DATA SHEET

NEC MOS INTEGRATED CIRCUIT
uPD45128441, 45128841, 45128163

128M-bit Synchronous DRAM
4-bank, LVTTL

Description

The uPD45128441, 45128841, 45128163 are high-speed 134,217,728-bit synchronous dynamic random-access
memories, organized as 8,388,608 x 4 x 4, 4,194,304 x 8 x 4, 2,097,152 x 16 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 (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(A13) and BA1(A12)
« 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

e 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 NEC representative for
availability and additional information.
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NEC uPD45128441, 45128841, 45128163

0 Ordering Information

ot | clkfeere

UPD45128441G5-A75-9JF 8M x4 x4 133 54-pin Plastic TSOP ()
LPD45128441G5-A80-9JF 125 (10.16mm (400))
UPD45128441G5-A10-9JF 100

LPD45128441G5-A10B-9JF 100

UPD45128841G5-A75-9JF AM x 8 x4 133

LPD45128841G5-A80-9JF 125

UPD45128841G5-A10-9JF 100

LPD45128841G5-A10B-9JF 100

UPD45128163G5-A75-9JF 2M x 16 x 4 133

LPD45128163G5-A80-9JF 125

UPD45128163G5-A10-9JF 100

LPD45128163G5-A10B-9JF 100
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NEC uPD45128441, 45128841, 45128163

[ X4, x8 ]
1PD45128841G5 - A75

NEC Memory J

Synchronous DRAM

Memory density

128 : 128M bits Minimum cycle time
75 :7.5ns (133 MHz)
80 :8ns (125 MHz)
10 :10 ns (100 MHz)
10B: 10 ns (100 MHz)

Organization

Number of banks

4 : 4 banks
Interface Low voltage
1:LVTTL A:33V*03V

|
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|
: Package
|

[ x16 ] 163 G5 : TSOP (Il

Organization

16 : x16

Number of banks
and Interface

3:4 banks, LVTTL
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NEC uPD45128441, 45128841, 45128163

Pin Configurations

/xxx indicates active low signal.

[uPD45128441]
54-pin Plastic TSOP (lI) (10.16mm (400))
8M words x 4 bits x 4 banks

—/
Vce O 1 54 —OVss
NC O 2 53F—ONC
VeeQ O—3 52 ——OVssQ
NC O—4 51F—ONC
DQO O=~—=|5 50 «~—=0ODQ3
VssQ O———16 49 —-OVceQ
NC O——7 48 —ONC
NC O——8 47 —ONC
VeeQ O——{ 9 46 ——OVssQ
NC O——-10 45 ——ONC
DQ1 O=— 11 44 [«—>ODQ2
VssQ O— 12 43+——0OVceQ
NC O——13 42 —ONC
Vece O— 14 41 —COVss
NC O——— 15 40 —ONC
IWE O—~| 16 39 |~—ODQM
ICAS O—— 17 38 |«~—OCLK
IRAS O—{ 18 37 |«=—OCKE
/ICS O— 19 36 —ONC
BAO(A13) O—] 20 35 |~—0AlLlL
BAL(A12) O— ] 21 34|« 0A9
Al10 O—| 22 33| «——0OA8
Al O— |24 31« 0OA6
A2 O— |25 30f«—0A5
Vee O——— 27 28}——OVss
AO to A11 : Address inputs
BAO(A13), BA1(A12): Bank select
DQO to DQ3 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/ICS : Chip select
/IRAS : Row address strobe
/ICAS : Column address strobe
/WE . Write enable
DQM : DQ mask enable
Vcc : Supply voltage
Vss : Ground
VceQ : Supply voltage for DQ Note AOto All : Row address inputs
VssQ : Ground for DQ A0 to A9, All : Column address inputs
NC : No connection
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uPD45128441, 45128841, 45128163

A0 to A11 Mo

BAO(A13), BA1(A12):

DQO to DQ7
CLK
CKE
ICS
/IRAS
ICAS
/WE
DQM
Vcce
Vss
VceQ
VssQ
NC

[uPD45128841]
54-pin Plastic TSOP (lI) (10.16mm (400))
4M words x 8 bits x 4 banks

—/

Vce O 1 54 F—OVss
DQO O 2 53 ~——=0DQ7
VeeQ O 3 52 ——OVssQ

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

NC O 7 48H——ONC
DQ2 O 8 47 |~——=0ODQ5
VecQ O— 9 46 —OVssQ

NC O—— 10 45—CONC
DQ3 O~— 11 44 |~—=0ODQ4
VssQ O— 12 43 ——C0OVceQ

NC O—13 42 —ONC

Vece O—1 14 41 —OVss

NC O——15 40 —ONC
/WE O—> 16 39 =—ODQM
ICAS O— 17 38 [«—OCLK
/IRAS O— 18 37 ~—OCKE

/ICS O— 19 36 —ONC

BAO(A13) O— 20 35 [~—0AI1LL
BAL(A12) O— =] 21 34l a9

A10 O—| 22 33| «—0OA8

A0 O—| 23 2l A7

Al O— | 24 31}~ 0A6

A2 O—>| 25 30 f«—OA5

A3 O—{ 26 29|l«—0OA4

Vee O—— 27 28—OVss

: Address inputs

Bank select

: Data inputs / outputs

: Clock input

: Clock enable

: Chip select

: Row address strobe

: Column address strobe
: Write enable

: DQ mask enable

: Supply voltage

: Ground Note AOto All : Row address inputs
: Supply voltage for DQ AO to A9
: Ground for DQ

: No connection

: Column address inputs
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NEC uPD45128441, 45128841, 45128163

[uPD45128163]
54-pin Plastic TSOP (lI) (10.16mm (400))
2M words x 16 bits x 4 banks

_/
Vece O— 1 54 F—OVss
DQO O=~—>|2 53 |«—=0DQ15
VeeQ O—13 52 F——0OVssQ
DQl O=~—>|4 51 ~—=0ODQ14
DQ2 O=——|5 50 =—0ODQ13
VssQ O— 6 49 ——0OVeeQ
DQ3 O=~—>|7 48 [«~—=0DQ12
DQ4 O<~—>|8 47 +—=0DQ11
VeeQ O—— 9 46 —OVssQ
DQ5 O=~—>{10 45 |«—=0DQ10
DQ6 O=~—>|11 44 |«~—=0ODQ9
VssQ O—— 12 43 ——-0OVceQ
DQ7 O=—| 13 42 =—=0ODQ8
Vee O— 14 41 +—OVss
LDQM O——| 15 40 ——ONC
IWE O—| 16 39 [«——O UDQM
ICAS O— 17 38 [«—OCLK
IRAS O—| 18 37 |=—OCKE
ICS O—| 19 36 —ONC
BAO(A13) O—| 20 35~—0A11
BAL(A12) 0— = 21 34|« 0A9
Al0 O—] 22 33 |«——0OA8
A0 O—]23 32|«—0OA7
Al o— |24 31l 0A6
A2 O0— =125 30 }«—0A5
A3 o— |26 29| 0A4
Vee O—— 27 28}—0OVss
A0 to A11 N : Address inputs
BAO(A13), BA1(A12): Bank select
DQO to DQ15 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/ICS : Chip select
/IRAS : Row address strobe
/ICAS : Column address strobe
/WE : Write enable
LDQM : Lower DQ mask enable
UDQM : Upper DQ mask enable
Vce : Supply voltage
Vss : Ground Note AO to All : Row address inputs
VeeQ : Supply voltage for DQ AO to A8 : Column address inputs
VssQ : Ground for DQ
NC : No connection
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NEC uPD45128441, 45128841, 45128163

Block Diagram

CLK O™ Clock
CKE O—» Generator
| ‘ Bank D
| ‘ Bank C
| ‘ Bank B
Row
Address Address ]
v . Buffer e
Mod " & | 8 ||
ode Refresh 2 Bank A
Register Counter = -
. & | ]
Yy iv a
! »| Sense Amplifier o
oO—>» 2} - 0

Ics 3 %) »| Column Decoder & H DQM

g 2 > Column > Latch Circuit
JRASO——| § S | Address > Yy

° ° »| Buffer @
ICASO—— | « IS &

€ <)

IS o

(e}

o

Burst P
Data Control Circuit
Counter <\,:I> <\,:I> DQ

Latch Circuit

Input & Output
Buffer
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NEC uPD45128441, 45128841, 45128163

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 pPD45128xxx suspends operation.
When the uPD45128xxx 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, ICAS and /WE have the same symbols on conventional DRAM but different

functions. For details, refer to the command table.

A0 - All Input Row Address is determined by AO - A11 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, A1l at the CLK rising edge in the read or
write command cycle. It depends on the bit organization: A0 - A9, A11 for x4 device, AO
- A9 for x8 device, A0 - A8 for x16 device.

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(A13) and
BA1(A12) is precharged.

When A10 is high in read or write command cycle, the precharge starts automatically

after the burst access.

BAO, BA1 Input BAO(A13) and BA1(A12) are the bank select signal. In command cycle, BAO(A13) and
BA1(A12) low select bank A, BAO(A13) high and BA1(A12) low select bank B, BAO(A13)
low and BA1(A12) high select bank C and then BAO(A13) and BA1(A12) high select
bank D.

DQM, UDQM, LDQM | Input DQM controls 1/O buffers. In x16 products, UDQM and LDQM control upper byte and
lower byte I/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.

Ve, Vss, VecQ, VssQ | (Power supply) | Vec and Vss are power supply pins for internal circuits. VecQ and VssQ are power

supply pins for the output buffers.
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2. Commands

Mode register set command

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

The puPD45128xxx has a mode register that defines how the device
operates. In this command, AO through Al1l, BAO(A13) and BA1(A12)
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 pPD45128xxx

cannot accept any other commands.

Activate command

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

The pPD45128xxx has four banks, each with 4,096 rows.

This command activates the bank selected by BAO(A13) and
BA1(A12) and a row address selected by AO through A11.

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

Precharge command

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

This command begins precharge operation of the bank selected by
BAO(A13) and BA1(A12). When A10 is High, all banks are
precharged, regardless of BAO(A13) and BA1(A12). When A10 is
Low, only the bank selected by BAO(A13) and BA1(A12) is
precharged.

After this command, the uPD45128xxx 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 M12650EJAVODS00

Fig.1 Mode register set command

ck [ 1
CKE “n
ics
IRAS 23N\

ICAS X

555N
IWE 28N

XXX %
20202020 %

BAO(A13), BA1(A12)
Al0 X

Add

Fig.2 Row address strobe and
bank activate command

XTT
RS

XXX
XXX

BAO(A13), BAL(A12)
A10

Add

XXXXA
XXX

QRSN £3RKK
RN 20202620

BAO(A13), BAL(A12)
TR TR

A10 > LKL

(Precharge select)
29202020202020200-0-0-0-0-9-0 -4

Add  RRREEEEEEKS
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Write command

(ICS, ICAS, IWE = 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

(ICS, 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 tre period (from refresh command to refresh or activate
command), the uPD45128xxx cannot accept any other command.

12 Data Sheet M12650EJAVODS00

Fig.4 Column address and write command

BAO(A13), BAL(A12) 3% (32
A10
Add

55N

SRR
SO,

IWE 387

BAO(A13), BAL(A12)

TRXR
ALD X

Add EEEXCa TR

Fig.6 CBR (auto) refresh command

CLK
CKE
ICS
/IRAS
ICAS

IWE
BAO(AL3), BAL(A12) REEEEEEEER
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ALD SRR

XX TIILIIITL IS
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NEC uPD45128441, 45128841, 45128163

Self refresh entry command Fig.7 Self refresh entry command
(ICS, IRAS, ICAS, CKE = Low, /WE = High) cw LI 11
CKE \

After the command execution, self refresh operation continues while ICS w
CKE remains low. When CKE goes high, the uPD45128xxx exits the IRAS L8
self refresh mode. ICAS 222\

During self refresh mode, refresh interval and refresh operation are JWE
performed internally, so there is no need for external control. BAO(A13), BAL(AL2) SEIIBRIBRIIBLL

Before executing self refresh, all banks must be precharged.

TRRXTTIXRTIRXTTIKXR
AL0 RS

TXIRIITTXIITIIIIR
Add IR

Burst stop command Fig.8 Burst stop command in Full Page
Mode

CLK | | I | |

CKE

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

This command can stop the current burst operation.
/ICS

IRAS
ICAS
IWE
BAO(A13), BAL(A12) ZEEREREEEEEIEEE:

TIRXTTIXRIIRXITIKR
ALD KRR

TIRXTTIXRIIRXITIKR
Add KRR

No operation Fig.9 No operation
- — i cek [ 1 L
(/CS = Low, /RAS, /ICAS, /WE = High)
CKE H
This command is not an execution command. No operations begin ICS
or terminate by this command. IRAS
ICAS
IWE 27 RS

BAO(A13), BAL(A12)
A10

Add
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3. Simplified State Diagram

Self
Refresh

MRS /

| | IDLE

Mode
Register
Set

CBR (Auto)
Refresh

Power
Down

Active
Power
Down

READ
SUSPEND

WRITEA . READA
SUSPEND ) SUSPEND

POWER Precharge
ON

Precharge

—- AUtOMatic SEquUENce

Manual input
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4. Truth Table
4.1 Command Truth Table

Function Symbol CKE /ICS IRAS /ICAS IWE BA1, Al0 All,
n-1 n BAO A9 - AO
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 Y, H \%
Write WRIT H X L H L L \% L \%
Write with auto precharge WRITA H x L H L L \Y, H \%
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 \%

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 ICS IRAS 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 L H H H X

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

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

16 Data Sheet M12650EJAVODS00




NEC

uPD45128441, 45128841, 45128163

(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
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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 torL
L H H H X NOP Nop - Enter row active after torL
L H H L X BST Nop - Enter row active after topL
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 tor.

with auto precharge L H H H X NOP Nop - Enter precharge after tor.
L H H L X BST Nop - Enter precharge after tor.
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/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/SELFIMRS
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), uPD45128xxx 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), uPD45128xxx will enter Self refresh mode. All input

buffers except CKE will be disabled.

© ® N o v

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

18
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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 A11 through A0, BAO(A13)

and BA1(Al12) as data inputs. The register retains data until it is reprogrammed or the device loses power.

The mode register has four fields;

Options 1 All through A7, BAO(A13), BA1(Al12)
/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.

/CAS Latency

ICAS 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

BAO BA1l
(A13) (A12) A11 A0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ | JEDEC Standard Test Set (refresh counter test)
BAO BA1l
(A13) (A12) A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
| X ‘ X ‘ X ‘ X ‘ 1 ‘ 0 ‘ 0 ‘ LTMODE ‘WT‘ BL | Burst Read and Single Write
BAO BAL (for Write Through Cache)
(A13) (A12) A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
| ‘ ‘ ‘ ‘ ‘ 1 ‘ 0 ‘ | Use in future
BAO BA1l
(A13) (A12) A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
|x‘x‘x‘x‘x‘1‘1‘V‘V‘V‘V‘V‘V‘V| Vender Specific
BAO BA1l V = Valid
(A13) (A12) A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 x = Don't care
l[oJololoflo|o]o]| vLmobE [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
0 | Sequential
Wrap type
phyp 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 L L
cke [/

Ics —\_f
IRAS —\_f

ICAS —\_f
/WE —\_f

A0 - All,
BAO(13), BAL(A12) X X

Mode Register Set

22 Data Sheet M12650EJAVODS00



NEC

uPD45128441, 45128841, 45128163

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 - A0, binary) (decimal) (decimal)
00 0,123 0,1,2,3
01 1,2,30 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 0,1,23,45,6,7 0,1,23,45,6,7
001 1,2,3,4,56,7,0 1,0,8,2,5,4,7,6
010 2,3,4,56,7,0,1 2,3,0,1,6,7,4,5
011 3,4,56,7,0,1,2 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 56,7,0,1,2,3,4 547,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,52,30,1
111 7,0,1,2,3,4,5,6 7,6,54,3,2,1,0

Full page burst is an extension of the above tables of sequential addressing, with the length being 2,048 (for 32M x4
device), 1,024 (for 16M x8 device), and 512 (for 8M x16 device).
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8. Address Bits of Bank-Select and Precharge

Row [ A0 [ AL | A2 [ A3 | A4 a5 | a6 | A7 | A8 | Ao | Al0] A | BF|BAQ]  [Baumaeromsy]  Result
Select Bank A
(Activate command) 0 0 “Activate” command

Select Bank B
“Activate” command

0 1

1 0 Select Bank C
“Activate” command

Select Bank D
1 1 -
“Activate” command

| Ao [ a1 | a2 | a3 | aa | as | a6 | A7 | a8 | ac [ ato] au [ B EAD]

(Precharge command) ‘ ‘ ‘ A10 |BA1(A12)|BAO(AL3)| 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

disables Auto-Precharge

‘ 0 (End of Burst)
BAL] BAO 1 enables Auto-Precharge
co. [ Ao | Ar] a2] A3 aa]as| as]| a7 | as| aofawo] x [BA]E] P

(/CAS strobes)

BAL(A12)|BAO(AL3)|  Result
enables Read/Write
commands for Bank A

enables Read/Write
commands for Bank B

0 0

0 1

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 trp is satisfied. The parameter trr 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 “topL” 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 topL (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 +toPL (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 toaL 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

L 1|

5 T6 T7 T8 T9

L L1

CLK

ICAS latency = 2

|
Auto precharge starts

L

|
|
|
|
|
|
|
Command ! i
; -
| ! Hi-Z
D ! { omt >< B2 >< B3 >< Ba D> 1
Q } N\ Q‘ Q‘ Q‘ Q‘ /S
| | | | | |
| | | | | |
s e
/CAS latency = 3 ! ! | | | |
| | |
Command } }Auto precharge starts ‘ !
‘ - -
| | | |
| i-
- amt X a2 ) ams X st ) =
DQ } \ QB1 QB2 QB3 QB4 /
| | | |
|
|
|
|
|
|

(tras must be satisfied)

Remark READA means Read with Auto precharge

26 Data Sheet M12650EJAVODS00



NEC uPD45128441, 45128841, 45128163

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

/CAS latency = 2 |
Auto precharge starts

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

I

|

|

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

Hi-Z
i ] -
: | | | | :
| | | | | |
! ! ! ! I toPL(MIN, |
| | | | | |
| | | | | |
| | | | | |
ICAS latency = 3 | | | | | |
| | | |Auto precharge starts
Command ! WRITA B ! ! ! |
| ! | | |
| o 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.

ICAS latency Read Write
2 -1 +toPL (MIN.)
3 -2 +topPL (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 L0 L L L b b

Command

Hi-Zz

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

CLK [ |

!
|
|
|
|
:
|

Command |
|
|
|
|
|
|
|
|

DQ e < DAl >< DB1 >< DB2 >< DB3 >< DB4 >
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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

mmmmmmgemme————

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

2 2
W W
> 9% >
e 5 a ° 5
8 O g O
< <
[%))] 0
< <
Q o

bQ
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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

30 Data Sheet M12650EJAVODS00



NEC uPD45128441, 45128841, 45128163

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 | | |
oo SN
N S N S N A SR

l CHEZ
A

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 demmmnmened !
I T T T T T 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 Vcee, VecQ -0.5t0 +4.6 \%
Voltage on any pin relative to GND V1 -0.5to +4.6 \%
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, VecQ 3.0 3.3 3.6 \%
High level input voltage Vi 2.0 Voct0.3V v
Low level input voltage Vic -0.3"0re2 +0.8 \%
Operating ambient temperature Ta 0 70 °C

Notes 1. Vi wax) = Vcc + 1.5V (Pulse width < 5 ns)
2. ViLmny) = =15V (Pulse width <5 ns)

O Pin Capacitance (T A=25°C, f=1 MHz)

Parameter Symbol Condition MIN. | TYP. | MAX. | Unit
Input capacitance Cun CLK 25 3.5 pF
Cr AO - A11, BAO(A13), BA1(A12), CKE, | 2.5 3.8
ICS, IRAS, ICAS, /WE, DQM, UDQM,
LDQM
Data input / output capacitance Cio DQO - DQ15 4 6.5 pF
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0 DC Characteristics 1 (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition ICAS | Grade Maximum Unit | Notes
latency x4 x8 x16
Operating current lcca | Burstlength =1, CL=2| -A75 100 100 110 mA 1
trc = trc (MiNy, 10 = 0 MA, -A80 100 100 110
One bank active -A10 100 100 110

-A10B 90 100 110
CL=3| -A75 105 105 115
-A80 100 100 110
-A10 100 100 110
-A10B 95 100 110

Precharge standby current Icc2P [ CKE < Vi (wax), tek = 15 ns 1 1 1 mA
in power down mode lcc2PS | CKE < ViL (wax), tek = o 1 1 1
Precharge standby current lccaN | CKE = ViH miny, tck = 15 ns, /CS = Vik (miny, 20 20 20 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = Vi iy, tek = oo, 8 8 8
Input signals are stable.
Active standby current lccaP | CKE < Vi max), tck = 15 ns 5 5 5 mA
in power down mode lccsPS | CKE < ViL (wax), tck = o 4 4
Active standby current lccaN | CKE = ViH iy, tck = 15 ns, /CS = Vik (miny, 30 30 30 mA
in non power down mode Input signals are changed one time during 30 ns.
IccaNS | CKE = ViH MmNy, tek = oo 20 20 20
Input signals are stable.
Operating current lcca | tek = tekminy, 10 = 0 MA, CL=2]| -A75 105 120 145 mA 2
(Burst mode) All banks active -A80 105 120 145

-A10 85 95 110
-A10B 75 85 100
CL=3| -A75 140 155 185

-A80 130 145 175

-A10 110 125 140
-A10B 110 125 140
CBR (auto) refresh current lecs | tre = tre (MiNy) CL=2| -A75 230 230 230 mA 3

-A80 230 230 230

-A10 230 230 230
-A10B | 220 220 220
CL=3|[ -A75 240 240 240

-A80 230 230 230

-A10 230 230 230
-A10B | 220 220 220
Self refresh current lccs [CKE=<0.2V 2 2 2 mA

Notes 1. Icc1 depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, Icc1 is measured condition that addresses are changed only one time during tck (MiN.).
2. lcca depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, Icc4 is measured condition that addresses are changed only one time during tck (MiN.).
3. Iccs is measured on condition that addresses are changed only one time during tck (viN.).
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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 hwy [0<Vi<VeeQ, VecQ = Vee -1.0 +1.0 LA
All other pins not under test =0 V
Output leakage current loy |0<Vo <VccQ, Dour is disabled -1.5 +1.5 LA
High level output voltage Von |lo=-4mA 2.4 \%
Low level output voltage Vou |lo=+4 mA 0.4 \%
AC Characteristics (Recommended Operating Conditions unless otherwise noted)
O Test Conditions
Parameter Value Unit
AC high level input voltage / low level input voltage 2.4/04 Vv
Input timing measurement reference level 14 \Y
Transition time (Input rise and fall time) 1 ns
Output timing measurement reference level 1.4 Vv
tek
tcH | teL
24V
CLK 14V ~omeeerncoomoommecoee- £ /
0.4V -mmommmonnnes —

tseTup | tHoo

Input 1.4V ><
04V -

toH

Output
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O Synchronous Characteristics

Parameter Symbol -A75 -A80 -A10 -A10B Unit | Note
MIN. | MAX. [ MIN. | MAX. | MIN. [ MAX. [ MIN. | MAX.
Clock cycle time ICAS latency = 3| tcks 7.5 |(133MHz)| 8 |(125MHz)| 10 |[(100MHz)| 10 [(200MHZ)| ns
ICAS latency = 2| tckz 10 |100MHz)| 10 |[(100MHZ)| 13 |(@77MHz)| 15 |(67MHZ)| ns
Access time from CLK ICAS latency = 3| tacs 5.4 6 6 7 ns 1
ICAS latency = 2| tac2 6 6 7 8 ns 1
CLK high level width teH 2.5 3 3 3.5 ns
CLK low level width ter 25 3 3 35 ns
Data-out hold time tow 3 3 3 3 ns 1
Data-out low-impedance time tz 0 0 0 0 ns
Data-out high-impedance time | /CAS latency = 3| thzs 3 5.4 3 6 3 6 3 7 ns
ICAS latency = 2| thz2 3 6 3 6 3 7 3 8 ns
Data-in setup time tos 15 2 2 2.5 ns
Data-in hold time toH 0.8 1 1 1 ns
Address setup time tas 15 2 2 2.5 ns
Address hold time taH 0.8 1 1 1 ns
CKE setup time teks 15 2 2 2.5 ns
CKE hold time tekH 0.8 1 1 1 ns
CKE setup time (Power down exit) tekse | 1.5 2 2 2.5 ns
Command (/CS, /RAS, /CAS, /WE, DQM) tems 15 2 2 25 ns
setup time
Command (/CS, /RAS, /CAS, /WE, DQM) temw | 0.8 1 1 1 ns
hold time
Note 1. Output load
Z=50Q

Output )
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O Asynchronous Characteristics

Parameter Symbol -A75 -A80 -A10 -A10B Unit | Note
MIN. [ MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
ACT to REF/ACT command period (operation) tre | 67.5 70 70 90 ns
REF to REF/ACT command period (refresh) trer | 67.5 70 78 90 ns
ACT to PRE command period trAs 45 1120,000| 48 [120,000| 50 (120,000 60 |120,000| ns
PRE to ACT command period trp 20 20 20 30 ns
Delay time ACT to READ/WRITE command treo 20 20 20 30 ns
ACT (one) to ACT (another) command period trRRD 15 16 20 20 ns
Data-in to PRE command period topL 8 8 10 10 ns
Data-in to ACT (REF) /CAS latency = 3| toas |1CLK 1CLK 1CLK 1CLK ns 1
command period +22.5 +20 +20 +30
(Auto precharge) /CAS latency =2| toaz |1CLK 1CLK 1CLK 1CLK ns
+20 +20 +20 +30
Mode register set cycle time trsc 2 2 2 2 CLK
Transition time tr 0.5 30 0.5 30 1 30 1 30 ns
Refresh time (4,096 refresh cycles) trer 64 64 64 64 ms

Note 1. The —A75 grade device can satisfy the toaLs spec of 1CLK+20 ns for up to and including 125MHz operation.
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:3)

4, |CAS Latency

13.2 AC Parameters for Write Timing (Burst Length
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Command
for Bank B

Command Command

Command
for Bank B

Auto Precharge Command

Command
for Bank C

for Bank C for Bank B

for Bank B

Command
for Bank C
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O 13.3 Relationship between Frequency and Latency

Speed version -75 -80 -10 -10B
Clock cycle time [ns] 7.5 10 8 10 10 13 10 15
Frequency [MHz] 133 100 125 100 100 77 100 67
/CAS latency 3 2 3 2 3 2 3 2
[treo] 3 2 3 2 2 2 3 2
IRAS latency (/CAS latency + [trep]) 6 4 6 4 5 4 6 4
[tre] 9 7 9 7 7 6 9 6
[trea] 9 7 9 7 8 6 9 6
[tras] 6 5 6 5 5 4 6 4
[trro] 2 2 2 2 2 2 2 2
[tre] 3 2 3 2 2 2 3 2
[toeL] 2 1 1 1 1 1 1 1
[toad] 4 3 4 3 3 3 4 3
[trsc] 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 | T11 T12 | T13 Ti4 | Ti5 | T16 | T17 T18 | T19 | T20 | T21

| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
. . . . . . . . . . . . . . |
T T T T T T T T T T T T T T |
CKE | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
" | " | " " " " " " " " " " |
/CS | \ | / | \ | / | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| ; | ; | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
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| |
T | | | | | | | T T T T T | | i i | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
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| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
DQM P L | | | | | | | | | | | | | | ! ! ! ! ! ! ! |
T T T T T T T T T T T T T T T T T T T T T T |
| | | | | | | | | | | | | | | | | | | | | | |
Lo | | | | . . . . . | | | | | | | |
» Hi-Z | | | | | | | | | | |
| | . | | I . L g

T T T T Pt

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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Clock Suspension during Burst Read (using CKE Function) (2/2) (Burst Length = 4, /CAS Latency = 3)

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . | . | | | | | . . . . . . . )
T T T T T T T | T | | T | | | T T T T T T T |
CKE ‘ ‘ ‘ ‘ ‘ ‘ N/ | ‘ | | | ‘ ‘ ‘ ‘ ‘ ‘ ‘
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | . | . . | . . . | | | | | | | |
| | | | | | | T | T T | T T T | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. | . . | . . . . . . . . . . . . . . . . . |
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? ; | f f ? ; ; ; ; ? ? ? ? ; f f ; ; ; |
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! 000 IR R R R
| KRRERRRRERK R R REEERRRREERLERLELLELERRKRELLLRELLEELRLKE, 2RREKLRELKL, R RLEERLEILLEELLELLLLRLLLELLLLLL
ICAS IR i R R R R R R R R RIS
9 3 I R R R RS R 0 R SRR RIIRKILKIS
XX . tototetototetototetototetotetetototetototetotetetototetototetotetototetototetototetototetotetetototetototetotetetototetotetetotetototetototetototetottetotetetototetototetotetetotetetotetototetototetototetototetototetotetetotetetotetetotetototeetotetotetetoteotetotetete!
R T RRTS R R R R R R R TR TTRRITTTR T ST XX TKT XTI
R IRIIIIIIIEKES I i
IWE XXX R R R0 R R 0 R R R R R S R R R SRR IIRRRIIIIIIIRKRKK:
RXRXXRIIRN R R R R R R0 R R R R R R R R R IR R EIIIHRIRAIIIKEIIHKK
RIS T T T T T T T A T T O T T T T T T T T T A A e T e i S T %
BAO SRS e
XSGR KKK IERE IR IIKRELLKICIKLELLRKLIL
R K SRR
T T
| |
| |
0% %% % % %! I 0% %% %% % % % % % % I RSSO IIKSIIHXSSSSSSS SRR SIS """"""""""""""""""‘.'."‘Q‘Q‘.‘ %
2558 QAN R R OO0 I IO
BAL B e NI
AAAAAAAAA . | R R R R R LR,
? ; ; ; ; ? ? ? ; ; f f
| | | | | | | | | | | | | | | | | | | | | | |
I I | I | I I I I | | I I I I | I I I I I I |
% QSSSRRESSSREN ! %
RRRIRKIIIIN IR R BSOS OIS 3R
A10 NI - SRS
I, RS KRR R R RIS QIR
SO R TRRITTN T T T S TR
08 3 LORIIIIIRILEN O T
ADD 2958 Sesesesssesstotetotetotetetets 0000900000900 0900 800 X 00 a0 0 B 30900 RRKRIIIIIRKKKKS
SR N RKRRELRIEKIERES B B A B B ot LRGSR
i | | | | T T T T | T | i | | | | | T i
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | ! ! ! ! !
| | | | | | | | | | |
DQM DL | | | | | | | | | | | | | | | | | | | | | |

- (QAalX‘QAaZ

f f

Activate Read
Command Command
for Bank A for Bank A

! !

1-CLOCK 2-CLOCK
SUSPENDED SUSPENDED
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3-CLOCK  Hi-Z (turn off)

SUSPENDED at the end of burst
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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 | Ti15 | T16 | T17 T18 | T19 | T20 | T21

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . . | | | | | | . . . . . . . . . . . |
T T T | T | | T | | | T T T T T T T T T T T |
CKE | | | | | | | | | | | / | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | . . | . . . | | | | | | | | | | | |
| | | T | T T | T T T | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
" | " | " " " " " " " " " " " " " " " " " " |
| | | | | | | | | | | | | | | | | | | | | | |
ICS | | | | | | | | | | | I I I I I |
| ; | ; | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
RSOSSN ! PSS %% %% PSSRSO XSSOSR IS SIS OSSOSO X PSSR SIS ISR SIS 2SSO XSS PSS PSS S SRS ISR,
XK | R IR RIRIRELIRRRILLNLS R R R O R R R R RS R RIS
255 [ ‘ 3 GSIIIRIIIIELEK 25 o R R R O RIIKISEGK,
SIRREIRN ! K5 ! R R R R R IR
QIRRAIKXA ! LRRXLKKY ! PVIINO LN ININIII SIS IIIIILININIIIIIIIIIIIIIIIIIIIIIIISIIIIIINIIIS IS IIIIIIIIIINIIIIIIIININIIIISIIIIIIINL VNI NIIIIIIIIIIIIIIIII IS IIIIIIIII NI NI IIN
|
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
|
7, OOOOTOe R R R R R R R R R R R R R R R T IRRZ
ICAS I I I
3R] i \XXRIXIN | R R IIIRRIRIRIIIIRKK: R R S R 3 SRR IRRRRKIKESS
KRS |
|
|
T, T R R R R R R R R SRR LK LK
IWE RRRIRKS | S S 090005005 I8 85 RIS RIIIRIRRIRIKIIS
OSSR R O R R R IR
RIS | R R0 RIS R 0 R R IIIIKRKRIEIIIIINK
Sete%tee%!, | LK
| T T ;
| | | | | | | | | | | |
. | | . . . . . | , . . . .
PSSR 1 1
23 %S % % %5 %5 RIS %S %S %S o %S %3
BAO e W 1 % 5 s s SRS
o ; . : XK I ; ; ; o2 X R
; T ; T ; ; ; ; ; ; ; ; ; ; ; ; ? ? T ; ; ; |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | i | | | |
%) | | L RIRRRLKIE XS S R IRRILIKS RIRRKELS SERLK IRIKILES
BA1l SRR i i R e R IR IIRIRRIIIIIKILIKIL
ILLRLILN ! LR O R O IS
20220 %% %% I o e e ey e e e e e e e e e e e e oo e o e o e e e e e ot e oo S e 20 s 20200 e e e et oot to e totototototetotetetote et oto oo o o o totetostatote oottt ot o tototototototetetetetete et ototototototototototeteteteetets)
R
% QIRRLRRK IR IIIRLIIIRRIRRRKIS R R RIIIIIIXILILRRRRRRKS
Al10 detodeted todetotetetotetetetetetets oaesee, O e e e RIS IIAIIRIIKIIEIKIKIKKIKK
RS . RILEIKILKE O O I IEIRRIKIE
SO0 099 COI9.9.9.9, SIS0 9.9.9.9.9.3 D999 99999999 9.9.9.9.9.9.9 3399999999993 0.99.9.9.9. 09999999999 9.9.0.9 93990 9.9.9.9.9.9.93.0.9 999999990990 93.9.9.3. 099 9.9.9:9.9.0.9.9.9.9.$
i i i i i i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | | | | |
2SSSSSERS SRS X SOEESRSRSRLSROSRL 09000002005 0.93% X SRPRSASRSESISRSRS 0% %09 0200000 %0 92% X RRSSSSSSASRSRER
R R R RIS
ADD R R R IR,
S0 R SRR 500 SRR
R R R IR,
| | T T T T T T T i i | | | T T T T I
| | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
D Q M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
[ | | | | | | | | | | | | | | | |
' Hi-Z | o A 3 A | | | | | | | | | |
BT, RRSIKIKEIKKK, R RN
DQ N~ g b Y-V ¥ f:::::::::{::::\ DAa2 ::::::::::‘:::::::::::::::::::“ DAa3 ::::::::::z::::::::::‘::::::::::‘:::::::::}:::} DAa4>-..‘..-....‘.....-.‘.-....-‘.......‘..-..-.‘...-...‘......-‘....-...‘.-.....‘
AR RS RIS
Activate Write 1-CLOCK 2-CLOCK 3-CLOCK
Command Command SUSPENDED SUSPENDED SUSPENDED

for Bank A for Bank A
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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 T18 T19 | T20 T21

| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
. . | | | . . . . . . . . . . |
; ; ; | | | ; ; ; ; ; ; ; ; ; ; |
CKE | | | | | | / | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | . . . | | | | | | | | | | |
| | | T T T | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
" | " " " " " " " " " " " " " " ]
/CS | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
o | ;
R RRENKES e O R e S  SIRKKS
A e el R R R R R R ISR
! e RRRRILIES ! S R R0 O R R S R R SRR IIIIIRRRIRLIIIIIRRKKK
! IR ! SR R RIS
! SaVa OIS INa0a0sY, ! SaSa IO I NN I SIS IIIIINI IS IS IIIII NI NI IS IIII NI IS IS III SN IS VSIS INI NI IS IIIII NI NI IS IIIII NI I SIS IIII I IS IIIIIII NI SIS IIII NI OIS IIIII I NI I IIIS
|
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
|
T T T T TS
RR2RRLEEIIEN ! e T T T T N s
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oot NI, 50500050 e s
KRRELLLLLLEN AT T T T e 0 e e e e e e T T T e e e e e e T T T T 0 e e e e T e T T Tt e e e e e e T e T T T e e e e e e e e T T T T T e e e e ettt e et 2 e T e oo 20 ta 20202020262 % % %S
4 %! 2325} %% %S %2 %2 & & %S %S %2
T
|
|
IR, R B R R R T T T LTS
RS ! , ! C e et e e e O g o e O g O e Tt e et e e et 2 ot e B e O B e P T B g e e e e 0 et 0 e e g 0 g e B g e T e e e e 0 B g B e O e e 2 S e 2 2o e e 2o 2t % 2o e %% 0% %4
IWE 55 | B SRS
SEREK ] ! ! R 0 R O R 0SS S SRR RIS
T | T ; T T T T T T T ; T T T T ; T T T T T |
| | | | | | | | | | | | | | | | | | | | | | |
| |
| T T TN | I S S R S S S S S LTI,
BAO I FLRRIRILIEILLKE I I RIS
RIRSRRRRRINIIIIN fSLLLRRRRRRIES SRR R RIS I EIIIRERRRRRS
! JSIKLLILRRRRRKY 1R R RIS R IR
OIS IS99 0.990 SIS IS IIIS OIS IO II IS99 SIS OIS SIS OIS SISO II SISO IS II SOOI OIS SIS I I I I IS I OIS OIS OIS0 II I8 99909909 IS G999 099909 IS IS OISO G900 9.9.9,
; T T T T T T T T ; ; ; ; ; ; T T T T T ; |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
O s N i
BA1 e tototetetotetotetetatetel S IRRRRIIIKK R R ISR
IRRRKL ! JSRRRILLLRILLRRLK ! R O O R RIS
IXIXHXXXA ! SOOI IS 00008 09.9.9.9\ ! SOOI L0999 9099099990990 9 9933099099093 08 0980 0.9.0.0.9.9. 090909399980, 9.9.9. 993093099093 9.9. 0800930930909 9 3309308090090 9 9030090000099
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
|
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Al10 | G R IIRIKIIILKKLIKLIIRIKK
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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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Random Row Read (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 T14 | T15 | T16 | T17 T18 | T19 | T20 | T21

| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
. . . . . . . . . . . . . . .
; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
| | | | | | | | | | | | | | |
CKE PoH | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
. | . . | . . . . | . . | |
T ! T T ! T T T T ! T T ! T !
| | | | | | | | | | | | | | |
ICS A Y A A Y A i i A Y A i i i i
| | | | | | | | | |
| T | | T | | | | T | | T | T
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
TIRTITTN ! T RRIRITLILIY R TTRLIRLIXLIXLN ! RIS !
3R RIS I IRIIIRREIIRIIRILIRRLIIIRN fR R
IRAS 5580 | Lassssssst] | i 1 Sy !
1200 %00 %0 el NI o o%etoto%eototeSeto e 2utoter |  1Cotete2e2et0 o etete 0 tote e e 0 e et e 0 o ot u e o o e e NI o oeceoto eteutoto e eete? | !
| | Y T ;
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
RIS IR | L S XX R RIRIRIIITN | R R RRIRR] RIRITTR
XX IIRKIRLK | SIRRIEIRKRLIIRKIIRKRIINKIKIII | NIRKKILIKLIIKKK) | RIS | RERRRIIICKILIRKKS | RIRLRESS
CAS S ! RRIRXRRLLIEIN | ORI IIRIRRRIRKKKS ! s sesssatssatetetotetotets, N LSRR ! RIS ! RIERKEIKS
oSl lete 22 20% ! 202020202000 e 0 %ot NI o262 0000 0 o o o o o o ettt te o220 20 0 0o o o 0 oY ! Cotetetolotototototototeteteteds WD Lotototototete’ ! ietotolotototetetetetetete’; ! ofefeleleletetetetete
| | | | | | ! | | | | | | | | | | | | ! |
| | | | | | | | | | | | | | | | | | | | |
| Ty
QRRIRRILKY i RCSERIIIHKLIRK | QRRIRRIIXIRARRAXKKKY | R | I NNy | |
WE % | sd | I sy A T 3
R ! oS0l doletoletoletoleiele! KRR RS ! R ! ! % R ! X ! X
| | | | | | | T T | i | | | | T | | | | | T |
| | | | | | | | | | | | | | | | | | | | | | |
| . I I . . , , : | . . | \ . ! I . . . . \ |
QIR | I R R RLRIAILIKIKKN i BRI i £ j RRIRELLIRKY j ROSSRERRERIEEKS j QRN i
BAO RIS 35 R IERIIIRLLEIIRRIRIIRLIIIKK BEIRRIIIRKILEI RIS RIRRRIEIIRKSS 3R
otesasotesetetoset AN oSS atotesetatesesatotesstoss AN GIREIIRIIRISIISIKIN | SRt atotetatotesetotesesets, | %S | KRS | Sotesatotesetatoretoteses | RXIRXIRN |
35555858 KKK X5 0000 IIRIRIIKIRN IIRRRIRIKRIKKN S atatesetese’ RIIRRKKKKY KRR $RXRXKON
R ! Tefetoletetoletetotetetotets ! dotoleleletetololeleletololedetetetolol detetoleledetotetoiele NI 1202020200020 202020 0202020202 NI 020220202026 ! KRR ! foleledetotololeletotololely ! O
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
IITZN | IR | | ERIRRTITZIRTIN | | fRRRTIRIRILITIRN | | |
BAL  SSSKOSEEN 1 LSSSKOSEEIN R s ssusssssssstets N D RSSSRIIIIN ! ! !
SRRRXXXXN 1 AR atatatototetorsss ! ! LXK ! [ Stesstatetotstotototosssosoess W ! !
T T T T T | T T T T T | T T T T T | T T |
| | | | | | | | | | | | | | | | | | | | |
| | | | |
TRRITIN R RREIIRTTXIRN R BT IRTIILIRLIRILTIN RIS BRI
ALD ) s NI sy s N ! s N !
0RRXRA] s Il R RIRAIEIRKKAKKS IS | | RSXREIIRKIIIIRKLN 1 |
i T | T | T | | | T ; T | i | | | T T | | | |
| | | | | | | | | | | | | | | | | | | | | | |
BRI KR IRRTRR] R R T RRTITXEZTKE, IR KK D RSB TTITXTTXKAY RIS SRR
ADD KRR et etatatatotetototete e e e e esatasatatotstotess NIRRIRILRLLKKY K000 RIRLIIIIIRIKRRKY s atasatatotototetetosets [ORXRRICRIKKS
Sl Rea s cBa RS I s NLMASAD 5 RS
totetetetetetatotel LK LN LEGEREEREEKN RN R 2032020562405 2402 %
T T T 7 T ; T ; ) T 7 ; T 7 ) T 7 T ; T T T |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
DQM oL | | | | | | | | | | | | | | | | | | | | | |

f f f f ! f ! T

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)

‘TO‘TI‘TZ‘T3‘T4‘T5‘TG‘T7‘T8‘T9‘TlO‘Tll‘TlZ‘Tl3‘Tl4‘T15‘T16‘T17‘TlS‘TlQ‘TZO‘TZl‘

Pa0.9.8
T

XX
T

L
T
|
| | | | | |

XK
X EREEICEELELELLEKILL
RIS
;
|
\

! ! ! ! ! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
CKE COH ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
/C S 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
‘ ! ‘ ! ‘ ‘ ‘ ‘ ‘ ! ‘ ! ‘ ‘ ‘
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
‘ : ‘ : ‘ ‘ ‘ ‘ ‘ : ‘ : ‘ ‘ ‘ ‘
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
QIR ! T ! IR ! ! P RRIIIIIRR
026000020 %0%%% L RRRRLKES KR RRREERRRELERLEEEILELELIL 96%620%0%%% SERREREERREEEIELLELEEIRK] 02000002020 %% %%
IRAS 255858 | ] e N s R 1 R
QOG0 0O0.0.9.9, I GRS ! XL XXX IX XXX XXX XN ! LGOI I 0200020202020 20 0 020020202020 2020.0 092002020 2020°0 I S 9.9.0.9.9]
‘ ‘ : ‘ ‘ : ‘
‘ ! ‘ ‘ ‘ ‘
‘ ‘ ‘ ‘ ‘ ‘
‘
‘
‘

RSRRIKK RIRRILLRN R N T IR R R KKK RERKLSRKILKK
IcAs BT N EES5SIBIBEBEEET | S50 I ) R
I | RSN 1 JRR I R I ERIERKLS | ore et tateds) | O o e oot atotototeretess, SRR
RS ! (LI R LK ! SRR ! I SRREEELELK
| | |
| | |

OSSR fCCQRARARY QRRHKHKHKIKIXRLRRILIHI KK RLRLKS ACOSKRRRRIKAKHKIKHKIKRLIILIIKHKHKKLKRIKCIKHKHKIX KN
WE 5 s B s
! KSIIXXKN BRI RIEIIRIEIICRIIRKIEIK ! S ERSIRIIRIRKKEKS
| |
| | | | | | | | | | |
| | | | | | | | | | |
, | . | . . . . . , | | .
SRS 1 1 %% 0%% 1 1 RSSOSPRESSSRK
IR f e e s e s e e e e LRRZLR KRR
SRSSEKILIR | S | R SRR IIERCREIIKII G5 | | RGSISIIRRKEKS
R NI s NI s s SN | s
OO 9.9:0.9, | SS90 9.9.9:1 | S OIS IIIIIII SIS IIIIII SISO IIIII IS0 QURXXXXN . I VS S0u 0009993
; T T T T ; T T ; T T
| | | | | | | | | | | |
| | | | | | | | | . | |
XSRS ! %% >, ! %% %% ! XSSRSRLSRLERR ! 102 % % e % %%
BA1 CRRRRRIND | K5GRK) | R IR RILRLIRIRINKH ERRRIRN) | RN | 1 \KRRRRERRRKKS
SRR LR R R R RRIIIIIIIE]S JRRXRXKN RRRRIRRRIAS CSRRRRRRKS
RRRRRXRKKEN | nssesasetets W 0000 R RKKRAIIS KRRREREA) ! RRIRIIIICRRKIIIN ! ! \RRNR
SN 1 LR 1 R I (RIS 1 RSN, | R
; T ; " ¢ ¥ T |
| | | | | | | | | |
| | | | | | | | | |
TRTZIIRZRA A [N SO N R RO OO O O P PPN ! ! T TRTIRRZRILS
SRR IR R R R R R R RERRRRRRRS RRRRRR JoR R R R R RRRIKIIIAN 2RRRRRRRRRS
Al10 SGIILY LR £ ISR FRXRXON RAD  YEREERRRRRIRIIIIIIILLLLLLLRRRRKN ) R Sot oot tutoteteratetols
IR KRR f IR KKIR S, AR IRIERKIEILKIKN OGIKIIKE
RS RN a0lolotetlete2e2e 2020 0 o ottt te2u 2020 0 0 Do ot et tete e e oto o ot e, LR CRRRRRRRRREERERIRRLEEIEEIKN 1 ! LRI
i i i i i i i i i i i i i i i i i i i i i i |
| | | | | | | | | | | | | | | | | | | | | | |
R R R R RRRLLT RS IR R R RIS R RRLERZILLLR,
ADD RIS \ SRS RIS RIS KCIICIKIRIKILRKS NIRRT XXHLLIILIEAEEL
e R s sy SRS e PR
ofelelelootetetete fOOEEEN 0202602020202 202020 2020 e e et Ro 20 to 0 e tetetetetete e e e e e o LN AN 2020202020202 020 el o020 to o e tete oo tete e e 020202020202 20202 e e et
! ! ! ! i ! ! i | ! ! i i | ! i
|
|
|
DQM L !
|
|
|

DO ceee-ieZlliiii -(DAarY DAa2X DAa3Y DAas X DAas X DAas X DAa7X DAas X DDaLX DDa2 X DDa3¥ DDa4 X DDas) DDasX DDa7 X DDas Y DALY DAb2 Y DAb3
t t f f t t

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)

CLK

CKE

ICS

/IRAS

ICAS

BA1l

Al10

ADD

DQM

DQ

| | | | | | | | | | | | | | | | | | | | | | |
I I 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 T T T T T T T T T T T T T T T T |
| | | | | | | | | | | | | | | | | | | | | | |
A o | | | | | | | | | | | | | | | | | | | | |
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 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 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
T I T I T T T T I T T I T I T T I T T I T 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 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 T I I I I I T I I T I T I I T I I T 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
R ! R RN OO OSSO OIS TOTITOTITITOTT ! R RN RN ! TSI RTOITITITITITITITS, ! R R R X !
R N I N I N N |
CRUKIKEIKIN | QORI XS 3R | fLRLRLREIEKS] LN | JEEQILIELRIIIEEN | ooy, |
T T ; T f Y T
] ] ] ]
I I I I

|
R R R R
RRRIIRIRIIIRKRLLII

TR T TS TSI, AT TTTTHTTS
SKIKELKKLKILEEN KR KKK REKERLLIKLXLELN SRRBIIRKKIKELS \SIRIRIBKIREKRLKK
RGRLRLRCRRRRRLKR RS RRRRLLLRCRLRRRKN IS RRRHRIIRRRRIRRKR
RRIRRKKSIIRKN KRR IIRIRIARIIIKKKAKY 50ERKRRAN) KSR KORRRIIRKS

OIS,

fRRRRRRK

RRRIKIES
3R

X5
KRR
LXK
$RRXXXS

CRRRHIKLRS RREERAIRIILHAILKN s A KX KXY RRIRIRR RRIIIIRRRXIRIZN
RIS \o2RRISIIIIKLAN 000 R IIRRIIIKRRKKS | RGIIXRIIBKKK RRRKXN SECRRIIRKK \RKEIRLRIE,
RIS RGERRRKKKEKARXIEN 1 R IR I KGRI LRI XERLRRILKEIEEL oS sstatatatesetets,
RIS OISOV 9a0:9a0:9:%% SIS IIIIIINI NI SIS IS IISIIIIIIINS, h \XRIRIIIIKIXA XXX SNV SOOI NI NIIIIS, NI
i |
|

T
|
|
|
T | T
| | |
| | |
OO0, B TR ! PSS ! AT !
FRIXREILLKIBIELN LRRERERRIERRIILILRIKLILELKLY | RIS KS | | FLRRIERIELKLIRRY | FRRERILIERIELRLIELLIED |
RRRLLLLIERRRRKY BRI NS ASstetetotatetatetotetetateted fRIIIIIIKIKEN
LRGN R RIS 1 Fetetoteletetoletetetotete 1 Y /40t o200 e Sao o e2eto e e . R ERLLLLIN
7 T T T T T T T T | T T | ; T 7 T T T ) T
| | | | | | | | | | | | | | | | | | | | |
. | . | | i i . . i | i i i | . . | . i |
| S T T TN, | R R R T IR ! 3 | T I | SOOI |
I otetelotetetetotod! I L3RRI I GSRRIRIKLIKKLS I I FRRIERIELRKLLIRR) I FRRERILERIKLLIELLIED I
B s NI s I s st N s N
ofe%e2020% NI o%%e%e2eteto o o et e2e 0 e et NI ‘%o e2etoto ot et e oo ottt tetototote oo tetotototete’ | totetetetetetetoteteSetes | L/ 020! L/ .
7 ; ; ¢ ; ; ? ; ; | ; * | ? ; ; ; ; ; ; ; ; |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
2 SOOI ! OO OO IS ITITITITI IO ORI, ! ST, ! TSRO ETRTITITITOT SOOI ! RN !
B NI R S s | LR\ | S RAD XA | LS
Catetetetoteletetetetetete ! LY oFotetetetetotetote: WINY /oo elete et N "ottt tetete etttk %e %% NI JeleSelelelelee! N
| | | i
| | |

i
fRRRRERIRRAILRKS
|
|

059

‘
!
SRR RSB SIS RS
XRRRIRIKL y R RIRREIIRREKIK: OORIEIEEEKL QALK RS

RIS
(SIS

RIERRILS
"o%e%%0te% 6% %% %

De2e%6%20% %% XXX Sele% 1202050 % N%ele%Y %16%%% 4% %
i
|
|
|
|
I
T
|
|

o
K
05

i A SR S N S S SR L A N S N N N SR
sesestensliabenencben e { DAGT Y DAGZ X DAG3X DA4 X DAa5 X DAa6 X DAa7 X DAa8 X DDa1) DDaz X DDa3X DDa4X DDasX DDa6 X DDa7 X DDag) DAL 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

AN
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13.16 Read and Write (1/2) (Burst Length = 4, /CAS Latency = 2)

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . . |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 1
| | | | | | | | | | | | | | | | | | | | | | |
CKE A | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
| T | T | | | | | | T | | | T | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. | . . . . . . . . . . . . . , . . . . . . .
RXTZIN i Sy eSO Lo O IOO IO OO IIITOIPI OO PN OO IO IIIOTO I IOty [N VSOOI OTO O IOO OO IOOTOOI 00t I OO OO OO OOIII OO OTOI I OO IO OO I OO I NI I IO O OOINY
JRAS  ESESSSN 1 s G g 1 R e 1 R g R S SSS SIS
RS ! XY ! 00 R RIKKK] ! KIRRAIRIIKIRIKIIHES ! R I R R IR RL KRR
X RRXXX XXX L <2 | LSS LSOOI 0000000090 9.9.9.9.9.9.9.9.9.9.9.9 I EOL GGG 0G GO0 9.9.9.9.9.9 I POLLLSID LS GLE IS990 999999099909 0..0.5.5.9.9.. 8 0.9.0.9.9.9.9.9.9.9.9.9.4
; ; ? | ; ; ; ; ; | ¢ ¥ ¥ | ; ; ; ; ; ; ¢
| | | | | | | | | | | | | | | | | | | | | | |
I | I | | | | | | | \ | I . | | | | | |
"0 ST | PSS | TN | [T,
ICAS 5555 I s NI s NI s W
S ! RXRXXIN | RS RREIRKAIIRIIIIRRIIIRRKIIIRKKSIRKIEIN | RS RREIKRIIIRKKEIRKKEIRN | B3R R IRARIIXKISIRKKSS
| ? T 7 T T ; ; ; T Y ¥ ¥ T ; ? ? 7 T T ; i
| | | | | | | | | | | | | | | | | | | | | | |
. . . . : \ | | : I | . . | . . . . . \ | | |
X XSRS ! J SSRGS A XSS
! ISR RIIIIIIRIRKKKKKS ! BRI KRR R R SRR RS IRRIRIIKLRI
| S e I eee, A s e SO B O a0 %0 %3 %6570
IWE | I eSS esssatatetototets SRR KILIIIIIKRKK i I s asssatasotetotets e 0 SRR RIS
e sot e et atoteresesatoset S OIIRRIEIIRIIKS KRR RIIRS SRS
: AAAAA : R X &S] oS o ! NOSS X < 00! oS e 2 X ® X 0% S 670°6%
| | | | | | | | | | |
| | | | | | | | | | |
! L% %% %% ! % SRS 0% %% %% % Y %% %% %% !
BAO ! Ssstetetols ! 0 IIIIIIKKLRIKII & !
Sotstesetaton S IREIIRREEIIRKEIK
L RRRRLLN | S IIRRIRILLLKELS !
Sotetesesatete BE0RRIEIIRESIRKESS
[ o%o%e20So%ote e NI Se202eSetolelolotolodetedeledss !
| | | | | | | | | | | |
| | | | | | | | | | | |
| | | |
1 L% %% %% T SRR SIS 0% %% %% %% % 1 1
33 %00 BT X
BA1 LRRRKRN Sosotesesesatoteset GIRKEE
i SRS i ORISR i i %S
JRRRXLLS R IEIIIIRIIIILIK
! LRRRILLRY . SRR . . <
T T T T T 7 7 7 T 7 T 7 T T T T T T T 7 |
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
A10 ! 3 0000 R KRR ! RN ! L9005 000K RIRXEIIIIIIRKKK,
f
| R R R SRR RRIEIIIIIKRRIIILLIK | R RRIIIIRRRIILLRLLLIS | R R R SRR RS IIRIRIIRILILIEIIRK
| R R R KRR R EEIRKKLXLRN | R RRIXELEIIBIRKKS | R0 R R R RIRIRAREIAREIIIK
i i i i i i i i i i i i i i i i i i i i i i |
| | | | | | | | | | | | | | | | | | | | | | !
TR RN B BT LTI LTI BRI TLIXTN O OO OO OISO OO0 TOO OO OO NI LOO OO OO OO
ADD S35 RXXRLXN B0 SRR IIRRIRKIIIIIEIIN RRRLLSEIIIISIRRRKLXN 8 R R R I IIRRIIKIERIS
Bosotototetesesese! A RIKSRKK 0 00 R R IIIRKRKKKKS RIRIRIISIIRKIKKK Y e e g0 oo e oo s ssasasotosetotess
oetoteteteteted \SSLEEXS R RIS o0tetetetetetete e e oteto o e tetetete e R R RRRRRRERRKRKRRK
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O 14. Package Drawing

54-PIN PLASTIC TSOP (Il) (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_0.07
0.15 mm per side. E 0.10+0.05
F 1.1+0.1
G 1.00
H 11.76+0.20
I 10.16+0.10
J 0.80+0.20
K 0.14578:928
L 0.50+0.10
M 0.13
N 0.10
P 3L

S54G5-80-9JF-2
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15. Recommended Soldering Conditions

Please consult with our sales offices for soldering conditions of the uPD45128xxx.

Type of Surface Mount Device

UPD45128xxxG5 : 54-pin Plastic TSOP (II) (10.16mm (400))
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16. Revision History

Edition / Page Description
Date This Previous Type of Location
edition edition revision
9th edition / p.15 p.15 Modification, | CKE Truth Table - Power down
Mar. 1999 Addition
p.19 p.19 Modification, | Command Truth Table for CKE - Power down
Addition
p.35 p.35 Modification lcca (spec), lec2NS (spec), IceaN (spec), lecs (spec), lecs (spec)
p.37 p.37 Modification | Output load
p.50 p.50 Modification | Timing Chart (Power Down Mode and Clock Mask)
p.77 p.77 Modification | Timing Chart (Full Page Random Column Read)

10th edition / Throughout | Throughout | Modification | A13 - BAO, A12 - BAl1

Jan. 2000 p.2,3 p.2, 3 Addition -A75
Deletion -AxxL (Low power)
p.34 p.34 Addition Pin Capacitance (MAX.)
p.35 p.35 Addition -A75 specs

Modification lces

Deletion lcce -AxxL (Low power)
p.36 p.36 Modification AC Characteristics Test Conditions
p.37, 38, p.37, 38, | Addition -A75 specs
42 42
p.76, 78, - Addition Timing chart (/CAS latency = 3)
80, 82
p.85 p.81 Modification | Package Drawing
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[MEMO]
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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.
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* Theinformation 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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