DATA SHEET

ELPIDAN MOS INTEGRATED CIRCUIT

uPDA5128441-|, 45128841-

128M-bit Synchronous DRAM
4-bank, LVTTL
WTR (Wide Temperature Range)

Description

The 1PD45128441, 45128841 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 (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 DRAMSs are compatible with Low Voltage TTL (LVTTL).

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

Features

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

e Possible to assert random column address in every cycle

¢ Quad internal banks controlled by BAO(A13) and BA1(A12)

e Programmable Wrap sequence (Sequential / Interleave)

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

e Programmable /CAS latency (2 and 3)

e Ambient temperature (Ta): —40 to + 85°C

e Automatic precharge and controlled precharge

e CBR (Auto) refresh and self refresh

e x4, x8 organization

e Single 3.3V + 0.3 V power supply

e LVTTL compatible inputs and outputs

® 4,096 refresh cycles / 64 ms

e Burst termination by Burst stop command and Precharge command

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

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

Document No. E0345N10 (Ver. 1.0) . . .
Date Published February 2003 (K) Japan ThlS prOdUCt beCame EOL in Apl’l', 2007. ©Elpida Memory, Inc. 2003
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Ordering Information

Part number (wo?drgjrl;lifiug;]nk) CII?AC:Z”(?;?:S(T)/ Package Note
1PD45128441G5-A751-9JF 8M x4 x4 133 54-pin Plastic TSOP (Il)] Ambient temperature
1PD45128441G5-A801-9JF 125 Ta= -40to + 85°C
1PD45128441G5-A101-9JF 100
1PD45128841G5-A751-9JF 4M % 8 x 4 133
1PD45128841G5-A801-9JF 125
1PD45128841G5-A101-9JF 100
4PD45128441G5-A75L1-9JF 8M x4 x4 133
1PD45128441G5-A80LI-9JF 125
4PD45128441G5-A10LI-9JF 100
1PD45128841G5-A75L1-9JF 4M % 8 x 4 133
1PD45128841G5-A80LI-9JF 125
1PD45128841G5-A10L1-9JF 100
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Part Number

[ X4, x8 ]
1PD45128841G5 - A75L

NEC Memory J

Synchronous DRAM

L Wide temperature

Memory density range
128 : 128M hits | :-40to + 85°C
Low Power

Organization

Minimum cycle time

75 :7.5ns (133 MHz)
80 :8ns (125 MHz)
10 :10ns (100 MHz)

Number of banks

4 : 4 banks
Interface Low voltage
1:LVITL A:33VE03V

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
8:x8 | |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

Package

G5 : TSOP (Il)
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Pin Configurations
/xxx indicates active low signal.
[PD45128441]

54-pin Plastic TSOP (lI)
8M words x 4 bits x 4 banks

\—/
Vee O 1 54 —OVss
NC O 2 53F—ONC
VeeQ O—1 3 52 —OVssQ
NC O—14 51—ONC
DQ0 O=——+|5 50 «—ODQ3
VssQ O——| 6 49 ——C0OVceQ
NC O—7 48 —ONC
NC O—8 47 —ONC
VeeQ O—— 9 46 —OVssQ
NC O——10 45—ONC
DQ1 O=——+| 11 44 [«—0O DQ2
VssQ O— 12 43 —0OVceeQ
NC O———- 13 42—ONC
Vee O— 14 41 ——=0OVss
NC O— 15 40—ONC
/WE O——| 16 39 |~—ODQM
/CAS O——| 17 38 |~—OCLK
/RAS O——{ 18 37 ~—OCKE
/ICS O—— 19 36—ONC
BAO(A13) O—= 20 35 |~——O A1
BA1(A12) 0— |21 34|« OA9
A10 O— |22 33|« OAS8
A0 O—»|23 32— 0A7
Al O0——|24 31 |«———0A6
A2 0— |25 30|« 0OA5
A3 o— |26 29|« A4
Vee 0—— 27 28— (OVss
AO to A11 N°t® : 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
/CAS : Column address strobe
/WE : Write enable
DQM : DQ mask enable
Vce : Supply voltage
Vss : Ground
VeeQ : Supply voltage for DQ Note AOto All : Row address inputs
VssQ : Ground for DQ A0 to A9, A1l : Column address inputs
NC : No connection
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[4PD45128841]
54-pin Plastic TSOP (lI)
4M words x 8 bits x 4 banks

—/
Vee O 1 54 F—OVss
DQO O 2 53 =—>=ODQ7
VeeQ O 3 52 —OVssQ
NC O 4 51 —ONC
DQ1 O 5 50 «=—=ODQ6
VssQ O 6 49 ——COVceeQ
NC O 7 48 —ONC
DQ2 O 8 47 ~—ODQ5
VecQ O——9 46 ——OVssQ
NC O——10 451—ONC
DQ3 O=—| 11 44 |«<—O DQ4
VssQ O———1 12 43 —0OVeeQ
NC O—113 421—ONC
Vec O— 14 41 —COVss
NC O———15 40—ONC
/WE O—— 16 39 |~—ODQM
/CAS O— 17 38 |~—OCLK
/RAS O— 18 37 |~—OCKE
/CS O—| 19 36F—ONC
BAO(A13) O—~ 20 35 [~——0O A1
BA1(A12) O—~| 21 34|« 0OA9
A10 O—— 22 33|——0OA8
A0 O—=»]23 32 A7
Al O— {24 31|« A6
A2 O— |25 30|« 0OA5
A3 O—~|26 29|« 0A4
Vee O—— 27 28— (OVss
AO to A11 Note : Address inputs
BAO(A13), BA1(A12): Bank select
DQO to DQ7 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/ICS : Chip select
/IRAS : Row address strobe
/CAS : Column address strobe
/WE : Write enable
DQM : DQ mask enable
Vce : Supply voltage
Vss : Ground Note AOto All : Row address inputs
VeeQ : Supply voltage for DQ AO to A9 : Column address inputs
VssQ : Ground for DQ
NC : No connection
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Block Diagram

CLK O™ Clock
CKE Generator
- [ ] Bank D
| ‘ Bank C
[ ] Bank B
Row
Address Address e
v g Buffer o g
Viod o & "1 8 | |
ode Refresh 2
Register Counter 2 Bank A -1
, F 2 ]
vy %Y B
_ : »| Sense Amplifier H
o » ——O
/CS 8 o Column Decoder & H DM
3 = Column g
8 g’ > Latch Circuit Yy
/RASO——> A 4 Address »
D 5 |  Buffer @
/CASO———# g ‘g’ &
S (G
o
(&}

Burst Data Control Circuit
Counter
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Input & Output
Buffer

(oo
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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 ©PD45128xxx suspends operation.

When the ©PD45128xxx 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 A0 - A9, A1l at the CLK rising edge in the read or
write command cycle. It depends on the bit organization: AO - A9, A1l for x4 device, A0
- A9 for x8 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 Input DQM controls 1/0 buffers.

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 - DQ8 Input / Output | DQ pins have the same function as I/O pins on a conventional DRAM.

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

supply pins for the output buffers.

Data Sheet E0345N10 (Ver. 1.0) 9
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2. Commands

Mode register set command

(ICS, IRAS, ICAS, IWE = Low)

The PD45128xxx has a mode register that defines how the device
operates. In this command, A0 through A11l, 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 zPD45128xxx
cannot accept any other commands.

Activate command

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

The 4PD45128xxx 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

(ICS, 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 ¢PD45128xxx 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.

10 Data Sheet E0345N10 (Ver. 1.0)

Fig.1 Mode register set command

ck [ 1 1
CKE “n
/CS
/RAS

% %%
/CAS \ LK

/WE
BAO(A13), BA1(A12)

QKN £XKKK
o222 LXK

—
A10 XN

Add 22>

Fig.2 Row address strobe and

bank activate command

TR R

KK

TN
XD

BAO(A13), BA1(A12)
A0 B

LSS
Add X9 K

SN

BAO(A13), BA1(A12) 32

SR LRIRR
A10 2D 9390909

(Precharge select)
X SRS REREEEKSEKS K
Add KRR,
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Write command Fig.4 Column address and write command
= - Hi ok 1 11
(ICS, ICAS, IWE = Low, /RAS = High)
CKE H
If the mode register is in the burst write mode, this command sets the s T N/

LS
N

burst start address given by the column address to begin the burst /RAS
write operation. The first write data in burst mode can input with this

command with subsequent data on following clocks. X2

QN

BAO(A13), BA1(A12)

(RIS
A10 K

Add

Read command

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

Read data is available after /CAS latency requirements have been

AR

met. This command sets the burst start address given by the column o 4

address. /CAS L8

e 4 NG
IWE 387 N

BAO(A13), BA1(A12)

TN (R
A10 XKXK9 RS

Add 3 I

CBR (auto) refresh command Fig.6 CBR (auto) refresh command
- — i CLK
(/CS, IRAS, ICAS = Low, /WE, CKE = High)
CKE
This command is a request to begin the CBR (auto) refresh /CS
operation. The refresh address is generated internally. /RAS
Before executing CBR (auto) refresh, all banks must be precharged. JCAS 3233\ L3382

After this cycle, all banks will be in the idle (precharged) state and /WE

ready for a row activate command. BAO(A13), BA1(A12)

During trc period (from refresh command to refresh or activate "

O RRIRRLIRIR KKK
2620262626 2562202656236 %%

command), the zPD45128xxx cannot accept any other command.

Add T ERTIITRET

2620262096 %%6% 0% 2e % te%e %%
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Self refresh entry command Fig.7 Self refresh entry command
(ICS, IRAS, ICAS, CKE = Low, /WE = High) CLK
CKE
After the command execution, self refresh operation continues while /CS
CKE remains low. When CKE goes high, the #/PD45128xxx exits the /RAS
self refresh mode. /CAS
During self refresh mode, refresh interval and refresh operation are /WE
performed internally, so there is no need for external control. BAO(A13), BA1(A12)

Before executing self refresh, all banks must be precharged. A10

Add

Burst stop command

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

This command can stop the current burst operation.

BAO(A13), BA1(A12)
A10
Add

No operation Fig.9 No operation
- — Hi ck [T 11
(ICS = Low, IRAS, ICAS, IWE = High)
CKE H
This command is not an execution command. No operations begin s \_/

or terminate by this command.

T o
5K R

BAO(A13), BA1(A12)

A10

$030292920202020-0°9"
Add Dositatoleletotolels
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3. Simplified State Diagram

Self
Refresh

Mode MRS

Register
Set

CBR (Auto)
Refresh

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 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 Vv H \Y
Write WRIT H X L H L L \% L \%
Write with auto precharge WRITA H X L H L L Vv H \Y
Bank activate ACT H X L L H H \ \Y \Y
Precharge select bank PRE H X L L H L \ L X
Precharge all banks PALL H x L L H L x H x
Mode register set MRS H X L L L L L L \Y

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

Data write / output enable ENB H x L
Data mask / output disable MASK H 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)

14
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4.4 Operative Command Table V¢ (1/3)
Current state /CS |/RAS|ICAS|/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
Data Sheet E0345N10 (Ver. 1.0) 15
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(2/3)
Current state /CS |/IRAS|/CAS|/WE Address Command Action Notes
Read with auto H x X x X DESL Continue burst to end — Precharging
precharge L H H H X NOP Continue burst to end — Precharging
L H H L X BST ILLEGAL
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L BA, CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL ILLEGAL 3
L L L H | x REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Write with auto H x x x x DESL Continue burst to end — Write
precharge recovering with auto precharge
L H H H X NOP Continue burst to end — Write
recovering with auto precharge
L H H L | x BST ILLEGAL
L H L H BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA,CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT ILLEGAL 3
L L H L | BA, A10 PRE/PALL ILLEGAL 3
L L L H X REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Precharging H x X x X DESL Nop — Enter idle after tre
L H H H x NOP Nop — Enter idle after tre
L H H L X BST ILLEGAL
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L BA, CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Nop — Enter idle after tre
L L L H | x REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Row activating H x X x X DESL Nop — Enter bank active after treo
L H H H X NOP Nop — Enter bank active after treo
L H H L | x BST ILLEGAL
L H L H BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA,CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT ILLEGAL 3,10
L L H L | BA, A10 PRE/PALL ILLEGAL 3
L L L H X REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL

16
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2. Ifall banks are idle, and CKE is inactive (Low level), 4/PD45128xxx 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), x/PD45128xxx will enter Self refresh mode. All input

buffers except CKE will be disabled.

© ® N oG

lllegal if trep is not satisfied.
lllegal if tras is not satisfied.
Must satisfy burst interrupt condition.
Must satisfy bus contention, bus turn around, and/or write recovery requirements.
Must mask preceding data which don't satisfy topL.

ELPIDAN uPDA45128441-1, 45128841 -
(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 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 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.

10. |lllegal if treo is not satisfied.

Remark H = High level, L = Low level, x = High or Low level (Don't care), V = Valid data
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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 xs 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 A11 through A0, BAO(A13)
and BA1(A12) as data inputs. The register retains data until it is reprogrammed or the device loses power.

The mode register has four fields;

Options . All through A7, BAO(A13), BA1(A12)
/ICAS 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

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

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

Burst Length

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

Wrap Type (Burst Sequence)

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

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

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

BAO BA1
(A13) (A12) A11 A0 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
I 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ | JEDEC Standard Test Set (refresh counter test)
BAO BA1
(A13) (A12) A11 A0 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
| x | x [ x| x| 1]o] o] LmMODE |wr] BL | Burst Read and Single Write
BAO BA1 (for Write Through Cache)
(A13) (A12) A11 A0 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
I ‘ ‘ ‘ ‘ 1 ‘ 0 ‘ I Use in future
BAO BA1
(A13) (A12) A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
[ x [ x [ x [ x[x 11 v][v]v]v]v]v]v]| venderspeii
BAO BA1 V = Valid
(A13) (A12) A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 x = Don't care
l[olololololo|lo| vimopE [wr| B | 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 t
rap type 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 [
/CS \ /
/RAS \ /
/CAS \ /
/WE \ /
AO - A1,

BAO(13), BA1(A12)

X X

Data Sheet E0345N10 (Ver. 1.0)
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7.1 Burst Length and Sequence

Burst of Two]

Starting address Sequential addressing sequence Interleave addressing sequence
(column address AO, 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 0,1,2,3 0,1,2,3
01 1,2,3,0 1,032
10 2,3,0,1 2,3,0,1
11 3,0,1,2 3,2,1,0

Burst of Eight]

Starting address
(column address A2 - A0, binary)

Sequential addressing sequence
(decimal)

Interleave addressing sequence
(decimal)

000 0,1,2,3/45,6,7 0,1,2,3,4,56,7
001 1,2,3,4,56,7,0 1,0,3,2,5,4,7,6
010 2,3,4,56,7,0,1 2,30/1,6,7,4,5
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 5476,1,0,3,2
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) and 1,024 (for 16M x8 device).
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8. Address Bits of Bank-Select and Precharge

Row [ A0 | A1 | A2 [ A3 | A4 A5 | as | A7 | a8 | Ao | at0] a11|BAT]RA9]  [Batar2iBronrs] Resul
Select Bank A
(Activate command) 0 0 “Activate” command

Select Bank B

0 1 “Activate” command
1 0 Select Bank C
“Activate” command
1 1 Select Bank D
“Activate” command
| Ao [ a1 | a2 | a3 | as | As | e [ A7 [ a8 | Ao [ato] At | BT RAS
(Precharge command) ‘ ‘ ‘ A10 |BA1(A12)|BAO(A13)| 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)
enables Auto-Precharge
Col. [ A0 | At | A2 | A3 | Asa | as | as | a7 ] as | Ao |ato] x [BA]RS] T | (End of Burst)
(/CAS strobes)
BA1(A12)|BAO(A13)]  Result
0 0 enables Read/Write
commands for Bank A
0 1 enables Read/Write
commands for Bank B
1 0 enables Read/Write
commands for Bank C
1 1 enables Read/Write
commands for Bank D
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9. Precharge

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

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

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

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

Burst length=4

» JTo |_IT1 |_|T2 |_IT3 |_|T4 |_|T5 |_IT6 |_IT7 |_IT8 |_I

/CAS latency = 2

L iz

pQ 1 =t X a2 X a3 X a4 oo i |

ICAS latency = 3
commars o R
SR . e O T O O

(tras must be satisfied)

In order to write all data to the memory cell correctly, the asynchronous parameter “torL” must be satisfied. The torL
N, 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.

ICAS 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 T5 T6 T7 T8 T9

CLK

/CAS latency = 2

| | | | I
| | | | I
| | | | I
| | | | :
| | | | I
| | | | |
| | Auto precharge starts | | |
Command ! READA B ! ! ! ! !
| | | | | | |
| | | | | | I
| | | | | | I
| | | | | H I
i ‘ el >< >< >< o o]
DQ i ; e QB QB2 QB3 QB4 re--ee ; ;
| | | | | | | | | |
| | | | | | | | | I
| | | | | | | | | I
| | | | | | | | | |
ICAS latency = 3 } } } } } } } } } }
I I I I | I I
Command | READA B, | | }AUto precharge Starts\ : | |
| \ | | | | | | |
| | | | | | | I
| | | | | | | |
| | | | Hi-Z1
DQ i i 1 < QB1 >< QB2 >< QB3 >< QB4 > | 1
| | | | | | | |
| | | | |
| | | | 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 T T2 T3 T4 T5 T6 T7 T8

| | | |
| | | |
| | | |
| | |
| |
| |
|
|
|
|
|
l

/CAS latency = 2 |
Auto precharge starts

WRITA B

| |
| |
| |
| |
| |
| |
| |
Command ! ! !
| | |
‘ N ' HiZ 1
DQ — < DB1 >< DB2 >< DB3 >< DB4  )r-----) | : —
| | | | |
| | | | | | | | |
l l l l y TopLoing l l l
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
ICAS latency =3 | | | ! ! ! ! ! !
| | | | ! | | |
Command i WRITA B i i iAuto prechgrge startsi i i
| | | | | | | |
l ‘ ‘ ‘ —\ I HiZ l
DQ beeeean < DB1 >< DB2 >< DB3 >< DB4 > - = eemean:
| | |
. j j j
toPL(MIN,) ! ! !
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |

(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 +tpPL (MIN.)
3 -2 +toPL (MIN)
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11. Read / Write Command Interval

11.1 Read to Read Command Interval

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

without any restriction.

Burst length = 4, /CAS latency = 2

T0 T6 T7 T8 T9
CLK I | L L1 L |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
Command | | | | |
l | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| L L I I .
| \ | | Hi-Z
DQ - QB3 >< QB4 - s
| / |
| |
| |
| |
| |
| |
| |
| |
| |

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 |
|
|
|
1
|
! Hi-Z

O L < DA1 >< DB1 >< DB2 >< DB3 >< DB4 >

Data Sheet E0345N10 (Ver. 1.0) 27



uPDA45128441-1, 45128841-|

ELPIDN

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

mmmmmmgemmm—————

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

[

o 2 o 2
__m __m

> >

g ¢ 8 g ¢ 8
g O 2 O

5 s

(2] o

< <

Q Q
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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

|
|
3 ‘
DQM | RN
|
|
|

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

Burst length = 8
TO T T2 T3 T4 T5 T6 T7 T8 T9

ok L L L L L
I | I | | | | I I |
ICAS latency =2 | | | | | : ! | | 1
1 1 1 | } ! | 1
Command | | i | ‘ ! | |
bam | | | e ] < | i
NGO
1 } 1 1 | | | | | |
I | | / ‘
DQ r " ! X Q2 X Qs >,'4'ij'zﬁ'i's"'< D1 b2 X D3 >C
A 4V e
| 1
/CAS latency = 3 1 1 i i i i i i i i
Gommand . € .
| | | 1 1 ‘ ‘ | |
paM | | | e | AN 3 |
‘ ! l l | ‘ ‘ ‘ l 1
3 3 3 3 | | ; x | |
DQ ! ! L L Q1 weepmeee- D1 D2 D3
R CD CD = D € € &
| | | | | | necessary | | j
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12. Burst Termination

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

12.1 Burst Stop Command

During a read cycle, when the burst stop command is issued, the burst read data are terminated and the data bus
goes to Hi-Z after the /CAS latency from the burst stop command.

Burst length = X
TO T1 T2 T3 T4 T5 T6 T7

CLK

Command

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

o L1 LI LT LA
L
e
| L
| L
| L
| L
| L
| L
| L
| L
| L
|
|

/CAS 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 L L 0 L L 0 b 1y
| | | | | | | | |
| | | | : : | : |
| | | | | | | : :
i | | Y : : : 1 " HI-Z |

I R CD GO D TSt
| I I
| I I
| | |
| | |

(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

CLK

(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 T T2 T3 T4 T5 T6 T7

CLK [ 1 L 0 L L L1 1
| ‘ | | | ‘ ‘
Command ! @:Iiia ! ! ! ‘I:Ia
| - | | | -
I | | I I
paMm | | | | -/ T\
| | | I I
| I I I I
| | | | |
|
|

Hi-Z

oo or X o2 X 05 X 00 X 05>

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

(tras must be satisfied)

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

Burst length = X, /CAS latency = 3

TO T1 T2 T3 T4 T5 T6 T7 T8
TS e e e T N e s e N N o A
| | | | | I ! | | |
| ! | | | ! ! | ! |
I I I I | I |
s @ D G
i i i i M i | i i
DQM l l l l l 1 1 l l
j l l l l ? 1 l j
| | | | | y ! | I |
| ‘ ‘ ‘ ‘ \ | HiZ | | |
..... ! L 4 |
pareeCor X 02 X 08 X 08 K08 prrtrr
| e | |
| | |

(tras must be satisfied)
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13. Electrical Specifications

¢ All voltages are referenced to Vss (GND).

o After power up, wait more than 100 xs 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 any pin relative to GND V1 -0.5t0 +4.6 \%
Short circuit output current lo 50 mA
Power dissipation Po 1 w
Operating ambient temperature Ta -40to + 85 °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 Vv
High level input voltage Vin 2.0 Vec+0.3VeY v
Low level input voltage Vi —0.3Nore? +0.8 v
Operating ambient temperature Ta -40 85 °C
Notes 1. ViHmax) = Vcc + 1.5V (Pulse width <5 ns)
2. ViLminy = =15V (Pulse width <5 ns)
Pin Capacitance (Ta=25°C, f =1 MHz)
Parameter Symbol Condition MIN. [ TYP. | MAX. | Unit
Input capacitance Ci CLK 25 35 pF
Ci2 A0 - A11, BAO(A13), BA1(A12), CKE, 25 3.8
/CS, IRAS, ICAS, /IWE, DQM
Data input / output capacitance Cio DQO - DQ8 4 6.5 pF
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DC Characteristics 1 (Recommended Operating Conditions unless otherwise noted)
Parameter Symbol Test condition ICAS | Grade Maximum Unit | Notes
latency x4 x8
Operating current lect Burst length = 1, CL=2]| -A75 100 100 mA 1
tre > trc (miny, 10 = 0 MA, -A80 100 100
One bank active -A10 100 100
CL=3]| -A75 105 105
-A80 100 100
-A10 100 100
Precharge standby current IcceP [ CKE < ViL vaxy, tek = 15 ns 1 1 mA
in power down mode lcc2PS | CKE < ViL (wax), tek = o 1 1
Precharge standby current lccaN | CKE 2 ViH viny, tek = 15 ns, /CS 2 ViH miny, 20 20 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE > ViH (MiNy), tek = oo, 8 8
Input signals are stable.
Active standby current lccaP | CKE < Vi wax), tck = 15 ns mA
in power down mode lccsPS | CKE < ViL (max), tek = o0
Active standby current lccsN | CKE = ViHminy, tck = 15 ns, /CS > ViH MmNy, 30 30 mA
in non power down mode Input signals are changed one time during 30 ns.
IceaNS | CKE = ViH (miny, tek = oo 20 20
Input signals are stable.
Operating current lcca | tek > tek viny, 10 = 0 mA, CL=2]| -A75 105 120 mA 2
(Burst mode) All banks active -A80 105 120
-A10 85 95
CL=3]| -A75 140 155
-A80 130 145
-A10 110 125
CBR (auto) refresh current lccs | tre 2 tre (MiNy) CL=2| -A75 230 230 mA 3
-A80 230 230
-A10 230 230
CL=3| -A75 240 240
-A80 230 230
-Al10 230 230
Self refresh current lcce |[CKE<0.2V e 2 2 mA
-FEL 0.8 0.8 mA

Notes 1. Icc1 depends on output loading and cycle rates. Specified values are obtained with the output open. In

addition to this, lcc1 is measured condition that addresses are changed only one time during tck (vin.).

2. Icca depends on output loading and cycle rates. Specified values are obtained with the output open. In

addition to this, lcca is measured condition that addresses are changed only one time during tck (vin.).

3. lccs 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 @ 0 < Vi<VeeQ, VeeQ = Vee -1.0 +1.0 LA
All other pins not under test =0 V
Output leakage current loy |0<Vo <VceQ, Dour is disabled -15 +1.5 LA
High level output voltage VoH lo=-4 mA 2.4 \%
Low level output voltage Vou |lo=+4mA 0.4 \Y,
AC Characteristics (Recommended Operating Conditions unless otherwise noted)
Test Conditions
Parameter Value Unit
AC high level input voltage / low level input voltage 2.4/04 Vv
Input timing measurement reference level 14 \
Transition time (Input rise and fall time) 1 ns
Output timing measurement reference level 1.4 V

tek

tcH teL

24V -
CLK 14V / /

tseTup | tHoLD

2.4V
Input 1.4V ><
0.4V -

Output
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Synchronous Characteristics

Parameter Symbol -A75 -A80 -Al10 Unit Note
MIN. MAX. MIN. MAX. MIN. MAX.
Clock cycle time ICAS latency = 3| tcks 7.5 |(133MH2) 8 (125MHz)| 10 |(100OMHz)[ ns
ICAS latency =2| tcke 10 |@00MHz)| 10 [@OOMHz)| 13 (77MHz) | ns
Access time from CLK ICAS latency = 3| tacs 5.4 6 6 ns 1
ICAS latency = 2| tac2 6 6 7 ns 1
CLK high level width ten 2.5 3 3 ns
CLK low level width tev 25 3 3 ns
Data-out hold time toH 2.7 2.7 2.7 ns 1
Data-out low-impedance time tz 0 0 0 ns
Data-out high-impedance time| /CAS latency = 3|  twzs 2.7 5.4 2.7 6 2.7 6 ns
ICAS latency =2| thzz 2.7 6 2.7 6 2.7 7 ns
Data-in setup time tos 15 2 2 ns
Data-in hold time toH 0.8 1 1 ns
Address setup time tas 15 2 2 ns
Address hold time taH 0.8 1 1 ns
CKE setup time teks 15 2 2 ns
CKE hold time tekH 0.8 1 1 ns
CKE setup time (Power down exit) teksp 15 2 2 ns
Command (/CS, /RAS, /CAS, /IWE, DQM) | tews | 1.5 2 2 ns
setup time
Command (/CS, /RAS, /CAS, /IWE, DQM) | tews | 0.8 1 1 ns
hold time
Note 1. Output load
Z=50Q
Output )

36 Data Sheet E0345N10 (Ver. 1.0)



ELPIDN uPD45128441-|, 45128841-1

Asynchronous Characteristics

Parameter Symbol -A75 -A80 -A10 Unit Note

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

ACT to REF/ACT command period (operation) tre 67.5 70 70 ns

REF to REF/ACT command period (refresh) trc1 67.5 70 70 ns

ACT to PRE command period tras 45 |120,000| 48 [120,000| 50 |120,000 ns

PRE to ACT command period tre 20 20 20 ns

Delay time ACT to READ/WRITE command trep 20 20 20 ns

ACT (one) to ACT (another) command period trRD 15 16 20 ns

Data-in to PRE command period topL 15 15 15 ns

Data-into ACT (REF) CAS latency =3 toas | 1CLK 1CLK 1CLK ns 1

command period +22.5 +20 +20

(Auto precharge) CAS latency =2| toaz | 1CLK 1CLK 1CLK ns
+20 +20 +20

Mode register set cycle time trsc 2 2 2 CLK

Transition time tr 0.5 30 0.5 30 1 30 ns

Refresh time (4,096 refresh cycles) trReF 64 64 64 ms

Note 1. The —A75 grade device can satisfy the toais spec of 1CLK+20 ns for up to and including 125MHz operation.
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13.1 AC Parameters for Read Timing (Manual Precharge, Burst Length = 4, /CAS Latency = 3)
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13.3 Relationship between Frequency and Latency

Speed version -75 -80 -10
Clock cycle time [ns] 7.5 10 8 10 10 13
Frequency [MHz] 133 100 125 100 100 77
ICAS latency 3 2 3 2 3 2
[trep] 3 2 3 2 2 2
IRAS latency (/CAS latency + [trep]) 6 4 6 4 5 4
[tre] 9 7 9 7 7 6
[trea] 9 7 9 7 8 6
[tras] 6 5 6 5 5 4
[trro] 2 2 2 2 2 2
[tre] 3 2 3 2 2 2
[topL] 2 2 2 2 2 2
[toad] 4 3 4 3 3 3
[trsc] 2 2 2 2 2 2
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13.4 Mode Register Set (Burst Length = 4, /CAS Latency = 2)

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

| | | | | | | | | | | | | i | | | | | | | |
| | | | | | | | | | | | | | | i | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
CKE H: i i i i i i i i i i i i i i i i i i i i i
| | | | | trRsc | | | | | | | | | | | | | | | | |
| | | | [P | | | | | | | | | | | | | | |
| | | | | | | | | | | | i | | | | | | | |
| | | | i 2CLK(MIN.) | | | | | | | | | | | | | | |
. . | . | | . . . . . . . . . . . . . . .
T T | T | ; | T T T T T T T T T T T T T T T
/ C S 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 | T | T | | | | | | | i | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | . | i I . . . . | | | | | I I . i
TRTIRIZIRIK ! fTRTIITN ! ! TR TR
/RAS X o : ’::::‘; | ,“":::::::‘::X | ::‘ | 5 5 3 5 3 S X ."’: '0::::30:‘00000 ool 00000:‘:‘:’0‘0’3}0 :'. 555
SN 1 LN ool . X R R R
; ; T ¥ T ; T ; ; ; ; ; ; " ¢ ; ¥ ¥ " ; ; ?
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
|
KKK
/CAS | b sl
I | LRI '
| |
| | |
| | |
| |
OIS
WE R
SORRSIRIKIGHLIKKIKEN 1 LRULKEEN LRI I
: f " . " " | X : 3 : : : £ f . . : x x » 3
| | | | | | | | | | i i | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
|  eroreren
QEIIIIIIIIRIIKIIIAIIIEIIIIICIIIN 0’0’0’0’0’0" fLS S K SSER K SGS RIS R K IGE KK KKK IEESSE KSRGS K KL EEGE KK KK KSR K SGSS K KGR K SSE K XSRS KIS R KSS KK GE R KSRGS ESS K GSE KIS KE KKK KK XY
BAD R ssssssssssosnsononose\ 1 KRN B R R R R R R RSB EIIRKS
SRRELLRLLEIERKRISELLKLEELLRREELLIN 1 RIS R R R RIS
i i i i i i i i i | i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | | | |
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|
T e S S I IR, s s T T e e e S e e e e T e
e TR | AR R R R R
eleteototetetedotototetetetedetototetete oo totetetetote oo et NI Ldeletotetels! olotetetetetetotototetetetotototetetetototototetete oo totetetetotototetetetetetotototetetetototetetete ot e totetetetotetotetete oot e totetete oo totetetetotototetete e tototete et oo tute et oot etete et o ke tote et oo totete et oteeld
* " " " " " " " ; ; ; ; ¥ * " " " " " " " :
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
R ERRN] DRBRRIRL ! PR s 08008803888 S 08RO LITR I LRI RLIBTXRB BT RLIBLBTR DD
Ao B | S L LR Ly
GIRRIRRRLLS ! 3R R R R R R R RRRIRRILIILRIRRIRKKS
X oSetete ! e e e e e e T e e e e e e 00 e e e 0t e R0t a e e e ottt oottt e e to et e e oo R0 tatete ot Rotetote et o atete et o etotete e tetotetetee
i | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
TR T IITITITIN [T S S S T R S
ADD LT 20N LR
RIS RIS R RIS
oQofetotetetotetotetetetetotetetotetotetetotetotetetotetotete RES eQofetetoteotetetotetotetototototifotofetetetetotetotutetotetotetototetotetetotetotetetotetotetetotetotifototetetetetotetototetotetotutetotetototototetotetetotetetetetotetotitotstetotetetatetotetetatetotetetel
T T i | T | T | i T T T T T ! i | | | | | !
| | | | i | | | | | | | | | | | | | | | | |
% D R T T T I T T TITITTS % RIS TTLTS, R T TTIL TR S T
DOM 3 R R S SS
RS S R O S O O S O e O SRS

l
l
I
l
DQ B L L L L L L LR L T T R R L L L L L L L L L L LT T T e R L L L L L L L L L T T T T T

T T !

Precharge Mode Activate

All Banks Register Set Command

Command Command is valid
trP
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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 | T18 | T14 | T15| T16 | T17 | T18 | T19 | T20 | T21
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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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Clock Suspension during Burst Read (using CKE Function) (2/2) (Burst Length = 4, /CAS Latency = 3)

TO T 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 | | T | | | T T T
CKE | | | | | | | | | | | | | i | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | . | . . | . . . | | |
| | | | | | | 7 | 7 7 | T T 7 | | |
| | | | | | | | | | | | | ! | | | |
. | . . | . . . . . . . . : . . . .
; | ; ; | ; ; ; ; ; ; ; ; ; ; ; ; ;
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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)
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Activate Write© 1-CLOCK 2-CLOCK 3-CLOCK
Command Command SUSPENDED  SUSPENDED SUSPENDED
for Bank A for Bank A
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Clock Suspension during Burst Write (using CKE Function) (2/2) (Burst Length = 4, /CAS Latency = 3)
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Activate Write 1-CLOCK 2-CLOCK 3-CLOCK
Command Command SUSPENDED SUSPENDED SUSPENDED
for Bank A for Bank A
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13.10 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)

TO ™ T2 T3 T4 T5 T6 T7 T8 T9 T10 | TN T12 | T13 | T14 | Ti15 | T16 | T17 | T18 | T19 | T20 | T21

CLK

CKE ' H

/CS

R ] R IR R R IR PRI TIITTIN BRI,
S ’0’0’:‘;:::::::::::::’( "»:::':::"‘:.:‘:::‘:‘:.:‘:':::’:‘:’:‘:‘:‘:".:f ';0000ooo000‘0‘00000‘::‘:‘:‘::0 ;’0‘0:0::::::::::::::::::::::::‘ ‘:::::::::::::::'::.:‘
RRKRRKS RS RRRRRRRRIKRSS RRRERIRLSIRRRKIR Sedoioiesetatolote:

]
I
I
I
SRRAKLRR
XRRXRXRXN
/RAS S8 !
T
I
|

CRRREKL RRSREEEIIIEEEIELN fXEKLELL K KKK IIEIIEERIRIRIIKIT 1 NEIEEEEEEEEEIEIKEY KEEEKEEEKERERIN 1 KK XX KRKES
ICAS S8 NSBB8 K] R R
RHRRHXXS I R SCRGRRIRRIIRXIKK OIS, XX RRRRRIKHRRRHRIKRIRAXK et KK RRXHXRXX

‘

|

‘

RS RN R SR RS RRRRRRRY RSN R SRR RS KR RRRRIRS
J/WE SRIKS KRR R IIRRILIILIIIKK] RIXRXKKS RRRERILEIIRRILILN R RREISIIRKLLKS] KR IIIRRKLLKK RXRXRIIIR
L] GRRRRKIKEN R IIIIRRRIRILSS] KKK RREIRRIRIKLIERS £3RRRRIRIEKKY RRERIRLIIRKRKKY ot tatatotetototoredy
pRatoledetolels 1202020202020 202020 0% Roletotoletotetetoleletoletutoletetoleotoly R \ololedaoletotoletototetoteletotoletole ot NI oleloteletotoletotetutotelete Reletoteletoietetoleletolete! RS

R T IRITTI I R I XTI TS TRTITIZN
JRRRRKRLLLIIIIKN B03RRKIRIIIIIIRKIKIN RRKXKKS
SR RS
datetotedetototetetetototes fR RN okl
NI, T RIRIITTLTSIRNN TSI T R TRITIITLIRN
SRR SIRRRKKIEIIIKN 5RRKRIEIEIEIIRKRILIN ) RSIIIRRIILKELLN
3R ORI GIRRSIIRLELIIKKELKN % % ot sssstotesesatoretesatete,
SRS OSSN oLt totote s tatstotesetatotoss, S935%e%, SIRRSEIREIIIN
3. 0.9.92 X RRRRRRILLKA X RIRRRRRIIII SISO IIIII I,
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | i | | | | | | | | | | | | | | |
| | | | |
T OO TITITITITITO 1 B OISO SISO OTITOTeS 1 1 KGRI K IR IRIAKK 1 X EREKERAIIKHILRRIIRA 1
A10 s N s Y s . SRR |
SIIRRISIIRIRKIKIN | oo s ot e s atotesesatatoretes | | RS | GRRE |
| ; | T i
| | | |
. . . , ,
R R RN RIS
ADD SRl RAa RESsssssisncsscsd e
LEIEEEN fRRRREEEEILEEE: Aotoletetelololetetolel
T T ; ; '
| | | | |
| | | | |
| | | | |
| | | | |
DQM L | | | |
. . . . |
T T T T |
| | | | |
| | | | |
| | | | |
DQ | | i | |

T T T T T T !

Activate Read Read Read Precharge Activate Read
Command Command Command Command Command Command Command
for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A

vaidi3

I-T¥882TSY ‘I-T¥¥82TSyAd”



ELPIDAN

uPDA45128441-1, 45128841-I

=4, /CAS Latency = 2)
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Random Column Write (Page with Same Bank) (2/2) (Burst Length = 4, /CAS Latency = 3)

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

| | | | | | | | |
| | | | | | | | |
. . . . . . . . .
T T T T T T T T T
| | | | | | | | |
CKE PHO ‘ ‘ ‘ ‘ ‘ ‘ ‘
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| . . | . . . |
T | T T | T T T |
/CS | | | | | | | | |
| | | | | | | | |
| | | | | |
i | i i | i i i | |
| | | | | | | | | |
. | . ; . ; ; ; . |
STy | : : |
SRR S RRRRRIIIRK] KSR ERRIIIIRKKKS
CRIXLKR L JRRRAIILLRIIKIRKS ! A RRRIIIRIRRIILLIRRIKKK ! !
RRIXLRRN) 1 RRRREIRLRIIIILLRR] ! R RRRRRIIIILLRIRLK ! ‘
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; T ; ; | ; T T | T
| | | | | | | | | |
| | | I | I I I | |
R ) A : : R
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! QEURRIIU ! SOOI OO OGSO LOLOIS, ! QLN SOOI ! SOSN8,
| |
| | | | | | | | | | | | | | | | | | |
| I I | | I I | | | | | | | | I I | I |
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e T\ | TR . TR R TS
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| Y Y T Y ? ? T ; T ; f f T f Y | Y ; T ? i
| | | | | | | | | | i | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
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BAO SRS BRIy LRy L OGRRRRasy  ssssssyy Resssss
plofetetetetets, ! !  sRoletetetetetototototetetetetetototototetesr ! ! | otoletetetetetetototototetetetetotototele! ! KRR !  ototetetetetetetetotetolete’ !  totetotetetetetetetoted]
! | | | | | | | T T i | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
a1 B O TN
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| | | | | | | i | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
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| | | | i | | | | | | | | | | | | | | | | | |
| | | | i | i | | | | | | | | | | | | | | | |
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| | | | | | | | | | | | | | | | | | | | | | |
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13.14 Random Row Read (Ping-Pong Banks) (1/2) (Burst Length = 8, /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

RN
; ; ;

| | | | | | | | | | | | | i | | | | | | | | i
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . ; . . . . . . . . |
T T T T T T T T T T T T T T T T T T T T T T 1
| | | | | | | | | | | | | i | | | | | | | | |
CKE L ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
| | | | | | | | | | | | | | | | | | | | | | |
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 | i T i 7 T T T T | T i
/C S 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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
| 7 | 7 | | | | | 7 | 7 7 | 7 | | | | | 7 | |
| | | | | | | | | | | | | | | | | | | | | | |
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| | i i | i i
| | | | | |
TR IS0 T R ==
KSR S RRIRRRRRAK | | R IEIIEIRRRERS |
0 R0 IR RIIIIIIKRKIIRKS KR IIIRRRIIIIIIIK
KKK %a% ! R 6% 1a%a% %% % %% R RS R %%%e%Ye%etatetatet
i i i i i i | i | i i i i i | i |
| | | | i | | | | | | | | | | | |
I I | | | I | | | | I I | | | | |
TTITRZIIRS TR IITIIIIITIXTLTIIIIITIXTLT ST I I IR T T T
BA1 PSS ssstetotele’ AN R R IKKIIIRKN | | 090K | RIBBKK
RRREHEKY ! ! R RRRRIIIIIIILRRLRLLIRRIRHIK) I i IR RRRIIIIILIEKS ! JRRRRREKES
RKY KRR RIIIRRIRIIIIRKN R A RRRIRIIIRKRIREI s asasotesstotenel
PaSaSuOaO. 009 ! ! WSO NI IS IS IO II I NI I VIS IIII NS IL IO, ! ! SIS LIIIIII NS IN SIS IS SIS IO IIIII SISO, ! OO 929:9.%:3
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
BRI RTZTZR) ! B TSI IRIRL LTI, [TRTITR ! ! [RZIZR) R T T T LTI IXLLTTIN ! TRTIIIRRR
Al prosososscosetstod! [RRRIN ! fRRIIIRLLLRIICIIIIIIIIILLLRILLKKN aSeseseseseses N ! 33RN 000000 ! PSOeSsososesesesoteds
Batotesesstotetetss Aatassteletetss | K O RIIRIRILILIKK XKBNN 1 | 3565 R IIIIIRRIRIIIIIIIRRIIIIIIIIKRKRIN 1 RRRKRKESS
KRS R ! K RN 1 ! o2 Rotetetetototetetototototetotototetetototetetetototetetototetetototote oot N QRN
i i i i i | i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | | | | |
R T RIRILT R R RRRRRRLLTS OO OO OO IO IO OO NI IO NI IR RIS
RIS IIIIRRRKKS] RRRRRRIR Y KR R R R SRR CSSIEIIIRKRKKS
ADD R IR T BRI BRI s sl RBa Yaonand CBa Bossasonnsad RDb Fasssss o nsss BassSass sssssnd CDb Yonssnnsons
SRR IRRRRKEEIIIIRRRLLEKN JRRIEIN fE0SIRRRRLIEEIIIIIN R R IIRRRILEEELLLIN RSSEEIIKEK
i ! i ! ! ! ! i ! ! ! ! ! ! ! ! | ! ! ! ! ! i
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | i | | | | | | | | | | | | | | | | | |
DM L | | | ‘ : | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | |
| | | | | |
| | | | | |
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Random Row Read (Ping-Pong Banks) (2/2) (Burst Length = 8, /CAS Latency = 3)
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dotetotetels’ 2220222 %%, 122020202020 0200 oto et oo te ettt e 0202000020 Cotolelototototeteteteteete 2 XRRKS  oPofoteletetetetetete2e2ete ! ofefeteletetetetete2e 22 !

Potototetototeteteteteete et R LS !

|

|

RS GRIILLLL LK
IS
e %

RS

.

TR IIILL T PR TRIIIIIIIXLIITILTTIITSLTIIRLTTIRN [RRIITIITTIIIRN y
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13.15 Random Row Write (Ping-Pong Banks) (1/2) (Burst Length = 8, /CAS Latency = 2)

| | | | | | | | | | |
I I I I I I I I I I I
| | | | | | | | | | |
T T T T T T T T T T T
CKE CH 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 ]
/ C S 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 | | | | | | |
o ' R R TRN 2
R R SRR RIIIIILRLLRLLRRRR %5
25 ! 1 KRR IRIRIIIIREIKLLKN
/RAS | B
. I KR LRI
T I ¢ X ] ] "
| | | | | | | | |
| | | I | | | | | |
I e e
T O O I IPPO OO OO I IIIIIIN RCTTLIIIIRR,
! ! R RRIIIIKLRRKS ! CRRR ! ! oo e oo e o o tatotettatototeds ! RRHHIIKLRAIRL
/CAS i i RIS I XKLL I I K RRRRRIIIIIIILLLLLLRICRRKR | KXRRRRRII
I oSa s veretetes, KRNI RGERIIIILRNES
! ! R R ! NRBEEEEN ! ! KRR ! LK
] I ] ] ] ] ] ] ] I ] ] I ] I ] ] ] ] ] I ] A
| | | | | | | | | | I | | | | | | | | | | | I
! 0% %% %% % % % %0 % %o % % % % % %Y s% %% %% % %% P %% % %% ! r RN %% % % % % % % o e Y Y % Yo Y Y e VY Ve e % % % % ! !
! ! SR RIIIRRIRKIKIIIKS ! RN ! ! ! RRRRIIIIRIIIIIIIIBRKRKKK: ! !
R Tostetetetetete O e O s e e e e el
/WE i i BRI R RIILLKS]S ' RSIERRRIN | ' ' KRR RLIRRIRRIIIIIIAN ' '
R +%6 %% %% ! %e%e%0%% 00000220002 % %6562 %6509 % 6%6% 4% % %6%6%%%6%%? ! 0%50%% % %% 0 ! ! L ! !
I ] ] ] ] ] ] ] I ] j ] ] I ] ] ] ] ]
I I I I I I I I I 1 I I I I I I I I I
| . | . I I . . . | I | . . . . |
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] T T T ] | ] ] T I ] i T ] T T ] ] ] 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 3 i ; T i [T i B T TT TN i
BA1 I 2 I S RRRRLLIIIIK i I I LRRRRK I SRR IR RIIRRIIIIIIIIIXLLLLIIIKKN 1
S| e NI e \ | R s N s s N
oSoleleletote NI | EEEEERERRIELLLLLL | | | 5052026262020 R [5202020290 2Rt eTato oo 2020 teeeleloiototodo oot N
1 I T ? T T T f ¥
I I I I I I I I I I I I I I I I I I I
| | | I | | | | | | I I | | | | | | I
TTTIRZZR T2 ! [T IIIIIIILS, TR ! ! [T S O OO IIIIIII PP OO PO, !
a0 ) B I I e W
SRR | R RRIRIIRIIKIIIIRIIEIKIEIRIIEIKEIKKS | | LRIKEIS oo oo o e e e o S S S o tototototototototatetetete %t NI
LI R RRRRARRRRRRRIIRARIKK] ! ! Setelotetotey, fodedelototededototetetetetotetetetototetetetedototetete e te e NI
| | | | | | j | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I I I I I I I
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Random Row Write (Ping-Pong Banks) (2/2) (Burst Length = 8, /CAS Latency = 3)

T0 T T2 T3 T4 T5 T6 T7 T8 T9 T10 | TN T12 | T183 | T14 | T15 | T16 | T17 | T18 | T19 | T20 | T21

| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . i . . .
T T T T T T T T T T T T T T T T ; ; T T T
| | | | | | | | | | | | | | | | | | | | |
CKE R U e
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
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Read and Write (2/2) (Burst Length = 4, /CAS Latency = 3)
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Activate Read Write Read
Command Command Command Command
for Bank A for Bank A for Bank A for Bank A
Hi-Z at the end of wrap function 0-Clock Latency 2-Clock Latency
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Data Sheet E0345N10 (Ver. 1.0)
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Interleaved Column Read Cycle (2/2) (Burst Length = 4, /CAS Latency = 3)
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Auto Precharge after Write Burst (2/2) (Burst Length = 4, /CAS Latency = 3)
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for Bank D
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Command
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13.26 PRE (Precharge) Termination of Burst (1/2) (Burst Length = 8, /CAS Latency = 2)

TO T1

CLK

T2 T3 T4

T5 T6 T7

T8 T9

T10 | T11 T12 | T13 | T14 | T15 | T16

T17

T18

T19 | T20 | T21

CKE

/CS

|
/RAS ‘
I
I
] ] I | | ] ] ] ] ] ] | |
I I I I | I I I I I I I I
| | I | | | | | | | | | |
I
ORI
/CAS | . ! % <X
i ' i RRIILLRRE CHILLLRS
| | | ROLOLOLOL029208 QXRXRX
I I
] I I ]
I I | |
I ST I T AT T AT TTETTTS
R RRRRR R RRR
/WE ! PS0sesesosssetetetototetetotesetete; ! ! oSS ssessrstssosesesosetotototeds
) ORREKLIK ) | RRREEEIIRRREEEKLEIS
T ¥ ) T |
| | | ] I
I I I I I I
! 2 ! . TS, T
ST, R R RIS L XL
BAO | | LI RIS
I | i FLLRRILK L0500
] ] ] ] j ] ] \ ] ] ] ] ] ] ] )
I I I I I I I | I I I I I I I I
I | I I I
I R R OB RRRRRRRRN I I BRI LI I I R R RRRRRR
BA1 B s N ‘ s N ‘ s
! RRRIIERKRKIRIS ! ! 3K SXRXXXN 1 ! 3K
| ] ] ] ] ] ] ] | ] ] ] | ] ] ] 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
S XX KX XN XXX RK KKK XK XXX XY %% T % T T T Y e XX Y e e T Y Y Y % 2 Y Y % %% U Y %0%%% %% A %% % % %0 %0 %0220 2202022 2R P Yo % % e e %
RN | IR \ | S RIRIILLRIIIIRLHIIILLRIIEN i fOILLLLK]
fORRRRXR I RRARELLLLLLLILLKN \ I I, I RRRKBEN
RRRRRRRD I RN 1 I R RRRRIIIIIIIRILLLLLLLLK I fRRRRS
RN RLRIKIIKKRRLRRRRK) RRRRKRRHXKXRRKRKKHKX XX XRXAKX CRRRXRKK
] ] ] ] ] ] ] ] ] T ] ] ] ] ] T ] ] T ] " |
I I I I I I I I I I I I I ' I I I I I I I I
B2 R] RS R I E IR LR R RREIZT] % D R RRRTLERRIIILIE L LIS % TR R E T TTILS
RRLRRRRRRRY KRR R IR o3 R LILRLCIRRRHIKIKRS RRRRRRRS \<% RRRRRRRRRIIIIIIILLLL
RRRRRRRRS PR I R A XS CRRLE RAC IR
SRSIRKKKL ORRXLSS S RRRIIIRIKIIIIIRRK X oSo%es QRS G )RRRREIIRKIKIEIIRKRK
19606509250 %% %% 2622056230 %a %] L R R RIELIKKLKKKLEN 20262009026 %6%0 %6 2669620902 % %0% %245 %% 06%%a%% &L 0020090206502 %70 %% 4% % %%
] ] T | I T T | 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
DQM | | | | | Write | | |
T T T T — Masking = T T
I I I I I I I I
| I I I
| I
DQ c——- .......(DAa1XDA32XDAa3XDAa4XDAa5>... - hemeiemaaa-

f

Activate
Command
for Bank A

f

Write
Command
for Bank A

PRE Termination
of Burst
trcp
tras

Precharge
Command
for Bank A

topL

trP

Activate
Command
for Bank A

f !

Read Activate
Command Command
for Bank A for Bank A

Precharge
g Command
PRE Termination
of Burst for Bank A
tras

vaidi3

I-T¥882TSY ‘I-T¥¥82TSyAd”



EL?P
IDA
5128441-1. 4

’ mHN

1-|

- \
a Hﬂ
= ==
(=} - \\
A I w
= o ww
o oo -
~— -- - ww
- - ---
> o \‘
e - B
- N - QNNA 5%
S 55 11
o0 0% 1< \\
ofosose! R _ v
%) d0%e%8S -- 75 o - '
~ XX fo%e! ,vo%%o '
- - ] 0% - ,vo:o R o H
— - R X R R -
- 2] ,:000 050058 -
— XX K% RS8R -- H
XXX s 05 {- .
S8y voooooo - 9o --
000000. Sosesess l latoteds __1
000000. S9%9%0%s KK 1 o) o°
P |- - ool nnonno -- . A‘Mw. nA
© _ %N%N ' < @ <
g o __ -- XX --- \/ 2 € c
= - _ 0%%0 - £ s
[ _ oon%n -4 <t 5 E M@
- I S0 . = < Q
-- 000000 < fu
X -~ - e S o8
[T} oo - RRRZ -
— == --- odetoN -- L --
= 4 S - - X -
- - - -
o 2
oooooo -- K L --
< oooooo XK (TR O
p - ] I0teSs K% _
= -- s R -- o0 «‘ --
- R 000000 ,v%%oo K o
tosetes i %o%o von%uo - v“oou% -1 Y]
»ooo% - %N%n RS - voooo% .
) %02 K% K8 <
000000 ks <0 v%o%o --
() ooo%o %002 K50 v%n%n (] - ok}
o - %008 ooosste: Il et [5025¢5 -- VA [ = <
hy - - %o%o 533855 oS 0050 --
F 35 | [z 5 8%
%% . 90X RS -- Rt | e Seg
o 058 KX XXX o
&8 55 oSS 253 < SEQR
- % -- vnoo“% v‘%oo - o] ® 5 m
a e 50 %00000 o -
— - -- -- d9%058 Xeosee -- ~" (&)
- N 09%es v%o%o _ S
Ll -- S vo%%o . .
-- s I voon%n o
-- X5 w%o%o o
PO T o2 vowonno - N H
— KK _—— KRR \ .
- - %0 _ & _ N
— ] _ 0L . X __ o
- 00 .
S -1 1 c
o2%0%s - .
00“00“ B _r o
3085 -- I . =
o 0“00“0 H ]
- o RS _ 9 . ' S e
- - - oooooo B Fo%% K -- ' o0
~ XK oo B ] . € (4
XY~ - oo I KK - - ' 5
D00 - XXX RS 1 =
—_ ogesee! ’ 0505008 0SS B ke o m
(%) - -- X Neseoe I H - c < -
9%e% 58K 1 ' - s -
o - 00% 555 _ . ] w )
I s - -- I 555550 5 _— ' 8 € c ®
> - XK (3555%: -- ' T € I 74 2
- 000000 - hote%e%s S ' sl o 4
[3) - »%o% RS . o ]
c > --- &K s d &) =
<R - &K 55055 -- H o
3 S - % I : XS
T i - % :
@ s < 12 o
< Noom““m“ -- voooon P cl Qa H
XX KX ,-000000 < '
~ - - 09000 KL K% > -
(8] — - -- 000000. e vou%no s I .
= oooo%. 3% 3% oS R .
XXX KK <5 %% ]
- 000000. —= %00000 vnoon% -- %N%N X - - H
© 000000. %00000 et %0 XKL -
S BSss s ] 53 :
* P Sose’s [3L - . .
1} v%%oo o555 oon%n ou%no H -
© R %% R 09000
o _ oSuteret i <<% & 25X - ' ]
£ et - - vo%o% 4 -000000 000000 ool _ oc <
< o vrooooo ,000000 0000 0000 - H ]
- 0% ,-00% 000000 0000% 1- ' © =<
(=2 -—- KL ,vo%%o R e3e%0%s XXX ___.! > £ =
c - X %% XX - =
- KK Sesose XX . ©
% - 2 555~ oo S €
] e -- 0, NS R ' < m
| oo - LK KK ' o
[T} - ot LKL oosese -
-- - oSe%0%s - % s . IS)
3" - B A Bl : 2
7] XK £1- “oouoo -4- .
- ““0““0 o = oo i
2 5555 e --- :
o N%o% uouuouo 22 .
= s B B T £$ - &
S d0%e%0%s voooooo _ vo%%o ] =5 0 N
Xy 0005058 - Jogotess 38 5 =
N R - XX foge%ess ) ©
o n“on“o v%.u“ .nn.nn. _ KR m <
- KRS po0es von%n ks o D o
b ™ _ o008 o558 R o0 2D
-- - 3K -- Soodeds KX X -- <
[ - - R 0S8 Jo%ets oooooo __ [
= RS 05655 K55S %oooo - < c S ~
S oo I st I k3o o -~ <
X - voooooo voooooo 0SS s €5
[11] %00 o35 XS Sadatod < Q ]
-- ol fadolose K] ] g E
— 1- % KL Ko 1 00000 [a) = m
-- %9 Rodetess 0% o
(Y] - o0 0000 ote%e% o -
° o --- --- -- o558 s 85 &
c T 558 $RX - S &
-F- - X otote 1-- [52] =)
- RS 0% -
o R vow%no noonoo o] +—
5 <5 |- ] 5 <
© K [ R Soteo (=)
— _ - 020958 X s
£ - - - %oooo - s on%“o - 2
= 000000 - 0 -
[S o%ooo N __ ] = N
E i = < |2 c
1% --4-
2 55 12 ) 2
o - -- %0000 - <R Sl ©
— = - - 000000 R o&%« ¥
200 5998 ERRX - en
g 5] £t e 55 e | |= EP
2] ] 13 o £S5
1 Sote% 3 %%~ RRXS < c < =
(] ‘e nooooo Vo%oo _ R la) S [0} o 1]
< XX 00508 RRRS = @ <
- - - <K [R5 %] NS = €5 % @
[3) -- --}- - voo%% XXX KX - ° 2
- Logsess v%o%o XS -- . IS © w =
() e 5% __ K355 XX 4-- H m o £
= 2558 RS 05 y. ! 5]
o - X v%ooo 000000 - I®) — o
o0 . 2% ] o%%o S
~ K - S ,0000 XXX ' o
KK - XXX 05500
w - N%N& -1- & sttt I h
X ) eisis - ooseses ---
[i's 00000& -- 3 -- y
& 5 ¥ 5 s - ;
X 55 B N i
XXX I foieiets ,!00«00 7 a
(@) (%)) » 5] ,..n&. ) 5 2| H a
(@) .vn%n% - woouooo -- ' o
=~ < .&%%0 v%%oo P> - H =
o 4] .::o e NG - - H
RRRL .v%oooo ) ___!
~ << £5%6%% ,vo%ooo 3K -1 o) Eo]
o w s R N e <
R 30555 onoono — R - m T X
= o . T ZES
< 000 -1 . o £ @
0000% - < om
o — 0000 ___1! S
< X : S8
'
m o ' =
- a '
< a .
.
< W
[a) o
[a)

Data
She
et
E0345N10 (
Ver
. 1.0)
81



ELPIDN uPD45128441-|, 45128841-1

14. Package Drawing
54-pin Plastic TSOP (Il)

Unit: mm
22.22 £ 0.10
54 28
annnnnnnnnonnononnnnnnnnnnnn
&
©|| o
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J e
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PINﬁ goooooooiooiooooooiouoooT
1 27
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[Te} o % —7: = t
= N 28
< = EE
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Note: Dimension "A" does not include mold flash, protrusions or gate burrs. Mold flash, protrusions or
gate burrs shall not exceed 0.20mm per side.

[ ECA-TS2-0016-01 |

82 Data Sheet E0345N10 (Ver. 1.0)



ELPIDN uPD45128441-|, 45128841-1

15. Recommended Soldering Conditions

Please consult with our sales offices for soldering conditions of the ©/PD45128xxx.

Type of Surface Mount Device

1PD45128xxxG5 : 54-pin Plastic TSOP (ll)
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NOTES FOR CMOS DEVICES

(@ PRECAUTION AGAINST ESD FOR MOS DEVICES

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

@ HANDLING OF UNUSED INPUT PINS FOR CMOS DEVICES

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

(® STATUS BEFORE INITIALIZATION OF MOS DEVICES

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

CMEO0107
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The information in this document is subject to change without notice. Before using this document, 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 Elpida Memory, Inc.

Elpida Memory, Inc. does not assume any liability for infringement of any intellectual property rights
(including but not limited to patents, copyrights, and circuit layout licenses) of Elpida Memory, Inc. or
third parties by or arising from the use of the products or information listed in this document. No license,
express, implied or otherwise, is granted under any patents, copyrights or other intellectual property
rights of Elpida Memory, Inc. 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. Elpida Memory, Inc. assumes no responsibility for any losses
incurred by customers or third parties arising from the use of these circuits, software and information.

[Product applications]

Elpida Memory, Inc. makes every attempt to ensure that its products are of high quality and reliability.
However, users are instructed to contact Elpida Memory's sales office before using the product in
aerospace, aeronautics, nuclear power, combustion control, transportation, traffic, safety equipment,
medical equipment for life support, or other such application in which especially high quality and
reliability is demanded or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury.

[Product usage]

Design your application so that the product is used within the ranges and conditions guaranteed by
Elpida Memory, Inc., including the maximum ratings, operating supply voltage range, heat radiation
characteristics, installation conditions and other related characteristics. Elpida Memory, Inc. bears no
responsibility for failure or damage when the product is used beyond the guaranteed ranges and
conditions. Even within the guaranteed ranges and conditions, consider normally foreseeable failure
rates or failure modes in semiconductor devices and employ systemic measures such as fail-safes, so
that the equipment incorporating Elpida Memory, Inc. products does not cause bodily injury, fire or other
consequential damage due to the operation of the Elpida Memory, Inc. product.

[Usage environment]
This product is not designed to be resistant to electromagnetic waves or radiation. This product must be
used in a non-condensing environment.

If you export the products or technology described. in this document that are controlled by the Foreign
Exchange and Foreign Trade Law of Japan, you must follow the necessary procedures in accordance
with the relevant laws and regulations of Japan. Also, if you export products/technology controlled by
U.S. export control regulations, or another country's export control laws or regulations, you must follow
the necessary procedures in accordance with such laws or regulations.

If these products/technology are sold, leased, or transferred to a third party, or a third party is granted
license to use these products, that third party must be made aware that they are responsible for
compliance with the relevant laws and regulations.

MO01E0107



