DATA SHEET

ElL PIDAN MOS INTEGRATED CIRCUIT
(PD45128163-

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

Description

The uPD45128163 is high-speed 134,217,728-bit synchronous dynamic random-access memory, organized as
2,097,152 x 16 x 4 (word x bit x bank).

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

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

The synchronous DRAM is compatible with Low Voltage TTL (LVTTL).

This product is packaged in 54-pin TSOP (ll).

Features

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

» Possible to assert random column address in every cycle

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

* Byte control 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)

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

» Automatic precharge and controlled precharge

» CBR (Auto) refresh and self refresh

» x16 organization

* Single 3.3V + 0.3 V power supply

* LVTTL compatible inputs and outputs

* 4,096 refresh cycles / 64 ms

* Burst termination by Burst stop command and Precharge command

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

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

Document No. E0346N10 (Ver.1.0)
Date Published February 2003 (K) Japan OElpida Memory, Inc. 2003
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Ordering Information

Organization

Clock frequency

Part number (word x bit x bank) MHz (MAX.) Package Note
UPD45128163G5-A751-9JF 2M x 16 x 4 133 54-pin Plastic TSOP (ll) | Ambient temperature
1PD45128163G5-A801-9JF 125 Ta= -40to +85°C
1PD45128163G5-A101-9JF 100
UPD45128163G5-A75LI1-9JF 133
UPD45128163G5-A80LI-9JF 125
UPD45128163G5-A10LI-9JF 100
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Part Number

[ X16 ]

1PD45128163G5 - A75L |

NEC Memory —E Wide temperature
range
Synchronous DRAM | :-40to + 85°C
Memory density
128 : 128M bits
—— Low Power

Organization

16 : x16

——— Minimum cycle time

75 :7.5ns (133 MHz @CL=3)
80 :8ns (125 MHz)
10 :10 ns (100 MHz)

Number of banks

3: 4 banks, LVTTL

Low voltage

A:33V%03V

Package

G5 : TSOP (Il)
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Pin Configurations

/xxx indicates active low signal.

54-pin Plastic TSOP (Il)
2M words x 16 bits x 4 banks

—/

Vee O—1 54 —OVss
DQO O=—| 2 53 =—>0ODQ15
VecQ O——13 52 —OVssQ
DQl1 O=——|4 51 +—>0ODQ14
DQ2 O=—|5 50 =—=0ODQ13
VssQ O—16 49 ——0OVeeQ
DQ3 O=—|7 48 «—>=0O DQ12
DQ4 O=~—=|8 47 ~—=0ODQ11
VeeQ O—19 46 —C0OVssQ
DQ5 O=—| 10 45 [«—>=0DQ10
DQ6 O=—— 11 44 =—0ODQ9
VssQ O— 12 43 ——C0OVceQ
DQ7 O=—| 13 42 |~—=0ODQ8

Vee O—114 41 —COVss

LDOM O——| 15 40 ——ONC

/WE O——>| 16 39 |=—OUDQM
ICAS O— 17 38 |=—OCLK
/RAS O——| 18 37 |=—OCKE

/ICS O—=| 19 36—ONC

BAO(A13) O——=| 20 35~—0A11
BA1(A12) 0——] 21 34 |«—0OA9

Al0 O—— 22 33l«—0OA8

A0 O—]23 32 |«——0OA7

Al O——|24 3l}«——0OA6

A2 O—]25 30 «—0OA5

A3 00— |26 29 |«—0OA4

Vee 0——— 27 28—OVss

AO to A11Ne
BAO(A13), BA1(A12):
DQO to DQ15
CLK

CKE

/CS

/RAS

/CAS

/WE

LDQM

ubQMm

Vce

Vss

VeeQ

VssQ

NC

: Ground
: Supply voltage for DQ
: Ground for DQ

: Address inputs

Bank select

: Data inputs / outputs

: Clock input

: Clock enable

: Chip select

: Row address strobe

: Column address strobe
: Write enable

: Lower DQ mask enable
: Upper DQ mask enable
: Supply voltage

Note AOto A11
A0 to A8

: No connection

Data Sheet E0346N10 (Ver. 1.0)
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Block Diagram

CLK Clock
CKE O—s Generator
| ‘ Bank D
| ‘ Bank C
| ‘ Bank B
Row
Al
ddress Address =
v o Buffer al 3
o o & "1 8 | |
ode Refresh a B
) ank A
Register Counter z T
, € ]
\A | %r B
»| Sense Amplifier -
oO—»| 2 O

ICS 3 © Column »| Column Decoder & | DQM

o =2} o = Latch Ci i
RAS 3 g > Address > atch Circuit Yy

o IS »| Buffer @ = 5
IcASO———+| & £ & g g

IS o Burst Data Control Circuit o ©
MWE O———| & Counter S 25 Pe

f e
- £a

Data Sheet E0346N10 (Ver. 1.0) 5



ELPIDAN uPD45128163-

CONTENTS

1. Input/ Output Pin FUNCHION ... mn e e 8
2. COMMANMS ....cooeeeeiciceiecececececeenenenenesannsasasasnsnsnsssnsassssssssssssssssssssssssssssssssssssssssssssssssssnsssnsssnsnsnsnsnnnnnnnnnnn 9
3. Simplified State DIagram .........ccccoiviriiiim i ——————————— 12
N N {11 TN - 1 o - 13
4.1 Command Truth Table......... e e e e s e s mmn e e e e e e mmnnns 13

B T | I L T I 1 o 13

T 04 S I (T 4o T -1 ] - 13

4.4 Operative Command TabIe .........ciiiiiiiicciciiieiiiscccseere s s s ssssr e e e s s s s ssne e e s s sss s s s sneneesessassssnnesenssnsnsnsnnnnes 14

4.5 Command Truth Table for CKE ... e mn e s e s mm e e e e mmn e e s e e e mmnnes 17

5. INItAliZAtioNn ... ————— 18
6. Programming the Mode RegiSter ...........uiiiiiiiiiiimimimmmiemeisnreeessessssses e s s s s sssssssssnsnnnnnnnnnnnnn 19
N 1 e T L= 55 o 11 - 20
7.1 Burst Length and SE@QUENCE .......coiicccceceiiiiiisicccesrre e s isssssssssre e s sssssssssre e s sesssssssssesessssssssssnesesssssssssnnnsensss 21

8. Address Bits of Bank-Select and Precharge ..........ccccoocvviiiniiinninnsn e 24
9. PreCharge ...t 23
10. AULO PreCharge ... s s e 24
10.1  Read with Auto Precharge ...t 24

10.2 Write With AUtO PreCharge .........cceiiiiiiicccieiieiiisscccssere s s s s ssssss s e s s s s ssmsr e s e e s ssmnn e e e e e s smmnn e e e e e snnnnnn 25

11. Read / Write Command Interval ... e e 26
11.1 Read to Read Command INterval ... 26

11.2  Write to Write Command INterval ... e 26

11.3 Write to Read Command INterval ... 27

11.4 Read to Write Command Interval ..o 28

12. BUrst Termination .........coooiiiiiii i r e e e e s e e e e e e e e e e e s e e e e e rererererereaenenenenenenennnes 29
121 Burst StOp COMMANM ... e m e s e e s s e e e e s e e e e mme e e e e e e e nnnr e e e e e aaaann 29

12.2 Precharge Termination ... sssere s s s sssn s e s s e s s s snr e e e e e s s s ssnn e e e e e sasssnnnnanenesannnn 30
12.2.1  Precharge Termination in READ CYCIE .........ooiiiiiiiiiiii et 30

12.2.2 Precharge Termination in WRITE CYCIE .........ccoiiiiiiiiiiiiei et a e 31

6 Data Sheet E0346N10 (Ver. 1.0)



ELPIDAN uPD45128163-

13. Electrical SpPecifications ..o e n s 32
13.1 AC Parameters for Read TiminNg ....cccccciecceirmiiiiiiiiccsccrse s isssssssers e s s s s ssssssnss e s s s s s s ssmns s e s ssssssssnnssnsnsssnnssnn 37
13.2 AC Parameters for Write TIMiNG ......ccccviiiiiiimmiiee s 39
13.3 Relationship between Frequency and LatenCy ........cccccviciiicceeieinisscccseere e sssscsssssss e s s ss s sssssesssssesnns 40
13.4 Mode Register Set ... ——— 41
13.5 Power on Sequence and CBR (Auto) Refresh .........cccceiiiiiicciemmiiisrcccceerne s ssssr e e e e s ne 42
I 2T [ 025 T ' o o 43
13.7 Clock Suspension during Burst Read (using CKE FUNCtion) ..........cccoccmiiiiiiccccceennnsscccsseeeee e 44
13.8 Clock Suspension during Burst Write (using CKE FUNction) ........ccccoovvemminnenniniinnsse s 46
13.9 Power Down Mode and CloCk Mask .........ccccceriiiiminniiniis s s 48
T L0 = X W) =Y i == o R 49
13.11 Self Refresh (Entry and EXit) .......ccccccmmmiiiicniiiiriisscccseesre s is s cssssr e s s s s s s ssss s e s s e s s smns s e s s sssssssnsnssnssssannnn 50
13.12 Random Column Read (Page with Same Bank) ...........ccccvmmiiiiiiniine e 51
13.13 Random Column Write (Page with Same Bank) .......cccccvveiecccmiiiiinsccceeree s sscseere e e s ssnse s e s essssssnns 53
13.14 Random Row Read (Ping-Pong Banks) .........ccccciimiiiiiniimeni e snsnnes 55
13.15 Random Row Write (Ping-Pong BanKs) .......cccccceiccciemiiiiisiccseerresssssssssssssessssssssssssssssssssssssssssssssssnssnn 57
I 2R T == e = T T AT 59
13.17 Interleaved Column REAd CYCIE ......cciiiiiiiceieeiiiriiesccecere s ss s sssss s e s s s s s s ssmnr e e s e e s s s snmnn e e e e e sesssnnnnnnnessnnssnn 61
13.18 Interleaved Column Write CyCle ........ccociiiiiiiemiiii e s 63
13.19 Auto Precharge after Read BUISt ...........cccccceiiiiiiiiccceeiressissscssr e e s s sssssss s e e s e s s sssnn e e e e s s s smnnn e s s e s sennnn 65
13.20 Auto Precharge after Write BUrst ..o 67
13.21 Full Page REAd CYCIe .......eeeiiiiiiicccceri s isssccseetr e s sss s sse s e s s s s s s mns s e e s s s s s smmnn e e s e e sssssnnnnnseeesnssnnnennenesannsnn 69
13.22 Full Page WIite CYCIE ......ccoieiiiiieiiiiir e s an e s an e e nn e nnnnns 7
13.23 Byte Write OPeration ........cccccciiiiccermmiiriissscssseeressissssssssere s s sssssssssss e s s ssssssssnsseessesssssnnssnessesasssnnnsnnenssansnn 73
13.24 Burst Read and Single Write (Option) ... 75
13.25 Full Page Random Column REAM ..........cccceeeiiimiisicsseerersisssssssssrsessssssssssnssesssssssssnsssssssssssssnnssnnssssssssnn 77
13.26 Full Page Random Column WIte .......ccccciiiiiiniiirinsis i s sss s sssnnes 79
13.27 PRE (Precharge) Termination of BUISt .........ccccciiiiccicmiiiniiin s sssr e s e s s ssssr e s e s s smsnn e e e s s e 81
L T o= o = o T - 1 T 83
15. Recommended Soldering Conditions ..........ccccviiimminmm i ———— 84

Data Sheet E0346N10 (Ver. 1.0) 7



ELPIDAN uPD45128163-

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 PD45128xxx is not in burst mode and CKE is negated, the device enters

power down mode. During power down mode, CKE must remain low.

/CS Input /CS low starts the command input cycle. When /CS is high, commands are ignored but
operations continue.
IRAS, /ICAS, IWE Input /RAS, /CAS and /WE have the same symbols on conventional DRAM but different

functions. For details, refer to the command table.

A0 - A11 Input Row Address is determined by A0 - 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, A11 at the CLK rising edge in the read or
write command cycle. It depends on the bit organization: AO - 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.

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

In read mode, UDQM and LDQM controls the output buffers like a conventional /OE pin.
UDQM and LDQM high and UDQM and LDQM low turn the output buffers off and on,
respectively.

The UDQM and LDQM latency for the read is two clocks.

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

The UDQM and LDQM latency for the write is zero.

DQO - DQ15 Input / Output | DQ pins have the same function as 1/O pins on a conventional DRAM.

Vce, Vss, VeeQ, VssQ | (Power supply) | Vec and Vss are power supply pins for internal circuits. VccQ and VssQ are power

supply pins for the output buffers.

8 Data Sheet E0346N10 (Ver. 1.0)
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2. Commands

Mode register set command

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

The uPD45128xxx has a mode register that defines how the device
operates. In this command, AO through A11, 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 uPD45128xxx

cannot accept any other commands.

Activate command

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

The uPD45128xxx 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 A0 through A11.

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

Precharge command

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

This command begins precharge operation of the bank selected by
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 yPD45128xxx 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 E0346N10 (Ver. 1.0)

Fig.1

Mode register set command

ck [ 1
CKE “n
ICS
/RAS XX
ICAS
IWE 588\

BAO(A13), BAL(A12)

ST
o200

A10

Add 3323

Fig.2 Row address strobe and

bank activate command

CLK

CKE

ICS

/RAS XX

ICAS

IWE

BAO(A13), BAL(A12) 33559 R

oo o
Al0 XXX L

Add 3%

Fig.3 Precharge command

CLK
CKE
ICS
IRAS 225\
ICAS X7
IWE
BAO(A13), BA1(A12) 33335
AL0 XX

(Precharge select)

Add
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Write command Fig.4 Column address and write command
- = Hi ck 1 11
(/CS, ICAS, /WE = Low, /RAS = High)
CKE H
If the mode register is in the burst write mode, this command sets the ICs

burst start address given by the column address to begin the burst /IRAS

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

command with subsequent data on following clocks. JWE

LCRAREL
KKK

BAO(A13), BAL(A12)

Al0
Add
Read command Fig.5 Column address and read command
= = Hi ck 1 11
(/CS, ICAS = Low, /RAS, /WE = High)
CKE H
Read data is available after /CAS latency requirements have been ICS
met. This command sets the burst start address given by the column /IRAS
address. ICAS
IWE
BAO(A13), BAL(A12) 32 L
A10 2D XL
Add
CBR (auto) refresh command Fig.6 CBR (auto) refresh command
(/CS, IRAS, /ICAS = Low, /WE, CKE = High) ok LT 1
CKE H
This command is a request to begin the CBR (auto) refresh ICS
operation. The refresh address is generated internally. /RAS R85\
Before executing CBR (auto) refresh, all banks must be precharged. ICAS 3333\ S
After this cycle, all banks will be in the idle (precharged) state and IWE 257

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

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

command), the uPD45128xxx cannot accept any other command.

Add

10 Data Sheet E0346N10 (Ver. 1.0)
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Self refresh entry command Fig.7 Self refresh entry command
(/CS, IRAS, /CAS, CKE = Low, /WE = High) CLK
CKE
After the command execution, self refresh operation continues while ICS
CKE remains low. When CKE goes high, the pPD45128xxx exits the /IRAS
self refresh mode. ICAS 8N
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)
Before executing self refresh, all banks must be precharged. A10
Add
Burst stop command Fig.8 Burst stop command in Full Page
Mode
(/CS, /IWE = Low, /RAS, /CAS = High)
CLK
This command can stop the current burst operation. CKE
ICS
IRAS
icas 7
IWE

BAO(A13), BAL(A12)

A10
Add
No operation Fig.9 No operation
— — M CLK
(/CS = Low, /RAS, /CAS, /WE = High)
CKE
This command is not an execution command. No operations begin ICS
or terminate by this command. /IRAS

RIS

ICAS &/

XXX

IWE 3857

BAO(A13), BAL(A12)
A10
Add
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3. Simplified State Diagram

Self
Refresh

Mode MRS

Register
Set

CBR (Auto)
Refresh

Active
Power

Down

READ
SUSPEND

WRITEA . READA

SUSPEND . SUSPEND

PO(\)/Y\]ER Precharge @?

— AUtOMAaLtic sequence

Manual input
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ELPIDAN uPD45128163-

4. Truth Table
4.1 Command Truth Table

Function Symbol CKE /CS /RAS | /CAS /WE BA1, A10 A11,
n—1 n BAO A9 - A0
Device deselect DESL H x H x X X x x x
No operation NOP H X L H H H X X X
Burst stop BST H X L H H L X X X
Read READ H x L H L H \ L \
Read with auto precharge READA H X L H L H \ H \%
Write WRIT H x L H L L \ L \Y
Write with auto precharge WRITA H X L H L L \ H \%
Bank activate ACT H x L L H H \ \ \
Precharge select bank PRE H X L L H L \ L X
Precharge all banks PALL H X L L H L x H X
Mode register set MRS H X L L L L L L \%

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

4.2 DQM Truth Table

Function Symbol CKE DQM
n-1 n U L
Upper byte write enable / output enable ENBU H X L X
Lower byte write enable / output enable ENBL H X X L
Upper byte write inhibit / output disable MASKU H X H X
Lower byte write inhibit / output disable MASKL H X X H

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

4.3 CKE Truth Table

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

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

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

L H L H H H x

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

Data Sheet E0346N10 (Ver. 1.0) 13
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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
14 Data Sheet E0346N10 (Ver. 1.0)
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(2/3)
Current state /CS [/IRAS|/CAS|/WE Address Command Action Notes
Read with auto H X X X X DESL Continue burst to end - Precharging
precharge L H H H X NOP Continue burst to end - Precharging
L H H L | x BST ILLEGAL
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA, CA A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA, RA ACT ILLEGAL 3
L L H L | BA A10 PRE/PALL ILLEGAL 3
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Write with auto H x x x x DESL Continue burst to end - Write
precharge recovering with auto precharge
L H H H X NOP Continue burst to end - Write
recovering with auto precharge
L H H L | x BST ILLEGAL
L H L H | BA, CA A10 | READ/READA | ILLEGAL 3
L H L L | BA,CA,A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA, RA ACT ILLEGAL 3
L L H L | BA A10 PRE/PALL ILLEGAL 3
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Precharging H X X X X DESL Nop - Enter idle after tre
L H H H X NOP Nop - Enter idle after tre
L H H L | x BST ILLEGAL
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA, CA A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA, RA ACT ILLEGAL 3
L L H L | BA A10 PRE/PALL Nop - Enter idle after tre
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Row activating H X X X X DESL Nop - Enter bank active after treo
L H H H X NOP Nop - Enter bank active after treo
L H H L | x BST ILLEGAL
L H L H | BA, CA A10 | READ/READA | ILLEGAL 3
L H L L | BA,CA,A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA, RA ACT ILLEGAL 3,10
L L H L | BA A10 PRE/PALL ILLEGAL 3
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Data Sheet E0346N10 (Ver. 1.0) 15



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.

ELPIDN uPD45128163-I
(3/3)
Current state /CS [/IRAS|/CAS|/WE Address Command Action Notes

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

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

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

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

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

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

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

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.

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 torL.

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

o9 PN O

lllegal if trro is not satisfied.

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

16
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4.5 Command Truth Table for CKE

Current State 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 AO, 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 : A11 through A7, BAO(A13), BA1(A12)
/CAS latency : A6 through A4

Wrap type ;A3

Burst length : A2 through AO

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

ICAS Latency

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

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

the device.

Burst Length

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

Wrap Type (Burst Sequence)

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

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

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

(A13) (A12) A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
I 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ I JEDEC Standard Test Set (refresh counter test)
BAO BAl
(A13) (A12) A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
I X ‘ X ‘ X ‘ X ‘ 1 ‘ 0 ‘ 0 ‘ LTMODE ‘WT‘ BL I Burst Read and Single Write
BAO BAL (for Write Through Cache)
(A13) (A12) A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
| ‘ ‘ ‘ ‘ ‘ 1 ‘ 0 ‘ | Use in future
BAO BAl
(A13) (A12) A1l 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 BAl V = Valid
(A13) (A12) A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 x = Don't care
loloflolofoo]o| virmobE |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
Wra e
Py 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
cL oL [
CKE /
ICS \ /
IRAS \ /
ICAS \ /
IWE \ /
AO - Al1,
BAO(13), BAL(A12) X X
Mode Register Set

20
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7.1 Burst Length and Sequence

Burst of Two]

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

Burst of Four]

Starting address

Sequential addressing sequence

Interleave addressing sequence

(column address A1 - A0, binary) (decimal) (decimal)
00 0,1,2,3 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 0,1,2,3,4,5,6,7 0,1,2,3,4,56,7
001 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
010 2,3,4,56,7,0,1 2,3,0,1,6,7,4,5
011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,54
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,0,1,2,3,4 5,4,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,52,3,0,1
111 7,0,1,2,3,4,5,6 7,6,54,3,2,1,0

Full page burst is an extension of the above tables of sequential addressing, with the length being 512 (for 8M x16

device).

Data Sheet E0346N10 (Ver. 1.0)
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8. Address Bits of Bank-Select and Precharge

Row | A0 | A1 | A2 | A3 | aa | A5 | a6 | A7 | A8 | Ao a0 A | BAF]BA9]  [praewferomy] Resul
Select Bank A
(Activate command) 0 0 “Activate” command

Select Bank B

0 ! “Activate” command
Select Bank C
1 0 A it
“Activate” command
Select Bank D
1 LA I
Activate” command
| Ao [ a1 | a2 | A3 | aa | as | e | a7 | a8 | Ao [ ato] aur | BA] 249
(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

0 disables Auto-Precharge
‘ (End of Burst)

enables Auto-Precharge

co. [ a0 | AL | a2 | A3 | as| as | s | a7 [ as | Ao [awo] x [B]BA9] 1| (End of Burst)
(/CAS strobes)
BAL(A12)BAO(AL3)]  Result
0 0 enables Read/Write
commands for Bank A
0 1 enables Read/Write
commands for Bank B
1 0 enables Read/Write
commands for Bank C
1 1 enables Read/Write
commands for Bank D
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9. Precharge

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

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

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

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

Burst length=4

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

ICAS latency =2

Commard
I Y s

/CAS latency =3 : : : : : : : : : :

Command

SR SR TG D D

(tras must be satisfied)

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

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

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

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

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

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

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

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

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

register and whether read or write cycle.

10.1 Read with Auto Precharge

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

latency of 3) the last data word output.

Burst length = 4

TO 1 T2 T3 T4

o I o I B

5 T6 T7 T8 T9

Iipniiny

CLK

ICAS latency =2
Auto precharge starts

! L

|
|
|
|
|
|
|
Command ! i
| |
! | |
! ! Hi-Z
| / AN |
DQ ; N QB1 >< QB2 >< QB3 >< QB4 ) ;
| | | | | |
| | | | | |
| A
/CAS latency = 3 ! ! | | | |
| | |
Command } }Auto precharge starts‘ !
| | | |
DQ BN Q‘Bl >< Q‘BZ >< QFS3 >< Qr34 )
|
|
|
|
|
|

(tras must be satisfied)

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

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

data word input to the device.

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

e _ | L] I

ICAS latency =2

|
|
|
|
|
;
|
Command ! WRITA B
|
|
|
|

Auto precharge starts

- N l Hi-Z
DQ pmmen- < DB1 >< DB2 >< DB3 >< DB4 Ve ; - -
| |
j 1 1 1 1 j
! ! ! | | toPLmiNg |
| | | | | |
| | | | | |
| | | | | |
ICAS latency = 3 | | | | | |
| | | 1Auto precharge starts
Command ! WRITA B ! ! ! .
| ! | | |
| ‘ ‘ ‘ ‘ N HiZ
DQ hmmneee < DB1 >< DB2 >< DB3 >< DB4 ) - -

1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
topL(MIN.) :
|
|
|
|
|
|
|
|

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

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

(tras must be satisfied)

Remark WRITA means Write with Auto Precharge

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

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

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

without any restriction.

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

e _ | L L L L L b b b

Command

Hi-Z

DQ

e X o X Y Y >

11.2 Write to Write Command Interval

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

without any restriction.

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

| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
Command | | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | -
L o ! Hi-Z
DQ DA1 DB1 DB2 DB3 DB4 / T
|
|
|
|
|
|
|
|
|
|
|
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ELPIDAN

11.3 Write to Read Command Interval

Write command and Read command interval is also 1 cycle.

Only the write data before Read command will be written.

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

=4

Burst length

T8

T7

T6

T5

T4

T3

T2

T1

TO

CLK

=2

/CAS latency

mmmmmegm——————

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

ko]
c
£

o
g A
O

3

Command

/CAS latency

DQ

27
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11.4 Read to Write Command Interval

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

Burst length = 4

Command

DQM i AN

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

Burst length = 8
TO T1 T2 T3 T4 T5

T6 T7 T8 T9
S Ny Yy Yy Yy Yy

ICAS latency =2 | |

Command i i i i i i i i
A e e \\\Q\ ]
o o QUK QX @ 0 X DX 0 X
T ecessay
ICAS latency = 3 i i i i i i i i i i
Command i i i i i i i i
S R N\ N
S e G CD e CD CD D

28 Data Sheet E0346N10 (Ver. 1.0)



ELPIDAN uPD45128163-

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

CLK

Command

/CAS latency =2
DQ

/CAS 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

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

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

|

|

/CAS latency =2, 3

oo o1 X 02 X 03 X 0 >t

Remark BST: Burst stop command
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12.2 Precharge Termination

12.2.1 Precharge Termination in READ Cycle

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

To issue a precharge command, tras must be satisfied.

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

Burst length = X, /CAS latency = 2

CLK

| |
| |
| |
Command ! !
| |
| |
| |
| |
| |
| |
| |
N <
| |
| |
| |
| |
| |
| |

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 Tl T2 T3 T4 T5 T6 T7 T8

CLK

| |
| |
| |
| |
Command | |
| |
| |
| |
| |
| |
| |
| |
| |
L d
| |
| |
| |
| |
| |
| |

Ca oz X as X an ottt

T
|
|
I
|
|

DQ t
1 | |
} } } | trP |
I I i

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

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

To issue a precharge command, tras must be satisfied.

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

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

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

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

| | | | N o |

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

(tras must be satisfied)

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

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

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

S I s Y Y Y I o B
v SN
DQ 3* ----- <D‘1><D‘2><D‘3><D‘4><D5>§Hi-zil li _____ %

| o i |

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

proper device operation is achieved.

Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Voltage on power supply pin relative to GND Vce, VeeQ -0.5t0 +4.6 \%
Voltage on any pin relative to GND Vr -0.5t0 +4.6 \Y
Short circuit output current lo 50 mA
Power dissipation Po 1 W
Operating ambient temperature Ta -40 to + 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 Vce, VeeQ 3.0 3.3 3.6 \
High level input voltage ViH 2.0 Voc+0.3V1 v
Low level input voltage Vic -0.3Note2 +0.8 \%
Operating ambient temperature Ta -40 85 °C

Notes 1. ViHMax) = Vcc + 1.5V (Pulse width < 5 ns)
2. ViLiny =—1.5V (Pulse width < 5 ns)

Pin Capacitance (Ta =25 °C, f=1 MHz)

Parameter Symbol Condition MIN. | TYP. [ MAX. | Unit
Input capacitance Cn CLK 2.5 3.5 pF
Cr A0 - A11, BAO(A13), BA1(A12), CKE, | 2.5 3.8
/CS, IRAS, /CAS, /WE, UDQM,
LDQM
Data input / output capacitance Cio DQO - DQ15 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 x16
Operating current lcct Burst length = 1, CL=2]| -A75 110 mA 1
trc = trc (N, [0 = 0 MA, -A80 110
One bank active -A10 110
CL=3| -A75 115
-A80 110
-A10 110
Precharge standby current lccoP | CKE < Vi wax), tck = 15 ns 1 mA
in power down mode lccoPS | CKE < ViL (wax), tek = o 1
Precharge standby current lcc2N | CKE = ViH (miny, tek = 15 ns, /CS = ViH (N, 20 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = ViH (miNy), tek = oo, 8
Input signals are stable.
Active standby current lccaP | CKE < Vi wax), tck = 15 ns mA
in power down mode lccaPS | CKE < ViL wax), tck = o 4
Active standby current lccaN | CKE = ViH miny, tek = 15 ns, /CS = Vi (N, 30 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS [ CKE = ViH MmNy, tck = oo 20
Input signals are stable.
Operating current lcca tck = tek (viny, 1o = 0 mA, CL=2]| -A75 145 mA 2
(Burst mode) All banks active -A80 145
-A10 110
CL=3| -A75 185
-A80 175
-A10 140
CBR (auto) refresh current lces | tre 2 tre miNy CL=2]| -A75 230 mA 3
-A80 230
-A10 230
CL=3| -A75 240
-A80 230
-A10 230
Self refresh current lcce [CKE<0.2V i 2 mA
- 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 (MiN.).

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

addition to this, lcc4 is measured condition that addresses are changed only one time during tck (MiN.).

3. lccs is measured on condition that addresses are changed only one time during tck (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 hw | 0<Vi<VeeQ, VeeQ = Vee -1.0 +1.0 UA
All other pins not under test = 0 V

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

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

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

Parameter Value Unit

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

tck

tcH teu
24V \ S
CLK 14V oo ~-
04V - B

{setup | tHop

Input 1.4V - > <
04V -

Output

34
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Synchronous Characteristics

Parameter Symbol -A75 -A80 -A10 Unit Note
MIN. | MAX. | MIN. | MAX. [ MIN. | MAX

Clock cycle time /CAS latency = 3| tcks 7.5 |(133MHz) 8 (125MHz)| 10 |(100MHz)[ ns

/CAS latency =2[ tck2 10 [(100MHz)| 10 |(100MHz)| 13 (77TMHz) | ns
Access time from CLK /CAS latency = 3| tacs 5.4 6 6 ns 1

/CAS latency =2[ tac2 6 6 7 ns 1
CLK high level width ten 2.5 3 3 ns
CLK low level width teu 25 3 3 ns
Data-out hold time ton 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|  thzs 2.7 5.4 27 6 2.7 6 ns

/CAS latency =2[ thz2 2.7 6 2.7 6 2.7 7 ns
Data-in setup time tos 1.5 2 2 ns
Data-in hold time toH 0.8 1 1 ns
Address setup time tas 1.5 2 2 ns
Address hold time taH 0.8 1 1 ns
CKE setup time teks 1.5 2 2 ns
CKE hold time tekH 0.8 1 1 ns
CKE setup time (Power down exit) teksp 1.5 2 2 ns
Command (/CS, /RAS, /CAS, /WE, DQM) tems 1.5 2 2 ns
setup time
Command (/CS, /RAS, /CAS, /IWE, DQM) temH 0.8 1 1 ns
hold time

Note 1. Output load

Z=50Q

Output )
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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) tre 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 trp 20 20 20 ns

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

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

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

Data-in to 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) treF 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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13.1 AC Parameters for Read Timing (Manual Precharge, Burst Length = 4, /CAS Latency = 3)
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AC Parameters for Read Timing (Auto Precharge, Burst Length = 4, /CAS Latency = 3)
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13.2 AC Parameters for Write Timing (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
/CAS latency 3 2 3 2 3 2
[trep] 3 2 3 2 2 2
/RAS latency (/CAS latency + [trep]) 6 4 6 4 5 4
[tre] 9 7 9 7 7 6
[tre1] 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
[torL] 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)
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13.5 Power On Sequence and 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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13.13 Random Column Write (Page with Same Bank) (1/2) (Burst Length = 4, /CAS Latency = 2)
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Random Row Write (Ping-Pong Banks) (2/2) (Burst Length = 8, /CAS Latency = 3)
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13.16 Read and Write (1/2) (Burst Length = 4, /CAS Latency = 2)
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Read and Write (2/2) (Burst Length = 4, /CAS Latency = 3)
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13.17 Interleaved Column Read Cycle (1/2) (Burst Length = 4, /CAS Latency = 2)
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13.18 Interleaved Column Write Cycle (1/2) (Burst Length = 4, /CAS Latency = 2)
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RS
YRR
LRIRRIEK

Activate
Command
for Bank D

Precharge
Command
for Bank D

Read
Command
for Bank D

Activate
Command
for Bank D

Read
Command
for Bank A

Activate
Command
for Bank A

Burst Stop Command

Note: m is Full page burst length.
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13.23 Byte Write Operation (Burst Length = 4, /CAS Latency = 2)

CLK

CKE

ICS

IRAS

ICAS

BAl

A10

ADD

LDQM

UDQM

DQ

(lower)

DQ
(upper)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 | T11 | T12 | T13 | T14 | T15 | Ti6 | T17 T18 | T19 | T20 | T21

R R O R R Y, e e R e T T R s
ofeleletetotolololeletetetotototolotetetetetetets X ofeletetetetetotololetetetetetototeteteled e20totetotetetetetetetototetotetetetotetototototetetetetotototototetetetetotototototetetetetetototete ot teutetotototetetetetee]

o%
%S
ottt oo tatete et e totetete e oo teeY
T
|

B R TR B IR R R R RRI!
R RRREITTTN I
R SIS IILIKIIEIILEIKILLN R KILEHEIIILLKD oo R AIERRIIKANXK!

T
|
| |
R T T TRIIR,
| R S | | R 550Y
I I KRR IIIRLERILRIIKS I I RIS
! ! KR RS ! R RRRRRRRRARKR
i i i
| | |

2% %% % %% 2% % 2% %% %% S SSSSISSRSS XSS
’:::::::::::: RRIRRXS 9, "t::::’:’:‘:’:::::::’o RS ‘»::::::::::::::::::::: .:?3235232:33.‘:{‘3:3:2:3:3:3:3:3:2‘:
OOE oS eSssatedotelesese! oS atete oot ssesetote? e essatotetoetes 2 IIIRKKRAIIK

Sa%%a% % %) %% %! & 9%a%"% 0%%6%%0%%6%%%% %% %% &

R SRS , S , R R IR IR IR LRIIIRKIIIILKIIIAIRLIIIIILKKRIE
| |
| i | | i i | | i i T | i i i | | i
| | | | i | | | i | | | | | | | | i
i i
e ~ e e
% X 1 XX KSKKGKEKK XN 1 X KKK KSR KSKAK 695 KR KK KR!
\ s N - SRRt
R B EEBLLELLBLIIEN 1 R R R R

TRIIXIRZLIXI LT IX XL XL XX XL XL XL T XL LT RL LTS 2% RS zS P RIRIXIXZILIXIXIXL XL XIXLZL XL XILXLXIXIXL LI XLZLLLIL TS,
R R IR RIKKS 56585 ¢S KX G R0 RIIRKKS
%% X XK KK EE KK KGRI KKK KK 0%6%% < K RRX XSGR KK KKK KK KK KKK KK KKK IR I EK KKK
0’0 2% ‘0’0’0‘0"‘0‘0"‘0‘0"‘0‘0“‘0‘0“‘0‘0“‘0‘0“‘0‘0’0‘0‘0’0 ‘0 0% o 0‘0’ el 0‘0“ 0‘0‘0’0‘0‘0’0’0‘0.0‘0‘0‘0"‘0.""0.‘.‘.‘.‘.‘.‘.‘.‘.‘.“"“0.““0.‘ o% 0.“‘ 0"“."“0.““0
KKK oY% IR

QRIXLRALS R RRRRRLLIRIILLKS
KRR B st a ot rstetesed
KRR RIIILRIIIRLLRIIILRRRASS
KR ERRIRLRILLIRLLRLILRIRIIIRKK,

| FaIaY VNI IS I IS SN SIS NNII IS NIIIINIIIN Y

X XK REAIRREIIRHRI RN K
Rt
CRAHRRIRS

SoteSototet
Petetetetetetetetetetetetetete%s’

. |
R R R R R R I TIIR
B R RIS
fRR RIS

Activate Read Upper Byte Lower Byte Upper Byte Lower Byte
Command Command not Read not Write  not Write not Write
for Bank D for Bank D

vaidi3

I-€91821LSvyad



V.

(0°L "J8A) OLNOYE0T 198yS Bleq

Byte Write Operation (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

| | | | | | | | | i | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 1
CKE | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | |
IcS | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
! " o4 R S S S S S S S R SR S S SIS B SO S K S S S S D070 70707070 7070 00T 000 T 0T 0T T T T T T T T T T T T T T e T e
R R R R IR R TR R R R RIS
I i B sy A s AN R R R R R R RIS
RAS | | 3050 R 0090 R R R IIRKK K] | O s sessatetately | e O o s o e e o eSS ssasasetotototototesd
. ! 22T Tttt 2e 202000 oo e oottt e 2o e 20 te e o oo et ottt e e e e teteY ! ofetelete2etetetototelel ! ‘o202 20202020 tote o ot ottt te e 20020 e o o o ot ottt oo e e e e o toto oot ottt e e 000!
| ! | ! T i i | | T | | | T i ! I T ! | |
| | | | | | | | | | | | | | | | | | | | |
| | | |
| B T O T T OO O OO IO OO OO I NI IO | B R R T TLILTLTT) | B R LR
/CAS I S RIERIIIKIKKILLRN I R IRIIKIREKIKIKIRD I O e e e e e e e o e oo ta et eta e et totetetel
ISR RSIRRIILIEILEN R RIS
! IR IRRAIRAIHIXIAIKKIINKKIKN 1 GSERRRIIRKRIIKIIAIKIKN | L I IHRIIKKIIKKK!
T T | 7 T T | T T ; T ; T ; T | T T T | |
| | | | | | | | | | | | | | | | | | | | |
|
i XXX 1 KRR R R R I IIRIIRILLLN i R s A K R IR
IWE i fostotedetete? AN KRR IR KRR LLIRIIIIIIIIKKK i Sssssssesstetotetetetetesesesassseototete? AN R0 R R IR IR KRLRIKKKIN
I \RERRS I KR I IEIIIIKILKILN I ettt et et tetotetetetetotetetetots’ I I IIIIIKEILK
' S | LIS SIS I SIS IS99 09099999993 9.9.0.9.9..0.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9, SISO III GO 99.0.9.9.9, | OIS IS DI .09 0.90.99.9.9.9.9.99.9.9.3.9.9.3.9.9.9.99.9.9.9.9.99.9.9.3.9.9.3.9.9.9.9.9.9.9.9.9.4
| | | | T i | | T i | | T i | | T T | | T T i
| | | | | | | | | | | | | | | | | | | | | | |
| SRR 1 2R O s S e e S S e A RIS | T e s e s T A s O e S SIS
BAO I \XXXIXES QOGRS R0 RIRIIIIKES I QOGRIRIKIIILRELIKE I 0 RIS
| RXILRKS | IR IS | R RRIRKIIKKNIIKIKIL | IR
i "%a%%a%%, i R KKK i  190%%0 %2096 %a% 2690290 %509 %656 %% %%’ i TP e et 0T % et et YT YT %0 % et vt Y Tt et Pt e Ta % 0% %% 2% %006 %a% 2496263 %% %%
| | | T ! ! T T i ! | | i | | | ! ! | T T i |
| | | | | | | | | | | | | | | | | | | | | | |
SRR
i % SIIKY i i
RS
BAl i KRS 355 IS i i
‘ R SIS 1 ‘
| | |
| i i i i i i i | i |
| | | | | | | | | | |
! SR D070 0707070 070 0707070707070 070 070 000 0 0O I R Y6 I SeTeTe Yo%
Al10 ’00000 | wfft.“..:ffffﬁ2’2*2’2’2?:‘2’2’2’23’202’2:2?:‘2’2’2’23’202’2:2:3’:‘2’2’2:2522‘% | »':E::::‘ 000’000‘0:?0‘2:::::‘0‘ | :’::: ’:‘E‘:00000000000’00000000000000000000000000000::?:‘2‘:‘?:
RN ! fR IR ! RS RRRRRRIIIKILLN ! R R IILRLLRR!
2020012202020 NI o ototole2eotolotete o o o etu e o o ot 20 0 o ot tu o ot tutoto ol e o o ot de uto o tedeutototeteetot, NI o0 ote ofedetetololeletetolotetetet WL ofedetotololetetotolotetetotololetetutolotetetetototetetetotoletetetototetetutotoledetetoto e de e uto ot tutote e
i i i i i i i i i i
| | | | | | | | | |
D e SIS
LDQM 1 I s ssssssss0508]
! ! Pa9a9a 9O I IS OIS I I IO I II Y]
| |
| |
O OO TOTIT ALY | |
RIS
ubQM R85 | |
e s otototetatetey ! !
T T
| Y |

DQ

(lower)

DQ
(upper) (

b T e e B T

Activate Read Upper Lower Lower Upper  Lower Read Lower Lower
Command Command Byte Byte Byte Byte  Byte Command Byte Byte
for Bank D for Bank D not Read not Read not Write not Write  not Write  for Bank D not Read not Read

vaidi3

I-€91821LSvyad



ELPID
N
uPD45128163-

. 1\11
, 11
. 11
- I
- 11
- -]
- I B
- 11
S ‘MO‘NM -
) A Py Py
3352 .
oo | - XKD |
l \ K5 -
1 - 5]
_I N vonoooo o003 3000&
_ 1855%0% oo R 5 |
I oSote% %% 3 5 : D
- R 150000 ] 0o S
- o s o 25 5Lz x~
ﬂ | W“QMNNN QNNONN“ “NNON““ u“QNN“n VNQNNQ c s =]
of | - - - B B SSEQ
—_ - Pe%%% el S b |
) = RS XS
s 5 B cm
© -- Ko 00“0“& voo“ono
=1 T "nononn ““““ou“ 2
1 oo 5 R3S
= --- K5 000 R
- 5 | .
. s o
. 5 55
R | |
LKL Sodeled LSS \
- XK 5
. 55 X%
\\ . N%%M K
H [ - ] "nonouu
of | " 353
— - [ X o5 0’00 - : \\
) = ]
B 0000& 0000? -
KX ] -
- = %]
< -- s -
[ - 55 584 o%e%s
i - % o - .
oL - i 5] 0
i il 1
R %%% | 1
- 5] 290
3 1 - XA <565
1 \1 . : 0355
_I L ! XK
g o Nﬂbﬂb
\\\\\\ 00000 -
_~ _ b
s KRR
2 i - g &L
B e IS
s 1| el By By B
R 1 Py By Py e
] s o093 XX -
- S 3 X -
0000& gl o0 %e% KR
1 | | e SR8 unonom (o0
I , 2 s KK KR
: ) 5 55 0584 - 000!
K , 2 5 - o]
= | o o N d
- S XXX [a]
o e 0‘““& - | n
\\\\\ > I m i~
o o | - n
s || % q A b %m %
- J L o%o%u 5 o O
[ Se%eto% 33 r |
Sesesey I R 1 ]
~ o0 2s | |
K] fes 4
I - s K -
9 [ o XX K
| | 'oo ) (%
C _I - N%%“g -N%Non
o 5 R 55 |
g ope - 4 Qo3 [a]
- > (X : !
a | | : . 2= =
|_ S5 o S I
S ) XX '
__ 0000 { - l C 0
A KX . f
| - 20 .
m 7 I - %00 o R A\
e | 8
< - 58 o 35 s d
R st I 505 25 D
M £ oo B ‘. i
oo oposesed oo . I D ’ !
e - otote%e 35X 5K - ..h n
t m [ - S R B s . ~~ & 2 m <
Loe o029 5] XS o ' v m
B oS X - - o5 : fe .
c R XX 58 - ) . or
e | 5 st B PR B o8
| oo 585K . . |
\w\ 000 . KX AN\
- o F--- N00N0 “0“00“.“ E W%NON :
S _I | 0000 - PRXXXE ~ o) <
R R = . :
= - 25 QXK ~ - ; a
S s .
> B 5 5] N B Ie
2 .f 3 ><
00 - ool
4 | NQOMO NQNOON@ _ “00“0“ (52}
L Soo%es o K
— = -- K - 1 a 3
c -- o%e%s - ) ww
- ototese oo i = e a
o _ K XXX B | ;
...H | . ) % VA -
p X QN%%“
\1 - fotesess
O [x] --- %09 | : 2
= --1- 10 - . a 2
o XK, QN%O& ke a
)] - R 00000& :
— — -- RS 00000& | G
= / RS - |
= - K - .
W N i I LK 0“00“0“ \\\\\ M
_I « XS] | l
e F S b a
= ---- bototed 1 b
md w \ X RS \\ " ]
: - | [
n - | K meu“““ " "
- - KRR : . : .
T ~ 2B =1 .
8 ] & BB 3 r 2
d : I : QN%NA -- ON%N& N%N%m \\\\\ H H
a _I . 5 555 - %N%N. ---F- . '
o S ] Tirr e . . d
() - oot oo ! D
s — T _~ - X5 NQ“%N‘ - | d n
I - . ‘ -
— o Y %S - " " % m bnn
| “«0 k !
By plé P : : xE &
u e o <X - ' 86
) S % = : 1 m
RO o I ] o 1
i N%oo” s B XX e
- : 5 QRS ™
< ~ RS (o o oo 55 E
N 3 kS ) B {eleless S
! w K o e RS =
™ S X %) ) & nnn“n““ B 58 m i
b o O < )] ] 55 - &
000‘ 000‘ 000 | n
Q = < 505 S 5 5 - .
= O w teoS 383 -
: M O XXXX A ;
2 3 cm
M o
3 [a)
P>, (o)
<

Data S
heet E
0346N
10 (Ver.
. 1.0)
75



EL
Pl
DA
uPD45128
163
-1

—
N
T
o
N
: -
: -
l -
_I 1 -
| | R
| \1 “NNQNN
| | | %QN%
| %00%
| & <X
| 000“%
| \ %N%o
1 : %o%n
T ‘ 5 .
] S %
| o 0%
| nnoouo ) oonoi
- o 00 |
. 53 u%% é@
m | noo ) on%wu ouoonn --
. ! - n%o% n%o% |
[ -- - %QN% 000”0 "%mo\
1 000000 i 00002 Joge% --
1 1 000000 ~ %003 foge \
- Soos, 3R & £
0 - B! %&% o8 -
| \ 000000 .000000 - RS --
1 | 1 \ 000%0 000000 - ‘\
_I \ | oonooo 000000 " a
1 000000 %N.oo <> -
| 00 | 000000 - 0000000 KKK -
| 000000 \ 000000 .000000 1956%
| 00000 000000 0&08 Joge
4 \ oo%o < o 2 % voooo -
l | o%ono ] (oo XX o I kX _
- - B N | | | voo .
1 \ oo%% < 2 '
] 5% " .
ot %ooo 1 . .
K00
10 9% .
| 000000 .
| 000000 ) 1 .
_I | oonnon \
‘ b
80000 onoooo y
30000 000000 on%oo
~N 000000 000000 00300
— %&% 4&r A&& -
S -- “o%no - |
_I | o %ww% N%Noo
ooo%o %nooo
- 000%0
\ on%o“
1 - No%“o :
1 \1 - - oo Y
_I 1 \ ; QN%NN .
\ “o%% .
1 ) ooon% o .
0 ‘voobnn N "
4 | | , '
— 04 \ 1 | .
% \ \
T | oo 1 \ . i
1 NNQNN“ . .
%Q%A . .
Q%%A o 1 4 1 | .
0000& \\ 040 \\ | .
o e V«%& § | nnoo | : .
- ] B o~ b s " i.
__ | 1 v%%%o oo - ooonoo -1- ' H
| \ v%%ono 000040 - 000000 -- - ' '
) ko] S - 8 L :
. 00000“@ o - I -F- . '
3 2 - , - : | s
- XS % | 1 . a
m | .»..v. nwm | : dMD
- \ ou\ | 1. .
| . -- - mp%A‘ o ‘u . aa
0 ~ - -- 55 ““wouu ) " % m IM
- | \ 0 1
A T | | L : - Ed
C 1‘ : : 85
‘ .
/ | | = |
< 3 l | A |
I} | : | \\ \ \\\
e ww " e d
t 1 \ | <Q
nn “‘ “ ‘ “ h‘ | uum m [a)]
n ‘ : 1 . £5 E
e 5 \1 \ | | . b 4= =
L T 1 1 | \ ] A\ ¢. | %
t ‘ ‘ : Ne N |
%] : | w w www D C m
= F 1 | 1 f
U T 1 \ | 1 B N 3
[a1] 1 | \ \1 . D
| w | 00 ) : ~N e
: : ‘ ) meMD
c - 0 ) . |
O 3 1 00000 \ \/\\ . =S T X
.I \ \ | ooonoo | y wn IS
t T ‘ | | ‘ - < B = =
p | : = < %% ma
| L o0 : 000 w a B
©) - <% S o ‘ . | 0
\ | : - N 005088 - ooooo 1<
| | %0 \ i RRR 000000 3 <t (@] =
- - S SR XK - o%
- 5 5 oo:o ooooo © o
w _w_ :: | 55 ] 535 - . 8
.H | | 1 0000“0 ) 000“00 N%Noo ooon% ™
| - 3555 s 55 - @
| ‘ ) . R R85 I 1°
[} o - XK to%e 5 onn%“ 3
I. 1 ““ . sl &8 ] o S
[=2) T -- -- % R =
n : . | > ><
.| | | 0"0%0 ) 1 a
S \ | no%“o 1 10O
_ vf’ N | 0’““’. | ﬂ
=] o % p \ &xn \ “nw
n T vo%nno. \ 1 - niono ---
a \\\ VNNQNN [ onnnon -- b= X
| _ 5 . ‘ : ‘ l a
d | : | \ oooo -- 1<
I _ & I | | 1
& T - & . ] ‘ | | mw
- 3 1 \ |
- R 3 ‘ | . |
a m“% 5 . Y
r 1\ | ooooooA B %QN%/ ' '
U \ | ww"owwu onnoom - - H
m wnmw“ 1 "
- g \ . a -
m - %w»ow“ : . .
- \ | . .
(@) g . .
- \ .\ .
X | .
(@) | | 1 | . |
» > B s .
~ | | | . .
Q - e L 1. .
9 000000 RS ] .
%! ooooo - oo ] .
% 00? | 000 | w
%% o i - 005058 g . |
g | S < ' a
oo%o& %o%o ol ' . o
s B mw..“ e . : - 8 a
10} ! % 00N000 VNN% E . | ;
m@ﬂ &x& &x% - H 3 E
- Q%Noo Nooono —E . | R |
0 000000 000"00 kX H - £ %
A - @%% 205 ' . o
| %%% ) 000%0 ¢ -- . ' O =
1 000000 _ 000000 vooo - ' o
| e 0RRS Joge - ' =
B %%NN ““onnu - wn%o N - .
| NNNNNN \ "NQ N -
A | . : ) T: N 9 k=l
a % o I | :
o = " : Arm | |
8 o | | @ |
=
o | |
: = _ ..I
]
m 5 =
2 :
oS
A3
=

76 4
Da
ta S
he
et
E0346N1
0(V
er.

1.0

.0)



ELP
IDA
512

31

N ‘
o N
o
I - ---
-
wess I
‘ 038008
X
sss 35
0se%es XX -
(<) Resese ool
=1 - - 5355 o2 o2
_ - o%o% oot noonoo -
= S5
- s B05%9%s $o0%te --
oseses XX 030505 K
00K KRR XX Sososs s
R XX -- %oo% KL PoXXR ‘\
) oo0%e 35S oooo% o3orese P
— - - - (oot RS 384~ XK S X80
- - s QX8 8 P csesss RS oo
e R tobe Sosos! % R 0K -
o 55 5] 558 . g 3% -
XK XXX -- XXX 3 &000000 | - RRES \\
~ QX S o0 XX 0500 ] Se0oss ---
- oo 3 oot KK RXXC ods \
— - oo I RO s XX e oo Il H
- R - 0%0% oosent _ X <X PR QKL - .
= XXX 000000 X .0000000 0 -
- R ] XS -- 0509 s -I- H
XXX 0 059 R s B0 ---
55 552 S5 552 By 55 B
L 020 B Sodetos P I 150003 S
9 ] B2 8 - 553 551 - ¥
[ oon%n | ““onu “onnon .ouo“no bt - H
o 55 B 550 o I 5 --- :
. <] S b RS e '
0 = 1 Bk e s s
- - - Rogosese XK XXX 3K .0000000 35K -
i - B oo 5 R B 55 s '
T S 3553 s s 555 - :
5% s 55 - 0% - H
o - 0o 0K %0%000 - XK - H
< s 0K oS 13555 g
A i S s S 8 -
- -- oo I Saoss R o H
- |-~ KL B XXX XK --- .
-- ooo%o oo %% KL --
- -- 52 - - X8 XXX - H
- B 5 - :
s - X % ‘0‘0‘ - L]
X -1 ks o
« (00535 -- 3 -
— - B . g '
~ %“00“ 1 - %nno R H
. s 5 I A
%S - % -
(XX - o ~ - 8 -1- ™
KK - X % -- d05038 --
00X 030505 R 2959 o
N 50003 0] XXX 0 ]
= o i
(i - 350 5 o (5 sl o 2
‘ S e X L35 02000% - ]
- e K -- 5] oosese - - %%o% L — o
_ K o2 K Bodes %% -
K ool 0K .0000%0 0K - '~ >
_— 0% - pogede o~ 90K -- o0
| _ < 0305000 P KRR N <3
o i 5 B 55 8 von B
s . 55 o QA‘@nDo
B 55 u‘ =< RN 5
. b “1-- - 2950 ---- C =
R | ks 113 g E T &
— = XS RS --- RS 18 2 o =
N s " 55 55 £85E
[ - £80o0e 203 1- toote --- o 5 E
- XX 0% - o5 XX -
| - X ol - SR - Lol
B : 1D P 5
> Q240 v%“oo 118 o ™ [
I 5 R0 - e
o oSo%s K aQ < &
c 2 —_— “%ﬂ\vooo% ol 4
[7] - - %S 0 - o
- - S KX -- o
o - S %000 - 3% - -
© - K X -
N foposess X _
| - % Sedose - o~
| X _ 20es -
0 o -- oo 18
< [ T umnnmﬁﬁ =Y ha— t=Fa)
) 5 T > L
-4 _ onooo R ] x
g o - 828
% ] Jo3etets -
) = - -- 38 e < Ed
3 55 <5 o o8
o L o o I KK - 2
- K355 g .
— - &KX o -1- N
] . k -8
L et - St
" T 2 ><
N R
< S -- - <
[= X 7 - -- .
[e))] 0001 &0400 __ ]
[To) - 0%0& - vo%o% -- [a)
c [ - XX -- R o PR Lo
-~ 55 o 3 o <
Q S %»o»»o vooo%o | _ 0000908 k] <
— . - 558 K 2% @ c X<
-1- 05 o%oo@ RS (N S E [=
= - % s Il XX - o) -
17 - 2 %% _ XXX -- e x € ©
2 < -- oesese! oot o < o
i - i 357 0“0000 - - O | - [}
> 030505 s &oc%o o o 8 .
) - -} XXX .0000000 -- o
L - - o - s ot R 2
- - % R DR -
- o0k R -
_ _ K> XX % XX XX —
= _ _ ot K -
3 ] (558 | &
™ - LK seosos I <
[J] - ] % XXX --- o - ko]
o 5% - 20
- = 5§
c X - —
P N o B o] €5
E ~ _ <t 12 gED
=) = - o )
= O | N f- L > e > 08
O / -} < . =
e = PR - a 2
E o ] S o - T <
s — _~ - > I ~~ T 8
S T R ' o E <
- oo - _~ 118 o
[h4 o KRR s --- < R x € %
- I s < 4 - | '
= L -- oo%oop o ~ [§) -- Q
() -- 555555 o000y | - ' o —
-- ooooo& oooo& > -- -- ' o
L — - %Q%%A -- %005 %05 h =
I -- oo%o& 090s0% XKL - ' o
- oo»i ..%%A %:o [a)
o T < “..“..uﬁ Soooo || 8 o e
= - -1 B850t XXX e - @ ~
- N i X S > 21 P SE®
> 00 "uou“owo > s ' T < x £ <
LL - sy -- %% - %ooooo. XL - ' kel c o
oo _ & R X5 _ S
8] -~ .0000000. e -- H [ @ = —
o % -- o< 0295088 - . ]
R - %000. R - ] S ]
T} o0 s -k e s vd I =
RV _ > i & 3t -1 o c [a) IS
« _ X - & sy v -~ < [as]
5 o0 - 3 - < X o
™ — 2 - 55 --- ' > E < o o=
- O w -- ot - - - KL . ' Z2EG S
™2 R , - ' 5 E s
- b < -F- ' < [as]
() %) - R K - i ]
18] %) g 5 = o o8
Q <5 ok B ' =
< K %% - H
o (%)) % S -t- H
B3 _ _ H
= < 3% -
o B H
O 1S000% - -
< w s - o o 2
2 o . P8 g
- | N > =
2 g 7 | SEX
< N H < S m
o o o 85
< o H e
=) = :
< (4 s .
[a) o
O a
D o
o

Data
She:
et
E0346N10 (
Ver
1.0)
77



EL
PID
N
HPD45128
-1

I
~ ‘
[ -r-
o o
Q ) \
= T R
. S R \\
. - 35X
-1 vuooooo
-- vo%ooo -
o -- K5
-] KX
=1 _ R \
[ -+ k] )
- Jogetels -
- - s . il
- K030%%8 s il
--- 35 |- - 3]
foe) -- 2ol 260 9"
Il soosse 0003 XX \\
. - o B
[ -+ ks 1 K] XXX oo i
-- KX -- 0% %% 38K ‘\
- - 25 ] R XX
_ K 5™ ot XXX
- 358 o I 020 XXX
1 0SS XS] Jssese 00000 0%
N o s
R R %% XX %% - - 3] potess -
- _ vo%%o N 000& XXX R Sedole -
F sl y
- -- L - L & XX B ¥ %0%
- Jo%esess ol XX %ooo RS
g Neles 0§050%¢ -] < 6% QL
- K5 | ] XX 0% b 3%
- Ye%e% - XX %% QX o %6 _
© s i S
= - R 3 5 2= o 5332 -
~ -~ vo%%o oo%o» - %%oo. 2o oo%% 2R
L - - - oot i %
- 558 ks o X ] o
- --- Jodetels NS o RS o%%o Sote%es
1- fodedels R B 5555 -] 02 oooo% 0%
-- 1%0%% XX -~ ofosese! XXX oooooo 9008 --
[T} -- K2 RS oSo0%e! ] s So%Les o
% % %o% 0§050%¢ L -- *o%e% oo --
— .%oo% 0SS 5% oooi oo R o2
o __ XX 0% oo
= - v%%o (RS ] 000009 So%o%s KKK e
- - 3y X oo%oA 0560058 s I X%
o -~ K s R oS Soo &
-- RIL L 00000. - 0800 00000 0000
- % 20 % g 2R %% posess
- "% NN %o. QKL 0000 0%0%
-- R -- 0 s % oo I
o %%A % "o8e%s XX -
3 - L 3353 s 553 -
-- --- -~ 00"00‘ 558 000000 oooon
= -+ + B o20oes S S
— - 2
02 X -] <R 0% 0%
- P - n%noo“ »noou S onn% -
0 __ LR _ K ! 000000 5 000 -
B o%! 000 - N%oo — 000000 00000 -—-
b - Q%ON - 00000 RRXS] X
[l -F S -1- X e XX
__ to%e%s - __ e | XXX
o - 00000 - 00000 358
_ ] ofolode _ ] oo KK
- 555 - - < S
N
- 00000 -- 000000‘ -- 3RS
= -+ oo%oo - ) oooooo. R -+ 039S
- 000000 -- 000000. 000«4 -- 00000
- -- % 55 < 1o0e%s
-- S 555005 o 58
-- ooooo‘ %oo% u«o&o XX --
- - 5 o i oot 5 --
Z T 8 ] X8 55 -- =
~ - - s 0 S8 5 ®
‘ S5 o @
e OON%QA -- 000“00“ N%Nbo QN%N =1
T 553 £ 85 sl © @
° - ot noow - nooono on%n o - o)) foNa) 5
= 7 -- S0o%0 RS R - 285
. 5 - K < 00000 ogosese [} T X =
- -} _ ’00000 q- S ) 0000 <1 00000 =
-- -- vooooo -- o -- X [3) £ c o
o -- 5% -- s 3K @ =
- Sodetels - &K XXX o E
S R - L Qa0se 2 m ©
— XX voooooo -- > -- Y 0505038 -- o o c
™ 0000“@ v000000 2 -- 0o00s -- O -
I 2 - 5 5 X - 8E
-t- K] S | 353 X - ]
> - -- oo%i - v%%»o o569y %o.z S i st
o --- o X8 58 s S Q -
-- [ vooooo - 0 S oo L5 ol w
c - [50% - %% 200 558 < R -
2 @ - &K s o s foss > - o
g = < 35 553 5 s o
QN%OOA ) ooooon ogosese .0000000 - - P ~
L — S 2 5 255 s
2 1-- % -F- o kg% vooo%o 5
@ BB - B o
~ B - < 5 ".."X oo - o
S) [ -- ~ R -- o5 oo 55 - & a
= T ssososs i - K b 55 3 s ~
_ - 55 o > o R B 3]
5 - o 030 -- oo X% £S5
% o oo | “NQNNM o 0 NNNNN ~ x £ %
g 2 1 5 A 4 5% - &%
o = --- --- 00003\\‘ o - < o
- - ~ -- %0& 3 bl
— - %wv& - M
> R T A O
L S5 2 ---
o I s --
1] - - ~ -- 35 -
- _ .0000000
o - - - -- .0000000 - -
= o 0»0000 -
__ - L
mv --- - > 1-- 0% --
- - T
< - Sose °
5 " BB <53
| __ 1 0000 -+ o) © @ =<
-4 - --1a S E =
[ nnoono ] P O x £ @©
£ - - & @
2 » X B T 88
ik L .0000000 o
a sl b
el [ S N
&
2 P 1 o
@ fa 2
--- - 5 o
c || 2 ] T X<
g ) L <t SES
S - | A ~ Vi 8 p
O . n / o 2
L |- - m w—
I -1--- 7 ol
.m o ‘\\\Wmnnmn > T - °
s Ab b P S 53
| - - %00000 —_— > --- |- - @ @ X
mna _ [ S S --- < g I
. & . o550 > I -- ol E 3
00000 % - - o
[0} T -- 60509 8% g
- %] o - -
- - %%o - XX (@] s
= -t -4 s I s XS]
o X u&. s -
00%% -] @] [a]
= - X - & - zl o
= --- %00000 -1- &L _ .ooooowc --- D © © X<
> \\oooo -- J ‘\%%o. > __ 3 £
vooooo - .00002 XK o S
L N oo - k oooo% XKL & S
% ] - w%n%m - s o 8 < ED
K - e -1 s R 3z X Q
(@) w v%%% o -- tolete 0o 02 7] €5 O 5
< X - X -- X XX - = o) v I (=]
I ssssss -4 XXX -- -— o] = 1S b
(@] » onooum -- (s . - > @ = ] 0
g 2 S - , SER 88
< 2 ON%NOA vnoou - ] < = % -
I %) e B 5 g S
4 253 < S 8s&
< B -- L
Q 553 - o
M S B
=] - o 2
< -- - < <
- ©
o - -- > @ <
& ZES
9 2E¢
< o S8
Q s ' o
'
< (o4 = :
a o
- a
-] o
[a]

78
Dat:
a Sh
ee
t E0346N10
(Ver



ELPIDN

uPD45128163-

Full Page, /ICAS Latency = 2)

‘TO‘TI‘TZ‘T3‘T4‘T5‘TB‘T7‘T8‘T9‘TlO‘Tll‘TlZ‘Tl?:‘T14‘T15‘T16‘T17‘T18‘T19‘T20‘T21‘

13.26 Full Page Random Column Write (Burst Length
CLK

CKE
/ICS

s s
] ks
965658 96595
fess] ks
pess] ke

—
oS0
<X
o2

"%

X
o
%%
53
ool

0%
QR
oletelele
%
%
Q
Q’

2%
%%
£
X

5%
<X
295
QL

PN
odetst Py
Sodetek o]
e e
B IR
Setoset M %etetets

R 25000ss! MR o%eSete!
R sstolet

o~
S0
X

X

o
o
%
202
=
2%
2K
o2e%e

ogesess!
PSS 230558
o] ot
RXXK kXXX
] s
RS oot
[l (s5o%e%e! mid $%9%0%0¢
Ky Peletek
%% £)
RS BRI
xS 305)
Po30o5) o350)
KRXX kXXX
kXXX R
S W
RRXX RRXC
[ s%0%e%0! I 6%0S0%e!
S5
2305} 208
RRXY RXXXY
Setesets pox%E
0] 2]
£2<] Fo]
RS RS
KX RXXXS
[l s505%e! Ml 9%0S0%e!
Pl xS
203058 P
Q R

XXX
%)
5

—
QR
25
QR
2K

%
55
%f

—
3K
XX
s
29598

%%
%
%

TS
RS
Soto%es

RITIZS
fR5555S
SSSoReesseess

:
‘
‘
.
S
53

- - - KX

j
1
0%0%0%%%
S
2eotede
T
i

XX
%5
oo

9%
o
>

i
1
00022055 5:%
SRR
dofotedetetotetets
T
i

o0 %
<K
XX

<
2%
X
%X
XK

j
1

9 %%

B

detetele

KX
39598
L

]
S
RRK]

2

RXXK] RXXK]
RX RS
Sosote% Sosote
8K K
Stote% Stote%
RS RS
RX] RK]
2RSS 2RSS
) )
XX XX
St0te% St0te%
So%e%%! QS
Sosstoss I S5s%o% I
SRS QK
R RRXL]
RS RS
Sat0te% Stoe%
XX QS
Sotste dosstos !
XX XX 0555
Satote% Satotst RS
R R 505
R RE] 555
QRS RS ostetes
Sototo Sototo G588
2R 2K 055
Sa%0%0% S0 RS
So%e%%! RS £59%0%08
S05000%s [ So%%% N %0%%°
KK QRS oatotes
RRXK] RRXL] 2950598
RS R 0055
Satote% Satote% 225
XX XX %S
Sosote% Sasoto 03998
XX XX RS
Satote% So0e KRS
RS dotess! otele!
L] RRXK] Sotetel
RS QRS atotes
3R] ) 258K
RS XX RS,
Satote% Sat0ie% K
XX XXX 505
Sootoss [ 5¢54%% MR S3%%S
28K 29090 Ratotes
Satose% 9%9%9% 2355
20K 20K 0055
Satoten Satote% 255
XRK RS 0555
Sasote% Sosote% K
28K 2K S5
Sasose% Stose% 030598
20K RS 0t0%el
Satote RXX] o355
RS 2RSS 055
Sototet Satote 055
RS RS 05055
Sotote% Sotote% 20K
28K RS aetes
Sototens [ 5%0% HER £5%o%S
K RS 0%l
LK) 9% 05!
QK 2
o9 Satote
XS RS
Sasote Satotet
K K
Sotote% Sototo%
25K 25K
K] %9595
RS RS
Satote Satotes
XK QRS
Sosote% Sosote
28K K
Satosess T %% N
RS RS
Sototese LK)
3RS QRS
XXX XXX
st B S
% R
XXX R
XXX S0t
RS QRS
Sototo Stato
0o%0sst I o%%e! IR
Satote% Sao0e
doteos! dotess!
REK] RE]
QRS QRS
Sototo 9505954
2R 2K
S9%0%0% o900t
XX XX
Sototet Sototot
2K RS
Satote%e Satote%
20K R0
Satotes K]
XRK RS
Sosote% Soseto
Sosese! I o%e%o%e! IR
Satose% S%0e%
RS dotess!
L] RRXK]
RS QRS
soatess! oSessse
boses! bosese!
% %

SR

2

oot

RS

Satotel

R %%%! I

Sotote%

3K

Stoss%

RS

Satotes

RS

)

XXX

Stote%

RS

REK]

QRS

RRXK]

RS

Satoe%

B '6%%%! I

Sosstet

2K

S%0e%

KX

5
s
KX

]
I
|

%

o2

<5

K

Z2)
XN
S,
X5

s
0tateY

2%

%

<
s

P
3%
XXX
R

4
X

TRRIRIN
S
SOOI’
LI

29303
&
NS
&K

3

X XK KKKRKK
10000000 % 0% %

X
<%

T RTIRRIIS
R
QR

S

T TTTTIIIRIR
SIS
RXNRNRRKS

%
%

X X XKRKKRRKRXRXS
]
oo osetesatetetetesese!

eSS
xS

=5
5%

%
¥

RIS
PRXNRRK

[ ———

Data Sheet E0346N10 (Ver. 1.0)

---{ DAaLY DDa1X DALY DAD2 X DDbLY DDb2 X DAc1X DAc2X DAc3 X DDe1 X DDe2 X DDe3 X DDed)

{DAar)Dba1X DALY DAb2X DDbLY DDb2X DAC1X DAC2X DAC3X DDC1 X DDc2X DDc3 ) DDed) -

Precharge
Command
for Bank D

(PRE Termination of Burst)

Write

Command
for Bank D

Write

Command
for Bank A

Write

Command
for Bank D

Write

Command
for Bank A

Write

Command
for Bank D

|

Write

Command
for Bank A

Activate
Command
for Bank D

Activate
Command
for Bank A

79



ELPIDN

uPD45128163-

Full Page, /ICAS Latency = 3)

‘TO‘TI‘TZ‘T3‘T4‘T5‘TB‘T7‘T8‘T9‘TlO‘Tll‘TlZ‘Tl?:‘T14‘T15‘T16‘T17‘T18‘T19‘T20‘T21‘

Full Page Random Column Write (Burst Length
CLK

80

CKE
/ICS

s s
] ks
965658 96595
fess] ks
pess] ke

—
oS0
<X
o2

—

S5

oSo%%

0:‘:0

2%
%%
£
X

35
<X

S
ool

%
K
202!

o

XX

KR KX
0] 0]
Ko R

35
o
X
o208
—
S0
XX
o2l

XK
] RS
0] 2]
odstek K]
B %0050 B %e% %%
R sstolet

o~
S0
X

X

o
o
%
202
=
2%
2K
o2e%e

ogesess!
RS RS
] fesd
RS oot
- - R - - R
K] R
e ks
RS RXX%S
kXXX kXXX

—
%
5%
&K

—
28
KX
olee
—
2959
o
202

—
oS0
b9%et
X

o
R So%0%00t NI o%e%e%t
K] K0S

%
%%
3
:‘
o
QR
0K
ool

s
%
o%
5
TS
%S
29598
ool

KXSK
<X XX P
] B
PX KX POXCKA]
(K] (K]
965658 96592
B 'sde%e%e! il 'WSe¥ote!
P<LX KX P<XXX]
Y% % P<XXD
; b5

XXX
%)
5

—
QR
25
QR
2K

%
55
0’0

—
3K
XX
s
29598

%%
%
%

TS
RS
Soto%es

RITIZS
fR5555S
SSSoReesseess

:
‘
‘
.
S
53

- - - KX

[ ———

TTERI TR TR TR TRy T
Sosoten RXXK] RXXK]
2K RS RS
58S ] XS]
RS Stote% 3]
S9s0se! Satose! Sotose!
X X X
XXX XXX XXX
Sogesest ] ]
B By ke Bed ke
3] Sa%ose% So%9e%
s I I
sl B RS] R
v s I
XXX XXX XXX 055
osivesd B wiscssos IR o5eset I 953
TR T TR T R T RS RSy
dodose% datote%e datotese Sotesss
S9! S9sos! St £35S
Soge%es ] ] 555
bogesest R 3R] <565
3] oatoes 250) <X
s O I I
XXX XXX XXX 0055
3K XXX XXX 205
R Sesotel Ty oletotet iy o%e%oto! Uil o%o%e%* Sl ietote%e! i
R 550 5355 2205058
] Sasose% Stose% 30K RS
Satose! S9tose! Satose! 05 RIS
] XX KR [555 BRR:
dotese% 3R] ] 255 PSS
2 BB B B
BB BB B
s o
stose%s! XS] 3] o385
000 355 355 B20%%
bote%ess Satoso% Ssoso% pscss
S9ese! S9tose! Sotose! RS
Sotese% ] ] PSS
08 RS QRS R3S
XXX 550 550 RRXS
BIE Soseses IR Setotets BRI Setote%s BN XY — - -
d0e%e! Satose! Satosel ot
X505 X XX o505
XXX X5 XXX o5
208 K55 Satose% Pescsss
K] ot S0t -
RS
Pescsss
RS
XS
oot
- - - R - -
s
eSS
33
B35
20 o XSS
g0 Soeoo XS
datotest Stotest oS
S9se%es ososes e
XXX XXX R
- - Y - - Bt - SRR - - - - - -
QS 0S BSOS
5] S9sote% XS
XXX XXX KOs
XXX XXX KR5S
X5 X5 o58%s
ohsdels 355 3535
RSSS 3R] 3R]
e I e I
B oSototel IR oSetotel I o%eotol I oSo%%et B 'e%o%c! I
Sao%es 35} ]
b3S 0995 ool
X K] XXX
R e%ds oSt SF
>
320 P
X B
3K 55
3 &5
XXX B35
R #%%%! I B 's%0%e%: I
Stoss% pscss
] XSS
RS R3S
3R] XS
oatoeos P35
dototot XS
RRXK] o
] XS
Rl 25555054 ol B 5e%e%o% Ay
S%0e% XS
Satos! 30X
] XS

=5
5%

%
f
45

¥

K
%

FRRKS
W00 %e%
X5
00
[ T 0300000; NEEEY ‘¢ %o%0%e; N
XXX
98:%%
QX
XX
LK
% e
LR P2
<2658 e
926%% KRKX
295959% S%%es
[R5 KRS
R I cosecose I osocor( RN
90%6%% S0t
XXX s
20%%% Ro%et
XXX oS
(XX XS
S te%e PO

X

Z2)
XN
S,
X5

s
0tateY

2%

%

<
s

P
3%
XXX
R

4
X

Ty
2\
559
%Y

R
22
0%

{DAar)Dba1X DALY DAb2X DDbLY DDb2X DAC1X DAC2X DAC3X DDC1 X DDc2X DDc3 ) DDed) -

---{ DAaLY DDa1X DALY DAD2 X DDbLY DDb2 X DAc1X DAc2X DAc3 X DDe1 X DDe2 X DDe3 X DDed)

]
S
RRK]

w
R

%%
<RK
Q5
RS

29303
&
NS
&K

3

Data Sheet E0346N10 (Ver. 1.0)

Precharge
Command
for Bank D

(PRE Termination of Burst)

Write

Command
for Bank D

Write

Command
for Bank A

Write

Command
for Bank D

Write

Command
for Bank A

Write

Command
for Bank D

|

Write

Command
for Bank A

Activate
Command
for Bank D

Activate
Command
for Bank A



(0°L "J8A) OLNOYE0T 198yS Bleq

18

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

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 | T13 Ti4 | T15 | T16 | T17 T18 | T19 | T20 | T21

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
T T T T T T T T T T T T T T T T T T T T T T 1
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] )
CKE CoH | | | | | | | | | | | | | | | | | | | | |
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 " " " |
cs | | | | | | | | | | | | | | | | | | | | | | |
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
ST T OO TN D TR R RITTELT OO OO TETes
KRR ' 1 RRRRRIIIIIIIIIIIREKN ! ! ! RN ! ! BRI
IRAS oesssatesetol ! ! oSeatesesatoretatoretatoretatoss ! ! ! RRIKAIKK) ! ! R IRIIIRRRIIIIIRIIIIRK
RRREEES ! ! s atatetetatatetatotetotote, N ! ! SERIEEILEIIEEILEN | ! IR
] ] I I
I I I I
| | I I
! ! TXIIZS % T IIIIIILS
0% %% %% 2% o% X RERKAEKEKL
ICAS i i | i SRS i SIS EIEIILLKS
I I I I SSEIEESLE I IS
| | | | RX | RLRRRLRLHRRLRRHRLRLRRLRKK
I I I
] I ] I ] I ]
| . I . I . | I | |
I 2 OO OTEOTs I O T, I > ; S s
> Q XX < ERIGCRIKKAN NS ERGGGKEEIEEARERGSER G EKIGEIAEKGAKEAN RS SRGGEREERAEEIEIGREE IR LERIL LKL
WE R L ONEER\ L AR 0 £ 0\ i B iy
] L BEEEEEIEIIEIIIN | LR KK \ T RIS
I 7 T ¥ ¥ Y T ? I I f ¥ » ? T ? I
] I ] ] ] ] ] ] ] I ] I ] j ] ] ] ] 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
KRR HHKKRRY JRRRRAIIN P RER AL RHIKILHKHKIL K KKK K XN RXHKXRAERN TR, XK KAELERKILELHIKLL R KKK R KKK K KKK KKK RXKRAEEA <KX IRR KRR L IIEI R IIKI R KKK K XK
BAD SRS 1 LN LEEEEIIIIIIN 1 LRI N LESEEEEEREIBIIIIIIN 1 RN 1 I
R RRRKIRRRKN I 020%6 %% %% %%, I R KRR RRIKIERRIKIRIKKRRKR I J XK RKIKRRN I 202020 %0 %% %% I RRIIRLIIRIICIRIIIRIIIRRARIRRIKKN I 26226562525 % %% I S8 SRSRSREEARRREIRIEARRREK
| T I T A j A T A T A T A \ A A T A T A A A |
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
TN I 2N I B IR I I I R TTTN I I R R RRIXS
SRR LR OSSN SIS RS oS
e N - s N s W ! e AR
s 2R | s | | R EIIIEEEISISIEKN 1 LRI
] ] " ] | ] ] ] ] ] " ] | \ ] ] ] ] ] ] | ] \
I I I I I I I I I I I I I . I I I
I I I I
QSRARSKELEALN KSREKRK I PR SRREERECIREK ISR IR K KKK XN I PRR{RKEKRAY I X K RKCEERIIIR R KKK KKK I KKK KKK KK RN I
AL0 R S NI s W s s N
S RIKRIXN 1 JRRRIXZEIRIRIIAKKIIEIIKIN 1 RRKIRIRIRD 1R IIIREIIIRIIIEIKIN 1
" T " | | | | | | T " | " ' | | | " T " | \ 1
I I I I I I I I I I I I I ' I I I I I I I I I
% 2% % RIS T A A S TRRRE X R R R R THIITLILR
Y T o D I e
ADD SRR RAD Yo e s s R o e
(900900290990 %%a%%0%%a%%a% 9a%%e%" | 90a%%%% O a0a %000 a% ta%a %% %aYa %0 %00 Ya%a Y% YaY e tatatetatetatetatetite tatatetate et tate atel.) IR
] ] ] ] ] ]

DQ

(lower) T

DQ

f t t f

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

Precharge Activate Precharge
Command Command Command

PRE Termination
of Burst

PRE Termination

for Bank A for Bank A of Burst

for Bank A

trep topL trp trAs

trAs

vaidi3

I-€91821LSvyad



E
L
PIDAN

uP
D
4
5128
16
3
-l

N
=
&
=
2
=
3
=
S
=
3
=
4
=
3
=
a
=
S
=
pa
=

) 3
P

1l

W; o

n =

<]

®

m_u o<}

A =

(®)

=2

s F

m

<

L ©

m =

—

-

(2]

. n

: [

Q

N

y <

S =

-

o

=}

B o

f [

c

2 ~N

2 .

Z
—
=
o
=

P
R
E
P
re
char
ge
) T
) erm

82

CKE

ICS

%

Sosesetess,

R
3
%
%
323
0‘::‘
53

2=
o0

>
6%

%
<5<

X
0%

%

X

X
<

%
3
X2
0”‘
0”’
X

22

o“’v

K%
R

RRRLIRXLS

%
<

2
5
5
0.0

X
X5
R

-
>

=~
0::;'
0,0";’
0”’;
e

%
o558
098

<

00,000

<
<

<
<

o
<
J

%

5
o‘“‘
o‘“‘
<
0’:’:::’
0’”‘
0’:::::.’
<
0’”
o
'

%

2
0292
<7

ol

2

2

o
L

X2

090

otole
otofe
otele
olets
5
o2l

[
- -%uo
- -0%%
......,
.......
:oo%
-0880 \ -NN%«
- -8%8 - -o%%m
- -8%% -%%%
-0880 -oo%%
-0880 -oooo%
-338 -oooo%
;0008 -oooooo
5 .......
s - .......
| B :oooo
| -oooooo
\ -oooooo
\ -oooooo
‘ voooooo
\ 'oooo
LS
| - &
- =
‘ - ....%
:oo%
-000000
-oooooo
-ooooo
s
] -ooooo
. B
:0000
-0%000
-0%000
-0%%0
-000%
-oono%
| i -000000
| R -000000
-000000
\ -000000
- -0 .
‘ »onuo%
- ~
- ) ;n
55
3000 \ «.
- @wx% - “M%w
- ozz& .%%%
"uﬁ .
"uﬁ mw%
own%ﬂ i -uuuuuu
- 5 - &x%
R .......
.......
: -00000
- -ooo%
\ 000000
0 \ 200038
B3 : .»
- ooooo, \
300% \
%nnu“ :
553
0000
RS \ -««
- %&. ‘ K&%
- 0200 -uuuo%
330 -%00%
808 -%%%
333 -000000
%%% &xx
XX &K%
- o200 w -000000
| ,o ) -%%8
R .......
R .......
B .......
\ vooooo
;oooo
\ 20
‘ M%Aw ‘ ,
i ‘
vQNNQOO w
-000000 \
-000000 ‘
-000000
ol
30000 \0
- &x% \ &mﬁ
n -330‘ ‘ -000%
-830‘ -oono%
&x\ &xx
wo%o% -333
oooo% K o5
S -0%
-oooo% 888
oooooo ) S So5%s
- ’00000 \ %0000
- ’0030 -000000
-000000 -000000
-000000 -00008
-000000 -8”8
’00000 vONOOOO
;030 -Nooooo
oo - -%oooo
. &L w vboooo
\ :%00
: -0%%0
_ .uo%%
- <
&KX
- )
e
. ......n
.....%
.....%
-ooooo
5
:0000
-0%000
. -0%000
-0%%0
-0%0%
: -0%0%
‘ %%0%
- <
- =
\ %
w L
(35
R ...%.
-ooooo
s
-oo%oo
s
-0%000
-0%000
-0%%0
05%e
<
[2a]

D
ata
S
h
e
et EO
341
6
N
10
(

%

%

K
%

%
%5
o2
S50

<

%
020%
o“‘.
o‘:::::‘.
% “0’
oo‘““.
0’::::
<X

XL
3
3

XL
o
22

i
0”‘
%8

2
598

%

X

0"‘
35

&
%
K

o0

-

55
oo
o%

£ %%
00’:‘3::’
0’::.
o9

<
<

[
<5

=
358
0”.

.0

K
%
%

R
000}
oo}

%z
35
0::::”
3 .‘,.0'
00“"
,0::

&
2
2

%
293
098
098

%
293
293
098

£z
‘0
%

£
5%

2
5
2

%
%
X
%

&

o

s
S

%
35
o“‘.
3
.‘22”:::’
’:’..,«
0’::::2:
o9
o998

XL
%%
X

25
6%
6%

35

&

%

o
)
%%,

%
093
093

<

7
S5
s

X
%
S

&
2
s

&
2
2

%
35
o“‘.
2
&23:’:::‘.
,ozo“ 5
0‘2:::3:
oS
oS

5
K
X

%5

2

o‘"

g
o

%
5
o

2%

.:25"

’,0’
<

3555
oo
XX

3
<X
%

2
<

2030
553
0””
o5

S

(DQ
uppe
)

V
er. 1
.0)

Activate

P
re ‘
f((:)oniha
: Bm rge
anind
A

i t
%ﬁf
Banal1<nd
A

Aci
tivate
or Bank A

P ‘

re

f((:)o chal

om rge
anaknAd

C and

omi

or B A
ank

Activate

P
R
E
T
el
rmin
ati
io
n

P
R
E
T
el
rmin
ati
io
n

of
Burst

of
Burst

tras

trp

toPL

treo

trAs




ELPIDAN uPD45128163-

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

Unit: mm
22.22 £+ 0.10
A
54 28
annnnnonnonnonnnonnnannnnnn
&
©o|| o
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3 e
—
O —
pINZL 1o DO
1 27
8]
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o 8 S 0.60 £ 0.15
o

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 |
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15. Recommended Soldering Conditions

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

Type of Surface Mount Device

UPD45128xxxG5 : 54-pin Plastic TSOP (1)

84 Data Sheet E0346N10 (Ver. 1.0)
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR MOS DEVICES

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

@ HANDLING OF UNUSED INPUT PINS FOR CMOS DEVICES

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

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Power-on does not necessarily define initial status of MOS devices. Production process
of MOS does not define the initial operation status of the device. Immediately after the
power source is turned ON, the MOS devices with reset function have not yet been
initialized. Hence, power-on does not guarantee output pin levels, /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.
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