DATA SHEET

ELP’DA MOS INTEGRATED CIRCUIT
1uPD45128441, 45128841, 45128163

128M-bit Synchronous DRAM
4-bank, LVTTL

Description

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

The synchronous DRAMSs 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 (ll).

Features

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

 Possible to assert random column address in every cycle

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

« Byte control (x16) by LDQM and UDQM

» Programmable Wrap sequence (Sequential / Interleave)

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

* Programmable /CAS latency (2 and 3)

» Automatic precharge and controlled precharge

» CBR (Auto) refresh and self refresh

e x4, x8, x16 organization

« Single 3.3 V + 0.3 V power supply

¢ LVTTL compatible inputs and outputs

* 4,096 refresh cycles / 64 ms

« Burst termination by Burst stop command and Precharge command

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

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

Document No. E0031N30 (Ver. 3.0) .
Date Published August 2001 CP (K) ©Elpida Memory, Inc. 2001

Printed in Japan Elpida Memory, Inc. is a joint venture DRAM company of NEC Corporation and Hitachi, Ltd.



ELPIDA LPD45128441, 45128841, 45128163

Ordering Information

Part number (wo?(;gj rkliiﬁtitc))gnk) CI:ACI-Tzfr(vAu;?)CY Package
LPD45128441G5-A75A-9JF 8M x4 x 4 133 54-pin Plastic TSOP (Il)
[PD45128441G5-A75-9JF 133 (10.16mm (400))
[PD45128441G5-A80-0JF 125
LPD45128441G5-A10-9JF 100
[PD45128841G5-A75A-9JF AMx 8 x 4 133
LPD45128841G5-A75-9JF 133
LPD45128841G5-A80-9JF 125
LPD45128841G5-A10-0JF 100
LPD45128163G5-A75A-9JF 2M x 16 x 4 133
LPD45128163G5-A75-0JF 133
[PD45128163G5-A80-9JF 125
[PD45128163G5-A10-0JF 100
LPD45128441G5-A75L-9JF 8M x4 x 4 133
LPD45128441G5-A80L-9JF 125
LPD45128841G5-A75L-9JF AMx 8 x 4 133
[PD45128841G5-A80L-9JF 125
LPD45128163G5-A75L-9JF 2M x 16 x 4 133
[PD45128163G5-A80L-9JF 125
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uPD45128441, 45128841, 45128163

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 ]

Organization

16 : x16

Number of banks
and Interface

3:4 banks, LVTTL

6T
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— Low Power

Minimum cycle time
75A : 7.5 ns (133 MHz @CL=2)
75 :7.5ns (133 MHz @CL=3)

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

Low voltage

A:33V*03V

Package

G5 : TSOP (Il



ELPIDA LPD45128441, 45128841, 45128163

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—ONC
VecQ O—3 52——OVssQ
NC O—4 51F—ONC
DQO0 O=——|5 50 =—=ODQ3
VssQ O——16 49 ——0OVceQ
NC O—7 48 —CONC
NC O—8 47 —ONC
VecQ O——9 46 [—O VssQ
NC O——10 45 —ONC
DQ1 O=——| 11 44 [«~—0ODQ2
VssQ O—— 12 43 ——0OVceQ
NC O—13 42 —CONC
Vee O— 14 41 ——OVss
NC O——15 40 ———ONC
IWE O—| 16 39 ~—ODQM
ICAS O——| 17 38 |~—OCLK
/RAS O—| 18 37|~—OCKE
ICS O——{ 19 36 —ONC
BAO(A13) O—=| 20 35|~—O0AlL1
BA1(A12) O—| 21 34|« 0OA9
Al10 O—| 22 33 |—0OA8
A0 O— |23 32|« A7
Al o— 24 31« OA6
A2 O— |25 30|« OA5
A3 O—— 26 29l«—0A4
Vee O——— 27 28— (OVss
AO to A1 Nt : Address inputs
BAO(A13), BA1(A12): Bank select
DQO to DQ3 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/CS : Chip select
/RAS : Row address strobe
/ICAS : Column address strobe
/WE : Write enable
DQM : DQ mask enable
Vcce : Supply voltage
Vss : Ground
VeeQ : Supply voltage for DQ Note A0 to A11 : Row address inputs
VssQ : Ground for DQ A0 to A9, A11 : Column address inputs
NC : No connection
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ELPIDA LPD45128441, 45128841, 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—14 51 ——ONC
DQ1 O=—+|5 50 «—>=0O DQ6
VssQ O—16 49 —OVceQ
NC O—7 48 ——ONC
DQ2 O=—+| 8 47 «=—>=0O DQ5
VecQ O— 9 46 —OVssQ
NC O—— 10 45—ONC
DQ3 O=—={11 44 |~—=0ODQ4
VssQ O— 12 43 ——C0OVceeQ
NC O—13 42 —CONC
Vee O— 14 41 F——0OVss
NC O—— 15 40 —ONC
/IWE O— 16 39 |~—ODQM
ICAS O— 17 38 |«—OCLK
/IRAS O—| 18 37 |~—OCKE
/ICS O— 19 36 —ONC
BAO(A13) O—=] 20 35|~—0Al1
BA1(A12) O—{ 21 34l 0A9
Al0 O—| 22 33 |—0OA8
A0 O— 23 32— QA7
Al O—]24 3l 0A6
A2 O——| 25 30 «—0OA5
A3 O— 26 29 l«—0OA4
Vee O—— 27 28}—QVss
AO to A1 Nete : Address inputs
BAO(A13), BA1(A12): Bank select
DQO to DQ7 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/CS : Chip select
/RAS : Row address strobe
/CAS : Column address strobe
/WE : Write enable
DQM : DQ mask enable
Vcc : Supply voltage
Vss : Ground Note A0 to A11: Row address inputs
VeeQ : Supply voltage for DQ A0 to A9 : Column address inputs
VssQ : Ground for DQ
NC : No connection
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ELPIDA LPD45128441, 45128841, 45128163

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

—/
Vee O——1 54 F—OVss
DQO O=~—>| 2 53 |~—>0ODQ15
VecQ O— 3 52 ——OVssQ
DQ1 O=—+4 51 [~—=0DQ14
DQ2 O=——+|5 50 =——>ODQ13
VssQ O— 6 49 ——-~0O VceQ
DQ3 O=—|7 48 «=—>=0ODQ12
DQ4 O=<—|8 47 «=—>=0ODQ11
VeeQ O—9 46 —OVssQ
DQ5 O=—-= 10 45 |~—=0ODQ10
DQ6 O=~—= 11 44 |~—=0O DQ9
VssQ O—] 12 43|——0VeeQ
DQ7 O=~—-=|13 42 [~—=0DQ8
Vee O— 14 41 F—OVss
LDQM O——=] 15 40—ONC
IWE O——] 16 39 =—O UDQM
ICAS O—| 17 38 |«—OCLK
/IRAS O——| 18 37 |~—OCKE
/ICS O— 19 36 —ONC
BAO(A13) O——] 20 35|~—0Al1
BA1(A12) O— | 21 34l 0A9
A0 O— |22 33}—0As8
A0 O— > 23 2| OA7
Al O— |24 3l 0A6
A2 0— |25 30| 0A5
A3 O— 26 29 l«——0OA4
Vee O—— 27 28——OVss
A0 to A11 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
Vce : Supply voltage
Vss : Ground Note A0 to 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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ELPIDA LPD45128441, 45128841, 45128163

Block Diagram

CLK O™ Clock
CKE O—» Generator
| ‘ Bank D
| ‘ Bank C
| ‘ Bank B
Row
Address Address _
\ Buffer | 2
od g & 18 o
ode Refresh 8 Bank A
Register Counter z M
. € il
Yy %7 B
! ¢ »| Sense Amplifier H

g S —
e 8 L Column Column Decoder & DQMm
15 o o . )
JIRASO—>[ & S Address »-| Latch Circuit vy
2 ° »| Buffer @
ICASO——>| & = &
£ S
IS O
o
@]

Burst Data Control Circuit
Counter

Latch Circuit

Input & Output
Buffer

(oe
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ELPIDA LPD45128441, 45128841, 45128163

1. Input / Output Pin Function

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

is valid; otherwise it is invalid. If the CLK rising edge is invalid, the internal clock is not
issued and the uPD45128xxx 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.

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

functions. For details, refer to the command table.

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

Column Address is determined by 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/0 buffers. In x16 products, UDQM and LDQM control upper byte and
lower byte 1/0 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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ELPIDA LPD45128441, 45128841, 45128163

2. Commands

Mode register set command Fig.1 Mode register set command
(ICS, IRAS, ICAS, /WE = Low) CLK
CKE
The uPD45128xxx has a mode register that defines how the device Ics
operates. In this command, AO through A11, BAO(A13) and BA1(A12) IRAS 58
are the data input pins. After power on, the mode register set ICAS 8%
command must be executed to initialize the device. WE B L
The mode register can be set only when all banks are in idle state. BAO(A13), BAL(AL2)
During 2 CLK (trsc) following this command, the pPD45128xxx ALl BR
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. RS

IS
KRS

BAO(AL3), BAL(A12)
A0 D

Add

Precharge command Fig.3 Precharge command
= - Hi ck 1 1
(/CS, IRAS, /WE = Low, /CAS = High)
CKE H
This command begins precharge operation of the bank selected by Ics

BAO(A13) and BA1(A12). When A10 is High, all banks are /IRAS
precharged, regardless of BAO(A13) and BA1(A12). When A10 is ICAS
Low, only the bank selected by BAO(A13) and BA1(A12) is WE R

%%

precharged. BAO(AL3), BAL(A12) Z3D L5

After this command, the uPD45128xxx can’t accept the activate ALO

(Precharge select)

command to the precharging bank during trp (precharge to activate Add

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

Data Sheet E0031N30 1



ELPIDA LPD45128441, 45128841, 45128163

Write command Fig.4 Column address and write command
(/CS, ICAS, WE = Low, /RAS = High) e LT 1L
CKE H

If the mode register is in the burst write mode, this command sets the Ics
burst start address given by the column address to begin the burst /IRAS
write operation. The first write data in burst mode can input with this ICAS
command with subsequent data on following clocks. JWE

BAO(A13), BAL(A12)
A10
Add

Read command Fig.5 Column address and read command
= - Hi ck 1 1
(/CS, ICAS = Low, /RAS, /WE = High)
CKE H
Read data is available after /CAS latency requirements have been ICs

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

address. ICAS 332\ AR
IWE
BAO(A13), BAL(A12)

A10

Add

CBR (auto) refresh command Fig.6 CBR (auto) refresh command
= - Wi CLK
(/CS, IRAS, /ICAS = Low, /WE, CKE = High)
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), BAL(A12)
During trc period (from refresh command to refresh or activate

A10
command), the uPD45128xxx cannot accept any other command.

0a 0 00 0 0 020 O O 9 0 0
1000000000000 0 0 000 0.0 9.0 %
Add KRR
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Self refresh entry command Fig.7 Self refresh entry command
(/CS, IRAS, ICAS, CKE = Low, /WE = High) ek LT 11
CKE ~— \____
After the command execution, self refresh operation continues while lcs TN\ L&
CKE remains low. When CKE goes high, the uPD45128xxx exits the /RAS ZZEN LK
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), BA1(A12)
Before executing self refresh, all banks must be precharged. AL0
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(AL3), BAL(A12)
A10

Add 5%

No operation Fig.9 No operation
- - Wi cek [ T L
(/CS = Low, /RAS, /CAS, /WE = High)
CKE H
This command is not an execution command. No operations begin Ics
or terminate by this command. /IRAS
ICAS

T,

IWE 3357
BAO(A13), BAL(A12)
A10
Add
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3. Simplified State Diagram

Self
Refresh

MRS

Mode
Register
Set

CBR (Auto)
Refresh

Power
Down

READ
SUSPEND

WRITEA . READA
SUSPEND I . SUSPEND

POWER Precharge
ON

Precharge

—— A\UtOMatiC SequUeNce

Manual input

14 Data Sheet E0031N30



ELPIDA LPD45128441, 45128841, 45128163

4. Truth Table
4.1 Command Truth Table

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

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

4.2 DQM Truth Table

Function Symbol CKE DQM

n—1 n U L

Data write / output enable ENB H X

Data mask / output disable MASK H X H

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

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

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

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

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

4.3 CKE Truth Table

Current state Function Symbol CKE /CS /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 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, 45128841, 45128163
4.4 Operative Command Table "' (1/3)
Current state | /CS [/RAS|/CAS|/WE Address Command Action Notes
Idle H X X X X DESL Nop or power down 2
L H H X X NOP or BST Nop or power down 2
L H L H | BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L | BA,CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT Row activating
L L H L BA, A10 PRE/PALL Nop
L L L H x REF/SELF CBR (auto) refresh or self refresh 4
L L L L Op-Code MRS Mode register accessing
Row active H X X X X DESL Nop
L H H X X NOP or BST Nop
L H L H BA, CA, A10 | READ/READA | Begin read : Determine AP 5
L H L L BA, CA, A10 | WRIT/WRITA | Begin write : Determine AP 5
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Precharge 6
L L L H | x REF/SELF ILLEGAL
L L L L | Op-Code MRS ILLEGAL
Read H x x x| x DESL Continue burst to end - Row active
L H H H | x NOP Continue burst to end — Row active
L H H L x BST Burst stop —» Row active
L H L H BA, CA, A10 | READ/READA | Terminate burst, new read : Determine AP 7
L H L L BA, CA, A10 | WRIT/WRITA | Terminate burst, start write : Determine AP | 7,8
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Terminate burst, precharging
L L L H | x REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Write H x x X X DESL Continue burst to end — Write recovering
L H H H x NOP Continue burst to end — Write recovering
L H H L X BST Burst stop — Row active
L H L H BA, CA, A10 | READ/READA | Terminate burst, start read : Determine AP 7,8
L H L L BA, CA, A10 | WRIT/WRITA | Terminate burst, new write : Determine AP 7
L L H H | BA,RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Terminate burst, precharging 9
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
16 Data Sheet E0031N30
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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 tre
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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(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 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 torL
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.
2. If all banks are idle, and CKE is inactive (Low level), uPD45128xxx will enter Power down mode.
All input buffers except CKE will be disabled.
3. lllegal to bank in specified states; Function may be legal in the bank indicated by Bank Address (BA),
depending on the state of that bank.
4. If all banks are idle, and CKE is inactive (Low level), uPD45128xxx will enter Self refresh mode. All input
buffers except CKE will be disabled.
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 torL.
0. lllegal if trro is not satisfied.

29 ® No o

Remark H = High level, L = Low level, x = High or Low level (Don’t care), V = Valid data
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4.5 Command Truth Table for CKE

Current State CKE /CS [/IRAS|/CAS|/WE | Address Action Notes
n—-1| n
Self refresh H x x x x X x INVALID, CLK (n — 1) would exit self refresh
L H H x x x | % Self refresh recovery
L H L H H x X Self refresh recovery
L H L H L x | x ILLEGAL
L H L L x X X ILLEGAL
L L X X X X X Maintain self refresh
Self refresh recovery | H H H x x x | x Idle after trc
H H L H H x x Idle after 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).

(38) Once the precharge is completed and the minimum trp is satisfied, the mode register can be programmed.
After the mode register set cycle, trsc (2 CLK minimum) pause must be satisfied as well.

(4) Two or more CBR (Auto) refresh must be performed.

Remarks 1. The sequence of Mode register programming and Refresh above may be transposed.
2. CKE and DQM must be held high until the Precharge command is issued to ensure data-bus Hi-Z.
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6. Programming the Mode Register

The mode register is programmed by the Mode register set command using address bits A11 through A0, BAO(A13)
and BA1(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 BA1l

(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 BAl
(A13) (A12) A11 Al0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
[ x | x| x[x] 1] 0]o] vmopeE |wr] BL |  Burst Read and Single Write
BAO BAL (for Write Through Cache)
(A13) (A12) A11 A0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
| ‘ ‘ ‘ ‘ ‘ 1 ‘ 0 ‘ | Use in future
BAO BAl
(A13) (A12) A11 Al0 A9 A8 A7 A6 A5 A4 A3 A2 Al AO
| X ‘ X ‘ X ‘ X ‘ X ‘ 1 ‘ 1 ‘ Y ‘ \% ‘ \% ‘ \% ‘ \% ‘ \% ‘ Y | Vender Specific
BAO BA1 V = valid
(A13) (A12) A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 X = Don't care
[ololoJololo]lo]| vmobeE |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 . Sequential
Py 1 | Interleave

Bits6-4

/CAS latency

000

R

001

010

Latency

011

mode

100

101

110

111

|| D|0|w|N D

Remark R : Reserved

Mode Register Set Timing

CLK | | |

CKE _/

es N\l /
ras N\l [/

ICAS —\_f
we TN/

AO - All, X
BAO(13), BA1(A12)

X
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7.1 Burst Length and Sequence

Burst of Two]

Starting address

Sequential addressing sequence

Interleave addressing sequence

(column address A0, binary) (decimal) (decimal)
0 0,1 0,1
1 1,0 1,0

Burst of Four]

Starting address

Sequential addressing sequence

Interleave addressing sequence

(column address A1 - A0, binary) (decimal) (decimal)
00 0,1,2,3 0,1,2,3
01 1,2,3,0 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 - A0, 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 2,3,4,5,6,7,0,1 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 56,7,0,1,2,3,4 547,6,1,03,2
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 7,6,5,4,3,2,1,0

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

Row | A0 | AL [ A2 | A3 | Aa | A5 | a6 | A7 | A8 | Ao | A0 a1 | BAR[BAS]  |pauaizlBromid] Result

(A12) | (A13)
T T 0 0 Select Bank A
(Activate command) “Activate” command

Select Bank B

0 ! “Activate” command
Select Bank C
l O « H ”
‘Activate” command
Select Bank D
1 1 N
“Activate” command
[no | A1 | A2 ] A3 aa | as | a6 | A7 | a8 | o [ ato] aur | BT RS
(Precharge command) | ‘ A10 |BAL(A12)|BAO(AL3)| Result
0 0 0 Precharge Bank A
0 0 1 Precharge Bank B
0 1 0 Precharge Bank C
0 1 1 Precharge Bank D
1 X X Precharge All Banks
x : Don'’t care

disables Auto-Precharge

‘ 0 (End of Burst)
co. [ o] AL] A2 as| as] as| ae] a7 a8 | aoJaro] x [B]ES] 1 (e.;”ﬁg'ﬁfé*u“f;;"’e°ha'ge

(/CAS strobes)

BA1(A12)|BAO(AL3)]  Result

0 0 enables Read/Write
commands for Bank A

0 1 enables Read/Write
commands for Bank B

1 0 enables Read/Write
commands for Bank C

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

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

Soon after the precharge command is issued, precharge operation performed and the synchronous DRAM enters
the idle state after trp is satisfied. The parameter trp 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

ICAS latency =2

0 e DN

/CAS latency =3
comers - I

o D C D D

(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 topL (vin,) with clock cycle time.

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

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

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

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

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

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

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

10.1 Read with Auto Precharge

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

Burst length = 4
TO T1 T2 T3 T4 T5 T6 T7 T8 T9

LML L L]

CLK

/CAS 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
| | | / ‘ N | \Hiz
I I I I I I
DQ ; ; ; { 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
| | | | | | | | | |
/CAS latency =3 ! ! ! ! ! ! ! ! ! !
I I I I I I I
Command | READA B | | /Auto precharge starts, | | |
- A
| | | i i | | |
| | | | Hi-Z !
| | | / \ | |
bR | | l LBt >< 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

(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
cLK | oL L

/CAS latency =2

|
I
I
I
I
|
I

Command | WRITA B l
I
I
I

DO b < DB1 >< DB2 >< DB3 >< DB4 >

!
I
I
!
I I
:AUtO precharge starts
I
|
I
|

Hi-Z
| ]
: | | | | :
| | | | | |
| | | | | toPL(VIN. |
| | | | | |
| | | | | |
| | | | | |
ICAS latency = 3 | | | | | |
| | | 1Auto precharge starts
Command ! WRITA B ! ! ! .
| ‘ | | |
} . . . . N Hi-Z
DQ bammenn < DB1 >< DB2 >< DB3 >< DB4 Ds

1
|
|
|
|
I
|
I
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
I
|
I
|
|
|
|
|
|
|
I
|
|
|

topPL(MIN.) !

|
|
|

I

|

I

|

|

1 1
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
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 +tpPL (MIN.)
3 -2 +toPL (MIN,)
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11. Read / Write Command Interval

11.1 Read to Read Command Interval

During a read cycle, when new Read command is issued, it will be effective after /CAS latency, even if the previous
read operation does not completed. READ will be interrupted by another READ.

The interval between the commands is 1 cycle minimum. Each Read command can be issued in every clock
without any restriction.

Burst length = 4, /CAS latency = 2

CLK |

|
I
|
|
|
|
|
Command }
|
I
|
|
|
I
|

Hi-Z

DQ

—\
B4/

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
CLK |

T3 T4 T5 T6 T7 T8

T2
| |
| |
| |
I I
| |
: I
I
Command 1 @@
|
I
|
:
| o
DO T < 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

Tl

TO

CLK

=2

ICAS latency

<QBl >< QB2 >< QB3 >< QB4 >

mmmmmegem—————

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

o
c
£

o
5 a
o

3

Command

ICAS 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

DoM | N\

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

conmans o -
DQM | | | / \\\Q\ | |
bDQ ir ir Ti < dl X Q2 X Q? >I:|-|"ZL|S-"< D} >< D? X D3 >C
i i i i i i necessary i i i
ICAS latency = 3 i i i i i i i i i i
command | o .
o L/ \ N
o o ,;}j;;;"'(x Df X ?3 X
‘ ‘ ! ‘ | | 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 r

|

|

|

|

|

|

|

|

|

|

|
|
|
|
|
|
L
|
|
|
|
|
|
.
|
|
|
|
|

ICAS latency =3 i i Hi-z
DQ i <Q1><Q2><Q3> """""""""

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 tre from the precharge command.

To issue a precharge command, trRas 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 :L

(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 ! | ! | ! | ! [ ! [ ! [ ! | l | ! | !
comaa | ey | Gy (e
R e > >

(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

a

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
J
|
|
|
|
|
|

I
|
|
|
L
|
|
Hi-z |
|
|
|
|
|

(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

(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 -0.5to0 +4.6 Vv
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 0to70 °C
Storage temperature Tstg -55to0 + 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 Vin 2.0 V0.3V v
Low level input voltage Vie -0.3Nete2 +0.8 Y
Operating ambient temperature Ta 0 70 °C
Notes 1. ViHwax)=Vcc + 1.5V (Pulse width < 5 ns)
2. ViLimn) =-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
Cr2 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
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DC Characteristics 1 (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition ICAS | Grade Maximum Unit | Notes
latency x4 x8 x16
Operating current lec Burst length = 1, CL=2]| -A75A | 110 110 120 mA 1
trc = trc (MiNy, 0 = 0 MA, -A75 100 100 110
One bank active -A80 100 100 110

-A10 100 100 110
CL=3|-A75A | 110 110 120
-A75 105 105 115
-A80 100 100 110
-A10 100 100 110

Precharge standby current lccoP | CKE < ViL (wax), teck = 15 ns 1 1 1 mA
in power down mode lcc2PS | CKE < ViL (wax), tck = o0 1 1 1
Precharge standby current Icca2N | CKE = ViH MmNy, tck = 15 ns, /CS = ViH (miNy), 20 20 20 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = ViH (miNy), tek = oo, 8 8 8
Input signals are stable.
Active standby current IccsP | CKE < ViL(vax), teck = 15 ns 5 5 5 mA
in power down mode lccsPS | CKE < ViL (vax), tck = oo
Active standby current IccsN | CKE = ViH MmNy, tck = 15 ns, /CS = ViH (miNy, 30 30 30 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = ViH (miNy), tok = oo | 20 20 20
Input signals are stable.
Operating current lecca | tek = tekviny, o =0 mA, CL=2]| -A75A 140 155 185 mA 2
(Burst mode) All banks active -A75 105 120 145

-A80 105 120 145
-A10 85 95 110
CL=3| -A75A | 140 155 185
-A75 140 155 185
-A80 130 145 175
-A10 110 125 140

CBR (auto) refresh current lecs | tre = tre (viN) CL=2]| -A75A | 270 270 270 mA 3
-A75 230 230 230
-A80 230 230 230
-A10 230 230 230
CL=3]| -A75A | 270 270 270
-A75 240 240 240
-A80 230 230 230
-A10 230 230 230

Self refresh current lccs 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, lcc1 is measured condition that addresses are changed only one time during tck (MiN,).
2. Iccs depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, 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 I 0 < Vi< VeeQ, VeeQ = Vee -1.0 +1.0 HA
All other pins not under test =0 V
Output leakage current low |0<Vo <VccQ, Dour is disabled -1.5 +1.5 HA
High level output voltage Vou [lo=-4mA 24 \%
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 Vv
Transition time (Input rise and fall time) 1 ns
Output timing measurement reference level 1.4 V
tek
teH | teL
24V \ [
CLK 1.4V
0.4V s —
{seTup | tHolD
2.4V
Input 1.4V - X
0.4V
tac
toH
Output
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Synchronous Characteristics

Parameter Symbol -A75A -A75 -A80 -A10 Unit | Note
MIN. | MAX. [ MIN. [ MAX. | MIN. | MAX. | MIN. | MAX.

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

ICAS latency =2 tckz | 7.5 |(133MHZ| 10 |(100MHz| 10 [100MHz] 13 |(77MHZ| ns
Access time from CLK /CAS latency = 3| tacs 5.4 5.4 6 6 ns 1

ICAS latency = 2| tac2 5.4 6 6 7 ns 1
CLK high level width ten 25 25 3 3 ns
CLK low level width teL 25 25 3 3 ns
Data-out hold time ton 3 3 3 3 ns 1
Data-out low-impedance time tz 0 0 0 0 ns
Data-out high-impedance time| /CAS latency = 3| thz3 3 5.4 3 5.4 3 6 3 6 ns

/CAS latency = 2| tHz2 3 5.4 3 6 3 6 3 7 ns
Data-in setup time tos 1.5 1.5 2 2 ns
Data-in hold time toH 0.8 0.8 1 1 ns
Address setup time tas 1.5 1.5 2 2 ns
Address hold time tan 0.8 0.8 1 1 ns
CKE setup time tcks 1.5 1.5 2 2 ns
CKE hold time texn | 0.8 0.8 1 1 ns
CKE setup time (Power down exit) teksp 1.5 1.5 2 2 ns
Command (/CS, /RAS, /CAS, /IWE, DQM) toms 1.5 1.5 2 2 ns
setup time
Command (/CS, /RAS, /CAS, /IWE, DQM) tems | 0.8 0.8 1 1 ns
hold time

Note 1. Output load
Z2=50Q

Output )
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Asynchronous Characteristics

Parameter Symbol -A75A -A75 -A80 -A10 Unit | Note
MIN. [ MAX. [ MIN. | MAX. [ MIN. | MAX. [ MIN. | MAX.
ACT to REF/ACT command period (operation) tre 60 67.5 70 70 ns
REF to REF/ACT command period (refresh) tret 60 67.5 70 70 ns
ACT to PRE command period tras 45 (120,000 45 |120,000| 48 [120,000f 50 [120,000( ns
PRE to ACT command period tre 15 20 20 20 ns
Delay time ACT to READ/WRITE command treD 15 20 20 20 ns
ACT (one) to ACT (another) command period tRRD 15 15 16 20 ns
Data-in to PRE command period topPL 8 8 8 10 ns
Data-in to ACT (REF) CAS latency = 3 toas [ 1CLK 1CLK 1CLK 1CLK ns 1
command period +22.5 +22.5 +20 +20
(Auto precharge) CAS latency =2 toaz | 1CLK 1CLK 1CLK 1CLK ns
+20 +20 +20 +20
Mode register set cycle time trsc 2 2 2 2 CLK
Transition time tr 0.5 30 0.5 30 0.5 30 1 30 ns
Refresh time (4,096 refresh cycles) trReF 64 64 64 64 ms

Note 1. The —A75A and —A75 grade device can satisfy the toaLs spec of 1CLK+20 ns for up to and including 125MHz

operation.
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AC Parameters for Read Timing (Auto Precharge, Burst Length = 4, /CAS Latency = 3)
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! | | | |
' I I I I
! | ‘ | | |
T T i RSO0 RSO
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CKE ! ! Auto Precharge K R SSIRISISS
| | - NGRS
| ! Start for Bank C *
| | |
; ;
YA \/ /
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! 1 1
! I I
! | |
. |
5
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for Bank C Command for Bank D for Bank C
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13.2 AC Parameters for Write Timing (Burst Length =4, /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

|
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I
|
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0000000200000 0000 %0 %0000 %0 % %05 % 090902020000 % %%
0000000 %000 000000 %0000 20 %0 %009 % 0200000 %% %% %%
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13.3 Relationship between Frequency and Latency

Speed version -75A -75 -80 -10
Clock cycle time [ns] 7.5 7.5 7.5 10 8 10 10 13
Frequency [MHz] 133 133 133 100 125 100 100 77
/CAS latency 3 2 3 2 3 2 3 2
[treo] 2 2 3 2 3 2 2 2
/RAS latency (/CAS latency + [treo]) 5 4 6 4 6 4 5 4
[tre] 8 8 9 7 9 7 7 6
[tre1] 8 8 9 7 9 7 8 6
[tras] 6 6 6 5 6 5 5 4
[trrD] 2 2 2 2 2 2 2 2
[tre] 2 2 3 2 3 2 2 2
[topL] 2 2 2 1 1 1 1 1
[toal] 4 4 4 3 4 3 3 3
[trsc] 2 2 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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QQEKLHLLRLREKKHKRRKK KR X KRR KK RRRRRK KK RRKRK KRR RRAKK K RRRRRRHK IR KKK RRRRRK R RRRIK KRR RRIRKRRRXRK KR RERERKK R XX RRIRR R XXX R KR RRKKKRRRK KK KKK,
QR R R IR R KR KL EEEEERRERRRIK KKK EEIEERIERRRRRRR R KK KK RRRIRRRR IR R R R R R R R KRR EREREEIIEK KKK EEEEIELERERERERERRRK K KKK IRRIEIEIKIRIRIRRRRRRRHRHR R K KKK
’0’0’0‘0’0:0’0’0:0:0:0’0’0’0‘0’0:0:0:0:0:0:0:0:0}:0:0:0’0’0:0’0’0’0:0’0:0’0’0’0’0‘ S o KL G RIIRIIIIIIILIRIIS

%!

X I IK KK XK KK IR X XK IX XXX XXX XX KX XXX XXX X 090000000
0002000 %0 %% % % 000000000 200000000000 0000 00 0000 0000 0 000 0000 e 00 00 000 000000 %0000 2000000000 00000 0000000000 00000 % X KKRKK %
0006200000000 00000 0000 %000 %000 % 090%6% %% X X RRSEREREEREE KSRGS SRS E SRS RIEREEEREKE ARSI EREERS KSR KKK KL 00000200020 0000 0a 0 0 0e 0 0000 90000 %%
rorovarirsototetetetotatetetotubetototutetotototebotototutetotoiutetototubetototubetototutetotototetotototetetototubetototetesototutesototuintotototutesstotuttototubesotototetetotubetototutetotototntetototubetototetetetototetototubetotototeiosototeiototoietesotototetotolebetotole

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

z|o
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~
1.0
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<

igh level is necessary

2 refresh cycles are necessary

|
|
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T
|
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I
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I
o%

|
|
|
|
|
|
I
|
L
T
|
|
'
I
|
I
o% o%
o% o%

T T T T
I I I I
I I . I I
i i i 3 i fRTRTIRRR
‘ ‘ e NI s s N oo
I I I N\ A
. . ofedetolololetetotololotetetetetototete 220200 ] kot e t0 o o e 2e 20 0 o o et o o o e et NI oo tofeeoto ot 2e2u 020 oto oot tu ottt e ofo Rt e utote ettt te e o ot 2e e o o2, WY SELEEIEL
] ] ] ] ] ] ] ] : ] X X 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 I
LSRN
IS LR R R R, RN R SRR R S SRR
JCAS  KREEKEIEA | | LR3RKN | et eta et et tetetatetatetetetotetetotetetel PO ot e ot tetetetetetetoteted | B KR IREIIIRKIRKIKIRKY | \SKIIILELELK
LKD) LRI e e e tetatatetetetetototetetetetetoiodd QIIIRIKILLL f 0 R IS RRIIIIILKKE
R ! R 26202020202020%0 NI Jotetetelelelebotototototototototototototututatututipivtetetetetetetetotetototototototototototod NI AeceSesetetototototototototototototodotutututututetiotetetetetetototototototototototototolols’ A KRS
j j I j j j j j j I j A
| | I | I | | | | | | |
R RRRIII | TN | R RLRLRLLLLILS TR
Dotetetetotoledete e ! QKL ! ! ! 3SREIRERIKLIIRELILLIIES RIS !
E SRRRLIRRRK ! oosesetetoss W ! ! 300RRRRIIIIIIIKRKKK CRRRRRK !
Deta% 0% %% %% %% ! o%e%%e%: ! ! ! 0002202262026 20262656 %% 2% e %% 02056250 %%6%%! !
] ] ] ] ] ] I ] ] ] ] ] ] I ] ] ] ] ] ] I ] |
| | | | | | | | | | | | | | | | | | | | | | |
I
SRR A RRIIIIIID, OSSR R T s I IR
BAO SERKEIIK, 30IIIRRKIIKK | R RIIRIIIIKK Sesetatetotetesetetatotoresy 0 IIRRRAIIIKRKIIAIIKK 888NN LRRRRRIRRKS
Bosasatatatototetotets) IIIIIIRRIKKKN et atatatetatatotototatatatatatoteteseses RRRRRRRRRRRILKY ¥ R R R R 009 TS0 NRRRRRRIRKS
RIARRILK] EXRIKRRRRRKNRILIIIN ! SIS IIIISIIIIIIIIINIISSINIIIILIIIIILI SN [ ' IIIIIISSIIIIIISIIIILIINIIISIINIIISIIINIIILIINIL SIS NN U PIIINSIIN IS SN NI Y Ca%tu0a9a9a9a%%%
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 )
PSSO, I
S RRIRLLLS R R IIIIXILLET R ] e I LIRS ISR RIS
BAL GSIRRRLKEI i R R R R OSSR IRRREIIKRKAIIIIIRK: RRERRKK RRRRRRRRR RIS,
oostetess) ' f 003500 TR RIS XXX
202000 L LR AEELLELE, R IR LKL L
| " ] T ] ] " | | | | , T ] T
I I I I I I I I I I I I
| | | | I | | | | | | |
RRRERER ' OO OO OO OO OO OO OOt OO P PO IIIITI IO IITI IO IITITIIIIIIIIS] R EIRTTT RIS
] SRR I R IIIBIIKIKIK R R KIS g SRRLLLLLLLLLLIN SRR
ALD RN LR R R R IS S SIIEELLY 335588
SRRRRXLLLR) | s R TR LRRLRLLE) RRRIRKKEIRS ROIHIRRXN
I
j j I j j j j j j j j A
I I I {ADDRESS KEY | I I I I I I I I I I I I I I I I I
TRIRIIRRR TITZ ST TIIIIILIIN SOOI
LS 35N IR X RS s RRIIRRLRLLLLLLN LRSS
ADD pletetotetetotetotets KKK O 020 tet0 % 20t b e %ot et tetete totototetote tete e tetetetetetetetel 3R R R K IEERIERIERKIK) odetetotete X
ELLLRES RRRIILLKS IR RRIIILRIIIIILLERN) R R RIS RIILLLR)
DS 0.0.9.9.9.9.9 Y SOOI DD S D05 80993009993 .0.0.3.9.0.3.9.9.9.3.9.9.9.9.9.9.9] PLI LD LD 08 30.0.9.0.9.93.9.9.9.3.9.9.9.9.59.9.9.93.0.0.93.9.9.93.9.9.3.9.0.3 V.00 0.0.9.9.9.9.59.9.9.9.9.9.93, S SO 000,999,
] ] \ | ] | | ] I T T T ] ] | |
I I I I I I I I I I I I I I I I
DQM ‘ ‘

High level is necessary

|

|

|

|

|

'

I

|
A

FAA,AA
'
.

Precharge Mode CBR (Auto)
All Banks Register Set Refresh
Command Command Command

isnecessary  is necessary is necessary

trP trc1
-

|

|

|

|

|

'

I

|
e —

CBR (Auto) Activate
Refresh Command
Command

is necessary

trc1
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13.7 Clock Suspension during Burst Read (using CKE Function) (1/2) (Burst Length = 4, /CAS Latency = 2)

CLK

CKE

ICS

/IRAS

BAL

Al10

ADD

DQM

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 | T11 | T12 | Ti13 Ti4 | T15 | T16 | T17 T18 | T19 | T20 | T21

Poleeteodetolete LXK  edefoletotetetolete!

2%
W% %
Pototetetototetetot) dotolefetetotetetotolotetetotetetetotodetetotete o ot dete!

TERZI

TS
IR
protesetetetetes’
Bletetetoteteteds
QRS

LN sy R R R R R R O R IR,
SN B R R R S NSRS
QXKL KLU SISO IIIIIIIIIIIII OIS I I IIIII IO 999.9, SIIII SISO O999.9.9.9.9.9 SISO IS99 999 IIII IO I I I I SIS0,

B
\ XK KSR KGR XK 000020200000 0 0 e e e 00 00 0000200000000, 0, 0,00 0020 %0 %% % %% % %% 0000000000000 00 e S S O O O 0 0 % % %% KKK KK IKIIILEEERERER K ZEIEIEIIEERIEL LKL LKILLREY
R LR, R R I IIIIRRRRRRRHIIK
SIIIIIIIIIII OO III I I I I III IO I IS I I I I I SOOI IS I I I I IS, 0.9.9:3 SIIIIIII IO IS I 9999 I IS99 I I I SIS SOOI I IIIII IO 9.9.9,

O IIIIIKNIKIE I S IIIAINIS O IIIIIKIS I IIKIIKIS

oot e ot satoteretatote%s s totestatoteretatotesetatotesetets SRR S IREIREIREKIK: oot e o te e tatote e tatotesetatotesetets

50IIIEEIKKE SRRRRRRRIIIIKS SSRRRRRRRRRRIIIEES LR S IERRRRRRKS
2020502200202t e o200 o2 e o e u e ot e e o e u o ot ute ot a ot ato et p20totetetetote e e o e tete o e e e o e e e e %0 00! tetetetetototetetetotetetetotetetetete Pateteletetotetetototetetetotetatototetatotetets

Ty OO0 OL OO O OO OO OO OO0 OO OO0 OO0 OO OO OO OO OO0 OO OO OO0 OO OO OO OO OL OO OO OO OO OO O OO0 OO0 OO 00O OO oL OO oL OO OO OO oL OO OO OO0 OO OTOTO OO0 0T0r0l
'/ RS R R R RIS,
R O RIS

R R R R R IRRIIIIIIIEIIILEL

OIS IIIIIIII OG99I I I I I SISO IIIIIIIIII I3 9 I I I I IS99 I I IIIIIII OIS I I I I I IIIIIII IO I I I I SOOI I I I I I I I SISO I I I IS IO 0.9.9,

R RIIRIITTTTTIIIZLLTITTITIXLZLLTITITTZIXXL L ITTIIXS
X RSEREERREEREREERREIRERELEIRELEIEIRREIRREKL 000 %% %6 %%
R R R RIS

X KSR R KR KL KL S8 REEREREL LR IL IR K K KX XK 4RI R K R R R K K I R R I R R R KRG E K IR KX KKK KKK K KXKX o
000.0‘0“0000‘00 “00’000 0000’%“0.0000‘0.“ QR 00.0.“00’0’ 000.‘0000‘00.‘00‘ 0000‘00‘0’0’0’0.0.‘000.0‘0‘ 5 o9 % 05ososesosesesetototets 3030008989895
X R R RRILIRRRKILLLIER

;

|

|

R
% o%0% QK %020 %0 %0 %%
o% %000 %% %0 %% 00000202 20 %0 % 20 %% 20 %% XRX X ERRERIRELERREL 0000020 %20 %0 % 0 %0 %% o%e%% 0020020250 % %%
002000202 2080620 %% KR EERREREEIREREIREIRREL 0% R KRR X EREEIREREIREIRREIRELIREKL
0 90000 oo

X KKK
XX KKK KX
dofetetetototetetototetetotote e o ot e o ot 0 0 ot e 0 et 0 o ot e ot u ot e u ot e o ot 0 o ot e ot e u o ot e o ot u o e u o ot e o ot e o ot 0 o ot u o Rt e o ot e o ot e o e e o Rt e ot te e o e
‘ : :
| | |
i . i i | | i i
R s

‘
| |
‘ ‘
R T

R TRIIIIILILLTTTIZIXXLLLTITITIXLZLLLTITTTZXIRILLITTIZLRXLLLTITIXXLXLLTIIIZIXKILLLZIIIL 3 TRRIRRS
X EERREREEREEREREEIREERREIRREIRREIREEIRELIRRLIRL X EREREEERREREERREIRRERREAERELEIRELIRELEIREKL X o%

0% %% %% %% SRR KRR X EREEEREEIREIRERREEIRERREIREERRERRELERREEIREIRREKL
R IR I I RIRIIKEIIIKIIAK

X KKK KKK KX %% o%
R R R R (2020

X KR IE IR I R K IR KKK IER KX,
o0.:,::::::0,0,00noou,o,o,o,o,o,o,o,o

CRKRKRKL
LI

%
20000 %%
IR
R

PR Y

T T ! ! P

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

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 T13 T4 | 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
. . . . . . . I . I I I I I . . . . . . . )
! ! ! ! ! ! ! I ! I I ! I I I ! ! ! ! ! ! ! |
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 I
I I I I I I I . I . . I . . . I I I I I I I I
I I I I I I I ] I ] ] I ] ] ] I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
| I | | I | | | | | | | | | | | | | | | | | |
/CS ] I ] ] I ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] I
I I I I I I I I I I I I I I I I I I I I I I I
I | I I | I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
| I | | | | | | | | | | | | | | | | | | | | |
TETTIZZR I R TR R R R R R R R TR TR LT TR R R T T TR TR T L LLLZR
KRN sessssessss et I 000 s e s ssse e e  e9999
IRAS pododetetetetets, ! KRR ! R R R R R R R R R R R R R R R R SRR IR RIIEIKRRLLEKIIRKR
ploletetetete et ! 0250250250 % 6% %%, i 0T e e e T et et T et e et e e T et T et T e e e et T e T et e et e e T et e e e e e e et T et e a0 e e e e T et e et e e e e T e T e e T e T e e T a0t a0 T e 0 e et e 2 T 20T 22 2% 2020 2a 0% 20 % 2026 %20 %% 202 % %%
? T 7 ¢ I
| | | | I | | | | | | | | | | | | | | | | | 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 OO OO OO OO O IIIIII I NI PPN DO OO I P OO OOIIOIIIININ NI PPN OO PO PO OOOOOOOIIIIIII PN NN OO PP OO OOOOOOIIIIINIIND PPN OO OO OO OO IO OIS
/CAS KLY | XRRRRRHIIKR | R R R RIS,
SR I GRRRRRR I L3 R R 0 RIS
SRS I RSOSGIKIILRRN 1 f R R R I RIS
plotetaetetels! i Sololeleleteletotolololelelelet e e OO OO OO N0 0 000020 e 202020202020 2oL 2020202020 2o o 20200 0 o Dot 220200 0 Do Dottt tu 00 0 0 Dottt e 0 0 0 o o e e e 2020 0 0 0 o o e 2020 0 0 0 o o e 20
| 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 R R R AT TS DR TR T EE LT LRI TTIR R R R R RRTRTTTS
IWE G R 1 \EEEEE88888K. s e s R R
RRRLL | RS RRRRILIIRRRKS R R RRIIIRIRILLIIKKS Sasotole! R R R R R R RIIIRRIILKKS
RS ! LXK ! RGIRXRLLLLLRRRRI RIS QRIS
| I ' " I " | | | | ' | | | | i | " " | | | |
I I I I I I I I I I I I I I I I I I I I I I I
I I
I I %
BAO ! ! 3RRKRKS
I I CRRRRRRKK
0902 %0% %% 6% %%
| | | . . | I
TXIZS IR ) TN I v ie: D R TR E L E TR T TITITIIIILLS R ITITTLT
BAL Sy R s
XKRRLL KRRRRLLIIRRKKKLN s a oo et e oS sesatatotots RRRRIIIRRILLLIIIRKKK: RRRRIIIRLLIIIIRKK I IIXIIIIIIKIEK RRIIIIIKIIKR
12696 %%% KL 90%%6%%6%%4%% $6%%6%% 90256256 %%6%! 020 %%a%%% & 9%a%% 0%0%%6%%4% % 06%0%6%6% %% %! 06%e%% 0% $%6%0%! 06%6%%6%%Y
ADD dodes X IRKKRRIIE
&S XSRRRRRK, oo oot tatottet
ooy RRRRRRRIKKS CRRRRRKIRS
] ] ] ] ] ] | | | ] ] i ] ] ] \ ] | ] | | | |
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I 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 Lo | | | | | | | | | | | | | | | | | | | | |

Do -."LH%EJ".".¢."."L".".L.".J."."J"."(QAaQ(QAaZ ‘ ‘ ‘ ‘

f f f f bt

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

vaidia

€918Z1LSY ‘L¥88ZISY ‘L¥P8ZISYad



14

0ENLE00T 198YS ejeq

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 Ti0 | T11 | T12 | Ti3 Ti4 | T15 | T16 | T17 T8 | T19 | T20 | T21

| | |
1%%% VY /-9 9 9 0 9 9. %% X SISO a0 200 0 0 929290 9 9 9 0 0 9. SOSRR 10200 0 0 0 0 9 9 0 0 0 0 0 0 0 9 9.9 999 % %% 100200 0 9.9.92929.9.94 000200 0 0 0 0 0 9 9 % %% 90200 0 9.9.9-92929.9.9:
2R I R O R IR IR
IRAS SRR I R R RIS IR
RRRRRRIKN, S EEELLLRRRRRRIIIIEIELEEEEELLRRRRRRRRRIIEEEEEELLLLRRRRRRRIIIEELEELLELLLLLRRLRRRRRIK 0 EEELLLLLRRRRRRRIIIEK
VYA A TAA A A ! VATATATAVAYAVAAAAAAAAY" e S s VATAYA YA A A A A MMM AAAaaa"aaYe " VAATAATAYAVAYAVAVAYA %" Yavavavavs" VAAAAAAAYATAAAAA 40"
I
] ] ] I ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] A
I I I I I I I I I I I I I I I I I I I I I I I
|
SO T OO OO OO P OO OO OO I IO I I I IO IO IO IO IIIIIIOIIIIIIIIIIIIIIL: IR IR
ICAS  Z8e88y ! S esoso IR
0.0.“"0’0’0’0 ! ! X IQSREEK LK KKKKK X G R KKK KL XK KKK IIIIEEEER KKK KK SRR KKK IKIIICIQEEERKRL X KR RERELRLKIKILL
SRR |
T I T ] ] | ] | | | | | | T T T ] ] ] | ] | |
I I
|
! \CELELLRN ! KRR K KRR RRRKKRIRRKRRRK KRR KRR KR RKRRN XK SR KLLERLLIRKKRK, KRR HIELRIRK KR RKRRRK XXX KR RKRRK
IWE s N DR s s
5 ! XXX ! 33 CGRRRRRRIIIIIIIIIIIEKI, S SRRRRRRRIIIISIIEILLLLLLLLKR
] | ] 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
X REKN | | X RRESERR KSR RSERERARERRRRREEERRSKRE LSRR RSEERREEESRRRRRRERERRRSRREERESERREEEEEEERESERERREERERRSRESARRRESRRREERK,
BAO Sososesstotosete: I I O O O S B I RIS
XL 0K 3 R R R R R R R R R R R R R R R R R R R R R R R R R IIIRRIIIIIRRIIKIS
Satotototeteress N SSEKKIN ' I IIRIRIEKEKKIK,
DIIIIIII, LN SIS IIII SISO IIIIIIIIIIIIIIIIIIIIIIIIIIIII OO IIIIIIIIIII IO IS I I I I IIIIIIII OIS I I I I IS0 SIIINSII OO IIIIII I I IS99 I I I I I IS0
09022 % 0:.9-9-0. %% X 2SS ASSSSSSOSSSRIIRK o%% XSSOSR 2% %% 0% % %% 000202020 L L L L e e 000 0 0 0 9 0 0 0 0 9 9 9.0
BA1 R R IR RN RIIIIIIRRIIILIK R R R R R R R R IR RIIRRIIILEIIRRKIKLS
) KK 3 RRRILLL R R R R R R R RRIIIIIIIKRKKKKS R R IR RIRLLIIKRKKKS
RN R 202 Lo20istetolatrletotnielototaietototatetototatotodotatetotuiettotuiotototuielodotuielodotutelodotetetodnietetoduiettoduietodotaielodotatelodoiototodotnieloduietdotuintototoielodotatetodotaietodoietotodotatototoietstodnieteotoiets
T OO0 OO OOTer Sy
% RRRRRRRN fRRELE R R RIRRRRRRRS R IIIRRRRRRIIHAK
R RN B RRIIIIIEEIIILLLLEL R R R I RIILLRRRIIHKK
‘000.0.0.0“ 00000000000.‘000000'000.0.0.0““00000000000000000.0.%0‘0000'0000.0.0““00000000000000000.0.0.0“‘000'00000’0“0000000000000'000.0.0.0““00'00000000000000‘0000000'000.0.0¢“
SN IS I OIS OIS IIII SOOI IO IIII SOOI SO IIII S IIIII SOOI I NSO IS SOOI IS OO IS IO III I SOOI SO I IIII IS IIIII SOOI I NS III IS IS IS SOOI SIS NSO G .OI99:9:3
K8 X RRRS CRSOSKEE XSS X XSS
3% IR RIS SRR %
ADD SRS AR SS R SRS S SRR RS £ s
XS RIRRRHRRRHIRRKS LSS0 QRRXXIRK QR
I I | I | I ] ] ] " ] " I I I | | | I I I I ]
I I I I I I I I I I I I I I I I I I I I I I 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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13.12 Random Column Read (Page with Same Bank) (1/2) (Burst Length = 4, /CAS Latency = 2)
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Random Column Read (Page with Same Bank) (2/2) (Burst Length = 4, /CAS Latency = 3)
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13.13 Random Column Write (Page with Same Bank) (1/2) (Burst Length = 4, /CAS Latency = 2)
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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 T4 | T15 | Ti6 | T17 T8 | T19 | T20 | T21

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A
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Random Row Read (Ping-Pong Banks) (2/2) (Burst Length =

8, /CAS Latency = 3)
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13.15 Random Row Write (Ping-Pong Banks) (1/2) (Burst Length = 8, /CAS Latency = 2)
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Random Row Write (Ping-Pong Banks) (2/2) (Burst Length = 8, /CAS Latency = 3)
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13.16 Read and Write (1/2) (Burst Length =4, /CAS Latency = 2)
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Read and Write (2/2) (Burst Length =4, /CAS Latency = 3)
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13.17 Interleaved Column Read Cycle (1/2) (Burst Length = 4, /CAS Latency = 2)
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13.18 Interleaved Column Write Cycle (1/2) (Burst Length =4, /CAS Latency = 2)
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13.20 Auto Precharge after Write Burst (1/2) (Burst Length = 4, /CAS Latency = 2)
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