1IS45516100C1 ISSI®

512K Words x 16 Bits x 2 Banks (16-MBIT) JANUARY 2006
SYNCHRONOUS DYNAMIC RAM

FEATURES DESCRIPTION

* Clock frequency: 143 MHz ISST's 16Mb Synchronous DRAM IS45516100C1 is

* Fully synchronous; all signals referenced to a organized as a 524,288-word x 16-bit x 2-bank for
positive clock edge improved performance. The synchronous DRAMs

 Two banks can be operated simultaneously and achieve high-speed data transfer using pipeline
independently architecture. All inputs and outputs signals refer to the

. isi f the clock input.
* Dual internal bank controlled by A11 fising edge of the clock inpu

(bank select)
* Single 3.3V power supply
e LVTTL interface

PIN CONFIGURATIONS
50-Pin TSOP (Type II)

* Programmable burst length voo [ ® = o ano
- (1, 2, 4, 8, full page) DQO % 2 49 % pQ1s
DQ1 3 48 IDQ14
* Programmable burst sequence: aNDa 0+ 47[M b
Sequential/Interleave ggi % ° “o % Bg:z
* 4096 refresh cycles every 64 ms vbDQ % 7 44 % vbDQ
DQ4 8 43 DQ11
* Random column address every clock cycle pas M o 42 1] pQ1o
* Programmable CAS latency (2, 3 clocks) RG== B P
» Burst read/write and burst read/single write voor % e > % ooe
operations capability Loam [T 14 370 Ne
* Burst termination by burst stop and ons H 1o bl =t
precharge command T;z % 7 % % oKe
b Byte controlled by LDQM and UDQM A11 [T 19 32[1] A9
« Automotive Temperature Range e b SER
Option A: 0°C to +70°C At % 22 2 % Ae
Option A1: -40°C to +85°C A3 [T 24 27T A4
» Packages: 400-mil 50-pin TSOP-II, 60-ball v I - 26 11 GND
fBGA
* Lead-free package option
PIN DESCRIPTIONS
AO0-A11 Address Input CAS Column Address Strobe Command
A0-A10 Row Address Input WE Write Enable
Al1 Bank Select Address LDQM Lower Bye, Input/Output Mask
AO0-A7 Column Address Input ubQMm Upper Bye, Input/Output Mask
DQ0toDQ15 DataDQ VDD Power
CLK System Clock Input GND Ground
CKE Clock Enable vDDQ Power Supply for DQ Pin
Ccs Chip Select GNDQ Ground for DQ Pin
RAS Row Address Strobe Command NC No Connection

Copyright © 2006 Integrated Silicon Solution, Inc. All rights reserved. ISSI reserves the right to make changes to this specification and its products at any time
without notice. 1SSI assumes no liability arising out of the application or use of any information, products or services described herein. Customers are advised to
obtain the latest version of this device specification before relying on any published information and before placing orders for products.
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IANYS

PIN CONFIGURATION
PACKAGE CODE: B 60 BALL FBGA (Top View) (10.1 mm x 6.4 mm Body, 0.65 mm Ball Pitch)

1 2 3 4 5 6 7
Vv
A Q& ORO.
V3S DQi5 DQ0 VDD
B QO
DQ14 VSSQ vDDQ DQi
C
DQ13 VDDQ vSSQ DQ2
D
DQ12 DQI1 DQ4 DQ3
E Q
DQ10 VSSQ vDDQ DQ5
F
DQ9 VDDQ VSSQ DQ6
G
DQ8 Q gc) DQ7
H OO O O
NC NC NC NC
J O O
NC UDQM LDQM WE
K O O O
NC CLK RAS CAS
L O O O
CKE NC NC CS
M OO O O
A1l A9 NC NC
N OO O
A8 A7 A0 A10
P O O O O
A6 A5 A2 Al
R
vsSS Al A3 VDD
PIN DESCRIPTIONS
AO0-A10 Row Address Input WE Write Enable
AO-A7 Column Address Input LDQM, UDQM x16 Input/Output Mask
A1 Bank Select Address VoD Power
DQO0to DQ15 Data I/O Vss Ground
CLK System Clock Input Vbba Power Supply for I/O Pin
CKE Clock Enable Vssa Ground for 1/0 Pin
CS Chip Select NC No Connection
RAS Row Address Strobe Command
CAS Column Address Strobe Command
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PIN FUNCTIONS

Pin No. Symbol Type Function (In Detail)

20to 24 A0-A10 Input Pin A0 to A10 are address inputs. A0-A10 are used as row address inputs during active

27 to 32 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.

2,356,809 11 DQOto DQ Pin DQO to DQ15 are DQ pins. DQ through these pins can be controlled in byte units

12, 39, 40, 42, 43, DQ15 using the LDQM and UDQM pins.

45, 46, 48, 49
14, 36 LDQM, Input Pin LDQM and UDQM control the lower and upper bytes of the DQ buffers. In read
ubQMm 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 LDQWUDQM 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.
1,25 VDD Power Supply Pin VDD is the device internal power supply.
4,10, 41, 47 GNDQ  Power Supply Pin  GNDQ is the output buffer ground.
26, 50 GND Power Supply Pin  GND s the device internal ground.
Integrated Silicon Solution, Inc. — www.issi.com — 1-800-379-4774 3
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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
Pb max Allowable Power Dissipation 1 w
Ics Output Shorted Current 50 mA
Torr Operating Temperature A Oto+70 °C
Al -40to+85 °C
TstGa Storage Temperature —-55t0+150 °C

DC RECOMMENDED OPERATING CONDITIONS® (A: Ta = 0°C to +70°C, A1: Ta = -40°C to +85°C)

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

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/O 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) = Vbba + 2.0V with a pulse width < 3 ns.
. ViL (min) = Vbba - 2.0V with a pulse width < 3 ns.

A WODN
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1IS45S16100C1 ISSI®

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

Symbol Parameter Test Condition Speed Min. Max. Unit
liL InputLeakage Current 0V < VIN £ VDD, with pins other than -5 5 MA
the tested pin at OV
loL Output Leakage Current Output is disabled, 0V < Vout < VDD -5 5 MA
VoH Output High Voltage Level lout =—2 mA 24 — \Y
VoL Output Low Voltage Level lout = +2 mA — 0.4 \Y
loct Operating Current('2 One Bank Operation, CAS latency = 3 A 7 — 140 mA
Burst Length=1 A1 -7 — 160 mA
trc > trc (min.)
lout = 0mA
lccap Precharge Standby Current CKE < ViL (MAX) tck = tck (MIN) A — — 3 mA
A1 — — 4 mA
Icceprs  (InPower-Down Mode) toK = oo A — — 2 mA
A1 — — 3 mA
lccan Active Standby Current CKE = VIH (MIN) tck = tek (MIN) — — 40 mA
Iccans  (InNon Power-DownMode) tck = A — — 30 mA
A1l — — 30 mA
loca Operating Current tok = tok (MIN) CAS latency = 3 A 7 — 130 mA
(In Burst Mode)™ lout = 0mA A1l -7 — 150 mA
CAS latency = 2 A 7 — 130 mA
A1l -7 — 150 mA
locs Auto-Refresh Current tRC = tRC (MIN) CAS latency = 3 A 7 — 70 mA
Al -7 — 90 mA
CAS latency = 2 A 7 — 70 mA
A1l -7 — 90 mA
Iccs 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. lcct and Icc4 depend on the output load. The maximum values for Icct1 and lcc4 are obtained with the output open state.
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AC CHARACTERISTICS:23

-7
Symbol Parameter Min. Max. Units
tck3 Clock Cycle Time CAS Latency = 3 7 — ns
tek2 CAS Latency = 2 8 — ns
tac3 Access Time From CLK® CAS Latency =3 - 5.5 ns
tac2 CAS Latency = 2 — 6 ns
teH CLK HIGH Level Width 25 — ns
teL CLK LOW Level Width 25 — ns
ton3 Output Data Hold Time CAS Latency = 3 2.0 — ns
ton2 CAS Latency =2 2.5 — ns
tiz Output LOW Impedance Time 0 — ns
tHz3 Output HIGH Impedance Times) CAS Latency = 3 — 55 ns
thz2 CAS Latency = 2 — 6 ns
tos Input Data Setup Time 2 — ns
toH Input Data Hold Time 1 — ns
tas Address Setup Time 2 — ns
tAH Address Hold Time 1 — ns
tcks CKE Setup Time 2 — ns
tekH CKE Hold Time 1 — ns
tcka CKE to CLK Recovery Delay Time 1CLK+3  — ns
tcs Command Setup Time (CS, RAS, CAS, WE, DQM) 2 — ns
teH Command Hold Time (CS, RAS, CAS, WE, DQM) 1 — ns
tre Command Period (REF to REF / ACT to ACT) 63 — ns
tRas Command Period (ACT to PRE) 42 100,000 ns
trP Command Period (PRE to ACT) 20 — ns
trep Active Command To Read / Write Command Delay Time 16 — ns
tRRD Command Period (ACT [0] to ACT[1]) 14 — ns
torL3 Input Data To Precharge CAS Latency = 3 1CLK  — ns
Command Delay time .
topL2 CAS Latency = 2 1CLK — ns
toAL3 Input Data To Active / Refresh CAS Latency = 3 1CLK+trp  — ns
Command Delay time (During Auto-Precharge)
toaL2 CAS Latency = 2 1CLK+trRr  — ns
tr Transition Time 1 10 ns
tREF Refresh Cycle Time (4096) — 64 ms
Notes:

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

power-on

sequence must be executed before starting memory operation.

. Measured

[S20F ~ NSl b

with t1 = 1 ns.

output is in the high impedance state.

. The reference level is 1.4 V when measuring input signal timing. Rise and fall times are measured between Vi (min.) and ViL (max.).
. Access time is measured at 1.4V with the load shown in the figure below.
. The time tHz (max.) is defined as the time required for the output voltage to transition by + 200 mV from Vo (min.) or VoL (max.) when the
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1IS45S16100C1 ISSI®

OPERATING FREQUENCY / LATENCY RELATIONSHIPS

SYMBOL PARAMETER -7 UNITS

— Clock Cycle Time 7 ns

— Operating Frequency 143 MHz

teac CAS Latency 3 cycle

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

tRac RAS Latency (trcp + tcac) 6 cycle

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

tRAS Command Period (ACT to PRE) 6 cycle

tRP Command Period (PRE to ACT) 3 cycle

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

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

torL Input Data To Precharge Command Delay Time 1 cycle

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

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

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

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

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

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

tamp DQM To Output Delay Time (Read) 2 cycle

tomp DQM To Input Delay Time (Write) 0 cycle

tMch Mode Register Set To Command Delay Time 2 cycle

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

tck .

. tem . for
28V- - - - - —
CLK "™~ ~777 [ 4

o 00 AN—0 4140
2.8V—-
INPUT 14v- - -
0.0V-
tOH[¢——| tac :[
OUTPUT 14V < Y L
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COMMANDS

CKE

Active Command

CLK I ; I

HIGH

A1

Read Command

L

X ROW X
X ROW X
\ BANK 1 v

Write Command

CLK | { |

CKE HIGH
CS \ /
RAS _/ \_
CAS \ /
WE \ /
AO0-A9 X coLUMN(T) X
AUTO PRECHARGE
A10 X X
NO PRECHARGE
BANK 1
A1 X X

BANK O

CLK
CKE HIGH
RAS _/ \_
CAS \ /
we ______/ N
AO-A9 X corumn () X
AUTO PRECHARGE
A10 X X
NO PRECHARGE
BANK 1
A11 X X
BANK O

Precharge Command

CLK | ; |

CKE HIGH
RAS \ /T

CAS /
WE N\

AD-A9 X X
BANK 0 AND BANK 1
A10 X X
BANK 0 OR BANK 1
BANK 1
A1 X X
BANK 0
[ ] Don't Care

Notes:

1. A8-A9 = Don’t Care.
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COMMANDS (cont.)

No-Operation Command

CLK | ; |

s N\ L
RAS / \
CAS / \

AO-A9 X X
A10 X X
A11 X X

Mode Register Set Command

CLK | ; |

oKE FioT
s N\ y A
RAS \ Yo
cAs N\ AR
WE N\ y A
AO-A9 W orcone X
A10 Y orcone X

A1 X OP-CODE X

Device Deselect Command

CLK | ; |

CKE MiGH

cs ____/ ) N
RAS X X
CAS X X
WE X X
AO-A9 X X
A10 X X
Al X X

Auto-Refresh Command

CLK | ; |

CKE FiaT
RN A
RAS \ y
cas __ \ A
WE / \
AO-A X X
A10 X X
A1 X X

|:| Don't Care
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COMMANDS (cont.)

CKE

CLK | }

Self-Refresh Command

)

A11

Clock Suspend Command

CLK I ; I
CKE BANK(S) ACTIVE\

cs W or X
RAS ) G ¢
CAS X nop X

WE nop X X

AO-A9 X X
A10 X X
ATt X X

Power Down Command

CLK | { |
CKE ALL BANKS IDLE\

cs W or X
RAS W or X
CAS W or X

TR ¢ W

A0-A9 X X
A10 X X
Al X X

Burst Stop Command

CLK | ; |

CKE HIGH

cs N\ A
rRAS ___ / N
CAS / \

WE N\ A

A1

X X X
X X X

Integrated Silicon Solution, Inc. — www.issi.com — 1-800-379-4774 11
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Mode Register Set Command
(CS, RAS, CAS, WE = LOW)

The 1S45S16100C1 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
thenthe 1IS45S16100C1 should be initialized by executing
a mode register set command.

Note thatthe mode register setcommand 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
tmcp, which is the period required for mode register set
command execution.

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

The 1S45516100C1 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
remains inthe 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 pin is 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 (tprL, tpAL) 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 placed in 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 mustbe executed atleast 4096 times every
128 ms.

This command corresponds to CBR auto-refresh in
conventional DRAMs.
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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 operation s started by dropping
the CKE pin from 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 cannotbe executed
untilthe device internal recovery period (trc) has elapsed.
After the self-refresh, since it is impossible to determine
the address ofthe 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 is 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 other than the 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.
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COMMAND TRUTH TABLE®2

CKE
Symbol Command n1 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 Columnes X
READ Read® H X L H L H X BS L Columnea X
READA Read With Auto-Precharge® H X L H L H X BS H Columnas 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®2
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
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IANYS

OPERATION COMMAND TABLE(2

Current State Command Operation S 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 Vo
ACT Row Active L L H H V. V Voo
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 Vv V. Vo
ACT lllegal(©® L L H H V. V Vo
PRE/PALL Precharge(™ L L H L v 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 V. Vug
WRIT/WRITA Burst Interrupted Write Start After Interrupt(1® L H L L V V. Vuy
ACT lllegal(©® L L H H V. V Vo
PRE/PALL Burst Read Interrupted, Precharge After Interrupt L L H L v v 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(*1o L H L H v V. Vug
WRIT/WRITA Burst Write Interrupted, Write Restart After InterruptoL H L L v V. Vug
ACT lllegal(® L L H H V. V Vo
PRE/PALL Burst Write Interrupted, Precharge After Interrupt L L H L vV 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 lllegal L H L H V V. Vm
WRIT/WRITA lllegal L H L L V. V. Vo
ACT lllegal(® L L H H V V Vo
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
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IANYS

OPERATION COMMAND TABLE2

Current State Command Operation S RAS CAS 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 Vv v
PRE/PALL lllegal(10) L L H L V 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 tre 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
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 Vv VvV 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 trco Has Elapsed L H H L X X X
READ/READA lllegal(10) L H L H Vv Vv v
WRIT/WRITA llegal(10) L H L L VvV Vv v
ACT llegal(10,14) L L H H VvV Vv V(9
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 tor. Has Elapsed L H H L X X X
READ/READA  Read Start L H L H Vv Vv Vg
WRIT/WRITA Write Restart L H L L Vv Vv vi§
ACT llegal(10) L L H H Vv Vv Vg
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
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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 tbaL 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. Vm
WRIT/WRITA lllegalt® L H L L V. vV Vo
ACT lllegal® L L H H V V Vo
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
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 Voo
WRIT/WRITA lllegal L H L L V V. Vo
ACT lllegal L L H H V. V Vo
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 twco Has Elapsed H X X X X X X
Set NOP No Operation, Idle State After tucp Has Elapsed L H H H X X X
BST No Operation, Idle State After tmcp Has Elapsed L H H L X X X
READ/READA lllegal L H L H V V Ve
WRIT/WRITA lllegal L H L L V. V. Vo
ACT lllegal L L H H V. V Vo
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 1IS45516100C1 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 IS45516100C1 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 tRRD is satisfied.

15. lllegal if tras is not satisfied.

16. The conditions for burst interruption must be observed. Also note that the 1IS45516100C1 will enter the precharged state
immediately after the burst operation completes if auto-precharge is selected.

17. Command input becomes possible after the period trco has elapsed. Also note that the 1IS45S16100C1 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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1IS45S16100C1 ISSI®

CKE RELATED COMMAND TRUTH TABLE®™

CKE

ol
7]
ol
l
ol
7]
=l
mi
=

Current State Operation A10 A9-A0

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

>

Self-Refresh Recovery Idle State After trc Has Elapsed
Idle 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

mrIr-mrIIIIIIIIC~-r-r—r— |3
I X|lmIrrr—r—rIIII|rIIIIX|>
X XX X I rrrrrr I|IXrrrrrmr I X
X X[>X X~ I I X~ I IX|>Xrm— I I X|>»
X O X[>X X X I X XIm— I X|X X~ I X X|>»|
X OX|> X X X X X X X X X|[X X X X X X
X O[> 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 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®

D X X X X|[X
xX X X XX

o
o
m

OP

Q X X X X
< X X X

o
o
m

OP

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

r—I IrIT I IIIIIIII|rr
r T r— I|XrrrrrrrrrrrrII>IT>I=XI|r
X X X X| X —r—r—r Ir—r—r—r— IT|X
X X X XX - I Xrr—r— I X|X
X X X X[X m—rm I X X rm—rm— I X X|Xx
X X X X|>X ™ I X X X~ I X X X|x

X X X X|Xx
X X X X|Xx

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.
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1IS45S16100C1

IANYS

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 R/W/A  I/A A I/A
| I/A | I/A

I/A  R/W/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® RW 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 /A RP I/A

L H CA® A RW RP A

L L CA® RW/A /A R I/A

L L CA® A RW R A

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

H L CA® I/A  R/W/A I/A W

H L CA® RW A A W

L H CA® R/W/A  I/A WP I/A

L H CA® A RW WP A

L L CA® R/W/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/I 1/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/I  1/A R/W/A/N |

L L X R/W/A/I  1/A | I/A
L L X I/A R/W/A/ | R/W/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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1IS45S16100C1 ISSI®

SIMPLIFIED STATE TRANSITION DIAGRAM (One Bank Operation)

SREF entry

SREF exit

MODE
REGISTER
SET

AUTO
REFRESH

ACTIVE
POWER
DOWN

BANK
ACTIVE

READA CKE

READ WITH CKE

AUTO
PRECHARGE

WRITE WITH
AUTO
PRECHARGE

POWER APPLIED ==pp-{ POWER ON

CHAIW <

Automatic transition following the
— . ;
completion of command execution.

——» Transition due to command input.
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IANYS

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

Asisthe case with conventional DRAMs, the IS45S16100C1
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-refresh command.

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 datainput 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
clock frequency and device speed grade. See the “Operating
Frequency/Latency Relationships”item for details onthe
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
or output in sequence. In the 1IS45S16100C1 product, a
burstlength 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 1S45S16100C1 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 A0 A9 A8 A7 A6 A5 A4 A3 A2 Al AO Address Bus (Ax)
Mode Register (Mx)

WRITE MODE LT MODE BT BL
M2 M1 MO Sequential Interleaved
BurstLength 0 0 0 1 1
0 0 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
M1 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.
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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
o 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
1 1 1 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 YO0 — 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)

24
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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 asthe starting address. First, the data corresponding
to this address is output in synchronization with the clock
signal afterthe CAS|latency 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 (tamp) 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 I 1 L1 1

COMMAND :>(READ A0 X

tQmb=2

ubQmMm / \

LDQM

DQ8-DQ15

/\ \ N
D Al D A2){ D AS D

DQoO-DQ 7

Hi-

{DouTt A0 Y DouT A1)

CAS latency = 3, burst length = 4

READ (CA=A, BANK 0)

LHI-Z
DATA MASK (LOWER BYTE)
DATA MASK (UPPER BYTE)

Burst Write

The write cycle is started by executing the command. The
address provided during write command execution is 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

aburst 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.

R I I

COMMAND Y WRITEX

. BURST LENGTH

DQ = DIN O M D1 Y Din2 ) 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 andthen puts the selected bankinthe
precharged state automatically. After the precharge com-
pletes, the bank goesto the idle state. Thus thiscommand
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
datais 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 (tpaL = —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 function is 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 __YREADAOY W AcT o X
: <—tPQL—> :
DQ —— ( {Dour 0 X Dout 1X Dout 2X Dout 3)

PRECHARGE START tRP —

CLK I
COMMAND  YREADA OX XACT 0

<—tPQL—> '

DQ ( DOUT OX Dout 1X Dout 2X DouT 3) .

READ WITH AUTO-PRECHARGE PRECHARGE START” tRP >

(BANK 0)
CAS latency = 3, burstlength = 4
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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
operation differs depending on the CAS latency setting.
The delay (tpaL) is trp plus one CLK period. That is, the
precharge operation starts one clock period after the last
burst data input.

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 functionis invalid if the burst length is
set to full page.

CAS Latency 3 2
tbAL 1CLK 1CLK
+tRP +tRP

CLK

X/iACTOX

COMMAND _ YWRITE A

PRECHARGE START

WRITE WITH AUTO-PRECHARGE -

pQ —{ Do X oiw1 X Dinz X.DIN3)

< tRP -
tDAL ——:

(BANK 0)

CAS latency = 2, burstlength = 4

CLK |
COMMAND  XWRITE AQX XACT 0
PRECHARGE START :
DQ—{ DINO X Din1 X Din2 ) DIN3 )—‘/ .
< tRP >:
WRITE WITH AUTO-PRECHARGE <t 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 ~YRerD a0)(READ o)

DQ {Dout A0 Dout BOY Dout B1){Dout B2 X DOUT B3 Ymmer

«—>tccD

CAS latency = 2, burstlength = 4

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

Interval Between Write Command

A new command can be executed while a write cycle is in
progress, i.e., before that cycle 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 :>(WRITE AOYWRITE BOX

CAS latency = 3, burstlength = 4

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

WRITE (CA=A, BANK 0) WRITE (CA=B, BANK 0)
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Interval Between Writeand 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

«——» tCCD

COMMAND _ YWRITE AREAD BOY

\i \
DQ —{Din A0 X )T(Dow BOY Dout B1){Dout B2){ DouT B3y

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

CAS latency = 2, burstlength = 4

CLK

«——» tCCD

COMMAND _ WRITE AW

y :
DQ —{ Div A0 X X )T(Dom B0 Dout B1){Dout 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 YCWRITE BOX

ULDQM \

: v
: HI-Z
DQ —————Din B0 X Din B1 ) Din B2 )}{ DN B3 )

CAS latency = 2, 3, burstlength = 4

READ (CA=A, BANK 0) WRITE (CA=B, BANK 0)
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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
atimetre 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 tRaL 3 2
input to pin A11 is ignored in the latter case.
CLK
: > tRQL &
COMMAND _XReAD DX WPRE 0 X
DQ — {Dout A0XDour ATY Dour A2) —
READ (CA=A, BANK0)  PRECHARGE (BANK 0)
CAS latency = 2, burstlength = 4
CLK
tRQL o
COMMAND  XREAD A0
5 /o \
DQ — {Dour AOXDout A1) Dout A2)
READ (CA=A, BANK 0) PRECHARGE (BANK 0)
CAS latency = 3, burstlength = 4
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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 burstinputis invalid, 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

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

HIGH with the precharge command. CAS Latency 3 (2)
twoL
This precharge command and burst write command must
be of the same bank, otherwise itis not precharge interrupt toPL
but only another bank precharge of dual bank operation.
CLK |
: - 4— tWDL=0

X PREO X

COMMAND Wire X

DQM

WRITE (CA=A, BANK 0)

CAS latency = 2, burstlength = 4

: y
DQ ——{Din A0 X DN ATXDin A2 DN A3)

MASKED BY DQM
PRECHARGE (BANK 0)

CLK

« tDPL—

COMMAND :thnE X

X PBEOX

DQ — bIN A0 X Din A1 X DIN A2 X bIN A3 )

WRITE (CA=A, BANK 0)

CAS latency = 3, burstlength = 4

PRECHARGE (BANK 0)

32
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Read Cycle (Full Page) Interruption Using
the Burst Stop Command

TheS45S16100C1 can outputdata continuously fromthe
burststartaddress (a) tolocation a+255 duringareadcycle
in which the burst length is set to full page. The
IS45516100C1 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 within the ACT to PRE
command period (trRas max.) following the burst stop
command.

After the period (trBD) 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
tRBD

CLK | | L]

«—— tRBD —>

COMMAND _YRerD A0X,

T

XlBST X

READ (CA=A, BANK 0) )

CAS latency = 2, burstlength = 4

: / :
: Dout A0 | [DouT A0 X DouTt A1) Dout A2)X Dout A3
DQ — \C Dot A Dour AZ) DouT A————

BURST STOP

CLK

(L |

LY.

COMMAND

READ A0

< tRBD
XX

DQ { Dou A0

Dour A )X Dout A1 Dout A2) DouT AS}———r

READ (CA=A, BANK 0)

CAS latency = 3, burstlength = 4

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

The 1S45S16100C1 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
IS45S516100C1 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 (twsp) 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 | L((]

© twBD=0 !
«—— tRP——

COMMAND _YGWRITE A

X IBST W preo X

' INVALID DATA

\
DQ — Din A0 X DI A1

\
Din A Y Din A1 ) Din A2 ) )

READ (CA=A, BANK 0)

BURST STOP PRECHARGE (BANK 0)

|:| Don't Care

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 gotothe
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

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 | L1 L

coMMAND _XREAD A0

-~ tQMD=2 ——>;

ubDQM /" \

LDQM : / \
DQ8-DQ15 ; ; {Dout AY=2——Dout A2){DOUT AB Y
: : - T HI-Z - HI-Z
DQO-DQ 7 : : {DouT A0 Y DOUT A1 )t —
READ‘ (CA=A, BAI\.IK 0) DA‘I"A MASK (LOWER BYTE) ’
DATA MASK (UPPER BYTE)
CAS latency = 2, burstlength = 4
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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 IS45S16100C1 will revert to accepting input as soon
as

that pin is dropped to LOW and data will be written to the
device. Thisinput control operatesindependently on abyte
basis with the UDQM pin controlling upper byte input (pin
DQ8toDQ15) andthe LDQM pin controlling the lower byte
input (pins DQO to DQ7).

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.

cew | 4 L 4 1 J L4 L I
COMMAND MWRITE A0Y
uDQM / \ :
tDMD=0
LDQM / \
A4
DQ8-DQ15 4 Y Din A1 Y DN A2 ) DIN A3 )
DQO-DQ7 { Din A0 X X X Din A3 )
WRITE (CA=A, BANK 0) DA';'A MASK (LdWER BYTE) . . .
DATA MASK (UPPER BYTE) D Don't Care
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.
CLK I
COMMAND MXWRITE AOX
\
/ \
DQ { PIN A0 )
WRITE (CA=A, BANK 0)
CAS latency =2, 3
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Bank Active Command Interval

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.

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 After a bank active command has been executed and the
time, the active command can be executed for that bank trcdperiod has elapsed, read write (including auto-precharge)
after the period trrD has elapsed. At that point both commands can be executed for that bank.

banks will be in the active state. When a bank active
command has been executed, a precharge command
must be executed for

cw_ 1 L1 L = 1 LJ L1 L1 1
- tRRD >
coMMAND X AacT 0 ) M ACT 1
BANK AC’TIVE (BANK 0) BANK ACTIVE (BANK 1)
cw | o 4 -4 4 L1 L1 L1 I
- tRCD >
coMMAND X acT 0 ) MY READ o)
BANK AC;I—IVE (BANK 0) BANK ACTIVE (BANK 0)
CAS latency = 3
Clock Suspend
When the CKE piniis dropped from HIGH to LOW during a The next command cannot be executed until the recovery
read or write cycle, the IS45S16100C1 enters clock suspend period (tcka) has elapsed.

mode on the next CLK rising edge. Thiscommand 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.

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

CLK P P
5 / 5 .
CKE g \_ /

COMMAND X READ 0 Y

DQ . { DouTt 0) DouT 1 M Dout 2 ) DouT 3 Y
READ (BANK 0) CLOCK SUSPEND ' ' '

CAS latency = 2, burstlength = 4
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OPERATION TIMING EXAMPLE

Power-On Sequence, Mode Register Set Cycle

T0 T T2 T3 T10 7 T18 T19 T20
oK ] | | L L L1 | | | |
o R IR feL
CKE HIGH
_tosferertton .
S ARNNVIARNNY A ANV ANNVIARNNY AN
1CS 4«—>le—>} tCH
RAS N A\ / \ |/ \ |/ \ |/
{03 et teH . .
CAS /1 \ N/ | N/ | N/ / |\
03 fe>let tCH P P
WE N4 /N /| N/ / |\
}, ”(( tAS et taH
A0-AQ [ [ )(conE)‘( X ron X
e A A = R I
A10 s\ I L Xoooe X X H(?WX
| | | i | A= BANK 1 |
At ﬂ ,’,’ )(cooE)|( X | X
0 i K0
DOM HiGH JJ ) \
[ (
D
‘ ] J
— Wé%'[}"g « tRP tRC tRe tvep ‘ tg\os
<PALL> <REF> <REF> <MRS> <ACT>
@ Undefined
CAS latency = 2, 3 [ ] Don't Care
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Power-Down Mode Cycle

T0 T1 T2 T3 ) ) ) Tn Tn+1 Tn+2 Tn+d
oK | I I L L L | I I I I
- {CHI [« ) P )
tCKS tCK —>f <> {CL [«—>1-0KS < {CKH
\
CKE T/‘ ICK{\—» \ ﬂ /< fCKA
| _loseretion ‘ e [
SVARNSVIARVARVA AV AVA AVARVARNNYIAR W
- {CS 4>t tCH . .
RAS \ |/ I \ |/
{CS 71T tCH P .
7 7T ] I 7T\
{CS re—>1e>r {CH ( i I
WE ML I I | / |\
U /] )

P p " tAS tAH
M P - — %T& |
A0 BANK D4 Ir[{ Ir[{ Ir[{ X row X

| wkoows | | " # i | | BANK |
At ) €D I I | XX
BAI\IIKU V) J) J) B AN'K 0
| (L (L /L |
DQM H H H
[ [ (
DQ
J ) )
EXIT
< tRP >ie POWER DOWN MODE ———————« POWER DOWN MODE "j— t;ﬁ;s
<PRE> <SBY> <ACT>
<PALL>
B Undefined
CAS latency = 2, 3 [ pon't Care
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Auto-Refresh Cycle

108 e>jet toH . «

T T T K ) i ) m ) ™ To

oK | I 1 L I L 1 L L] | I I
{CKS fe>1e— {CK—>, <« {CL p
ke _f |

[/ |\ AL/ | \_

SwaneVyanwNVygnwlgpe
{08 et ICH [ I e
RAS NV \ |/ /I}I \ 1/ /I}I [ | N/
{3t toH P . .
CAS [/ 1\ N/ | NI/ [N/ | /N
{CS e tCH i I 1
WE AN/ / N/ |\ J \ II / |\
01 | II D
| s , T | [f[{ | I,]{ | ﬂ Y | Y |
A10 08\ ROW
| | | / | / | ki
o ] I X
i ’, 7 BANKY
DQu ] ]
[l ( (
. ] ] ]
< tRP >l tRC e tRC < tRC >« tRAS
< tRC
<PALL> <REF> <REF> <REF> <ACT>
@ Undefined
CAS latency =2, 3 [] Don't Care
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Self-Refresh Cycle

T0 T T2 T3 . ) Tm Tm+1 Tm+2 Tn
oK ] | L/ 11 | | L L
> ICH [+ 7 7
tCKS fe>ie— 1CK—>| oL {—v— tCKS tCKS T¢—> .
2 [ | J/
syt ok . . oA —> p
S AR WNIV/AR RNV ARVARVA ANV
o 1CS 4e—>f«>t tCH P M P
RAS N/ \ |/ /I}l /U N/
1CS 1¢—>«>r tCH e [ i
o5 I\ ] N
{CS 1>t fCH i i a
e | S A VAR
1L 1L
AO-AY I I
| tisqerke el | | " | | | i’ |
A10 jamy }U J)I
| | | | f f | | | / |
At I I I
V) ) )
(4 (4 (L
Do I I |
1 it
DQ
J ) )
EXIT
thP > SELF REFRESHMODE ——»|«—SELF —ple—— tRC———————»«— a0 —
REFRESH
<PALL> <SELF> <REF>
@ Undefined
CAS latency =2, 3 [ ] Don't Care
Note 1: A8,A9 = Don’t Care.
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Read Cycle
0 T T2 T3 T4 T5 T6 T7 8 T9 T10
ek | I I I I I I I I I I
- tCHl [«
tCKS 4erle— 10K —>| — oL
CKE _/ ; 1CKA —>|
{03 1>t tCH
SV ARNNVYARNNYIAAVALAVARNNIVS AR WY IAR
1CS 4e—>f«>t tCH
RAS \N4 / |\ \ |/ \ |/
1CS -e—>tet ICH
CAS /| \ \ /1 \ /1 \
103 -fe—>let ICH
WE /| \ / 1\ A/ / |\
1AS te><t AH (1)
A0-AS ) € ¢ XcowmnX X o X
45 Ll i BANK 0 AND
A0 Xon X \ 107 / X o X
b Jerlesl BAlK KO OR B
At ) D) § XX XK X X
BANK 0 BANK0 CH BANK 0 BANK0
| 10S 4>« tquD | |
DQW \ 7
«— M0 [«—1AC «—1AC <« tAC
<« tOH <« 10H->, <« tOH A’I 10H
DQ HW DoUT DOUT e DOUImIZhDOUIMM
tLz 4 | ! I<— tHz —|
— IRC) ——————>j«— f0AC ———> —fRQL »«—1RCD
l— tRAS »>l—1RP »1e—{RAS
— 1RC »<«—1RC
ACT>  <READ> :FTLELZ <ACT>
B Undefined
CAS latency = 2, burstlength = 4 [] Don't Care
Note 1: A8,A9 = Don’t Care.
Integrated Silicon Solution, Inc. — www.issi.com — 1-800-379-4774 41

Rev. C
01/03/06



1IS45S16100C1

IANYS

Read Cycle / Auto-Precharge

T0 T T T3 T4 T5 T6 7 T8 T9 T10
ek | | | | | | | | | | |
| {CHl [«
10KS 4erfe— tCK —>| 0L
CKE _/ ,4 1CKA —»|
108 Je>{t toH
S AR NNVIAANNY I AAVAAVARVAAVARNNY VAR Nl
105 e—>ter TOH
RAS M/ / |\ \ |/
103 el {CH
CAS {1\ \ |/ [\
103 Jeplenf {CH
WE [\ /1 \ / | W
1S et taH )
ALY X X XeowinY X ron X
1S JeplenrttAH
AUTO PRE ROW
MO XCron X /A0 D
tAS Ll AH BANK 1 BANK 1
At Yeur X XA X
BAKC B o BANKC
| {03 >« taup |
DOM \ 7
«—1AC «— tAC «—tAC —]
4" <« 10H <« tOH
0Q W DouTm DouT mit DouTm2
tLZ de>! !
— 1RCD {cAC > «—1RCD
— 1RAS > —tRAS
“— {RC »e«—1RC
ACT>  <READM> <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 5 T6 T260 T261 T262 T263
CK | | | | | | | | | |
—> {CHI [«
1CKS 4e—> 1K —> »{CL
CKE _/ f CKA —>|
_ _tosperertion p
VAR NNV IARRNYIARWARWAR VAR AN [7 ]\
tcs tCH
RAS N4 / 1\ /1 \A\ | /
| eerodon | | | | | |
CAS /| \ \ |/ [ |\
| tosdesteotion | | | L
WE /| \ / |\ \ | /\
1A Te>let-thH | (1) ‘ | | |
AO-A9 ) €D ¢ X couum X
[ s Lol | | | | | | 1
A0 )( \ | / \
| s tofotw | NOFE | | | | L
A1 \BANK o O\ B0 / \| BANKO
| 1CS 4e>|<— tamp tCH
DQM \
<«—1AC l«— tAC «—1AC «— tAC <« 1AC
< tOH «1OH- <« tOH [<10H «tOH
DQ ' DoUT Om DoUT Om+ ouT O DouT Om DoUT Om+1 —
1Lz 4 I «— tHz—>
[«<— tRCD > tCAC > <—1RBD
(BANK 0)
le— tRAS > tRP
(BANK 0)
[<— {RC
(BANKO)
<ACT 0> <READO> <BST> <PRE 0>
@ Undefined
CAS latency = 2, burstlength = full page [] Don't Care
Note 1: A8,A9 = Don’t Care.
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Read Cycle / Ping-Pong Operation (Bank Switching)

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9  TH0
ok | | L} | | | L} 1 | | |
—>| {CHI [«
tCKS 1CK —>| tcL
CKE _/, {CKA —>|
tCS > tCH
s _/ 7T\ LA\ 7T\ LT L\ [/
tcs tCH
RAS | N £ | /| \ D\ /£ | /| \ A\ |/ | N\ 1 /\| /
tcs tCH
CAS | / |\ | N /Z/ |\ | N Z/ |\ | /|| \——
tcs tCH
WE / |\ / |\ | \ /| \ A\ 1/ / [\ D\ £
| s tAH | ) I () |
A0-A9 X row X YeoumX X row X ) G ¢ Y row X
| s et | AUTO PRE | | AUTO PRE | |
At0 XCror X X XOCrX X XA | / XX\ |/
[ s st tan | NO PRE | | NOPRE ~ BANKOOR T | | BANKOOR {
Il
Al \BANKO / \BANK0 /™ 7BANK T\ 7K1\ \BANKO / \ BANK0 /™ /BANK T\,
| | tcs tamp ! tcH
DQM \ / \
«— tAC [«— tAC —>| le— tAC [e— tAC
[« tOH »| < tOH->| < tOH < tOH
DQ DOUT Om m DOUT O+ DouT im DOUT 1+ ——
1z | — tHz tLz — tHz
«— tRRD
(BANKO TO 1)
tRCD tCAC tRCD tCAC le— tRCD _|
(BANK 0) (BANK 1) (BANK 1) (BANK 1) (BANK 0)
<—(Bm(so) (Bﬁﬁi 0) (Bt/\F{h?KSO>
e ik
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>
¥ 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
oK ] | | | | [ | | | | |
- tCH [«
1OKS feste— 1K —>  —ltol
CKE _/ / 10KA —>]
| _tesqerpestton
s_A N/ |\ A\ 4/ V|V AL L/ \ALL/|\
tCS 4¢—>{e—>t tCH
RAS N4 / |\ \ |/ \ |/
08 te—slet-tcH
CAS 1\ \ |/ / |\ /1 \
cs o} tCH
WE /1 \ \ |/ AN /| \
tAS Te>i<>T tAH (1)
AO-A9 X ron X XoouuummX X row X
RN BNKOANDT |
A0 X ron X \orse / X X X row X
AR BAK BANKOOR1 BN
At ) CID) ¢ X X ek X X X
BANIKO s BANKO PRI BAI\IIKO BAII\IKO
DQM L
{DS}«>{« tDH->{{DS}e>1«1DH »}tDStexte- IDH >}DSHerte- tDH
DQ X Dim b( DIV s }O,{ DNm+2 &Dwmw%
T T T T T
<« tRCD —————»] «— tOPL —> ——tReD—
l«— tRAS >«— (AP > tRAS —
l«— tRC >« 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 T T8 T9 T10
oK ] I I I I [ I I I I I
—>{ tCHI [«
{CKS fe>le— 1K —| >0l
CKE _/ ; foKA —>
1S 71>} {CH
~a S
VAR NNIVIARNNVIAAVARVARVALRVAR W VAW
1CS 4e—>{e—>+ {CH
RAS \4 / 1\ A\ /
S ¢ fCH
CAS /1 \ N\ / /1 \
tcs >t {CH
WE /1 \ \ |/ /1 \
tAS 1>t thH (1)
A0-A9 X row X Xcouumnm¥ X row X
tAS > tAH
A0 ) €D ¢ VAREAY X ron X
tAS He—>le—>t-tAH BAIIIKI BAIIKI
At ) SID) | XX XX
BAN,K 0 ICS-<—BéNK ! tCH BAEIK 0
DQM \ /
tDSﬁ»«IDHﬁ >l«tDH -»ID51<-><-IDH ,It&wmm
DQ DN m DN m+ DINm+2 DIy m+3*
| X I }CX | | |
le— {RCD —————>] «— 1DAL » fRCD —
l— {RAS < tRP > tRAS —
l«— 1RC > 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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IANYS

Write Cycle / Full Page

10 T T T3 T4 T5 T58 T’ TR0 Toet TR
oK | | | | | J | | | |
—>| {CHI [«
tCKS fe>fe— tCK —>| 0L P
CKE Al s Jj
o 1CS 14>« {CH /L
ARSIV ARV IARAVAL /ARVARNNVANVIAR
165 etet-ICH .
RAS N / 1\ J /1 \A\ |/
1CS -« tcH p
o 7T\ |/ f AAVAR
{65 fealert tCH .
i T\ |/ f AN a—
tAS 1e>[e>r tAH (1) e
A0-A9 X ron X XoowmnmX I
tAS <>l tAH ”l/ —
AO X0 X \ |/ I \ |/
thS Lerlesl 11 NOPRE ”” KR
At \aakof \ B0 / [ \ BAKO /
| tCS fCH
" { (L0
J)
tDS}e> e tDH tDSie*tDH-»tDS e {DH »{tDSferte- tDH
DQ X DNOmemom}( X DINUm+2;dI)NOm-1bDINOmX:X X
! | | | |
— tRCD ———— > l«— tDPL »
le— tRAS »<«— {RP
«— tRC
<ACT 0> <WRITO> <BST> <PRE 0>
B Undefined
CAS latency = 2, burst length = full page [] Don't Care

Note 1: A8,A9 = Don’t Care.
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Write Cycle / Ping-Pong Operation

70 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
OK | | | | | | | | | | |
= {CHI [«
tCKS Je—>f{«— tCK —>| < tcL
CKE _/ CKA —>|
- 1CS T¢>{«>t {CH
Y ARWNVARWNVANVIAAVARNNYANYI ANV
tcs >+ 1CH
RAS A4 / |\ A\ £ / [N\ / \ | /
[ ookl | ] |
CAS | /AR | N\ // | | N // ]\ /| \_
1CS 4«1 {CH
WE / 1\ NI // \ A\ /7T
tAS ¢ > {AH (1) (1)
A0-A9 ROW
) 4 XCOLIUMN ROW XcowinX ROW
| v Lttt | AUTO PRE | | AUTO PRE
MO )( X ] X_ XA €D
| s deoleotta NOPRE \OFFE— BAV00R
| 1
Al \BaKo f \BAKO/ ™ /BaNK 1\ /BTN \BANK0/ \ Bk 0 /
tcs tCH
DQM /
DS —€>|< tDH>| IDSi«> < tDH»{ IDS1€>{ <« {DH»> (DS 13t « tDH>|IDS [«>1« tDH»| tDST4>ie tDH»| DS 14>« tDH»| tDS<>| <« tDH
DQ X DN Om H;N 0m+1MNOm+2b DN 0m+3H+DIN 1m H;IN 1m+H[;N1m+2H[:hl1m+3;k
| | | |
«— tRRD Id— tDPL le— tOPL —
(BANKOTO 1)
tReb tRCD tRCD __
(BANK 0) (BANK 1) (BANK 0)
<—(BtAR’®(SO) (Bmi 0 (Blm}? 0
sl tRC__
ko o oA
<_(BANKS1)
'_(Bm%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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Read Cycle / Page Mode

T0 T T2 T3 T4 T5 T6 7 T8 T9 T10
oK | I I I I I I I I I I
—> {CHI [«
tCKS <« 10K —>| <« {CL
CKE _/ ,‘ {CKA —>
1CS T¢>{«>t {CH
s I\ 1/ TN\ /7T T\ LT\ /TN
tCS 4«—>t«—>+ tCH
RAS N /£ / |\ / |\ /| \ \ |/
1CS e tCH
CAS 1\ \ |/ \ |/ \ |/ / 1\
{cs >} CH |
WE 71\ / |\ / |\ / |\ \ | /
tAS >« tAH (1) (1) (1)
AO-A9 X row X Xcouumny ) G 4 XcowoX
5 L oleslta | | WIOPRE | BAKOANDI
" Xy N/ oo /X XXX
T R Y BANK | BANK | NOPRE BANK00R 1
At R ¢ X X Xeai X Xeawt X
— BANK BANKO BANKO BANK( BANKO
] tCS <«—tQmMD tCH |
DQM \ /
<«— tAC «— tAC [«— tAC—>| |«—tAC [«— tAC <«— {AC—|
[<-tOH 4" [<-tOH <tOH 4" [« 1OH> < tOH «{OH
DQ DouTm % DouT m+ DouTn M DOUT n+1 DouTo DOUT 0+1

T T
tLz 4 '4— tHz

«—{RCD — >« {CAC <—1{CAC >«—1{CAC < RQL
<«— {RAS tRP
<«—1RC

A\

A

<ACT> <READ> <READ> <READ> <PRE>
<READA> <PALL>

R Undefined
CAS latency = 2, burst length = 2 |:| Don't Care

Note 1: A8,A9 = Don’t Care.
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Read Cycle / Page Mode; Data Masking

T0 T T2 T3 T4 T5 T6 iV T8 T9 T10
oK ] | | | | | | | | | |
>l tCH [«
{OKS femte— tok—>{ oL
CKE _/ ,: {CKA —>
{08 1>{>t {CH
ST T QLT T AT AL TTRALTTS
03 +eplet- tCH
RAS M4 / 1\ /| \ /1 \ \ |/
103 Te—>fet tOH
CAS | {1\ \ |/ \ | / \ |/ / |\ |
103 teplerf tCH
WE [ |\ / |\ / |\ / |\ \ |/
thS >t tAH " " (1)
AO-A9 X ron X Xcowmnmf XeownnX ), G
S Jephent | | WTOPRE | BAKIAD]
A0 X row X \ lopse / \ hore / X X X X
105 Jenber 14 BAK | gk NOPRE NOPRE BANKOCR
At ) () X X X X ) €ISD ¢ X auic i X
BANK 0 BANK 0 BANK 0 BANK 0 BANK 0
| 1CS 4ere—taMD tCH 1« taMD—» |
DQM ‘r /
[— tAC [—{AC <«— tAC
tOH «10H ¢ tOH
DQ : DOuTn % DouToH
1z 117 4>
<—ACD >{e— 1CAC «—10AC >—ICAC >t tRQL
— tRAS >l tRP
— 1R
<ACT> <READ> CMASK>  <READ, ENB> <PRE>
<READA, ENB> <PALL>
B Undefined
CAS latency = 2, burst length = 2 [[] Don't Care
Note 1: A8,A9 = Don’t Care.
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1IS45S16100C1
Write Cycle / Page Mode
TO T T2 T3 T4 T5 T6 T7 T8 T9 T10
oK | I I I I I I I I I I
—>| {CHI [«
CKSfeste— tok—>  l—ttoL
CKE _/,‘ tCKA —>
| _tosperiertion
s /I NLL/ |\ AL/ | AL L/ \ AL/ |\ AL/ |\
{68 ferlert tCH
RAS N 4L/ \ / |\ / |\ \ |/
tcs tcH
CAS 1\ \ |/ N\ |/ N\ |/ /
to5 fefert 6| | | |
WE AR N\ / \ |/ A\ |/ \
tAS >t tAH (1) ) (1)
AO-AY RoW X XcoLuumX' XcowmnX ) G
b Lol | | wiore | sawomn1 |
A0 NOPRE Nope / X X X
AR BANK | BANK | NOPRE | BANOORT |
A1 a1 X X X X X e X Xk X
BANKO BANKO BANKO BANKO BANKO
| {cs - 1oH
DQM /
1DS}e> |« tDH>{IDS|e> |« tDH »|tDS}e>{« IDH DS Jeple- tDH»{DSep |« IDH»|tDS}er < DH
DQ X Dun DIV msf }O( DiNn dDwnﬂJO DiNo HBINOII;I
T T T T T T T
«—{RCD———> |« tDPL —>|
<«— tRAS tRP
“— tRC
<ACT> <WRIT> <WRIT> <WRIT> <PRE>
<WRITA> <PALL>
@ Undefined
CAS latency = 2, burst length = 2 |:| Don't Care
Note 1: A8,A9 = Don’t Care.
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Write Cycle / Page Mode; Data Masking

CAS latency = 2, burst length = 2

T T T2 K T4 5 T 7 T8 T T
oK ] | | | | | | | | | |
tckS < tCK—_: o :_ toL
CKE _/,: {CKA —»;
- 1CS 7>t {CH
s AN/ AL/ AL/ AL/ | \ALLS |\
tcs <>t {CH
RAS N4 / |\ / |\ / |\ \ |/
1CS e« tCH
CAS /1 \ A\ |/ \ | / \ | / / |\ |
10S e > {CH
WE /| \ |/ \ | / \ | / \ |/
HAS 1> tH 1) (1) ()
AG-A9 X ron X Xcoumnmf XcowmnX ) D¢
S Losfer 4 | | ATOPRE | BAKOAD
A0 X row X \ NoRe / \ Norre / X X X X
AR BN | I | NOPRE BAK 1080
At Wourk i X X X X X o X Xk X
BANK BANK BANKO BANKO BANKO
| {0 >-tcH
o { T [——
{DSfe>(« IDH>{DS{e> < IDH >fiDS{exl<{DH > DS fe>{« IDH|tDS ep < IDH
DQ X D|Nm} [ onmet XX e X X Do b{ DNo+1J(
| ST T | |
[«—tRCD ————> [« tDPL —>|
l«— {RAS tRP
[«—1RC
<ACT> <WRIT> <WRIT> <MASK> <WRIT> <PRE>
<WRITA> <PALL>

B Undefined
|:| Don't Care

Note 1: A8,A9 = Don’t Care.
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IANYS

Read Cycle / Clock Suspend

T0 T T2 T3 T4 T5 T6 7 T8 T9 T10
oLk ] | | | | | | | | |
—>| {CHI [«
tCKS <« tCK —>| «—>CL {CKS &> tCKH
CKE _/,‘ 1CKA —>| \ ‘\ /
- 1CS 7€« {CH
s_A NI/ | \ AL/ / |\ AN // |\ |/
(65 fepfeot LCH | N |
RAS N4 / |\ \ \ |/ \ |/
1CS et tCH \
CAS 1\ \ | / \ / |\ / |\
s fevienton | | | [ ] |
WE /| \ / |\ | \ |/ / |\
tAS Tt tAH 1) \
A0-AY Row X oo mX \ ROW
Lokl | ATOPRE | | |1 | ewwomnt |
A0 Cron X X \ XN WG
1 sl NOPRE \ BANKOOR f BANK 1
A ) D ¢ X ikt X \ BANK 1 X X
BANKO BANKO >} to \ BANKO BANK O
| 1C8 Je—><«—taup | l
DM \ [ |
«—tAC [«— tAC j
[« tOH «{OH
DQ DouTm DouT i @
1z ' ' — tz
<— RCD >« {CAC >
le— tRAS <«— {RP —>] <«— tRAS—
— IRC —tc—
<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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Write Cycle / Clock Suspend

T0 T T2 T3 T4 T5 T6 7 T8 T9 T10
oK | | | | | | | | | | |
—>| {CHI [«
1CKS fe—>le— toK —>! »LCL 1CKS e <>HCKH
CKE _/4 tCKA —> \ \ / /
103 1<>{«>t tCH
s\ /7T /\\| ‘/Q_[/\AL/\
103 e—sfert ICH
RAS N L /N \ | / \ | /
1cs fCH \
CAS /1 \ N/ /
| osieoterion | L] |
WE /1 \ \ |/ \ A / |\
tAS 1> {«>T tAH 1) \
AO-A9 X row X XcowmnmnX | RO
| ol ol [ woeme [ || I
A0 X row X XX \ XX Moo X
| sl | NOPRE | \ | | BANK 0 OR 1 | BANK 1 |
A1 ) D) | X Bk X \ XBAK 1X X X
BApleo L o BAI}IKO BAI\IIKO
DQM
DS 4e—>|e—>} tDH DS toH
DQ * DINm X DNW
! | | | |
[¢— tRCD ———— > |<— tDPL—>]
l— tRAS < tRP ><«— {RAS
“— tRC >« tRC
<ACT> <WRIT,SPND>  <SPND> <PRE> <ACT>
<WRITA, SPND> <PALL>
R Undefined
CAS latency = 2, burst length = 2 [] Don't Care
Note 1: A8,A9 = Don’t Care.
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Read Cycle / Precharge Termination

T0 T T2 T3 T4 T5 T6 T7 T8 T9 T10
oK | I I I I I I I I I I
- {oHI [«
1CKS Je>fe— tCK —>| «—CL
CKE —/ ; {CKA —>]
| _fesqemetion
s AN/ |\ AL/ |\ |\ AL L/ |\ AL\ L
CS -fe—stept- tCH
RAS |/ / |\ A\ / A\ / / |\
tcs-fe tcH
CAS / 1\ \ |/ /| \ / 1\ \ |/
1CS -fe—slet tCH | |
WE [ 1\ / 1\ \ |/ / |\ /| \
1AS >t tAH 1) 1)
AO-A9 X row X Xcouumny X ron X XcownnX
ws Lol | | | woee
A0 Xron X \ | / \ |/ ll X\
R NOPrE BANK DOR 1 BANK 1 NOPRE
A1 \auo [/ \ 8o / \ a0 / X X Xea 1 X
BANK0 BANKO
1S Je><—taud > tCH | |
DQM \ /
«—1AC [— tAC —| [« tAC <« tHz
< tOH < tOH I« tOH
DQ DouTm DOUT el DOUT M2
1z '
«— tRCD »1e— {CAC > le— tRQL ——————>|<«— R ————————>{«—{CAC—
le— 1RAS »e— P ———»|<«—1{RAS
«— tRC «— tRC
<ACTO> <READ 0> <PRE0> <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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IANYS

Write Cycle / Precharge Termination

T0 T T T3 T4 T T6 T8 T9 T10
ok | | | | | | | | | | |
> {CHI [«
1CKS Je—>le— tCK —>, «—>CL
CKE _/,: 1CKA —>
{CS T>[«>1 {CH
s /T W\ T\ /T \ LT\ 1 T\ [
tCS He—>f«—>t {CH
RAS AN / |\ \ |/ \ |/ / |\
tcs tCH
CAS /| \ \ | / / |\ / |\ \ |/
tcs Jion | | | |
WE /| \ \| / A\ / |\ \ | /
tAS 1e>je>r tAH (1) )
A-A9 X ron X XcownmX ROW X cownnX
0 Lottt | | | | wmoee
Af0 ) €D § \ | / \ | / D,
s Jesfeo NOPRE B0 R B NOPRE
A1 \autiko /' \| Bko / \ a0 / X X ) EIID ¢
s o] e 8] oA, Bk T
o { 7 X -
iOH  [«—>f1DH tDH tDH
0s t0s 0 DS fe—>
DQ %MMW }&;Nomﬁ X }( DINOn
| | | |
[«— {RCD ————— > <« RCD—————>|
«— RAS >le— {RP »le— tRAS
«— the “— 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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IANYS

Read Cycle / Byte Operation

T0 T4 P 3 T4 5 T6 7 T8 9 T10
K | | | | | | | | | |
—>{ {CHI |«
teks toK —>] toL
CKE _/ tCKA —>
(] tCH
cs _/ VAR SNYYARWARWAR W VAR WV W
tcs tCH
RAS v /| \L \ | /£ \ | /
| s o | | | | | |
CAS /1 \ \| / / | \ / |\
i ey [ | |
WE / |\ /| \ \ | / /| \
| tAS tAH | (1) l | | |
A0-A9 X row X Xcoumm¥ X row X
| tsloloslin | AUTO PRE ] | BANK 0 AND 1 | |
At0 ) D¢ AKX A_X Ko X
| s ! i NO PRE | BANKOOR | BANK 1 |
A1l XGEANK DX X Banki X NETD¢ X X
| BAKO | L BANKO | BANKO |
o [ /7 /
| | I tcs tavp tcH | | | |
LDQM A\ [/ AD% \
le— tAC —>| [«— tHZ le—t «— tAC —>|
tz | |etor 12\ | [t [ toH :}
DQ8-15 DoUTm DOUT m+2 DOUT m+3
le— tAC l«— tAC
tz | [«toH «tOH:IM
DQO-7 DouTm DouT m+1 KX
l«— tRCD tCAC tQmD tRQL tRCD
le— tRAS tRP <— {RAS
l— tRC tRC
<ACT> :FTET[E); <MASKU>  <ENBU, MASKL> <MASKL> :I:ELEI; <ACT>
@ Undefined
CAS latency = 2, burst length = 4 [[] Don't Care

Note 1: A8,A9 = Don’t Care.
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Write Cycle / Byte Operation

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
ck | | | | | | | | |
—>| {CHI [«
tCKS tCK —> tcL
CKE _/, {CKA —>
tCS tCH
cs _f VAR SNIVYARWARWAR W WA R W VAR
tcs tCH
RAS N1 4 /| \ \ [/ \ | /
| s o | | | | |
CAS / |\ \| / / | \ /
| s | | | | |
WE / |\ \N| / N/ /
| 1As tAH | () | | | |
AO-A9 X row X X coLuun m¥ X row X
DR AUTO PRE | | | BANK 0 AND 1 | |
A0 ) LD X_A AN Ao X
| tasdeslest NOPRE | | | BANK 0 OR | B |
A1l ) D) ¢ X Bank 1 X NEID¢ X X
| BANK 0 | BANK 0 fCH BANK 0 | BANK 0 |
| 1CS Je—p | |
uoow X (T /
I N ey = e | I
LDQM \ [\ L/
tDs t tDH
tDs tDH [ DS tDH
DQ8-15 X ownn X XDjimst Xowm:3 X
tDS tDH L ( tDS tDH
DQO-7 )( DNm X X D|Nm+3}(
! | | | [ [
l«— tRCD ———— > [«<— tDPL —>| «<— tRCD
le— tRAS tRP tRAS
l— tRC tRC
<ACT> :xl;mi <MASKL> <MASK> <ENB> :;ELE; <ACT>
@ Undefined
CAS latency = 2, burst length = 4 [[] Don't Care
Note 1: A8,A9 = Don’t Care.
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Read Cycle, Write Cycle / Burst Read, Single Write

T0 T T2 T3 T4 T5 T6 T7 T8 T9 T10
CK | | | | | | | | | | |
—>{ {CHI [«
1CKS 4>l tCK —>| toL
CKE _/ " CKA —>
1CS 1> 1>t tCH
SNy RSNV YARNNYIAAVALRVARVARWA RNV ANY,
tcs > tCH
RAS AN /£ /| \ | | | | | / T\ AL /L
tcs tCH
CAS /| \ \ [/ \ | /7 \
T el ] [ T [ ]
WE / |\ / |\ \ 1/ \|/
tAS 4>l thH | (1) | | | | (1)
A0-A9 X row X XcoLuummX XeowminX
| wslodoln | | | | | | | o BAKOANDT
A0 X row X \ lopee / X__XOC X
| tsdolerttn BANK | | | | | NOPRE ~ BANKOORf
Af1 ) IS X X X BANK X:X BANK1 X
BANK O BANK 0 BANK 0 BANK 0
| 1S > tQMD > {CH
DOM \ ‘_j; \ |/
«—1AC le— {AC [—1AC [«— tAC tDs
«tOH l«tOH « tOH 4" [« tOH tDH
DQ DoUTm DOUT m+t Dout m+2% DoUT m+3 DNn
12 e ' ' etz
l«— {RCD »<— {CAC > [«— tDPL —>|
<«— tRAS »|«— tRP—
<«— {RC
<ACT> <READ> :\X,VQ'TTAZ :;’ELE;
@ Undefined
CAS latency = 2, burst length = 4 [[] Don't Care
Note 1: A8,A9 = Don’t Care.
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Read Cycle
10 T . LK T4 T T l T8 T T T12
ok L1 L PP fF L o
oStttk —] O [e—sfict
CKE _/~ tCKA —>
10S 14> tCH
SVERNNVIAAVARNNYIAAVARVARVARSNVIAAVAR W VAR
tcs tcH
RAS N / |\ \ |/ \ |/
tcs >t {CH
CAS {1\ \ |/ /| \ / |\
T T T eleddw [ [ ]
WE [ |\ / |\ AN/ / |\
tAS >t tAH i)
A0-A9 X ron X Xcowimnf X o X
v Lofeofte | | | | | | | skomor | | |
A0 X ron X \ fopse / X ron X
| sl | R | | | BMkoRt | R
Al Yok 1 X X X X ouk 1 X XX
BANKD BANKD 1 BAKO BANK(
| | (s taup ! !
DQM \ 7
10— [« tAC — [—1AC—>| |« tAC
«tOH e 10H [« toH [«t0H
0Q Ly C v G AR
] ' II‘—IHZ@
— tRCD <«— {CAC > [—RUL— «—fRCD—
— RAS »ie—1RP «—RAS—
[+— {RC >«—{RC—
<ACT> <READ> :;Eii <ACT>
B Undefined
CAS latency = 3, burst length = 4 [[] Don't Care

Note 1: A8,A9 = Don’t Care.
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IANYS

Read Cycle / Auto-Precharge

T0 N T T3 T4 T5 T6 T7 T8 T9 T10 ™ T12
ok |_f ] | | [ I | | L
- tCH [«
tcKS 10K —> »1CL
KE Al o0
1CS T¢>{<> {CH
s /N /A I\VIL\ IV VIVIVIVIVI AL
tcs tCH
RAS A _/\ \ |/
ics tcH
CAS [/ 1\ \ |/ / |\
| o | | L | | L
WE /1\ VAR /| \_
tAS et tAH 1)
A-A9 Xeon X X cown' X o X
| wslololw | R | | | | | |
Mo ) € ¢ /| \ D ¢
| s enteopt | | BANK 1 | | | | | | B 1
A )( A XX
g 0 oo RS g
DQM \ /
l«—1AC l— fAC —1AC — tAC—>|
*‘ < OH e tOH 4" <-IOH*| +t0H+|
DQ ‘_’m_mwm Dourme1 YR Doutme2 YR Doutmes
] thz
l«— {RCD <« {CAC le— tPQL l«—tRCD—
l— RAS >« {RP >l e— RAS—
l— {RC »e«—RC——
<ACT> <READA> <ACT>
L B¥ Undefined
CAS latency = 3, burst length = 4 |:| Don't Care

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

70 T 12 L& T4 T T Ll T TR T Tee Tog
oK | I | L+ L | I | L+ L4 L
tcks N ICK—_: o j_ L
Ok _/ 1CKA —>|
10S 7>t {CH
s I VARVARNYIAAVAR VARV JANVIAAVAR U
tCs tCH
RAS \ / / \ / D /
[ opom || 1 [ ] [
cAS {1\ \ |/ ARVAR
S 1 [ [
WE 71\ /1 \— \[/\|/
s feofort | | v | | |
A0-A9 ) €D § X cown X
[t [ | 1 [ | [ | 7 | [
At X ron X \ ope / \ | /
IERNUR | | | | | | [ o] |
At oo/ \ Butko / \ euko /

| 1CS <>t {CH
DQM ‘r /[

[—1AC «— tAC [—tAC [« tAC [e— tAC
e tOH «tOH [«tOH «10H [« tOH
m RIS
|<— tHZ —|

Lz 4>
l«<— tRCD > tCAC l«—1RBD
(BANK 0) (BANK 0)
le— tRAS tRP
(BANK0) (BANK 0)
l— 1RC
(BANK0)
<ACT 0> <READ0> <BST> <PRE 0>
@ Undefined
CAS latency = 3, burst length = full page D Don't Care
Note 1: A8,A9 = Don’t Care.
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IANYS

Read Cycle / Ping Pong Operation (Bank Switching)

T T2 T4 T5 T7 T8 T9 T10 ™ T12
CK ] I | | L} | | | | | L
! {CHI [«
tcks ok —] oL
CKE _/ KA —>
tcs tCH
ARSIV AAVARNNNY ANV 2R WNYANY 2R NNYANY 2R
tcs tcH
RAS \ // |\ /| \ AL/ N\ /\| /
fcs fc | |
CAS /1 \ /| \ A\ / N/ /] \ | /| \
tcs tcH
WE / |1\ /1 | \ /1 \ A\ L/ N/ /] \
tAS tAH (1) | |
A0-A9 X row X CoLumn ROW
tAs tAH AUTO PRE
A0 )( QA (o)
148 Jer el tAH : NOPRE  BANKOORT | BANK DO
L I
Al KO £ kTN \Binko/ ToakT\ \BAWKo / VE LY
| | tcs taMD e tcH | |
DQM \ /
«— tAC le— tAC le—tAC le—tAC
ILZ | |«toH] A’I < tOH->] e tOH
DQ DOUT Om }@ oour ot JYRX our tm i R —
‘(;M}EEDTO ) (Bm? 1) (Btm(c 1 [tz
‘_(BTNCKD 0 (Btfﬁé’ 0) (Bfr?KLO) ‘—(B?ﬁ&’ 0
W G (B;&:l\i}fo)
le— tRC
(BANK 0) s . (BANK 0)
(BANK 1) (BANK1)
tRC
(BANK 1)
<ACTO0> <ACT1>  <READO> <READ1>  <PREO> <PRE1>  <ACTO>
<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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Write Cycle
0 T T2 L& T4 7 T8 T T2
ok 1_f 1 L 1L f1 L1 [
(] < tCK—_: o j_ toL
CKE _/ < 1CKA —>1
1CS <> {CH
s _/ VAARVAR NV \WARNN AL
tcs tCH
RAS N4 /| \ A\ \ |/
| tcs tCH | | | |
CAS 1\ A/ / / |\
kol 1] ]
WE 1\ \ |/ A\ / |\
tAS tAH | | 1) | |
AO-AY Row X X coLumy ROW
bsleoleol | | | | R
XX
tAS

A0 ROW X0 \orre /~
W | Bk
At ( X_X
BANK(
{CS 1>

==}
=
L =
= y
=

[==] w
= =
- = =
= =
= -

o BAhllKo
DQM A
{DSTe>{« IDH{IDS <tDH
DQ X onm X) d;wmw}
T T T | |<— |
«— {RCD >| tDPL ———————>| l— tRCD—
l«— tRAS <— {RAS —
«— 1RC 1RC —
<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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IANYS

Write Cycle / Auto-Precharge

T0 T T2 T3 T4 T T6 T7 T8 T9 T10 ™ T12
ok [ 1 l FL L i e e r e
oStk to—] O [kt
CKE _/ < {CKA —>|
{05 J>fet {cH
S ARNNVIARVARNNVIAAVARVARVALAVALV/ A/
¢S eplert ICH
RAS \ / |\ \ |/
fcs {cH
CAS /1 \ \ |/ / |\
ST eldede ] I N |
WE / 1\ \ |/ / |\
tAS >«>r tAH 1)
A0-A9 X ron X X cowm X ROW
| uslododu ATOPRE
" )( 7T\
| sdotolw | | BANK | | | | | R
ST X
BM{KO tes a0 (e BANKU
DOM \ /
lDSiﬂ-»fIDH*tDS 1DH »|tDS >« IDH-»{tDS 4>« 1DH
DQ X onm XX Owmet ) DWd;Nm&
T T T T T T T
e 1ROD L DAL — tRCD—
— tRAS tRP —{RAS —
le— RC tRC —
<ACT> <WRITA> <ACT>
@ Undefined
CAS latency = 3, burst length = 4 [] pon't Care

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

T0 T T T3 T4 T5 6 T259 T260 T261 T262 T263 T264
ax L1 | L1 I Y I O
o5 enle— tok—o] O el
CKE _/ < 1CKA —>|
1CS 1>t {CH i
65 _/ VAAVARNNIVAAVAR/AAVARNNVANVIAAVAREE
08 eplet 1OH
RAS \N4 / |\ / I\ |/
| osetoro || L[] |
CAS /1 \ \ |/ [ |\ |\
| tsloleoton | | | [ ]
WE /1 \ \ |/ \ [\ |/
| ssfootm | | o 111 [
A0-AY X Ron X X cowm
[ owslodeotw | | [ | | [ | |
MO X Aon X \ 1orse / \ | /
[wldefw [ [ ] 1 [ ] [ [ www ]
Al o/ \ BAKO / ABANKO /
| tcs le—>t {CH
DQM r [
{DSker!« tDH-»|{DSte>{« DH »{tDS{erle- IDH»]IDS Jerte tDH»]
0Q X 0non X Dwos XX DNOM;@M@O( X
T T T T T T T
le— RCD [e— DPL———
le— RAS tRP
— tAC
<ACT 0> <WRITO> <BST> <PRE 0>
@ Undefined
CAS latency = 3, burst length = full page [] Don't Care
Note 1: A8,A9 = Don’t Care.
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Write Cycle / Ping-Pong Operation (Bank Switching)

CAS latency = 3, burst length = 4

T0 T T2 T3 T4 75 T6 T7 T8 T9 T10 T T12
cK | | | L L | | | | |
- 1ol [«
toKS oK —] oL
CKE _/ tCKA —>
cs icH
Y AR NNV AAVARNNYANYS/ \_/|\\/_\[/\_/\A__L
cs icH
RAS N /£ / |\ A\ / I\ | £ N/
| oot | | | | | |
CAS /1 \ N\ // N // / |\
Tl T - -
WE AR [/ N\ |/ / T\
| s gt | | | | B | |
AO-A9 X ron X XcoLum X ROW
| s wi | | | | AUTO PRE | |
A10 )( X XA |/ (ron)
| vslehofm | | . | NOPRE BaKOOR1 | |
A1 \AKO / NV TEAKTN,. \eAVK 0/ (kT
| | | | {Cs 4> PRI
DQM \ /
DS tDHHdDH fosfete Dt >fosge> e D (DS > €DH>{ DS {DHH IDS>l< tDH
DQ DIN( D01;b002 D1H;1HD’12HD»13}
| | | ( Divom i oms )X IIN s X_) N m N T+ m: ms w: s
le— tRRD [« toPL —
(BANKOTO 1) (BANKO)
4_(Bt/?NCKD 0 <_(BtENC¥I<D 1) oo —
ﬁamxs 0) (B}\m 0 s —
l«— tRC tRC —
(BANKO) s
TBANK 1)
l tRC
BANK 1)
<ACT 0> <WRIT 0> <ACT 1> <WRIT 1> <PRE 0> <ACT 0>
<WRITA 0> <WRITA 1>

Undefined
[] Don't Care

Note 1: A8,A9 = Don’t Care.
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IANYS

Read Cycle / Page Mode

CAS latency = 3, burst length = 2

<READA>

<PALL>

T T 2 £ T4 T T g T8 9 TH0 ™ TR
o L] L 11| N Y Y Y B
kS « tCK—_: o j_ toL
CKE _/ " 1CKA —»
10S 74>[«>} tCH
S ARNNYIAAVARNNYIAR NV VARNNYIARNNYIAAWAL N
10S 4¢—> tcH
RAS 4 / |\ /| \ /| \ A/
fcs fCH
CAS 1\ \ | [\ |/ \ |/ / |\
T obdde [ | | | -
WE /| \ /1 \ /1 \ / |\ \ |/
tAS 1>« tAH | | (1) 1) (1)
A0-A9 o X XcownnX Yoo Yoo
AR | | | WIOPRE | BAKOMDI | |
A0 ( \ lope NORE / X X X X
sl | | BANK | | NOPRE | BAWoOR! | |
Al ( X_X D €% DED D E
BAVKD BANKD BAKO BANKD BANKD |
| | {08 4e>re—tauD > <} {CH
DQM \ /
[—tAC — tAC [ tAC [e—1AC [— tAC— [«—tAC
Lz $‘ «{0H ﬂ‘ «{oH «{oH 4" < toH toH»] | feloH
DQ “’m DouT %DOUTM Doum% norst KR 20 KON M@‘
|<—tCAC r! |<—tHZ
[«—1CAC »>
<«—1RCD ><— {CAC < tRQL
«— 1RAS tRP
«—1RC
<ACT> <READ> <READ> <READ> <PRE>

@ Undefined
|:| Don't Care

Note 1: A8,A9 = Don’t Care.
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Read Cycle / Page Mode; Data Masking

T T . LK T4 T T 7 8 T ™o TH
e | | L | | I T I I I
tckS lCK—_: (o :_ >-10L
OKE _/ " fCKA —>|
1CS 71 {CH
ARV IALAVARNNY ARV ANV AA NNV AAVAL N
105 4¢—> tCH
RAS NV / |\ / |\ / |\ \ |/
tcs tcH
CAS {1\ \ |/ \ |/ A |/ / |\
| s toH | | | | |
WE [\ / |\ / |\ / |\ \ |/
1S 1¢ 1AH (1) () ()
A0-A9 X ron X XcowminX XcouwnX Xoowiox
| s ool | | | wome | ewowor | |
K0 )( \ore /e /7 K XXX
| tsdesferdv | | | | NOPRE | BooRs | |
At )( (o) DR D€ ( Yo X
BANKD BANKD BAVKD BANKD BANKD
] | 103 tavp > fCH  e— tamD
oaw ) L7 T8O
«—HUCH [0 [ thC — A
tLz+ l«{OH 4" 10H [1OH
DQ ‘_’lm Dour %DOUTM Do
L—tCAC
[«—1CAC
[«—1{RCD >« {CAC
<« tRAS
[«—tRC
<ACT> <READ> <READ> <READ,MASK>  <ENB> <PRE>
<READA, MASK> <PALL>
B Undefined
CAS latency = 3, burst length = 2 [] Don't Care

Note 1: A8,A9 = Don'’t Care.
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Write Cycle / Page Mode
0 T It IE! T4 T5 9T ™ TR
oK L} L I [
tcks < lCK—_: o tCL
CKE _/ tCKA —>|
1CS 14> tCH
¢S _/ L/ |\ /7 T\ VIAAVARNNV AR
tcs tcH
RAS N £ \ \ \ |/
[ oo | | | [ | |
CAS 1\ L L / |\
1cs >t tCH | | | | |
WE 1\ VA [ \ | /
18 >ttt | | (1) | I | |
A0-A9 pow X Xeowmmk XoouwmX
5 Joofeolt | | | | | EZI
A0 L \ NOPRE X X
S ettt | | ek | T
At ko f X X X X X X
BANKD BANKD
tcS |
DOM { L
Ste> < {DH>{IDSre>(«{DH »] SlerfeIDH
DQ Dnm XX Dwmi ) (DINO+11
| | | | | |
[«—{RCD le— tDPL ———————>
l«— tRAS >« {RP
[«—tRC
<ACT> <WRIT> <PRE>
<PALL>
B Undefined
CAS latency = 3, burst length = 2 [] Don't Care

Note 1: A8,A9 = Don’t Care.
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Write Cycle / Page Mode; Data Masking

10 T1 T2 T3 T4 15 T6 7 T8 T9 T10 T T12

<WRITA> <PALL>

B Undefined

CAS latency = 3, burst length = 2 [] Don't Care

ok LI ] Lt Lt L [ I T T I I A
oS eofe— ok — e foL
OKE _/ 2 1CKA —>|
{CS 7>t {CH
S AR SNVIAAVARRNYIARANNYIARRNYIALVAR RNV AR
tcs tcH
RS A/ / |\ /1 \ / |\ \ |/
tcs tcH
S / 1\ |/ A/ A/ / |\
| s feotest o |
W /1 \ \ |/ A\ / A/ \ |/
1A 1T tAH (1) 1) ()
A0-A9 X ron X XcowmnX XcowmnX XcowmoX
1S epfent Lo I
Af0 )( \opse / \ lobse /~ X X X X
Wlofeolt | BKI WKi | o o BKJORD
Al )( X X X e X D EXR
B0 B0 BAKO BAKO BAKO
| 1S 4> —>-1CH
oM ) L/ |\ A
tDSid-N-iDH*tDS >« 1DH »{tDSfep1« 1DH ] D8 <-tDH>|tDS >« {DH
0Q ) LD § CIX }&Dm { X Dio X:)( DINO+11
I I I I I I I I I
<«—R(D——> <« DPL —>|
«— {RAS tRP
— e
<ACT> <WRIT> <WRIT> <MASK> <WRIT> <PRE>

Note 1: A8,A9 = Don’t Care.
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IANYS

Read Cycle / Clock Suspend

T0 T T T3 T4 T T6 T7 8 T9 T10 Ti1 T2
o | L L L LI L L
1OKS beorle— 10K —o G e CKS 4> oHoH
0 ol o 2\ L/
108 f>{et o
s QLT T/ 7T\S \ | [T
R e - N
RAS i / 1\ \ |/
fcs o
0AS [/ 1\ \ |/ \ /| \
T T T elddw [ T T ] ]
WE / \ / \ \ \ |/
45 te>tet " \
A-A9 X ron X XcowminX \
S Leoerliv | | owome | | | |1 ] wwower | |
Ao Xon X X | X_X
S Jeofeot 4 NOPEE \ BAIK0OR 1
Al Y ) | X s X \
BANK 0 BANK O BANKO
| 105 4« towvn >« ICH |
DOM \ /
l—1AC e tAC
4‘ 10K 10K
0Q W DouTm Do @
17k ! ' otz
e— {RCD <« {CAC >
— tRAS >e— tRp
— tRC
AT <READ> GSPND>  <SPAD> PRE>
<READ > <AL
B Undefined
CAS latency = 3, burst length = 2 [7] Don't Care
Note 1: A8,A9 = Don’t Care.
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Write Cycle / Clock Suspend

oo (PR I T T T8 T9 T T TR
ax 11 L L F1 I I Y I I M I O
oSt 1ok —] 1 [e—lct to6s ot
OE Al ass \ L/
103 7>« {CH
S AR SNVIARVARNN /\\| | | JARNSYIARVARNNYIA
tcs tCH
RAS N / |\ \ |/ \ |/
tcs tCH
CAS [/ |\ N\ /L / |\ /1 \__
[ oot | | A | | ]
WE {1\ \ |/ \ \ |/ /| \_
tAS T tAH 1) \
A0-A9 X ron X Xcowinn | RO
| wslololm | | owome | | | | IR |
A0 ) €D ¢ X X 1 X_X (o)
| R | | NOPRE | \ | | | BANK0OR | | BANK
A )( ) ETD \

BAhllKo s BANKO o BAhIlKO BAI:IKO
DM

1DS 4« tDH DS {DH
DQ * Dim }( DN et

(«— tRCD [ tDPL—————

le— 1RAS tRP <« RAS—

Y

— tRC >e— RC —

<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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Read Cycle / Precharge Termination

T0 T T2 T3 T4 15 T6 T7 T8 T9 T10 1ak T12
ok | | | | | | | | | | | L
—>{ {CHI [«
1CKS 4e—> CK —> toL
CKE _/ / tCKA —»|
1S tCH
S aRuNVyAAWARNY2a WA NNV 2A WALV Y 72 ul
tcs <>t {CH
RAS ANV 4 / |\ \ | / \ |/
| sl | | | | | | | |
cAS / |\ \ | / / |\ / |\
i = R 1 T ] |
WE /| \ / |\ \ | / / |\
| sttt | | g | | | | |
AO-A9 X ron X XeowimX ROW
| Lot | | | | | | | |
A0 )( \ | / \ | / (on)
| s AN | | NOFRE | | BKOORT | | | BANK 1 |
A1 Newko )/ \| Bk / \ suiko /' XX
| | | | s o | | | o |
> tQMD !
DQM \ [
le—1tAC le— tAC l«— tAC [ tHz
< tOH «1OH <« tOH
DQ Dour m DOUT ms DOUT m+2
1LZ fe—> | I
[«— tRCD tCAC < tRaL <— tRCD
l«— tRAS tRP <«— tRAS
<— tRC tRP
<ACT 0> <READ 0> <PRE 0> <ACT>
@ Undefined
CAS latency = 3, burst length =2 D Don't Care
Note 1: A8,A9 = Don’t Care.
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Write Cycle / Precharge Termination

T0 T T2 T3 T4 5 T6 7 T8 T9 T10 Ti1 12
oK ] I I I | | | | | | Lt L L
—>{ {CHI [«
{CKS +erle— tCK —] <« HCL
CKE _/ ,: 1CKA —>|
108 1>t {eH
~o \
VAR NNVIAAWARNNY S/ N\ /S ALLS N
10S et ICH
RAS v /1 \ \ |/ \ | /
fcs fcH
CAS /1 \ \ |/ / |\ /
[ desent 1]
WE /1 \ \ |/ N/ / |\
1AS 1> tAH 1)
A0-A9 X ron X XcowminX RO
tAs AH | | | | | | |
Mo ) €D ¢ \ |/ \ |/ (fon )
s ™ NOFFE BANKOOR N
Al \owiko/ \ B0/ \ suko / X X
tes toH ol e [ oletoro B0
DM {_’ iH! *
DH  fe}DH DH
DSt |iDs DS
DQ X DINOm DNOm+1}d_;N0m+2 X
T T T | | I I
— tRCD < tACD
tRAS < tRP »l— tRAS
— 1RC — P
<ACT 0> <WRIT 0> <PRE 0> <ACT>
@ Undefined
CAS latency = 3, burst length = 4 [] Don't Care
Note 1: A8,A9 = Don’t Care.
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IANYS

Read Cycle / Byte Operation

T0 T1 T2 T3 T4 T5 Té 7 T8 T9 T T11 T12
ok | | | | L} | | I | T R
—>| {CHI [«
tcKs 1CK —>| toL
CKE _/ tCKA —>|
{CcS tCH
VAR WNVARWARRSVIARWARWALWA R RN WAL WAL NN VA
tcs tCH
RAS \ |/ / |\ \ |/ N\ /
[ osdelenton | | | | | | | |
CAS 1\ \ |/ / |\ / |\
(05 vl | | | | | | | |
WE / |\ / |\ A\ |/ /| \
s 1H | | ) | | | | | |
AG-A9 Row X XcotumnmX X ron X
tas W | | AUTO PRE | | | | koMot | | |
A0 ( E— X__X | | XX — XX
s " NOPRE BANKOOR 1 oK
Al ( X et X W auik X XX
BANKD | | BKD oo an <:-tCH B0 | | BAK O
uoa N\ /7T /
[ 1 [ [ | epfmm I
LDQM \ /[ / \
le— tAC [e— tHZ le— tAC [e— tHZ
1z | |«ton +10H
DQ8-15 Dourm DOUT m+2 DOUT m:3
[«— tAC [«— tAC [e— tHz
Lz | [«toH [«toH
DQo-7 DouTm DOUT me1
[«— tRCD tcac taMp tRQL [«— tRCD—
l«— tRAS tRP tRAS —
[« tRC tRP —
<ACT> :;ETDD; <MASKU>  <ENBU, MASKL> ~ <MASKL> :; EI_EL>> <ACT>
B Undefined
CAS latency = 3, burst length = 4 D Don't Care

Note 1: A8,A9 = Don’t Care.
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Write Cycle / Byte Operation

T0 T T2 T3 T4 T5 T6 T7 T8 T9 T10 ™ T12
CK I I | | I | I I | | L
= {CHI [«
1OKS te—>fe— toK —> toL
CKE _/ {CKA —>1
10S 14>« {CH
s _/ VARVARCNYVARVARVARVARWNYIARWAR RNV
165 esfest 1
RAS N / |\ A\ / \ |/
| oot | | L[ [ ] [
CAS /1 \ A\ / / |\ / |\
[ oot || I [
WE /1 \ A\ / \ |/ /| \
| st | | P [
A0-A9 X o X XcowinX ) € §
| us W | wome | I | | swkomnt | | |
A0 ) D X | | | | XX Ko X
| s feslesft | NOPRE KR ] | BN
At ) CID) ¢ ) €130 4 €D X X
| BANK LD BAKO BAKO
| CS L tCH | |
oo \| 77T\ |/
tcs toH I
Loau \ \ WAV
1DS 1>t tDH ( )
DS« tDH tDs tDH
DQ8-15 ( own D& ) () |
tos {DH ( ( tos > fDH
DQo-7 oum X ) ) {
| | | | | | | |
«— RCD > «— tDPL —————> [«— RCD—
le— tRAS tRP tRAS —
“— fRC > tRp —
<ACT> <<VIIVRIIITI\>> WASK>  <MASK>  <ENB> :;ELE; <ACT>
@ Undefined
CAS latency = 3, burst length = 4 [ ] Don't Care

Note 1: A8,A9 = Don’t Care.
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Read Cycle, Write Cycle / Burst Read, Single Write

CAS latency = 3, burst length = 2

™0 T 11 BT BT 1l T8 T ™ TH
o |1 L+ L L I I Y I Y I O D B
o ope— k] [l oL
CKE _/ ,‘ 1CKA —>
1CS 1>[>1 {CH
SV ARNNYIAAVARNNYYAAVARVARVARVAR NNV AR NNV
1CS 4e—>let tCH
RAS v / |\ / 1\ \ |/
tcs tCH
CAS /1 \ \ | / \ |/ / |\
| s foH
WE /1 \ / |\ \ |/ \ |/
1S >t iy 1) {)
A-A9 X ron X XoownnX Xoown
1 Lol | | ATOPRE BAIKOAND |
Ao )( \or / ) |
S ettt Bl NOFRE BARKOOR
At Xeuki X X X ) 0D ¢ e X
B0 B0 BAK O BAK0
| | {8 4ee—tawp oo |
DOM \ /
l— tAC DS
fDH
DQ Din
tz
— 1RC fcAC | «— {DPL ————
«— RAS >ie— P —
e
<ACT> <READ> :V‘O’RF:'TT; :;’;*LE;

B Undefined

[]o

on't Care

Note 1: A8,A9 = Don'’t Care.
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ORDERING INFORMATION
Automotive Range: 0°C to +70°C

Frequency Speed (ns) Order Part No. Package
143MHz 7 IS45516100C1-7TLA 400-mil TSOP Il, Lead-free
143MHz 7 1IS45S16100C1-7BLA 60-ball fBGA, Lead-free

Automotive Range: -40°C to +85°C

Frequency Speed (ns) Order Part No. Package
143MHz 7 IS45S16100C1-7TA1 400-mil TSOP I
143MHz 7 IS45516100C1-7TLA1 400-mil TSOP I, Lead-free
143MHz 7 1IS45S16100C1-7BLA1 60-ball BGA, Lead-free

Integrated Silicon Solution, Inc. — www.issi.com — 1-800-379-4774
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PACKAGING INFORMATION

1SST

Mini Ball Grid Array
Package Code: B (60-Ball)

@ 0.40 + +/-0.05 (60X)

12 3 45 6 7 7 6 54 3 2 1
N 4 00 o0 |a
B 00 OO |8
c | 9o 0O |C
D 00 OO |D
E E
+ ©O 00
F e OO0 OO0 F
G (OX@) OX@) G
H D1 (OX@) OX@) H
J (OXO) ©XO) J
K (OXO) )@ K
L )@ 00O L
M OO0 00O M
N (OX@) OX@) N
P (OX@) OX@) P
R ——| 0O od R
| iy
| E1
Al _/f E
|
_ (ONW) (ONW) _L )
1 SEATING PLANE Notes: N
1. Controlling dimensions are in millimeters.
2. 0.65 mm Ball Pitch
mBGA -10.1mm x 6.4mm
MILLIMETERS INCHES
Sym. Min. Typ. Max. Min. Typ. Max.
No.
Leads 60
A — — 1.20 — — 0.047
Al 0.23 0.28 0.33 0.009 0.011 0.013
D 10.00 10.10 10.20 0.394 0.398 0.402
D1 — 9.10 — — 0.358 —
E 6.30 6.40 6.50 0.248 0.252 0.256
E1 — 3.90 — — 0.154 —
e — 065 — —  0.026 —

Copyright © 2006 Integrated Silicon Solution, Inc. All rights reserved. 1SSl reserves the right to make changes to this specification and its products at any time
without notice. 1SSI assumes no liability arising out of the application or use of any information, products or services described herein. Customers are advised to
obtain the latest version of this device specification before relying on any published information and before placing orders for products.
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PACKAGING INFORMATION

Plastic TSOP
Package Code: T (Type Il)

N/2+1

N
|_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| ?.Ot(?c?r:ltrolling dimension: millimieters,

unless otherwise specified.
2. BSC = Basic lead spacing
between centers.
3. Dimensions D and E1 do not
E1 E include mold flash protrusions and
should be measured from the
l bottom of the package.

[IlLIHLILILILILILILILILILILILILI__

0.004 inches at the seating plane.

respect to one another within
N/2

- D -
< >

SEATING PLANE

A

A \i J
GARAARARRRRARAAAPY v v
T\Al —>| |<—L TL_

r

Q

Plastic TSOP (T - Type II)

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 0.2 0.012 0.020 0.30 045 0.012 0.018 0.30 0.45 0.012 0.018
C 012 021 0.005 0.008 012 021 0.005 0.008 012 021 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
El 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 1156 11.96 0.455 0471 11.56 11.96 0.455 0.471
e 1.27BSC 0.050 BSC 0.80 BSC 0.032 BSC 0.80 BSC 0.031 BSC

L 040 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
Q 0° 5° 0° 5° 0° 5° 0° 5° 0° 5° 0° 5°

Copyright © 2003 Integrated Silicon Solution, Inc. All rights reserved. ISSI reserves the right to make changes to this specification and its products at any time
without notice. 1SSI assumes no liability arising out of the application or use of any information, products or services described herein. Customers are advised to
obtain the latest version of this device specification before relying on any published information and before placing orders for products.
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Mouser Electronics

Authorized Distributor

Click to View Pricing, Inventory, Delivery & Lifecycle Information:

ISSI:
IS45516100C1-7BLA1 1S45S16100C1-7BLAL-TR 1S45516100C1-7TLALl 1S45S16100C1-7TLAL-TR



http://www.mouser.com/issi
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