DATA SHEET

ELP’DA MOS INTEGRATED CIRCUIT
uPD4564441, 4564841, 4564163

64M-bit Synchronous DRAM
4-bank, LVTTL

Description

The uPD4564441, 4564841, 4564163 are high-speed 67,108,864-bit synchronous dynamic random-access
memories, organized as 4,194,304 x 4 x 4, 2,097,152 x 8 x 4, 1,048,576 x16 x 4 (word x bit x bank), respectively.

The synchronous DRAMs achieved high-speed data transfer using the pipeline architecture.

All inputs and outputs are synchronized with the positive edge of the clock.

The synchronous DRAMs are compatible with Low Voltage TTL (LVTTL).

These products are packaged in 54-pin TSOP (ll).

Features

* Fully Synchronous Dynamic RAM, with all signals referenced to a positive clock edge
* Pulsed interface

* Possible to assert random column address in every cycle

* Quad internal banks controlled by A12 and A13 (Bank Select)

* Byte control (x16) by LDQM and UDQM

» Programmable Wrap sequence (Sequential / Interleave)

» Programmable burst length (1, 2, 4, 8 and full page)

» Programmable /CAS latency (2 and 3)

» Automatic precharge and controlled precharge

» CBR (auto) refresh and self refresh

» x4, x8, x16 organization

* Single 3.3V + 0.3 V power supply

* LVTTL compatible inputs and outputs

* 4,096 refresh cycles / 64 ms

* Burst termination by Burst stop command and Precharge command

The information in this document is subject to change without notice. Before using this document, please
confirm that this is the latest version.

Not all devices/types available in every country. Please check with local Elpida Memory, Inc. for
availability and additional information.

Document No. E0149N10 (Ver.1.0)
(Previous No. M12621EJCV0DS00) © Elpida Memory, Inc. 2001
Date Published August 2001 (K)

Printed in Japan Elpida Memory, Inc. is a joint venture DRAM company of NEC Corporation and Hitachi, Ltd.
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Ordering Information

e B
[PD4564441G5-A80-9JF AM x4 x4 125 54-pin Plastic TSOP (Il)
[PD4564441G5-A10-9JF 100 (10.16mm (400))
{PD4564441G5-A10B-9JF 100
(PD4564841G5-A80-9JF 2M x 8 x 4 125
(PD4564841G5-A10-9JF 100
(PD4564841G5-A10B-9JF 100
[PD4564163G5-A80-9JF 1M x 16 x 4 125
(PD4564163G5-A10-9JF 100
{PD4564163G5-A10B-9JF 100
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Part Number

[ X4, X8 ]

1PD4564841G5 - A80

NEC Memory J

Synchronous DRAM

Memory density

64 : 64M bits

Organization

Number of banks

4 : 4 banks

Interface

1:LVTTL

[ Xx16 ]

Organization

16 : x16

Number of banks
and Interface

3:4 banks, LVTTL

Minimum cycle time

80 :8ns (125 MHz)
10 :10ns (100 MHz)
10B : 10 ns (100 MHz)

Low voltage

A:33%03V

163
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Package

G5 : TSOP (Il)
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Pin Configurations

/xxx indicates active low signal.

A0 to A13Nete .

DQO to DQ3
CLK
CKE
/CS
/IRAS
/ICAS
IWE
DQM
Vce
Vss
VeeQ
VssQ
NC

[uPD4564441]
54-pin Plastic TSOP (ll) (10.16mm (400))
4M words x 4 bits x 4 banks

—/

Vee O—1 54 —COVss
NC O—2 53——ONC
VecQ O—3 52 —OVssQ
NC O—4 51 —ONC
DQO O=—|5 50 «—>ODQ3
VssQ O—6 49 ——-=0OVceQ
NC O——7 48 ——ONC
NC O—8 47 ——ONC
VecQ O——9 46 —OVssQ
NC O——-10 45 ——CONC
DQ1 O=— 11 44 |=~—>=0ODQ2
VssQ O——12 43 ——C0OVceQ
NC O—13 42 ——CONC
Vee O—— 14 41 —COVss
NC O——15 40 —ONC
/WE O——] 16 39 |=—ODQM
ICAS O— 17 38 |« —OCLK
/RAS O—| 18 37 [=—OCKE
/ICS O—{ 19 36 —ONC
Al3 O— 20 35 ~—0A1L1
A10 O——| 22 33 |l«—0OA8
A0 O—»{ 23 32 l«—OA7
Al O——|24 31ll«—0A6
A2 O——]25 30 }«—0A5
Vee O—— 27 28——OVss

Address inputs

: Data inputs / outputs

: Clock input

: Clock enable

: Chip select

: Row address strobe

: Column address strobe
: Write enable

: DQ mask enable

Data Sheet E0149N10

: Supply voltage

: Ground

: Supply voltage for DQ Note AO to A11 : Row address inputs

: Ground for DQ A0 to A9 : Column address inputs
: No connection A12, A13 : Bank select
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A0 to A13 Note.

DQO to DQ7
CLK
CKE
/CS
/IRAS
/ICAS
IWE
DQM
Vce
Vss
VeeQ
VssQ
NC

[uPD4564841]
54-pin Plastic TSOP (ll) (10.16mm (400))
2M words x 8 bits x 4 banks

—/

Vee O—1 54 F—OVss
DQO O~—=]|2 53 }~——0DQ7
VecQ O—13 52 —OVssQ

NC O—4 51 —ONC
DQ1 O~—=|5 50 }~—=0ODQ6
VssQ O—— 6 49|——0OVeeQ

NC O—7 48 ——ONC
DQ2 O~—~|8 47~——~0ODQ5
VeeQ O—19 46 —OVssQ

NC O——-10 45 ——CONC
DQ3 O=—11 44 |«~—=0ODQ4
VssQ O——12 43 ——OVceeQ

NC O— 13 42—ONC

Vece O—114 41 —COVss

NC O——15 40 ——ONC
IWE O——] 16 39 =—ODQM
/ICAS O—= 17 38 |«—OCLK
/RAS O—=] 18 37 |«~—OCKE

/CS O—{ 19 36 —ONC

A13 O— 20 35~—0A11

Al2 O— |21 34|« OA9

Al0 O——| 22 3B l—0A8

A0 O—» 23 32 |«—0A7

Al O—|24 31 |«—OA6

A2 O— 25 30 l«—OAS5

A3 O— 26 29|« A4

Vee O—— 27 28——OVss

Address inputs

: Data inputs / outputs

: Clock input

: Clock enable

: Chip select

: Row address strobe

: Column address strobe
: Write enable

: DQ mask enable

: Supply voltage

: Ground

: Supply voltage for DQ Note AO to A11
: Ground for DQ A0 to A8
: No connection A12, A13

Data Sheet E0149N10

: Row address inputs
: Column address inputs

: Bank select
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[uPD4564163]
54-pin Plastic TSOP (Il) (10.16mm (400))
1M words x 16 bits x 4 banks

—/
Vece O—1 54 F—COVss
DQO O=——|2 53 =—>=0ODQ15
VeeQ O——13 52 F—OVssQ
DQ1 O=—+]4 51 «——0ODQ14
DQ2 O=~—=|5 50 k~——=0ODQ13
VssQ O— 6 49 ——OVceQ
DQ3 O=~—~|7 48 |~—=0ODQ12
DQ4 O~—~|8 47 ~——0DQ11
VccQ O—19 46 4OVSSQ
DQ5 O=——= 10 45 «—>=0ODQ10
DQ6 O=—] 11 44 «—=0O DQ9
VssQ O———12 43 ——C0OVceQ
DQ7 O=—| 13 42 «=—=0O DQ8
Vee O— 14 41 —OVss
LDOQM O——] 15 40 —ONC
IWE O—| 16 39 ~—OUDQM
ICAS O——| 17 38 [«—OCLK
/IRAS O——| 18 37 [=—OCKE
/ICS O——] 19 36 —ONC
Al13 O—— 20 35 —0OAL1
Al2 0— )21 34|« 0A9
A10 O—| 22 33} «——0OA8
A0 O— |23 32|« OAT7
Al O— |24 31l 0OA6
A2 O— |25 30| 0A5
A3 O0— |26 29| 0A4
Vee O—— 27 28——OVss
AO to A13 M : Address inputs
DQO to DQ15 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/CS : Chip select
/RAS : Row address strobe
/CAS : Column address strobe
/WE : Write enable
LDQM : Lower DQ mask enable
ubQM : Upper DQ mask enable
Vce : Supply voltage
Vss : Ground
VeeQ : Supply voltage for DQ Note AO to A11: Row address inputs
VssQ : Ground for DQ AOQ to A7 : Column address inputs
NC : No connection A12, A13 : Bank select
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Block Diagram

CLK O—

Clock
CKE O—] Generator
| ‘ Bank D
| ‘ Bank C
| ‘ Bank B
Row
A
ddress Address =
v o Buffer o 3
Vod o & "1 8 | |
ode Refresh a Bank A
Register Counter = HH
, € ]
Yy %Y B
! »| Sense Amplifier -

/ICS O———>

——O DQM

[ os

Column Decoder & [

Column Latch Circuit

Address
Buffer @
&

/CASO—— [:>
Burst -
Data Control Circuit
IWE O > Counter

\AI

v

-

/IRASO——>

Control Logic
Y

Command Decoder

Latch Circuit

Input & Output
Buffer
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1. Input / Output Pin Function

Pin name Input / Output Function

CLK Input CLK is the master clock input. Other inputs signals are referenced to the CLK rising
edge.

CKE Input CKE determine validity of the next CLK (clock). If CKE is high, the next CLK rising
edge is valid; otherwise it is invalid. If the CLK rising edge is invalid, the internal clock
is not issued and the uPD4564xxx suspends operation.

When the UPD4564xxx is not in burst mode and CKE is negated, the device enters
power down mode. During power down mode, CKE must remain low.

/CS Input /CS low starts the command input cycle. When /CS is high, commands are ignored
but operations continue.

/IRAS, /CAS, /IWE Input /RAS, /CAS and /WE have the same symbols on conventional DRAM but different
functions. For details, refer to the command table.

A0 - A13 Input Row Address is determined by A0 - A13 at the CLK (clock) rising edge in the active
command cycle. It does not depend on the bit organization.

Column Address is determined by AO - A9 at the CLK rising edge in the read or write
command cycle. It depends on the bit organization: AO - A9 for x4 device, AO - A8 for
x8 device, A0 - A7 for x16 device.

A12 and A13 are the bank select signal (BS). In command cycle, A12 and A13 low
select bank A, A12 low and A13 high select bank B, A12 high and A13 low select bank
C and then A12 and A13 high select bank D.

A10 defines the precharge mode. When A10 is high in the precharge command cycle,
all banks are precharged; when A10 is low, only the bank selected by A12 and A13 is
precharged.

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

DQM, UDQM, Input DQM controls I/O buffers. In x16 products, UDQM and LDQM control upper byte and

LDbQM lower byte 1/O buffers, respectively.

In read mode, DQM controls the output buffers like a conventional /OE pin.

DQM high and DQM low turn the output buffers off and on, respectively.

The DQM latency for the read is two clocks.

In write mode, DQM controls the word mask. Input data is written to the memory cell if
DQM is low but not if DQM is high.

The DQM latency for the write is zero.

DQO - DQ15 Input / Output DQ pins have the same function as I/O pins on a conventional DRAM.

Vee, Vss, VeeQ, (Power supply) Vce and Vss are power supply pins for internal circuits. VecQ and VssQ are power

VssQ supply pins for the output buffers.

10
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2. Commands

Mode register set command

(/CS, IRAS, /ICAS, /WE = Low)

The pPD4564xxx has a mode register that defines how the device
operates. In this command, AO through A13 are the data input pins.
After power on, the mode register set command must be executed to
initialize the device.

The mode register can be set only when all banks are in idle state.

During 2 CLK (trsc) following this command, the uPD4564xxx cannot
accept any other commands.

Activate command

(/CS, IRAS = Low, /CAS, /WE = High)

The uPD4564xxx has four banks, each with 4,096 rows.
This command activates the bank selected by A12 and A13 (BS) and a
row address selected by A0 through A11.

This command corresponds to a conventional DRAM’s /RAS falling.

Precharge command

(/CS, IRAS, /WE = Low, /CAS = High)

This command begins precharge operation of the bank selected by
A12 and A13 (BS). When A10 is High, all banks are precharged,
regardless of A12 and A13. When A10 is Low, only the bank selected
by A12 and A13 is precharged.

After this command, the uPD4564xxx can’t accept the activate
command to the precharging bank during tre (precharge to activate
command period).

This command corresponds to a conventional DRAM'’s /RAS rising.

Data Sheet E0149N10

Fig.1 Mode register set command

CLK | | I | |

CKE ~H

ICS \ /

IRAS

oY% %%
XL
LXK

ICAS
IWE

Al12, A13

£SRRKK
20%6%0%%

A10
Add

Fig.2 Row address strobe and

bank activate command

IWE 3
Al2, A13

(Bank select)

Al10 XX

Add

Fig.3 Precharge command

Al2, A13 X9
(Bank select)
A10 XXX
(Precharge select)
Add R

1"
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Write command
(/CS, ICAS, /WE = Low, /RAS = High)
If the mode register is in the burst write mode, this command sets the
burst start address given by the column address to begin the burst write

operation. The first write data in burst mode can input with this

command with subsequent data on following clocks.

Read command

(/CS, ICAS = Low, /RAS, /WE = High)

Read data is available after /CAS latency requirements have been met.

This command sets the burst start address given by the column
address.

CBR (auto) refresh command

(/CS, IRAS, ICAS = Low, /WE, CKE = High)

This command is a request to begin the CBR (auto) refresh operation.
The refresh address is generated internally.

Before executing CBR (auto) refresh, all banks must be precharged.

After this cycle, all banks will be in the idle (precharged) state and
ready for a row activate command.

During trc period (from refresh command to refresh or activate

command), the uPD4564xxx cannot accept any other command.

12 Data Sheet E0149N10

Fig.4 Column address and write

command

CLK | | I | |
CKE H
/ICS

IRAS 38

oY% %%
(TR
LLLRKS

oY% %%
(TR
LLLRKE

Al2, A13 > K
(Bank select)

A10 KD

Add

Fig.5 Column address and read

command

CLK | | I | |

CKE H

ICS \ /

R 00500
IRAS 35 N

T
10202

Al12, A13 32D
(Bank select)

A10 2D

Add XXX

Fig.6 CBR (auto) refresh command

CLK | | I | I

CKE H

ICS \ /

IRAS

SO
odedoole}

ICAS
/WE
Al2, A13

(Bank select)

Al0

TRIIIITIIXIIIL
Add KRS
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Self refresh entry command Fig.7 Self refresh entry command

(/CS, IRAS, /ICAS, CKE = Low, /WE = High)

After the command execution, self refresh operation continues while

CKE remains low. When CKE goes high, the uPD4564xxx exits the self
refresh mode.

During self refresh mode, refresh interval and refresh operation are

erformed internally, so there is no need for external control.
P y A2, A3 TR
Before executing self refresh, all banks must be precharged. (Bank select)
Al0

(002 020°0-029-9-9.9-0-
Add KRR

Burst stop command Fig.8 Burst stop command in Full

Page Mode
(/CS, IWE = Low, /RAS, /CAS = High)
CLK I | I | I
This command can stop the current burst operation. CKE H
ICS \ /

OO A <y
RS 0292020

£ KKK
LRI

OSSR,
AlL2, Al3 KRRRRELIIKELLL
(Bank select)

A10

0707676767606 %6076 % % % %%

SR,
0200000200000 000000000 %0 000 % %
0962902202629 %50 %6%6%%4%64

S——
0000000 0.0 0 0.0 0 9.0, 0.9:9.%
Add RS

No operation Fig.9 No operation

(/CS = Low, /RAS, /CAS, /WE = High)

This command is not an execution command. No operations begin or
terminate by this command.

02020 020202020202029-029-9-9°
AL2, Al3 KRR
(Bank select)
AL0  BRREKEERRLELLLIRLS

200620962090 26%0%6 26062362630}

TTIRIIIITITIITIS
Add RS
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3. Simplified State Diagram

Mode MRS

Self
Refresh

Register
Set

@

Active

Power
Down

READ

WRITEA
SUSPEND

POWER Precharge 4@

SUSPEND

READA
SUSPEND

ON
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4. Truth Table
4.1 Command Truth Table

Function Symbol CKE /CS /RAS | /CAS /WE A12, A10 A11,
n—1 n A13 A9 - A0
Device deselect DESL H x H x X X x x x
No operation NOP H X L H H H X X X
Burst stop BST H X L H H L X X X
Read READ H x L H L H \ L \
Read with auto precharge READA H X L H L H \ H \%
Write WRIT H x L H L L \ L \Y
Write with auto precharge WRITA H X L H L L \ H \%
Bank activate ACT H x L L H H \ \ \
Precharge select bank PRE H X L L H L \ L X
Precharge all banks PALL H X L L H L x H X
Mode register set MRS H X L L L L L L \%

Remark H = High level, L = Low level, x = High or Low level (Don't care), V = Valid data input

4.2 DQM Truth Table

Function Symbol CKE DQM

n—1 n U L

Data write / output enable ENB H X

Data mask / output disable MASK H X H

Upper byte write enable / output enable ENBU H X L X

Lower byte write enable / output enable ENBL H X X L

Upper byte write inhibit / output disable MASKU H X H X

Lower byte write inhibit / output disable MASKL H X X H

Remark H = High level, L = Low level, x = High or Low level (Don't care)

4.3 CKE Truth Table

Current state Function Symbol CKE /CS /RAS ICAS /WE |Address
n-1 n

Activating Clock suspend mode entry H L x x x x x
Any Clock suspend mode L L X X X X X
Clock suspend Clock suspend mode exit L H X X X X X
Idle CBR (auto) refresh command REF H H L L L H X
Idle Self refresh entry SELF H L L L L H X
Self refresh Self refresh exit L H L H H H X

L H H X x x x
Idle Power down entry H L x x x x x
Power down Power down exit L H H x X X x

L H H H H x

Remark H = High level, L = Low level, x = High or Low level (Don't care)

Data Sheet E0149N10 15



ELPIDN uPD4564441, 4564841, 4564163
4.4 Operative Command Table "' (1/3)
Current state /CS |/RAS|/CAS|/WE Address Command Action Notes
Idle H X X X X DESL Nop or power down 2
L H H X X NOP or BST Nop or power down 2
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA,CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT Row activating
L L H L | BA A10 PRE/PALL Nop
L L L H X REF/SELF CBR (auto) refresh or self refresh 4
L L L L Op-Code MRS Mode register accessing
Row active H X X X X DESL Nop
L H H X X NOP or BST Nop
L H L H BA, CA, A10 | READ/READA | Begin read : Determine AP 5
L H L L BA, CA, A10 | WRIT/WRITA | Begin write : Determine AP 5
L L H H | BA, RA ACT ILLEGAL 3
L L H L | BA A10 PRE/PALL Precharge 6
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Read H X X X X DESL Continue burst to end — Row active
L H H H x NOP Continue burst to end — Row active
L H H L X BST Burst stop » Row active
L H L H BA, CA, A10 | READ/READA | Terminate burst, new read : Determine AP 7
L H L L BA, CA, A10 | WRIT/WRITA | Terminate burst, start write : Determine AP | 7,8
L L H H | BA, RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Terminate burst, precharging
L L L H [ x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Write H X X X X DESL Continue burst to end — Write recovering
L H H H X NOP Continue burst to end - Write recovering
L H H L X BST Burst stop » Row active
L H L H BA, CA, A10 | READ/READA | Terminate burst, start read : Determine AP 7,8
L H L L BA, CA, A10 [ WRIT/WRITA | Terminate burst, new write : Determine AP 7
L L H H | BA RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Terminate burst, precharging 9
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
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(2/3)
Current state /CS [/IRAS|/CAS|/WE Address Command Action Notes
Read with auto H X X X X DESL Continue burst to end - Precharging
precharge L H H H X NOP Continue burst to end - Precharging
L H H L | x BST ILLEGAL
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA, CA A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA, RA ACT ILLEGAL 3
L L H L | BA A10 PRE/PALL ILLEGAL 3
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Write with auto H x x x x DESL Continue burst to end - Write
precharge recovering with auto precharge
L H H H X NOP Continue burst to end - Write
recovering with auto precharge
L H H L | x BST ILLEGAL
L H L H | BA, CA A10 | READ/READA | ILLEGAL 3
L H L L | BA,CA,A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA, RA ACT ILLEGAL 3
L L H L | BA A10 PRE/PALL ILLEGAL 3
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Precharging H X X X X DESL Nop - Enter idle after tre
L H H H X NOP Nop - Enter idle after tre
L H H L | x BST ILLEGAL
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA, CA A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA, RA ACT ILLEGAL 3
L L H L | BA A10 PRE/PALL Nop - Enter idle after tre
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Row activating H X X X X DESL Nop - Enter bank active after treo
L H H H X NOP Nop - Enter bank active after treo
L H H L | x BST ILLEGAL
L H L H | BA, CA A10 | READ/READA | ILLEGAL 3
L H L L | BA,CA,A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA, RA ACT ILLEGAL 3,10
L L H L | BA A10 PRE/PALL ILLEGAL 3
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Data Sheet E0149N10 17
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(3/3)
Current state /CS [/IRAS|/CAS|/WE Address Command Action Notes

Write recovering H X X X X DESL Nop - Enter row active after tor.
L H H H X NOP Nop - Enter row active after torL
L H H L X BST Nop - Enter row active after tor.
L H L H | BA, CA, A10 | READ/READA | Start read, Determine AP 8
L H L L | BA, CA,A10 | WRIT/WRITA | New write, Determine AP
L L H H | BA, RA ACT ILLEGAL 3
L L H L | BA A10 PRE/PALL ILLEGAL 3
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL

Write recovering H X X X X DESL Nop - Enter precharge after torL

with auto precharge L H H H X NOP Nop - Enter precharge after tor.
L H H L X BST Nop - Enter precharge after torL
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3,8
L H L L | BA,CA,A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA, RA ACT ILLEGAL 3
L L H L | BA A10 PRE/PALL ILLEGAL
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL

Refreshing H X X X X DESL Nop - Enter idle after trc
L H H X X NOP/BST Nop - Enter idle after tre
L H L x | x READ/WRIT ILLEGAL
L L H X X ACT/PRE/PALL ILLEGAL
L L L X X REF/SELF/MRS | ILLEGAL

Mode register H X X X X DESL Nop - Enter idle after trsc

accessing L H H H X NOP Nop - Enter idle after trsc
L H H L | x BST ILLEGAL
L H L x | x READ/WRIT ILLEGAL
L L x X X ACT/PRE/PALL/ | ILLEGAL

REF/SELF/MRS
Notes 1.  All entries assume that CKE was active (High level) during the preceding clock cycle.

2. If all banks are idle, and CKE is inactive (Low level), uPD4564xxx will enter Power down mode.

All input buffers except CKE will be disabled.
3. lllegal to bank in specified states; Function may be legal in the bank indicated by Bank Address (BA),

depending on the state of that bank.

4. If all banks are idle, and CKE is inactive (Low level), uPD4564xxx will enter Self refresh mode. All input
buffers except CKE will be disabled.

o9 PN O

lllegal if trep is not satisfied.
lllegal if tras is not satisfied.

0. lllegal if trro is not satisfied.

Must satisfy burst interrupt condition.

Must mask preceding data which don't satisfy torL.

Must satisfy bus contention, bus turn around, and/or write recovery requirements.

Remark H = High level, L = Low level, x = High or Low level (Don'’t care), V = Valid data

18

Data Sheet E0149N10




ELPIDA uPD4564441, 4564841, 4564163

4.5 Command Truth Table for CKE

Current State CKE /CS |/IRAS|/CAS|/WE | Address Action Notes
n—-1| n
Self refresh H X X X X X X INVALID, CLK (n-1) would exit self refresh
L H H X X X X Self refresh recovery
L H L H H X X Self refresh recovery
L H L H L x | x ILLEGAL
L H L L x x | x ILLEGAL
L L x x x x x Maintain self refresh
Self refresh recovery | H H H X X X X Idle after trc
H H L H H x x Idle after trc
H H L H L x | x ILLEGAL
H H L L x x | x ILLEGAL
H L H X X X X ILLEGAL
H L L H H x | x ILLEGAL
H L L H L x | x ILLEGAL
H L L L x x | x ILLEGAL
Power down H X X X X X INVALID, CLK (n — 1) would exit power down
L H H X X X X EXIT power down - Idle
L H L H H H X EXIT power down - Idle
L L X X X X X Maintain power down mode
All banks idle H H H X X X Refer to operations in Operative Command Table
H H L H X X Refer to operations in Operative Command Table
H H L L H X Refer to operations in Operative Command Table
H H L L L H X CBR (auto) refresh
H H L L L L Op-Code | Refer to operations in Operative Command Table
H L H X X X Refer to operations in Operative Command Table
H L L H X X Refer to operations in Operative Command Table
H L L L H X Refer to operations in Operative Command Table
H L L L L H X Self refresh 1
H L L L L L Op-Code | Refer to operations in Operative Command Table
L x x x x x | x Power down 1
Row active H X X X X X X Refer to operations in Operative Command Table
L x x x x x | x Power down 1
Any state other than H H X X X X Refer to operations in Operative Command Table
listed above H L X X X X X Begin clock suspend next cycle 2
L H X X X X X Exit clock suspend next cycle
L L X X X X X Maintain clock suspend

Notes 1. Self refresh can be entered only from the all banks idle state. Power down can be entered only from all
banks idle or row active state.

2. Must be legal command as defined in Operative Command Table.

Remark H = High level, L = Low level, x = High or Low level (Don't care)
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5. Initialization

The synchronous DRAM is initialized in the power-on sequence according to the following.

(1) To stabilize internal circuits, when power is applied, a 100 us or longer pause must precede any signal toggling.

(2) After the pause, all banks must be precharged using the Precharge command (The Precharge all banks

command is convenient).

(3) Once the precharge is completed and the minimum trp is satisfied, the mode register can be programmed.
After the mode register set cycle, trsc (2 CLK minimum) pause must be satisfied as well.

(4) Two or more CBR (auto) refresh must be performed.

Remarks 1. The sequence of Mode register programming and Refresh above may be transposed.
2. CKE and DQM must be held high until the Precharge command is issued to ensure data-bus Hi-Z.
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6. Programming the Mode Register

The mode register is programmed by the Mode register set command using address bits A13 through A0 as data

inputs. The register retains data until it is reprogrammed or the device loses power.

The mode register has four fields;

Options : A13 through A7
/CAS latency : A6 through A4
Wrap type ;A3

Burst length : A2 through AO

Following mode register programming, no command can be issued before at least 2 CLK have elapsed.

ICAS Latency

/CAS latency is the most critical of the parameters being set. It tells the device how many clocks must elapse
before the data will be available.

The value is determined by the frequency of the clock and the speed grade of the device. 13.3 Relationship
between Frequency and Latency shows the relationship of /CAS latency to the clock period and the speed grade of

the device.

Burst Length

Burst Length is the number of words that will be output or input in a read or write cycle. After a read burst is
completed, the output bus will become Hi-Z.
The burst length is programmable as 1, 2, 4, 8 or full page.

Wrap Type (Burst Sequence)

The wrap type specifies the order in which the burst data will be addressed. This order is programmable as either
“Sequential” or “Interleave”. The method chosen will depend on the type of CPU in the system.

Some microprocessor cache systems are optimized for sequential addressing and others for interleaved
addressing. 7.1 Burst Length and Sequence shows the addressing sequence for each burst length using them.

Both sequences support bursts of 1, 2, 4 and 8. Additionally, sequence supports the full page length.
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7. Mode Register

13 12 11 10 9 8 7 6 5 4 3 2 1 0

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ | JEDEC Standard Test Set (refresh counter test)

13 12 1 10 9 8 7 6 5 4 3 2 1 0

| X ‘ X ‘ X ‘ X ‘ 1 ‘ 0 ‘ 0 ‘ LTMODE ‘WT‘ BL | Burst Read and Single Write
(for Write Through Cache)

13 12 11 10 9 8 7 6 5 4 3 2 1 0

I ‘ ‘ ‘ ‘ ‘ 1 ‘ 0 ‘ | Use in future

13 12 11 10 9 8 7 6 5 4 3 2 1 0

|x‘x‘x‘x‘x‘1‘1‘V‘V‘V‘V‘V‘V‘V| Vender Specific

V = Valid
13 12 11 10 9 8 7 6 5 4 3 2 1 0 x = Don't care

[olofofolo]

o
o

| LTMODE | wr | BL |  Mode Register set

Bits2-0 WT =0
000
001
010

Burst length 011

100

101

110 R

111 Full page

-3
_'
"
-

|||~ |N|F

D|ID|D|D|0 | |N|-

0 | Sequential
1 | Interleave

\
Bits6-4 | /CAS latency
000 R
001
010
Latency 011
mode 100
101
110
111

Wrap type

V| WO w|N| T

Remark R : Reserved

Mode Register Set Timing

cLK L [
CKEJ

Ics —\_f
IRAS —\_f

ICAS —\_f
IWE —\_f

AO - A13 X X

Mode Register Set
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7.1 Burst Length and Sequence

Burst of Two]

Starting address Sequential addressing sequence Interleave addressing sequence
(column address A0, binary) (decimal) (decimal)
0 0,1 0,1
1 1,0 1,0

Burst of Four]

Starting address Sequential addressing sequence Interleave addressing sequence
(column address 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

Burst of Eight]

Starting address
(column address A2 - A0, binary)

Sequential addressing sequence
(decimal)

Interleave addressing sequence
(decimal)

000 0,1,2,3,4,5,6,7 0,1,2,3,4,56,7
001 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
010 2,3,4,56,7,0,1 2,3,0,1,6,7,4,5
011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,54
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,0,1,2,3,4 5,4,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,52,3,0,1
111 7,0,1,2,3,4,5,6 7,6,54,3,2,1,0

Full page burst is an extension of the above tables of sequential addressing, with the length being 1,024 (for 16M x4
device), 512 (for 8M x8 device), and 256 (for 4M x16 device).

Data Sheet E0149N10
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8. Address Bits of Bank-Select and Precharge

Row | A0 | A1 | A2 | A3 | aa | A5 | a6 | A7 | A8 | Ao | at0] A atz]ais] [A12]A13] Resul

Select Bank A
(Activate command) “Activate” command
Select Bank B

0 L “Activate” command
Select Bank C
1 O | & n i mren
“Activate” command
1 1 Select Bank D

“Activate” command

| a0 [ a1 | a2 | A3 | aa | as | e | a7 [ a8 | A [ at0] A aiz] a1z

‘ ‘ ‘ A10 | A12 | A13 | Result

Precharge Bank A
Precharge Bank B
Precharge Bank C
Precharge Bank D
Precharge All Banks

(Precharge command)

r|lo|lo|lo|o
x|k|lkr|lo|o
x|k|lo|rk|o

x : Don'’t care

disables Auto-Precharge

‘ 0 (End of Burst)
1 enables Auto-Precharge
col. [ a0 | a1 | a2 | A3 | as | as | s | a7 [ as | Ao [ao] x [aiz]ais] (End of Burst)
(/CAS strobes)
Al12 | A13 Result
0 0 enables Read/Write
commands for Bank A
0 1 enables Read/Write
commands for Bank B
1 0 enables Read/Write
commands for Bank C
1 1 enables Read/Write
commands for Bank D
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9. Precharge

The precharge command can be issued anytime after tras (vin) is satisfied.

Soon after the precharge command is issued, precharge operation performed and the synchronous DRAM enters
the idle state after trr is satisfied. The parameter tre is the time required to perform the precharge.

The earliest timing in a read cycle that a precharge command can be issued without losing any data in the burst is
as follows.

It is depending on the /CAS latency and clock cycle time.

Burst length=4

» JTO |_lT1 |_IT2 |_IT3 |_IT4 |_IT5 |_IT6 |_IT7 |_IT8 |_|

ICAS latency =2

Commard

0 e QUK Q2 X Q2 K@ e

/ICAS latency =3 : : : : : : : : : :
Command

SR S TG D D

(tras must be satisfied)

In order to write all data to the memory cell correctly, the asynchronous parameter “torL.” must be satisfied. The torL
~iN.) specification defines the earliest time that a precharge command can be issued. Minimum number of clocks is
calculated by dividing torL (vin) with clock cycle time.

In summary, the precharge command can be issued relative to reference clock that indicates the last data word is

valid. In the following table, minus means clocks before the reference; plus means time after the reference.

/CAS latency Read Write
2 -1 +toPL (MIN,)
3 -2 +torL (MIN.)
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10. Auto Precharge

During a read or write command cycle, A10 controls whether auto precharge is selected. A10 high in the Read or
Write command (Read with Auto precharge command or Write with Auto precharge command), auto precharge is
selected and begins automatically.

The tras must be satisfied with a read with auto precharge or a write with auto precharge operation. In addition, the
next activate command to the bank being precharged cannot be executed until the precharge cycle ends.

In read cycle, once auto precharge has started, an activate command to the bank can be issued after tre has been
satisfied.

In write cycle, the tbaL must be satisfied to issue the next activate command to the bank being precharged.

The timing that begins the auto precharge cycle depends on both the /CAS latency programmed into the mode

register and whether read or write cycle.

10.1 Read with Auto Precharge

During a read cycle, the auto precharge begins one clock earlier (/CAS latency of 2) or two clocks earlier (/CAS

latency of 3) the last data word output.

Burst length = 4

TO 1 T2 T3 T4

o I o I o B

5 T6 T7 T8 T9

Iipniiny

CLK

ICAS latency =2

| | | | |
| | | | |
| | | | |
| | | | |
| | Auto precharge starts | | |
Command ! READA B ! ! ! ! !
| ! | | | | |
| | | | | | |
| | | | | Hl_Z |
| | | / \ | | |
DQ ; ; ; N QB1 >< QB2 >< QB3 >< QB4 ) ; ; ;
| | | | | | | | | |
| | | | | | | | | |
e
ICAS latency =3 ! ! ! ! ! ! ! ! ! !
| | | | | | |
Command | | | }Auto precharge starts‘ } } }
| ‘ | | | | | | |
| | | | | | | |
s A |
i-
PQ | | e et X a2 X ams X 9w e |
| | | | | | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | |

(tras must be satisfied)

Remark READA means Read with Auto precharge
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10.2 Write with Auto Precharge

During a write cycle, the auto precharge starts at the timing that is equal to the value of the torL (vin,) after the last

data word input to the device.

Burst length = 4
TO T1 T2 T3 T4 T5 T6 T7 T8

e _ | L] | L L]

ICAS latency =2

Command i l
DQ i- ------ < DB1 >< DB2 >< DB3 >< DB4 > --

Auto precharge starts

Hi-Z
T T -
: [ [ [ [ :
| | | | | |
! ! ! | | topLving |
1 1 1 1 1 1
| | | | | |
| | | | | |
ICAS latency = 3 | | | | | |
| | | 1Auto precharge starts
Command ! WRITA B ! ! ! :
1 ! 1 1 1
l o Hi-Z
DQ hmmneee < DB1 >< DB2 >< DB3 >< DB4 ) - -

1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
topPL(MIN.) !
|
|
|
|
|
|
|
|

1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

"
|
|
|
|
|
|
|
|
|
|
|
|
|
|

(tras must be satisfied)

Remark WRITA means Write with Auto Precharge

In summary, the auto precharge begins relative to a reference clock that indicates the last data word is valid.
In the table below, minus means clocks before the reference; plus means after the reference.

/CAS latency Read Write
2 —1 +topL (MIN,)
3 -2 +topL (MIN.)
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11. Read / Write Command Interval

11.1 Read to Read Command Interval

During a read cycle, when new Read command is issued, it will be effective after /CAS latency, even if the previous
read operation does not completed. READ will be interrupted by another READ.
The interval between the commands is 1 cycle minimum. Each Read command can be issued in every clock

without any restriction.

Burst length = 4, /CAS latency = 2
TO T1 T2 T3 T4 T5 T6 T7 T8 T9

e _ | L L L L L b b

Command

Hi-Z

DQ

v e e vaaV eV e Vs

11.2 Write to Write Command Interval

During a write cycle, when a new Write command is issued, the previous burst will terminate and the new burst will
begin with a new Write command. WRITE will be interrupted by another WRITE.
The interval between the commands is minimum 1 cycle. Each Write command can be issued in every clock

without any restriction.

Burst length = 4, /CAS latency = 2

CLK |

| | |
| | |
| ! !
I ! !
I ! !
| | |
| | |
Command 1 @@ 1 1
| ! !
I ! !
I ! !
| | |
! ‘ \ | HiZ
DO bemeees < DA1 >< DB1 >< DB2 >< DB3 >< DB4  -ee-ect
|
|
|
|
|
|
|
|
|
|
|
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ELPIDAN

11.3 Write to Read Command Interval

Write command and Read command interval is also 1 cycle.

Only the write data before Read command will be written.

The data bus must be Hi-Z at least one cycle prior to the first Dour.

=4

Burst length

CLK

=2

/CAS latency

Command

bQ

=3

/CAS latency

Command

DQ

29
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11.4 Read to Write Command Interval

During a read cycle, READ can be interrupted by WRITE.
The Read and Write command interval is 1 cycle minimum. There is a restriction to avoid data conflict. The Data
bus must be Hi-Z using DQM before WRITE.

Burst length = 4

Command

DQM i AN

READ can be interrupted by WRITE. DQM must be High at least 3 clocks prior to the Write command.

Burst length = 8

ICAS latency =2 | |

Command i
o ‘ —/ \\\Q S
DQ 1 ‘ ‘ i \ | ‘

/CAS latency =3

|
|
|
|
|
|
|
|
|
|
|
r
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

command
- 3 ’ \ \\\ i
bQ “',:ij'z"i;"( p1 X 02 X 03 X
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12. Burst Termination

There are two methods to terminate a burst operation other than using a Read or a Write command. One is the

burst stop command and the other is the precharge command.

12.1 Burst Stop Command

During a read cycle, when the burst stop command is issued, the burst read data are terminated and the data bus

goes to Hi-Z after the /CAS latency from the burst stop command.

Burst length = X

TO T1 T2 T3 T4 T5 T6 T7
CLK L] | [ I I I I

| | | |

| | | |

| |

Command Read i i
| |

| |

| |

| |

| |

/CAS latency =2
DQ

/CAS latency =3
DQ

PR - N - SN

Remark BST: Burst stop command

During a write cycle, when the burst stop command is issued, the burst write data are terminated and data bus goes
to Hi-Z at the same clock with the burst stop command.

Burst length = X

Command

| | | | | |
| | | | | |
| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

|

|

/CAS latency =2, 3

oo o1 X o2 X 03 X 0 >t

Remark BST: Burst stop command
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12.2 Precharge Termination

12.2.1 Precharge Termination in READ Cycle

During a read cycle, the burst read operation is terminated by a precharge command.
When the precharge command is issued, the burst read operation is terminated and precharge starts.
The same bank can be activated again after tre from the precharge command.

To issue a precharge command, tras must be satisfied.

When /CAS latency is 2, the read data will remain valid until one clock after the precharge command.

Burst length = X, /CAS latency = 2

CLK [ L L L 1 L I I |
bo Ca X 2 Y %3 X s >.....L....'.*.':.Z.-.J

(tras must be satisfied)

When /CAS latency is 3, the read data will remain valid until two clocks after the precharge command.

Burst length = X, /CAS latency = 3
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK

| |
1 1
Command i Read i
| |
| |
| |
| |
| |
| |
L d
| |
| |
| |
| |
| |
| |

DQ

Ca oz X as X aa vttt

| |
} } | trRp
I i

(tras must be satisfied)
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12.2.2 Precharge Termination in WRITE Cycle

During a write cycle, the burst write operation is terminated by a precharge command.
When the precharge command is issued, the burst write operation is terminated and precharge starts.
The same bank can be activated again after tre from the precharge command.

To issue a precharge command, tras must be satisfied.

When /CAS latency is 2, the write data written prior to the precharge command will be correctly stored. However,
invalid data may be written at the same clock as the precharge command. To prevent this from happening, DQM

must be high at the same clock as the precharge command. This will mask the invalid data.

Burst length = X, /CAS latency = 2
TO T1 T2 T3 T4 T5 T6 T7

e LI L LT LD L LT L L
Command i i i i i i
o SN

| | | | N o |

DQ b1 X b2 X b3 X b4 X b5 > L .

(tras must be satisfied)

When /CAS latency is 3, the write data written prior to the precharge command will be correctly stored. However,
invalid data may be written at the same clock as the precharge command. To prevent this from happening, DQM

must be high at the same clock as the precharge command. This will mask the invalid data.

Burst length = X, /CAS latency = 3
TO T1 T2 T3 T4 T5 T6 T7 T8

S I s Y Y Y I B

oow SN

DQ 3* ----- <D‘1><D‘2><D‘3><D‘4><D5>§Hi-zil li _____ %
i i | trp | i

(tras must be satisfied)
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13. Electrical Specifications
 All voltages are referenced to Vss (GND).
 After power up, wait more than 100 us and then, execute Power on sequence and CBR (auto) Refresh before

proper device operation is achieved.

Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Voltage on power supply pin relative to GND Vee, VeeQ -0.5to +4.6 \
Voltage on any pin relative to GND V1 -0.5to +4.6 \Y,
Short circuit output current lo 50 mA
Power dissipation Po 1 w
Operating ambient temperature Ta 0to 70 °C
Storage temperature Tstg -55to + 125 °C

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the limits
described in the operational section of this specification. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol Condition MIN. TYP. MAX. Unit
Supply voltage Vee, VeeQ 3.0 3.3 3.6 \
High level input voltage ViH 2.0 Vee+0.3 Netet |y
Low level input voltage Vie -0.3 Note2 +0.8 \%
Operating ambient temperature Ta 0 70 °C

Notes 1. ViHmax) = Vcc + 1.5V (Pulse width<5 ns)
2. Viiminy =—-1.5V (Pulse width<5 ns)

Pin Capacitance (Ta =25 °C, f =1 MHz)

Parameter Symbol Condition MIN. TYP. MAX. Unit
Input capacitance Cn AO - A13 2.5 4 pF
Cr CLK, CKE, /CS, /IRAS, /CAS, /WE, 25 4

DQM, ubDQM, LDQM

Data input / output capacitance Cio DQO - DQ15 4 6.5 pF

34 Data Sheet E0149N10



ELPIDA uPD4564441, 4564841, 4564163

C Characteristics 1 (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition /ICAS | Grade Maximum Unit | Notes
latency x4 x8 x16
Operating current lcct Burst length = 1, CL=2| -A80 75 80 90 mA 1
trc = trc (Miny, 10 = 0 MA, -A10 65 70 80
One bank active -A10B 60 65 70

CL=3| -A80 80 85 115

-A10 70 75 90

-A10B 70 75 90

Precharge standby current lcc2P | CKE < ViL (max), tck = 15 ns 1 1 1 mA
in power down mode lcc2PS | CKE < ViL (uax), tek = o« 1 1 1
Precharge standby current lcca2N [ CKE = ViH Ny, teck = 15 ns, /CS = ViH (miny, 20 20 20 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = ViH (MiNy, tok = oo, 6 6 6
Input signals are stable.
Active standby current lccsP | CKE < ViL (max), tck = 15 ns 5 5 5 mA
in power down mode lccsPS | CKE < ViL (uax), tck = « 4 4 4
Active standby current lccsN [ CKE = ViH Ny, teck = 15 ns, /CS = ViH (miny), 25 25 25 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = ViH (miNy, tck = o | 15 15 15
Input signals are stable.
Operating current lcca | tek 2 tekming, 1o = 0 mA, CL=2| -A80 90 105 165 mA 2
(Burst mode) All banks active -A10 70 80 130

-A10B 65 70 110

CL=3| -A80 105 125 195

-A10 90 105 165

-A10B 90 105 165

CBR (auto) refresh current lccs | tre 2 tre (miNy CL=2| -A80 130 130 130 mA 3

-A10 130 130 130

-A10B | 105 105 105

CL=3| -A80 135 135 135

-A10 135 135 135

-A10B [ 115 115 115

Self refresh current lcce CKE=<0.2V 1 1 1 mA

Notes 1. Icc1 depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, lcc1 is measured condition that addresses are changed only one time during tck (MiN.).
2. Icca depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, lcc4 is measured condition that addresses are changed only one time during tck (MiN.).
3. lccs is measured on condition that addresses are changed only one time during tck (min.).
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DC Characteristics 2 (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition MIN. [ TYP. [ MAX. Unit Note
Input leakage current hw | 0<Vi<VeeQ, VeeQ = Vee -1.0 +1.0 UA
All other pins not under test = 0 V

Output leakage current looy [0<Vo <VccQ, Dour is disabled -1.5 +1.5 UA

High level output voltage Vou [lo=-4mA 24 \Y,

Low level output voltage Vou |lo=+4 mA 0.4 \Y,
AC Characteristics (Recommended Operating Conditions unless otherwise noted)
Test Conditions

Parameter Value Unit
AC high level input voltage / low level input voltage 24/04 \
Input timing measurement reference level 1.4 \
Transition time (Input rise and fall time) 1 ns
Output timing measurement reference level 1.4 V
tek
tcH teL

24V —
CLK 14V --meemmemcemmemenes / J: 7
0.4V --oreommmmmoes  —

{setup | tHoo

Input 1.4V - > <
04V -

Output
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Synchronous Characteristics
Parameter Symbol -80 -10 -10B Unit | Note
MIN. | MAX. | MIN. [ MAX. [ MIN. | MAX.
Clock cycle time /CAS latency = 3 teks 8 (125MHz) 10 [(100MHz)[ 10 [(100MHz)| ns
/CAS latency = 2 tekz 10 [(100MHZ| 13 |@7MHz)| 15 |[@E7MHZ)| ns
Access time from CLK /CAS latency = 3 tacs 6 6 7 ns 1
/CAS latency = 2 tac2 6 7 8 ns 1
CLK high level width ten 3 3 3.5 ns
CLK low level width ter 3 3 35 ns
Data-out hold time /CAS latency = 3 toHs 3 3 3 ns 1
/CAS latency = 2 toH2 3 3 3 ns 1
Data-out low-impedance time tLz 0 0 0 ns
Data-out high-impedance time /CAS latency = 3 tHz3 3 6 3 6 3 7 ns
/CAS latency = 2 thHz2 3 6 3 7 3 8 ns
Data-in setup time tos 2 2 2.5 ns
Data-in hold time toH 1 1 1 ns
Address setup time tas 2 2 2.5 ns
Address hold time taH 1 1 1 ns
CKE setup time teks 2 2 2.5 ns
CKE hold time tekH 1 1 1 ns
CKE setup time (Power down exit) teksp 2 2 2.5 ns
Command (/CS, /RAS, /CAS, /IWE, DQM) tems 2 2 25 ns
setup time
Command (/CS, /RAS, /CAS, /WE, DQM) tomn 1 1 1 ns
hold time
Note 1. Output load
Z=50Q
Output )
;L_ 50 pF
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Asynchronous Characteristics

Parameter Symbol -80 -10 -10B Unit | Note
MIN. | MAX. [ MIN. [ MAX. | MIN. | MAX.
ACT to REF/ACT command period (operation) tre 70 70 90 ns
REF to REF/ACT command period (refresh) tre1 70 70 90 ns
ACT to PRE command period tras 48 120,000 [ 50 120,000 [ 60 120,000 [ ns
PRE to ACT command period trp 20 20 30 ns
Delay time ACT to READ/WRITE command trep 20 20 30 ns
ACT (one) to ACT (another) command period trrRD 16 20 20 ns
Data-in to PRE command period | /CAS latency =3 | tors 8 10 10 ns
/CAS latency = 2 topL2 8 10 10 ns
Data-in to ACT (REF) command | /CAS latency = 3 toaLs 1CLK 1CLK 1CLK ns
period (Auto precharge) +20 +20 +30
/CAS latency =2 | toaL2 1CLK 1CLK 1CLK ns
+20 +20 +30
Mode register set cycle time trsc 2 2 2 CLK
Transition time tr 0.5 30 1 30 1 30 ns
Refresh time (4,096 refresh cycles) trer 64 64 64 ms
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13.3 Relationship between Frequency and Latency

Speed version -80 -10 -10B
Clock cycle time [ns] 8 10 10 13 10 15
Frequency [MHZ] 125 100 100 77 100 67
/CAS latency 3 2 3 2 3 2
[trep] 3 2 2 2 2
/RAS latency (/CAS latency + [trep]) 6 4 5 4 6 4
[tre] 9 7 7 6 9 6
[tre1] 9 7 7 6 9 6
[tras] 6 5 5 4 6 4
[trro] 2 2 2 2 2 2
[tre] 3 2 2 2 3 2
[torc] 1 1 1 1 1 1
[toad] 4 3 3 3 4 3
[trsc] 2 2 2 2 2 2
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13.4 Mode Register Set (Burst Length = 4, /CAS Latency = 2)
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13.5 Power On Sequence and CBR (Auto) Refresh
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13.7 Clock Suspension during Burst Read (using CKE Function) (1/2) (Burst Length = 4, /CAS Latency = 2)
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Clock Suspension during Burst Read (using CKE Function) (2/2) (Burst Length = 4, /CAS Latency = 3)
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Clock Suspension during Burst Write (using CKE Function) (2/2) (Burst Length = 4, /CAS Latency = 3)

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

| | | | | | | |
| | | | | | | |
| | | . . . .
T | | | T T T T
C K E 1 1 1 1 / 1 1 1 1
| | | | | | | |
| . . . | | | |
| T T T | | | |
| | | | | | | |
. . . . . . . .
T T T T T T T T
/CS | | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | | |
. . . I . | . . .
;
% % oS RS % 3%
| XGRS RRLLLIIIIKLS % <RI
IRAS | CRXRIRKS RRRIRIRIRIRIRLRLLKS ogs 30K CRXRLRLKS
I a%a%a%% a%a9a% QLR a92%a92%a%a9 QSRRKL
| ; ; ; ; ; ; ; ; ; ; ; ; '
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
|
PRI TR R RS 3303 00 03 AR AR RXRCX XXX XK R0 TXTIR KRR XTSI IBDD
/CAS 95K | oo oeSoesotesetetesess, | 5090505050905 R R R R R 0509050505090 R R R R R S0 090905050909090900 IR RRI LI LRI RL L RIIIKS
RS i ORI i R R O R I R R R SRS R R R R S R SRS ERIIIRRIIRRKKS
& ! \eSetetoteteteteletototetotets ! Retetetetelotototetetete e te e otetetele e e 0 o0 te et et e o o0 e et et o e tetete e oo oo tetete e e te o o tetete et e o o tetetete et te o totetete et o etutete e e e o e tetetetete et oo tetete e o e o te e tete et oo totetetete et e o tetetete ettt
|
|
RCSREEEREIREIEEKELEN SRR R REIERLKELEIELIKKL < o R EIEIEKIEKEILIKL K RIS E KK LRI I KILERLN
IWE oS oo tissoss g S SRIRS
IRXRLRIKY RRRCRIRIRKKD 50RIRIKK I ORI RLLIEILIIISES I 05090580IIKIRKKKS 0000300500 RIKKS
XXX XX XX N A X X X XX XX XXX XXX XXX XXX XX XXX XXX o X X XXX X X X XX XX X X XX
T IIIITIIIIN [TTRRTITIZIZITIZIIIZTITITIIIIIIIIIIISITITITITTIZIXIXILIT ST IZIIIZTITSTIIIIITLIIIIIITLITITITTIIITIXIL TSI ITIIIZTITITIIIITIIIIIIIITITITIITITITS
A13 903889 OO 0000000 00000000 s sssasasasatatatatetototototototetodstosets
525 R R ey
OISO OGO SO D98O I SIS VSIS IS IISISII IS99 9999999999999 IIISIISI LSOOI OO0 99 9IS IS I I SIS IS IS OGO IGO0 99.9.9.99.9.99 99 IS OIS0 0.0.9,
s O 00, TS TS S S T S S S S S S ST S S TSI,
A12 SRIIRRLES LREELBRILZLLILIN R R R R R R R a0 R R R 8RR K LKL XL LIRSS
RRRRRRLRR RRRRRRRRRLLRLLLS 3055 ORSIKS O 8505 O O O 008055050 R R R S SIS I5058505IKKKK
RRRRRRRLRZRRN B R R R R R R R,
RRRRRRRKRIKN R R R R R R R R R R R R R R R R R R R RRRRRRRRRRRRRRRRRRKRRRKKKR
) T 7 T T 7 T T V T T T i V 7 7 T T 7 T T T |
| | | | | | | | | | | | | | | | | | | | | | |
. . . ; | . . . . . . \ \ . , . . . . . . . |
TN i B TRIITILTTITRT LTI TLLTIIETTT IR LT ITITLLTIIRTLZLTITIL LTI LTI TLLTIIITLTT LI L LTI TITTXLTITIXSLXITITILZZT LT LI TIIRIT LT ZIITTL T
A10 CRILLRER I R R RIS
Sesadetetededs i L 0000009000909 I R R R 00T 0000090890909
K5 £ R R R R R S IR IIRRISEIIRKKS
RRXXKRX L SIS II LG IS IS IO IIII SISO IGO0 9.9.9.9 PLLLII LIS LIIG I G I IIII GO I IS III OIS I IS G IS IS IIII SISO IS GI SIS G L GI SIS SS9 99.9.9:9
; ; ; T ; ; ; ; ¢ ; * ; ; ; ; ; ; ; ; ; |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
TIITITI FTTTITITITIIINN FTITTITITITIIIITITITITIIIZITIXIZIIIIIIIIIIIIIIIITITITIIIITITIIITIIITIZZITIZIZIIIIIIIIIIIIIIIITITITITIIIITITITIIIIZZIIIIIIIIITIIITIIISSSSITS
pleletotetotetods fR3R5RIIRIILLKBIEN e e e e et et e e e e g e e e e ettt et e e e et e e e e e e e e e e e o e e e e e e et o g g e oo et o e %o Dot e e ot ot Lo et e Yo to e S et te bt et toteto et tetotootetetotetote tetetetototetotetodetotet
ADD SREKIIN XXX 03000 R R R O S 8505050500 R R R O O S80I R IR IRIRLRLLLILKLS
SRR N XXRIRIRLLLEKS R AR R R S IS8 R R R O S 088000 RIIKIRILLLLILLLLLKS
PIIININS, N IRINRNRXXYS | a0, 0999 999N ISIIII IS IS IIIIINI OIS IIIINIIIIIIIIIIIIIII IS IIII OGSO OGSO I I II IS IS IS IS IIISII IS O IO IO IN I NI NI I I I I I I I I I I SISO LI
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
. . . . . . . . . .
T T T T T T T T T T
| | | | | | | | | |
| | | | | | | | | |

DQM L

DQ

KRR TR R R R RN
NS ORI KRR ELILLLLN
fRERRILSS RIS S RRLRILLRIILRIELLEKILLL S

£ KRR RS

XY LK

f bt ! f
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Activate Write 1-CLOCK 2-CLOCK 3-CLOCK
Command Command SUSPENDED SUSPENDED SUSPENDED
for Bank A for Bank A
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13.9 Power Down Mode and Clock Mask (Burst Length = 4, /CAS Latency = 2)

B TR TIPSO OO II I IOIIIII IO TITIIII IO IO IO IO IOt OO OOy OO O OO OO IO OO 2
IRAS I s A
R R R ! 26200 02002002020 e oo o000 2020 ST 0 Rotetetete et e o 0 tete e e o o o e tu e e e e to oo oo te e e et e 2eteTotetotetetete%e e pfetotototetetetetetetoteotetete e tetete’ ! X
| | | | | | | | | | | | | | | | | | | | | |
I I | | I | | I | I | | I | I | | I | | I |
" | " "
! ! SRR R RRRIIIIRLRIIIIIIIRLRIKKS ! IR !
ICAS ! ! B sy A et tessesss909s !
! ! OS99 09. 9990909999 9.9.9.99.9.9.9.9 389399999, 0. 9.9 99.0.9.9.99.9.9 ! OSSOSO IO 8.9.9.0.9.9.9.9.9, !
| | |
| | | | | | | | | | | | | | | | | | | | | |
| | I | | | | I | | I | I | | . | I | | | |
"""""""" PP P PP VY PPV P PP P PP T | T ViV WY O PP WY PP VY I PP WL PP TR
‘ T | R | el
IWE ! RRRIRIIRIRILLKLK] ! L RSeSssesatatetatototets 300 R R R IS 1 R 090090 RRRRIRKKS !
' 0203670250256 % 0t et e 200 ' R e IR LELKLEILILN, 1 2% KD '
| | |
| | |
| |
IR ! R R R ! R R TR R RLLZTLZITIN R R LZRRRIL,
Al13 RRRIRKN ! 3008IIIRIIIKIKN ! 300 R e S008I IRIRIRIRIIIIIRIKKY s e sessesssatedatatatotetotatototototosotasotosess
Nl Nl N
2000002002020 NI (02020%s RSN 1 SRR R R RN 2020202020200 e eteteloto o o olo o eto ottt ettt et et e e e e e e e e e tete oo to oo te!
TTRRRIN BRI RRRRILLZZLITIZITLZTTN R RRRIILZTZIRN TRRRRRLLRRR
Al12 RXLRKN 009 30RILIIIIIILLIIKIIXLN JERLRRIIIILLRIRKN ANt sesetesetetotes
RN GRS et e
RN RGN QRN LR
GREIERERKRLAKL KL B REIRELLKKL < KK CRIRIX G E LKL LRLRLKL RCSKISELRK LKL
A10 SRR SRSt tetetetetetetetetototolototolols CIIIRIRIKRRKS RRRIIERIIKKRIN I RAIIIIRIEIIRKKERIK
R R R KRN g R KRR
| | | | | | | | | | | | | | | | | | | | | |
. . . . ; . ) . . . . I . . I . . |
"""" SO I R R R R,
ADD RIS % R R I
RRRRRHIIKS R R R RIS e s Ssesesesesesetetots
AAAAA 6470767076707 S XX X XXX 67076°670°6%" 0876707608 BN 487076767474
T T T 7 T 7 |
| | | | | | | | | | | | | | | | | |
i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | |
DQM L L ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
| | | | | | | | | | | | | | | | | |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; )
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
[T | | | | | | | | | | | | | |
o HIi-Z i i i i i i i i i i i i i
DQ ssssesssssssesssscesssnadannnnndanannndnnnnnakbannannkhannn QAal QAaZ QAag QAa4 desamssbsssssshesasanssnnnnanannansannanadaannnnd
Activate Read Precharge
Command Command Command
for Bank A for Bank A for Bank A
Power Down Power Down Clock Mask Clock Mask Power Down Power Down
Mode Entry Mode Exit Start End Mode Entry Mode Exit

ACTIVE STANDBY

PRECHARGE STANDBY
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13.10 CBR (Auto) Refresh

TO Tl T2 T3 T4 T5 T6 Tn ‘Tn+1‘Tn+2‘Tn+3‘Tn+4‘Tn+5‘Tn+6‘ Tm ‘Tm+1‘Tm+2‘Tm+3‘Tm+4‘Tm+5‘Tm+6‘Tm+7‘

| | | | | | | |
| | | | | | | |
I I I I I I I I
CKE S OH : : : : : :
| | | | | | | |
| | | | | | | |
| | | | | | | |
. | . | . . . .
T | T | T T T T
/C S I I I I I I I I
| \ | / | \ | / | | | |
| | | | | |

| | | | | | T

| | | | | | |

. . ) ) ) , . .

""" %% 2007202070 %2020 % e Y YV e e SO RSSO % I

3 B R RN R
SRRXKRS <555 R RRRRRIIIIIIIIIIIILKR [RIULRILRLRLLLRRILRRIRIKN) SRR K
IRAS ERRD ) R Y |
AAAAAA AN Attt IIIIIIIIIIIIISY * AT ALY X RNRAN %a? |
T T T T 7 7 T T T T T 7 | |
| | | | |
| | | | |
| U pere————————————— (e . [ —

ICAS ' ! fRRRRERRREEEELBLIELLEIRKES ! e R R IRIR] ] I R,
| W N | s
| 302 00%0% %690 % 26%0% 2670920209 %6902 %20 %6260 % Y %49 %709 %%0%%%4%%%4% % %% % % 0 00%0%20%0%26%0%%0%0%%4%a%%%a% %% % & R |  26%%0%6%20%6%%0%0%%%6%%%0% %% %!

| | | | T T | | | i | i | | | | | | T | | | i
| | | | | | | | | | | | | | | | | | | | | | |
! D R R R ] SRR R AR TR RIS
| S R S SRRy R
IWE | IR TRRRRIRRRRRIRRIIRIINKY o RRIRIIIRIKIEIIIEKS QIIRRRIIIIILKRKIRK
| R R RRRIRR FRRRRIESIRKKIILIIRKS RRRRREIIRKIIIEIIRCKKS REIIIRKRIILIIKRKKS
| | |
| | |
% T S A T A o S o T o
Al13 RRLX R R (R RIIIIIIIIIIIIILLIIRLLRLLLRICKKR
S B S SRR RIIIEIIIRIKILESS
Ko e 0 S0 RS 0 00 S0 IIIERIRIIIIKKKS
Tote%%%e% %" 's%! Ye%e%% et %! 09029070 %%0%6%% %0262 %6% %% 2% %620 % %0 J 9% 16 %%6%6%% %% % %% %6 %% % %62 % %626 %%6%6% 6% % %% %% % %% % Y% e % e e Ye%e%e%
T T | T T T T i | T T T T | T | |
| | | | | | | | | | | | | | | | |
TXTETRY T S T T T T R TARRRRRTTS
Al12 KRR f R O R R R R IIIIIAIRLRILRRS, 3000 IS
IRKKY 0 S S S B S SRR RIIIEIIIRIKIKS €300 RIEIIIRRKLILIESS
XSRS R0 000 0 098 R B e S 09098 IIIERIRIIIIIKRKIKS R RRIKKEINS
Yote%%ete%%?; 0000070 %0% %0 2097 %276 %6 %% 2% %626 % %610 %% 20 %% %0267 %02 60026 6202006 976109702097 %% % 2627626276 %6%% %% % %62 % %0 %% %% % e %% %6 %% %6 %% e %% e % %% % % $0%%%0%% %% %% % %% % %% %% ¢
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13.11 Self Refresh (Entry and Exit)
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13.14 Random Row Read (Ping-Pong Banks) (1/2) (Burst Length = 8, /CAS Latency = 2)
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Random Row Read (Ping-Pong Banks) (2/2) (Burst Length = 8, /CAS Latency = 3)
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! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
. : \ , , : : : : , . : . , : :
R \ KKK K LKA, <o AR % X R KR RKL LR KR KK KKK N SEREREEEREIKIERK
ADD XY TS ssasatesatete%s do%eY S esesessseseseototetetetetete’s IIIRRIRKKIII § O RREIIIIRRKKK
x4 RBa RS By s J 555
LN £ TeSe2atototetetetotetetetatete e tetete? % LLRLEELLLEELLLN SatoteteRetetoteteutotote e fRRERRLEEEEEEE

DQM L

DO eeeme Al < @BarXQBa2X QBa3X QBa4 X QBasX QBas X QBa7 X QBasX QaaLX QaazX QAa3X QAa4X QaasX QaabX QAa7
f f f f f f f f

Activate Read Activate Read Precharge Activate Read Precharge
Command Command Command Command Command Command Command Command
for Bank B for Bank B for Bank A for Bank A for Bank B for Bank B for Bank B for Bank A
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13.15 Random Row Write (Ping-Pong Banks) (1/2) (Burst Length = 8, /CAS Latency = 2)

0LN6¥1L03 198YS ejed

6S

CLK

CKE

ICS

/IRAS

ICAS

IWE

Al13

Al12

Al10

ADD

DQM

DQ

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 Ti2 | T13 T4 | T15 | T16 | T17 T18 | T19 | T20 | T21

O NI IIII NI O IO P PP PO OO I TT] I

RS IRIILIKIIGERKIKI I IIKIRRK e etattetetotetotet
0% KRR R IRILILRIILRY S RSRSERRIERRIEKILLLLKLY LRIEERLERLILE,
% N S SERE KRS XSG EEREEEERE IS GRS ARSI GRS EREEE KK 000000 0a 0 0 0.0 08 0000000000 0.0 0%
L VLD 000, 8.9.9.3.9.9.9.9.9.9.9.9.9.9.9.9.%. QXKL 9.9
; ;

oSeloletolototololeteetetel KRR
; : :

R

\KXXRIEN)

RSN
SLEEEN

|
|
fLOCGSELLLLLLL KK KKK KK KK KX XXX KK KX KKK KKKIKIKLLYY
X SREREREEREEEEREEIEEELEEEIRREIRLLLLLRRRLRRRRRKY
‘0‘:.0’:‘:‘:‘0 L 0‘0 : 0‘:‘0 %0 %%% 1200020002002 0% %% :‘:‘0‘:‘:‘:

0000090 % %% 0000000000000 2 %0 %00 0%
% X OSSSGESE GG EEEE GGG KK
2020202020202 et ettt oot etoteteteteteteteteteteteteee';

|
|
T % ’ X

| |
| |

i PR RS o RRRRETRT) TR RS
B N 00s00s 000t os ottt Sy ettty SSEEEEEEs
! 000000 RLRIRRRRRKKKIIK] RRRRR RORRRRRIHIIIIIIIIIILILLLLLLLLLLKN aSssesssstetstatetoltets
. 202656202926 26%%626% %620 %% 2% %% e%a%%a%%! 620%%0%?, 202620226 0250250 %%%% 1202602002000 02 0% 0% e %% 2362636265625 %% 6%

000000 00000, 200 0%% X 2% %0%% RSSSEREEREESARK
<RI K5BIXKKY | \ERKRKS £RRRRIY I "oSosototototstototols
SR %020%%, QRN i RS JRILLLLN i KCSXLXEE,
CRRILLRN LIRS i KRXIKKS KRRLLRN) I RSSRRRIIILLRS
(9a%a%a9a9292929a%:9, R $a9a0a0a%%9 0a9a0u0a%a9a9a%Ya9a Y30, h 099292929 RN h VOIS
| T T T T i T | T | T | T T T T i | T |
| | | | | | | | | | | | | | | | | | | |
i i . , ; . . . |
000000 00000, X KSR, AR SOSORESESESR
RKILIED | | | \KRRIRRAS | fRLLRRRIKIKIKIL, NSRRI
SR w R 3 e’ LR IR X S
0:9:%.9.9, U 9.9.9.9.9.9.9.9. VT S.9.9.9:9%909.9.300.0.0.0,9.0.0.9,9,9.0.9,.9.% | GaV 09,9 X | FRRLRLRRRRRRRRRRKHKIKIKKKKKKS
| ; T
| |
. .

)
ETTRTIRIILK

7
i
; . .
R R R

T
|

. . . . .

TTTZIZIT (X2 TR TR OO O SOOI I OI LI OIIOIP D

S Sotetotodotetets, JRKIKKKN Ot et ta S et ot e te et etotetetotetotototetotetotetotetotetos LSIIIRE otetotetotetetetotetotetotetotetotetotetotetotetetototetotes Sodeoteteteteteotetetel

RAILN 2R O e e oot a s oot atase et tetototoses SRN RAD  YEEEERRREIRKIEIRIELILKIEL JRRILRRKIES,
LRSS dedelele, B3R RRIERRIRIILIKKLKKKKL 202020 2020%0%, A RRERRIILSERLIIRRRILIILRLILKIELELN 2020202020 202020502 %%
XXX 20 S 0:9.9.9.0.9.9.9.9.9.9.9.9.8. 9.9, 9.90.9.0.8.8.9.0.8.8.9.9.8.9.9.8.9.9. 8, LK XX XS G000 00.9.9292 RXX R IXRX XN LS 00.909:9.9)

L
0‘0'0;0;\

RRLREKE
:
|
|

IR T 7 S 00
0902900090090 % K RSERSSEEEREKEEEEEEEEGKEEEGEGKEERSKEEGKEK KK S 0090900 9%00.%% KKK KKK KRKK KR RS EGSE R REER KSRGS SE KKK KRKK S 00000000000 0090002000209 0690090 9:%%
RIS oo o e e o S e e S ettt tototete! KRR et oo tototototototote?’ K KKK QoI
288 RAA CAA RIEELEELEKXIKELLEIIELLLIIIIILIIELLIIIIELIA RD A JKIIIEELL CDa YRIXIEESKIXLEEEL RAD  JEEERRIEEEELLLKIKELLEKKLILKIIELLL CAD  KEERRREEIEELLKIKLE,
0GLRIIEIN W O e e e s e s et ate ot et ot atetotetetotetetotele, BRIKIIIN RRRRRIBIBIIXN b o3RRI R RIRRIRIRIIIIIIIEN b B RIRIIRIKIRIKIKEIKIR

LS S S S U N N

cmeman _}_-l_i—_Z_ L ERE LY -(DAalXDAaZXDAa3XDAa4XDAa5XDAa6XDAa7XDAa8XDDalXDDa2XDDa3XDDa4XDDa5XDDa6XDDa7XDDa8XDAleDAb2XDAb3>C
f ! f f ! f

Activate Write Activate Write Activate Write
Command Command Command Command Command Command
for Bank A for Bank A for Bank D for Bank D for Bank A for Bank A
Precharge Precharge
Command Command
for Bank A for Bank D
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Random Row Write (Ping-Pong Banks) (2/2) (Burst Length = 8, /CAS Latency = 3)

TO Tl T2

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

CLK
e TN\ A/ /S /L
‘ ‘ ‘ ‘ ‘ ‘ l l :‘ ‘ l l ‘

55
3%
S
]
LY
%55 IR iy
959595
XS]
XX
CXXK]
]
3R]
XKL
8]
XXX
!
X

&K
]
]
K]
S9%e%e%
Soote%
Y-
Soto%e%
]
Sote%e%
Soote%
O90te%
otototed
dosese: B
55
0!
SaSo%e%
S0%e%es
So%o%e%
]
]
K]
o
KK
otototed
oS%0ee!
odoseted
50
Sotote%
ptototed
fl Soto%e%
So%eo9%
%%
25
K]
L
3%
KKK
2RRR
2]
KKK
ootede!
XK
KKK
d0%e%s
Sotote%
S0%e%0%
95t
050505
XXX
]

] ] |
I I I
| I I | I
TOTITITITITIN, ! [N ! LRI IR !
IRAS SN s NI N
Q5RIRIRIXR | RRIRIKIIRIRIRKS , £ 0RIILRIIIKKA] RIRRRRA |
¢ " ] ; ¢ Y ] T T ¢ Y T ; ¢ " d
I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | |

SRR KRR IRIRERIERN R R R R R LY OISO O TS OTITITITITITITIITS, RS RS KRR R
ICAS 355555 RN e NSEEIILAN S, RERRIREZIIELN gy
GRXHIRRNKY QXHIITRRIIILRRN F SRR KR RRRRRRRRIRRRKS ROSISIGCRRIIIRRIIX XY XX RRSKKHICIRIIIILRKIN 2020202026265 |

f

G IRRAILLLXKS

0000026 %6%009:%% 09206 % %% KKK IKEKERELERER KK 0905620200000 % %%
/WE : fRS SRR .0‘0.0.0.0.0.0’0.0. : '0.0.0.0'0’0.0.0.0.0.0.0.0.0.0‘ 0000000050 %% ’
S RRRIIIIIILLLLRRRRRAIEIEL RRRRRIIILLLLLN fRRRILRLLLRK
: VG0N IV 0G00I 0000009 : LGOS 0.0.0.9.9.9, AN 0.9.9.9.9,
] I ] I ] ] ] ]
| I | | I | | | | |
XXX XXX XXX ! KKK KKK KKK LE K KKK ! XX X KKR X XXX XXX XX XY
Al13 CISKIIEN | N | | I 1 RN
100262020200 %% %, [ '0’0‘0. 0’0’0 '0’0‘ R 000‘0.0.0.0.0 '0’0‘0. 0.0’0’
detetetoteleletetete N RN ! ! 20lo 0% 020 0202 0202 ! detetetetetetete.
j I I
I I I
I
SRR RRERRRRRILRIRXRRLS
Al2 ! P Sotetotetetotetotetetotetotet Sotetetetetotetetotetotetetete%/
i SRR RIS
. . datelelelelelolototolot00tete 202020’ Neloteteteleolotelelelotetele
| | T " | | | T T
I I I I I I I I I
I
TOTOTOTOTOTOTOTN 1 OSSOSO,
ALD s ! REIRIRIIRN
0902002500’ ! RSCEZHRERELIIEKLIIEEN
OSERIKRIXRK SROTOTITOTITITITITITITOITON,
ADD 55 CRRRRRKSS L LRLLLLRRRRD
2RI QKKK CRIRIEIRIEEILKY
Oe2e%0%%6%%e%?, 062050256 %%! Vo220 %%e%% %%
] ] ] ] ] ] |
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I I
DQM L I I I I I I I I I
| | | | | | | | | |
T T T T T T T T T T
j j j j j j j j j j
I I I I I I I I I I
T I I | . . . . . .
» Hi-Z | i
DQ mmmsdessssedesaaandanaaaadaaa{ DAl X DAQ2 X DAa3 X DAa4 X DAa5 X DAa6 X DAa7 X DAa8 X DDal X DDa2 X DDa3 X DDa4 X DDa5 X DDa6 X DDa7 X DDa8 X DAb1 X DAb2
Activate Write Activate Write Precharge Activate Write Precharge
Command Command Command Command Command Command Command Command
for Bank A for Bank A for Bank D for Bank D for Bank A for Bank A for Bank A for Bank D
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13.16 Read and Write (1/2) (Burst Length = 4, /CAS Latency = 2)

TO T1 T2 T3 T4 TS5 T6 T7 T8 T9 T10 Ti1 T12 T13 T14 T15 T16 T17 T18

T19 | T20 T21

Word Masking

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . . |
T T T T T T T T T T T T T T T T T T T T T T 1
| | | | | | | | | | | | | | | | | | | | | | |
CKE e
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| . i . . . . . . | . . . | . . . . . . . .
T | T | T T T T T T | T T T | T T T T T T T |
ICS | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
| T | T | | | | | | T | | | T | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. | . . . . . . . . . . I I . ; ; . . . . . |
' K RXKAKRKS ' e T S T T e e e R S S ' RS EE A LEKLEIKL LR LKL KL KR KKXY ' XX SR KKLERLKLKREKL LKL KL KR LRHKKIKRK KK KKK KR KR KKK,
| 09%6%0%%? | A SRR LRI RLRLLLLLLEL | 0000002000 202000002620 %0%0%0 %6262 % %60 % %% | X ERRRREIRRELRLRLRRLLLLLRLLLLLRRLLLRLRLLL,
IRAS g I s s
. tototedete?, | Ratotetetotetetotetetotetetototetototetotetetototetototetototetetotetetotetetoteets’ | doteteteteleteteletetetetetotetetotetetolr | X totoletetotetetotetetotetetotetetototetotetetottetototetotetetotetetotete
; T ; | ; T ; ; ; | ¢ ¢ ¥ | ; ; ; ; ; ; ; |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | i | | | | | | |
OO T ! B R ST ! OO O OO OTITOTOTITITOTOTITITITOTON ! TR,
ICAS 5585 1 o N <ot NI oo e
2‘22.2.2’2‘A0, | | JRSSEEEIILELEICILEELEKRIELELIICEEKIKIREEEIIEEIIEL K | KGR RIKREHIRLRIRIIRHIRRAIR | BRI R R I I SRR I IR R SRRRRIRIII I IIRLRRRRRIAHKS
| T 7 ; ; ; ? ; T f f ¥ T ; ; ? ? T ; ; |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | I | | | | | | I | I | | | | | | | | |
|
IWE ‘ 5 3
|
i
%% %% % %% S OSSN XSSOSR 0% % %% %%
A13 RXRRRRIGEN 50K IIRLRLRRKKS
RIS JRRRIKEN RS KXL RXLR GRS
SN poeeetetetete, 9K X XXX oS
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| | |
I %0 %% %0 R O O Y Y e % %% SRS 0% % %% %% I 00002020202 YN Y Y Y e % % % I %
A12 I s s N 5
Y Sodolololotooteteteteteledodololololotootetotetetedodododotololototototetetededododods . ootetetetedetetitatototototetote . 202
T T i ; ; ; ; T 7 7 T T T T i ;
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | |
B IR IRR T T I TILIIN TRRTIIZIN f R XTI IXT IR IRLIXLZIRLTITLS,
A10 LR IS | oo NI o s tost
L LR ERILRIIRKIRXIRILRIIRKLIKIKIRN | R 1 R R R R RIRKIRIEIRIIKKS
i i i i i i i i i i i i i i i i i i i |
| | | | | | | | | | | | | | | | | | | |
K XXX XK KR IR IKI R HKIR IR IR IR ILIKIK RKHKKRKILERKKR R KL X < CREER KGRI IS KLELLLELER X RERIERELERHIERIIER KR IR IKI R IKKRKHKIRIKIERKIR R IR IR IR R IR R IR K KRHKKRKK,
4 RERRREEEERERERERRRRREEREERERRERRREELEERERRREEL LK 0200000000000 %0 %0 %0 000000000000 00 %0 %0 0000000 K RSRSREEEREEERRRREEEERERRERREEREREREERERRREEEREERERRRRELLEERRRRSAAELELELL
ADD Ut R B SRR R
R R RS Vodetetetototetotetetetetetetetetetetotetot Folootetetetetetetetetetetotetetotetetetetetetetete oo o etotetetetetete e o oo e o o totetetete et ettt tetote
| | | | | | i | | | i i | | | | | | i
I I I I I I I I T — I I I I I I I I
V V V V V V V V Write Latency =0 A V V A V | | |
| | | | | | | | i | | | | | |
| | | | | | | | | | | | | | |
DQM DL | | | | | | | | A \ | | | |
. . . . . . . . . . ! . . . .
; ; ; ; ; ; ; ; ; ; ; ; ;
| | | | | | | | | | | | |
| | | | | | | | | | | | |
| | | | | | |
|

DO -----f--|:”-_-z--‘-------‘-------‘--------‘-----(QAalXQAaZXQAaSXQAa4>-i---(DAleDAbZXv XDAb4>--------
f f f f

Activate Read Write Read
Command Command Command Command
for Bank A for Bank A for Bank A for Bank A

Hi-Z at the end of wrap function 0-Clock Latency

™~
--l-----(QAc1XQAc2>S-----(QAc4>-

2-Clock Latency
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Read and Write (2/2) (Burst Length = 4, /CAS Latency = 3)

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . . |
T T T T T T T T T T T T T T T T T T T T T T 1
| | | | | | | | | | | | | | | | | | | | | | |
CKE boH ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| i . . . . . . . i . . . i . . . . . .
| 7 | 7 7 7 7 7 7 7 | 7 7 7 | 7 7 7 7 7 |
/CS i i i i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
T | T | | | | | | | T | | | T | | | | | |
| | | | | | | | | | | | | | | | | | | | |
. | . . . . . . . . . . . , . . . . . . . . |
| — T T
3RS RS R R R IR RRRRRRRRY KRR IR KRR R R RIS
IRAS | R 1 R R R R 1 R s 1 R ARSI
. 2000l le%0%02) | fotetetetototetetototetetetototetetetototetetototetetotototetetototetetototetetetototetetototetetotototetesy’ | etetetetetetatototetetototetetetotetetete?’ | (efetetotetetetototetetotototetutototetetototetetutototetetotototeuotote e o o ot
; T 7 | T T T ; ; ; ¥ | ; | 7 T T T T i
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
IR RN ! O OO OO U IO OO IO IO IIIII IO IIIIIIIIIIIN ! R RIRTTIRIRLLIRLLIZITLN ! TR IRT IR
ICAS T | R | R R R R | R | R R R S BIIS
XXX | R | R RS IRKARIIRKEIIKKIEIKKKN | LR RN | R R IRIEIRKIIIERIKIKS
| ? ? T T T T " ; ; Y T ¥ ¥ ; T ? T T T T 1
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | I | | I . | | | | | | |
TR T PP PP I PO VOV ! T % LT
| 0595058 R i R RRRRCIRIIIIIIILLLLLLRY i Sosss s rsssessssse AN IR
IWE ! % o0, ! 00K ! SIS ! 0L
! $a%’ ! ! %6%%%%%Y ! 0000909090 %%0%6% %096 %%0%6%6%%6%6%%6 %% %%
| | |
| | |
| | |
! ! 0% % % %% %% o% !
! ! GSIRRILRIKKS !
o sotstesetatoteretatotes
A13 : : R :
%% % %% 4 %% %% %% %% o% e e e %%
AL2 B SN RIS s
CRRXHKAKX KXKHRKHRRAXHK
6767076767 ¢%! o X
T T T T T 7 7 T ; T T T T
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
= = i OO OO OO OO OO O OO T T i T TR i = R TR 7
A10 | LR R R RRIRRRRLIRKRS R REIRRRRIIIRLIRN | S IIRIRLIIRRRIN | X RIS
! IR RIS GRRIIEIIIIIKKN ! RRRRIESIIBKIKRKKN ! f00 R IIIRIL RIS
R R tololeteleletetetetototeloletotete2eete. NI ofeleletetetetotololololetele2e2ete e o o ot N R
| | | | | |
| | | | | |
TIRTZZITN RERIRZLIILTIN OO O OISO OO IOI OISO NI I IO IO R EIRTLZITLTLIILTZN 3 X
ADD JIRREIXN fRRRLIRIIIRLIRN R RRIRIURAIRISRIKN KR RRRIIIIIRRLRLLIIIIIRKN % %
3838383838809 eSS esssesotetosotetotetels RO S R SRR R IIRIRIRIIIIILIIIRKKSD RILRRILIRIIKKKI
oSotelete2e efe2etetetototetetetetetes?, 2etetototetetetetetetetetetotote ote et tete e e o o o o o ot tete e 0 o e o ote et tete e e tutetotote et  tototetotetetetetetetetototelotetetetete e
! T !
| | | ! | |
Write Latency = 0 : :
|
DQM L |
|
.
T

Word Masking !

Y
DQ --------------------------‘-------‘--------‘------------(QAalXQAaZXQAa3XQAa4>- ---(DAleDAbZX XDAb4>---

T !

T !

Activate Read Write Read
Command Command Command Command
for Bank A for Bank A for Bank A for Bank A
Hi-Z at the end of wrap function 0-Clock Latency 2-Clock Latency
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13.18 Interleaved Column Write Cycle (1/2) (Burst Length = 4, /CAS Latency = 2)
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13.23 Byte Write Operation (Burst Length = 4, /CAS Latency = 2)
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6.

13.27 PRE (Precharge) Termination of Burst (1/2) (Burst Length = 8, /CAS Latency = 2)
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14. Package Drawing

54-PIN PLASTIC TSOP (I1) (10.16 mm (400))
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NOTES ITEM MILLIMETERS
1. Each lead centerline is located within 0.13 mm of A 22.22+0.05
its true position (T.P.) at maximum material condition. B 0.91 MAX.
c 0.80 (T.P.)
2. Dimension "A" does not include mold fiash, protrusions or gate +0.08
burrs. Mold flash, protrusions or gate burrs shall not exceed D 0.32_907
0.15 mm per side. E 0.10+0.05
F 1.1+0.1
G 1.00
H 11.76+0.20
| 10.16+0.10
J 0.80+0.20
K 0.1453-922
L 0.50+0.10
M 0.13
N 0.10
P 3L
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15. Recommended Soldering Conditions

Please consult with our sales offices for soldering conditions of the uPD4564 xxx.

Type of Surface Mount Device

[PDA4564xxxG5: 54-pin Plastic TSOP (11) (10.16mm (400))
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16. Revision History

Edition / Page Description
Date This edition Preyi.ous Typg of Location
edition revision
NEC Corporation (M12621E)
11th edition / p.15 p.15 Modification, | CKE Truth Table - Power down
April, 1999 Addition
p.19 p.19 Modification, | Command Truth Table for CKE - Power down
Addition
p.37 p.37 Modification | Note 1. Output load
p.46 p.46 Modification [ Symbol
p.47 p.47 Modification | Symbol
p.50 p.50 Modification | Timing Chart (Power Down Mode Exit) , Symbol
p.51 p.51 Modification | Symbol
p.52 p.52 Modification [ Symbol
p.77 p.77 Modification | Timing Chart (Precharge Command for Bank D)
12th edition / p.2,3 p.2,3 | Deletion -AxxL
January, 2000 p.35 p.35 Modification lec2PS
Deletion -AxxL
p.36 p.36 Modification | AC Characteristics Test Conditions
p.81 p.81 Modification | Package Drawing
Elpida Memory, Inc. (E0149N)
Ver.1.0/ - - - Republished by Elpida Memory, Inc.
August. 2001
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR MOS DEVICES

Exposing the MOS devices to a strong electric field can cause destruction of the gate
oxide and ultimately degrade the MOS devices operation. Steps must be taken to stop
generation of static electricity as much as possible, and quickly dissipate it, when once
it has occurred. Environmental control must be adequate. When it is dry, humidifier
should be used. It is recommended to avoid using insulators that easily build static
electricity. MOS devices must be stored and transported in an anti-static container,
static shielding bag or conductive material. All test and measurement tools including
work bench and floor should be grounded. The operator should be grounded using
wrist strap. MOS devices must not be touched with bare hands. Similar precautions
need to be taken for PW boards with semiconductor MOS devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS DEVICES

No connection for CMOS devices input pins can be a cause of malfunction. If no
connection is provided to the input pins, it is possible that an internal input level may be
generated due to noise, etc., hence causing malfunction. CMOS devices behave
differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using a pull-up or pull-down circuitry. Each unused pin should be connected
to Vop or GND with a resistor, if it is considered to have a possibility of being an output
pin. The unused pins must be handled in accordance with the related specifications.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Power-on does not necessarily define initial status of MOS devices. Production process
of MOS does not define the initial operation status of the device. Immediately after the
power source is turned ON, the MOS devices with reset function have not yet been
initialized. Hence, power-on does not guarantee output pin levels, I/O settings or
contents of registers. MOS devices are not initialized until the reset signal is received.
Reset operation must be executed immediately after power-on for MOS devices having
reset function.
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