DATA SHEET

NEC/ MOS INTEGRATED CIRCUIT
uPD4564323 for Rev. E

64M-bit Synchronous DRAM
4-bank, LVTTL

Description

The uPD4564323 is a high-speed 67,108,864-bit synchronous dynamic random-access memory, organized as
524,288 words x 32 bits x 4 banks.

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 86-pin TSOP (l1).

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 BAO and BA1 (Bank Select)

« x32 organization

« Byte control by DQMO, DQM1, DQM2 and DQM3

« 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

« 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 NEC representative for
availability and additional information.

Document No.  M14376EJ2V0ODS00 (2nd edition) The mark * shows major revised points.
Date Published December 1999 NS CP (K)

Printed in Japan © NEC Corporation 1999
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O Ordering Information

Part number

Organization

Clock frequency

Package

(word x bit x bank) MHz (MAX.)
uPD4564323G5-A60-9JH 512K x 32 x 4 166 86-pin Plastic TSOP (Il)
UPD4564323G5-A70-9JH 143 (10.16 mm (400))
UPD4564323G5-A80-9JH 125
HPD4564323G5-A10-9JH 100
uPD4564323G5-A10B-9JH 100
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Part Number

1PD4564323G5 - A60

NEC Memory J

Synchronous
DRAM

Memory Density

64 : 64M bits —— Minimum Cycle Time

60 : 6 ns (166MHz)
70 : 7 ns (143MHz)

Organization 80 : 8 ns (125MHz)
. 10: 10 ns (100MHz)
32:x32 10B : 10 ns (100MHz)

Number of Banks
& Interface

3:4Bank, LVTTL

Low Voltage

A:33%x03V

Package

G5 : TSOP(lI)
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Pin Configuration

Ixxx indicates active low signal.

[uPD4564323]

86-pin Plastic TSOP (I1) (10.16 mm (400))

512K words x 32 bits x 4 banks

Vee O—
DQO O~—|

N

VecQ O——
DQ1 O~—
DQ2 O~—
VssQ O—
DQ3 O~—
DQ4 O=~—

VeeQ O—

©o0O~NO O~ WNER

DQ5 o~—{ 10
DQ6 O=~— 11
VssQ O— 12
DQ7 0~— 13

NC O— 14
Vec O— 15

DOMO o—~| 16
IWE 0—~{ 17
/ICAS o—| 18
JRAS o—| 19
/cS o——| 20

NCOoO— 21

BAO 0—| 22
BALo—~| 23
A10(AP) 0—=| 24

A0 O—= 25
Al O— 26
A2 O—= 27

DOM2 o—~| 28

Vee O— 29
NC o—— 30

DQ16 O<— 31
VssQ O— 32
DQ17 O<~— 33
DQ18 O=—= 34
VecQ O— 35
DQ19 O~—~| 36
DQ20 O0<~— 37
VssQ O—{ 38
DQ21 o<—= 39
DQ22 O=~——= 40
VecQ O— 41
DQ23 O<— 42

A0 to A10™*  : Address inputs

BAO, BA1 : Bank select

DQO to DQ31 : Data inputs / outputs
CLK : Clock input

CKE : Clock enable

ICS : Chip select

IRAS : Row address strobe
ICAS : Column address strobe
IWE : Write enable

DQMO to DQM3: DQ mask enable

Vce : Supply voltage

Vss : Ground

VeeQ : Supply voltage for DQ
VssQ : Ground for DQ

NC : No connection

Vec O— 43

O Vss
[<~—>0 DQ15
—0 VssQ
[«~—=0 DQ14
~—>=0 DQ13
—0 VccQ
[«~—>0 DQ12
<—=0 DQ11
—0 VssQ
~—>=0 DQ10
=—=0 DQ9
F——0 VccQ
=—=0 DQ8
—oONC
0 Vss
~—o0 DQM1
——-ONC
—ONC
«—O CLK
=—O CKE
=—O A9
«—O0 A8
«=—O A7
«—oO0 A6
=—OA5
=—O A4
~—OA3
~—0 DQM3
—0 Vss
—ONC
~—0 DQ31
—0 VccQ
[~—=0 DQ30
[<=—>=0 DQ29
—0 VssQ
[~—>=0 DQ28
[«~—>=0 DQ27
—0 VccQ
[=—=0 DQ26
[«~—=0 DQ25
——0 VssQ
«~—>=0 DQ24
—>O0 Vss

Note AO to A10 : Row address inputs

AO to A7
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Block Diagram

CLK Clock
CKE O Generator
| ‘ Bank D
| ‘ Bank C
| ‘ Bank B
Row
Add
ress Address =
L 7 ~ Buffer al 3
Mod . & | g ]
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Register Counter = T
, € i
Yy %Y -
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(O ——— [} C

ICS 3 o Colummn »| Column Decoder & H DQM

Q (<)) o a i i
RAS 8 £ Address > Latch Circuit LR

e IS »| Buffer @ = 5
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IWE O———| & Counter S s Pe

: s |' 2
- - =
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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 uPD4564323 suspends operation.

When the uPD4564323 is not in burst mode and CKE is negated, the device enters
power down mode. During power down mode, CKE must remain low.

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

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

A0 - A10 Input Row Address is determined by AO - A10 at the CLK (clock) rising edge in the active
command cycle.

Column Address is determined by AO - A7 at the CLK rising edge in the read or write
command cycle.

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 BAO and BA1 is
precharged.

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

BAO, BA1 Input BAO and BA1 are the bank select signal. In command cycle, BAO and BA1 low select
bank A, BAO low and BA1 high select bank C, BAO high and BA1 low select bank B
and then BAO and BA1 high select bank D.

DQMO - DQM3 Input DQM controls 1/0 buffers. DQMO controls DQO - DQ7, DQM1 controls DQ8 - DQ15,
DQM2 controls DQ16 - DQ23, DQM3 controls DQ24 - DQ31.

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 - DQ31 Input / Output DQ pins have the same function as I/O pins on a conventional DRAM.
Ve, Vss, VeeQ, (Power supply) Vec and Vss are power supply pins for internal circuits. VecQ and VssQ are power

VssQ

supply pins for the output buffers.

Data Sheet M14376EJ2V0DS00
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2. Commands

Mode register set command

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

The pPD4564323 has a mode register that defines how the device
operates. In this command, AO through A10, BAO and BA1 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 pPD4564323 cannot

accept any other commands.

Activate command

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

The puPD4564323 has four banks, each with 4,096 rows.

This command activates the bank selected by BAO and BAl1 and a row
address selected by A0 through A10.

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

Precharge command

(ICS, IRAS, IWE = Low, /CAS = High)

This command begins precharge operation of the bank selected by BAO and
BAl. When A10 is High, all banks are precharged, regardless of BAO and
BAl1. When A10 is Low, only the bank selected by BAO and BALl is
precharged.

After this command, the uPD4564323 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 M14376EJ2V0DS00
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Write command Fig.4 Column address and write
command
(/CS, ICAS, /WE = Low, /RAS = High)
ck [ 1
CKE “w

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.

BAO, BA1
(Bank select)
Al0

Add

Read command Fig.5 Column address and read
command

CLK | | I | |

CKE " H

(ICS, 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. ICS
/RAS

ICAS

RRRXT

IWE 355

BAO, BA1
(Bank select)
A10
Add
CBR (auto) refresh command Fig.6 CBR (auto) refresh command
(ICS, IRAS, ICAS = Low, /WE, CKE = High) ck [T 1
CKE H
This command is a request to begin the CBR (auto) refresh operation. The s TN/
refresh address is generated internally. IRAS XN L28
Before executing CBR (auto) refresh, all banks must be precharged. ICAS
After this cycle, all banks will be in the idle (precharged) state and ready for JWE R
a row activate command. BAO, BAL
During trc period (from refresh command to refresh or activate command), (Ba”ksielcg
the uPD4564323 cannot accept any other command. Add
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Self refresh entry command

After the command execution, self refresh operation continues while CKE
remains low. When CKE goes high, the yPD4564323 exits the self refresh

mode.

During self refresh mode, refresh interval and refresh operation are

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

performed internally, so there is no need for external control.

Before executing self refresh, all banks must be precharged.

Burst stop command

(ICS, IWE = Low, /RAS, /CAS = High)

This command can stop the current burst operation.

No operation

This command is not an execution command.

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

terminate by this command.

Data Sheet M14376EJ2V0DS00

No operations begin or

Fig.7 Self refresh entry command

ck [ 1
CKE

Ics
IRAS
ICAS
/WE
BAOD, BAL RREEEEEEEIIL

(Bank select)

TRTITITIL TSI TR
ALD  KRRRKRRRAIRIKRKK

TRTITITIL TSI TR
Add RIS

Fig.8 Burst stop command in Full
Page Mode

SORRRLRK
BAO, BAL R
(Bank select)

TXRIIITIRITIIIL
ALD RIS

TXIIIITTXI TS
Add RIS

Fig.9 No operation

CLK
CKE
ICS

IRAS 3557

ICAS

\OS0cees
3
R

IWE
BAO, BAl

(Bank select)

A10

Add
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3. Simplified State Diagram

Self
Refresh

REF @
@

Mode MRS

Register
Set

L

IDLE

g

10V

Active
Power
Down

READ
SUSPEND

WRITEA . READA
SUSPEND ) SUSPEND

POWER Precharge
ON

Precharge

—- AUtOMatic sequence

Manual input
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4. Truth Table

4.1 Command Truth Table

Function Symbol CKE ICS IRAS ICAS IWE BAO, Al10 | A9-A0
n—1 n BAl
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 \Y L \Y
Read with auto precharge READA H X L H L H \Y H V
Write WRIT H x L H L L \Y L \Y
Write with auto precharge WRITA H X L H L L \ H Vv
Bank activate ACT H X L L H H \Y \Y \Y
Precharge select bank PRE H X L L H L \Y 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 V
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 0 | 1 | 2 | 3
Data write/output enable ENB H X
Data mask/output disable MASK H X H
DQO - DQ7 write enable/output enable ENBO H X L X X X
DQ8 - DQ15 write enable/output enable ENB1 H X x L X X
DQ16 - DQ23 write enable/output enable ENB2 H X x X L X
DQ24 - DQ31 write enable/output enable ENB3 H X x X X L
DQO - DQ7 write inhibit/output disable MASKO H X H X X X
DQ8 - DQ15 write inhibit/output disable MASK1 H X x H X X
DQ16 - DQ23 write inhibit/output disable MASK2 H X x X H X
DQ24 - DQ31 write inhibit/output disable MASK3 H X x 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 ICS IRAS /ICAS /WE | Address
n-1 n
Activating Clock suspend mode entry H L X X X X X
Any Clock suspend 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 M14376EJ2V0DS00 13
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Notel

4.4 Operative Command Table (2/3)
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 /ICS |/IRAS|ICAS| /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 trco
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 M14376EJ2V0DS00 15
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(3/3)
Current state /ICS |/IRAS|ICAS| /WE Address Command Action Notes
Write recovering H X x X X DESL Nop - Enter row active after torL
L H H H X NOP Nop - Enter row active after torL
L H H L X BST Nop - Enter row active after torL
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 trc
L H L x | x READ/WRIT ILLEGAL
L L H X X ACT/PRE/PALL | ILLEGAL
L L L x | x REF/SELF/IMRS | 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/SELFIMRS
Notes 1.  All entries assume that CKE was active (High level) during the preceding clock cycle.

2. Ifall banks are idle, and CKE is inactive (Low level), uPD4564323 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), uPD4564323 will enter Self refresh mode. All input

buffers except CKE will be disabled.

© ® N o g

10. lllegal if trro is not satisfied.

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

Must satisfy burst interrupt condition.

Must mask preceding data which don't satisfy topL.

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

16
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4.5 Command Truth Table for CKE

Current State

[y
=]

ICS

IRAS

/ICAS

IWE

Address

Action

Notes

Self refresh

T

X

X

INVALID, CLK (n-1) would exit self refresh

X

Self refresh recovery

Self refresh recovery

r|X

ILLEGAL

r|lr | |XI

—|IT|XI

X

ILLEGAL

X

Maintain self refresh

Self refresh recovery

Idle after trc

Idle after trc

r | I

ILLEGAL

—r|T|XI

X

ILLEGAL

X

X

ILLEGAL

ILLEGAL

r | I

ILLEGAL

|||/ |T|T|-|T|]T ||

r|lr|r|ZT|r (|- |XI

—r|T|XI

X

ILLEGAL

Power down

X

X

X

INVALID, CLK (n — 1) would exit power down

r | I

EXIT power down - Idle

X

Maintain power down mode

All banks idle

X

Refer to operations in Operative Command Table

Refer to operations in Operative Command Table

Refer to operations in Operative Command Table

CBR (auto) refresh

r|r|r|x

r|r|XI

Op-Code

Refer to operations in Operative Command Table

X

X

Refer to operations in Operative Command Table

X

Refer to operations in Operative Command Table

Refer to operations in Operative Command Table

Self refresh

r|ir|r|r|f~|(T|T|T|T|T|-|]IT|XI

r|ir|jr|jr|xT|r ||| |XI

r|r|r|XI

r|r|X

Refer to operations in Operative Command Table

X

X

X

Power down

Row active

X

X

Refer to operations in Operative Command Table

X

X

Power down

Any state other than

listed above

Refer to operations in Operative Command Table

Begin clock suspend next cycle

Exit clock suspend next cycle

(|||~ |xT(r|T T |T|T|- |- |- |TfT|T ||| ||| |||

r|IZT | |XI

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)

Data Sheet M14376EJ2V0DS00
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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 tre 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 A10 through A0, BAO and
BAL1 as data inputs. The register retains data until it is reprogrammed or the device loses power.

The mode register has four fields;

Options : A10 through A7, BAO, BAl
/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.

Data Sheet M14376EJ2V0DS00 19
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7. Mode Register

BA1 BAO A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
| 0 ‘ 0 ‘ 0 ‘ 0 0 1 ‘ | JEDEC Standard Test Set (refresh counter test)
BA1 BAO A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
[ x [ x [ x ] 1] o] o] vimobe [wr] BL | Burst Read and single write
(for Write Through Cache)
BA1 BAO A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
| ‘ ‘ ‘ 1 0 ‘ | Use in future
BA1 BAO A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
Ix‘x‘x‘x11‘V‘V‘V‘V‘VVVIVenderSpecific
V = Valid
BA1 BAO Al0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 % = Don'’ t care
ol ool o] o]o]| vimobe [wr] BL | Mode Register Set
Bits2-0 WT =0 WT =1
000 1 1
001 2 2
010 4 4
Burst length 011 8 8
100 R R
101 R R
110 R R
111 Full page R
Sequential
Wrap type
PP 1 | Interleave
\
Bits6-4 | /CAS latency
000 R
001 R
010 2
Latency 011 3
mode 100 R
101 R
110 R
111 R
Remark R : Reserved
Mode Register Set Timing
CLK | | |
CKE /
ICS \ /
/IRAS \ /
ICAS \ /
/WE \ /
A0 - A10, X
BAO, BA1

20
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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 Al - AO, binary) (decimal) (decimal)
00 0,123 0,123
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 - AQ, binary)

Sequential addressing sequence
(decimal)

Interleave addressing sequence
(decimal)

000 0,1,23,4,56,7 0,1,2,3,45/6,7
001 1,2,3,4,5,6,7,0 1,0,3,2,54,7,6
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 3,2,1,0,7,6,5,4
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 54,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,52,30,1
111 7,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0

Full page burst is an extension of the above tables of sequential addressing, with the length being 256.

Data Sheet M14376EJ2V0DS00
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8. Address Bits of Bank-Select and Precharge

(/CAS strobes)

Row | Ao | AL | A2 | A3 | A4 | A5 | A6 | A7 | A8 | Ao | Al0]BAo]Ba1] [BAL1[BAO| Resul
0 0 Select Bank A
(Activate command) “Activate” command
0 1 Select Bank B
“Activate” command
1 0 Select Bank C
“Activate” command
Select Bank D
1 1 .
“Activate” command
| AO ‘ AL ‘ A2 ‘ A3 ‘ A4 ‘ A5 ‘ AB ‘ A7 ‘ A8 ‘ A9 | ato] Bao] a1
(Precharge command) A0 | BAL | BAO | Result
0 0 0 Precharge Bank A
0 0 1 Precharge Bank B
0 1 0 Precharge Bank C
0 1 1 Precharge Bank D
1 X X Precharge All Banks
x : Don’t care
0 disables Auto-Precharge
(End of Burst)
1 enables Auto-Precharge
col. [ o] Ar| a2] As| a4l as| as| a7 | A8 | Ao |at0]ero]Bar] (End of Burst)
BA1 | BAO 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

N JTO |_IT1 |_IT2 |_IT3 I_IT4 |_IT5 |_IT6 |_IT7 |_IT8 |_|

/CAS latency = 2

commang

DQ \Q1><Q2><Q3><Q4> H|Z

/CAS latency = 3
Command ; ; ; ; ; ; ; ;
B N s e S

(tras must be satisfied)

In order to write all data to the memory cell correctly, the asynchronous parameter “tor.” must be satisfied. The
torving 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 +tDPL (MIN.)
3 -2 +tDPL (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 toa. 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 T1 T2 T3 T4 T5 T6 T7 T8 T9

L L L LT

CLK

ICAS latency = 2

I I I I I
I I I I I
I I I I I
| | | | |
| | | | |
| | | | |
| | | | |
I I I I I
| | Auto precharge starts } } }
Command ! READA B ! ! ! ! !
| | | | | | |
I I I I I I I
I I I I I I I
| | | | | i |
| | | / \ | | Hi-Z |
DQ i ; i < Q8L >< QB2 >< QB3 >< QB4 ) ; ; ;
| | | 1 1 1 1 | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
ICAS latency = 3 ! ! ! ! ! ! ! ! ! !
I I I I I I I
Command | READA B | | }Auto precharge starts | | | |
| \ | | | | | | |
I I I I I I I I
I I I I I I I I
| | | | | | | |
! ! ! / N Hi-Z 1
| | | | |
bQ i i o X ez X a3 X 0Bty :
| | | | | | | | |
| | | | |
| | | | |
| | | | |
| | | | |
I I I I I
I I I I I
| | | |

(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 _ | ] I I

/CAS latency = 2

;
|
|
|
I
|
|
Command ! WRITA B l

I

|

|

DQ P < DB1 >< DB2 >< DB3 >< DB4 > -

I
Auto precharge starts

Hi-Z
i ] -
: | | | | :
| | | | | |
! ! ! ! | topLving |
| | | | | |
| | | | | |
| | | | | |
ICAS latency = 3 | | | | | |
| | | IAuto precharge starts
Command ! WRITA B ! ! ! |
| ! | | |
l N Hi-Z
DQ hmmmm—— < DB1 >< DB2 >< DB3 >< DB4 Vs - -
l—»
topPL(MIN.)

1
|
|
|
|
|
|
|
|
|
|
|
|
|
L
]
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

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

(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 +tppPL (MIN.)
3 -2 +tppPL (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

CLK |

Command

Hi-Z

DQ

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
TO
CLK |

T1
| | | 1
| | ! !
| | ! !
I | ! !
I I ! !
| l | 1
| | |

Command 1 M@ 1 1
| | |
I ! !
| | |
| | |
! : | HiZ

DO H— < DAL >< DB1 >< DB2 >< DB3 >< DB4  pr---eect

|
|
|
|
|
|
|
|
|
|
|
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NEC

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

T8

T7

T6

T5

T4

T3

T2

T1

TO

CLK

mmmmmmgmmme————

< QB1 >< QB2 >< QB3 >< QB4 >

=2
Command
DQ

ICAS latency

=3

ICAS latency

Command

DQ

27
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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
T7

T6 T8
S I s N I O I

| |
| |
| |
| |
| |
| |
| |
| |
| |
L L
| |
| |
| |
| |
| |
hl F
| |
| |
| |
| |

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

Burst length = 8

/CAS latency = 2

ek _ LML rirrerererereri
Command % % %
- 4 N
DQ ‘ : ‘ ‘

/CAS latency = 3

Command i
DQM | / \ i\\ i
- | & o X o 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 TS5 T6 T7
CLK L1 | [ I I I I

| 1

| |

Command Read | |
| |

| |

| |

| |

| |

| |

ICAS latency = 2
DQ

ICAS latency = 3
DQ

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

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

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

|

|

ICAS latency = 2, 3

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

| |
| |
| |
Command | Read |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

DQ

(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

[ L1 |

3 |
Command i Read

|

|

|

|

|

|

|

[N

|

|

|

|

|

|

CLK

DQ

) S

|
|
|
|
|
|
|
L
|
|
|
|
|
|

(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

ST N e Y e e Y N I o O
1 |

l T T 1 l
T
L | I |

L e | L |
oo SN
N S N S N A SR

l L oHiZz
N

L |

.|

.|

|

I I I I I
1 1 1 1 1 tep
I I I I I

(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

CLK N S
S S S A s O H S H
l i l l l ‘ 1 1 ‘ l
| | I I | ! | | |
l l l l L/ \ 1 l j

DQM | ! ! ! ! ! ! !
j l l l l 1 1 l l
| | I I I \ ; ; | I
| ‘ ‘ ‘ ‘ \ | HZ : |

DQ beeee- <D1><D2><D3><D4><D5/ 3 ;l . !
I T T T T T I I
| e | |
l l l

(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, VecQ -0.5t0 +4.6 \
Voltage on input 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 -55to0 + 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, VecQ 3.0 3.3 3.6 Y
High level input voltage Vin 2.0 Vec+03™ |V
Low level input voltage Vic -0.3""? +0.8 \Y
Operating ambient temperature Ta 0 70 °C
Notes 1. ViHmax) = Vcc + 1.5V (Pulse width <5ns)
2. Viiminy = =1.5V (Pulse width <5ns)
Pin Capacitance (T A =25 °C, f =1 MHz)
Parameter Symbol Condition MIN. TYP. MAX. Unit
Input capacitance Cun AO - A10, BAO, BA1 25 4 pF
Ce CLK, CKE, /CS, /IRAS, ICAS, 2.5 4
/WE, DQMO - DQM3
Data input / output capacitance Cio DQO - DQ31 4 6.5 pF

32
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DC Characteristics 1 (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test conditions Ialltceﬁiy Grade [ Maximum Unit | Notes
Operating current leca Burst length=1, CL=2 | -A60 150 mA 1
trc = tRe(MIN.), -A70 140
lo= 0mA, -A80 130
One bank active -A10 130
-A10B 120
CL=3 | -A60 160
-A70 150
-A80 140
-A10 140
-A10B 130
Precharge standby current lcc2P | CKE < Viymax), teck =15ns 1 mA
in power down mode lcc2PS | CKE < ViLax), tek = o0 1
Precharge standby currentin| lccaN [ CKE 2 ViHMing, tck =15ns, CS 2 ViHMminy, 20 mA
non power down mode Input signals are changed one time during 30 ns
lccaNS | CKE = ViHmMiny, tck = oo, 6
Input signals are stable.
Active standby current in lccsP | CKE < Viymax), teck =15ns 5 mA
power down mode lccaPS | CKE < ViLax), tek = o0 4
Active standby current in lccaN CKE = VMmN, tck =15 ns, /CS = ViHMiNy , 30 mA
non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = VilMiny, tek = oo, Input signals are stable. 20
Operating current lcca tek = tekMing, CL=2 | -A60 170 mA 2
(Burst mode) lo=0mA, -A70 170
All banks active -A80 170
-A10 140
-A10B 130
CL=3 | -A60 240
-A70 220
-A80 190
-A10 180
-A10B 160
CBR (auto) refresh current lces tre = treming CL=2 | -A60 160 mA 3
-A70 150
-A80 150
-A10 150
-A10B 130
CL=3 | -A60 170
-A70 160
-A80 160
-A10 160
-A10B 140
Self refresh current lcce CKE<0.2V 1 mA

Notes 1. lcc1 depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, lcc1 is measured on condition that addresses are changed only one time during tckmin,).

2. lcca depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, lcc4 is measured on condition that addresses are changed only one time during tckmin,).

3. lccs is measured on condition that addresses are changed only one time during tckin).
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DC Characteristics 2 (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition MIN. [ TYP. | MAX. | Unit [ Notes
Input leakage current v 0 £ Vi £ VeeQ, VeeQ = Vg, -1.0 +1.0 LA
All other pins not under test =0 V
Output leakage current low 0 < Vo £ VceQ, Dour is disabled -1.5 +1.5 LA
High level output voltage Vor lo=—=4mA 2.4 \
Low level output voltage Vou  |lo=+4mA 0.4 \Y
AC Characteristics (Recommended Operating Conditions unless otherwise noted)
O Test Conditions
Parameter Value Unit Notes
AC high level input voltage / low level input voltage 24/0.4 \
Input timing measurement reference level 14 \Y,
Transition time (Input rise and fall time) 1 ns
Output timing measurement reference level 14 \Y,
tek
tcH teu
24V
CLK 1.4V —mmmmmmmmmomooooeees + /
04V - E—
tsetup | tholp
24V -
Input 1.4V ~~~~~~~><
04V -
tac
L on,

Output
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Synchronous Characteristics

Parameter ICAS [Symbol -A60 -A70 -A80 -A10 -A10B Unit [ Note

latency MIN. [ MAX. | MIN. [ MAX. | MIN. | MAX. [ MIN. | MAX. [ MIN. | MAX.

Clock cycle time CL=3| tcks 6 |ae6MHz) 7 [@43vHz| 8 |@125MHz| 10 |(00MHz) 10 [(100MHz) ns
CL=2| tcke 10 (200MHz) 10 |@100MHz) 10 |100MHz)| 13 [(77MHz)| 15 |(®67MHz)| ns

Access time from CLK CL=3| tacs 5.5 5.5 6 6 7 ns 1
CL=2| tac2 6 6 6 7 8 ns 1

CLK high level width teH 2 2 3 3 3.5 ns

CLK low level width tew 2 2 3 3 35 ns

Data-out hold time ton 25 25 3 3 3 ns 1

Data-out low-impedance time tz 0 0 0 0 0 ns

Data-out high-impedance [CL =3[ tnzs 2.5 5.5 2.5 5.5 3 6 3 6 3 7 ns

time CL=2| tnzz | 2.5 6 25 6 3 6 3 7 3 8 ns

Data-in setup time tos 15 15 2 2 25 ns

Data-in hold time tow 0.8 0.8 1 1 1 ns

Address setup time tas 15 15 2 2 25 ns

Address hold time taH 0.8 0.8 1 1 1 ns

CKE setup time teks 2 2 2 2 25 ns

CKE hold time tekH 1 1 1 1 1 ns

CKE setup time (Power down exit) | tcksp 2 2 2 2 25 ns

Command (/CS, /RAS, /ICAS, tems | 1.5 15 2 2 25 ns

/WE, DQM) setup time

Command (/CS, /RAS, /ICAS, temn | 0.8 0.8 1 1 1 ns

/WE, DQM) hold time

Note 1. Output load
1.4V

50Q

Z=50Q

Output )
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Asynchronous Characteristics

Parameter ICAS [Symbol -A60 -A70 -A80 -A10 -A10B Unit [ Note
latency MIN. | MAX.| MIN. | MAX.| MIN. | MAX.| MIN. | MAX.[ MIN. | MAX.

REF to REF/ACT command tre 60 63 70 70 90 ns
period (Operation)
REF to REF/ACT command tre1 66 70 70 70 90 ns
period (Refresh)
ACT to PRE command period tras 42 |120,000f 42 |120,000f 48 |120,000f 50 |120,000f 60 |120,000( ns
PRE to ACT command period tre 18 20 20 20 30 ns
Delay time ACT to READ/WRITE | trcp 18 20 20 20 30 ns
command
ACT(one) to ACT(another) trrRD 12 14 16 20 20 ns
command period
Data-in to PRE command period topL 8 8 8 10 10 ns
Data-in to ACT(REF) command [CL = 3| toas [2CLK+18) 2CLK+20) 1CLK+20] 1CLK+20] 1CLK+30) ns
period (Auto precharge) CL = 2| toa2 [1CLK+18 1CLK+20| 1CLK+20| 1CLK+20) 1CLK+30| ns
Mode register set cycle time trsc 2 2 2 2 2 CLK
Transition time tr 0.5 30 0.5 30 0.5 30 1 30 1 30 ns
Refresh time (4,096 refresh cycles) | trer 64 64 64 64 64 ms
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:3)

4, |CAS Latency

13.2 AC Parameters for Write Timing (Burst Length
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13.3 Relationship between Frequency and Latency

Speed version -A60 -A70 -A80 -A10 -A10B
Clock cycle time [ns] 6 10 7 10 8 10 10 13 10 15
Frequency [MHz] 166 100 143 100 125 100 100 77 100 67
/CAS latency 3 2 3 2 3 2 3 2 3 2
[trep] 3 2 3 2 3 2 2 2 3 2
IRAS latency (/CAS latency + [treo]) 6 4 6 4 6 4 5 4 6 4
[tre] 10 6 9 7 9 7 7 6 9 6
[trea] 11 7 10 7 9 7 7 6 9 6
[tras] 7 5 6 5 6 5 5 4 6 4
[trrD] 2 2 2 2 2 2 2 2 2 2
[tre] 3 2 3 2 3 2 2 2 3 2
[tord] 2 1 2 1 1 1 1 1 1 1
[toad] 5 3 5 3 4 3 3 3 4 3
[trsc] 2 2 2 2 2 2 2 2 2 2
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13.7 Clock Suspension during Burst Read (using CKE Function) (1/2) (Burst Length = 4, /CAS Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | Ti1 T12 T13 T14 | T15 | T16 T17 T8 | T19 | T20 | T21

| | | | | | | | | | | | | | | | | | | | | | i
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T T T T T | T | | T | | | T T T T T T T T T |
CKE | | | | | | | | | | | | | | | | | | | | | | |
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Activate Read 1-CLOCK 2-CLOCK 3-CLOCK Hi-Z (turn off)
Command Command SUSPENDED SUSPENDED SUSPENDED at the end of burst
for Bank A for Bank A
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13.8 Clock Suspension during Burst Write (using CKE Function) (1/2) (Burst Length = 4, /CAS Latency = 2)

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

| | | | | | | | | |
| | | | | | | | | |
. . . | . . . . . )
T T T | T T T T T |
C K E | | | | | | | | | |
| | | | | | | | | |
| | | | | | | | |
| | | T | | | | | |
| | | | | | | | | |
| | | | | | | | | |
" | " | " " " " " )
ICS | | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
| T | T | | | | | |
| | | | | | | | | |
I | | I I I I | | |
RS RKARN ! H
SRR IR SRR
IRAS 5855 | R RIS
% 038, S IRRRRIKLIKI
AAAAAA SN | R I,
|
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
|
—TT ' O O O O O O O O O T
ICAS 88 ‘ s
XX ! ! 00 03000 R 00 0 00 R IRRRKXKK
T | 7 T V T T | T T T 7 7 T T T V T T T | i |
| | | | | | | | | | | | | | | | | | | | | | |
. . . | . . . . . . . . . . . . . . . . . . )
CRRRXA ! 9 ! f R KKK KRR R IR IR R KRR KK R I R IR KKK R IR R KKK IR K KRR KRR KRR IR IR KRR KRR KR KRR KKK LK K XK KKK KRR KRR KK KK KRRK
IWE T NI I
S5y ! o2 ! R R R SRR S SRR
; | ; T ; ; ; ; ; T T 7 ; T ; ; ; ; ; ; ; T !
| | | | | | | | | | | | | | | | | | | | | | |
. | , | . . . . . . . . . \ \ , . . . . . . |
T | = | £
BAO | 3 R D R s
! BR800 R R0 0890 R S 0 S0 R 000 RIIIRRRK KKK
s I I OIS IISINIIIII SISO OO IIIIII I NI I I IS OO I SIS IINI NI IIIII IO INIIIIIIII NI I IS IO IIIIIININII I IS OO NI IIIII NI NI NI IS OO I I IS IINI NI IIII IO NI N IIIN I,
; ; * ; ? ? ; ; ; ; ; ; * * * ? ? 7 ; ; §
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
TTRIIIIR) ! ! R T T I TSI T T T TSI LL LTI ITTLT TR I TL T TR L T TL LTI TSI TSI TSI TLL TSI T LT ZL T TTTL L TR T IL T ITS LTI T TR LT TR TTTTLT T TSI TLT TS
BA1 RRXKRLRN ! ! L0000 R S0 R a0 R e 0 R0 R0 RRRIIIHIKKKEIKS
350N | 1 R S R O S R S S R O O R I R R IR RILIIIRRICRLRLIEKS
QERREIN B33 R S O R R O R S RS REIERIRKREIIIEKAKSS:
SIIHIXN ! Y Va0V IS INSNIN IS I N NI NI I NI NI I NSNS I NI I IIIIII SIS NI IS IS NI IIIINIINIIIIII I IO N IS IS I NI SN IS IO IO NSNS NI IS NN IS OIS NINII I NI S VIS IV I NN INI NN
i i i i i i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | | | | |
|
PTTIIIITITILS T TTIIIIRIITTIIIIRITLTLTTIIITIZTLIIIIIIIZZIXTLITITIZIIITTLITTS TITIITITIXTTIIIIIIILTLTITTIIIIS
Al | XX R IR RRRRRIIIIIIIK RIS
s R AR SRS
QRXUIKKRK SIS IIIII GO IIIIII I OIS IS II NI OO IISIS GO IIOIIII OO, X X SOOI IO SISO OIS
| | T T T T T T i | | | | | | , T T
| | | | | | | | | | | | | | | | | |
. ; . . . . . . . . ) I ; ; , . . .
AR, XS 3 EIIIIIAAXAXIXXXXRIIIIIIIIIARAIAIIIL XXX IHIIIIIIHRAXIXX LRI RIIIIIIRAXAIAIIIXLKIKKHKK R IRIIIIIAIAILAXAXKKKKS
ADD SRR\ s
QRRKIY R R R RIIRRSEIRIEIIRKILIRKK R RSO RIIERAEIIRRIIIRKSS
AAR'NES e o X A48 4 A A S A A A S 4 4 4 4 4 44 44 4 S S S T
; ; ; ; ; ; ; ; ? ; ; ; ; '
| | | | | | | | | | | | |
| | | | | | | | | | | | |
| | | | | | | | | | | | |
| | | | | | | | | | | | |
DQM oL | | | | | | | | | | | |
. . . . . . . . . . . . .
T T T T T T T T T T T T |
| | | | | | | | | | | | |
| | | | | | | | | | | | |
' Hi-Z I I I I I I I I I
! RERRRRR I, KRR REIIIIIRRRLRLIK | | | | | | | | | |
DQ e FRRXZSSW DAG2 FRIIIXIIIIISISON DAAS JRREIXIIIEILSIIRIIIILLILSN NAQLY Y= = === === mmimmmmmcmmmcsesemesssssessssssbssssssbkoscs-sdemssssdamannnsd
Aasatetetess? AR atatatetetese? s s asasasstetetesess’
LR RS 2020202020200 0 oo el 2e2020 200 o o ot
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)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | T12 | T13 | T14 | T15 | Ti6 | T17 | T18 | T19 | T20 | T21

| | | | | | | | | | i fcksp! |
| | | | | | | | | | | | |
I L L I I I I I I <~
T T | T T | | | | | | T |
CKE | | | | | | | | | | | | |
| | | | | | | | | | | | |
| | . | | . . . . . . | |
| | T | | T T T T T T | |
| | | | ' VALID | | | | | | | |
| | |
R TS T %
TIT, SRR
/ICS | | | | | | | | R 000IIIIIIHICKIIKKLKNKS |
| | | | | | | | I IIRRRIKKKS |
| | | | | |
| | | | | |
| | |
L% B OISO TITOTOTOTeT; SRR 2 RRRRRRRL, SRR LR T TR O O T SOOI OO IO IO NI IO IIIIOINY
£ KIRKS JEKIKAKBIK R KIILKERIKIIIKIN £ IR,
IRAS BRI S R R RS
BRI KRR RN B R R R
|
R TN R S R TIRR 2 R L]
/CAS RIS IIIIRRRRRRKS R SRR RIS IIIRRIRIIIRLK ! O s ses e sesesatetatotatetotetototoresess/
O e e St e e o te ot etatateteteteretes k %5 S RIS R | R RN KKK
RO IRIIIILRRIILILLISILLS B RIS RIS
VOISO IIII NGO I I I.09. 89909 8.9.9.9.9.9, SS90 0000909 999.9.9 9,990,000 9.9 3090990999999 0990009099999, : SIS I OIS0 IS99
| i
| |
KK RKKRRKA XS OREEEKKKARARIKAIEIKIHKRKIRL XK REEEELEREEREREIKAKIKCAKIKIKHKHKRKIK XK KR RRIIIKIHKIKIKIKIXIKIN X XXX RAICIRAIIAHK KKK XK i <G GREIKICKICICHKIIIK XX NI KKK X
J/WE oS otetetee%, ! ol ote e tetetotetotetetotototetetotototetototetotetetetede?. ! e e e e e et e e e e et e et s te e ot ot ato et o tetototetotototototototototototototetototetotetod ! B 00K, !
KRR ! KRR IRIRIRIIILXLK] ! R 00030500 RIIIIIIIIIIRIIIKIKIN ! JRR KR RILILLIIIIIIRIHIIRIIRIXILLSY !
e%%%6%%6%¢, ! 020202620502 20 %026 %620 2606626 626 26562636250 %Y ! A e R R ERI LK KLKKEN 9020205627026 06 262626 %% 226 6% %6 226 %26 6263 % 6% !
i | i i i i | i i i i i i i i i i i i i i | i
| | | | | | | | | | | | | | | | | | | | | | |
OO, ! O IR OGO IIPOOOON, ! R R TITTT ! R L TRL TS
BAD R 1 A | 1 R SR
SRR | JRRKESIELIIIRIEEIIRRISIIRIEN | R R S R 1 R SRR
i i i i i i
| | | |
Ty | T TSI i SIS OO OO OO O OO | T T T SIS
RIIKIEKN R IRIIIKIREK, QORKIXK A IR KIREKEKIEKIK I KIRK
BAL 2555555 | SSSEEEEiti)  | B | R S
SRR R RN 1 R R R R R R RN 1 R R SRR
i i i i i i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | | | | |
o %% %% 070 % % o e % Y Yo T Yo Y e e Ve e Y Y Y T Y e e % % ' K OSSR SIS SIS SIS ISR ' K PSSP SASASESSISISON 0% %% % % % % %% 0% % % % %% Y e % YV VeV 0 9 v
R O S OO OIS IO O T O S T S O T T O O OISO R R RS O RIRRRILS: %
Al BB R NI s N s
R NI s NI o
i i i i i i i
SEAARADNSN I\ BBARESESEANRAERRDANDEEDNENAIRANDEIEINDIN I\ LSS SIS SIS SIS IS SIS SISO
DSTITTITIT, RIRRIRE R R R R IIR RRIEE:
QRN RS G RRIIKIIRRRIS SRS o
ADD CRIRLLKN 3 OISR s s sesasesasatatesetotess IS IIIRRRIRRIKR
29230280, 2090200 % 6% %% 0o20%62a%6%%a% %% REIRRKL P00 %00% 209026962626 % %% %% 06630 % 0% %% $2690%%a%% QKK
;
i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | |
[ | | | | | | | . . . | | | | | | |
+ Hi-Z | | | | | | | | | | | | |
DQ e s R SR L0 )-Y:1) (o). Y-7) (o). CX] fmeeelesccaabecceccbccccaaeaccaacecemmadaaaaaad
Activate Read Precharge
Command Command Command
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13.10 CBR (Auto) Refresh
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13.11 Self Refresh (Entry and Exit)
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13.12 Random Column Read (Page with Same Bank) (1/2) (Burst Length = 4, /CAS Latency = 2)
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Random Column Read (Page with Same Bank) (2/2) (Burst Length = 4, /CAS Latency = 3)
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13.13 Random Column Write (Page with Same Bank) (1/2) (Burst Length = 4, /CAS Latency = 2)
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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)

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . . |
T T T T T T T T T T T T T T T T T T T T T T 1
| | | | | | | | | | | | | | | | | | | | | | |
CKE A | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| . . | . . . . | | | . . | . . | |
T | T T | T T T T | | | T T | T T | T |
/CS | | | L Y A | | | | | | | L Y A | | | |
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | |
| T | | T | | | | T | | T | | T | |
| | | | | | | | | | | | | | | | | |
| | I | | | | | I | | | | | | I |
RO ! OO OO IO SO IO IO I IO IIINIITONII SRR IRRLS] ! o ! R IRRI] OO !
RRXLXLON ! BESIRRIRIEIIIKKA 1 NGRRRRRREIIRIRIIIIKXKIIIRKIKD ORRRRIIRKILELSS ! ! % ! KRRRKKS] T XKRERK !
IRAS XKD ORISR 1 RIS RLAIIRKEL LIRS, RS IRREEKIS ' ' o5 ' Sotstetereoes! ! RXIRIRN 1
KIREKLN 1 RRLEEL] ! R RN 2500020202 02000, ! | | SRR ! 0%ttt W]
; ¥ ? ; ; ;
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | |
IRRIRRIRZIITN OO OO OO I AN IIIININY S IRIRRL LTI f R OIRRL LTI fRRRRRLKS
ICAS I s N SREIIBIBIIIIIIIT 1 KIIIEIIIEN 1 ey ORI Y s A
i e Il RO RRIIERAXIIRKIIEKKER i s oo i i O | RS i
| | | | |
| | ! ! | I | | | | ! T | ! | | | | T ! | | |
| | | | | | | | | | | | | | | | | | | | | | |
| |
%% %% % %% o% %% % %% 0% %% % % %% 1997 NN %9 .0-0-9-9.9 .94 o% 2%%' B %% % %% %% Y o% 5%%%%%Y B %% % %% % e NN an e
SRR | X | RN R A g | X | | |
QSRS IR oot or s stesetstetevetotose! Satotesetstotetatatotetetotetes RIRKRN bo3et
WE  Sessd | s I e I s I v N | | |
totetetotetets ’ ! R RIS ! RRRERESEIEK ! RSN 1 R ! ! !
T | T T | | ! T T | T i | T T T T | T ! |
| | | | | | | | | | | | | | | | | | | | |
| | I | | | | | I | | | | | | I | | | | |
" " | S | " " "
XRRRRRLRK S0 IRLRIIIIIIIIIEILKN RRRRRLLIIIKRRIN SXXXXIRRLRK: QBB
BAO ' S otatelotetetotetetetets I 000 o te e s o e Lot e e e Ot o Lot et S o tototatetetoteds i otetetototetetotetetetetets. i oo tetetote%e! i o deotetototetetotetotete i oo totetetotetetotetetetets’ i
R RRRRRRRRRKN e s e oo e s a ot et statotototosatototss 3t tetatatatatetetas RRRRRRKY CRRRCRRRRIRK R
: PO I SIS0 : VO LLLIII SOOI I IO OIS0 999,99, ! | SISO 00.9.9.9.9.9, ! LXK : LS IS99 : SOOI 00.0.93, :
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | |
TIRTZIRTN | | B TR T IXLLIXL | | [T | | i ST |
BAL T\ | B s B s N | B s N
s L RRRIRKIIRIRKIIIXIAIKKEIKCIIKKAN ! L RN ! ! ! XXX |
7 T T T T T 7 T T T T T T T T T T T T 7 |
| | | | | | | | | | | | | | | | | | | | |
| | | | |
PO, fRRITRRTITZN OO IO TO IO ITITI NI NI R RRIIIRRLL [T fRRERIRTIRLIN OIITOIITIININD,
A0 ) s N I [REZ00 SR 1 fETEEn) LTI | |
GRRRNKNY RERRILIRRRLISIN 1 R R IRIRIEIIRKRKLK RIRRRLIIIRKKS L RRRRRKES 1 RREREEIIIKRKY ARRRIIIEIRRKIES I !
| T | | T T T | | T | T T | T | T T T T T | |
| | | | | | | | | | | | | | | | | | | | | | |
RRIIRRL 4 R R TR DITTRX TR RS R R TLTRIETKLY R IRRL L] R
ADD By Rl e I ) e Y e Ay s
XXX , 3030303030303898303830509058903898030903090300589830K fRRXRXIIXILLRIIKN) SRXERRLLLLL LI LRIRIRIIRRRKKN BRRRRRXRLLILLLLKN fRRRRXK
pPe2etottet 2atote%tete! B RGN LRGN A20%0%00 e %0240 00242002 200 e 0 e o0 et e 0% % 0 RN fo%e%atete%e!
¥ ; ; T ; ; ; ; T T ; T ; ; ; ; T " ; T ; |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
DQM oL | | | | | | | | | | | | | | | | | | | | |

P Hi-Z ! ! ! ! !
DQ

e e (éBa1X<$Ba2X($Ba3X<$Ba4X§Ba5X<$Ba6X<$Ba?XéBas)(csAa1XéAa2XéAa3XéAa4X($Aa5Xc;Aa6X§Aa7>C

f t f

Activate Read Activate
Command Command Command
for Bank B for Bank B for Bank A

f

Read
Command
for Bank A

!

Precharge
Command
for Bank B

f

Activate
Command
for Bank B

f

Read
Command
for Bank B

f

Precharge
Command
for Bank A

AN

3J 'A9Y 10} £2E¥9SYAdr



00SA0ACCIILEYTIN 198YS eled

LS

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

Hi-Z at the end of wrap function
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Read
Command
for Bank A
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Read and Write (2/2) (Burst Length = 4, /CAS Latency = 3)
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Command Command
for Bank A for Bank A
Hi-Z at the end of wrap function 0-Clock Latency 2-Clock Latency
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Auto Precharge after Read Burst (2/2) (Burst Length = 4, /CAS Latency = 3)
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13.23 Byte Write Operation (Burst Length = 4, /CAS Latency = 2)
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13.27 PRE (Precharge) Termination of Burst (1/2) (Burst Length = 8, /CAS Latency = 2)
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PRE (Precharge) Termination of Burst (2/2) (Burst Length = 8, /CAS Latency = 3)
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14. Package Drawing

86-PIN PLASTIC TSOP (Il) (10.16 mm (400))

detail of lead end
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NOTES ITEM MILLIMETERS
1. Each lead centerline is located within 0.08 mm of A 22.22+0.05
its true position (T.P.) at maximum material condition. B 0.765 MAX.
2. Dimension "A" does not include mold flash, protrusions or gate c 0.5(T.P.)
burrs. Mold flash, protrusions or gate burrs shall not exceed D 0.2270.08
0.15mm per side. 7-0.07
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
+0.025
K 0.1457g'¢72
L 0.50
M 0.08
N 0.10
P 313
R 0.25
S 0.60+0.15
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15. Recommended Soldering Condition

Please consult with our sales offices for soldering conditions of the uPD4564323.

Type of Surface Mount Device

UPDA4564323G5: 86-pin Plastic TSOP (1) (10.16 mm (400))

16. Revision History

Edition / Page Description
Date This Previous Type of Location
edition edition revision
1st edition / - - - -
June 1999
2nd edition / p.2 p.2 Deletion HPD4564323G5-A60L-9JH, 4564323G5-A70L-9JH, 4564323G5-A80L-9JH,
December 1999 uUPD4564323G5-A10L-9JH, 4564323G5-A10BL-9JH
p.3 p.3 Deletion L (Low Power)
p.33 p.33 Deletion Icce (-AxxL (Maximum))
p.34 p.34 Modification | Test Conditions
p.79 p.79 Modification | Package Drawing
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity
as much as possible, and quickly dissipate it once, when 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. Semiconductor 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. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be 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. Inputlevels
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 Vob or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/0 settings or contents of registers. Device is notinitialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.

Data Sheet M14376EJ2V0ODS00 83
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« The information in this document is subject to change without notice. Before using this document, please
confirm that this is the latest version.

« No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in
this document.

« NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

« Descriptions of circuits, software, and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these circuits,
software, and information in the design of the customer's equipment shall be done under the full responsibility
of the customer. NEC Corporation assumes no responsibility for any losses incurred by the customer or third
parties arising from the use of these circuits, software, and information.

« While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

« NEC devices are classified into the following three quality grades:

"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on a
customer designated "quality assurance program" for a specific application. The recommended applications of
a device depend on its quality grade, as indicated below. Customers must check the quality grade of each device
before using it in a particular application.

Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic
equipment and industrial robots

Special: Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

Specific: Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.
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