 ¥
tcKs tCK —_: Ol 15 tcL
CKE _/, CKA —>
tCS tCH
s AN/ |\ 2/ [V |V L/ | A\ L/ ]
tcs CH
RAS N/ /| \ A\ |/ \ | /
[ s ferton | | | | | |
CAS / |\ A\ / / |\ / |\
B [ s o | | | | | |
WE /1 \ / |\ \ /[ /| \
| tAS tAH | (1) ‘ | | | |
AO-A9 X row X XcoLumnm¥C X row X
| s wi | AUTO PRE | | BANKOANDT | |
Ao X=X X__X XX XX
| s AH NO PRE | | BANKOOR | BANK |
At Xeak X X Bkt X NED¢ XX
| BAVKO O BAKD | BANKO |
ubau N/ /TR /
| | ‘ tcs tamp <> tCH | | | |

LDQM \ / / JELW \
[«— tAC—| [« tHZ [«—tAS—>| [«— tAC
iz | |eton i t2\ | [*1OH <« 10H
DQ8-15 Doutm DouT ms2 Dout m+3%
[« tAC <«— tAC
iz [«tOH [« toH
DQO-7 —@Lmum @Douwmﬂ ;l@

l— tRCD fcAC fomD tRaL tRCD
— tRAS thP tRAS
— tRC tRC
<ACT> <READ>  <MASKU> <ENBU,MASKL> <MASKL> <PRE> <ACT>
' <PALL>
<READA>
@ Undefined
— 1.
CAS latency = 2, burst length = 4 [] Don't Care

Note 1: A8,A9 = Don’t Care.
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TREND

Write Cycle / Byte Operation

70 T1 T2 T3 T4 T5 T6 7 T8 T9 T10
CK ] | [
tcks tCK—_: o 1 tcL
CKE _/, {CKA —»|
tCs tCH
s_/A/ TN/ AN /|| VA L4/ A2/ ]| _
tcs tCH
RAS N\ /£ /| \ \ |/ \ |/
- | o | | | | | |
CAS / |\ \| / / |\ / |\
B [ s o] | | | | |
WE / |\ \N| / \ | / /| \
| tas tAH | 0) ‘ | | | |
AO-A9 X row X XcoLumm¥ X row X
| ws w AUTO PRE | | | BANK 0 AND 1 | |
o >< X__X XX XX
| ws tan NO PRE | | | BANK0OR 1 | BANK 1 |
AT1 ek X X Bkt X NED'¢ X X
| BANKO ’ o | EAKO tCH BANK 0 | BANK 0 |
| CS Ly ‘_} ! |
uDQMm AN / N\ /
| | |5 feoleot o | | | |
LDOM NVAARWAN NS
DS DH (
DS tDH DS 1< tDH
DQ8-15 X onm X X0y me1 Xow m+3)(
DS tDH L ( DS tDH
DQO-7 X DNm X X D|Nm+3X
| | | | | |
l«— tRCD —————>| [«— tDPL —>| [«<— tRCD
l— tRAS tRP tRAS
l— tRC tRC
<ACT> <<‘I\V/\/FE|TTA>> <MASKL> <MASK> <ENB> :FF,’E&Z <ACT>
@ Undefined
CAS latency = 2, burst length = 4 [] Don't Care

Note 1: A8,A9 = Don’t Care.
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TRenND

Read Cycle, Write Cycle / Burst Read, Single Write

70 Ti T2 T3 T4 T5 T6 T7 T8 T9 T
K | | [
—> CHI [«
tCKS <« {CK —>| toL
CKE _/,‘ {CKA —>1
1CS T¢>1«>+ {CH
SV ARWNYVARWNVIARAVARVARWARWARNNVANY,
tcs tCH
RAS N / |\ /[ \ AL/
| sttt | || [
CAS / 1\ \ |/ \  // ]\
[ tostemerton | | | | | |
WE / 1\ / 1\ N/ N/
| tAS < tAH | (1) | ‘ | | | (1)
AO-A9 X row X X coumnmy XeownX
| ws Lol | | | | | ! | o BAKOAD!
MO XCrow X \ loree / X 0C X
| tsdestertti BANK 1 | | | | | NOPRE  BANKDOR
At p D ¢ X X ) 5§ €I §
| BANKO BANKO BANKO  BANKO
| 1CS 4> r<—tamp tCH
DOM \ b:t \ | /
<«—1AC «— tAC [—1AC «— tAC—>] tDs
«tOH <~ tOH-»| < tOH <« toH tDH
DQ Doutm DOUT m+1 Dout m+2%{ DouT m+3 DiNn —
iz I ' etz
«— tRCD »<«— {CAC [«— tDPL —>|
«— tRAS <« tRP—
<«— {RC
<ACT> <READ> :V‘\,IVF?TT/-\Z :;:‘LELZ
@ Undefined
CAS latency = 2, burst length = 4 [] Don't Care

Note 1: A8,A9 = Don’t Care.
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TReEND

Read Cycle
T0 ) T T3 T4 T5 T6 T7 T8 T9 T10 ™ T2
oK ] | L | | | | | | L
- {oHl [«
{CKS 4e—>le— 10K —| <« HCL
CKE < {CKA —»i
05 14>« oK
s VAAVARNNYIAAVARVARVARNNYYARWARNN VAN
- 1CS 4e—>te>t ICH
RAS / |\ A\ / \ |/
1CS He>ienf 1CH ‘ ‘
CAS \ |/ / 1\ / |\
st i | | | | | | | |
WE / 1\ \|/ / |\
1AS 1e>[«>r tAH ‘ ‘ 1)
A-A9 X ron Xeowmin X o X
Celdw [ [ T [ T [ T wawe [ | ]
A0 €D \ lorE / A AR X
AR R | | | | BAKOOR! | BANK
At _)( XX € X X
BANKO BANKO cH BANK 0 BANK 0
| | 1S 4e>l«—tauD > | |
N 7
—1AC —>| [« tAC —| [«—1AC le— tAC —|
l«tOH 1OH e 10H etOH
DQ DoUT @Dcw m&&l Dourm+2% DouT mjm
71— | | Lf tHz
— tRCD «— {0AC > —tRoL———— <«—tAOD—
l— 1RAS »>«—1RP t«—tRAS—
le— tRC »<«—tRC——
<ACT> <READ> ;::LE; <ACT>
B Undefined
CAS latency = 3, burst length = 4 [[] Don't Care

Note 1: A8,A9 = Don’t Care.
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TREND

Read Cycle / Auto-Precharge

T0 T T T3 T4 T5 6 T7 T8 T9 T10 ™ T2
oK | | | | | | | | L
- {CH [«
1CKS Je—>le— tCK —>| > 0L
KE /el o>
{05 e->1->1 ICH
s VVAAVARNNYIAAVARVARVARVARVARVAR RNV
103 -e—ple>t tCH
RAS / 1\ \ |/
1CS He—>i«>1- {CH
* I B s e e e
WE ‘ / 1\ /| \
1)
A-A9 X cowm X X o X
| | owome || | | [ ] |
A0 /1 \ o X
\ \ BANK 1 ‘ ‘ J | ‘ ‘ BANK
At X X X X
BANKD ] o BANKO
| > <—{QMD >
DQM F}
—MtC— [ tAC [—tAC—>| [« tAC—|
e 1OH »| e 10H->/ « tOH «1OH
DQ ‘ DovTm DouT i Dourm+2%murm+a
23— | etz
le— tRCD — foAc > e tpoL —> le—tReD—
e tRAS et e fMS—
— tRe —the——
aCT <READM> <ACT>
L B Undefined
CAS latency = 3, burst length = 4 |:| Don't Care

Note 1: A8,A9 = Don’t Care.
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TREND

Read Cycle / Full Page

T0 T T2 T3 T4 T5 T6 T7 T8 . T262 T263 T264 T265
oK | | | L | | ] | L+ [
{CKS Je—>ie— ICK; (oA b toL P
CKE < 1CKA —»| JJ
{CS 1¢>«>t {CH
cs VARVARNNY 7 AAVARVARVARNVANY VAAVAR
{CS ~«—>le—>+ {CH [
RAS /1 \ VT \A L/
e | L 1 [
CAS \ |/ VARVWARN
] e | | | | | | | |
WE / 1\ J)}l\ [\ |/
| usolotw | | i L
A0-AY X Ron X X oo X
s A gpAl ‘ J//
o >< \ o / T\ | /
I ) [ e | ]
Al BANK 0 \ BUKO / ” \BANKO /
‘ ‘ ‘ ‘ ‘ 1cs fcH
DQM {'
—1AC — tAC ktA(J: l«— tAC—>| [«—tAC
e tOH («10H->] «10H «10H l«10H
DQ DoUTOn Doutone K RouT % oouron YO Dour ot _
124! C e tiz—]
[«— fRD ————— >« {CAC t«—1{RBD >
(BANK 0) (BANK 0)
le— tRAS > tRP
(BANK ) (BANK0)
«— {RC
(BANK )
<ACT 0> <READ0> <BST> <PRE 0>

CAS latency = 3, burst length = full page

Note 1: A8,A9 = Don’t Care.

B Undefined
|:| Don't Care
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TREND

Read Cycle / Ping Pong Operation (Bank Switching)

70 ! 2 T3 T4 T5 7 T8 T9 T10 1 T12
T I I I I I I I | L
—> {CHI [«
1CKS <> 1CK —>| < tcL
CKE - tCKA —>|
tCS e>| tCH
cs VARYARNYANV AR WNYANY AR WNYANVIAD
tcs tCH
RAS L/ |\ /1 \ A\ L/ \ | /\| /
N | |
CAS /T \A\_| / N/ /| \ / |\
I 1CS eple>l- tCH I I I
WE /| \7 |\ /1 \ AL Z N\ // ]\
I tAS -(¢—>i<—>r tAH ‘ ‘ () () ‘
A0-A9 X row X CoLumn ROW
| wslololm | I AUTO PRE *
At XX Vi U e
| sk tae I I NOPRE  BANKOORT I BANK 0OR
I |
At1 BANKO //BANK TN\ \\BANKO / /BT \BAKO /
‘ ‘ ‘ ‘ ‘ ‘ tcs tavp > f«—>— {CH ‘ ‘ ‘
DQM A\
l«— tAC f«— {AC—> |[«—1AC <«— tAC—>|
1z | |etoH e tOH->| le-toH < tOH
DQ DoUT Om %’ DOUT Oms1 DoUT 1m DOUT fmé1  —
T
t
‘@m}m% 0 ﬁafﬁ&) 1) (BA%E 9 [tz
ﬁsTﬁ»? 0 ﬁaﬁg o) (Bfl\ﬁ(Lo) ﬁf{fﬁ? 0
eo B B
H(Bg{&m N (B}\nﬁm
tRAS tRP
(BANK 1) (BANK1)
tRC
(BANK 1)
<ACT 0> <ACT1> <READ 0> <READ 1> <PRE 0> <PRE 1> <ACT 0>
<READA 0> <READA 1>
@ Undefined
CAS latency = 3, burst length = 2 |:| Don't Care

Note 1: A8,A9 = Don’t Care.
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TREND

Write Cycle
T0 Ti T2 T3 T4 T5 T6 7 T8 9 TI0 Ti1 T12
oK | I I I I [ I I I I L
—> {CH [«
1CKS Je—>le— 10K —>| <> 1{0L
CKE < tCKA —»
{CS 1¢>[«>} {CH
s VARVARNNYIARAVARVALVAR WV IVARAWAR NS Y
1CS +e—>| tCH
RAS /| \ \| / \ |/
| eiedote [ [ 1 | [
CAS \ |/ / 1\ / |\
i e P v [ ]
WE \ |/ \ |/ / |\
| wsieototws | | o | 1 1 | L
AG-A9 Row X X oo X ROW
| s W | | I I IR |
At0 )( \0%E/ X_X
| b | | BANK | I | | BANKOOR I I BANK 1
S — D XX
I BANKO I I o5 1K o BANKO BANKO
I | |
DQM T ﬁ
IDSI««IDH tDSke{«DH »{iDS{erte IDH»{IDS fe>1«tDH
DQ ) I ;O( DI m+1%{ DNm+2dBNm+3*
T | I I L I I
le— tRCD > tOPL —————— | le— tRCD —
[ tRAS «— tRP tRAS —
le— fRC > fRC —
<ACT> <WRIT> <PRE> <ACT>
<PALL>
@ Undefined
CAS latency = 3, burst length = 4 [] Don't Care

Note 1: A8,A9 = Don’t Care.
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TREND

Write Cycle / Auto-Precharge

T0 T T2 T3 T4 T5 6 T7 T8 T9 T10 ™ T12
oK | | | | L] | | L L
1OKS erle— tCK; il >-10L
CKE < {CKA —»|
03 1> {0H
s VARVARNNVIAAVARVARV/ IV AL
03 >l tCH
RAS /| \ \ |/
| tpoen | [
CAS A/ / 1\
| st [ I
WE \ |/ / |\
‘ 1S 21 r At ‘ ‘ () ‘ ‘ ‘ ‘ ‘ ‘ ‘
A0-A9 o X X cowm X Aol
| uslololw | | wom | | | | | | |
T — D 2R
\ tas Lt ‘ ‘ BANK 1 \ l \ \ \ { BANK 1
A D X_X
BANKO oo KO N BANKO
DQM
DS}« IDH»{{DSe >« DH »iDS 1>« IDH »DS Jert«1DH»)
DQ {Dwm DN+t DNm+2d;Nm+3*
l«— tRCD | | | L— DAL | | tRCD —
le— tRAS tRP tRAS —
le— tRC tRC —
<ACT> <WRITA> <ACT>
B Undefined
CAS latency = 3, burst length = 4 [] Don't Care
Note 1: A8,A9 = Don’t Care.
64
Rev. 100

06/15/07



TREND

Write Cycle / Full Page

T0 T T2 T3 T4 T5 6 T259 T260 T261 T262 T263 T264
1
oK | | || | | R

> {CHI [«

{CKS +e>te— 1CK —>| «—>iCL [

CKE < 1CKA —»| JJ

{08 1>t 10H .
{CS 4«1+ tCH

RAS /

1CS et ICH ‘
0AS \
‘ 1CS He—>le«>t {CH ‘ ‘

e VyaAvARNV/ARVAR /AR VAR NVAN VAR VAR S
X
/
/

| sspetorm | y |11 |

A0-A9 X o X X oo X )

[wllodw [ T T [ T [ T ] ]
Af0 DS \ VOFE / \ | /

[l [ [ ] [ [ o [ [ [ wem [ ]
Al BANK 0 \BANKO / “ \BANKO /

DQM ‘ tCST ﬁ 71CH

P4

[05{es{e DH>D5{ertlDH »fDSfvte DH DS oot 04
0Q I @ CIN) @ ) D\NOm&O@@O( X

I \ ) \ \

«— tRCD |¢— toPL—————|
le— tRAS tRP
— tRe
<ACT 0> <WRITO> <BST> <PRE0>
B Undefined
CAS latency = 3, burst length = full page D Don't Care

Note 1: A8,A9 = Don’t Care.
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TRenND

Write Cycle / Ping-Pong Operation (Bank Switching)

10 Ti T2 T3 T4 T5 Té 17 T8 9 TIO T T2
ok | | | || | | | |
—> {CHI [«
1CKS Je—>1e— tcK —> < toL
CKE < CKA —»|
- 1CS 14> {CH
cs VARWARSNVANVIARWARRWNIVAN VI ARWARN VAN
fcs fcH
RAS A\ / / I\ A/ \ |/
| sl | | | | | |
CAS \ | // |\ N // / |\
| toseslertion | | | | | |
WE N[\ |/ / |\
1A e AH ‘ ‘ ‘ ‘ ) ‘ ‘
AO-A9 X row X XcoLum X ROW
| ws W | | | | woes | |
A1 Cron X A XA/ G,
ORI | | | | OFFE— BAVORT | |
Al BANKO \BANK 0/~ Z-ank 1\ e\ \eAnko/ (BANK 1)
| | | | s - P
DQM
oS < tDH>| IDS«> 1« DH>{{DS fpte- {DH-»{IDS 1>« tDH» DS [«>¢ tDH > tDS 1>« DH>| DS 1<« tDH DS <>« DH
DQ DIN Om ;ng 0m+1>bE;N 0m+2;k:%)>w 0m+3;bE:JIN im H;N 1m+MDTN 1m+2m 1m+3;(
\ \ \ \
l«— tRRD > ‘4— tOPL ———>| te— tDPL —
(BANKQTO 1) (BANK0)
M e [+ tReD —
F(BtAHrf\KS 0) (B’}m 0 e
l«— tRC fRC —
(BANK ) s
[ BANK 1)
ﬁaﬁﬂﬁn
<ACT 0> <WRIT 0> <ACT 1> <WRIT 1> <PRE 0> <ACT 0>
<WRITA 0> <WRITA 1>
B Undefined
CAS latency = 3, burst length = 4 |:| Don't Care
Note 1: A8,A9 =Don’t Care.
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TREND

Read Cycle / Page Mode

T0 T T T3 T4 5 6 T7 T8 79 T10 1A} T12
oK | | || | | L+ L+ L
- {CHI [«
1CKS Je>le— oK —>| 0L
CKE < 1CKA —»1
st
o8 VAN ARV VAR NN VAR VRNV VALV
03 et tCH
RAS /1 \ /| \ \ |/
| slololo | | | | | | |
CAS N/ NI/ NI/ / |\
| slodeotor | | | | | | |
WE / 1\ / |\ / |\ \ | /
‘ 1S 4>t tAH ‘ ‘ (1) ‘ (1) ‘ (1) ‘ ‘ ‘
A0-AY X ron X Xcowmimy Yoo} Yoo
| w ot | | | | | owome | o | |
A0 ) D¢ \ 0P / \lore / XX X
‘ 148 Lepfent 1 ‘ ‘ BN 1 | | NOPRE ‘ BAVKOOR T ‘ ‘
Al Yeuwi X XX o) XewaX XowrX
BANK 0 BANK 0 BANKO BANK 0 BANK 0 N
| | 1CS4ere—tauD > < tCH
DQM {_’
—1tC> [—WC—> [—1C—> [«—1AC—> [«—1tAC—> |[«—tAC—>
tLZ+T le-tOH €tOH <{oH «{0H <t0H>| | |«toH
DQ DUt % DouT et DUt % DOUTH Dot Douxoﬂw
‘<—tCAC i‘ ‘ktHZQ
<«—1{CAC >
R ——————————————>—{0AC > < {ROL
—1RAS < tRP
«—1RC
<ACT> CREAD> CREAD> <READ> <PRE>
<READA> <PALL>

CAS latency = 3, burst length = 2

Note 1: A8,A9 = Don’t Care.

B Undefined
|:| Don't Care
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TRenD

Read Cycle / Page Mode; Data Masking

10 T T T3 T4 T5 T6 v T8 T TH0 Ti1 Ti2
oK | [ L | | [ L
{CKS 4e>le— tCK; Ll f tcL
CKE < tCKA —>1
tCS 1« > {CH
cs A/ T\ T/ T AL T\ T\
tcs <« tCH
RAS / 1\ / T\ / |\ \ /
1CS He—>le>t- ICH ‘
CAS \ | / \ | / \ |/ / 1\
1CS {e—iet ICH ‘ ‘ ‘ ‘ } ‘ ‘
WE ‘ ‘ / 1\ / 1\ / |\ \ |/
() () ()
Xoouwink XcownmnX XoowmoX
| | | | ATORE | BAONDI | |
\ NoPE e/ K X X X
| | | | P A WKOOR | |
(B DS G C5 D €0
BANKO BANKO BANKO BANKO
| 1CSdere—tauD » fCH  — taMD >
QM T j /TR
te— tAC klACT re— tAC fe— tA
fLz+ e-1OH [-t0H->| 10H
DQ &T& DoUT @ Dommﬂ@ DoUT
L*tCAC
<«—{CAC >
«—fRD———— >« {0AC >
<« tRAS >
«—{RC
<ACT> <READ> <READ> <READ, MASK>  <ENB> <PRE>

CAS latency = 3, burst length = 2

Note 1: A8,A9 = Don’t Care.

<READA, MASK>

<PALL>

@ Undefined
|:| Don't Care
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TRenND

Write Cycle / Page Mode
10 T T T3 T4 T5 T6 T7 T8 9 TI0 ™ TR
oK ] || || | | | | L4 L
- {CH [« oL
CKE‘ tCKA —»1 '
SwansNVyaawansNVyanuN V2R NV win sV raR s
1CS +e—>le>t tCH
" | | | b | a | . |
1CS He—>fe—>t- tCH
CAS ‘ ‘ ‘ \| / ‘ \ |/ ‘ \ | / ‘ ‘ / 1\ ‘
tcs > {CH
WE ‘ ‘ ‘ \ |/ ‘ \ | / ‘ \ | / ‘ ‘ \ |/ ‘
tAS >t tAH

0 ()
Yoo Yoo

()
A0-A9 X row X XcowminX

| vttt | | | | | | o | | oukowo1 |
i G0 N Uy X
| wslololm | \ BANK ] BANK \ NOPRE | | BOoRT ]

A BAXIEO X 1 X J X J BANKW X XBANK1 X

BANKO BANK 0 BANKO BANKO
fcs fcH ‘
o ] |
{DSf>(« {DH»{IDS{e>«{DH »{DS{ev(e-IDH ( {DS{e>(« IDH»{tDSterre-OH
DQ Dwm_YCOX ot YU v Do Dot

[«—tRCD > I ——
l«— 1RAS >« {RP
«—1RC
<ACT> <WRIT> <WRIT> <MASK> <WRIT> <PRE>
<WRITA> <PALL>
@ Undefined
CAS latency = 3, burst length = 2 D Don't Care

Note 1: A8,A9 = Don’t Care.
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TRenNnD

Write Cycle / Page Mode; Data Masking

T T . K T To 7 Lt 9T TH TR
ok [ f 1 I | [ Y T Y A O Y O
> {CH [«
1CKS Hepie— ok —> [—>-CL
CKE 1CKA —»|
- 1CS 14>« tCH
s AL/ T\ AL T\ALL AL I\ AL/ |\
10S 4e—>le>t {CH
RAS / |\ /1 \ / |\ \ |/
103 +e>e>f ICH
oA \ |/ \|/ \ |/ / |\
ol | | | ] |
WE \ |/ \ |/ \ |/ \ |/
1AS >t taH 1) ) ()
A-A9 Aow X X oo XcowminX oo
AR | | L ATOPRE I
0 G \ope /T T\ we /X X
Ukl | BN Wi | o Mope BAK 0RO
A ¢ )CX X X X ikt X X ekt X
BANKD BANKD BANKD BANKD BANKD
| {03 {CH
QU O\ /
DSt DH|{DS ftDHﬁtD <«IDH tDS#»ADH {DS}ep 1« tDH
DQ TDINm H*Dmmn DN X Divo mw;ﬂ
[ [ [ [
<«—ROD———> <« {DPL —>|
«—tRAS — {RP
i
<ACT> <WRIT> <WRIT> <MASK> <WRIT> <PRE>
<WRITA> <PALL>
R Undefined
CAS latency = 3, burst length = 2 [[] Don't Care

Note 1: A8,A9 = Don’t Care
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TREND

Read Cycle / Clock Suspend

L I I N

T0

T1

T6 I T8 19 T10 T T12

S T I I Y

> (CH [«
{CKSHeple— 10K —>| « toL 1CKS{—> 1OKH
CE < 1CKA —»| \ /
10S T>[«>t ICH
s WNYYAAVIRN NV / T\ \ | // I\ |\
R T ]
RAS / |\ \ \ |/
10S >« ICH
cAS \ |/ \ / 1\
| s | I N B A |
e / 1\ | \ |/
HAS 1>t 1AH (1) \
AA9 AW X Xootwmimy \
| wslololm | | owome | | | L] sk | |
A0 €D XX \ X_X
[ wslololw | R | | ] ] mwowr ] |
A ( X ekt X |
BANK BANKO ‘ BANKO
| 08 +e—>e—tqup »le—>] CH |
DOM T \
—1tAC— [ 1tAC ‘
tetOH t«tOH
DQ ‘ DouTm DOUT m %
iz f— tHz

CAS latency = 3, burst length = 2

[ fRD ——————>«—{0AC

Note 1: A8,A9 = Don’t Care.
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l— 1RAS >— AP
[— tRC
<ACT> <READ> <SPND> <SPND> <PRE>
<READ A> <PALL>
B Undefined
|:| Don't Care
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TReEND

Write Cycle / Clock Suspend

0 T . BT T5 T6 7 T8 T T TR
oK | | | | | | | | L+ L
> {CH [«
1CKS Je>le— 1CK —>| 0L tCKS fCKH
CKE 1CKA —»| \ /
103 1>« tCH
s [TV T\ LA JARNNYVARVARNNYY,
T | e N
RAS /1 \\ \ |/ \ |/
i ] ]
CAS \ /] /| \ / |\
5ot | I |
WE \ | /] \ |/ / 1\
tAS >t tAH 1) \
A0-A9 X o X Xcouwin | RO
S Jeen | woee | || | | womor | |
i >< X X XX €D
s Leale ‘ BE ‘ \ { ‘ ‘ BANKOOR T ‘ ‘ BN
Al )( VE \ X_X
B BAKO BAK( BAIK(
‘ 1cs teH ‘ ‘
Wi
s DH ‘ os {DH
| | | |
r— RCD > [ tPL———>
le— {RAS >« P ——————— >l RAS—
— RC »e— fRC —
<ACT> <WRIT,SPND>  <SPND> <PRE> <ACT>
<WRITA, SPND> <PALL>
B Undefined
CAS latency = 3, burst length = 2 [] Don't Care
Note 1: A8,A9 = Don’t Care.
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TREND

Read Cycle / Precharge Termination

70 T1 T2 T3 T4 T5 T6 7 T8 T9 T10 T11 T12
oK | I | | | | | | | | L
= {CHI [«
tCKS «— tCK —>| < teL
CKE tCKA —>|
1CS 1¢>«>} {CH
s VARWARNN VAR WARSSVIARWALWARRE VAR
o 1CS 4e—>f«—>t tCH
RAS / |\ \ |/ /
| wloede [ | | | 1 | |
CAS \ | / / |\ /
| _tosleenion | | | | | | |
WE / |\ \ |/
| usteoeton | | g | [ 1|
AO-A9 X row X XcowinmX ROW
‘ 1AS Le—plen-tAH ‘ ‘ ‘ ‘ ‘ ‘ ‘
Al0 X X \ |/ \ | / (N
| sk e | | NOFRE | | BANKOOR { | | | BANK 1
At BANK \ BAVKO /' \ B0 /' X X
| | | S | | | e |
< tamp < !
DQM W
[«—1AC— [« tAC [« tAC [— tHZ —>|
< 1OH»| [« tOH > «tOH
DQ Dourm DoUT m+1 Dout m+2%
1z \ ‘
[¢— fRD —————— >« {CAC > tRaL <« WROD————
t«— tRAS tRP tRAS
[«— {RC <— {RP
<ACT 0> <READ 0> <PRE 0> <ACT>
B Undefined
CAS latency = 3, burst length =2 D Don't Care

Note 1: A8,A9 = Don’t Care.
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TReND

Write Cycle / Precharge Termination

T0 T1 T T3 T4 T5 T6 7 T8 79 T10 Ti1 Ti2
o] I I I I I I I I I | L
- {CH [«
{CKS4erle— 10K —| < fcL
CKE < 1CKA —>|
{CS 1>« tCH
s VAR WARNNY Y/ A\ /SIS AL |\
- 1CS >t tCH
RAS / 1\ \ |/ \ |/
1CS et tCH
CAS \ |/ / |\ / |\
T T wlededw [ ] ] |
WE \ |/ \ |/ /| \
tAS 1> <>r tAH 1)
A0-A9 X pon X X oo RO
wlofow | | | 1 |
Ao ) €D \ |/ \ |/ o)
SR I | TE | | BKORT ] | | BN I
Al BAIKO \ B0 / \ 4o / X X
163 toH e [ e tor KO
DQM (
tDH fDH tDH
DS s s
DQ ;_D’N Om DINOm+t DINOm+2 X
I I I I I
le— tRCD > le— tRCD
—f«— RAS > P —————————————»«—1RAS
r— 1RC ><— {RP
<ACT 0> <WRIT 0> <PRE 0> <ACT>

B Undefined
CAS latency = 3, burst length = 4 D Don't Care
Note 1: A8,A9 = Don’t Care.
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TREND

Read Cycle / Byte Operation

T0 T1 T2 T3 T4 T5 Té 17 T8 9 TI0 T11 T12
oK ] I I | | | | | [ T
tCKS 4e—>{e— lCK:> CH 1~ cL
CKE < tCKA —»|
€S tCH
cs AR VARWNVIARWARWARLWA RS WAR N YA
1CS +e—>te—>+ tCH
RAS / |\ \ |/ \ |/
tcs tCH ‘
CAS \ |/ / |\ / |\
| _toseslertion | | | | | | | |
WE / |\ \ |/ /| \
‘ 1AS 1> I ‘ ‘ () ‘ ‘ ‘ ‘ ‘ ‘
AG-A9 X row X ) D) ¢ X ron X
R \ AUTO PRE \ | | | sawomn1 | \ \
At0 ‘ ) D ‘ ‘ XX ‘ ‘ ‘ ‘ AKX ‘ N Ko X
s Lian NOPRE BANKO OR oK
Al ) D) yETD ¢ EID XX
‘ BANKD ‘ ‘ BNKD oo oo e oH BAK( ‘ ‘ BANKO
UDQM / / /
| | | | o5 Lot ofo || | |
LDQM [/ \

f«— tAC —>| [« tHZ —>{| |[«—1A fe— tAC—>| [«— tHZ
1z +t0H;j 12 «foH
DQ8-15 oorn R DOUT m+2 DOUT M43
[ tAC — tAC e— tHz
iz | fetoH - toH ﬁ\
DQo-7 ‘_@_MPMW

r«<— tRCD <«— {CAC <« fQMD —————— > j«—fRAL—————>| [«— tRCD—
r«— tRAS P>« {RAS—
f<— tRC « RP —
<PRE>
<ACT> <READ> <MASKU>  <ENBU, MASKL>  <MASKL> <PALL> <ACT>
<READA>
@ Undefined
CAS latency = 3, burst length = 4 D Don't Care

Note 1: A8,A9 = Don’t Care.
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TREND

Write Cycle / Byte Operation

T0 T T2 T3 T4 15 T6 T7 T8 T9 T10 T T12
oK | I | | | | | | | | L
—> {CHI [«
1CKS e>{e— 0K —>| «—> 0L
CKE {CKA —»|
- 10S 1| tCH
s NVVARVARWNYIARAVARVARVARRWNYARWVARWNY
tcs <>+ {CH
RAS / |\ \ |/ \ | /
| wsioolo | | | | | | | |
CAS \ |/ / 1\ / |\
s festertion | | | | | | | |
We \ |/ \ |/ / |\
s teofeolw | | g 1 | | | |
A0-AY ROW X XoowinX X ron X
S Leslertit | [ wome ] | | | omkomot | | |
AD Coon X ‘ XX ‘ ‘ ‘ XX ‘ ’ A X
S eslert NOPRE BANK DOR BANK 1
At ok 1 X st X W X X
BANK 0 ‘ ‘ BANK 0 BANK 0 BANK 0.
| 1CS {CH | |
oy {1 ey
1CS Je— tcH )
LDQM / N\ [\ A\ L/
tDs fDH ( )
1DSe—>l«—»} tDH DS J—>te—} tDH
DQ8-15 )( DNm ) DN m+ / ) DN m+3
s < 1DH ( K DS 1« tDH
DQO-7 Dim X X w3
T T
r«— tRCD <«— PP ————> r«— tRCD—
t«— tRAS »<«— {RP > tRAS —
r«— {RC <« fRP —
<ACT> <<V‘VNF§:|TTA>> QASKL>  <MASK>  <ENB> :;:LE; <ACT>
@ Undefined
CAS latency = 3, burst length = 4 [] bon't Care

Note 1: A8,A9 = Don’t Care.
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TREND

Read Cycle, Write Cycle / Burst Read, Single Write

™0 T 11 BT BT T 8 T ™oTR
o | L L L 1 [ 1 L
1CKS erie— tCK:P e f 0L
CKE < 1OKA —>f
1CS 1¢>[«>f {CH
s VAAVARNNYYARVIRVARVARVARNN VALY
- 1CS e—>et tCH
s 7TN T |/
10S e« tCH
CAS \ |/ \ |/ / |\
| e | I |
WE / |\ \ |/ \ |/
1AS 1>t tAH 1) 1)
A-A9 RO X Xooumin XcowirX
s lodeolss | | | | | | | | wome | swoun
A0 (ron X \ J0FeE / X A
s T I I L T
Al (B 1 X X Xeawi Y Yo X
B0 KO B0 BAKO
| | {08 4e>ie—taup > <—»-1CH |
DQM T
[t DS
tDH
0Q ‘ DINn
t7 >
— R ————————>«—{(AC > <« {PL———
<« tRAS «—tRP—
e
<ACT> <READ> piiilig o
R Undefined
CAS latency = 3, burst length = 2 [[] Don't Care

Note 1: A8,A9 = Don’t Care.
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TReEND

ORDERING INFORMATION
Commercial Range: 0°C to 70°C

Frequency Speed (ns) Order Part No. Package
200 MHz 5 NS1616AAT-5 400-mil TSOP Il,Lead-free
166 MHz 6 NS1616AAT-6 400-mil TSOP Il,Lead-free
143MHz 7 NS1616AAT -7 400-mil TSOP Il,Lead-free

Extended Range: -25°C to 85°C

Frequency Speed (ns) Order Part No. Package
200 MHz 5 NS1616AAT-5E 400-mil TSOP Il,Lead-free
166 MHz 6 NS1616AAT-6E 400-mil TSOP Il,Lead-free
143MHz 7 NS1616AAT -7E 400-mil TSOP Il,Lead-free

Industrial Range: -40°C to 85°C

Frequency Speed (ns) Order Part No. Package
200 MHz 5 NS1616AAT-5 | 400-mil TSOP Il,Lead-free
166 MHz 6 NS1616AAT-6 | 400-mil TSOP Il,Lead-free
143MHz 7 NS1616AAT -7 | 400-mil TSOP Il,Lead-free
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PACKAGING INFORMATION

Plastic TSOP
Package Code: T (Type )

Notes:

1. Controlling dimension: millimieters,
unless otherwise specified.

2. BSC = Basic lead spacing
between centers.

3. Dimensions D and E1 do not
include mold flash protrusions and
should be measured from the
bottom of the package.

4. Formed leads shall be planar with
respect to one another within
0.004 inches at the seating plane.

SEATING PLANE

N N/2+1
N
E1 E
[ILILILILILILILILILILILILILIHLI__
1 N/2
-« D =
- [«zD AT
T X I
J\

TR |/
N

=

—>| |<—L

S

R

Plastic TSOP (T - Type Il)

Millimeters Inches Millimeters Inches Millimeters Inches
Symbol Min  Max Min  Max Min  Max Min  Max Min  Max Min  Max
Ref. Std.
No. Leads (N) 32 44 50
A — 1.20 — 0.047 — 120 — 0.047 — 1.20 — 0.047
Al 0.05 0.15 0.002 0.006 0.05 0.15 0.002 0.006 0.05 0.15 0.002 0.006
b 0.30 0.52 0.012 0.020 0.30 045 0.012 0.018 0.30 0.45 0.012 0.018
C 012 0.21 0.005 0.008 012 0.21 0.005 0.008 012 0.21 0.005 0.008
D 20.82 21.08 0.820 0.830 18.31 18.52 0.721 0.729 20.82 21.08 0.820 0.830
E1 10.03 10.29 0.391 0.400 10.03 10.29 0.395 0.405 10.03 10.29 0.395 0.405
E 11.56 11.96 0.451 0.466 11.56 11.96 0.455 0.471 11.56 11.96 0.455 0.471
e 1.27BSC 0.050 BSC 0.80BSC 0.032BSC 0.80 BSC 0.031 BSC
L 0.40 0.60 0.016 0.024 041  0.60 0.016 0.024 0.40 0.60 0.016 0.024
ZD 0.95 REF 0.037 REF 0.81 REF 0.032 REF 0.88 REF 0.035 REF
o 0° 5° 0° 5° 0° 5° 0° 5° 0° 5° 0° 5°
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