DATA SHEET

ELPIDAN MOS INTEGRATED CIRCUIT

LPD45128163-T

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

Description

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

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

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

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

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

Features

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

¢ Possible to assert random column address in every cycle

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

< Byte control by LDQM and UDQM

* Programmable Wrap sequence (Sequential / Interleave)

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

* Programmable /CAS latency (2 and 3)

« Ambient temperature (Ta): =20 to + 85°C

« Automatic precharge and controlled precharge

* CBR (Auto) refresh and self refresh

« x16 organization

« Single 3.3V + 0.3 V power supply

* LVTTL compatible inputs and outputs

* 4,096 refresh cycles / 64 ms

« Burst termination by Burst stop command and Precharge command

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

Not all devices/types available in every country. Please check with local Elpida Memory, Inc. for
availability and additional information.
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ELPIDN uPD45128163-T

Ordering Information

Part number (wo?drgjrlllifiug;nk) CII(\)AC:Zfr(ﬁAuigcy Package Note
HPD45128163G5-A75T-9JF 2M x 16 x 4 133 54-pin Plastic TSOP (IlI) Ambient temperature
1PD45128163G5-A80T-9JF 125 Ta= -20to + 85°C
1PD45128163G5-A10T-9JF 100
HPD45128163G5-A75LT-9JF 133
HPD45128163G5-A80LT-9JF 125
HPD45128163G5-A10LT-9JF 100
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ELPIDN uPD45128163-T

Part Number

[ X16 ]
1PD45128163G5 - A75LT

NEC Memory J Wide temperature
range
Synchronous DRAM —— T :-20to + 85°C
Memory density
128 : 128M bits
—— Low Power

Organization

16 : x16

——— Minimum cycle time

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

Number of banks

3: 4 banks, LVTTL

Low voltage

A:33V*03V

Package

G5 : TSOP (Il)
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ELPIDN

UPD45128163-T

Pin Configurations

/xxx indicates active low signal.

54-pin Plastic TSOP (lI)
2M words x 16 bits x4 banks

Vee O—
DQ0 O=—
VeeQ O—
DQ1 O=—
DQ2 O=—
VssQ O——]
DQ3 O=—
DQ4 O=—
VeeQ O——
DQ5 O=——
DQ6 O=—
VssQ O———]
DQ7 O=—

Vee O—

LDQM O—

IWE O——
ICAS O—
IRAS O—

ICS O—

BAO(A13) O—
BA1(A12) O—
A10 O—

A0 O—]

A3 O—

Vee 00—

© oo ~NOO O WNPR

PR RRRRERRRR
©oONOUDWNRO

20
21
22
23
24
25
26
27

AO to A11 Nte

DQO to DQ15
CLK
CKE
ICS
/IRAS
ICAS
IWE
LDQM
UDQM
Vce
Vss
VcecQ
VssQ
NC

—

54
53
52
51
50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28

—OVss
~——~0DQ15
—OVssQ
~——=0ODQ14
~—=0DQ13
—O VceQ
~—>0O DQ12
O DQ11
F———-O0VssQ
«~—>0ODQ10
<—>=0ODQ9
——-0 VceQ
~—~0ODQ8
—OVss
———ONC
~——OUDQM
<—OCLK
<—OCKE
—ONC
~—OAIll
l«—(OA6
- OVss

: Address inputs
BAO(A13), BA1(A12):

Bank select

: Data inputs / outputs
: Clock input
: Clock enable
: Chip select
: Row address strobe

: Write enable

: Supply voltage
: Ground

: Supply voltage for DQ
: Ground for DQ

: No connection

: Column address strobe

: Lower DQ mask enable
: Upper DQ mask enable

Note AOto All: Row address inputs

AO to A8
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UPD45128163-T

Block Diagram

CLK Clock
CKE O—» Generator
| ‘ Bank D
| ‘ Bank C
| Bank B
Row
Al
ddress Address =
L 7 _ Buffer o 3
Mod i & | g
ode Refresh a B
) ank A
Register Counter % H
. @ | |
Yy }V
»| Sense Amplifier -
oO—»| 2
ICS 3 © Cotumm »| Column Decoder &
RAS g é" —- " dress p| Latch Circuit
° ° »| Buffer @
|CASO—— | ® c &
£ 8 Burst |
£ Data Control Circuit
/WE O—— 8 Counter

-t

——O DQM

!
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ELPIDN uPD45128163-T

1. Input/ Output Pin Function

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

is valid; otherwise it is invalid. If the CLK rising edge is invalid, the internal clock is not
issued and the pPD45128xxx suspends operation.

When the pPD45128xxx is not in burst mode and CKE is negated, the device enters
power down mode. During power down mode, CKE must remain low.

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

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

A0 - All Input Row Address is determined by AO - A11 at the CLK (clock) rising edge in the active
command cycle. It does not depend on the bit organization.

Column Address is determined by A0 - A9, A1l at the CLK rising edge in the read or
write command cycle. It depends on the bit organization: AO - 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.

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

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

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

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

The UDQM and LDQM latency for the write is zero.

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

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

supply pins for the output buffers.

8 Data Sheet E0348N10 (Ver. 1.0)



ELPIDN uPD45128163-T

2. Commands

Mode register set command Fig.1 Mode register set command
(/CS, IRAS, ICAS, /IWE = Low)
The puPD45128xxx has a mode register that defines how the device

operates. In this command, AO through 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. TN

QRN

The mode register can be set only when all banks are in idle state. BAO(AL3), BAL(AL2) ) T
During 2 CLK (trsc) following this command, the pPD45128xxx AL0

cannot accept any other commands. Add

Activate command Fig.2 Row address strobe and

bank 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. ICAS

KRXKA
(020274

X SO0
S R

BAO(A13), BAL(A12)
A10

Add

Precharge command Fig.3 Precharge command
_ o cek [ 1 L
(/CS, IRAS, /IWE = Low, /CAS = High)
CKE H
This command begins precharge operation of the bank selected by s TN/
BAO(A13) and BA1(A12). When A10 is High, all banks are

precharged, regardless of BAO(A13) and BA1(A12). When A10 is T
Low, only the bank selected by BAO(A13) and BA1(A12) is

precharged. BAO(A13), BAL(A12) XX
After this command, the uPD45128xxx can’t accept the activate AL0 D
command to the precharging bank during tre (precharge to activate (Precharge select)

TR IIIIIIITY
% X%
Add  ZRRRRREEEEEIEEKES

command period).
This command corresponds to a conventional DRAM's /RAS rising.

Data Sheet E0348N10 (Ver. 1.0) 9



ELPIDN uPD45128163-T

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

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

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

£3RKKKL
LXK

command with subsequent data on following clocks. JWE

BAO(A13), BAL(A12)

IR
AL0 X

Add KB

Read command

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

Read data is available after /CAS latency requirements have been

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

XXX RN
RN

address. /ICAS

BAO(A13), BAL(A12)

Foee e
AL0 XK &K

Add 332

CBR (auto) refresh command Fig.6 CBR (auto) refresh command
(ICS, IRAS, ICAS = Low, IWE, CKE = High) CLK
CKE
This command is a request to begin the CBR (auto) refresh ICS
operation. The refresh address is generated internally. IRAS
Before executing CBR (auto) refresh, all banks must be precharged. ICAS
After this cycle, all banks will be in the idle (precharged) state and JWE

ready for a row activate command.

BAO(A13), BA1(A12) Z
During trc period (from refresh command to refresh or activate T o
%

Al0 SRR

%%
<4

9%
XX
5

command), the uPD45128xxx cannot accept any other command.

Add

10 Data Sheet E0348N10 (Ver. 1.0)
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Self refresh entry command Fig.7 Self refresh entry command
(ICS, IRAS, ICAS, CKE = Low, WE = High) ek LT 1
CKE
After the command execution, self refresh operation continues while ICS
CKE remains low. When CKE goes high, the uPD45128xxx exits the /RAS X5\
self refresh mode. ICAS
During self refresh mode, refresh interval and refresh operation are JWE

performed internally, so there is no need for external control. BAO(A13), BAL(A12)

Before executing self refresh, all banks must be precharged. AL0

< SSPSOSS OSSNSO
Add RIS

Burst stop command Fig.8 Burst stop command in Full Page
Mode
(/ICS, IWE = Low, /RAS, /CAS = High)
ck [ LI 1

This command can stop the current burst operation. CKE H
IcS
IRAS
ICAS
IWE

BAO(A13), BAL(A12)

OSSR REKREEREEKEKS
AL RREBEEDIEEDE

RIS
Add GRS

No operation Fig.9 No operation
— — i CLK | | I | |
(/CS = Low, /RAS, /CAS, IWE = High)
CKE H
This command is not an execution command. No operations begin s TN/
or terminate by this command. IRAS 3285/ X

ICAS 23X
IWE 57
BAO(A13), BAL(A12)

STTTTIS STTTIIRIS
ALD RIS

XSRS SSKRKRX
Add RIS

Data Sheet E0348N10 (Ver. 1.0) 11
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3. Simplified State Diagram

Self
Refresh

Mode MRS

Register
Set

CBR (Auto)
Refresh

READ
SUSPEND

WRITEA . READA

SUSPEND ) SUSPEND

pog/\’/\IER Precharge Qec?

—- AUtOMatic sequence

Manual input
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ELPIDN uPD45128163-T

4. Truth Table
4.1 Command Truth Table

Function Symbol CKE ICS /IRAS ICAS /WE BA1, Al0 All,
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 \Y
Write with auto precharge WRITA H X L H L L Vv H \%
Bank activate ACT H x L L H H \ \ \
Precharge select bank PRE H X L L H L \ L X
Precharge all banks PALL H X L L H L X H X
Mode register set MRS H X L L L L L L \%

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

4.2 DQM Truth Table

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

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

4.3 CKE Truth Table

Current state Function Symbol CKE ICS IRAS ICAS /WE |Address
n-1 n

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

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

L H L H H H x

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

Data Sheet E0348N10 (Ver. 1.0) 13



ELPIDANA uPD45128163-T
4.4 Operative Command Table "'*** (1/3)
Current state /CS |/RAS|ICAS|/WE Address Command Action Notes
Idle H x X X x DESL Nop or power down 2
L H H X X NOP or BST Nop or power down 2
L H L H BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA, CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT Row activating
L L H L | BA, A10 PRE/PALL Nop
L L L H X REF/SELF CBR (auto) refresh or self refresh 4
L L L L Op-Code MRS Mode register accessing
Row active H X X X X DESL Nop
L H H X X NOP or BST Nop
L H L H BA, CA, A10 | READ/READA | Begin read : Determine AP 5
L H L L BA, CA, A10 | WRIT/WRITA | Begin write : Determine AP 5
L L H H BA, RA ACT ILLEGAL 3
L L H L | BA, A10 PRE/PALL Precharge 6
L L L H X REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Read H x X X x DESL Continue burst to end — Row active
L H H H | x NOP Continue burst to end — Row active
L H H L X BST Burst stop — Row active
L H L H | BA, CA, A10 | READ/READA | Terminate burst, new read : Determine AP 7
L H L L BA, CA, A10 | WRIT/WRITA | Terminate burst, start write : Determine AP | 7,8
L L H H | BA RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Terminate burst, precharging
L L L H [ x REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Write H X X X X DESL Continue burst to end - Write recovering
L H H H X NOP Continue burst to end - Write recovering
L H H L x BST Burst stop — Row active
L H L H BA, CA, A10 | READ/READA | Terminate burst, start read : Determine AP | 7,8
L H L L BA, CA, A10 [ WRIT/WRITA | Terminate burst, new write : Determine AP 7
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Terminate burst, precharging 9
L L L H X REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
14 Data Sheet E0348N10 (Ver. 1.0)




ELPIDANA uPD45128163-T
(2/3)
Current state /CS |/IRAS|/CAS|/WE Address Command Action Notes
Read with auto H X X X X DESL Continue burst to end - Precharging
precharge L H H H X NOP Continue burst to end - Precharging
L H H L x BST ILLEGAL
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L BA, CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL ILLEGAL 3
L L L H | x REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Write with auto H x x x x DESL Continue burst to end - Write
precharge recovering with auto precharge
L H H H X NOP Continue burst to end — Write
recovering with auto precharge
L H H L | x BST ILLEGAL
L H L H BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA,CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT ILLEGAL 3
L L H L | BA, A10 PRE/PALL ILLEGAL 3
L L L H x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Precharging H X X X X DESL Nop - Enter idle after tre
L H H H X NOP Nop - Enter idle after tre
L H H L x BST ILLEGAL
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L BA, CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H | BA RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Nop - Enter idle after tre
L L L H | x REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Row activating H X X X X DESL Nop - Enter bank active after treo
L H H H X NOP Nop - Enter bank active after treo
L H H L | x BST ILLEGAL
L H L H BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA,CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT ILLEGAL 3,10
L L H L | BA, A10 PRE/PALL ILLEGAL 3
L L L H x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Data Sheet E0348N10 (Ver. 1.0) 15



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.

© ® N oo

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

ELPIDANA uPD45128163-T
(3/3)
Current state /CS |/IRAS|/CAS|/WE Address Command Action Notes

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

Write recovering H X x X X DESL Nop - Enter precharge after tor.

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

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

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

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

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

10. |lllegal if treo is not satisfied.

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

16
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4.5 Command Truth Table for CKE

Current State

CKE

n-1

>

ICS

/IRAS

ICAS

IWE

Address

Action

Notes

Self refresh

I
X

X

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

X

Self refresh recovery

Self refresh recovery

r|I

ILLEGAL

r|lr|r|XI

—|T|XI

X

ILLEGAL

X

Maintain self refresh

Self refresh recovery

Idle after trc

Idle after trc

r|X

ILLEGAL

—|T|XT

X

ILLEGAL

X

X

ILLEGAL

ILLEGAL

r|X

ILLEGAL

rfrfrf|T|T|T|]T |- | T |||

r|r|jr|xfr ||/ |XT

— | |XT

X

ILLEGAL

Power down

X

X

X

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

EXIT power down - Idle

r|X

EXIT power down - Idle

X

Maintain power down mode

All banks idle

X

Refer to operations in Operative Command Table

Refer to operations in Operative Command Table

Refer to operations in Operative Command Table

CBR (auto) Refresh

| 0 Y i i

r|r|X

Op-Code

Refer to operations in Operative Command Table

X

X

Refer to operations in Operative Command Table

X

Refer to operations in Operative Command Table

Refer to operations in Operative Command Table

X

Self refresh

rfrfr|fr|{| ||| |IT|X

r|lr|jrjr|x|r ||| |XI

|||

r|r|XI

Op-Code

Refer to operations in Operative Command Table

X

X

X

Power down

Row active

X

X

X

Refer to operations in Operative Command Table

X

X

X

Power down

Any state other than

listed above

Refer to operations in Operative Command Table

Begin clock suspend next cycle

Exit clock suspend next cycle

r|lr|z{x||T|~|x|]T ||| |T|Tf(- |- ||| )T ||| ||| |— |

r|T|r|XI

Maintain clock suspend

Notes 1. Self refresh can be entered only from the all banks idle state. Power down can be entered only from all

banks idle or row active state.

2. Must be legal command as defined in Operative Command Table.

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

Data Sheet E0348N10 (Ver. 1.0)

17




ELPIDN uPD45128163-T

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.

18 Data Sheet E0348N10 (Ver. 1.0)
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6. Programming the Mode Register

The mode register is programmed by the Mode register set command using address bits A11 through AO, BAO(A13)
and BA1(A12) as data inputs. The register retains data until it is reprogrammed or the device loses power.

The mode register has four fields;

Options : All 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.

Data Sheet E0348N10 (Ver. 1.0) 19
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7. Mode Register

BAO BAl
(A13) (A12) A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ | JEDEC Standard Test Set (refresh counter test)
BAO BA1l
(A13) (Al12) A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
| x | x [ x| x| 1]o0o]o]| vLimobE |wr] BL | BurstRead and Single write
(for Write Through Cache)
BAO BA1l
(A13) (A12) A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
I ‘ ‘ ‘ ‘ ‘ 1 ‘ 0 ‘ I Use in future
BAO BAl
(A13) (Al12) A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
|x‘x‘x‘x‘x‘l‘l‘v‘v‘v‘v‘v‘v‘vl Vender Specific
BAO BAl V = Valid
(A13) (A12) A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 X = Don't care
loloflolofo]o]o]| vimobE |wr] BL | Mode Register Set
Bits2-0 WT =0 WT=1
000 1 1
001 2 2
010 4 4
Burst length 011 8 8
100 R R
101 R R
110 R R
111 Full page R
0 | Sequential
Wrap type
il 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 o L
CKE J
ICS \ /
IRAS —\_f
ICAS \ /
IWE \ /
A0 - A11,
BAO(13), BA1(A12) X X

20
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7.1 Burst Length and Sequence

Burst of Two]

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

Burst of Four]

Starting address

Sequential addressing sequence

Interleave addressing sequence

(column address Al - AO, binary) (decimal) (decimal)
00 0,1,2,3 0,1,2,3
01 1,2,3,0 1,032
10 2,3,0,1 2,301
11 3,0,1,2 3,2,1,0

Burst of Eight]

Starting address

Sequential addressing sequence

Interleave addressing sequence

(column address A2 - AQ, binary) (decimal) (decimal)
000 0,1,2,3,45,6,7 0,1,2,3,4,56,7
001 1,2,3,4,56,7,0 1,0,3,2,54,7,6
010 2,3,4,56,7,0,1 2,3,0,1,6,7,4,5
011 3,4,56,7,0,1,2 3,2,1,0,7,6,5,4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,0,1,2,3,4 54,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,5/2,3,0,1
111 7,0,1,2,3,4,5,6 7,6,54,3,2,1,0

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

device).

Data Sheet E0348N10 (Ver. 1.0)
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8. Address Bits of Bank-Select and Precharge

Row | A0 | A1 | A2 | A3 | aa | A5 | a6 | A7 | A8 | Ao [at0] | BAF]BAY]  [praaleromsy] Resul
Select Bank A
(Activate command) 0 0 “Activate” command

Select Bank B

0 1 “Activate” command
Select Bank C
1 0 | &x i o
Activate” command
Select Bank D
1 I IO
Activate” command
| Ao [ a1 | A2 | A3 | aa | s | a6 | a7 [ a8 | Ao | ato] A | BAS]BAY
(Precharge command) ‘ ‘ ‘ A10 |BA1(A12)|BAO(AL3)| Result
0 0 0 Precharge Bank A
0 0 1 Precharge Bank B
0 1 0 Precharge Bank C
0 1 1 Precharge Bank D
1 X X Precharge All Banks

x : Don'’t care

0 disables Auto-Precharge
‘ (End of Burst)

col. [ a0 | AL | a2 ] A3 | as| as | ae | a7 ] as | a0 a0 x [BAA]EAS] 1 ?E,?E'Efé*u“r‘;’tgp’ec“arge

(/CAS strobes)

BAL(A12) BAOA13)|  Result
enables Read/Write

0 0 commands for Bank A
0 1 enables Read/Write

commands for Bank B
1 0 enables Read/Write

commands for Bank C

1 1 enables Read/Write
commands for Bank D
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9. Precharge

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

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

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

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

Burst length=4

» JTO |_IT1 |_IT2 |_IT3 |_IT4 |_IT5 |_IT6 |_IT7 |_IT8 |_|

/CAS latency =2

DQ D DD T HIZ

/CAS latency =3 : : : : : : : : : :
conms L I
I e S D S

(tras must be satisfied)

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

In summary, the precharge command can be issued relative to reference clock that indicates the last data word is
valid. In the following table, minus means clocks before the reference; plus means time after the reference.

ICAS latency Read Write
2 -1 +tDPL (MIN.)
3 -2 +tDPL (MIN.)
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10. Auto Precharge

During a read or write command cycle, A10 controls whether auto precharge is selected. Al10 high in the Read or
Write command (Read with Auto precharge command or Write with Auto precharge command), auto precharge is
selected and begins automatically.

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

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

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

The timing that begins the auto precharge cycle depends on both the /CAS latency programmed into the mode
register and whether read or write cycle.

10.1 Read with Auto Precharge

During a read cycle, the auto precharge begins one clock earlier (/CAS latency of 2) or two clocks earlier (/CAS
latency of 3) the last data word output.

Burst length = 4

TO 1 T2 T3 T4

o I o I o

5 T6 T7 T8 T9

L L1

CLK

ICAS latency =2
Auto precharge starts

! L

|
|
|
|
|
|
|
Command ! i
| |
! | |
! ! Hi-Z
| / AN |
DQ ; N QB1 >< QB2 >< QB3 >< QB4 ) ;
| | | | | |
| | | | | |
| .
/CAS latency = 3 ! ! | | | |
| | |
Command } }Auto precharge starts‘ !
| | | |
DQ | \Q‘Bl><Q‘BZ><Q‘BS><Q‘B4/
|
|
|
|
|
|

(tras must be satisfied)

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

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

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

e _ | L] I A

ICAS latency =2

Command i l
DQ i- ------ < DB1 >< DB2 >< DB3 >< DB4 > --

Auto precharge starts

Hi-Z
| |
: | | | | :
| | | | | |
! ! ! | | toPLving |
j j j j j j
| | | | | |
| | | | | |
ICAS latency = 3 | | | | | |
| | | 1AUtO precharge starts
Command ! WRITA B ! ! ! :
j ] j j j
l N Hi-Z
DQ Remmene < DB1 >< DB2 >< DB3 >< DB4 Va -
l—»
topPL(MIN.)

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

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

(tras must be satisfied)

Remark WRITA means Write with Auto Precharge

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

ICAS latency Read Write
2 -1 +tppPL (MIN.)
3 -2 +1DPL (MIN.)
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11. Read / Write Command Interval
11.1 Read to Read Command Interval

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

without any restriction.

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

e _ | L L L L b b b

Command

Hi-Z

DQ

A? i <QA1><QBl><QBZ><QB3><QB4>

11.2 Write to Write Command Interval

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

without any restriction.

Burst length = 4, /CAS latency = 2
TO
CLK |

Tl
i i i i i i
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | |
1 1 1 1 1
| | | | |
| | | | |
| | | | |
| | | | | R
L ______ N\ ! Hi-Z
DQ DAl DB1 DB2 DB3 DB4 ya i
|
|
|
|
|
|
|
|
|
|
|
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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

mmmmmegm——————

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

~ 2 o 2B
__m __m
> >
g £ g e £
L O L O
< <
)] 0
< <
Q S)

DQ

27
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11.4 Read to Write Command Interval

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

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

DQM i C N\

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

Burst length =8

/CAS latency =2

A [ Ny I I | O O B
Command i i i i i i i i
oM | 3 : —/ | \\\ i i

bQ ir ir Ti < dl >< Q2 >< Q3 >'H'I-Z*-Is--< I?l >< D? >< D3 >C
i i i i i i necessary i i i
/CAS latency = 3 i i i i i i i i i i
Command i i i i i i i i

DQ "',;}:;;;“‘(k p2 X 03 X__
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12. Burst Termination

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

burst stop command and the other is the precharge command.

12.1 Burst Stop Command

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

Burst length = X

CLK

Command

ICAS latency =2
DQ

ICAS latency =3
DQ

Remark BST: Burst stop command

During a write cycle, when the burst stop command is issued, the burst write data are terminated and data bus goes
to Hi-Z at the same clock with the burst stop command.

Burst length = X

Command

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

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

|

|

ICAS latency =2, 3

Remark BST: Burst stop command
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12.2 Precharge Termination

12.2.1 Precharge Termination in READ Cycle

During a read cycle, the burst read operation is terminated by a precharge command.

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

To issue a precharge command, tras must be satisfied.

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

Burst length = X, /CAS latency = 2

CLK

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

DQ

(tras must be satisfied)

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

Burst length = X, /CAS latency = 3

CLK

| |
| |
| |
| |
Command | |
| |
| |
| |
| |
| |
| |
| |
| |
[N d
| |
| |
| |
| |
| |
| |

DQ

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

During a write cycle, the burst write operation is terminated by a precharge command.

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

To issue a precharge command, tras must be satisfied.

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

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

S e s s s e N o Y
1 1 |

I S e |
I e e
e | L |
DM | | | | SN\ ::
[ | ]
N

| lLHi-ZlLJ
e |

L |

L |

| |

| |

|

-
o)
o

(tras must be satisfied)

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

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

CLK [ L L L b L b e T
oo L N
i | | | | ‘ o i i
DO — <D1><D2><D3><D4><D5> iHIhZ:L : :
| W

(tras must be satisfied)
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13. Electrical Specifications

« All voltages are referenced to Vss (GND).

« After power up, wait more than 100 us and then, execute Power on sequence and CBR (auto) Refresh before

proper device operation is achieved.

Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Voltage on power supply pin relative to GND Vee, VecQ -0.5t0 +4.6 \%
Voltage on 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 -20to + 85 °C
Storage temperature Tstg -55to + 125 °C

Caution

Exposing the device to stress above those listed in Absolute Maximum Ratings could cause

permanent damage. The device is not meant to be operated under conditions outside the limits

described in the operational section of this specification. Exposure to Absolute Maximum

Rating conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol Condition MIN. TYP. MAX. Unit
Supply voltage Vee, VecQ 3.0 3.3 3.6 \
High level input voltage Vin 2.0 Vec+0.3VeY v
Low level input voltage Vi -0.3N0re? +0.8 v
Operating ambient temperature Ta -20 85 °C
Notes 1. ViHmax) = Vcc + 1.5V (Pulse width < 5 ns)
2. ViLminy = =15V (Pulse width < 5 ns)
Pin Capacitance (Ta =25 °C, f =1 MHz)
Parameter Symbol Condition MIN. [ TYP. | MAX. | Unit
Input capacitance Ci CLK 25 35 pF
Cr AO - Al1, BAO(A13), BA1(Al12), CKE, | 2.5 3.8
ICS, IRAS, ICAS, /WE, UDQM,
LDQM
Data input / output capacitance Cio DQO - DQ15 4 6.5 pF

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

Parameter Symbol Test condition ICAS | Grade Maximum Unit Notes
latency x16
Operating current lcc1 | Burst length = 1, CL=2] -A75 110 mA 1
trc = trc (viny, [0 = 0 MA, -A80 110
One bank active -A10 110
CL=3]| -A75 115
-A80 110
-A10 110
Precharge standby current lccoP | CKE < ViL max), tek = 15 ns 1 mA
in power down mode lcc2PS | CKE < ViL wax), tck = oo 1
Precharge standby current lccoN | CKE 2 Vil viny, tck = 15 ns, /CS 2 ViH iy, 20 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = ViH (miny, tek = oo, 8
Input signals are stable.
Active standby current lccsP | CKE < ViLmax), tek = 15 ns mA
in power down mode lccaPS | CKE < ViL wax), tck = oo 4
Active standby current IccaN | CKE = ViH MmNy, tek = 15 ns, /CS = ViH (miny, 30 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = ViH miny, tck = o0, 20
Input signals are stable.
Operating current lcca | tek = tek (viny, 10 = 0 MA, CL=2]| -A75 145 mA 2
(Burst mode) All banks active -A80 145
-A10 110
CL=3]| -A75 185
-A80 175
-A10 140
CBR (auto) refresh current lccs | tre = tre (MiNy CL=2] -A75 230 mA 3
-A80 230
-A10 230
CL=3]| -A75 240
-A80 230
-A10 230
Self refresh current lcce |CKE<O0.2V -** 2 mA
-*L 0.8 mA

Notes 1. lcc1 depends on output loading and cycle rates. Specified values are obtained with the output open. In

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

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

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

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

Parameter Symbol Test condition MIN. | TYP. | MAX. Unit Note
Input leakage current @ 0 < Vi £VeeQ, VeeQ = Vee -1.0 +1.0 UA
All other pins not under test =0 V
Output leakage current loy |0<Vo <VccQ, Dour is disabled -1.5 +1.5 UA
High level output voltage VoH lo=-4 mA 2.4 \%
Low level output voltage Vou |lo=+4 mA 0.4 \Y,
AC Characteristics (Recommended Operating Conditions unless otherwise noted)
Test Conditions
Parameter Value Unit
AC high level input voltage / low level input voltage 24/0.4 \
Input timing measurement reference level 14 \
Transition time (Input rise and fall time) 1 ns
Output timing measurement reference level 1.4 V
tek
tcH | teu
24V
CLK 14V s Y /
0.4V -----mmmmeee —

fseTup | tHoo

Input 1.4V ><
04V -

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 |(133MH2) 8 (125MHz)| 10 |(10OMHz)[ ns
ICAS latency = 2| tck2 10 |@00MHz)| 10 [@OoOoMHz)| 13 (77MHz) | ns
Access time from CLK ICAS latency = 3| tacs 5.4 6 6 ns 1
ICAS latency = 2| tac2 6 6 7 ns 1
CLK high level width ten 25 3 3 ns
CLK low level width tev 25 3 3 ns
Data-out hold time toH 2.7 2.7 2.7 ns 1
Data-out low-impedance time tz 0 0 0 ns
Data-out high-impedance time| /CAS latency = 3|  twzs 2.7 5.4 2.7 6 2.7 6 ns
ICAS latency =2[ thz2 2.7 6 2.7 6 2.7 7 ns
Data-in setup time tos 15 2 2 ns
Data-in hold time toH 0.8 1 1 ns
Address setup time tas 15 2 2 ns
Address hold time taH 0.8 1 1 ns
CKE setup time teks 15 2 2 ns
CKE hold time tekH 0.8 1 1 ns
CKE setup time (Power down exit) teksp 15 2 2 ns
Command (/CS, /RAS, /CAS, /IWE, DQM) tems 15 2 2 ns
setup time
Command (/CS, /RAS, /CAS, /IWE, DQM) tomH 0.8 1 1 ns
hold time
Note 1. Output load
Z=50Q
Output )
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Asynchronous Characteristics

Parameter Symbol -A75 -A80 -A10 Unit Note

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

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

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

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

PRE to ACT command period tre 20 20 20 ns

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

ACT (one) to ACT (another) command period 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| toaz | 1CLK 1CLK 1CLK ns
+20 +20 +20

Mode register set cycle time trsc 2 2 2 CLK

Transition time tr 0.5 30 0.5 30 1 30 ns

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

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

Speed version -75 -80 -10
Clock cycle time [ns] 7.5 10 8 10 10 13
Frequency [MHz] 133 100 125 100 100 7
ICAS latency 3 2 3 2 3 2
[trep] 3 2 3 2 2 2
IRAS latency (/CAS latency + [trep]) 6 4 6 4 5 4
[tre] 9 7 9 7 7 6
[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
[toeL] 2 2 2 2 2 2
[toad] 4 3 4 3 3 3
[trsc] 2 2 2 2 2 2
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13.4 Mode Register Set (Burst Length =4, /CAS Latency = 2)
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13.5 Power On Sequence and CBR (Auto) Refresh

Cloc(k( cycle is necessary
Sa ‘
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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)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 | T11 T12 T13 T14 | T15 | T16 T17 T18 | T19 | T20 T21
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Random Column Read (Page with Same Bank) (2/2) (Burst Length = 4, /CAS Latency = 3)
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[Ra ' 2 c
o =) o @
s S R I R SR SRS R R || <~ EES
o < S Em
a o C S5
o = Y oL
c L]
m [ [ | —— —
=
— =]
g F 983
= T 8¢
W e - - - - .W € @
z 285
o
) = T ﬁ oL
|-
e S - s -
£ WNQ
] -
o
c
©
] %]
s £ &6 § & % % % 3 g
5 O O < = < o o < [a]
]
—
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Random Row Write (Ping-Pong Banks) (2/2) (Burst Length = 8, /CAS Latency = 3)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 | T13 Ti4 | T15 | Ti6 | 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 i
| | | | | | | | | | | | | | | | | | | | | | |
T T T T T T T T T T T T T T T T T T T T T T 1
| | | | | | | | | | | | | | | | | | | | | | |
CKE 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
T | T T | T T T T | T T | | T T | T T | |
/ c S I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | | |

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

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

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

i i i | | i i i i |

R RIIRLY O T T SOOI OTITOTITITITI AN R Ry
R R R RRE R
JRRRIRRRRISEILLLKY RRRRIISILLLLRRRIIRLLLLRRRRIILLN
: *

T T T T T T T
| | | | | | |
| | i | i | | | i
OTOTETITIITOTD, ' T ' R ' OO TOTRITITOTOTITINS, ' T
IRAS S35\ 1 f : Y e A Y o sssssssssssossos NI scssssssossssssssioss A oot iosioss
CIXRIXXRN | ' ! £RRRRIIKKIIRKKK ' ! ZRRIIXRIOICIIIIKN | ERRRRIRKRISECRI ' RRRILRR
* ; ; ; | * ; ; ? ; | ; * ; ; : : | ; |
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
Ty 0 T ! T X % SO AR 0O ORI, ! " R T RRIIDIIITTT ! !
ICAS 58888 | SEESISIIIIIIIN 1 LS o KT RSN l SSSISIISST 1 CEBSISEIN 1 s
RRREY H odeds dedetedels, \ 202030203008 otetodels 2 Xt | KOSRSISSIELKEIKEKKN \ | CRRRKKN] | KRR\ H SRR H
' | * ; " - ¢ ' " | > : " | | ; ; " ¢ |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
r | r | | r 3 | Y, |
IWE B e N s A : B A N .
I RRRIRRIRRIELILRIRKN | RRRRLRRRRLIRLRRIHRLRRIKLHRRRLKKKY I | | RRRRKLRLRLRRRKRKY I RHXKRRRLRRIRIKLIRE | RRIRRRREAN 1
| | " " " " | ¥ * " ; '
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
RRTXD i R i BRSNS % 7 i RRRRIIBIRIN i BRI ! [IRRRRILY
BAO B\ | S N 555 2 7 : R 2oossannesss NN woosssnssss N < A
SRIEEKIEIN | JRRRRIIILILLLEIN | JRREKK oo%s % | | | CRRIKIZKN | JRRKEEIEIIBNRIIN 1 fosX8IE] I
i i i
i i i i i i i i i i i i i i i i i i i i i
i i i i i 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 RS TR IO [TIIZZTTY
BA1 S tatatatetatotols ! Rt tatatetetetotot N e e ottt tatatotatatotototete’ AN e tatatatatototete! ! RXXXRXRN ! SR IIIIEIE ! I IIILIIII ! £35S !
NI s NI e I s S v N s N s N s
tatetetetetetetetets NI R 1 R0 ! I ! otototetoteres NI ‘oot ode et tetetetetetotetotots) TR /0022002020205 200020% % 24%4% NI 2020203020300 !
| | i i | | i i i | i | | | | i i | | | | i |
i i i i i i i i i i i i i i i i i i i i i i i
| | | | |
OOTOTOTOTITOTTOe, | OO TOTOTRITITOTO, i LTI | IR ST ITOTOTIITITITON i LTI i
A10 TR | E20000 L R | T s N v N
RRRSESIRISEIN 1 RIXIIKRRSESEIEIIEIN 1 XXIRXIIN 1 JoIILEIEEKEKSS RRXXSSIIEEEIRKEN 1 RRRIKBIN 1

O IIRRRR
IR,
0%, LKL
|
|

X RIRKII I I KX fLOCKRIKRKIRK AXKIK IR AKX XXX XN XX KICKIKIRK KKK KHK XY <KX XXX IHK I IICHKIHK X KIK KKK 30X KKK RKIHKIHXK K
R BRIRE5) s s BRI 3 R IISI) ERRII5,
X XXX KKK KKK KA 000 00 0 0 00 00 00 0 0 0 0 0 00 0 0 0 0 00000 % RS EK KKK 00000020 00000000 20 0 000 0 0 00000 X RXRKKRKKS RSRREEEEEKEKEIRRKS

30X

(DAalXDAazxDAa3XDAa4XDAa5XDAa6XDAa7XDAa8XDDa1XDDa2XDDa3XDDa4XDDa5XDDa6XDDa7XDDa8XDAb1XDAb2X:
f f f T f f f f

Activate Write Activate Write Precharge Activate Write Precharge
Command Command Command Command Command Command Command Command
for Bank A for Bank A for Bank D for Bank D for Bank A for Bank A for Bank A for Bank D
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13.16 Read and Write (1/2) (Burst Length =4, /CAS Latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | Ti1 T12 T13 T4 | T15 | Ti6 | 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 |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
T T T T T T T T T T T T T T T T T T T T T T 1
| | | | | | | | | | | | | | | | | | | | | | A
CKE oH ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I . I . . I I I . I . I . I . . . I I I I I
" I " I " " " " " " I " " " I " " " " " " " |
ICS I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I
I ] I ] I I I I I I ] I I I ] I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
. I . . . . . . . I . I I I . . . . . . . . I
TEXZZZA I X T T
RRLLLLRRS R0 R RRRRRRIRRRIIRKL ! R R RRRRIIRRRIRIXKK
Ras EEEER | L | T GG T G
. I R R Y I JeteteteteleteteteletetetotototetoteototeY I 12626202020 202020 %0 0 0 te e o o o ote o o e e oo ot e e ettt e e e e e e e e e e e e e e e
0 T ] | ] ] : : ; - | 0 Y X | 0 ] ] ] T T : d
I I I I I I I I I I I I I I I I I I I I I I I
| | | I | | | | | | I | | | I | | | | | | | |
Polotetotelotetote?. ! : OO e et e et e e et oot et o te ot totetotetotetotetotetotetotetotetods : R R RRRRRRIIRRRRNN : e et e e e e e et e e e e et e e e e e e e e tote e te ot e tetotototetotetotototetotototetetodeds
ICAS IRKRRLILRKY ! ! KRR RRIILLRLIIHLLRIIIIS ! RRRRRRIRIILLLRIIILLLRN ! R R R RRIIIIRLRIIIIIXLRLIIILIILLLIIIL
KRR ' TR /o%620to o eSe2e 200 o o e 2e 0 o o ot 2u 0 o o e e 20 0 o oSS0 o ot TR o%oe%0to o eSe%e oo o oS0 o o e %% 200 NMIND o200 totototetetetotototeteetototote e o otote e to o o ot e o o o eSS0 ototetetetutotetotetetetototetotetotots
I
] I ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] I
| | | | | | | | | | I | | | | | | | | | | | |
XN 0% %% %% %% ! oo %% % 0% %% %% %0 %% % % % %% o% 020 %% % % %% 2% %%
we BT ! RIS R s I S s
RS ! ! KIS ! LIRS ! N R RRRRIILLLLREIL QKL SRLRRIIEILLRRS
XY ! ! QRIRLLLIIEKL ! TSI IIIIINNNI ! | 0a0a%at st atatataVatetetetatatals Ta% KRR
I I I
I I ] I
I I I I
I I I I
TR [ERRETR I TIIIIITLS TR [z T EETETTS D T T ITTTTE %
20N I I I IR I 5938 2 I BRBRDD OO 00
BAO A R\ BT B
e Wl QK | SRR | LRI | JRRRRREERRRLRIEEIELKIRAIEKRRAL
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 I I | I . I I I . I . . I I I I I I
~~~~~~~ I TRIILS I R EL L EE XTI T T I IIITITTITTI TR TS I IR RTIIRS I LTI TIEIIT I TERT TR T R RR TR T L L LRI LLLLLLLLLLS
BAL S ‘ I s NN o I
| | e 0202t 0 20202020 % 2o %0 20 %0 0 0e%e % 2o e et tete tete e tetetetotetotetete tetetede | 0200502020502 0502020 %0 %2020 e %o % %0 | 00002020 0t 2o e 0 te % % 2o Re e 000 % Do e e Lo te Y totetotetotetotetotete et totetetetotetote tote e tetete totetetetels
& a0a%a%%a%a%! 00a%a%a%%a%%% % Pa%a%a%a%%%a%% X R RKKKKK 0000 %a %009 % 0a9a% 24909490 %%" %00t %%
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
TXZZZZN [0 TR
XL JRRRRRRN I S I IIILIELIKIIIIN I LR RRRRIIRLLLLRLLRLLLLRDN I R R RRIIRIRLKKK
LKLY fR3K S e e tasasetetetatetatatetetatotet, fRRRIRRLLLLLLLRLLRLLLKN L O e S ERRRIIIRIRRIKKK
CRLLLLLRK) Ssistotetetete. I CRKRRR SaSesssatatatetatatetetatetotototete, I RRRRRRRLLRILLLLLRLLLLLK) I LRI R RS
Al0 XXXRIIXKKY RRILLRRL | R RILRILLRRIILLLRRAIKN | £ RRRRRLLLRIIKILLLRIILK | R I IRRRILLRIIIIILLIILLLK,
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
TITTZTITN TN R T TTITITIN LT
ADD  SKX0555K I8 sy I35
Batotetetetetetete! Ottt atatatetatetetetatatotetatotototototototototototototetel R RRIIRRRRRKS RO RIS,
SRR 2222202020202 2020202020 t0 e tetete e e e e oo oot ottt Rt tetetetete R R R IR,
| " | " | " " " " " 1 | |
I I I I I I I I I - _ I I
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Write Latency = 0 ‘
I I I I I I I I I ) \ I
I I I I I I I I I I I / \ I
LDQM L I I I I I I I I I I I
. . . . . . . . . . . .
T T T T T T T T T T T . T
I I I I I I I I I I . Word Masking
I I I I I I I I I I I I
UDOM I I I I I I I I I I I I
I I I I I I I I I I I I
Q L | | | | | | | | | |
A A A A T ' Word Masking
I I I
|
I

DQ

(lower)

-----{Qaa1) QrazX QaazXQAad)----{DAb1Y DAb2Y X DAba)---
| | | | * | * |

.
.
'
'
'

'
-
.

.

'

'

'

.
o

S SN cyenreryY cyee N ren S ey g Vvn

Activate Read
Command Command
for Bank A for Bank A

f f

Write Read
Command Command
for Bank A for Bank A
Hi-Z at the end of wrap function 0-Clock Latency 2-Clock Latency
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Read and Write (2/2) (Burst Length = 4, /CAS Latency = 3)

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

CLK

CKE ' H

ics \/

" "
I I
I I
I I
I I
I I
. I
R R RIS
R R R RIS
KSR KRR SRR RS REREE SRR K EEREREK KKK KKK KS
R R KRR
: ; ; l ¢
I I I I I
|

| | |
I I I
. . .
T T T
B R R RN
IRAS ! e A
I I \efotetotetetotoletetetotetetototetetetots?, I
" : I T T I X X ? I : : T : ; d
I I I I I I I I I I I I I I I I
| | I | | | | | | I | | | I | | | | | |
ICAS I s NI - NI - N
) A
' Solototetotetotetotetetetetote ' ot e et o tete et e tetotetetetotetotetetetetetotesetotetotototetototetotototetoteteototetotetotetetotetes ' (2020203020256 202002t tetetetetotetotetodete, ' e e et et et s Lot et tetete totetotetotetetotetotetotetototetotetotetetote?
I > > T T : - - ; * * T ¥ ¥ > T r > r T : |
I j j j j j j j j j j j j j j j j j j j j |
| | | | | | | | | | | I | | | | | | | | | |
T 595% LT LTI LS Z> 2 ' [TXTTIXILLLS 9%
IWE y OSSR 90000t 131909093909090000 Y e raratinasisssios LS
QKK 0020t ot totetotetetote%e?” R IR KIILEKLLLIKL ! REIKLIKK, QKKK
| $a%a90%9a929490%%% o92%a%0 % YaYaYa VI Ia IO I NI IaI % ! | SISO NNaY% % $a%0%02%a92%a%0%%9a%a%
! I ! I I ! A A ! I A | I A A A I I I A A ! |
I I I I I I I I I I I I I I I I I I I I I I I
I I I I
R ! R R RRERD ! o 090 00009 020 A S0 T%0%% ! R R R ! TRRRRIIRX RRRTIRTTR S 0%0%%s
BA1l LKL | 200t tetetetetoteteteted, | oot e e e g o O O o g e e ot Lo te o ta S e S o tattatotetetotete ooty | 00t 0200 te e te s tete o tetotetotetetetetols | OOt e e et e O e St Lot o Lt tate totetotetotetototes
RRLRRHIIN i % i B R SRR IEIIRRRRRIEILLIIIRRKN) i G IRRRRILEEILELIRRRLLLLN i RS IIIRRLLLLLEKIIKE,
%6%%a% %% %% | 9a%620%0 25003020 %6% %% ettt et ta Y tata et Ta et Yate 0% et Tt Y tatetete v tate ettt Attt et atetetatetatetetets a0t YTt Ittt et Ia% 0% %6%%% VI /a9 %% 2e %3 tattaYe et %% R,
" T T T T | ' " | | ' l T ; ; T T \ 7 | | ]
I I I I I I I I I I I I I I I I I I I I I I I
| | | | I | | | | | | | I | | | I | | | | | |
ST ! ! TR IRITIITT TN i
2K RRIRRLSIEIN I B R R RIRIRRISIIRIRIEIIRKN I R SIRRIIREIIRREIIK I R R SRR
KN a0t tatetotetetatote%s, S S ARSI ot s tatetete et atotetatatote e oatets! R SRR
Al0 Sasotsterssatotesy o0tosetatotetesetetetesetotots I S S S ERIRIERISIIN I o stesatatotetetatototosetatotesetotototesed I S SIS
2K R A R A | S R SIS | R RRRIRXIERIIK | R RRRIRRXIIIRK
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
XK R RKLRRN X KRR XKL R KK RKXN B XK K KRR X KR HXK K XX KR XK KX KRR KK R KKK KKK KKK KK KKK KKK K KX KRR KXN XS SAEK KKK LR R HKERHKLL KL LEXHERLEKLLRLHKRLKHKLLELX KRR X KK XXX R KK XX KK XK KX KKK KKK,
ADD 55555 I, R R IR, RIS R EEIEIRRKK
RRRXRLLKY SRRRRLXLLIK AR R R R R R R R RIKLIEIRKA] AR RERLISIRKRLRILSY KRR R R RRIIIRIKRKLRLIIRKK
SRS X R R R RRRREEEEY ¢ J
| " " " | | |
! | ! ‘
. |
LDOM Write Latency =0 /— T\

Word Masking

/ T\

T T T T

Activate Read Write Read
Command Command Command Command
for Bank A for Bank A for Bank A for Bank A
Hi-Z at the end of wrap function 0-Clock Latency 2-Clock Latency
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13.17 Interleaved Column Read Cycle (1/2) (Burst Length = 4, /CAS Latency = 2)

CKE o H o ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
| | | | | | | | | | | | | | | | |
i i i i i i i i i i i i i i i i i
i i i i i i i i i i i i i i i i i
I i I i i i I i I i i I I i I I |
| | | | | | | |
ICS i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | |
! . ! . . ! . ! . ! . . ! ! . ! ! !
| | " " | " | " | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | !
! ! !
TN [T ORI RS R f TN R TR
IRAS S8 1 L& DRSS R s D ESKEIEIISIIN 1 SIS
SORODIIION 1 JRRRRKKS ' ' RXXXXXS ' KXRXXXXY ' KR ' | RRRRIXRRLRRN 1 f0IAIIIKIIKKN
1 1 1 e 1 — 1
| | ! | | | | | | | | | ! i |
| | | | | | | | | | | | | | |
| | | | | . , . . . ,
IR 1 RN i i SOOI i i | SRR T IR IRITXIDIS
cas TR A | B N ‘ ‘ I s A
XXX ! XXX ! 1R ! ! ! ! R ! \CERRRIIIIIIIXKKKRK,
i i i i i i | i i i i i T i i | i
| | | | | | | | | | | | | | | | |
i i
SRR 1 R 1 XIS 1 KRS TORRIRRIET T KRS NSRRI ! EIRRIRIRIIXKKSN ! R SRRRRIIIKXRIRK
IWE fatototetetetotots AN Sodatotetetetels | RIRRKKS i ogessteretese’ A ! RERRIRKKS [ vSesesssessssse AN Codetotototesels i i S R55459%8 i IRRIIKRIIRIKLIKR
CRRRILK I RSRRRXKS I \XHXIRXKS I SRR I I K RHIEES I RRRRR I RXXXRXKY I I RRERRRIIILLIRKN I R RRIRRIIRIKLLR
SXRRXKXXXY | XXX | RRXXXX | R9.0.9.9.9.9 | | KKK | \SXXXXKY | R | SIS IS SIS II9.9.9.9, SIS IS OIS0,
i | | | i | | | i | | | | i i | | , |
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
| | . . . . . . . | |
SERRTZIIDN i ! [ 07090 T R T ORRRR i i B R R 1 RIS,
BAD el ! DR DRy R I s I e
y ) /
pfatetetetetetotets. N . | R | | X0 | Je%etetolete% . . ofoleletetetetoleletetetotel |  Sefetetetotoletetetototoletetetetots
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 : . :
RRXZZIIXN ! ! L T IR IR ! ERRTRTZS ! OOy R RRIIIIITIITTRKS
BA1 53BN i i i NGRS i [ CeSeSotstotosety A KRR i RRRXKKS i i fRREIIRKK ! SRR
SRR | sy R R\ £\ Ly s
A ! | Sotolelelet | ! 220202020 ! % K i ; Y, i 20200 o 0 20000 20200 0 02026}
; ; ; | ¥ | | | ; ; ; | ; ; ; | ; ; '
i i i i i i i i i i i i i i i i i i i
\ \ | \ \ | | | \ | \ | | \ \ | \ \ !
! ! ! ! ! ! ! !
RT3 TN LTI TTTTITZLBLZI TR LI LLTS
A10 : N | : - R R : s W
| SRS\ 1 | | RRRRRER 1SRRI | | e aasess, | LRRKRIRIIKK XIS
| | | | | | | | | | | | | | |
| | \ | \ | | | \ | | | | \ |
0% %% %% 0% %% %% % % %% %% 2% %% 020 %% % e v v % o
RN 35 0 ORI
ADD 30300000505, QR (<X QRHRRRAIRR QR HIRRIRIIRRANKS
NXRIXXKS R QX 30RO
KKK '%%a% Y% 000 Y Y00t a0t ta Yt ta Y a0t a YN Iat At NIt IAI Y IaINaIatta%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 i i
LDQM | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |

Hi-Z

DQ  -eerdeeestedemeeendeeeenhecee e (aan Y Aa2 W Aa3 X Aaa X Da1 X paz X b1 X Db2 ) De1 X ez X abs X Ab2 X Da1 X a2 X pas X Dd4 )

! ! ! f

Activate Read Read Read
Command Command Command Command
for Bank A for Bank A for Bank D for Bank D

Activate
Command
for bank D

f

Read
Command
for Bank D

f

Read
Command
for Bank A

!

Read
Command
for Bank D
Precharge
Command
for Bank A

Precharge
Command
for Bank D
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ELP
IDA
5128

T

—
N
-
I - Woteds
m N w““NNNN 2
- X% 6009
-- Sadelede 000%“
--- kX% 58 20398
- KxxX 000000 oo
o -Noonoo 353055 RXRN] %
— --- woonoon --- nwonno NQ“NQN %N%N
— - - v%oooo XXX 3559 250K ] -
- 250505 105:%% I L ote%s wosese
. ] S5 5 -
. Sl Koo 0% XXX~
- 0 00"00» oo I 000l S fo%atets \
B o000 XS Sos0se Y etose 5% 1005
«© ."oon% XXX N%N‘o N%noo 530S vn%noo \\
— - -ooo%o I 155555 3] 000000 R oS \\\
T 5% XK QXL XXX XXX 55 \
= o X 000000 ] KK 5 - 55355 \\
- |- 29599 DO ety I elels \\
- Sededese oon%n R oo 0% e \
- Seelele 3 RRX] RRXX RS %00000
- 508 oo%on ] Dao%es 0% (S -
R 355K 9505 ReSoeSs XS 100
~ - -“%w% - 555855 noouoo noonoo _ S v»%n% .
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13.18 Interleaved Column Write Cycle (1/2) (Burst Length = 4, /CAS Latency = 2)
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Command Command Command Command Command Command
for Bank A for Bank A for Bank D for Bank D Burst Stop Command for Bank D for Bank D

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

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 | T11 | T12 | T13 | T14 | 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 1
CKE | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | |
| T | T T T T T T | T T T | T T T T T T T T |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
|
T R R R IR R R KRR R R R RIS
i LRI i e e e et et tetetetotetetotetotetetotetotetotetotetotetotetotetotetotetetototetotete s’ i OO o s et tetetetetotetetete tetotetote? i e g e e e e e e e o e e o et gt gt et o te S o te s o tatototatetotetetotatetotatetotetesed
RAS A NS Sy | NS
LR ! SEBEES R ! RS ! R R
T ! | i | | T T i | T T i | T T i T ! T i | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | |
! TS S R TN ! T T T AT T T T T T T ! OO OO OO O OO OO OO OO OO oreeed
I RN I oS et et a S e oot atetess, I B IR
R RRIILRRIILLRRRILLLLRKN 0 RRRRIRLLRAILLLRAIILLLN R R RRRIIRLRIRLLRIILLLRASS)
| e oot etotototototets, | B e tetetetete, | R I RRIIIIIEIEKEL!
T | T T T T T T T T | T T V | T T ; | | |
| | | | | | | | | | | | | | | | | | | | |
|
] R LIRS | RIS 1 SRR R O R R RIS
/WE I B e e e e sttt statetetetetatotetotetototetetotetototeds. I et et otetetotetototetetototetotetetote?. I R ISR KR KRIKIKIKES
I R RIRIRLLIIILLLKN I f R R I KRR R RIS
| LGS SOOI 0.0.8.9.3.0.0.9.8.9.0.0.0.8.0.3.0.9.0.9.9.3.9.0.0.9.9.9.9.9.9.9, R R IR X XX XXX XXX S | NGOG OIS0 G000 9. 809099090 I 0080000090809, 9.9.9.9.9.9:3
i T T i | T T | | I T i | | T | i | T T |
| | | | | | | | | | | | | | | | | | | | |
| R SIIRRE RS | | RRRRRRI. S RIIIIR
i 0%6%%% %% i i 0% % %% 00%0%%% % %% %
| T i | T | i | | T T i ! ! T T i |
| | | | | | | | | | | | | | | | | |
BAL RIS | ! B I
oSO etninitoaried ! ! KRR
BRI LRI ! ! 0o e et T0 et a e e ta et e e et e tate e et 2% %Y eteteted
i | | i | i i | i i i | i i
| | | | | | | | | | | | | |
[RTIITIIXS TSSO IO ! RO OO OIIIOOOIIINOD, !
A10 LRSS CIILLLKEILLLRD ! R 5RRLLRIEILRIIILLLIIN ! G RILRIIIILRRRKL SRLLRIEILIEILLR
RS R S N e N e ]
LR RN R R R 1 LR R R R R
i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | |
""""""" 00 % %02 2 YTt S O L S S 9 %0 % % % % % % % Y %%y 2% %% %% %% \' o% XSSO
3003009030 0REILRLRILRLILRRIIKRKKK KR 303003030000 RICICRRIRKKKS
ADD RKRIIIIIRCRKS R o J230035 IR
R & RSB REERSEILE
AAAAAAAA %’ 000767076 00007044 XX
| | | |
‘ ORISR,
LDQM | s
! 19020 %% %a9a%a9a0a0a a0 !
| | | |
| |
T i TITZIZ,
R RRRILLRIILLLRK] I RRRLLR
|
XX X X X X XX XXX XS %
; | T T

DQ

(lower)

DO ! !
(upper) (

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
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IZA

(0'T 19A) OTNSYE03 193YS ®Bleq

Byte Write Operation (Burst Length = 4, /CAS Latency = 3)

TO T1 T2 T3 T4 TS5 T6 T7 T8 T9 T10

T11 T12 | T13

T14 | T15 | 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 I
| | | | | | | | | | | | | | | | | | | | | | |
T T T T T T T T T T T T T T T T T T T T T T 1
CKE I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I
I | I | | | | | | | I | | | I | | | | | | | |
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I
! I ! I I I I I I I ! I I I ! I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I
RS R R R R R R R R R R R R R R RRIRRKY R R R R R R R R LRRS
! s A K R R R R R R R IRIRIRILIKIRIK 1 R R IRIRRLRLIRIRIXZ S ! R R R R R R O R SRR R IRIRILRIXKR
RAS 3RS IS RIS O O IIIILIKIREIK
| RRRIRKS I KR R RS IRIIRRILRIKIIRLKY I K RRRILRRIIIIIILRRLLLKS I R ISR,
LRRRRA ' KRR RS ! KRR ! ‘o2otetetelelelelole o o o 0t0te 0202020 e e e R0 0 Rotetatete e el e ol o 0 o tutetetete e e e o e o o oo e tetete]
| " I \ | | " " | | I " | | I " | | " " ' | |
I I I I I I I I I I I I I I I I I I I I I I I
I I I .
] TRRRTN I R R R SRR RRRI DT TLTTN | B R RRRIIDIITZN | 2 TR RN
| R | R O IIEIRIIIKILKIILKN | S ISRIRIKIIILLRD | IR
RN S S EREREERRIKED RIS BBLILLLIRN R IBEIIIIILLRRS A BKIKAK,
B < NI s NI s N
| XXX DODD LG E9.9.0.9.9.9.9.9.0.0.9.9.9.9.9.0.9.9.9.9.5..0.9.9.9.S.0.9.9.9.9.. RIS G000 OO0 0.0.9.9.9.9.9, SO D OGO EO 09000 00.9.9.0.0.0.9.9.9.5.0.9.9.9.9.0.C.0.9.9.9.0.0.9.9.9.9.9.0.0.9.9.9.9.0.9.9.9)
I ] 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
I
i RRRRRRIIS 1 KRR RIS ' RIS 1 KRR R R RIS
IWE I RSKHRRRAKS I oo e oo e e s o oo oo S It tatatatatobodototods I RIS I RC IR
I \KHIERRK I KRR IS IIRIKIRIKILKILN I LIRSS I R IR
| XXX | VOIS IIS IS IS II SIS0 0 9899999099, 9.99.9.9.9.9.9.9.9.:9.9.9, SISO IS99 0.9.9.9, | OIS IS S IS99 9909099993999, 9.9.3.9.9.9.9.9.9.9.9.9.93.9.9.3.9.9.9.9.9.9.9.9.9.
I | I | ' \ | | | ' | | | ' I | | \ | | | ' \
I I I I I I I I I I I I I I I I I I I I I I I
] RRERRRR 1 R B e S I es ] RS ] B e e e e S S e e e e S Iy
BAO I \XRXIRES RS 0K C50RIRIIIKIIIEIRILRIILIIR I RIS I ORISR,
I REKLXKS I KRR 0 IIIIILLRKS | SRR | R IIRRRRRIIIIIILLLRLRK
i %%a%a2a%a%¢ i R KK R (6% %% %% % e %% $26%0%%0%%6%%%%' i 0000 a0 et 20T 2T % et 0% %% 2T %2006 1% %% %00 26 0% 200 %% %02 %6 % 2% 2% 2670 %%0% %% %% %% %
I | I | | | ' | ' | I | | | I | | | | " | | |
I I I I I I I I I I I I I I I I I I I I I I I
2R % R RRRIIIRS JIRRZS R R R R oS RSTT RK
BA1 i dodede L QIIRIRIELIKEK, < i pteteteletede? i R R R IRIIRIILLIIIKKLS!
' IR IRIIEIIRKILK ' SRR ' R IRKIRKKI!
! 02000200000 % %0200 20 % 202620 %0 2020042262024 %6 % %0 2026202265622 30 %202 2% 2o e % 3e %Y, ! o%0%6 %50 % 0% ! D200 2000 20T 2000 20000262 20502002042 20%6 2696276224926 5626762562262 %4 % %6 %6242 %6 % %4% %Y
I I I
I I I
7 R ! R R R R R RLLZRRZLR ! ! R R R R R TR ITRZRIRZK
2N I RIS KIIIZILN I I S REKIIKIKIRS,
LR I R RIS I I R R
Al0 % ’:::‘:;:::0::‘« ":"332%:t‘&‘tv;::&:t%*t‘t’.‘t%*.‘t’&‘tz&‘t*32%%‘3:.*.*tzo*t@:.‘t%*&3323:‘1* ":o‘:‘:‘0:::0:0:::0:0:::3:‘::0:::0:0:::0:0:::02:‘::0:::30:::;;::}:”
XX XXXXN ! RGN L LGS L L L.0.9.0.0.0.0.0.0.0.0.0.0.8.0.0.3.0.3.0.8.9.3.0.0.9.0.0.8.0..0.0.0.0.9.9.9.9.9, ! ! RS G LG L OGS0 O0OO OO0 0.0.9.0.0.9.0.9.9.0.9.9.9.9.4 O
Y% % RS T T T e % R R R R RRIL LRI LTEIZZRTLLZLZTILZLZRZLLERLLZLETLZRRLL LTI
SRS o OO et o tete totetotetetotetotetetotetotete! detotetetotetotetetotetotetetet OSoteteteteteds e e e e e e e e e e e e ot ot e e o ta e totetotetototototetetotetototototetetotetotetetotetotetedes
ADD LRRE ’ R RRILRIILIKLEIL KRR 3 R IIRRIILRRIILLRKA
SN, 0 IR IR LIKIIIIIIIKKKS aosogeededs 00000 R R R KL RIS
et 262600065655, 090%0%%%% %% %% £90% %0 20 0070909090902 % % % % % %6 9696%6%0%0%0%6%%% % %% a%%%% % R R R R R R KRS
| | | |
| | | I | I I |
I I I
I I I
LDQM ‘ ‘
| | |
T
]

XKRRIRRKKIRKIKIRRKHKIIKICHKHKKK :
DM /| \
3 | Y ! Y
(lower) | |
S S S PO S R )( )( )(
(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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Full Page Random Column Read (Burst Length = Full Page, /CAS Latency = 3)
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13.26 Full Page Random Column Write (Burst Length = Full Page, /CAS Latency = 2)
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Full Page Random Column Write (Burst Length = Full Page, /CAS Latency = 3)
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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 (Il)

Unit: mm
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54 28
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O —
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1 27
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— 8_ o 0.60 £ 0.15
o

Note: Dimension "A" does not include mold flash, protrusions or gate burrs. Mold flash, protrusions or
gate burrs shall not exceed 0.20mm per side.
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15. Recommended Soldering Conditions

Please consult with our sales offices for soldering conditions of the pPD45128xxx.

Type of Surface Mount Device

UPD45128xxxG5 : 54-pin Plastic TSOP (Il)
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR MOS DEVICES

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

@ HANDLING OF UNUSED INPUT PINS FOR CMOS DEVICES

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

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Power-on does not necessarily define initial status of MOS devices. Production process
of MOS does not define the initial operation status of the device. Immediately after the
power source is turned ON, the MOS devices with reset function have not yet been
initialized. Hence, power-on does not guarantee output pin levels, I/O settings or
contents of registers. MOS devices are not initialized until the reset signal is received.
Reset operation must be executed immediately after power-on for MOS devices having
reset function.
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The information in this document is subject to change without notice. Before using this document, confirm that this is the latest version.

No part of this document may be copied or reproduced in any form or by any means without the prior
written consent of Elpida Memory, Inc.

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

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

[Product applications]

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

[Product usage]

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

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

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

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