PRELIMINARY DATA SHEET

ELPIDAN MOS INTEGRATED CIRCUIT
uPD45128441-1, 45128841-1, 45128163-I

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

Description

The uPD45128441, 45128841, 45128163 are high-speed 134,217,728-bit synchronous dynamic random-access
memories, organized as 8,388,608 x 4 x 4, 4,194,304 x 8 x 4, 2,097,152 x 16 x 4 (word x bit x bank), respectively.

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

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

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

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

Features

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

» Possible to assert random column address in every cycle

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

* Byte control (x16) by LDQM and UDQM

» Programmable Wrap sequence (Sequential / Interleave)

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

» Programmable /CAS latency (2 and 3)

* Ambient temperature (Ta): =40 to + 85°C

« Automatic precharge and controlled precharge

* CBR (Auto) refresh and self refresh

» x4, x8, x16 organization

* Single 3.3 V + 0.3 V power supply

e 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. E0233N10 (Ver. 1.0) .
Date Published November 2001 (K) Japa ©Elpida Memory, Inc. 2001

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

Part number (wo?;gjgiifitisgnk) Cll?ﬂcngr(i;]:;g(:y Package Note
1PD45128441G5-A751-9JF 8M x4 x4 133 54-pin Plastic TSOP (Il)] Ambient temperature
1PD45128441G5-A80I-9JF 125 (10.16mm (400)) Ta= -40to +85°C
1PD45128441G5-A101-9JF 100
1PD45128841G5-A751-9JF 4M x 8 x 4 133
1PD45128841G5-A80I-9JF 125
1PD45128841G5-A101-9JF 100
1PD45128163G5-A751-9JF 2M x 16 x 4 133
1PD45128163G5-A80I-9JF 125
1PD45128163G5-A101-9JF 100
1PD45128441G5-A75LI-9JF 8M x4 x4 133
1PD45128441G5-A80LI-9JF 125
1PD45128441G5-A10LI-9JF 100
1PD45128841G5-A75LI-9JF 4M x 8 x 4 133
1PD45128841G5-A80LI-9JF 125
1PD45128841G5-A10LI-9JF 100
HPD45128163G5-A75LI-9JF 2M x 16 x 4 133
1PD45128163G5-A80LI-9JF 125
1PD45128163G5-A10LI-9JF 100

2 Preliminary Data Sheet E0233N10



ELPIDN

uPD45128441-1, 45128841-1, 451281631

Part Number

[ X4, X8 ]

HPDA45128841G5 - A75L

NEC Memory J

Synchronous DRAM

Memory density

128 : 128M bits

Organization

Number of banks

4 : 4 banks

Interface

1:LVTTL

[ X16 ]
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Number of banks
and Interface

3:4 banks, LVTTL
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L Wide temperature
range

| :-40to + 85°C

Low Power

Minimum cycle time
75 :7.5ns (133 MHz)

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

Low voltage

A:33V*03V

Package

G5 : TSOP (Il
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Pin Configurations
/xxx indicates active low signal.
[uPD45128441]

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

—/
Vee O—1 54 ——COVss
NC O——2 53F—CONC
VeeQ O—3 52 —OVssQ
NC O—14 51—ONC
DQO0 O=—|5 50 «—>ODQ3
VssQ O——6 49 —OVceQ
NC O—7 48—ONC
NC O——8 47 —ONC
VeeQ O——9 46 ——0OVssQ
NC O——-10 45 —ONC
DQl1 O=— 11 44 [«—=0O DQ2
VssQ O— 12 43 ——0OVceQ
NC O——-]13 42 ——CONC
Vee O— 14 41 —OVss
NC O——-15 40 ———ONC
/WE O——| 16 39 |~=—ODQM
/ICAS O——| 17 38 |~—OCLK
/RAS O—— 18 37 [«—OCKE
ICS O—— 19 36 —ONC
BAO(A13) O——= 20 35—0A11
BAL(A12) O— | 21 34|« 0OA9
A10 O—| 22 33l«——0OA8
A0 O— |23 32 0A7
Al O— »| 24 3l 0OA6
A2 0— |25 30« 0A5
A3 O— |26 29— 0oA4
Vee O——— 27 28— (OVss
AO to A11Nete : Address inputs
BAO(A13), BA1(A12): Bank select
DQO to DQ3 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/ICS : Chip select
/RAS : 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 A11 : Row address inputs
VssQ : Ground for DQ A0 to A9, A11 : Column address inputs
NC : No connection
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ELPIDA LPDA45128441-1, 45128841-1, 45128163-|

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

—/
Vee O—1 54 —OVss
DQO O~—=2 53 |~—>0O DQ7
VeeQ O—13 52 ——0OVssQ
NC O——4 51F——ONC
DQ1 O=~—=|5 50 |«~—=O DQ6
VssQ O—16 49 ——-C0OVceQ
NC O—7 48 ——CONC
DQ2 O=—=|8 47 +=—O DQ5
VecQ O—9 46 ——0OVssQ
NC O—— 10 45—ONC
DQ3 O=—={11 44 |~—=0ODQ4
VssQ O— 12 43——-O0VeeQ
NC O—13 42 —CONC
Vee O—{ 14 41 fF——0OVss
NC O——— 15 40 —ONC
/WE O—=| 16 39 |=—ODQM
ICAS O—| 17 38 |~—OCLK
/IRAS O—| 18 37 |~—OCKE
/ICS O— 19 36 —ONC
BAO(A13) O—~| 20 35|~—0A11
BAL(A12) O— |21 34|« 0A9
Al0 O—| 22 33 |—0OA8
A0 O—| 23 2 0A7
Al O——|24 31}« OA6
A2 O—| 25 30 «—0OA5
A3 O——|26 29— 0A4
Vece O——— 27 28}—QVss
A0 to A11 Nete : Address inputs
BAO(A13), BA1(A12): Bank select
DQO to DQ7 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/ICS : Chip select
/RAS : Row address strobe
/CAS : Column address strobe
/WE : Write enable
DQM : DQ mask enable
Vce : Supply voltage
Vss : Ground Note AO to A11: Row address inputs
VeeQ : Supply voltage for DQ AOto A9 : Column address inputs
VssQ : Ground for DQ
NC : No connection

Preliminary Data Sheet E0233N10 5



ELPIDA LPDA45128441-1, 45128841-1, 45128163-|

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

—/
Vee O—1 54 —COVss
DQO O=——2 53 =—=0ODQ15
VecQ O—3 52 ——0OVssQ
DQ1 O=—=4 51 «~—>0ODQ14
DQ2 O=~—={5 50 |«~—=O DQ13
VssQ O——6 49 ——->0OVceQ
DQ3 O~—=7 48 |~—=0ODQ12
DQ4 O<—8 47 «=—>=0ODQ11
VecQ O— 9 46 F—OVssQ
DQ5 O=—— 10 45 |«=—>=0O DQ10
DQ6 O~—= 11 44 |~—>0ODQ9
VssQ O—— 12 43 ——=0O VceQ
DQ7 O~—= 13 42 |~—=0ODQ8
Vee O— 14 41 F——COVss
LDQM O——=| 15 40 —ONC
IWE O——| 16 39 |=—O UDQM
ICAS O—| 17 38 |«—OCLK
IRAS O—— 18 37 |=—OCKE
/ICS O—={ 19 36 —ONC
BAO(A13) O—=| 20 35|~—0A11
BAL(A12) 0— ] 21 34|« 0A9
A0 O— | 22 33« 0OA8
A0 O— ] 23 2 0A7
Al O——24 3l}l«—0OA6
A2 0— |25 30— 0A5
A3 0— |26 29— 0A4
Vee O— 27 28}——OVss
AO to A1q Nt : Address inputs
BAO(A13), BA1(A12): Bank select
DQO to DQ15 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/ICS : Chip select
/RAS : Row address strobe
/CAS : Column address strobe
/WE : Write enable
LDQM : Lower DQ mask enable
ubQMm : Upper DQ mask enable
Vcce : Supply voltage
Vss : Ground Note AOto A11: Row address inputs
VeeQ : Supply voltage for DQ A0 to A8 : Column address inputs
VssQ : Ground for DQ
NC : No connection
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Block Diagram
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ELPIDA LPDA45128441-1, 45128841-1, 45128163-|

1. Input / Output Pin Function

Pin name Input / Output Function
CLK Input CLK is the master clock input. Other inputs signals are referenced to the CLK rising
edge.
CKE Input CKE determine validity of the next CLK (clock). If CKE is high, the next CLK rising edge

is valid; otherwise it is invalid. If the CLK rising edge is invalid, the internal clock is not
issued and the uPD45128xxx suspends operation.
When the uPD45128xxx is not in burst mode and CKE is negated, the device enters

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

/ICS Input /CS low starts the command input cycle. When /CS is high, commands are ignored but
operations continue.
/IRAS, /CAS, /WE 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 AO - A9, A11 at the CLK rising edge in the read or
write command cycle. It depends on the bit organization: A0 - A9, A11 for x4 device, A0
- A9 for x8 device, A0 - A8 for x16 device.

A10 defines the precharge mode. When A10 is high in the precharge command cycle,
all banks are precharged; when A10 is low, only the bank selected by BAO(A13) and
BA1(A12) is precharged.

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

after the burst access.

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

DQM, UDQM, LDQM | Input DQM controls I/0O buffers. In x16 products, UDQM and LDQM control upper byte and
lower byte 1/O buffers, respectively.

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

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

The DQM latency for the read is two clocks.

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

The DQM latency for the write is zero.

DQO - DQ15 Input / Output [ DQ pins have the same function as 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.
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uPD45128441-1, 45128841-1, 451281631

2. Commands

Mode register set command

(/CS, IRAS, /ICAS, /WE = 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 AO 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 uPD45128xxx can’t accept the activate
command to the precharging bank during trp (precharge to activate
command period).

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

Preliminary Data Sheet E0233N10

Fig.1

Mode register set command

CLK | | I | I

CKE “H

TTZZ
A,
LKL

IWE 5%
BAO(A13), BAL(A12) 33500\

A10 RN

Add X

Fig.2 Row address strobe and
bank activate command

IWE %%
BAO(A13), BAL(A12) XXX
Al10

Add

Fig.3 Precharge command

CLK
CKE
ICS
IRAS &3
ICAS 28
/WE

s
o0t

BAO(A13), BAL(A12)

A10
(Precharge select)

Add
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ELPIDA LPDA45128441-1, 45128841-1, 45128163-|

Write command Fig.4 Column address and write command

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

CKE

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 3257
write operation. The first write data in burst mode can input with this ICAS
command with subsequent data on following clocks. IWE 322\

92929929\

BAO(AL3), BAL(A12) X250 R

S
A10 9

Add

Read command Fig.5 Column address and read command
- - Wi CLK

(/CS, ICAS = Low, /RAS, /WE = High)
CKE
Read data is available after /CAS latency requirements have been Ics
met. This command sets the burst start address given by the column IRAS XX/

address. ICAS
IWE

BAO(A13), BAL(A12)

s
00

A0 ZZ
Add
CBR (auto) refresh command Fig.6 CBR (auto) refresh command
(ICS, IRAS, /ICAS = Low, /WE, CKE = High) CLK
CKE
This command is a request to begin the CBR (auto) refresh ICS
operation. The refresh address is generated internally. IRAS XN
Before executing CBR (auto) refresh, all banks must be precharged. ICAS 22X
After this cycle, all banks will be in the idle (precharged) state and /WE 3%

ready for a row activate command. BAO(AL3), BAL(AL2)
During tre period (from refresh command to refresh or activate ALO
command), the uPD45128xxx cannot accept any other command.

Add
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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 ICs
CKE remains low. When CKE goes high, the uPD45128xxx exits the /IRAS
self refresh mode. /CAS
During self refresh mode, refresh interval and refresh operation are JWE
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 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

IWE

BAO(A13), BAL(A12)

A10
Add
No operation Fig.9 No operation
- — Wi 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 X5

ICAS

T RIZILS
205 XK

IWE

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

POWER Precharge gharge

ON

—- AUtOMAtiC SEQqUENCE

Manual input
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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 \Y L \
Read with auto precharge READA H X L H L H \% H \%
Write WRIT H x L H L L \Y L \
Write with auto precharge WRITA H X L H L L \% H \%
Bank activate ACT H X L L H H \Y \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 \%

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 DQaM

n—1 n U L

Data write / output enable ENB H X

Data mask / output disable MASK H X H

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

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

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

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

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

4.3 CKE Truth Table

Current state Function Symbol CKE /ICS /RAS /CAS /WE |Address
n—1 n

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

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

L H L H H H x

Remark H = High level, L = Low level, x = High or Low level (Don't care)
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ELPIDA uPD45128441-1, 45128841-1, 45128163-I
4.4 Operative Command Table "“°t¢' (1/3)
Current state /CS |/RAS|/CAS| /WE Address Command Action Notes
Idle H X X X X DESL Nop or power down 2
L H H X X NOP or BST Nop or power down 2
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA,CA,A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT Row activating
L L H L | BA, A10 PRE/PALL Nop
L L L H x REF/SELF CBR (auto) refresh or self refresh 4
L L L L Op-Code MRS Mode register accessing
Row active H X X X X DESL Nop
L H H x | x NOP or BST Nop
L H L H BA, CA, A10 | READ/READA | Begin read : Determine AP 5
L H L L BA, CA, A10 | WRIT/WRITA | Begin write : Determine AP 5
L L H H | BA,RA ACT ILLEGAL 3
L L H L | BA,A10 PRE/PALL Precharge 6
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Read H x x x x DESL Continue burst to end - Row active
L H H H x NOP Continue burst to end — Row active
L H H L X BST Burst stop — Row active
L H L H BA, CA, A10 | READ/READA | Terminate burst, new read : Determine AP 7
L H L L BA, CA, A10 | WRIT/WRITA | Terminate burst, start write : Determine AP 7,8
L L H H | BA,RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Terminate burst, precharging
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Write H x x X x DESL Continue burst to end — Write recovering
L H H H X NOP Continue burst to end — Write recovering
L H H L X BST Burst stop —» Row active
L H L H BA, CA, A10 | READ/READA | Terminate burst, start read : Determine AP 7,8
L H L L BA, CA, A10 | WRIT/WRITA | Terminate burst, new write : Determine AP 7
L L H H | BA,RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Terminate burst, precharging 9
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
16 Preliminary Data Sheet E0233N10
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(2/3)
Current state /CS |/RAS|/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 trp
L H H H X NOP Nop - Enter idle after trp
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 trco
L H H H X NOP Nop - Enter bank active after trco
L H H L | x BST ILLEGAL
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA,CA A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA,RA ACT ILLEGAL 3,10
L L H L | BA,A10 PRE/PALL ILLEGAL 3
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
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2. Ifall banks are idle, and CKE is inactive (Low level), uPD45128xxx will enter Power down mode.

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

depending on the state of that bank.
4. If all banks are idle, and CKE is inactive (Low level), uPD45128xxx will enter Self refresh mode. All input
buffers except CKE will be disabled.

lllegal if treo 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.

ELPIDA uPD45128441-1, 45128841-1, 45128163-I
(3/3)
Current state /CS |/RAS|/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 tor.
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 torL
L H H L X BST Nop - Enter precharge after torL
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3,8
L H L L | BA,CA A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA,RA ACT ILLEGAL 3
L L H L | BA,A10 PRE/PALL ILLEGAL
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL

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

S 9 ® NG

lllegal if trro is not satisfied.

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

18
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4.5 Command Truth Table for CKE

Current State CKE /CS |/RAS|/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 tre
H H L H H x x Idle after tre
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 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 : 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 A3 A2 Al A0
| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ | JEDEC Standard Test Set (refresh counter test)
BAO BAl1
(A13) (A12) A11 A0 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO
| X ‘ X ‘ X ‘ X ‘ 1 ‘ 0 ‘ 0 ‘ LTMODE ‘WT‘ BL | Burst Read and Single Write
(for Write Through Cache)
BAO BAl
(A13) (A12) A11 A10 A9 A8 A7 A6 A5 A3 A2 Al A0
| ‘ ‘ ‘ ‘ ‘ 1 ‘ 0 ‘ | Use in future
BAO BA1
(A13) (A12) A11 Al10 A9 A8 A7 A6 A5 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) A1l A10 A9 A8 A7 A6 A5 A2 Al A0 X = Don't care
[o]ofofJolo]o]o]| vLmobE |wr] BL | Mode Register Set
Bits2-0 WT =0 WT=1
000 1 1
001 2 2
010 4 4
Burst length 011 8 8
100 R R
101 R R
110 R R
111 Full page R
Wra e 0 | Sequential
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
cLK L [
CKE
ICS \ /
/IRAS \ /
ICAS \ /
IWE \ /
A0 - Al11,

BAO(13), BA1(A12)

X

Mode Register Set
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7.1 Burst Length and Sequence

[Burst of Two]

Starting address

Sequential addressing sequence

Interleave addressing sequence

(column address 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 A1 - AQ, binary) (decimal) (decimal)
00 0,1,2,3 0,1,2,3
01 1,2,3,0 1,0,3,2
10 2,3,0,1 2,3,0,1
11 3,0,1,2 3,2,1,0

Burst of Eight]

Starting address
(column address A2 - AQ, binary)

Sequential addressing sequence
(decimal)

Interleave addressing sequence
(decimal)

000 0,1,2,3,4,56,7 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 2,3,0,1,6,7,4,5
011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5,4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,0,1,2,3,4 54,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,52,3,0,1
111 7,0,1,2,3,4,56 7,6,5,4,3,21,0

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

Preliminary Data Sheet E0233N10

23



ELPIDA LPDA45128441-1, 45128841-1, 45128163-|

8. Address Bits of Bank-Select and Precharge

Row | A0 | A1 | A2 ] A3 | A4 | a5 | a6 | A7 ]| As | ao [At0] At | BAM]BAY] [pauaszleroms Result
0 0 Select Bank A
(Activate command) “Activate” command

Select Bank B

0 L “Activate” command
1 0 Select Bank C
“Activate” command
1 1 Select Bank D
“Activate” command
[ T e o [ wa [ o oo [ o | o | oo [ o] s [EHTEG
(Precharge command) | | ‘ A10 |BA1(A12)BAOAL3)[ Result
0 0 0 Precharge Bank A
0 0 1 Precharge Bank B
0 1 0 Precharge Bank C
0 1 1 Precharge Bank D
1 X X Precharge All Banks

x : Don'’t care

disables Auto-Precharge

‘ 0 (End of Burst)
co. | A0 AL] A2] As] as] as| 6| a7 | a8 | aoawo] x [BE]ES] 1 (eE”SE'E?QU“,‘S"t;tharge

(/CAS strobes)

BAL(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 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

/CAS latency =2

Command
DQ | <Q1>< 2X53Xé4/
j Q

/CAS latency =3

Command

(tras must be satisfied)

In order to write all data to the memory cell correctly, the asynchronous parameter “tor.” 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 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 +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 trp has been
satisfied.

In write cycle, the tpaL 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

N e s s O o B

CLK

ICAS latency = 2

I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
| | Auto precharge starts | | |
Command ! READA B ! ! ! ! !
| | | | | | |
I I I I I I I
I I I I I I I
I I I I I HI_Z I
| | | / \ | | |
DQ i ! ; { o8t >< QB2 >< QB3 >< QB4 > : ; ;
i i i i i i i i i i
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I I
I I I I I I I I I I
ICAS latency =3 ! ! ! ! ! ! ! ! ! !
I I I \A h I I I
Command i READA B, i i i uto precharge starts‘ i i i
i \ i i i i i i i
I I I I I I I I
I I I I I I I I
I I I | | | I I
| | | / \ | Hi-Z
[} | | | |
bQ i : e o X m X ams X asa e :
i i i i i i i i i
I I I I I
| | | | |
I I I I I
I I I I I
I I I I I
I I I I I
I I I I

(tras must be satisfied)

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

During a write cycle, the auto precharge starts at the timing that is equal to the value of the torL (viN,) after the last
data word input to the device.

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

WRITA B

CLK

ICAS latency =2 |
Auto precharge starts

Command
‘ N Hi-Z
DQ Faemeen < DB1 >< DB2 >< DB3 >< DB4 Ds ‘
| |
| | | | | |
| | | | | toPL(MIN) |
| | | | | |
| | | | | |
| | | | | |
ICAS latency = 3 | | | | | |
| | | 1Auto precharge starts
Command ! WRITA B ! ! ! |
| | | | |
| ‘ ‘ ‘ ‘ o Hi-Z
DQ kammnen < DB1 >< DB2 >< DB3 >< DB4 Ps

1
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
I
|
I
|
|
|
|
|
|
I
|
I
|
|
|
|
|
|
|
|
topL(MIN.) !
|
|
|
|
|
I
|
|

1 1
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
! I
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
. I
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

(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

e | L L L I L L L L L1

Command

Hi-Z

DQ

Con X o X e X o X oo

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 |

| |

I I

I I

I I

I I

| |

I I

Command ! WRITE AXWRITE BY !
I I

I I

I I

| |

| N

DQ — < DAl >< DB1 >< DB2 >< DB3 >< DB4 )

Hi-Z
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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

mmmmmegmem—————

QB1 >< QB2 >< QB3 >< QB4 >

'
N\

\\\\\\\\\\\\\\\\\\

=2

/CAS latency

Command

DQ
=3
Command

/CAS latency

DQ

29
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11.4 Read to Write Command Interval

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

Burst length = 4

DQM AN i

[
‘ 1cycle ‘ ‘ ‘ ‘

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
CLK

/CAS latency =2

— & @
oow L/ \\\Q\ S
o e X @ X e o X o X X
| | | ! ! | necessary | 1 |
ICAS latency =3 | | | | i i | | | i
commn o -
- NN —
A A B <§ o2 X o X
: : ! I I | necessary | | |
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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

Command

|
|
|
|
|
|
|
|
|
ICAS latency =2 i
DQ -

|

|

|

|

|

|

|

|

|

|

Hi-Z
/CAS latency =3 i i i Hi-Zz
DQ QX Q2 X Q3 prowerteeeoeees

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

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 trp 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

DQ

|
| } trP
| |

(tras must be satisfied)

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

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

e LT LT LI L

|

|

|

|

|

|

| |

| |

| |

| |

| |

| |
bQ ' v

| |

| |

| |

| |

| |

(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 trp 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

(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

s @D G
o N
e — <D1><D2><D3><D4><D5> irHI-Z% ; :

i i i i i i :tRP | i i

(tras must be satisfied)
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13. Electrical Specifications

« All voltages are referenced to Vss (GND).
« After power up, wait more than 100 us and then, execute Power on sequence and CBR (auto) Refresh before

proper device operation is achieved.

Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Voltage on power supply pin relative to GND Vee, VeeQ -0.5t0 +4.6 \%
Voltage on any pin relative to GND Vr -0.5t0 +4.6 \%
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 Vee, VeeQ 3.0 3.3 3.6 \%
High level input voltage ViH 2.0 Voc+0.3V®! v
Low level input voltage Vi —0.3Note2 +0.8 v
Operating ambient temperature Ta -40 85 °C
Notes 1. ViHMmax) =Vcc + 1.5V (Pulse width < 5 ns)
2. ViLiminy =-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
Ci2 A0 - A11, BAO(A13), BA1(A12), CKE, | 2.5 3.8
/CS, IRAS, ICAS, /WE, DQM, UDQM,
LDQM
Data input / output capacitance Cio DQO - DQ15 4 6.5 pF

34

Preliminary Data Sheet E0233N10




ELPIDAN uPD45128441-1, 45128841-1, 45128163-I
DC Characteristics 1 (Recommended Operating Conditions unless otherwise noted)
Parameter Symbol Test condition ICAS | Grade Maximum Unit | Notes
latency x4 x8 x16
Operating current Icct Burst length = 1, CL=2| -A75 100 100 110 mA 1
trc = trc (viNy, 0 = 0 MA, -A80 100 100 110
One bank active -A10 100 100 110
CL=3| -A75 105 105 115
-A80 100 100 110
-A10 100 100 110
Precharge standby current lccoP | CKE < Vi (wax,), tck = 15 ns 1 1 1 mA
in power down mode lcc2PS | CKE < Vi (wax), tek = 1 1 1
Precharge standby current lcca2N | CKE = ViH MmNy, tck = 15 ns, /CS = ViH (N, 20 20 20 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = ViH (MiNy), tck = oo, 8 8 8
Input signals are stable.
Active standby current IccsP | CKE < Vi (wax), teck = 15 ns 5 5 mA
in power down mode lccsPS | CKE < Vi (vax), tck = o
Active standby current IccsaN | CKE = ViHmiNy, tck = 15 ns, /CS = ViH (N, 30 30 30 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = ViH (iNy), tek = oo | 20 20 20
Input signals are stable.
Operating current Icca tck = tek (miny, lo = 0 mA, CL=2| -A75 105 120 145 mA 2
(Burst mode) All banks active -A80 105 120 145
-A10 85 95 110
CL=3| -A75 140 155 185
-A80 130 145 175
-A10 110 125 140
CBR (auto) refresh current lccs | trRe = tre (miNy CL=2| -A75 230 230 230 mA 3
-A80 230 230 230
-A10 230 230 230
CL=3| -A75 240 240 240
-A80 230 230 230
-A10 230 230 230
Self refresh current lcce |CKE<0.2V - 2 2 2 mA
L 0.8 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, Icc1 is measured condition that addresses are changed only one time during tck (MiN.).

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

addition to this, Icc4 is measured condition that addresses are changed only one time during tck (MiN.).

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

Parameter Symbol Test condition MIN. | TYP. [ MAX Unit Note
Input leakage current Y0 0 < Vi< VeeQ, VeeQ = Vee -1.0 +1.0 HA
All other pins not under test =0 V
Output leakage current loy |0<Vo <VceQ, Dour is disabled -1.5 +1.5 HA
High level output voltage VoH |lo=-4mA 2.4 \%
Low level output voltage Vor [lo=+4 mA 0.4 \%
AC Characteristics (Recommended Operating Conditions unless otherwise noted)
Test Conditions
Parameter Value Unit
AC high level input voltage / low level input voltage 24/04 V
Input timing measurement reference level 1.4 \Y
Transition time (Input rise and fall time) 1 ns
Output timing measurement reference level 1.4 \%

tcH | teu
24V S
CLK 1.4V
04V - R
tseTup | tHolp
24V
Input 14V - X
04V
tac

toH

Output
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Synchronous Characteristics

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

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

ICAS 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 teH 2.5 3 3 ns
CLK low level width teL 2.5 3 3 ns
Data-out hold time ton 27 27 2.7 ns 1
Data-out low-impedance time tLz 0 0 0 ns
Data-out high-impedance time| /CAS latency = 3| tHz3 2.7 5.4 2.7 6 2.7 6 ns

/CAS latency = 2| thzz2 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 tan 0.8 1 1 ns
CKE setup time tcks 1.5 2 2 ns
CKE hold time tekH 0.8 1 1 ns
CKE setup time (Power down exit) tcksp 1.5 2 2 ns
Command (/CS, /RAS, /CAS, /WE, DQM) toms 1.5 2 2 ns
setup time
Command (/CS, /RAS, /CAS, /WE, DQM) tomH 0.8 1 1 ns
hold time

Note 1. Output load

Z2=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) tret 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 treD 20 20 20 ns

ACT (one) to ACT (another) command period trRRD 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 toarz | 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) tRerF 64 64 64 ms

Note 1. The —A75 grade device can satisfy the tpaLs 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 [MHZz] 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
[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 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | Ti1 T12 | T13 T4 | T15 | Ti6 | T17 T8 | T19 | T20 | T21

i i i i i i i i i i i i i i i i i i i i i i I
| | | | | | | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I I I I 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 | | | | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
i i i i i i i i i i i i i i i i i i i i i
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
. . | . | . . . . . . . . . . . . . . . )
; ; | ; | ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; \
/CS ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
| | | | | | | | | | | | | | | | | | | | |
! ! . ! . ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
| | T | T | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
. . ! . ! . . . . . . . . . . . . : . !
OO OOTOT0e, ) 5 ) T T T T ESTTT TS
RLLILLLLLLLLN ' ERLLLLLRN ' B R R R R R IIR R IIIIRRIL LRI LI LRSS
RAS S | A ‘ R s
Potoleleletetotololetele e toto ot W . R R oo R RO R R
; ; ; ¥ ; ; ; ; ; ; ; ; ; ; * * ; ; ;
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
\ \ \ \ | \ \ \ | \ \ \ \ \ | \ \ \ |
|
T RTITTIITITIITZILTITIXLITIIITLTIITILTIIZITLTIIIIZLLTIIZILLTTIIZTTIITZLLLTIITRLTITITLTTIZITLTITIZIITIITXL LTI TS
S0RRIIIRKKS | SRIKRXN | R RS SRR R IIRAXRIIIIRARXES
JCAS  SRERRHIRLIRLREL L RSN ! R R R R R R R R R R SRR IIRREIIHRRIIIRKS
RRIIKKKKKKYS RN 008 R R R R a0 e8I IIIRIIIIHIIRKKK
Potetetatotetetototetototetotole! ' etetotetetote NI s E s s e oot a ot e ot teatotetetototeetotetetototetotel
!
i i ! i i i
| | ! | | | | | | | | | | | | | | | | |
% o%. ! %% %%, %% % %% %% %% AN % % e %
SSEERRRIEIKKKK, i LR KIRRRRS RIIRRKEIIRKK R ERRIIRIIIIIIRRIRK
IWE RIRRRIEIIRKKS I fRKRIRRN XXX CRKRLLLLIRLRL EIRRRIIKKKK IR ERRRRKKKK
XK | RRRRRKXN) 208K 0903003809098 RRRXXXRRLKR
| | | | | | | | | | | | | !
\ \ \ \ \ \ \ \ \ \ \ !
XSROSSRRRERERRK ARSS OSSR %% SSRSRSSRRELRARK ORISR
ORI IIIETRLIIIIK RIS S O o] %3
BAD  SO0aiimmmssssssssSSSEEELEERLLLLS R s
R R R RS
RGO R RN
SRS oo % o% 2% %% % SRS o202 %% RSSO XSRS oo % % % %%
RRRIRRIRKIIIIIKKS e s atatatasetetetetetetotetotet Sasasetatotetetetotototototoss SIRRRSIIRRIIEIIKRKKKS B eSS asetetetetetetede? Qosateds
GRS IRREIIRRRIIIIIRKKKS adototeses oSSR OIS oot
Batatatatasatatototototototototototatatotatatototototatotototots SRRRRRKS BE O e 00000 OO O S Ssasasasasatatatotatototototatasetotototasatatotototototote!
PSS OSSN SIS IIII IS OIS IS IS I I IS SIIIINS, WSS LIIIIIII SIS SIS IIIIIIIIIIIIIIIIISIIIIIIIIIIIIIISIIIIIS IS IIIINIIIIIIIIIIIIII NI IIIIIIIIISIIIIIIIIIIISI LIS IS I NI IS I I IS I IIINS
i i i i i i i i i i i i i i i i i i i i i i i
| | | | | I | I | I I | | | | | | | I I I I |
B IO e e ! f LTI
A10 QIR | R S e RIS
s ‘ RS S SSSE ER SRS S SRR
otototetetetetototetetetetetots’ ! ! totetetedetetototeotetetetotototetetetatotototetetatotototetetetetotototetetotototote e etetototeote e tutotototetetetotototetetetutotototeteetotototeteteuotototete e toto ot e te o o o et e e oo oSt e e o o et u e o o e e u o o ot e et
i i ! i i i i i i i i i i i i i i i i i i |
| | | 1ADDRESS KEY | | | | | | | | | | | | | | | | |
QRRRRIHIKLIIRIHKIRRN X 8RR RS S RS EEREREREEEEEEREEEEEE K IEREEKERREERRRERELKIEREK
ADD RN R S
fotetetetetetetototototototototototototototototototstoresererest KRR R R R
RS R R R R R R R R RN
. i i i , i , | | , , , . i i i i i i | | | i
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

[ [

T T T

Precharge Mode Activate

All Banks Register Set Command

Command Command is valid
trp
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13.5 Power On Sequence and CBR (Auto) Refresh

o LA ULLULLLLMULLLnL

Clock cycle is necessary

CKE 2 refresh cycles are necessary
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All Banks Register Set Refresh Refresh Command
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13.7 Clock Suspension during Burst Read (using CKE Function) (1/2) (Burst Length = 4, /CAS Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 T13 T14 | Ti5 | 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 I I I I | I | | | | | I I I I I I I I I I
T T T T T I T I I T I I I T T T T T T T T T ]
C K E | | | | | | | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I . I . . I . . . I I I I I I I I I I
I I I I I T I T 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 I
| | | | | | | | | | | | | | | | | | | | | | |
I I T T T T T T T T T T T T T T T T T T ]
/CS I I j j j j j j j j j j j j j j j j j 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 I I I I I I I I I I
| | | | | | | | | | | | | | | | | | |
] I I I I I I I I I I I I I I I I I I I
I | | | | | | | | | | | | | | | | | | |
| —_—_—
IRAS | | R
! ! R R I R R R R IR RIIIRKLLLESS R R R R IIRKRLLLIIRRKKS
. I E e E e e e e O e OO e NN N0 00000 o 20 2020202020 o e e 202020 0 0 0 o200 0 0 o o e e 202
I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
|
RRRKHKHKIK | | K05 KHKAKELLL LR RIIIAIAIAIHKHK KX XX KKK KKKKKHIHKHI KKK R XX KRR 4G KKRAEHKHKIKIKHK R X RRARARARIIIIRHI XX XXX RXRIKIAKK KKK I IR X KRR RKRIRIRKKHK KKK KK KX X RIRIRIIIIIHK AKX KA X XXX
cas  SRRe] B s
CRRRR ! ' ot otete tetetotetetotetetotetotetetotess e ottt e st e tetetotetetotetes OO et otet e totetetatetetetetotetetoteteds ot tetetetotetetotetetotetetotels ettt otetetetetetotetotetetods
| I | ] ] | | | | | \ i i | | | \ \ | | | | |
I I I I I I I I I I I I I I I I I I I I I I I
QX RRHRX KLY ! KCIIRIRKKAY ! BSOS ZK KKK IIESRRRLLLLKIKKY XKLL KK IIIESEAE LK IEEIEIEEERERRE LR KKKELKEIKLKY KKK KKK IIIERERL L LK ZEIEIEIEEEEEEL KKK EIEIEIREEEEESEL L LEIIQQQEL
we g SRR O S S B
XIIEXXS ! 000000 ! SRR KKK KK IKIQEEEESRLLLKKKKKL KRR KKK IKIEEEEERLL LKL KKK KKK KKK KKK X IR LR KKK R K X OREER R LKL RE KKK KX
SO 9.9.9.9 | XXX | SIS IIIII IO IIIIIIII SISO II I I IIIII IO IIIIIII I I SISO OIS I I I I IO 9.99 WSSOSO I I I I I I8 SISO I 999999 SISO I99.9.97
] | I | I | | I I I I I I I " I I I | I I I |
I I I I I I I I I I I I I I I I I I I I I I I
I I
SRR RKKKXA ! ! FLSSSGEELL L LK KKK XXX KKK XX XXX XX XXX XXX XXX KKK XXX XXX XXX KKK KX K XX K KKIKIKIIEILIL R LXK XK KKK KKK XX KKK XXX X X XX XXX XXX XXX XX XX KX KKK KKK X XXX XXX KKK XK XXX XXX XK XXX KKK XXX XXX X
BAO Bototosesesesesss W % I f R R R R R R I R R R R R R R R R R R R R RIIIRRRILKIIRRIIKLI
090205055 %%% o% SRR KKK IEEIEEEEE L LKL LEEIEEIQLEIERERELLLARLL <SSR KK ISR LR LKLY KRR K RKKIKIKIKIKIKLLIRRLL SRR KKK QISR LR KKK KKK LKL KL
SIRIBIIIEN ! 8939 ' R 0 O R R R
QRN KX OO a0 000 2020202020200 202020020 00 202020 0 0 2o o e 2020200 R0 o e 20200 0 0 o e 2020200 0 0 0 o e 200 0 0 o o ot du e 0 0 0 0 o e e 2u 2020 0 o o o e e 20200 0 0 o e e 200 0 0 o o e e 20200 0 0 0 o e e 2020 0 0 0 o o o e du 200 0 0 0 o e e 20 20202020
| T ] T ] ] ; ; ; ] ] X ] \ ! ] ] ] ] ] ; ; ;
I I I I I I I I I I I I I I I I I I I I I I I
| I | I | | | | | | | | | | | | | | | | | | |
Bal B R T T I I
& ! RS I35 R8s RIS
. I 0%l 2e20200 0 0 o e e 2e 202020 0 o o e e 20202020 RRRK 2002020 0 e e 202000 0 0 o e e 202020 0 0 0 o e T 2200 0 0 o o e 2020200 0 o ot e e 2000 0 o o e du 200 0 0 o ot e 20 020 o2elee dotolololeoleleleletetotolololel e 200 0 0 0 0 kel
I I I I I I I I I I I I I I I I I I I I I I I
| | | I | | | | | | | | | | | | | | | | | | |
XK KKK ! XXX XKLL LR KK KK KKK KK KKK XK XXX X X X XXX XK KKK KKK XX XK XK KKK XK XXX XXX XXX KKK KKK XXX XX KKK KKK KX XXX XXX KKK KK KK KKK XX KKK KKK KKK XXX XX XXX KK KKK XXX XX XX KKK KKK XXX XXX X
A0 o NI
RSOSSN | R S R IR
j j j j j j j j j j j j j j j j j j j j j j A
I I I I I I I I I I I I I I I I I I I I I I I
T SO S,
ADD RIS R R R SIIIIIILLLLS, I
00000000000 00 00 00 000000, 00 0.0 0 0 0% X IRRESR LK KKK IEIEIEEEEEREK KKK 0000020202000 00 0 e 0 00 0 0 0 0 000 X XK QLQEEREL LKLY X ORGSR LK KKK IEIEEEERERK K
SISO OO I I I I SIS, YIIIIIS SISO IIIIII SISO IS I I IIIII O399, SISO OIS I I I SIS I II SISO I9.9.9.9.99.3
] I I I I | | I I I ] I I ] " I I \ | | I I |
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I 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 DL | | | | | | | | | | | | | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

B L L) Ll

T T T T Pt

Activate Read 1-CLOCK 2-CLOCK 3-CLOCK  Hi-Z (turn off)
Command Command SUSPENDED SUSPENDED SUSPENDED at the end of burst
for Bank A for Bank A
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Clock Suspension during Burst Read (using CKE Function) (2/2) (Burst Length =4, /CAS Latency = 3)
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T5 T6
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Activate
Command
for Bank A

f

Read
Command
for Bank A

‘QAa1X‘QAa2 ‘ XQAaS

f

1-CLOCK
SUSPENDED

f

2-CLOCK
SUSPENDED

b

3-CLOCK Hi-Z (turn off)
SUSPENDED at the end of burst
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13.8 Clock Suspension during Burst Write (using CKE Function) (1/2) (Burst Length = 4, /CAS Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 T13 T14 | Ti5 | T16 T17 T18 T19 | T20 T21

| | | | | | | | | | | | | | | )
I I I I I I I I I I I I I I I I
I I I . . . . . . . . . . . )
! I I I ! ! ! ! ! ! ! ! ! ! ! |
CK E | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I
I . . . I I I I I I I I I I I I
I " " " I I I I I I I I I I I I
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Clock Suspension during Burst Write (using CKE Function) (2/2) (Burst Length =4, /CAS Latency = 3)
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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)

CLK

CKE

/ICS

IRAS

ICAS

BAl

Al0

ADD

DQM

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 T13 T4 | T15 | Ti16 T17 T18 | T19 | T20 T21

| | | | | | |
FRRRRRR] OO ORI IIIIO: OO O OTOTOTIOA I IIIIIID [IZIZ SOOI, R R TR,
fREELE] o0t oot o tete o tete totetotetetetetetote!; 0%’ K SRSERIERERIEIIELLELILLIELKN 02020 %0% %%, 202020202000 %% 00 e et % e O e % et et Lt tetetete e tote tettetotetetetetets
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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
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Random Column Read (Page with Same Bank) (2/2) (Burst Length = 4, /CAS Latency = 3)

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
. . . . . . . . . . . . . . . . . . :
T T T T T T T T T T T T T T T T T T 1
CKE j j j j j j j j j j j j j j j j j 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 I I I I 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 I T T I T T T I T T I T T I T ]
/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
| | | | | | | | | | | | | | | | |
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] 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 | |
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I e IRCELLIKELELELEIIIIRRGELEN 1 JREEIIKEEEN 1 sy, I I RRRREELLLIK | LRI
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pRofeetetetole! TR Cotoletetotoletetototetototete’ ! ofoduletetolefetetolutetetoletetetoletetetels A ! tofetetoleetetetotetetotetotetetetetetotetet N odolebetotoletets? S Sotolefetetoletetetotetete [ 'o%eteoletetototetetel
] I ] ] I ] ] ] I ] I ] ] ] ] ] ] I ] ] I ] 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
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i RSRSEKLELLLKILKIN i B KR i 20330 20%e%%s. i RSERILILLLLN i B RIIKEILKILLN i LI ILK, i K IKILKIK,
RN | LS | A\ S | A3 | s\
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] ] ] ] ] | ] | |
| | | | | | | | |
| | | | | | | | |
EIIIZZ ' ' ' LRI
R R RRIII RIS, R RIIIIRRRIIITN R RIIIIRIIZN B RN
BA1 I RRRLLLLIIRKILLIKN LLLLIIRRR | B IRRRILLLLII | fRRIRRRILLLRKK T RRRRRRILLL
RRRRLLEIIRRKILLIN RILRLRRR ! JRILLLLLLRLRRRRIN | JIRIRIIIILLIIILLLLIN 1 LKL
OG99I III IS IIOI0.9.9:9, LXK ! WIS IIIIII SOOI ! | SS9 IIIIS ! SOOI 999,
j j j j j ] ] ] j j j j j j j j j j j j j j |
| | | | | | | | | | | | | | | | | | | | | | |
I I I I I
TS T T T, TR, T T, s T
SRR fRRRREERRRRKKN ! RN ! JRRRRERRN ! fIILEIILILLEKN ! fRIIILLLLLLLRRRN ! ! JRRRRRRRRRRKS
Al10 plteteteloteteds 0202002050200 %0200 e te %0000 ! RRERIKEELIERIERIKRIERLN ! LREIEBEA ! f S RRERIERIERIIELIELIELK ! SERERRIIIIELIERKKY Sototete 20t e te % etete e te%e: ! 0502050220200 240090
LY RISISSSSILLLIRRN ! £30303SIIEILLLRRRRRIN 1 JEESKEEEEEN 1 RXXXRRRRRIRIIRISSISVIELELLEIN 1 IR RIRRRXLLEIIIRLIIN. 1 JooRRRRRLIIRK
] ] ] ] 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 . . . . . . . . . . 1 1 . . .
T OO AT IO’ R R R R ROORRRRRRY OO OO SISO SISO SO RO SOOIy IR
ADD 2 s LA Bl CAb R CAC B ssssssassussssssssl RAa RIS CAa EESSSEEes:
QLR fodSSEEKEELLLILEN fSSRRRRKEELLIIEEELELLIBIN fRIRRXLLN R IR IR L IIIRELELN IRRRRLLEELESIIEELEN, JRRRLLEEEIE,
! T ] ] T ; ' ' T Y T Y Y 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 I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
DQM L I I I I I I I I I 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 ]
I I I I I I I I I I I I I I I I I I I I I I I
- I I I I I I | | | | | | | | | | I I I I I I
' Hi-z | | | | | | | | | | |
i | | | | | | | | | | | |
DQ ....................................................(QAalXQAaZXQAa3XQAa4XQAb]_XQAbZXQA(;]_XQA(;2XQA03XQAc4>.......................................
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
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13.13 Random Column Write (Page with Same Bank) (1/2) (Burst Length = 4, /CAS Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | T12 | Ti3 T14

Ti6 | T17 T18 | T19 | T20

vaidia

A A A A A A A A A A A A A A A A A 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 1
I I I I I I I I I I I I I I I I I I
CKE poH | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I
I I | . | . h h | . I | . . h .
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 I I I I I I I I
| I | I | I I I | I | | I I I I
I I I I I I I I I I I I I I I I
I I | | | | | | | | I | I | I . | I
T %% I "% % oo e e A v.9.9.9.9.9.9.%%; AU N v v.v.7.9.9: R RIS ) I % I 5% R DRI IIILLS
R I ool I IR I I IR I I oot A R RRRRRIIIIIKKS
RN RRRRRRRRRRIRIIKE KGRI b R RRIIIIIIEKKS
IRAS RRRRRII ! ! RRRRIIIIIKIKKEKL] ! ! RN ! 098 ! oy ! R RRIIIRRRLLLEIIIKKS X
90%%6% %% %% %\ T 496%%%6%% I $20%0 %00 20020000029 %e% Y [ <%0 %%% I 000702006209 20%6 %9020 %262 20 % %% I 260a%a% %% % ! e, I R R R ILKLIKLEKS
I I I I
I I I I I I I I I I I I I I I I I
| | | I I | I | | | | | | I | | |
! ! PSSO ' ' XSSOSR XSS 09000200 0 0 0292929299 9 9 9 0 0 0 0 9 9
' ' ' [RILLLLN ' LS, ' ' ' RIS
ICAS ‘ ‘ R s N A ‘ ‘ ‘ RS
I | T 0200202020202 N SeSeSeseielolololototolototetotetetetete! I I | REEELEELEEK RRRRRIEIIIEEEL S
I I I
j I j j j j j j j j I j I j j j j
| | | I I | I | | | I | | I | | |
RRRIIXRRLY 3 ' ' JRRRRRR ' R RRR R RRRRRRN ' ' f R R BB R BB RN TITLL
we el : R N < N ‘ IR
CRRRLERIRXS ! ! ! 00003089008, ! KRN ! ! ! R RIIILLIILRIIIKLIIRRK
Petetetetetotete, ! ! ! A oSotete oSetete ! ! ! detetetetetetelotoleletotototetototototetetetete et e e e e e e e e
j I j j j j j j j j j j j j j I j j j j
I I I I I I I I I I I I I I I I I I I I
~~~~~~ R R R R RRRRRTTT Vi A 7 %Y ooy A
BAO RRRRRRRR IR RRERRRRRRS ! ! |
RIKRRXXS odotoolotetes” J 9093
RIKHKK > 9 XXX I I RRRXS I
R XX XX XXX XX XXX XX . 7 i i =/ i 4 XXX
' Y " T ! I | I I Y ] "
I I I I I I I I I I I I
| . . | | | | | | | | |
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ oo R RRRRRRIIIIR
% 9 o%
BA1 : : : : : : 55 SRR
AAAAAAAA I NN I G R R RRIXKKKKS I (XXX I I I I G R R KRR IR KL X KKXXXKXXRRK
I I I I I I I
I 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 LT L TSI TXIT TN ! ! BT TXTTLTITILXLS ! TXIZ) ! ST TITX XIS
' RRRERRRIILRELILLIIILLN ' ' SR RRRILLRIILLRIIIKLK ' CRLLLK ' O RRILILLIILLRRIE
A10 KN I IRRRIIIIIIBIEY 25 R RRRISIIEKIEKEKK,
' OO e e e e e tetotototetotots ' ' LN ' RXXRHIILRN 1 LR
RIS ‘ ‘ EEEISEEEEEIEN 1 SN IS
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
I I I I I I I I I
RIS o e e e e e oS R RRRRRRRRY o e e S S S T, RIS
ADD gl CDa R s CDb i, DL R I s
LRRIIZIEY 2020202000202 eSS o oo to oo oo o) £RRRREEEN RIS LRI LR,
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 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 I I I I I I I I
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I
DQM L | | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | | | | | |

pQ e TZ.. ... {oDarXD0a2X(oDa3YDDaa X Dobr X062 Y DoerX oz X oDeaY(Doca)
f ! ! ! ! !

Activate Write Write Write Precharge Activate
Command Command Command Command Command Command
for Bank D for Bank D for Bank D for Bank D for Bank D for Bank D
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Random Column Write (Page with Same Bank) (2/2) (Burst Length = 4, /CAS Latency = 3)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 | Ti3 T4 | T15 | Ti6 | T17 T8 | T19 | T20 | T21

| | | | | | | | | | | | | | | | | | | | | | |
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 |
I I I I I I I I I I I I I I I I I I I I I 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 I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
. I . . I . . . | . I . . . | . . | . . I
T I T T I T T T I T I T T T I T T I T T I 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 I I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | |
I ] I I ] I I I ] I ] I I I ] I I ] I I ] I I
I I I I I I I I I I I I I I I I I I I I I I I
. I , , . : : . . : . . . . I | , I , : . . I
RSRKEXRN I X RRRRESRKRRRK IR i X XS RSREERSRRKKRK T d X X RERKK, X I 0009 0000, I XX RKXKA i %%
0000.’.0'0’(‘ | ’0’0’0’0’0.0‘000‘0’0’0‘0.0.0’4 | 0000026000200 %0 0090 %0%% | | % 000’0‘0.0 | ”0‘0‘0.0.0.0.0‘0’0’0’0’0.0‘\ | ‘0.0‘000‘0‘4 |
000995, IS %S o 2RSS, JRRRLLLLLLLLLLLL R
RAS XXX | IRRREIIRRIIIRKKY I o I I RS I Satstotetetetatetototetetesss N L0900 I
9a%u0u%u%' L OIS I NI 90 I 0l 1%a% I | <KL L KRN L I
: T ] I ] ] I ; I : : ¢ T X ] 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 - - |
j | RRRRIIIIIIIIRKKN | | fRRRRRRRRRKS ] KEXXXLLLIXKK, j |
ICAS ‘ ‘ s . B I s
I | Patetetetetetetetetetetotetet NI | LR R I KRR I :
I I I
I ] ] ] ] ] ] ] ] ] ] ] ] I ] ] I ] ] ] ] |
| | | I | | | I | I | | | I | | | | | I |
""" W e e % %% I T o %% T T T T T Y Ve Ve Ve Ve e Y % I L% %% %% I %% % %Y YoY% I %% % % % % e e %% %Y A %% %% I % %%
1 RIS I Spososstetetototososososososetetosotososososss I LIBBN I Resesstatetetatetetetetele I ERRRRRRRIIS 500K I I 30383838389898898
IWE [ v¥otototetotetototototosotosososs N ofosssesesesetetototetesoreseseses NN SR ssesesese 0eOSOsessesososete! ! GOERRRIIINKS] ! ! K9S
I RSOSIIKKSEEELELES, | QSRR Y oSolstotetetetete Nl QRRKXKS | S IRLLLLS | | fRRRRRRRRIKKS
f I Y Y T : > 3 T 5 T ¢ ¢ f T ¥ Y I X : T ? ]
j I j j j j j j j j j j j j j j j I j j j j |
I I I I I I I I I I I I I I I I I I I I I I I
SRS ] IS ] RRRRRRRRRRRE SRS RIS R A Ry A R I 3 3 S S A s,
Bao  ZERY | S S B 5 T s
88K ! KRR ! itstetetetetetetetetetetatetetetetetetetete ! KRR ! |2ttt ettt et te ettt ! KK ! | otototetetotototetetetetets] ! REEEEEEEEE
\ I I | | " I I " I | | I | I
I I I I I I I I I I I I I I I
. . . . . . . . . . . . . I .
CIRIRRIKL ] ] CRRIRRRRRS ] ] ] IRIRRIRIIIIRIX | SRR ]
BA1l XX KRR KXY I I KRR HKX I I I 0000 XXX KXY I RS I
G CRLLLE ORI RRRKXS
R ! ! pasasasatatetototels ! ! ! e ! o !
I I I I I I I
I I I I I I I
| I I I I | I
T T | T =) i i | ST |
GRRRN RRILRIEILRLLIES ! SRR ! ! ! EIIRIIIKRER: !
Al0 eSS esosesetetetesesetels ' CRXIIIIIILLRHHN ' ' ' K IXKIIIIIILLKS '
IR RN RRRIRRRRLKS,
KXXKSAALLLLLLLLN 1 SEEEELILLLLLLLEN | | | otetototetototetototets |
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] |
| | | | | | | | | | | | | | | | | | | | | | 1
SRRLILLLS R IRIRRRR] KRR R RIS RRRIIRRRSY KRR O O R IIEIIIILRLS KRR RRRRRRRRRRRRA] K REIIRILLEES
ADD &K RDa JIIKEEIIIIN CDa Joosssssttiiiiiittttid CDh XSS CDC RIIIIIIIIIRRRIIIIIIIIIIIIILLLRRL RDU JEEIIIEIKKY CDA  JEEEE00%
Lotetetetetetetes) R RREELLLLLLLLLE B RSN LRLLRIEN B LKL RREEEZIEEED A28 0000000
j j j j j j j j j j j j j j j j j j j j j j 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 I I I I I I I I I I I I I I I I I I
DOM I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] \
| | | | | | | | | | | | | | | | | | | | | |
[ I I I I I I I I
+ Hi-Z I I I | I I I
DQ o A DDal X DDa2 X DDa3 X DDa4 X DDb1 X DDb2 X DDc1 X DDc2 X DDC3X DDC4 Jemmbmnmumninnnnenndnnnannaonnsnnnnnnnnnnbnn
Activate Write Write Write Precharge Activate Write
Command Command Command Command Command Command Command
for Bank D for Bank D for Bank D for Bank D for Bank D for Bank D for Bank D
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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

A A A A A A A A A A A A A A A A A A A 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
| | | | | | | | | | | | | | | | | | | | | | |
T T T T T T T T T T T T T T T T T T T 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 I
CKE PoH | | | | | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
| | h h h h h | h | | h | h h h h h | h .
I I I I I I I I I I I I I I I I I I I I |
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DQ

f f ! f f f

Activate Read Activate Read Activate Read
Command Command Command Command Command Command
for Bank D for Bank D for Bank B for Bank B for Bank D for Bank D

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

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 | T1i3 Ti4 | T15 | Tl16 | T17 T8 | T19 | T20 | T21
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|
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|
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I I I I
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I I I I I I I I I
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DO eeeee A .(ésal)(éBa2X§Ba3X§Ba4X§Ba5X§BaﬁXéBzﬂXéBa8)(§Aa1X§Aa2)(§Aa3XéAa4X§Aa5X§Aa6X§Aa7)C
} } ! } } } } }

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

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

. (DAalXDAazxDAa3XDAa4XDAa5XDAa6XDAa7XDAa8XDE;a1XDL;a2XDSa3XDSa4XDL;a5XDE;aGXDE;a7XDE;a8XDAb1XDAb2XDAb3
} ! } ! ! !

Activate Write Activate Write Activate Write
Command Command Command Command Command Command
for Bank A for Bank A for Bank D for Bank D for Bank A for Bank A
Precharge Precharge
Command Command
for Bank A for Bank D
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Random Row Write (Ping-Pong Banks) (2/2) (Burst Length = 8, /CAS Latency = 3)
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oY% % %% ' T e e R R R R R R R R R R R ' e e oYY e e VeV ve Ve BSOS | T Ya YT e % | R R R =] '
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o o ot s NI oo o o oo o o NI 0o o oot aee ! oY ! RORRRIRN | RN L EEIIBIBEEIIIN | R !
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ADD I & B R IRIIIRRK X X
X X KCSSK KKK KKK K Se% KKK SSK K KKS
DQM L | | | | | | | | | | | | | | | | | | | |
. Hi-Z |
DQ  smmmmhemmemmmemmeesbeeaeeeie -(DAalXDAa2XDAa3XDAa4XDAa5XDAa6XDAa7XDAa8XDDa1XDDa2XDDa3XDDa4XDDa5XDDa6XDDa7XDDa8XDAb1XDAb2><
Activate Write Activate Write Precharge Activate Write Precharge
Command Command Command Command Command Command Command Command
for Bank A for Bank A for Bank D for Bank D for Bank A for Bank A for Bank A for Bank D
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Read and Write (2/2) (Burst Length = 4, /CAS Latency = 3)

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

CLK

CKE ' H

ICS

‘
i

‘ |

KXRKRXXXN '

IRAS  SX3855) !
IR !

‘

i

‘

/ CA S S RKRK KKK
NN

E
:

T

|

|

|

|

|

. . .
KRS

I I
R RLLRLLLY OOt OO ST S OO PP OO O OO OO I IO IITIIIIITIIIIIIIII NI IO T
K RRRIIRRKRRRS R R RIS R RRRRRIRRIRRKKNH
IR e e et R Y s ooonasies
’ teteteletelelelolot Tt teleteltolo o o e ot ot o 0 0 0 e e e o o o o Rotutete e e e 0 e e e e e e e e e etetetelelotetototototetotetototo o otete? KRR
] T ; ; ; ] Y ! ] d

I I I I I I I
| | | | | | |
O OISO IO IO IIITITI I IO IIIITIIIIIIIT
R e R I
R R R RIIRRKKIIIKS

RIS o dotetel
R R R IR ptelele I

T
! !
. .

PR RXKLHKKRKLRIKLR KKK KK KKK, X XERIIRXKL KKK I KR IKK KKK KKK KKK KK KR KK,
s, S SRy
KRRR R R R RIIIRRKKXIARKKS

tofetetetetotetetotetotetetotetotetetotetoteteteteotetetotets

R SAKKHKREIKRK KK KR KKK
RERRIRIILRILLLKKN
RRIRRRLIIIN

’0’0’0 o5
\Petetetete ettt et totoRe

020200 %%
ORISR
R RRRKKRIIRIRKKKS

- -

I
|
AT

|
i
!
|
| | |
i i i .
T T ! PO PP O P I PP PP CTTTTLXITTTIIR TSI O OP PP PO P PO
' dododoosasetetesatel ' 000 I R0 IIRRIIIIIIRKRLLS paseds ' LR RRIIIIIIKRIKKKKSS RXRRIKKKK oo e eSS esesatatototesesetototols
IWE ‘ I s N s R SRS
| RS | R R . 1 RS KK R I
! !
| | | | |
| i | | i
"""" ! 02022 % Y e e Rt ! G SIS AR AR AR A SRRSO %% %% %%
BAO ‘ L R g SRR : 0558 255000 RS
RRRIKKS | 30ERRLLEIIIKKY | B R R 0 IR R IIIRIRIIIIKRRLKEIIIEY KK RRKXN SRR
RGN 1 . 1 LR RSN, 1 LGSR 1 RS
TIITZZIN I EIIIRRIZIZRN T T T T A T A T T A T T T T e S T T
BAl ) LR SRS
XKL GGERRLLEIIIKK B R R 0 IR R IIIRIRIIIIKRRLKEIIIEY
Soistoletedelodelet 0%0%70% %% %a% 8% %% %% IR 0a9a%%0%%0%70%%0%a%%a%% %% %% \
T 7 T T 7 T ; 7 7 7 7 7 7 T T T 7 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
| | | | ! | | | | | | | ! | | | ! | | | | | |
! ! !
RRZITN RRERRTIRITITN R ERRRIIXTIXXLLS
3R 3IRIIRRIRRRKIRN i R R R R R SRR i SRR IRRRIIRRIRKS i s srasseses
Al 050%% %% 026502020 %0 %000 00 %0 00050 %% PSSR SRR RRREELEAERERRRRRRRERELEIRRRRRRK B S RREREREREREEIREIREIRELKKKL KRR EEEEIERREREEESEEREERREEZEIERIEREEEL KL
X KKK X REREEEEIREEIREEAER K RREEREREEREREEREERREEREREEIRERREEREIREIRREEEIRSERREIRSKK S SRREEREEEEEEIEIRELERELIREKKN R EREREEEEEREEIEREEREEIEREEREREREEEEEEIREEERKL
0 Y, RCIIIIIEIIN 1 f R R R IRRIIIRKKKN ) B RIIERKRRIIRRRKKY ) B R R IIRRRKIIIIIRRKKS
| |
| |
s, B )
ADD RRRRIIIRKKKKE R R R o IR
‘ofetetetetotototetetototete? R R

DQ

T T T T

Activate Read Write Read
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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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Activate Write Activate Write Write Write Write Write Precharge
Command Command Command Command Command Command Command Command Command
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Interleaved Column Write Cycle (2/2) (Burst Length = 4, /CAS Latency = 3)
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Write Write Write Write Write Write
Command Command Command Command Command Command
for Bank A for Bank B for Bank B for Bank B for Bank A for Bank B
Activate Precharge Precharge
Command Command Command
for Bank B for Bank A for Bank B
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Auto Precharge after Read Burst (2/2) (Burst Length = 4, /CAS Latency = 3)
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Activate Activate /T J
Command Command Read with Activate Read with
for Bank A for Bank D Auto Precharge Command Auto Precharge
) Command for Bank D Command
Read Read with for Bank A for Bank D
Command Auto Precharge
for Bank A Command Auto Precharge Auto Precharge
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Full Page Write Cycle (2/2) (/CAS Latency = 3)

TO T1 T2 T3 T4 T5 T6 T7 Tn ‘Tn+l‘Tn+2‘Tn+3‘Tn+4‘Tn+5‘Tn+6‘Tn+7‘Tn+8‘Tn+9‘Tn+10‘Tn+11‘Tn+12‘Tn+l3‘
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f f

A A A A A A A A A A A A A A A A A A A A A A )
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T T T T T T T T T T T T T T T T T T T T T T 1
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] A
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I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
| . . | . | . . . . | . . . . . | | |
T I T T \ I / T \ I / T T T T I T T T T T I I T T I |
/ C S l l l l l l l l l l l l l l l l l l l l l l l
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I | I I | I | I I I I | I I I I I | | I I | I
I I I I I I I I I I I I I I I I I I I I I I I
| I | | | | I | | | | | | | | | | | I | | I |
EEKZLEAA ! f KRR RGEEREEAEY ! BRI REEREREEERRRRRLRRRRLLKK] SRR R ! B ERRREEEEIEIL !

JRAS  SRXXREER ! e retetetetatetatetetele?’ ! LKA ! R RRRIILIRIILLIIILLIIL ! KR IS ! ! fRRRLLLRILILLIILLN !
odotetotoetotetede, i detotetototetotetotetetetetede’ i WoSotelotolete; I ot o 2ot S Nt Lot et tet o tete totetoteteototetoteteds’, i OO e o e e e et e te % Lat Lot e tat o tatototetotetototetotoded i i B IRIKLIRLIRLLILKN i
LKL I 2026202025626 26 %6230 % 20%% I 966 % 0% %% I R RIS I IR I I 202020250296 26%6 20250 %% %%, I

T I : T 0 Y ] I ] 0 0 ] I T T d
I I I I I I I I I I I I I I
| I | | | | | | I | | | | |
! ST %% % % % Y Ve YoV Ve %o % !
RN IR 2R
ICAS R ososssssessy A s N | | |
RN | SRXRRRIISSIIILLLLIN | I I I
I I I I
] ] I ] ] ] ] ] ] ] ] ] ] I I ] ] I I
I | | | | | | I | | | | | I I | | | |
! T IO I I IIIIIIND, ! LIS TTITTTT TN ! !
Sesesesssesstetete? ! ! aesesessseses A QILLRRLLLRILLLIEILLEN ! O e e et o e e ta ottt tetotototets, ! ! R EIIRRRKKY !
WE SR | ] s NI s e o N sy
IS 09.9.9.93, ! ! S I09.9.93 ! PRI RN IXR XXX XX ! LSS IIIIII0L. 0000000000000 0.0.0..0..9.9.9.9, ! ! SO G OGO QOG99 !
I I I
] I ] ] ] ] I ] ] ] ] ] ] ] ] ] ] ] ] I I
| I | | I | | | | | | | | | | | | | | | !
RRRRRN i TR RRRRRIZZLX i fRRRRRRRY R R R T RRRIDTLTLLY R RRRNRRLY 0707050
Bro R\ | A | BT I I T
RRSEHELIIIIN Sotetesesatotetesetototetesets, JRIRRRES] R REIRREIINKY R RRIIRKIEIRKEIRKS R IIRAIRKEK O oresasotstesetatotesesetote’
CRXXRRKS . | ! ofelolototetetetetetetetetetetete ! R RS ! KRR !
] ] ] ] ] ] I ] ] ] ] I ] ] ] ] ] ] I ] ] I )
I I I I I I I I I I I I I I I I I I I I I I I
I I
TRRIRRRTZ @
CRRRRRIIEN i i ] ] ] ]

BAl CARXRRAILR
Sesesesesesesesets I I I I I I
Sesesesesesesetetel
IRSSEKLEIN 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
R R R ERRRR T OO T OISO OO T OO OO TOTITITITITOTIIIIII DI OTIIIIIIIND, R OO0

ALD S RAa RS | RDa EESSSOBESii) | At | A58 Rob X85

CRRIIBEIIKN FRRRRRIIIIIILLLLIN 1 fRRXLRRRRN PILLLLLLRIRRRIIIIELILLLLN | LR R0RLRRIIIIIIILLLLLLRIIINNIILLIILRN 1 ORI LXK

j A A j j j j j A ] j j A j A ] A A
|

|

A

I

I

I

DQM !
I

|

I

I

I

z
N

DQ  -remremeesesenens

Write Precharge
Command Command
Activate Write Activate for Bank D for Bank D Activate
Command Command Command Command
for Bank A for Bank A for Bank D Burst Stop Command for Bank D

Burst is not completed
in the Full Page Mode
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13.23 Byte Write Operation (Burst Length = 4, /CAS Latency = 2)

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 | T13 Ti4 | T15 | Ti6 | T17 T18 | T19 | T20 | T21

| | | | | | | | | | | | | | | | | | | | A
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 1
CKE I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I
I I I
I | I | | | | | | | I | | | | | | | | |
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I
I I I I I I I I | I I I I I I I I I
I I I I I I I I I I I I I I I I
LT OO O OO OO OO OO OO ITIIIIIIIIIIIIIIIIIIIIIION XS IRXLS 2 2
ERXXXRXS | R R RRIRIRIIIRIKIIIIK | RIS | RRLRRKS SRR SRKL LR XS
RAS I R I s R asss
LK ! ot tetetetatot ettt tetetetotetetetetetetetototetetetetatatototetetetatotototetetetets?’ ! KRR R ! oottt tetetatetet et tetetete oot e tetatotototeteetet oot tetetetetotetetetetetetetetetetetetetototetetetetetetod
| ' I " | \ T " | I T " | I 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
ICAS s NI e NI s
e <)
! R R IIERRSIAIIIEKXIIIINKKKAIAIKN ! R RIIRRXIIIRKIIIIKIKRKN ! R IR SIIIKRKIAIIK
" | | " " | | " " " | " " " | | ' " | | 1
I I I I I I I I I I I I I I I I I I I I I
I
RO O IO IIIIION R S S TS T T LT TSI T ITTTTTTS
| RS, R ERRRIRLIRIILLRAILLRN | KR RRLLLILLLRLKKY | R RIS,
WE I XSS O IIIERRRELRRRK) I f R RRIRRRIRIRRRRRRIRKS I e e OO eSO o oo rorotstototototototototototototatatototatototote
I RSEERIRLLLLRLLK IS I e e S S S S 02099995 I R R RRRRRRKK
! R a2 2 2020220202202 2020 %, R ! KRR R R RRRRRRRRR
I | " ] | | ] ] | | ] I | | ] " | | ] " \
I I I I I I I I I I I I I I I I I I I I I
| o Ao 0! | I RRRRIIRIRL, | TRRR: R RRIRIIRT R TRRIILRL.
BAO I s I sy I s e
! R RRRIRIIRIITIIRRTTToR] 1 \aeeeaaeaascaesed ! RS KR
I I I ' | \ | | \ | | |
I I I I I I I I I I I I
O OO OO OO SO SO SO OO O OO0}
BA1 I S ose]
I R S SRSSRERERRRERRIRRRIRRIIR
I
I j j j j j j j j I
I ! ! ! ! ! ! ! ! I
e I
R IIRRIIILLRIEILLRRIILILLIESN R RIRIKIRKIRKIRKIIKINN I R R IRRLRIEILLRLIIIILLRS Sl
oo s o tstototstetotatotototototosel KR RRRRRRRRIIRIIRRIBIEN SRR
A10 i s N R s
RN LRI, 1 R R R RGO,
] ] j j j j j j j j j j j j j j j j j j j j I
| I | I I I I I I | I I I | I I I I I I I I I
3 RIS R IIIIIK RIS IRIIRR I ORI T U e e e RIS
oD Yow Ry 3 SRRRRs R
S93039%0%%% JRRRRRRRKKS RRLRLRRKS R RRRIRRIRHII b9 RRRRRRRRRK
D ANttt et ntetat e ateotets e IS
] ] ] ] ] ] ] ] ] ] ]
| | I I I | | | | | I
I I I I
s CRRRR 0RXX
3 ' ' ' ' ' ' ' IR Sototote%es
LDQM o 1 1 1 / 1 KRR 1 1 R KRR RS
! ! ! : GO OIS I IO I3 ! : SISO IaIaIaI I 993 s QLY
j j j j j I j j I
I I I . I I
BRRRRKKHLKKIIIRR I I I XXX XXX KRRERR KKK I |
DOM X RRRILRRRLLRKS I I I IIIIIIIIEKS I I
SRS ‘ ‘ ‘ e :
Se%e2etete e et e e et et te%e’ ol
" I I | | I I I | |
I I I I I I I I I I
I I

eSO SO SO
(lower) |

DQ !

(appe 7770 e XX AL N Do XKD
T T T T b

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

\ <
I | | | I I |
' ' ' ' ' ' '
| I I I | I I I I
| | | | | | | |
emmmmmkan [ . N p— A eemsmdesssesda s ndaa s
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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Byte Write Operation (Burst Length = 4, /CAS Latency = 3)

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

] K IIRIRILIIKLK 7 R KIKIIIK ' RRLLLLK IR d
/RAS ! R RIS [ L ! R RIS !
' R R R ' elolelee X ' R ]
| | I | | | " " | | I " | | I " | | | " | | |
I I I I I I I I I I I I I I I I I I I I I I I
I I I I
T I OO O OO O OO IO I IO TITIIIIIP IO IOTOTITITI I OO ISR ATOTITITITITITITI I R R LR
R IRRIIKIKKILLL R IRRRRKILLLLLLLLN R AR
ICAS | W e Y
| R R R, Setetetetetetetetotototeteteteteteteteletotote e NI ofefetotototetetotoleletotololetetototetetotototetetototetetototetetotolodetutotete 0 o o e e 0 0 o 20
I " "
I I I
I
T OO OO OO0, ¢ T
JWE SIRIIRRRRLIEES 1 SRR IIRRRIKKS o3
IR X i RIS R RRRIILLLIIIKS
P D LIS DGO I IGO0 99.9.9.9, PSS IS GOS0 89.9.9.9 SO LG99 9009990, 8.999.0.999.9.9,0.0.9.9.9.9.9.9
TSI TRTEZLZLLLLIER XX LZLLLLLLS DT ILTILLLIIARLLLLLLIEIITILLLEL LI ITLL LI LIS ILLS
R ILRIIILIILILRALLK: KR X QRIS R R RRRIILLIILLIILLKS
BAO IS X 1 LR R R RS
K KRR KR 0 RIS
e e a0 % Y e a0 a 0 0a e % Y e 0a e %t a et 2 0e %% %e0a%e % %% %% K R R R R R R KRR RKKLILL
I I
|
DD IR RIRIIIXL, L RS 0RO R R R0
BA1 | Jesetetetetoter SN K 00RO | RK30KLRRIIRKKS | R IR RRRISIIIIIRLKKS
! \KXERAKS 1 KRR R RRRIRLRIAIKRRIILLS 1 R GRRIEIRRIKIERIILRLLKY 1 KRR R IRLLRRIILLRAILKS!
! Fetetete%e¥; ! %6099 %00 ate e e ote e e %% %% %e %6 e te 0262622 %% %% % e e te ot ete e e %% %% %% %!, ! $020%% 562625676262 % e e %% % e 2e %% ! o2ttt Te e e e e tetetetetetete e e e e e otototototetetetete e e e e et e e etetetete e e e e e e e e et e
I ] I ] ] ] ] ] ] ] I ] ] ] I ) ) ) ) A ] ] )
| I I I I I I I I I I I I I I | | | | | | | I
23 ! R ST LTI ! LR R ILTTTY ! T OO OO OO O OO OTIIITIII PN NI OGO IIIII P PPN OI IO
Al10 JSORXXN | o o o o o o O ORI IHIKRIN | R R LALALARALALN | R o oo o o o o R AXHXHIRIAKK!
e 3R LI IIIIIIIHIILLIKN | B RRRRRIIIIIIRKRKXIN 1 R RIS
RS %% R TR TTILTS RIS Y TR L% R I LLS!
\KXRRRRKS otods 0 IILLLLLIRRIIIEKL oootetetes ORI SILLLRRRHHS IR IILRIIRKIKE
ADD IS RSB a8833383338383838%8% IS RIS
LRIRRRRKS RRRK RREEEEELLIRRRRRISIIELLE, 292020202008 SRS RRRRRRRRRRIIEE R Q02000 t0tete e etototototototototeteetes
j j j j j j j j j j j j j j j j j j j j j j |
| | | I I I | | | | | I I | | | I I | | | | |
I I I I I I I
KSSRKRRKR NS X RRKR
i i i i RIS, i i Roseesetetose AN i i i QSKERRKK
I I I I RIRRRLLS ' ! KRR ! ! ! ! R RRIII!
! ! ! ! \KRRRRKS ! ! | \Se%eRete%e?, ! ! ! ! R RN RILRIRRKKKLY
T T T I I I ]
] ] ] I ] ] ] ] ] ] I ] ] I ] ] ] I
I I I I I I I I
R EEEEEEEEIEAIIIIIII I I I ! LRI ! fREKEEEL ! I ! f KR EEEREKKLERRERKEKLLEL KK LKRKK KL
UDQM ERssssssisssssssssd ‘ ‘ L BRI : RESE\ | ‘ : I
g X k X
SRRKKRRRKKRRRIRRRKRRRKK KK ' ! ! ! KR RRILXRRRRRRRIRKAKIICIIXIXN ! fSRRRRRRLS ! ! ! ! XK IREKKIRKRRRIRR R IR K K KX KKK
] | | I | | ] | | T | | ] ‘ ] |
| ‘ ‘ | | ‘ ‘ | | Y | | ‘ | |
I I I I I I I I I I I
DQ | | | | | | | | | | |
B - k.- e s et EEE
h h h I " \ | | l | 1
(lower) | | | | | | | | | | |
I I I I " " I I ] " ] I I " " I I I
I I I I | | | I | | I I | | | I I
I I I I I I I I I
R — OO DX D D G
(upper)
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
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Burst Read and Single Write (Option) (Burst Length =4, /CAS Latency = 3)

‘TO‘Tl‘TZ‘T3‘T4‘T5‘TG‘T7‘T8‘T9‘TlO‘Tll‘TlZ‘Tl3‘Tl4‘TlS‘TlG‘Tl?‘TlB‘TlQ‘TZO‘TZl‘

| | | | | | | | | | | | | | | | | |
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 1
| | | | | | | | | | | | | | | | | I
CKE oHo ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I
I I I
I I I I I I I I I I I I I I I I I |
I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I
I " " I I I I I I I " I I I I I I I
I I I I I I I I I I I I I I I I I I
I
IR C IR AR RIIRRLS OO O OO OO OO OO OIOO OO OO OO IO I OO O PO OO
IRAS S5 I ! ! I ]
SXKKEEEEN 1 I Ko RRIIIILIIIIKES RIS I I I K I KIEEIIKK
I I I I
| I | | ] 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 XX X K RRXRXX, X RKR KKK RX KK KKK KK XXX I I R X KKAXN I P XX XX KKK KX XXX K RRXRXX, XX XX XXX XXX XXX RXXX
ICAS ! ! o ! oo NI e et
! ! SRS ! ! SEIN ! B RRRRIIRRRRRERRRRRRRRKK
I ] ] ] ] ] ] \ ] ] ] | ] ] ] ] ] ] ] | ] 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
XRIEKLKS ! REKKKY ! X KKK RER R R LR EEEKEIK KKK KRR KGR E KRG 00e%% ! ! KQXARRARR A ! SSRGS KRR R KGR R R R KGRI K KR8
/WE S teotetetotete?, i LKL I oot e e e g g o g O g e e e e e e et ot e tetoteto Lot tetototototetotetotetos! I I  da%eetede%e%', I e e et et e s e e g g g S s et et et et Lot Lot et e bt te o te b tete!
XXX I RRRXA I R R R IIIRRRIIIIILLIIRIIILKIIKN I I LRRRRR I R0 RIS IR IRIIIILLLRKS
KRXXXXXXY | NSRS | OIS0 9.9 999999, 0.9.9.9.9.9.9.9.9.9. 98,9999 99:9.9.9.8.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9:3 900093, | QSOOI II.99.9.9.9.9.9.9.9.99.9.9.99.9.9.9.9. 9393999999999, 0.9.9.8.9.9.9.9.9.9.4
] | | | ] ] | I ] ] | ] I ] | | I ] ] | I I |
I I I I I I I I I I I I I I I I I I I I I I I
sy A ] ] e ssessy I 1255555555552 A
SIS RCRRRLRKS Toeseetetete
BAO sl s ! Lokt s
tatetatetetatated ' ! ' ' tatatatatatel ' RS '
] I " I I | I " I ] | | " \ ] |
I I I I I I I I I I I I I I I I
I 1\ | ' SRR T\ 1 SRR
BA1 Prossstesesesesese AN \< I I RXRRXKKKS I RHEXRKS I XRRRRISILLIRIKIEL
KRR | \ I | RKRRXK] I KXXRRRKY | IR
QERKKXXXKS , , , %a9a%a% %%, , KKK I %% 0900 Ya0a0 a0 ra Y aI LI IAIIAII I RN RRLINKRRKL
| | T | | | | " | | | ‘ T ‘ | |
I I I I I I I I I I I I I I I I
! D R R R R R RS EERRIIRS ! ! RRRITN Y o TeTeTe%e D R R
1505050000000, ! IR IIIIIIRRIRIIIILIIIIEE ! ! [RRIIBID ! 30RRRIRRIIIILLLR
Al0 POIIIKEN ! R RIS RS ! R oot N KL
R K | | ORI 1 RRSELLL
j j j j j j j j j j j j j j j j j j j j j j )
I I I I I I I I I I I I I I I I I I I I I I I
\< g y J <7
2l ol TS S
SRXRRRIILN SRR hR R I IIRRIIILLRRHIILLKRY RRIIILLN RRIILLLN
QSSLLLLLLIN A2020202020%0%0%, LR LKL LRI SeteSototototote,
j A A A A j A A j j A A j A A A j j A | j j 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 > e
O I, R S I IR, SRR
DOM  SE550RICIIIIASIIEIIN | | | B s N | | | | | | | | % RS
ofefetetetototetotetetetotolotodedetoototodetetet N ! ! ! LoSeSe20202020 oS00 2020 e oS dee 0 ot oot NI ! ! ! ! ! ! i ! ofetetetetototetetets!
I
I

DQ

T T T T T

Activate Read Single Single Read
Command Command Write Write Command
for Bank D for Bank D Command Command for Bank D

for Bank D for Bank D

vaidi3a

I-€91821SY ‘I-L¥88ZLSY ‘I-Ly¥8ZiISyad!




EL
Pl
DA
uPD
45
128
4
841
14
H mAN
816
3l

)
I
T
o
I
= -
o -~ %%
o NNN‘“
- 330
o -- 000“0
=1 -- X
= --- B o 5 i
- 3 s
__ o%on -- 0% 70000
_ 5 % “snz. 5%
© -- o%oo 9% o..o% .o%%
3 B B 5
— - S 5 kel 53 553
- o30% B r2oi¢ 0 0030 0% 00000
— -- XX vooo -- 000 0% =7 000 Yol
s L . NNONN vnoon“& “3““0“ NQQNN oouwo “N%““ 5338
o +1- 558 s B 58 5 558 S5
-1- R Rodese < 7000 % 30%e Sl 3
Q - 55 ] sy 55 2
— --- %ooo voo%& -- .%32 58s o000 %%% XX
P -- 5555 .o%oo& .88% o0%es R 5888 X '
- . :
-- oo i vooo 0000 -- s 000 J Se%o%s 6% -
__ XXX - voo%o < RS 38 X ooooo XX - .
= --- 5 5 I 55 LB uz..“ s r
T -- - o loooo} vooo%o 358 XK o e H
-- X v000 0000 - s 000 B Se%0%0 0% -
_ 8008 _ %0000 4 K 0%0 6% % ooo K o X X - "
- L XXX oK o 358 o2 S0g8 -
- %% <4 - %% 7 %% %% -t
p - -- s 5 S S5 R0 St :
-- -- (K8 _ kg XXX K88 B . H
- e B (o0oe 00X XX - '
o - p - K 000“0 ogesese “ooouo - XXX o
o - = - KR - 0“000 000000 B ]
_ -- oo -- KRS 208 SRS X .
[ - R -- 2ot 3% oooooo oosese .
- R - e I XXX e --
. -- 0K - ogesese - 0RRR XXX -- H
- bo%e%8S - - - ooses oo 42 -- H
. = PR B 2 .
S - 553 LK - s S5 -
b -- doa - X% 1 e 00000 H
= - e 553 > - < s :
- - 0K ofotese - 0»0&4 --- 00000 -- '
-- 3K - - KL \‘0% - X --
R 0 - 0900%s S ~ - e - AN
-- fodets’ XK B o -- o%oo - [5)
- -- S R ooooo XX = K 1R
- - 050508 050e%s - X R la)
s - 5% oo S50 R 5%
= - - 55 50 sl (258 o] o
. --- to%e%s - "oown sSo%ese - noo““ oo oo > =
- 050508 K % oo (5650 - 1]
- So2ed oo o0res RRXC K - N [
—~ o - sl 588 s [ XK 14 >
N = -~ 5 B e 5 a @
s N 9% oo%o .030% X L ]
n - > B33 S o mmom
- . _ “8080 - ouo% - .on%n% ofosese --- VA ER
- 8030 - Joset~ .oooo% ofodese - Rt X c
%) voooooo 20 -- .000000 | XX - -1 -]
RS KR -- s -- R 48 S 2
c o Jogeess - - RS - 00000 00000 [a) o IS T @
O = Jogegess - 00K > T 0 00000 = o ]
= - 553 > - < s o £8& £
e e ] 53 - 555 .- >< 5 E
- -- ‘00000 2% - X% > -- S -- =
K& o L 0000 R - R =
%)) voooo% O%QN 2K 0% - N -- DY 5]
ooy o s ot 18 15 et
< @ -- ] s 5 B [a <
Q - T KL o s S5 K S1 o w
S — < 5] s > >< o
; --- 55 fxs 5 P 0 - o
@ - P ooooo 5 .oooooo | XX - N ~
o ~ - ooonoo - %0 .0“%000 -- 3K 1&g
|- - oo - XX .cz%% XXX <
IS [ - & oo s 0 e
o - [ % e e 8
o w%uo.oc - < 03000 - - “000“00 ofodese - o
E s - - < L 22
5 i B 9 |3 REE
L © 5 SR - S B £ €5
= -- R - 00000, - 00! 293980 x ]
| - | o oooooA -- X XXX o S
| -- - - LK 00300. 1 S XXX - o m
v o N B NS
= S5 1 -- el S8
=3 . S -t s =
c 0 - o - < 12
o - -- % ol o
| - |- 5 --- -- oo --
o — E -1 B - >
o o VNO%NQ o - ol “0000 --
e - Jodstele R -- X -- 598 18
< - 55 = RS -- S R [a)
=] = -- R - o%%o, - - & 00%0
o -- ] & 5 - < 38 =] —
1 | - X ooi - X XX -
o _ - & 55 - - XXX - ©°
= | B | s .53
g S -+ b,, . q i m ~
3] o - -1a 18 o g
14 = --- o S o =
| _ - - < 3 _ 5]
. B -- 88
c - - -- S -- S
s - '~ =
- - - .0000 S 1=
S I onooono o )
= o2 <
=) = i \ \\\ & o PR
(@) o VA °
SO T _ P 4| . b
o = < a ==
8 b - - - - o o gE
= 1 — - of > 5§
8 [ 8
o (g 12
[©] [ -- \\\VQN%N -1 \ - aQ o L
o -+ N~ vnwoono - 1 O - N
[ - -- v%onoo - k=]
o o RS o s 1 P AM \\ o 8 <
— & 00 | | g 3 g Z
= S Y 12 : it
- - X < -- L
o -F-- \ - mnnmmm\ --- © T H %m
- 555 - X --
9 4 . S5 p . H ks
- %«00& - -] o - o
o y EE 3 A _ES
— 5 &303 9% -- - - > --- H © c <
3 = " - g5
W i > o <83 ES
% RS R -- B - g 8 EXD
O o%oooA -- 5 -- XS B o2 S E [= 88
0 ] 2 — RS P .8 oo © 5 5
2995 555 (7 1 Sesose -- ' S £ =
o X4 S S~ foex - o29% - ' > X [a4]
< %] 5o - S - S - 5 € S
< S5 s 2! - : 3 3 88
g 78 s o gEd :
= 2 sss B 1 o 3
< X g5 7 ' S8
S KL oS B ol . (]
Q g% - - 000000 -- ' -
w "000000 - 000000. -- .
KX X 0000. -
20203 oooooo. - H
] i
o 00003. - ) ko]
MM 0000““ 1 N H - T c <
- - e > T X
3 o L
T
3 - S @
<< Ia) H o
' =
ADn H
W\
[a] o
[a]

Pre

limi

inal
ry D
a
ta Sheet
EO!
233
N1
0

79



EL U
(]
DA
PD4 441-1, 451 41
51
28
8

-1, 4

, 4512
P 816

wl—

s
T
o
I
: -
i QKL
9 B on%“
1 B “0000
T . - uuuw . ....
1‘ | 5 .u%n“o
. 5 -- 0% i
] 355 5 58 :
8 1\ o%% : R XXX oo%%
— -- oo%n % .oonooo oooo%
= - B
| o 8 o . ““w“m
) - K 354 00000 KRR 030003 oy
~ T munmm mmuumnnmm wmm“nm nnmm“ 1 Nmmuouu mnnmnn
l i . %onoo& . %00%0 X RS 30%0 X
- -- Jl toosse uoo%& s = . %no% ooooo
1 - v%%é otk XS o] S 0K
__ s i %000000. %o%no o - Noooo | 000000 00000
| %o% 1 voo%od i B <SS S %S
| . voooo& JeSstols X 35 %0‘0 | 0300
) - ooo%! .:ooo X 2R oo:o - o000
© - X2 ws%g o QoS -- X S s
9 L BX ] 3 1 .“..N ...“.. ."...
| | | vo%o& s RS S0 R ] H
1 9o v%%%o. KRR - . 1 %%% o%% | .
- soossse i .oooo& k3% N - %%o | oooo% oo%o | .
| ooo% 1 voo%o& i X e S e - H
| . voo%ouu 5% KR $050e%s Sy 48 - '
| \1 0“000 vono%% - (500%s -- S50 130000 - $RKs 2
| | 0000 %000000. 1 vooo%o = | 38 0K o30%8%s -
\ . < e k% RS R %0 oso%e .
- -- R %008& o 0o 0 - | .
1 oS00 vooo%& .00080 50 XXX B %N%o ooooo 1 .
. sl vz%& 3% n - . | o%% |
| . . %000000. RS K XX 00008 00000 - '
\ o (351 e oo 009 T oo - '
\ % vo 00 %%0 - XK KRR - XXX o
4 : »0, %n%o% 55 X XXX -- 3 000000 - ooono -
| \1 . = 38 - ofoto%s 0205030 -- L
| | vn“%u i - o -- u%nuo X --- T
| 1 o B XS ooo oosese _
\ KX 55 XXX o0%6% 900 .
_ __ %% 083 %ono sl oo%o P
™ - 5 - X - 33 KRR B 1‘.
| ) %%o 1 % R XK X2
w 00000 | . 00000 000000 3% ]
T | \ n»onu 1\ | onnno B n»onuu nnnno --- \"/
| 00"00 \\ ) Noonn - oou%“ n%on ---
_ 3 - - oot 3583 %%o | 3
2 \\ "“%N No.oou g nnon»o F-- 00%0 1R
1 : Nnnnn 1 000““0 P ,ouonn NN“NN [a]
~ -- e o 2 - { | |
| ..... 5 2 - 2 ><
: nnu‘n B o“nno ‘ﬂn"onnm ~ - no%" T o
| 000"0 oooon %0%0“ % --F 0% 18
| | \. noooo oooo%‘ \ KD - K J
_ - 0080 oon%a N o%onx o“o% D
| | B 58 R 5 K o
T o >< =
__ - L -~ 0000 o0 \\.0000 - ) |
ON%“ ‘ %ONOA ON“%NA XX XXX -t- — 17}
- > - 5 200959, "...n.A | .n..u g r
O 1 ooo« | - . oooo%. 558 B a =1
| l oo.. 1 ) | .oi .%:o oo [} o
\ %:o, - X b8 1o0%ss o
T | L | - K nnzno‘ N P38 %5 -- o i) —
| 00000” WMNOQ“ ww 000“0& - .000000“ 00000 -- I = o
- o I s -1 ....%. e - 1 | g
— - -- 0000} - voo%oo 3 > g .000000 0000 w | m
™ - B0oos%, s 5% -- .%:% - - K e 5] < 8
o - S el 55 . = . ; mm an
1 -- o0y 1205 - 3K > . 0 L 5] [ai] ]
_ | : | - S8 2 - & s >< f08 £
> 55 ~ X aRL ;
n | vnooowo onn% nooun o0 i o 3] ()
- KR oo - KX -- [¢] ) ~
e vo% | - %5 - %% <
t .olo 1 . ) = “noon B2 o o w
a ‘1 | %,% nnoon $0005% X 70 ol o
S - i 5 . p
s . 55 112 &
A 7 | | - e I 1
(@) [ -- K% | Soss 3% - Q
< -- - & R oo 2
. 5 -- S b5 - 1 i |
- (% -- o \ - 000 ww
3] — - ooo% _ KL .ooo% oo - o c
| v.n%o 4 - % K 0 _ [N 28 ~
g v%%% % ‘ 55 K A8 o E
a 6 %o% ‘ g . o - KR [a) [
w%% ‘ %3, | XX @ Il
o - -- RRXX: ‘ . : 000% Q m
o -+ &K 0“8&. : %“% | O B
= ) - < uooowof ou%o l‘ Cr
] — -- o | 1 : | o
; 0000‘ : | w 1. f
LL __ o2t ‘w C | |
| 1 | [a)
1l i | w « A
h T | ,..x... :‘ % St X
| _ o 1 1
D - B | ."“.. : | 2
| uno%o o _ 2l 558 13
S < - vu%nno | o --- o - on%o 1<
| | voooo% B 0%“00, -+ o 00000
— . - KK %ooo& . A : Q
| | | o%%@ g % - > ko]
w : b, |2 3 g <
| | | c
B .B | | | | - mum x € <
| woon“ I 0 B
ke — - - - .:00% E | r
oz | o
© oo | 1 f
e ] ‘
@ 3 | D
c = - \ P : | W’N
£ ﬁ \ | M .w m |
u b | Q &
[<) _H. - 1 _~ [ ] L m %. Dn m m
C 1 | N~ o m
m / | r
o ‘ a w\ .m
~ 0«6¢« | |
§ F L D .
c - s : : | | .
< T R - . d
L oS - : 5 o <
x — = : ‘ :" |
) T --- % nu%nnou ouuwl 1 I | % mn
S ] ol m " |
© N _~ -- e% e &%um 1 | . O
P S5 O " Cm
= ww | Q»’OW\ \w - ll
S - 5 o 1‘ | d
g - "u.uun. ? . | D
N4 3%. - ‘ | . | k
- 00000 ww \ | . e m
=R . dMARmm
.o%o% wc | 1 . g8 m
K 0000 ooowc | B ° Q < o
C nn"n»m l‘ ‘" wnDRmm o8
[} 00“000“ %«6{. . aa mB ...I
(8} S0500% P35S ‘ | . .V | 0
: - RS | 1 ;
= 05000 s | . d n Cr
A 0000“& “00“% %«6¢M _- ' < 1S @ R=l
14 n o2 voo%o o - ; | B
= B8 ‘ .%o%n |
< &0008 vonoooo . | m
o R vo%ono \ \\ . f
/ E m”““m ‘ - "
M 2R \\ "
o 1‘. ed
<< . | |
- - Z - a n
[aa] — T uF_n : W m W
) : Mm |
3 ) oB
<< " | |
[a] | |
ADn H
o
o
(04
o

80
Prel
limi
ina
ry
Data Sh
eet
EO02
33N
10



0LNEEZ03T 108ys eleq Areuiwijald

18

13.26 Full Page Random Column Write (Burst Length = Full Page, /CAS Latency = 2)
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Activate Activate T
Command Command Precharge
for Bank A for Bank D Command
Write Write Write Write Write for Bank D
Command Command Command Command Command (PRE Termination of Burst)
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Full Page Random Column Write (Burst Length = Full Page, /CAS Latency = 3)

TO T1 T2 T3 T4 T5 T6 T7 T8
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13.27 PRE (Precharge) Termination of Burst (1/2) (Burst Length = 8, /CAS Latency = 2)
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14. Package Drawing

54-PIN PLASTIC TSOP (I1) (10.16 mm (400))
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NOTES ITEM MILLIMETERS
1. Each lead centerline is located within 0.13 mm of A 22.22+0.05
its true position (T.P.) at maximum material condition. B 0.91 MAX.
C 0.80 (T.P.)
2. Dimension "A" does not include mold fiash, protrusions or gate 10.08
burrs. Mold flash, protrusions or gate burrs shall not exceed D 0.32_9.07
0.15 mm per side. E 0.10+0.05
F 1.1+0.1
G 1.00
H 11.76+0.20
| 10.16+0.10
J 0.80+0.20
K 0.14578:928
L 0.50+0.10
M 0.13
N 0.10
ot7°
P 3L
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15. Recommended Soldering Conditions

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

Type of Surface Mount Device

PDA45128xxxG5 : 54-pin Plastic TSOP (I1) (10.16mm (400))

86 Preliminary Data Sheet E0233N10



ELPIDA LPDA45128441-1, 45128841-1, 45128163-|

16. Revision History

Version / Page Description

Date This Previous Type of Location
edition edition revision

1.0/ Nov. 2001 O 0 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 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, 1/0 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

88 Preliminary Data Sheet E0233N10



ELPIDA LPDA45128441-1, 45128841-1, 45128163-|

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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