Panasonic

16M bit Synchronous Dynamic RAM
524,288-word x 16-bit x 2-bank
2,048 Refresh

P/N: MN4SV17160BT-80
MN4SV17160BT-90
MN4SV17160BT-10

The technical information described herein provides the typical characteristics and the application
circuit of a respective product, not intended to guarantee or permit a license for the industrial property

rights.
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B Request for your special attention and precautions in using the
technical information and semiconductors described in this book.

(1) An export permit needs to be obtained from the competent authorities of the
Japanese Government if any of the products or technologies described in this book
and controlled under the "Foreign Exchange and Foreign Trade Control Law" is
to be exported or taken out of Japan.

(2) The Technical -information described in this book is limited to showing
representative characteristics and applied circuit examples of the products. It does
not constitute the warranting of industrial property, the granting of relative rights,
or the granting of any license.

(3) The products described in this book are intended to be used for standard
applications or general electronic equipment (such as office equipment,
communication equipment, measuring instruments and household appliances).
Consult one of our sales offices in advance for the following applications:

@ Special applications (such as airplanes, acrospace, traffic control equipment,
combustion equipment, life support systems and safety devices) in which
special quality and reliability are required, and the failure or malfunction of the
products may directly jeopardize life or harm the human body.

@ Any applications other than the standard applications intended.

(4) When designing your equipment, comply with the guaranteed values, in
particular those of maximum rating, the range of operating power supply voltage
and heat radiation characteristics. Otherwise, we will not be liable for any defect
which may arise later in your equipment.

Even when the products are used within the guaranteed values, redundant design
is recommended, so that such equipment may not violate relevant laws or
regulations because of the function of our products.

(5) When vacuum packing is required for the products, make sure of the details of
the warranty. Observe the conditions (including shelf life and after-unpacking
standby time) in their use.
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524,288-word x 16bit x 2-bank synchronous dynamic RAM

B Description
The MN4SV17160BT is 16,777,216-bit CMOS synchronous dynamic random access memory,

organized as 524,288-word x 16-bit x 2-bank.
With advanced CMOS process technology and circuit configuration,
high-speed data transfer and low power dissipation have been realized.
With high-frequency operation with wide data I/O bus, MN4SV17160BT is suitable for multimedia

applications.
B Features
Organization
Part Number (wor dgx bii x bank) Clock Frequency (Max.) Package
MN4SV17160BT-80 125MHz
-90 524,288 x 16 x 2 111MHz 50 pin Plastic TSOP (II)
-10 100MHz (400mil)

« Single power supply : + 3.3V £ 0.3V

¢ Interface : LVTTL compatible

* Refresh Cycle : 2,048 refresh cycles / 32 ms

 All Input and Output signals refer to rising edge of the clock (CLK) input

* Dual Internal banks can be controlled by A11 (Bank Select)

* CAS Latency : 2,3

¢ Programmable Burst Length : 1, 2, 4, 8, full page (256)

* Wrap sequence : Sequential, Interleave

¢ Burst Read & Burst Write, Burst Read & Single Write

» Auto Precharge and All Banks Precharge can be controlled by A10 (Precharge Control)
» Byte data can be controlled by LDQM and UDQM

* Two variations of refresh : CBR (Auto) refresh, Self Refresh

* DQ suspend and Power Down mode can be controlled by CKE (Clock Enable)
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W Pin Assignment
(524,288 x 16 x 2)
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Vbb 1 0 ~/ 1 50 v
DQO 2 [ O 1 49 DQI15
DQ1 3 0 1 48  DQIl4
Vssa 4 O 1 47 VvssQ
DQ2 50 1 46 DQI3
DQ3 6 0O 1 45 DQI12
Vipo 7 0 [ 44 Vppo
DQ4 8 [ 1 43 DQI1
DQ5 9 L 1 42 DQI10
Vsso 10 O [ 41 Vo
DQ6 11 O 1 40 DQ9
DQ7 12 [ 1 39 DQS
Vooe 13 O MN4SV17160BT [ 38 Vi
LDOM 14 O 1 37 NC
WE 15 0O 1 36 UDQOM
CAS 16 O 1 35 CLK
RAS 17 O 1 34 CKE
[ 18 O 1 33 NC
All 19 O 1 32 A9
A10 20 O 1 31 A8
A0 21 0O 1 30 A7
Al 22 0O 1 29 A6
A2 23 [ 1 28 As
A3 24 [ 1 27 A4
Vb 25 O 1 26 Vg
(Top View)
B Pin Names
Name Function Name Function
A0~11 Address Inputs WE Write Enable
A0 ~ 10 : Row Address Inputs
UDQM Upper Byte DQ Mask
AQ ~7 :Column Address Inputs Q pper Byte DQ
All : Bank Select LDQM Lower Byte DQ Mask
DQO~15 | Data Inputs / Outputs Vob Supply Voltage (+3.3V)
CLK Clock Input Vg Ground (0V)
CKE Clock Enable Vbbo Supply Voltage for DQ (+3.3V)
CS Chip Select Vsso Ground for DQ (0V)
RAS Row Address Strobe
NC No Connection
CAS Column Address Strobe
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W Block Diagram
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B Pin Functions
® Clock Input : CLK (Input pin)
CLK is the reference clock for SDRAM operations.
All Inputs and Outputs are synchronized to the rising edge of CLK.

oChip Select Input : CS (Input pin)
CS enables all command inputs defined by RAS, CAS, W_E, and address inputs. When CSis
high level, all input commands are ignored, but operations started at previous cycles are continued.

®Row Address Strobe : RAS (Input pin)
Column Address Strobe : CAS (Input pin)
Write Enable : WE (Input pin)

Operation commands are defined by the levels of these pins.

RAS signal is related to the commands of Bank Active, Bank Precharge, Refresh and Mode Register Set.
CAS signal is related to the commands of Read, Write, Refresh and Mode Register Set.

WE signal is related to the commands of Write, Bank Precharge, ModeRegister Set.

Details are described in command operation section.

® Address Inputs : AO~A10 (Input pin)
The memory cell to be accessed is pointed by Row and Column addresses. Row address is determined by
AQ0 ~ A10 at Bank Active command cycle. Column address is determined by AOQ ~ A7 at Read or
Write command cycles.

Row Address Column Address

MN4SV17160BT A0 ~A10 A0 ~A7

A0 ~ A9 inputs are latched as set data of the internal mode register at Mode Register Set cycle.

Also, A10 input controls the Precharge operation. When A 10 is high at Precharge Bank command cycle,
All Banks Precharge is performed (Precharge All Banks Command). When A10 is high at Read/Write
command cycles, Auto Precharge is performed after Read/Write operation (Read with Auto Precharge/
Write with Auto Precharge).

®Bank Select : A11 (Input pin)
A1l input selects the bank for operation. If Al1 is "low", bank 0 is selected, and if A11 is "high",
bank 1 is selected.
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® Clock Enable : CKE (Input pin)
CKE enables the internal clock. If CKE is "high", CLK of next cycle is validated. If CKE is "low",
CLK of next cycle is invalidated and Burst Read/Write is suspended or the Self Refresh mode is
activated or the Power Down mode is activated.

® Upper Byte DQ Mask : UDQM (Input pin)
Lower Byte DQ Mask :LDQM (Input pin)
UDQM and LDQM mask the upper byte (DQ8 ~ DQ15) and lower byte (DQO - DQ7) of DQ data
respectively.
In Read command cycle, outputs set to high-impedance at two cycles after asserting (U/L)DQM.
In Write command cycle, input data on the DQ pins are masked at the same cycle of asserting (U/L)YDQM.

®Data Input/Output : DQO ~ DQ15 (Input/Output pin)
Data Inputs/Outputs through the DQO ~ DQ15 pins are synchronized with the rising edges of CLK .

®Power Supply : Vpp, Vppo, Vsss Vssq (Power supply pin)
+3.3V is supplied by Vpp and Vg pins. Vi is the power supply or internal circuit, and Vg is
power supply for output buffer.
Ground level is supplied by Vgg and Vg4 pins. Vg is the ground for internal circuit, and Vg, is
ground for output buffer.
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B Command Operation
All operations are performed by the command inputs at the rising edge of CLK.
Commands are set by the CS, RAS, CAS, WE and address pins.

Command Truth Table

Command g:ll;zent H_TKEH CS |RAS|CAS|WE [A11[A10 [A9~0| Symbol
Device Deselect ANY H x | H| x X X X X x |DESL
No Operation ANY H|x|L|H|H]| H]| % X x |INOP
Burst Stop VRVEIJQAI?E H x| L|H|H]|L X X x |BST
Read ACTIVE | H| x| L|H| L | H|BS| L |Col.|READ
Read with Auto Precharge ACTIVE H|X|L|H|L]|H]|BS| H |Col|lREADA
Write ACTIVE |H | x| L|H|L|L|BS|L |Col|WRIT
Write with Auto Precharge ACTIVE |H| x| L|H|L | L |BS| H |Col|WRITA
Bank Active IDLE H|x|L|L|H[H]|BSs[E"|acT
Precharge Select Bank ANY H x| L|L|H|L]|IBS|]L X |PRE
Precharge All Banks ANY H x| LJ]L|H]|L]| x| H]|] x |PALL
Mode Register Set (3) IDLE H|x | L|L]|L]|]UL/| OPCODE(2) |MRS
CBR Refresh 3) IDLE H|H|LJ|L L H X X X |REF
Self Refresh Entry (3) IDLE H|L|L|L|L]|H]|] x] x| x |SELF
Self Refresh Exit Self Ref. L H|lL|H|HI|H X X X

H

X
X
X
X
X
X

READ,

Clock Suspend Mode Entry WRITE L | x| x| x X x | x x |SUSP
Clock Suspend Mode Exit Suspend x | x | x X x | x | x
Power Down Mode Entry IDLE, H Liglaglagl x| x x
ACTIVE
H | x x | x| x| x X
Power Down Mode Exit Power Lluallalalal x| x x
Down
H | x x X x | x X

H: High level , L: Low level , x: Don't care , BS: Bank select address , Col.: Column address
(1) Row address input. (2) Operation code input. (3) Valid when all banks are idle state.
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M State Diagram

Self
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Note: After the auto-refresh is performed, precharge is performed
automatically, and transit to idle state.
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B Command Functions
® Device Deselect [DESL]
(CS ="H")
Any inputs are ignored. The device keeps previous internal state.

® No Operation [NOP]
(CS ="L", RAS, CAS, WE = "H")
No interal operation is performed by this command. The device keeps previous internal state.

® Burst Stop [BST]
(CS="L",RAS,CAS ="H",WE="L")
Burst Read/Write operation is stopped by this command. If Burst Length is full page, data Inputs/
Outputs don't stop without this command or Precharge [PRE] command.

® Read [READ]
(CS="L",RAS ="H", CAS ="L", WE ="H", A11 ="Bank Select", A10 ="L", A7 ~ A0 ="Column

Address")

Burst Read operation starts with this command. Internal bank and column address are selected by A1l
and A7 ~ AO respectively. Latency from this command input to first Read data output is defined by
CAS Latency which is set at Mode Register Set cycle. Burst output length are defined by Burst Length
which is set at Mode Register Set cycle. Output turns high-impedance after this operation.

A9 ~ A8 inputs are "don't care” at MN4SV17160BT series.

® Read with Auto Precharge [READA]

(CS ="L", RAS ="H", CAS ="L", WE ="H", A11 ="Bank Select”, A10 ="H", A7 ~ A0 ="Column
Address")
If A10 is "high" at READ command, the bank selected by A11 is precharged automatically after
internal Read operation is finished. But, this command is not allowed for full page Burst Read operation.
A9 ~ A8 inputs are "don't care” at MN4SV17160BT series.

® Write [WRIT]
(CS ="L", RAS ="H", CAS, WE ="L", A11 ="Bank Select”, A10 ="L", A7 ~ AQ ="Column Address")
Burst Write operation starts with this command. Internal bank and column address are selected by Al1
and A7 ~ AQ respectively. Burst data input length are defined by Burst Length which is set at Mode
Register Set cycle.
A9 ~ A8 inputs are "don't care”" at MN4SV17160BT series.

® Write with Auto Precharge [WRITA]
(CS ="L",RAS ="H", CAS, WE ="L", A1l ="Bank Select", A10 ="H", A7 ~ A0 ="Column Address")
If A10 is "high" at WRIT command, the bank selected by A11 is precharged automatically after
internal Write operation is finished. But, this command is not allowed for full page Burst Write operation.
A9 ~ A8 inputs are "don't care" at MN4SV17160BT series.
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®Bank Active [ACT]
(CS, RAS ="L", CAS, WE ="H", A11 ="Bank Select", A10 ~ A0 ="Row Address")
This command activates the intemal bank selected by A11 and the row address selected by AO ~ A10.
If A1l is "low", bank O is selected, and if A11 is "high", bank 1 is selected.

® Precharge Select Bank [PRE]
(CS RAS ="L", CAS ="H", WE ="L", A11 ="Bank Select",A10 ="L")

The internal bank selected by A11 is precharged by this command. After Precharge operation is
performed, the selected bank tums to be idle state automatically. If A11 is "low", bank 0 is selected, and if
Al1 is "high", bank 1 is selected.

® Precharge All Banks [PALL]
(CS,RAS ="L", CAS ="H", WE ="L", A10 ="H")
If A10 is "high" at PRE command, all internal banks are precharged. After Precharge operation is
performed, all banks turn to be idle state automatically.

® Mode Register Set [MRS]
(CS, RAS, CAS, WE ="L", Al11 ~ A0 ="Operation Code")

The mode register is set by this command. The data on the AQ ~ A11 pins in this command cycle are set
as the operation code. But, A11 ~ A10 inputs are "don't care” at MN4SV17160BT series. After power-on
and All Banks Precharge, Mode Register Set command must be executed.

The mode register can be set during device operation, but all banks must be idle state before this

command execution.

® CBR (Auto) Refresh [REF]
(CS, RAS, CAS ="L", WE ="H")

This command starts CBR (Auto) refresh operation. Row address is generated by intemal refresh
address counter. The refresh address is incremented by this command input.

MN4SV17160BT series need 2,048 times input of this command to refresh all memory cells.

All internal banks must be idle state before this command input. After refresh operation is
performed, precharge operation is performed automatically, then all banks return to idle state. Any next

commands cannot input during tgyc period after this command execution.

® Sclf Refresh Entry [SELF]
(CKE, CS, RAS, CAS ="L", WE ="H")
Self Refresh operation starts with this command execution. All banks must be idle state before this
command execution. Self Refresh operation continues while CKE is low after this command execution,
and any commands cannot be accepted. Self Refresh mode is terminated when CKE is high (Self Refresh

Exit command ).

® Sclf Refresh Exit
(CKE ="H",CS ="L", RAS, CAS, WE ="H" or CKE, CS ="H")
Self Refresh mode is terminated by this command execution. After this command execution, internal
state is returned to idle state. Any next commands cannot input during trc period after this
command execution.
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@ Clock Suspend Mode Entry [SUSP]
(CKE ="L")
When CKE is negated ( CKE is set to "low" ), internal clock is suspended from next CLK rising.

If CKE is negated during Read/Write operation, internal state entries Clock Suspend mode.The variety of
Clock Suspend mode depends on the state of previous cycle as follows.

[ Previous cycle ] [ Clock Suspend Mode ]
READ READ Suspend
READA READA Suspend
WRIT WRIT Suspend
WRITA WRITA Suspend

* READ Suspend / READA Suspend
If CKE is negated during READ/READA mode, the output of next cycle is suspended. And it is
continued until the next cycle of asserting CKE (Clock Suspend Mode Exit ).
Internal state and Read address don't change.
* WRIT Suspend / WRITA Suspend
If CKE is negated during WRIT/WRITA mode, the input of next cycle is not accepted. And it is
continued until the next cycle of asserting CKE (Clock Suspend Mode Exit ).
Internal state and Write address don't change.

® Clock Suspend Mode Exit
(CKE ="H")
If CKE is asserted ( CKE is set to "high" ) during Clock Suspend mode, internal clock restarts from
next CLK rising. And internal state exit Clock Suspend mode.

®Power Down Mode Entry
(CKE, CS = "L", RAS, CAS, WE ="H" or CKE = "L", CS = "H")
If CKE is negated (CKE is set to "low" ) when no READ/READA or WRIT/WRITA command is
in progress, the device enters Power Down mode. The device has two Power Down mode for the state

of device when Power Down mode is entered.

[ Previous cycle ] [ Power Down Mode ]
Idle Idle Power Down
Row Active Active Power Down

* Idle Power Down
If CKE is negated during Idle mode, the input buffers are disabled of next cycle and power
consumption is reduced to the minimum.

* Active Power Down
If CKE is negated during active mode, the input buffers are disabled of next cycle and power

consumption is reduced.

®Power Down Mode Exit
(CKE = "H", CS = "L", RAS, CAS, WE ="H" or CKE, CS = "H")
If CKE is asserted (CKE is set to "high" ) during Power Down mode, internal clock restarts from CLK

rising. And internal state exit Power Down mode.
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M /O Control
The data of DQO ~ DQ7 (lower byte) pins and DQS8 ~ DQ15 (upper byte) pins can be masked by LDQM
pin and UDQM pin respectively.
I/O control can be executed with command operations.

DQM Truth Table

Function CKE DOM Symbol

n-1| n U L
Upper byte Write Enable / Output Enable H X L x | ENBU

Lower byte Write Enable / Output Enable H X x | L | ENBL
Upper byte Write Inhibit / Output Disable H X H x | MASKU
Lower byte Write Inhibit / Output Disable H X x | H | MASKL
H: High level , L: Low level , x: Don't care
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B Mode Register
The data on the A0 ~ A11 pins in Mode Register Set command cycle are set as the operation code.

Mode register consists of following parts.

® A2,Al, AQ : BL (Burst Length)
Burst Length = 1, 2, 4, 8, full page
(Full page length : 256 bits)
® A3 : WT (Wrap Type)
Wrap Type : Sequential, Interleave
® A6, A5, A4 : CL (CAS Latency)
CAS Latency =2, 3
® A9 : Read/Write mode
Burst Read and Burst Write, Burst Read and Single Write

A1l | A10 | A9 A8 A7 A6 A5 | A4 A3 A2 A1 A0

Reserved ' "o " o ! ' ! !
Y Y
A9 | Single Write Mode A3 | Wrap Type
0 | Burst Read and Burst Write 0 | Sequential
1 | Burst Read and Single Write 1 | Interleave
Y Y
A6 | AS | A4| CAS Latency A2 | Al | AO| Burst Lemgth
01010 Reserved 0,010 1
01011 Reserved 0101 2
0|10 2 010 4
0|11 3 0111 8
1,010 1,010
1101 Reserved 1]0]1 Reserved
11110 1{1/0
111 1111 Full Page
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B Burst Length and Wrap Type

® BL =2 Starting Address Sequential Interleave
(Column Address Addressing Addressing
AO0,binary) (decimal) (decimal)
0 0,1 0,1
1 1,0 1,0
®BL =4 Starting Address Sequential Interleave
(Column Address Addressing Addressing
A1~A0,binary) (decimal) (decimal)
00 0,1,2,3 0,1,2,3
01 1,2,3,0 1,0,3,2
10 2,3,0,1 2,3,0,1
11 3,0,1,2 3,2,1,0
®BL =8 Starting Address Sequential Interleave
(Column Address Addressing Addressing
A2~AQ,binary) (decimal) (decimal)
000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
001 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
010 2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5,4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 5,6,7,0,1,2,3.,4 5,4,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,5,2,3,0,1
111 7,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0

@ BL =Full Page

Only Sequential Addressing is executed. Burst Read/Write operation continues until Burst Stop command
or Precharge command input. And the address of Input/Output data return to first access address if full

page data access is completed.
Full page data length = 256 bits

Be sure to visit CH PDCCS site for
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W Command Operations

[Read command (READ)]

Bank and first column address are selected by A11 and AO ~ A7 respectively. Latency from this command
input to first Read data output is defined by CAS Latency which is set at Mode Register Set cycle. Burst output
length is defined by the Burst Length which is set at Mode Register Set cycle. Output turns high-impedance
after this operation.

Following operation mode can be programmed in Mode Register Set command cycle.

Burst Length = 1, 2, 4, 8, full page (256)
When Burst Length is full page, only Sequential Addressing is executed. Burst Read/Write operation

continues until Burst Stop command or Precharge command input. And the address of Input/Output data
return to the first access address if full page data access is completed.

< Burst Read (READ) >

Burst Length=4

s @D | L0 L4
Al oL
A0~7 A T
R Ve e LT
DQ (CL=2) —— (a1 X a2 X a3 X o4 )———F—
: : : ' ' ' : \ Hi-Z
DQ (CL=3) a1 X a2 X 03 X a4 y———
] | 1 I ] | I
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[Write command (WRIT)]
If you selected A9 = 0 at the Mode Register Set command cycle, Write mode is Burst Write mode.
If you selected A9 = 1, Write mode is Single Write mode. (Read mode is Burst Read mode in both case.)

1. Burst Write Mode

Bank and first column address are selected by A11 and AQ ~ A7 respectively. Latency from Write command
input to first Write data input is zero.

Burst Write data input length are defined by the Burst Length which is set in the mode register.

Following operation mode can be programmed in Mode Register Set command cycle.

Burst Length = 1, 2, 4, 8, full page (256)

< Burst Write (WRIT) >

Command ! Burst Length=4
All |

a0 ;
DQ —( b1 X b2 X 03 X D4 }p+—+—+—

2. Single Write Mode

Bank and first column address are selected by A11 and AO ~ A7 respectively. Write data is inputted at
the only WRIT or WRITA command cycle. So, Write data input length is 1 without reference to the Burst
Length in mode resister.

< Single Write (WRIT) >

Command WRIT

:
|
All BS :
1
1

A0~7 Column

DQ D

g

Panasonic

Be sure to visit CH PDOCS site for nmore i nformation
htt p: / / ww. chi pdocs. com



Panasonic

[Auto Precharge command (READA [Read with Auto Precharge] /
WRITA [Write with Auto Precharge] )]
1. Read with Auto Precharge (READA)

If A10 is "high" at READ command, the bank selected by A1l is precharged automatically after internal
Read operation is finished. So, Precharge command (PRE) need not to be executed for the selected bank after
Read operation.

After READA command is executed, an interval defined by n ,pr (Last data-out to Bank Active command
delay) cycle is required before Bank Active command (ACT) execution for the same bank. Minimum n ,pg
depends on CAS Latency. This command is not allowed for full page Burst Read operation.

< READ with Auto Precharge Command (READA) >

CLK

1
Command

Burst Length =4

L T T T |

Auto Prechai'ge
Starts

—

' trp X
| e
1 1-
DQ ; (a1 X @2 X @3 X Q4 )—
(CL=2) | o

Command READA

1 1

: 'Rp -

: T oo >: Napr=2

1 Hi-Z | |
DQ : {at X @z X a3 X a4 }— : ;
(CL=3) ! ' : 4 | i | i

! ! Auto Precharge | ! !

! ! Starts 1 1 1 1 I

1 1 . 1 1 1 1 1

| | | . | | | |
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2. Write with Auto Precharge (WRITA)

If A10 is "high" at WRIT command, the bank selected by A11 is precharged automatically after intemal
Write operation is finished. So, Precharge command (PRE) need not to be executed for the selected bank
after Write operation.

After WRITA command is executed, an interval defined by np,; (Last data-in to Bank Active command
delay) cycle is required before Bank Active command (ACT) execution for the same bank. Minimum np,;,
depends on CAS Latency. This command is not allowed for full page Burst Read operation.

< WRITE with Auto Precharge Command (WRITA) >

] ]
' Burst Length=4
Command WRITA

| I
. I . :
: ! |
I | I ° I
I I I——— = Npap=3 1
DQ ' — I I | |
=y T AR XX T T T T
E | | Aluto Prelcharge i i E i
| ! ! Starts | ! I I
I l I : : l I | |
Command WRITA i E E E i E E
1 ! ! 1 | 1 1 1 1
e
R .
1 ! ! 1 1 1 1 1 1
1 I | I____'I____'I____T____F___’InDAL=5
DQ ' : ' —/\ I I I I
(CL=3) —< D1 X D2 X D3 X D4 YA T T 1 T
1 + 1 1
Auto Precharge
Starts
Panasonic

Be sure to visit CH PDOCS site for nmore i nformation
htt p: / / ww. chi pdocs. com



Panasonic

[Burst Stop command (BST)]

1. Burst Read Stop

Burst data output can be terminated by Burst Stop command (BST). An interval from Burst Stop command
execution to last valid data output are defined by nggy (Burst Stop command to last valid data-out delay) cycle.
Output buffer turned to Hi-Z at nggy (Burst Stop command to output buffer turn off delay) cycle after Burst
Stop command input or when Burst Read operation is completed. Minimum ngg and ngg; depend on CAS
Latency.

< Burst Stop Command (Burst READ Stop) >

Command @

Burst Length > 4

1
1
: |
o = mmde e =
1 1 ngsp=1 - - - " : 1
DQ : L/ ' \ Hi-Z |
(CL=2) : —\ X Q2 X Q@ |
e
: : npsr=2 :'“'_J.'"_’ﬂ :
DQ ! ! L/ \ 'HiZ
(CL=3) . . —( a1 X @2 X a3 }—

2. Burst Write Stop
Burst data-input can be terminated by Burst Stop command (BST). Data-in at the same and following cycles
are ignored.

< Burst Stop Command (Burst WRITE Stop) >

1 1 1
1 1 1
Command WRIT) | : \
1 1 I
| : : :‘““'J npgw=—1
1 1 1

DQ — (o1 X 02 X 03 X 04 }——o

Burst Length > 4
CAS Latency =2,3
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B Command Interval
[READ to READ command interval]

[Case 1] Same row address in same bank

When a Read command (READ) is issued for the same row address in the same bank with previous Read
command (READ), a minimum interval from READ to READ is 1 cycle. Although previous Burst Read
operation is not completed, subsequent Read operation is started after CAS Latency cycles. Then the previous
Burst Read operation is interrupted.

< READ to READ Command Interval (same ROW address in same bank) >

Command WW

-
)

1
I
I
I
I §
|

1 1
1 [ | . .
-l Hi-Z
DO ——————— 0A1 X aB1 X QB2 X 0B3 X B4}
min. Teycle Burst Length=4
_— Burst Read CAS Latency=3
Interrupt
Column"a"

[Case 2] Different row address in same bank

When subsequent Read command (READ) is issued for a different row address in the same bank, Precharge
command (PRE) and Bank Active command (ACT) must be executed before executing subsequent Read
command.

< READ to READ Command Interval (different ROW address in same bank) >

I 1 1 1 | |

I I T Re i [Rep 1
Command R \: . (PRE)}., i {ACT : i

. : ' : :

|
I
|
I
1
N~
I
T
|

4

1 R : 1
oo B ) (D ;
1 1 - — =L — - — ' ' ' ' 1
1 nHZP 1
Read Bank Bank Read Burst Length > 2
Column"a" Precharge Active Column"b" CAS Latency =3
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[Case 3] Different bank

When a Read command (READ) is issued for a different bank from the previous Read command (READ), a
minimum interval from READ to READ is 1 cycle. Although previous Burst Read operation is not completed,

subsequent Read operation is started after CAS Latency cycles. Then the previous Burst Read operation is

interrupted.

If another bank is not activated, Bank Active command (ACT) need to be executed before subsequent Read

command execution.

< READ to READ Command Interval (different bank) >

CLK I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_l_l_
1 | 1 1 1 1 1 | 1 1 !
1 1 L 1 1 1 | 1 1 :
Command  {ACTO) | | (ACT{) ! (READX REﬁAD> oo
| : l ' : Ve ‘*i - l l '
! 1 1 1 1 1 l\
DQ e —— e G XQ32X033XQB4)—
' {kxp ' min. Icycle ‘ Burst Length=4
Bank 0 Bank1  Read Read Burst Read CAS Latency=3
Active Active Column"a" Column"b" Interrupt
of Bank 0 of Bank 1 Column"a"
Panasonic
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[WRIT to WRIT command interval]

[Case 1] Same row address in same bank

When a Write command (WRIT) is issued for the same row address in the same bank with previous Write

command (WRIT), a minimum interval from WRIT to WRIT is 1 cycle. Although previous Burst Write

operation is not completed, subsequent Write operation is started. Then the previous Burst Write operation is

interrupted.

<WRIT to WRIT Command Interval (same ROW address in same bank) >

min. lcycle re—

1

1

Command W WRITY
e 1

1

1

¥
DQ ——ba1 X DB1 X DB2 X DB3 X DB4 )
i ;

Burst Write
Interrupt

Column

non

a

[Case 2] Different row address in same bank

Burst Length=4
CAS Latency=3

When subsequent Write command (WRIT) is issued for a different row address in the same bank, Precharge

command (PRE) and Bank Active command (ACT) must be executed before executing subsequent Write

command.

<WRIT to WRIT Command Interval (different ROW address in same bank) >

: | : i T ke T i T tRep i | : i
(VET ! + \PRE) 1 \ACT) ! (VET ! !
1 1 1 1 1 1 1 1 1 1
DQM i A P\ i | i | i i : |
T I I 1 T T T T T T T T T
| 1 1 1 1 1 1 1 ¥ 1 1 !
1 ] ] ] ] ] ]
DQ DA2 }———————————————————( DB1 X DB2 X DB3 X DB4 }—
[ ———— 1 1 1 1 1 [ I 1 T
1 1 [DPL 1 1 1 1 1 1 1 1 1 1
Write Bank Bank Write (lél:;tl%engt h:j;
Column"a" Precharge Active Column"b" atency=
Panasonic
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[Case 3] Different bank

When subsequent Write command (WRIT) is issued for a different bank from the previous bank, a minimum

interval from WRIT to WRIT is 1

cycle. Although previous Burst Write operation is not completed, subsequent

Write operation is started. Then the previous Burst Write operation is interrupted.

If another bank is not activated

command execution.

<WRIT to WRIT Command

, Bank Active command (ACT) need to be executed before subsequent Write

Interval (different bank) >

1 1 1 1 1 r+—> _min. lcycle 1 1 1
1 1 1 . 1 1 1 1
Command AcToy + 4o qaeTy b (WRTAMETD 0 !
| | : | i v v i i ; : :
1 1 1 1 1 1
DQ : . : { DA1 X DB1 X DB2 X DB3 X DB4 )}— .
" tRRD . - f T ; T T
Bank 0 Bank 1 Write ! Write Burst Length=4
Active Active Column"a" Column"b" CAS Latency=3
of Bank 0 } of Bank 1
1
Burst Write
Interrupt
Column"a"
-
Panasonic
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[WRIT to READ command interval]

[Case 1] Same row address in same bank

When a Read command (READ) is issued for the same row address in the same bank with previous Write
command (WRIT), a minimum interval from WRIT to READ is 1 cycle. Although previous Burst Write
operation is not completed, data-input is interrupted by next Read command. Only the data before READ
command is written.

Data bus must be high-impedance at least one cycle before first Read data-out.

<WRIT to READ Command Interval (same ROW address in same bank) >

min. lcycle +—

Command WW -

1
1
1
I
1
~~L
1

|t -

1 1
! 1 1
1
, 1 1
1 1
1
- 1 1
. = 1 1
: 1 1
1- 1 1
. 1 [

1 1 1 1
N
DQ {DA1) 52— ~{aB1 XaBz2 X a3 X QB4 — .
" Burst Write ' ' ' ' ' Burst I:ength=4
Interrupt CAS Latency=3
Column"a"

[Case 2] Different row address in same bank

When subsequent Read command (READ) is issued for a different row address in the same bank, Precharge
command (PRE) and Bank Active command (ACT) must be executed before executing subsequent Read
command.

< WRIT to READ Command Interval (different ROW address in same bank) >

: | | | ke | T trep | . | | | |
Command - | | I | I | | | | |
W, v \PRE) o ACT) LD N !
1 ] I 1 ] ] 1 ] N N I 1 |
DQM i A AN | | | i | LN | |
[ I | | ] ] ] | ] ] ] N [ I
| | 1 l 1 1 l 1 I 1 S N 1 1
1 | | I | | | | I |
DQ DA1 X DA2 ) —— (OB

1 — [ 1 1 l 1 1 1 1 1 1
. tDPL 1 1 1 1 I 1 1 1 1 1 1

Write Bank Bank Read Burst Length 22

Column"a" Precharge Active Column"b" CAS Latency =3
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[Case 3] Different bank

When a Read command (READ) is issued for a different bank from the previous bank, a minimum interval

from WRIT to READ is 1 cycle. Although previous Burst Write operation is not completed, data-input is

interrupted by next Read command. Only the data before READ command is written.

If another bank is not activated, Bank Active command (ACT) need to be executed before subsequent Read

command execution.

Data bus must be high-impedance at least one cycle before first Read data out.

<WRIT to READ Command Interval (different bank) >

S S N S I ey I S
1 1 1 1 ! - min. lcycle ! ! ! ! !
1 I 1 —
1 1 ! WRITYREAD ! ! ! ! ! !
Command ACTO : ! (AC?T") ! < A X_B_) R S : | : |
1 1 1 1 1 1 1 T~ 1 1 | 1
1 1 I -
DQ . ——————— DAt )———%{(aB1  aB2 X aB3 X QB4 }—
¥ LRRD 1 ' . 1 1 1 ' '
Bank 0 Bank 1 Write | Read Burst Length=4
Active Active Column"a"; Column"b" CAS Latency=3
of Bank 0 | of Bank 1
1
1
Burst Write
Interrupt
Column"a"
-
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[READ to WRIT command interval]

[Case 1] Same row address in same bank

When a Write command (WRIT) is issued for the same row address in the same bank with previous Read
command (READ), a minimum interval from READ to WRIT is 1 cycle. Although previous Burst Read
operation is not completed, data output is interrupted by next Write command.

Output buffer must be high-impedance at least one cycle before Write command by asserting DQM(U/L) to
avoid data conflict. The latency from DQM(U/L) assert to output buffer turn-off (npop) is 2 cycles, so DQM
(U/L) must be asserted at least 3 cycles before Write command.

< READ to WRITE Command Interval (same ROW address in same bank) >

min. lcycle -
e 1

Command : : W
DQM 7 T N

DQ .

Burst Length=4
CAS Latency=3

Don't Care

[Case 2] Different row address in same bank
When subsequent Write command (WRIT) is issued for a different row address in the same bank, Precharge
command (PRE) and Bank Active command (ACT) must be executed before executing subsequent Write

command.

< READ to WRIT Command Interval (different ROW address in same bank) >

' I : : , L e T ! T Wep | ' I : |
command (READY 00 {pre}.! | {acT) | | W L
A S s lH, S| | | : i '
I 1 1 - I 1 1
DQ '—v—:—<OA1XQA2XOA3/ —————— \DB1 XDBZXDBSXDB4)—
- Npzp - w :
I(D\I?)?l(limn"a" Bank Bank Write Burst Length—4
Precharge Active Column"b" CAS Latency=3
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[Case 3] Different bank

When a Write command (WRIT) is issued for a different bank from the previous bank, an minimum interval
from READ to WRIT is 1 cycle. Although previous Burst Read operation is not completed, data output is
interrupted by next Write command. Only the Read data before WRIT command are put out.

If another bank is not activated, Bank Active command (ACT) need to be executed before Write command
execution.

Output buffer must be high-impedance at least one cycle before Write command by asserting DQM(U/L) to
avoid data conflict. The latency from DQM(U/L) assert to output buffer tum-off (npop) is 2 cycles, so DQM
(U/L) must be asserted at least 3 cycles before Write command.

< READ to WRIT Command Interval (different bank) >

| | | | | | ! | | | ‘I | | |
| 1 min, lcycle 1 | | | | |
Command—— Gper) |1 Qor)fED I
! | I | | M | ~ | | | |
| | 1 | | (RN | [IERN | | | | | |
DM — ) g e
T I I I ‘L\ I N H'!Z I I I I
| I I I I I I 1-
DQ —————————————{ A1 X oAz }——{ DB1 { DB2  DB3 } DB4)}—
ii't‘ikg ift‘ik; lée';‘ . Burst Read Wieite  Burst Length=4
v v foBu m]r(lg Interrupt Column"b" CAS Latency=3
orban Column"a" of Bank 1
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[READ to PRE [ Precharge Select Bank | command interval (Same bank)]

When a Precharge command (PRE) is issued for the same bank with previous Read command (READ), a
minimum interval from READ to PRE is 1 cycle. Although previous Burst Read operation is not completed,
output buffer turn to high-impedance nyzp (Precharge command to output buffer turn-off delay) cycles after
executing Precharge command. Then the previous Burst Read operation is interrupted.

An interval defined by ngp (last data-out to Precharge command delay) is required to complete Burst Read

operation.

@® Burst READ Interrupt
< READ to PRE Command Interval (same bank, Burst READ Interrupt) >

CLK

r<— min. lcycle —1

Command READ

Burst Length > 4

N

I\

:

! .

| ‘\: AN Npzp =2

1 4 N ———— i —— =

1 Y 1 1
DQ ! 1N/ \ ' Hi-Z
(CL=2) ! —< a1t X @2 X @3 )—

1 1 N 1 1 1

N

1 1 [N r——=—=—r——=-™

1 1 1 Ay 1 1 1
DQ 1 1 1\  Hi-Z
(CL=3) Q1 Q2 '

® Burst READ Complete
< READ to PRE Command Interval (same bank, Burst READ Complete) >

re—— min. lcycle —+—
1 -_—

I 1

C d ! ! ! ! ! Burst Length=4
omman BEAD V0 0 \BRE2
A | | o ngp=l |
DQ 1 A ‘\ 1 1 ra=-=-=-" 1 1
I N . l
ci=) G EVED CT0
| PN | | | |
N
DQ I I |y — ' ' —\
(CL=3) X | —\ Q1 X Q2 X Q3 X Q4 y—
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[WRIT to PRE [ Precharge Select Bank | command interval (Same bank)]

When a Precharge command (PRE) is issued for the same bank with previous Write command (WRIT), a
minimum interval from WRIT to PRE is 1 cycle. Although previous Burst Write operation is not completed,
precharge operation starts. Then the previous Burst Write operation is interrupted.

An interval defined by npp;, (last data-in to Precharge command period ) is required from last data-in to
Precharge command.

® Burst WRITE Interrupt
< WRIT to PRE Command Interval (same bank, Burst WRITE Interrupt) >

e _min. lcycle ™ Burst Length > 4

Command i i i PRE
1 1 1 1
DQM /N
i i i "nppr =1
CL=2 ; : | T
DQ —( D1 X D2 X D3 X D4 )
DQM : ] — b
I : L Npp=2
CL=3 i : St ke
pQ — b1 X D2 X D3 }— :
® Burst WRITE Complete

< WRIT to PRE Command Interval (same bank, Burst WRITE Complete) >

— min. Icycle —

1
! ! i Burst Length=4
Command WRIT !

e
(CL=2) -
| : | : '
Command ! ! : : PRE
(CL=3) : : l l : :
¥ ' ! I"“':“"’:HDPL—Z
DO — (b1 X b2 X D3 X D4 }— :
Panasonic
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W Power-On Sequence

1. Apply power and clock with NOP or DESL command input.
Maintain stable power, stable clock, and NOP or DESL input conditions for a minimum of 100us.
During above operation, CKE and DQM(U/L) inputs must be held "high".

2. Execute All Banks Precharge by issuing PRE or PALL commands.
3. After minimum t, period from last Precharge command execution, issue Mode Register Set (MRS )

command to initialize mode register.
4. With the interval of nRSA after MRS command, issue CBR (auto) refresh command (REF) at least two times

with tg interval.

After executing above power-on sequence, the device is in the idle state. And command input is possible at

any cycle.

(The sequence of Mode Register Set and CBR refresh can be transposed.)

M Note For Self Refresh
Before Self Refresh Entry command input and after Self Refresh Exit command input,

execute CBR refresh at least 2,048 times at maximum 15.6 s interval.

Panasonic
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M Electrical Specifications

[Absolute Maximum Ratings] (Vss = 0V)

Item Symbol Rating Unit
Supply Voltage 1 Vo, Voo -0.5 ~+4.6 \Y
Input/Output Voltage (1) Viv. Vour -0.5 ~ +4.6 Vv
Short Circuit Output Current Tos 20 mA
Power Dissipation Pd 1 W
Operating Ambient Temperature Topr 0~+70 ‘C
Storage Temperature Tstg -55 ~+125 ’C

Notes

(1) Vg terminal reference

Stresses greater than those listed under "Absolute Maximum Ratings" (ex. excess
voltage input or reverse insertion) may affect reliability of the device and cause unusual
heat, deterioration of characteristics or breakdown of the device.

[Recommended Operating Conditions] (Ta =0 ~ +70°C)

Item Symbol Min. Typ. Max. Unit
VDD
Supply Voltage Vo 3.0 33 3.6 A%
A%
Vewo 0 0 0 v
Input Voltage “H” Level Vi 2.0 Vppt0.3 v
Input Voltage “L” Level Vi -0.3 0.8 Vv
Panasonic
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[Terminal Capacitance] (Vpp= 3.3V £ 0.3V, Ta= 0 ~ +70°C, 1IMHz)

Item Symbol Min. Typ. Max. Unit
Input Address Cy 6 pF
Clock Cp, 6 pF
Data Input/Output Cio 8 pF

[DC Characteristics] (Vpp= 3.3V £ 0.3V, Ta=0 ~ +70°C)

Item Symbol Min. Typ. Max. Unit Note
Input Leakage Current Iy -5 0.1 5 LA ¢))
Output Leakage Current Lo -5 0.1 3 HA 2)
Output Voltage “H” level Vou 2.4 \'% 3)
Output Voltage “L” level VoL 0.4 AV 4

Notes
(1) OV < Vi< 3.6V, Input pins other than measurement pins are at OV, or Vpp.
(2) OV < Vour < 3.6V, Output is in a high-impedance state.
3) Ipg=-2mA
4) Iy =2mA
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[DC Operating Conditions] (Vpp= 3.3V £ 0.3V, Ta=0 ~ +70°C)

Item Symbol Condition Grade Max. Unit | Note
Operating Current Lect Burst Length=1 -80 100
(1 bank active) tre=Min.
-90 90 mA | 23
-10 80
Standby Current Iep | CKESVL
(All banks inactive) texg=Min. 2 mA | 2
(Power Down mode)
Lecops CKE<Vy,
tex=Vi Or Viy 1 mA
(Power Down mode)
Tecon CKE> Vi -80 28
=Min.
fex -90 25 mA | 2
-10 22

Standby Current Icesp CKE<Vp,

(All banks active) tex=Min. 2 mA [ 2
(Power Down mode)

Toesn EKEL? VIH -80 28
=Min.
* -90 25 mA | 2
-10 22
Burst Operating Current Tecs tex=Min. -80 150
(Bank interleave)
-90 135 mA | 23
-10 120
Refresh Current P tre=Min. -80 120
-90 105 mA |2
-10 90
Self Refresh Current Tecs CKE <V
2 mA
Panasonic
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[Electrical Characteristics and Recommended AC Operating Conditions (Synchronous)]
(Vpp=3.3V£0.3V,Ta=0 ~ +70C)

-80 -90 -10
Item Symbol Unit |Note
Min. | Max. | Min. | Max. | Min. | Max.

CLK Cycle Time CL=3]| tex 8 9 10

ns 4

CL=2 12 13.5 15

Access Time from CLLK cL=3| the 6.5 7 g

ns | 4.5

CL=2 9 10.5 12
CLK High Level Width ten 3 3 3.5 ns 4.6
CLK Low Level Width ter 3 3 35 ns 4.6
Data-out Hold Time ton 2 2.5 2.5 ns 4
Data-out Low-impedance Time t 7 0 0 0 ns 4
Data-out High-impedance Time |  ty 10 10 10 ns 4
Data-in Setup Time tps 2.5 3 3 ns 4.6
Data-in Hold Time tbn 1 1 1 ns | 4,6
Address Setup Time las 2.5 3 3 ns | 4,6
Address Hold Time tan 1 1 1 ns | 4,6
CKE Setup Time teks 2.5 3 3 ns 4,6
CKE Hold Time tekn 1 1 1 ns | 4,6
C&mmand Setup_Time ( s 4.6
(CS.RAS,CAS,WE,DQM) | loms | 2.5 3 3 A
C&mmand Holdﬂme ¢ ] 46
(CS.RAS,CAS.WEDQM) | ‘&® [ 1 1 I
Panasonic
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[Electrical Characteristics and Recommended AC Operating Conditions (Asynchronous)]
(Vpp=3.3V£0.3V, Ta=0 ~ +70°C)

-80 -90 -10
Item Symbol Unit [Note
Min. | Max. | Min. | Max. | Min. | Max.
ACT (REF) to ACT (REF) tre 30 90 100 ns | 4,7
Command Period
(Same Bank)
ACT to PRE Command Period
t * k4
(Same Bank) ras | 56 120000] 63 [120000] 70 [1200000 ns | 4.7
PRE to ACT Command Period ¢ 47
(Same Bank) RP 24 27 30 ns ,
ACT to READ/WRIT
t ns 4.7
Command Period (Same Bank) Reb 24 27 30
ACT to ACT Command Period ¢ s 47
(Different Bank) RRD 24 27 30 $ >
Data-in to PRE 1CLK 1CLK 1CLK
L= t {
Command Period CL=3( for +8 +9 +10 ns | 4.7
CL=2 8 9 10 ns
Data-in to ACT (REF) _ 2CLK 2CLK 2CLK
Command Period i el Y +27 +30 i e
(Auto Precharge) CL=2 ICZK 1C;7K IC;;( ns
+ + +
Transition Time tr 1 30 1 30 1 30 ns
Refresh Time tRER 32 32 32 | ms
Panasonic
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[Correlation Between Frequency and Minimum Latency]

Speed Version -80 -90 -10 UNIT
CLK Cycle Time 8 12 9 135 | 10 15 | ns
Frequency 125 83 111 74 100 66 | MHz
CAS Latency 3 2 3 2 3 2 cycle
NRep 3 2 3 2 3 2 cycle
RAS Latency [ty -p+CAS Latency] 6 4 6 4 6 4 cycle
Nrc 10 7 10 7 10 7 cycle
NRas 7 5 7 5 7 5 cycle
DRRD 3 2 3 2 3 2 cycle
Ngp 3 2 3 2 3 2 cycle
Nppy, 2 1 2 1 2 1 cycle
Npar 5 3 5 3 5 3 cycle
Rsa gfn?rrtirﬁicPtriod 2 2 2 2 2 2 |oyele
o P [ o [ 2 [ o [ 2 [ 2 | 2 [ewe
nNpip Bgymfnia;}iizd 0 0 0 0 0 0 cycle
N I N N I
Depg ggbtlz gcl;lif)d 1 1 1 1 1 1 cycle
o s [T o [0 [0 [0 [ o [
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[Correlation Between Frequency and Minimum Latency]

Speed Version -80 -90 -10 UNIT
CLK Cycle Time 8 12 9 13.5 10 15 ns
Frequency 125 83 111 74 100 66 | MHz
CAS Latency 3 2 3 2 3 2 cycle
o 1}3:1;1:; Last Valid Data-out ) 1 ) 1 2 1 cycle
Mot et | 3 | 2 | 3 | 2| 3| 2 feee
Nagw lsesr;ro 3) Last Valid Data-in 4 B R F B B oyele
e tersommerse | Lo [ [ feee
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[NOTES]
1. All voltages are referenced to Vgg.
2. These parameters depend on cycle rates. These values are measured under the value of
tex(Min.) and tp-(Min.). And input signals are changed only one time during t-(Min.).
3. These parameters depend on output loading. These values are measured with the output open.
4. AC measurement assumes t;=1ns. Reference level for measuring timing of input signals is 1.4V.
Transition times are measured between Vi and V.
5. AC access time is measured at 1.4V.
6. If t;is longer than 1ns, reference level for measuring timing of input signals is Vp; and Vy;.
7. These parameters account for the number of clock cycle and depend on the operating frequency of
the clock, as follows :
the number of clock cycle = specified value of timing/clock period
( count fraction as a whole number )
See "Correlation Between Frequency and Minimum Latency".
[AC Test Conditions]
CLK
2.0V
Input 1.4v
0.8V
Output
1.4V
Z=50Q 00
Output
7177 777 50pF
777
Output Load
Panasonic
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[AC Timing (Read)] Burst Length=2, CAS Latency=3

Don't care (VingViL(Max.) or VinzVin(Min.))

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
tex
cux N\
ton | o
CKE
cs
RAS
CAS
WE
All
AlO
AO~A9
DQM
High-Z
DQ £ |
BankO BankO Bankl BankO
Active Read Active Bank1l BankO Active
Read with Precharge

Auto Precharge

RAO/1 : Row Address (Bank 0/1), CAO/1 : Column Address (Bank 0/1), QOx/1x : Output Data (Bank 0/1)

[AC Timing (Read)] Burst Length=2, CAS Latency=2

Don't care  (VingVi(Max.) or VigzVi(Min.))
8 9 10 11 12

CLK _7 L_\_7

All

AO0~A9

DQM

DQ |

BankO
Active Read Bankl Bankl BankO Active
Active Read with Precharge
Auto Precharge

RAO/1 : Row Address (Bank 0/1), CAO/1 : Column Address (Bank 0/1), QOx/1x : Output Data (Bank 0/1)

Panasonic

Be sure to visit CH PDOCS site for nmore i nformation
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Panasonic

[AC Timing (Write)] Burst Length=4, CAS Latency=3

Don't care (VingViL(Max.) or VinzVig(Min.))

9 10 11 12 13 14
CLK
CKE
cs
RAS
CAS
WE
All
AlO
AO~A9
DQM
. -
High-Z ;
DQ £ { Dot X Do2 X Do3 X poa XD 11 XD12X D13 X D14 )
LD [ | tpaL [
| topL
BankO BankO Bankl Bankl |
Active Write Active Write
with BankO Bankl

Auto Precharge Active Precharge

RAO/1 : Row Address (Bank 0/1), CAO/1 : Column Address (Bank 0/1), QOx/1x : Output Data (Bank 0/1)

[AC Timing (Write)] Burst Length=4, CAS Latency=2

Don't care  (VingVi(Max.) or VingVia(Min.))

o L 2 3 4 5 6 7 8 ° 10 1L 12
CLK L_\_7
.
CKE
cs /
RAS
Cas
WE
All
Al0
AO0-A9
DQM
<
High-Z =
DQ { pot X poz X pboza X posa X D11 X D12z X D13 X D14 )—
| | | | | tbar | tppL
| |
Bani Bank0 Banlcl Bankl BankO Bankl
Active Write with Active Write Active Precharge

Auto Precharge

RAO/1L : Row Address (Bank 0/1), CAO/1 : Column Address (Bank 0/1), QOx/1x : Output Data (Bank 0/1)

Panasonic
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Panasonic

[Power On Sequence]

Don't care (VingViL(Max.) or VinzVia(Min.))

0 1 2 3 4 5 6 7 12 15 16 17 22 23 24 25
tok
CLK | | I
toy
CKE High
toems o
Ts
RAS
CAS
WE
All
A1l0
AO~A9
DQM High
High-Z
DQ —87
trRp NRsA trC trRc
Precharge Mode CBR CBR Bank0
T

All Banks Register Set Refresh Refresh Active
[PALL] [MRS] [REF] \/ [REF] [ACT]

Minimum 2 times

OP : Operation Code, RO : Row Address (Bank 0)

[Mode Register Set during operation] Burst Length=4, CAS Latency=3

Don't care (VingViL(Max.) or VinzVin(Min.))

o] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

cLK ;MWMWRWWM

Lol
—]
=

RP NRsa (RcD
irl?%]:;ii Re l\i/g:gre Set 2@2&2 Column 13:"aif Bank0
[PALL] ngRS] [ACT] with Autoprecharge
(it needed) [READA]

OP : Operation Code, RO : Row Address (Bank 0), CO : Column Address (Bank O)

Panasonic
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Panasonic

[Read (Same Row & Random Column)] Burst Length=4, CAS Latency=3

Don't care (VingVin(Max.) or Vinz Vig(Min.))

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

ax 1] pigupipNpipNpNpNpipipippigupl

DM Low
High-Z
DQ £
tRcD
)
Bank0Q Read Read Read
Active Column "a" Column "b"  Column "c" Bank0 BankOQ
[ACT] [READ] [READ] [READ] Precharge Active

[PRE] [ACT]

RAO/1 : Row Address (Bank 0), CO : Column Address (Bank 0)

[Write (Same Row & Random Column)] Burst Length=4, CAS Latency=3

Don't care (VmngVio(Max.) or VizVig(Min.))

(o} 1 2 3 4 5 6 7 8 9 10 13 14 15 16 17 18 19 20
tek
e [T LML L L
el toL
High
cxe I T
cs A
s Y \[/ 1/ Y/ \/
RAS
CAS
WE
All
Al0
AO0~A9
DQM
DQ
topL trp
Bank0 Write Write ‘Write Bank0 Bank0
Active Column "a" Column "b" Column "c" Precharge Active
[ACT] [WRIT] [WRIT] [WRIT] [PRE] [ACT]

RO : Row Address (Bank 0), CO : Column Address (Bank 0)

Panasonic
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Panasonic

[Read (Random Row & Bank Interleave)] Burst Length=8, CAS Latency=3

Don't care (VingViL(Max.) or VinzVig(Min.))
14 15 16 17 18 19 20 21 22

CLK

RAS

CAS

All

Al0

AO~A9

DQM

DQ
RRD

BankO Read

Active Column "a"

[ACT] of Bank0

[READ] [READ] [READ]
BankO Bank1
Precharge Precharge
RE]

RO/1 : Row Address (Bank 0/1), CO/1 : Column Address (Bank 0/1)

[Write (Random Row & Bank Interleave)] Burst Length=8, CAS Latency=3

Don't care (VingVy (Max.) or Vinz Vig(Min.))

o ! 2 3 4 5 6 7 8 ° 10 11 12 13 14 15 16 17 18 19 20 21
tok
CLK ﬂ I
CKE
cs
RAS
CAS
WE
All
AlO
AO~A9
DQM
DQ
BankO Write Bank1 Wi Bank0 Write
Active Column “a* Active Cole Active Column “c"
[ACT] of BankO [ACT] gf%“:‘k b [ACT] of BankQ
[WRIT] [WRIT] [WRIT]
BankO Bankl1
Precharge Precharge
RO/1 : Row Address (Bank 0/1), CO/1 : Column Address (Bank 0/1) [PRE]

Panasonic
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Panasonic

[Read with Autoprecharge (Random Row & Bank Interleave)]

Burst Length=4, CAS Latency=3

Don't care (VingVi(Max.) or VinzVig(Min.))

. 1 2 3 4 5 6 7 8 9 10 11 14 15 16 17 18 19 20
CK
ax
tcH
CKE  High
CcMS
cs
RAS
CAS
WE
All
Al0
AO0~A9
DOM Low
AC Ton
High-Z
DQ a Xa+i1Xa+2Xa+3X b Xb+1Xb+2 X b+3
treD trcD trp trep
tRRD
BankO Bank1 Bank0 BankO Bankl
Active Active Autoprecharge Active Autoprecharge
[ACT] [ACT] Start [ACT] Start
Read Read Read
Column "a" of Bank0O Column "b" of Bankl Column "c¢" of Bank0O
with Autoprecharge with Autoprecharge with Autoprecharge
[READA] [READA] [READA]

RO/1 : Row Address (Bank 0/1), CO/1 : Column Address (Bank 0/1)

[Write with Autoprecharge (Random Row & Bank Interleave)]

Burst Length=4, CAS Latency=3

Don't care (VingVi(Max.) or VinzVig(Min.))

14 15 16 17 18 19 20

b+1 b+3

trRCcD

trP
oAl
Bankl BankQ BankO
222]‘(,2 Active Autoprecharge Active
[ACT] [ACT] | Start [ACT]
Write Write
Column "a” of BankQ Column "b"” of Bank1
with Autoprecharge with Autoprecharge
[WRITA]

RO/1 : Row Address (Bank 0/1), CO0/1 : Column Address (Bank 0/1)

Bankl
Autoprecharge
Start

Write
Column “"c¢” of BankQ
with Autoprecharge
[WRITA]

Panasonic
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Panasonic

[Full Page Read] Burst Length= Full Page, CAS Latency=3

Don'tcare (VngVi(Max.) or VinzVig(Min.))

i=256
—4 -3 —2 -1 o] 1 2 3 4 5 i-1 i i+l 42 43 i+4 45 46 i+7  i+8  i+9
el d
CLK
CKE
cs
RAS
CAS
WE
All
Al0
AO~A9
DQM
DQ
RRD
BankO Read Bankl Read Burst Bank0O
Active Column "a" Active Column "b" Sto Precharge
[ACT] of Bank0O [ACT] of Bank0 [BST] [PRE]
[READ] [READ]

RO/1 : Row Address (Bank 0/1), CO/1 : Column Address (Bank 0/1)

[Full Page Read] Burst Length= Full Page, CAS Latency=2

Don't care (VingViL(Max.) or VizgViy(Min.))

i=256
—4 -3 -2 -1 o 1 2 3 4 5 i-1 i i+l 42 43 i+4 i+5 46 i+7 i+8  i+9
Tox
CLK I
CKE
cs
RAS
CAS
WE
All
Al0
AO0~A9
DOM
bo 2 D e §
RRD
BankO Read Bankl Read Burst BankO
Active Column “a" Active Column "b" Stop  Precharge
[ACT] of BankO [ACT] of BankO [BST] [PRE]
[READ] [READ]

RO/1 : Row Address (Bank 0/1), CO0/1 : Column Address (Bank 0/1)

Panasonic
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Panasonic

[Full Page Write] Burst Length=Full Page, CAS Latency=3

Don't care (VngVin(Max.) or VinzVig(Min.))

i=256
2 -1 o0 1 2 3 4 5 i2 il i i+l i+2 43 44 i+5 46 i+7  i+8  i+9  i+10
tok
ax [T WML oo
ton |t ten
CKE High |
toms CMH
Ts A
SEERE NP \ [/ \/ \ L/ |/
RAS
CAS
WE
All
A10
AO0~A9
DQM
DQ

BankQ ‘Write Bank1l Write Burst BankQ

Active Column "a" Active Column "b" Stop  Precharge

[ACT] of Bank0 [ACT] of Bank1l [BST] [PRE]
[WRIT] [WRIT]

RO/1 : Row Address (Bank 0/1), CO0/1 : Column Address (Bank 0/1)

[Full Page Write] Burst Length=Full Page, CAS Latency=2

Don't care (VingVip(Max.) or VzVig(Min.))
i=256
—2 -1 (o] 1 2 3 4 5 i-1 i i+l i+2 3 4 5 i+6 i+7 48 49 i+10 i+ll

(LMLl

Bank0 Write Bankl Write Burst Bank0

Active Column "a"” Active Column "b" Stop  Precharge

[ACT] of Bank0 [ACT] of Bank0 [BST] [PRE]
[WRIT] [WRIT]

RO/1 : Row Address (Bank 0/1), CO0/1 : Column Address (Bank 0/1)

Panasonic
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Panasonic

[CBR (Auto) Refresh] CAS Latency=3

Don'tcare (VingVi(Max.) or VizVig(Min.))

14 15 16 17 18 19 20 21

Lck
CLK
CKE
Cs
RAS
CAS
WE
All
AlO
AO0~-A9
DOM Low
tac
D High-Z 3
Q Rp RC RcD 2 AB+
Minimum 10 Cycles
Precharge CBR BankO Read
All Banks Refresh Active Column "a"
[PALL] [REF] [ACT] of BankQ
(if needed) [READ]

RO : Row Address (Bank 0), CO : Column Address (Bank O)

[CBR (Auto) Refresh] CAS Latency=2

Don't care (VingViL(Max.) or VinzViy(Min.))
o] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Tok
e TP L L [T
CKE
CcSs
RAS
CAS
WE
All
A1l0
AO0~A9
DQM Low
tac
b High-Z
Q trp tre tRe tRep a
Precharge CBR CBR Bank0 Read
All Banks Refresh Refresh Active Column "a"
[PALL) [REF] [REF] [ACT] of Bank0
(if needed) [READ]

RO : Row Address (Bank 0), CO : Column Address (Bank 0)

Panasonic
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Panasonic

[Self Refresh] CAS Latency=3

Don'tcare (VingVi(Max.) or Vi2Vig(Min.))
8 9 10 11 12 13 14

Tok

CLK

CKE

cs

RAS

CAS

WE

All

AlO

AO~A9
DQM Low
High-Z
DQ trC rC
CBR Self Refresh Self Refresh CBR
Refresh Entry Exit Refresh

[SELF] [CBR]

RO : Row Address (Bank 0), CO : Column Address (Bank O)

[Self Refresh] CAS Latency=2

Don't care (VingVio(Max.) or VizVig(Min.))
7 8 9 10 11 12 13 14

Lok

CLK

CKE

cs

RAS

CAs

WE

All

A10

AO~A9
DM Low
High-Z
bQ trC Rc
CBR Self Refresh Self Refresh CBR
Refresh Entry Exit Refresh

[SELF] [CBR]

RO : Row Address (Bank 0), CO: Column Address (Bank 0)

Panasonic

Be sure to visit CH PDOCS site for nmore i nformation
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Panasonic

[Clock Suspend (during Burst Read)] Burst Length=8, CAS Latency=3

Don't care (VingViL(Max.) or VnzVig(Min.))

) 1 2 3 4 5 6 7 g8 9 10 11 12 13 14 15 16 17 18 19 20 21
e d
cx [ | JEE SRS RSN SRS RN ERERE R RS
tcH ton o ,s_—'f——|<-tvku
CKE ~k_ / \
tems temE \ /
|
Ccs
RAS
CaAs
WE
All
AlO
AO~A9
DQM Low
tac__ o
High-Z
po i X a0 X a2 X e O O O (75)
tnen Sag] T ] T T [Feg ]

Internal

BankQ Read
Active Column "a" PBaEkO
[ACT] of BankO Internal r[el;:RaEr]ge

[READ] Clock Clock
Suspend Suspend
Start end

RO : Row Address (Bank0Q), CO : Column Address (BankO)

[Clock Suspend (during Burst Read)] Burst Length=4, CAS Latency=2

Don't care (VingVi(Max.) or VingVig(Min.))
o] 1 2 3 4 3 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

CKE /
cs
RAS
CAS
WE
All
A1l0
AO~A9
DOM
DQ
tReD Dorg | [ [ | trRp tRCD
Bank0 Read = B 4 4
. - ank0 Read
Active  Column "a Banko e ol Internal  Internal
[ACT] of Bank0 Internal Internal  Precharge ACT] i Clock Clock
[READ] o Clode [PRE] i Suspend Suspend
Suspend Suspend Autoprecharge Start end
Start end [READA]

RO : Row Address (Bank0), CO : Column Address (BankQO)

Panasonic
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Panasonic

[Clock Suspend (during Burst Write)] Burst Length=8, CAS Latency=3

Don'tcare (VingViL(Max.) or VinzVin(Min.))

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
tok
S igigigigigigigigigigigigigigigigigigigigigh
o ter tclgq: CKH
CKE
b
cs
RAS
CAS
WE
All
Al0
AO0~A9
DQM Low
Ips
High-Z =
DQ a a+1 a+2 a+3 Xa+4 Xa+5 a+6Xa+7
treD
n,
Bank0 e
Active Write
[ACT] Column "a" Internal Internal
of BankO Clock Clock
[WRIT] Suspend Suspend

Start end

RO : Row Address (BankO), CO: Column Address (BankO)

[Clock Suspend (during Burst Write)] Burst Length=4, CAS Latency=2

Don't care (VngVi(Max.) or VzVig(Min.))
o] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

ok
S (LML L
e
CKE
toms \__/
(&)
RAS
CAS
WE
All
Al0
AO~A9
DOM
High-Z
DQ iy
o trp Rep
! A A
BankO ‘Write \ / BankQ Bank0 ‘Write
Active Column "a" Precharge Active Column "b" I.létlemal Irétlemal
[ACT] of BankQ Internal Internal [PRE] [ACT] of Bank0 s ock s ock
[WRIT] Clock Clock with uspend uspend
Suspend  Suspend Autoprecharge  Start end
Start end [WRITA]

RO : Row Address (BankQ), CO : Column Address (Bank0O)

Panasonic
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Panasonic

[Power Down Mode] Burst Length=4, CAS Latency=2

Don't care (VngVii(Max.) or VinzVig(Min.))
14 15 16 17 18 19 20 21

AO~A9
bDoM Low
tac ton
. -
DQ HighZ a Xa+1Xa+2Xa+3
RP
Read

Bank0 Active Column "a" +E

Active Power Down of Bank0 Idle Power Down

lact [READ] Banko

Power Down Power Down Precharge Power Down Power Down

Mode Mode [PRE] Mode Mode
Entry Exit Entry Exit

RO : Row Address (Bank0), CO : Column Address (BankO)

[Byte Mask Control] Burst Length>8, CAS Latency=3

Don't care (VingVi(Max.) or VzVig(Min.))
14 15 16 17 18 19 20 21

ax _| (LM L
CKE
= / \L/~
RAS
CAS
WE
All
Al0
AO0~A9
LDQM
UDQM
High-Z.
Lower DQ
High-Z
Upper DQ
Bank0 Read Upper Lower Burst Read Lower  Upper Burst Write
Active Column "a" Byte Byte Interrupted Byte Byte Interrupted
[ACT] of BankO Read Read by ‘Write Write by
[READ] Disable Disable ‘Write Masked Masked Precharge
Command Command

RO : Row Address (BankQ), CO : Column Address (BankQ)

Panasonic
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Panasonic

[Burst Read & Burst Write] Burst Length=4, CAS Latency=3

Don't care  (VingVi.(Max.) or VizViy(Min.))
14 15 16 17 18 19 20 21

Tog
ax _[1] (LML
CKE
cs
RAS
CAS
WE
All
Al0
AO0~A9
DQM
High-Z
DQ
BankO Read Write Read BankO
Active Column "a" Column "b" Column "c" Precharge
[ACT] of BankO of BankO of BankO [PRE]
[READ] [WRITE] [READ]

RO : Row Address (Bank 0), CO : Column Address (Bank 0)

[Burst Read & Single Write] Burst Length=4, CAS Latency=3

Don't care (VingViL(Max.) or VinzViu(Min.))
(o) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Lok
ax [ oy
CKE
cs
RAS
CAS
WE
All
AlO
AO~A9
DQM
High-Z
DQ £
Bank0 ead Write Read Bank0
Active Column "a" Column "b" Column "c" Precharge
[ACT] of Bank0 of Bank0  of Bank0 [PRE]
[READ] [WRIT] [READ]

PO : Row Address (Bank 0), CO : Column Address (Bank 0)

Panasonic
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Panasonic

[Burst Read & Single Write] Burst Length=8, CAS Latency=3

Don't care (VingVi (Max.) or Vi zVy(Min.))
(o} 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Lok
ax [ [y e
e | ten
T
High
CKE tCM;g. temu
cs A
s X \/ |/
RAS
CAS
WE
All
Al0
AO0~A9
DQM
@
High-Z >
DQ a a+1a+2a+3Xa+4 La+5Ka+6 La+7
trRep
Bank0 Read Write Write  Write
Active Column "a" Column "b" Column "¢”  Column "d"
[ACT] of Bank0 of BankQ of Bank0 of BankQ
[READ] [WRIT] [WRIT] [WRIT]

RO : Row Address (Bank 0), CO : Column Address (Bank 0)

Panasonic

Be sure to visit CH PDOCS site for nmore i nformation
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