DATA SHEET

NEC MOS INTEGRATED CIRCUIT
uPD4564441, 4564841, 4564163 for Rev. E

64M-bit Synchronous DRAM
4-bank, LVTTL

Description
The uPD4564441, 4564841, 4564163 are high-speed 67,108,864-bit synchronous dynamic random-access
memories, organized as 4,194,304 x 4 x 4, 2,097,152 x 8 x 4, 1,048,576 x16 x 4 (word x bit x bank), respectively.
The synchronous DRAMs achieved high-speed data transfer using the pipeline architecture.
All'inputs and outputs are synchronized with the positive edge of the clock.
The synchronous DRAMs are compatible with Low Voltage TTL (LVTTL).
These products are packaged in 54-pin TSOP (l1).

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 A12 and A13 (Bank Select)

« Byte control (x16) by LDQM and UDQM

« Programmable Wrap sequence (Sequential / Interleave)

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

« Programmable /CAS latency (2 and 3)

« Automatic precharge and controlled precharge

* CBR (Auto) refresh and self refresh

e x4, x8, 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.
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Ordering Information

uPDA4564441G5-A80-9JF AM x 4 x 4 125 54-pin Plastic TSOP (II)
uPD4564441G5-A10-9JF 100 (400 mil)
uPD4564441G5-A10B-9JF 100

uPD4564841G5-A80-9JF 2M x 8 x4 125

uPD4564841G5-A10-9JF 100

uPD4564841G5-A10B-9JF 100

uPD4564163G5-A80-9JF 1M x 16 x 4 125

uPD4564163G5-A10-9JF 100

uPD4564163G5-A10B-9JF 100

uPD4564441G5-A80L-9JF AM x 4 x 4 125

uPD4564441G5-A10L-9JF 100

uUPD4564441G5-A10BL-9JF 100

uPD4564841G5-A80L-9JF 2M x 8 x 4 125

uPD4564841G5-A10L-9JF 100

uPD4564841G5-A10BL-9JF 100

uPD4564163G5-A80L-9JF IMx 16 x4 125

uPD4564163G5-A10L-9JF 100

uPD4564163G5-A10BL-9JF 100
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Part Number

[ X4, x8 ]
HPD4564841G5 - ASOL

NEC Memory J

Low power

Synchronous DRAM

Memory density

64 : 64M bits Minimum cycle time
80 :8ns (125 MHz)
10 :10 ns (100 MHz)
10B : 10 ns (100 MHz)

Organization

Number of banks

4 : 4 banks
Interface Low voltage
1:LviTL A:33%03V
Package

[ x16 ] 16'3 G5 : TSOP (1)

Organization

16 : x16

Number of banks
and Interface

3: 4 banks, LVTTL
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Pin Configurations

/xxx indicates active low signal.

[ uPD4564441 ]
54-pin Plastic TSOP (I1) (400 mil)
4AM words x 4 bits x 4 banks

\_/
Vece O——1 54 ——-OVss
NC O——2 53F—ONC
VeeQ O—13 52 [——OVssQ
NC O—4 51 —ONC
DQO0 O=—=|5 50 [+——=0ODQ3
VssQ O—16 49 —0OVceQ
NC O—7 48 —ONC
NC O—8 47 —ONC
VeeQ O——9 46 —OVssQ
NC O——- 10 45 —ONC
DQ1 O=~—|11 44 |~—>=0O DQ2
VssQ O—| 12 43 ——0OVceQ
NC O——-]13 42 —ONC
Vee O—14 41 F—OVss
NC O—15 40—ONC
/WE O——| 16 39 «—ODQM
ICAS O—| 17 38 [«—OCLK
IRAS O—| 18 37 ~—OCKE
ICS O—| 19 36 —ONC
Al13 O—| 20 35 —0Al1
Al2 0— |21 34|« 0OA9
Al10 O— |22 33l—0As8
Al O0— |24 31l 0OA6
A2 O— |25 30 l«—0OA5
A3 o |26 29« onA4
Vee O—— 27 28——0OVss
AO to A13"°" : Address inputs
DQO to DQ3 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/ICS : Chip select
/IRAS : Row address strobe
/ICAS : Column address strobe
/WE : Write enable
DQM : DQ mask enable
Vce : Supply voltage
Vss : Ground
VceQ : Supply voltage for DQ Note AOto All : Row address inputs
VssQ : Ground for DQ AO to A9 : Column address inputs
NC : No connection Al2, A13 : Bank select
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[ uPD4564841 ]
54-pin Plastic TSOP (Il) (400 mil)
2M words x 8 bits x 4 banks

\_/
Vee O— 1 54 |—OVss
DQO O=—~| 2 53 [~—ODQ7
VeceQ O— 3 52 —OVssQ
NC O— 4 51 ——ONC
DQ1 O=—= 5 50 ~—=ODQ6
VssQ O—— 6 49 ——OVceQ
NCO—— 7 48 —ONC
DQ2 O=—= 8 47 [+~=—ODQ5
VeeQ O— 9 46 —OVssQ
NC O— 10 45 ——ONC
DQ3 O=—+ 11 44 ~—=0ODQ4
VssQ O—1 12 43 —OVceeQ
NC O— 13 42 —ONC
Vece O— 14 41 ——OVss
NC O— 15 40 —ONC
IWE O—= 16 39 ~—ODQM
ICAS O—| 17 38 [~—OCLK
IRAS O—| 18 37 =—COCKE
/ICS O—— 19 36 ——ONC
A13 O—= 20 35 |[~—0OA1l
Al2 O—— 21 34 |«—OA9
A10 O——| 22 33 «~—0OA8
A0 O—— 23 32 |«——OA7
Al O—— 24 31 «—0OA6
A2 O— 25 30 «~—OA5
A3 O— 26 29 |«—0A4
Vee O—— 27 28 —OVss
AO to A13 " Address inputs
DQO to DQ7 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/ICS : Chip select
/IRAS : Row address strobe
/ICAS : Column address strobe
/WE : Write enable
DQM : DQ mask enable
Vce : Supply voltage
Vss : Ground
VceQ : Supply voltage for DQ Note AO to All : Row address inputs
VssQ : Ground for DQ AO to A8 : Column address inputs
NC : No connection Al12, A13 : Bank select
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[ uPD4564163 ]
54-pin Plastic TSOP (Il) (400 mil)
1M words x 16 bits x 4 banks

—/
Vece O—1 54 —COVss
DQO0 O=——|2 53 «~—=0ODQ15
VocQ O——3 52 ——OVssQ
DQ1 O=—+{4 51 «+—=0ODQ14
DQ2 O=——|5 50 =—>=ODQ13
VssQ O——16 49 ——0OVceQ
DQ3 O=——+|7 48 [«—0ODQ12
DQ4 O-~—|8 47 «~—=0ODQ11
VeeQ O——19 46 ——OVssQ
DQ5 O=——=| 10 45 |~—0ODQ10
DQ6 O~—=|11 44 |~—=0O DQ9
VssQ O—— 12 43 ——O VceQ
DQ7 O=—{13 42 ~—=0ODQ8
Vee O— 14 41 F—OVss
LDQM O——| 15 40 —ONC
/WE O——| 16 39 «—OUDQM
ICAS O— 17 38 «—OCLK
/IRAS O—| 18 37 |«~—OCKE
ICS O—— 19 36 —ONC
Al13 O——| 20 3B —0All
Al2 0— |21 34|« 0A9
A10 O— |22 33« 0OA8
A0 O— |23 32 l—0A7
Alo— {24 31l«—0A6
Vece O—— 27 28——0OVss
AO to A13"°"® : Address inputs
DQO to DQ15 : Data inputs / outputs
CLK : Clock input
CKE : Clock enable
/ICS : Chip select
/IRAS : Row address strobe
/ICAS : Column address strobe
/WE : Write enable
LDQM : Lower DQ mask enable
ubDQM : Upper DQ mask enable
Vce : Supply voltage
Vss : Ground
VceQ : Supply voltage for DQ Note AO to A1l : Row address inputs
VssQ : Ground for DQ A0 to A7 : Column address inputs
NC : No connection Al12, A13 : Bank select
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Block Diagram
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1. Input/ Output Pin Function

Pin name Input / Output Function

CLK Input CLK is the master clock input. Other inputs signals are referenced to the CLK rising
edge.

CKE Input CKE determine validity of the next CLK (clock). If CKE is high, the next CLK rising
edge is valid; otherwise it is invalid. If the CLK rising edge is invalid, the internal clock
is not issued and the uPD4564xxx suspends operation.

When the uPD4564xxx is not in burst mode and CKE is negated, the device enters
power down mode. During power down mode, CKE must remain low.

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

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

AO - A13 Input Row Address is determined by AO - A13 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 at the CLK rising edge in the read or write
command cycle. It depends on the bit organization : AO - A9 for x4 device, AO - A8 for
x8 device, AO - A7 for x16 device.

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

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 A12 and A13 is
precharged.

When A10 is high in read or write command cycle, the precharge starts automatically
after the burst access.

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

LDQM lower byte 1/O buffers, respectively.

In read mode, DQM controls the output buffers like a conventional /OE pin.
DQM high and DQM low turn the output buffers off and on, respectively.
The DQM latency for the read is two clocks.
In write mode, DQM controls the word mask. Input data is written to the memory cell if
DQM is low but not if DQM is high.
The DQM latency for the write is zero.
DQO - DQ15 Input / Output DQ pins have the same function as I/O pins on a conventional DRAM.
Vee, Vss, VeeQ, (Power supply) Vec and Vss are power supply pins for internal circuits. VecQ and VssQ are power

VssQ

supply pins for the output buffers.

10
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2. Commands

Mode register set command Fig.1 Mode register set command
(/CS, IRAS, ICAS, /IWE = Low)

The puPD4564xxx has a mode register that defines how the device

operates. In this command, A0 through A13 are the data input pins.

After power on, the mode register set command must be executed to
initialize the device.

The mode register can be set only when all banks are in idle state. AL2, A13 T2

During 2 CLK (trsc) following this command, the pPD4564xxx cannot

AL0 XD
accept any other commands.
Add X9
Activate command Fig.2 Row address strobe and

bank activate command
(/CS, IRAS = Low, /CAS, /WE = High)

cek 1 L
The uPD4564xxx has four banks, each with 4,096 rows. CKE H
This command activates the bank selected by A12 and A13 (BS) and a ICS _\_/_

row address selected by AO through A11.

NS K K
&S

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

A12, A13 2D S
(Bank select)
Al10 XX

Add X9

Precharge command
Fig.3 Precharge command

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

CLK | | I | |
This command begins precharge operation of the bank selected by CKE H
A12 and A13 (BS). When A10 is High, all banks are precharged, ICS \ /
regardless of A12 and A13. When A10 is Low, only the bank selected /RAS 5\ L%

by A12 and Al13 is precharged. IcAs B3
After this command, the uPD4564xxx can’t accept the activate

KK
IWE 35580

command to the precharging bank during tre (precharge to activate

_ A12, A13 22 XK
command period). (Bank select)
. . . Al0 XK
This command corresponds to a conventional DRAM'’s /RAS rising. (Precharge select)
Add

11
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Write command Fig.4 Column address and write

command

(/CS, ICAS, /IWE = Low, /RAS = High)

CLK
If the mode register is in the burst write mode, this command sets the CKE
burst start address given by the column address to begin the burst write ICS
operation. The first write data in burst mode can input with this IRAS
command with subsequent data on following clocks. ICAS
IWE
A12, A13

(Bank select)

Al10

SR TR
Add 5 R

Read command Fig.5 Column address and read
command

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

CLK
Read data is available after /CAS latency requirements have been met. CKE
This command sets the burst start address given by the column ICS
address. /IRAS
ICAS
IWE 3285 NGRS
Al12, A13
(Bank select)
A0 D
Add
CBR (auto) refresh command Fig.6 Auto refresh command
(ICS, IRAS, ICAS = Low, /IWE, CKE = High) CLK
CKE
This command is a request to begin the CBR refresh operation. The ICS
refresh address is generated internally. IRAS
Before executing CBR refresh, all banks must be precharged. ICAS
After this cycle, all banks will be in the idle (precharged) state and WE T
XXX

ready for a row activate command.
i ) ) Al2, A13
During trc period (from refresh command to refresh or activate (Bank select)

S——
S0 000000 0090000905
ALD RIS

command), the uPD4564xxx cannot accept any other command.

TRITIIIIILIILIL.
XX KKK
Add KRN

12



NEC UPD4564441, 4564841, 4564163 for Rev. E

Self refresh entry command Fig.7 Self refresh entry command
(ICS, IRAS, ICAS, CKE = Low, /WE = High) CLK
CKE
After the command execution, self refresh operation continues while ICS
CKE remains low. When CKE goes high, the uPD4564xxx exits the self IRAS
refresh mode. ICAS
During self refresh mode, refresh interval and refresh operation are WE
performed internally, so there is no need for external control. S—
Al2, Al3 R
Before executing self refresh, both banks must be precharged. (Bank select)
A10
Add
Burst stop command Fig.8 Burst stop command in Full
Page Mode
(/CS, /IWE = Low, /RAS, /CAS = High)
CLK
This command can stop the current burst operation. CKE
/ICS
IRAS
ICAS
IWE
Al12, A13
(Bank select)
Al10

S—
19000900, 0.0 0 0 0 0 0.0, 0 9,90
Add RIS

%

No operation Fig.9 No operation
— — i CLK | | | | |
(/CS = Low, /RAS, /ICAS, /WE = High)
CKE H
This command is not an execution command. No operations begin or ICS \ /
terminate by this command. IRAS N8

S e
XX XK
RS

ICAS

IWE
Al12, A13

(Bank select)

Al10

Add

13
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3. Simplified State Diagram

Mode MRS

Register

Self
Refresh

CBR

Set

Refresh

Active

WRITEA
SUSPEND

POWER Precharge

Power
Down

READ
SUSPEND

READA
SUSPEND

ON

14
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—- AUtOMatic sequence

Manual input
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4. Truth Table
4.1 Command Truth Table

Function Symbol CKE /ICS IRAS ICAS IWE Al2, Al10 All,
n-1 n Al13 A9 - AO
Device deselect DESL H X H x x x X x X
No operation NOP H X L H H H X X X
Burst stop BST H X L H H L X X X
Read READ H X L H L H \% L \%
Read with auto precharge READA H X L H L H \% H Y
Write WRIT H X L H L L \% L \%
Write with auto precharge WRITA H X L H L L \% H Y
Bank activate ACT H X L L H H \% \Y \Y
Precharge select bank PRE H X L L H L \% L X
Precharge all banks PALL H X L L H L X H X
Mode register set MRS H X L L L L L L Y

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

4.2 DQM Truth Table

Function Symbol CKE DQM

n-1 n U L

Data write / output enable ENB H X

Data mask / output disable MASK H x H

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

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

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

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

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

4.3 CKE Truth Table

Current state Function Symbol CKE ICS 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 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 x x X x x

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

15
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Notel

4.4 Operative Command Table (2/3)
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 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
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(2/13)
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 trp
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 trp
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
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(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 tor.
L H H L X BST Nop - Enter row active after torL
L H L H BA, CA, A10 | READ/READA | Start read, Determine AP 8
L H L L BA, CA, A10 | WRIT/WRITA | New write, Determine AP
L L H H | BA RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL ILLEGAL 3
L L L H [ x REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Write recovering H x X x x DESL Nop - Enter precharge after tor.
with auto precharge L H H H X NOP Nop - Enter precharge after torL
L H H L X BST Nop - Enter precharge after 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.

2. Ifall banks are idle, and CKE is inactive (Low level), uPD4564xxx 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), uPD4564xxx 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.
10. lllegal if trro is not satisfied.

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

Current State CKE /CS |/IRAS|/CAS| /WE | Address Action Notes
n-1| n
Self refresh H X X X X X X INVALID, CLK (n-1) would exit self refresh
L H H X x x X Self refresh recovery
L H L H H X X Self refresh recovery
L H L H L x | x ILLEGAL
L H L L x x X ILLEGAL
L L x x x x x Maintain self refresh
Self refresh recovery | H H H X X X X Idle after trc
H H L H H x x Idle after trc
H H L H L x X ILLEGAL
H H L L x x | x ILLEGAL
H L H X X X X ILLEGAL
H L L H H x | x ILLEGAL
H L L H L x X ILLEGAL
H L L L x x | x ILLEGAL
Power down H X X X X X INVALID, CLK (n — 1) would exit power down
L H x x x x | x EXIT power down - Idle
L L X X X X X Maintain power down mode
Both 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 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 both banks idle state. Power down can be entered only from
both 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, both banks must be precharged using the Precharge command (The Precharge all banks

command is convenient).

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

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

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

The mode register is programmed by the Mode register set command using address bits A13 through A0 as data
inputs. The register retains data until it is reprogrammed or the device loses power.

The mode register has four fields;

Options . Al3 through A7
ICAS latency : A6 through A4

Wrap type : A3

Burst length : A2 through AO

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

/CAS Latency

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

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

Burst Length

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

Wrap Type (Burst Sequence)

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

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

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

13 12 11 10 9 8 7 6 5 4 3 2 1 0

[oJofJoJolo o] 1] |  JEDEC Standard Test Set (refresh counter test)

| x | x | x| x] 1ol o] vmobE [wr] BL |  Burst Read and Single write
(for Write Through Cache)

13 12 1 10 9 8 7 6 5 4 3 2 1 0

I ‘ ‘ ‘ ‘ ‘ 1 ‘ 0 ‘ | Use in future

=
w
[
N
=
[N
=
o
o
[ee]
~

6 5 4 3 2 1 0

]
|
|
|
|
|
|

v Iiv /] v]v]v][v]v] venderspecic

V = Valid
13 12 11 10 9 8 7 6 5 4 3 2 1 0 x = Don't care

[olofofofo]

o
o

| LtmoDE | wr | BL | Mode Register et

Bits2-0 WT =0
000
001
010

Burst length 011

100

101

110 R

111 Full page

s
—
a

;U;U;U:UOOLI\)HI

| W0 DN

Sequential
1 | Interleave

\
Bits6-4 | /CAS latency
000 R
001
010
Latency 011
mode 100
101
110
111

Wrap type

V|V |W|D|w[N D

Remark R : Reserved

Mode Register Write Timing

cLK L L
cke [

Ics —\_f
ras T\ S
ICAS —\_f

IWE —\_f

AQ - A13 X X
™

Mode Register Write
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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 Al - A0, binary) (decimal) (decimal)
00 0,1,2,3 0,1,2,3
01 1,2,30 1,0,3,2
10 2,3,0,1 2,3,0,1
11 3,0,1,2 3,2,1,0

[ Burst of Eight ]

Starting address
(column address A2 - A0, binary)

Sequential addressing sequence
(decimal)

Interleave addressing sequence
(decimal)

000 0,1,2,3,4,5,6,7 0,1,23,4,56,7
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 3,4,56,7,0,1,2 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 6,7,4,52,3,0,1
111 7,0,1,2,3,4,5,6 7,6,54,3,2,1,0

Full page burst is an extension of the above tables of sequential addressing, with the length being 1,024 (for 16M x4
device), 512 (for 8M x8 device), and 256 (for 4M x16 device).
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8. Address Bits of Bank-Select and Precharge

Row | A0 | A1 | A2 | A3 | aa | A5 | a6 | A7 | a8 | A9 |a10] A at2fais] [A12]AI13] Resuit

Select Bank A
(Activate command) “Activate” command
Select Bank B

0 1 “Activate” command
1 0 Select Bank C

“Activate” command
1 1 Select Bank D

“Activate” command

| ro [ AL| a2 | A3 | a4 as | a6 | A7 | a8 | Ao [ Al0] a11]ai2]ais]

‘ ‘ A10 | A12 | A13 | Result

Precharge Bank A
Precharge Bank B
Precharge Bank C
Precharge Bank D
Precharge All Banks

(Precharge command)

P O|lO|O|O
X |k, O|O
X || O|R|O

X : Don'’t care

0 disables Auto-Precharge
(End of Burst)
1 enables Auto-Precharge
co. [ Ao | a1 | a2 ] A3 | asa] as | ae | a7 ] as | Ao [awo] x [aiz]aiz] (End of Burst)
(/CAS strobes)
Al2 | A13 Result
0 0 enables Read/Write
commands for Bank A
0 1 enables Read/Write
commands for Bank B
1 0 enables Read/Write
commands for Bank C
1 1 enables Read/Write
commands for Bank D
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9. Precharge

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

Soon after the precharge command is issued, precharge operation performed and the synchronous DRAM enters
the idle state after trp 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 |_sz |_lT3 |_IT4 |_lT5 |_IT6 |_IT7 |_IT8 |_|

ICAS latency = 2

Commard

0 e XXX I

ICAS latency = 3 : : : : : : : : : :
Command ; ; ; ; ; ; ; ;

S > Y Y Y S

(tras must be satisfied)

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

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

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

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

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

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

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

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

10.1 Read with Auto Precharge

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

latency of 3) the last data word output.

Burst length = 4
TO T1 T2 T3 T4

L1

5 T6 T7 T8 T9

L L1

CLK

/CAS latency = 2

|
Auto precharge starts

L

|
|
|
|
|
|
Command | i
! | |
| ! i
! / \ | Hi-Z
DQ ! N QB1 >< QB2 >< QB3 >< QB4 ) r
| : : : : |
| | | | | |
| e
ICAS latency = 3 ! ! | | | |
| | |
Command } }Auto precharge starts ‘ !
| | | |
| | | |
| i-
/ \ Hi-Z
DQ | QB1 QB2 QB3 QB4
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 | |

|
1
|
ICAS latency = 2 !

| |
| |
| |
| |
| |
1 |
|
Command ! WRITA B

|

| |
|

Auto precharge starts

|
|
N | Hi-Z
DQ bemeees < DB1 >< DB2 >< DB3 >< DB4 Ps L
| |
| | | | | |
| | | | | » |
} } } } } toPL(MIN.) }
| | | | | |
| | | | | |
| | | | | |
/CAS latency = 3 \ \ \ \ \ \
| | | |Auto precharge starts
Command ! WRITA B ! ! ! |
1 ! 1 1 1
| ‘ ‘ ‘ N Hi-Z
DQ kammens < DB1 >< DB2 >< DB3 >< DB4 Ve

{

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
L o
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
toPL(MIN.) ! !
| |
| |
| |
| |
| |
| |
| |
| |

(tras must be satisfied)

Remark WRITA means Write with Auto Precharge

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

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

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

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

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

ew _ | L L L L b b b

Command

Hi-Z

DQ

11.2 Write to Write Command Interval

During a write cycle, when a new Write command is issued, the previous burst will terminate and the new burst will
begin with a new Write command. WRITE will be interrupted by another WRITE.

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

Burst length = 4, /CAS latency = 2

CLK |

| | |

| | |

| | |

I ! ‘

I ! ‘

| | |

| | |

| ! !

| | |

I ! ‘

| | |
! : \ | HiZ

DQ bemeees < DA1 >< DB1 >< DB2 >< DB3 >< DB4  D-----ert

|

|

|

|

|

|

|

|

|

|

|
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NEC

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

CLK

=2

©
c
IS
£
S
/S
@)

/CAS latency

mmmmmmgmmme————

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

DQ

=3

/CAS latency

Command

DQ
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11.4 Read to Write Command Interval

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

Burst length = 4

Command

poM | —\

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
cw L LI LI L
| | | |
ICAS latency =2 | | | | i i | i i i
| I I !
— @D @D
DOM | 1 | A | ‘ N\ | 1
! ! ! ! i 1 ‘ 1 i 1
L L N I D
| | | / ----\ -----
oo e XX @ XXX
1 1 l | | | necessary | | |
| | : | | | | ‘ ‘ |
ICAS latency = 3 i ! ! ! | | i | | |
I I | I I
D @D
| | | L L ! | : ;
DM ‘ ‘ /" | A\ | :
NN
| | | |
DQ | | r : “ ----- b1 X b2 X b3
e P T D IR CD N C @
| | | | | |
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12. Burst Termination

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

burst stop command and the other is the precharge command.

12.1 Burst Stop Command

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

Burst length = X

TO T1 T2 T3 T4 T5 T6 T7
CLK L1 | L L1 | I I I

| | |

| | |
|

Command Read i

|
|
|
|
|

ICAS latency = 2
DQ

ICAS latency = 3
DQ

i S

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

CLK [ L L1 |
| | |
| |

Command i i

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

ICAS latency = 2, 3

N T O O

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 | Read |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

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 ! | ! | ! | ! | ! | ! | ! | ! | ! | !
oQ D D €D D

(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

CLK N S O
(G S S S S R/ | W —

| | | | N o |
DQ b1 X b2 X b3 X b4 X b5 > Lot e :

(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 TS T6 T7 T8

CLK | T O I
oow L SN
S D €D €D D D T N N —

i | trp | i i

(tras must be satisfied)
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13. Electrical Specifications

« All voltages are referenced to Vss (GND).

« After power up, wait more than 100 us and then, execute Power on sequence and Auto Refresh

device operation is achieved.

Absolute Maximum Ratings

before proper

Parameter Symbol Condition Rating Unit
Voltage on power supply pin relative to GND Vce, VeeQ -0.5t0 +4.6 \%
Voltage on any pin relative to GND V1 -0.5to +4.6 \Y,
Short circuit output current lo 50 mA
Power dissipation Po 1 w
Operating ambient temperature Ta 0to 70 °C
Storage temperature Tstg -55t0 + 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 Vi 2.0 Veet0.3 M1 |y
Low level input voltage Vie -0.3 Nete2 +0.8 \%
Operating ambient temperature Ta 0 70 °C
Notes 1. ViHmax) = Vcc + 1.5V (Pulse width <5 ns)
2. Viiming = =1.5V (Pulse width <5 ns)
Pin Capacitance (T A=25°C, f =1 MHz)
Parameter Symbol Condition MIN. TYP. MAX. | Unit
Input capacitance Ci AO - A13 25 4 pF
Ciz CLK, CKE, /CS, IRAS, /ICAS, /WE, 25 4
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 lcct | Burst length = 1, CL=2| -A80 75 80 90 mA 1
trc = trc (viny, 10 = 0 MA, -Al10 65 70 80
One bank active -A10B 60 65 70

CL=3| -A80 80 85 115

-Al10 70 75 90

-A10B 70 75 90

Precharge standby current lcc2P | CKE < ViLmax), tek = 15 ns 1 1 1 mA
in power down mode lcc2PS | CKE < ViL (wax), teck = oo 0.5 0.5 0.5
Precharge standby current lccaN | CKE = Vi viny, 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 Ny, tek = oo, 6 6 6

Input signals are stable.

Active standby current lccaP [ CKE < ViL(max), tek = 15 ns 5 5 5 mA
in power down mode lccaPS | CKE < ViL (wax), tck = oo 4 4 4
Active standby current lccsN | CKE = ViH viny, teck = 15 ns, /CS = ViH (miny, 25 25 25 mA
in non power down mode Input signals are changed one time during 30 ns.

lccaNS | CKE = ViHMiNy, tek = oo 10 10 10

Input signals are stable.

Operating current lecca | tex 2 tek viny, 10 =0 MA, CL=2]| -A80 90 105 165 mA 2

(Burst mode) All banks active -Al10 70 80 130

-A10B 65 70 110

CL=3| -A80 105 125 195

-Al10 90 105 165

-A10B 90 105 165

Refresh current lccs trc = trc (MIN) CL=2]| -A80 130 130 130 mA 3

-Al10 130 130 130

-A10B | 105 105 105

CL=3| -A80 135 135 135

-Al10 135 135 135

-A10B | 115 115 115

Self refresh current Icce CKE<0.2V Bl 1 1 1 mA

-l 0.4 0.4 0.4

Notes 1. lcc1 depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, Icc1 is measured condition that addresses are changed only one time during tck (iN,).
2. lcca depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, Icc4 is measured condition that addresses are changed only one time during tck (iN,).
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 lhw |0<Vi€VeeQ, VeeQ = Vee -1.0 +1.0 UA
All other pins not under test =0 V
Output leakage current loy |0<Vo <VceQ, Dour is disabled -1.5 +1.5 UA
High level output voltage Vou [lo=-4mA 2.4 Y
Low level output voltage Vou |lo=+4 mA 0.4 Y

AC Characteristics (Recommended Operating Conditions unless otherwise noted)

Test Conditions
* AC measurements assume tt = 1 ns.
» Reference level for measuring timing of input signals is 1.4 V. Transition times are measured between ViH and VL.

« If tris longer than 1 ns, reference level for measuring timing of input signals is Vit (iny and ViL (vax.).
« An access time is measured at 1.4 V.

tck
tcH | teo
20V —
CLK 1.4V oo Y
08V ------------- e
tseTup | tHoLD
[
20V -
Input 14V -
0.8V -
tac
toH

Output
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Synchronous Characteristics

Parameter Symbol -80 -10 -10B Unit | Note
MIN. MAX. MIN. MAX. MIN. MAX.
Clock cycle time /CAS latency = 3 tcks 8 (125MHz)| 10 [@00MHz)| 10 [(Q0OMHZ)| ns
ICAS latency = 2 tcke 10 |(100MHz)| 13 (77 MH2) 15 67MHz2)| ns
Access time from CLK /CAS latency = 3 tacs 6 6 7 ns 1
ICAS latency = 2 tacz 6 7 8 ns 1
CLK high level width ten 3 3 3.5 ns
CLK low level width teL 3 3 35 ns
Data-out hold time ICAS latency = 3 toms 3 3 3 ns 1
ICAS latency = 2 toH2 3 3 3 ns 1
Data-out low-impedance time tiz 0 0 0 ns
Data-out high-impedance time ICAS latency = 3 tHzs 3 6 3 6 3 7 ns
ICAS latency = 2 tHz2 3 6 3 7 3 8 ns
Data-in setup time tos 2 2 25 ns
Data-in hold time ton 1 1 1 ns
Address setup time tas 2 2 25 ns
Address hold time tan 1 1 1 ns
CKE setup time teks 2 2 25 ns
CKE hold time tekn 1 1 1 ns
CKE setup time (Power down exit) teksp 2 2 25 ns
Command (/CS, /RAS, /CAS, /IWE, DQM) tems 2 2 25 ns
setup time
Command (/CS, /RAS, /ICAS, /IWE, DQM) temH 1 1 1 ns
hold time
Note 1. Output load
1.4V
Z=50Q 00

Output )
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Asynchronous Characteristics

Parameter Symbol -80 -10 -10B Unit | Note
MIN. MAX. MIN. MAX. MIN. MAX.
ACT to REF/ACT command period (operation) tre 70 70 90 ns
REF to REF/ACT command period (refresh) tre1 70 70 90 ns
ACT to PRE command period tras 48 120,000 [ 50 120,000 60 120,000 ns
PRE to ACT command period trp 20 20 30 ns
Delay time ACT to READ/WRITE command treo 20 20 30 ns
ACT (one) to ACT (another) command period trrRD 16 20 20 ns
Data-in to PRE command period | /CAS latency = 3 topLs 8 10 10 ns
/CAS latency = 2 topL2 8 10 10 ns
Data-in to ACT (REF) command | /CAS latency =3 | toas 1CLK 1CLK 1CLK ns
period (Auto precharge) +20 +20 +30
/CAS latency = 2 toaL2 1CLK 1CLK 1CLK ns
+20 +20 +30
Mode register set cycle time trsc 2 2 2 CLK
Transition time tr 0.5 30 1 30 1 30 ns
Refresh time (4,096 refresh cycles) trRerF 64 64 64 ms

38



N
EC
uPD
45
64
44
1
4
564841, 4
, 456
41
63
for
Re
v
. E

) B XX
— ! .
35858 -
3388 .
oo B
35 - o
B
. oo :
ﬂ ] oonno nonno o “%no
1 ou%o 00000 3000
T . e XX 25
“OOON | 00000 000000 —_ 50K
oo - X% 558 ouo%o
00000 i 00000 00000 55K
0000 ) 00000 XX 0000% - o
0000 B 00000 XK 00030 - 5%
“000“ w 00000 XXX 000000 XK
(oo 558 oo 0 - .o
1 | o%oo o ) X8 3% % -- KRS
1 | o%oo o%oo N ooooo ooo% S0 0088
I s 58 X% S5 - .
= 58 X% X8 Eooast XX 2 ‘ .
0 ww | 0 0 : ll % 0% L % KL
ounon B Q“N“Q %N“o oonnoo “%“N on“o“» onnoou - - e
X [ 6% KL ogogeds 00000 XX L 5 .
. = 000000 00000 0038 00800 000000 --
| - oo X . KRS ] o, --
= z K B 5 558 - . ...“..“ |
| m /_ “““““ - S5 85 K3 5 52 o
| 00 0000 ) % 000 0000 ode - 0000 0000 __a
. = B oo s S8 K a-
. = oo 0% Rt Booste oo, '
. %%o XX 0080 00000 08% - - ooooo
.". ..““. 1 = 5 e B3 :
% XX 000000 J oSodeds 00800 000000 ou%oo .
- S %% (X5 o s il '
9 %%00 o3osese X% 100 %ooo -- .
. oo : oo XX _
= 5 8 ] 3353 553 o
- RS KRS 500 oo o
5 2053 00030 Booos%! oo, 1
; . 000000 00000 000000 '
00000 3 000000 00“000 - - 000000
; 0 , 000000 000000 b 000000 '
; %, »oo%o %oooo oooooo '
%oo g o S5 ] '
000000 O%NQO s 000000 00"30 -- '
o I X8 oo .nooon - 1 .
~ XXX 0000& 00030 K g 00000" \ .
. = 000 X & XX - '
QN%Q 0000& 000000 00000 onooon -
00000 ONQ%OA 000000 35 5 Voooo a-
. - ouooon 190 RS L '
o s el X5 25 :
o%o - R XK s X '
- = oo XK s RS '
| - 0 0 XK s 3 '
. - KX 0K K SRS '
5] 000 S - . %“o%
__ 7 00000 0%0& oot XX -80000 oo '
T 00000 0000& 000000 X 500000 000000 '
| = 3% X XK s ] '
| ooooo o%o& R 0 -800% SS '
| 00000 0000& 000000 %% voooooo 000000 O
e ,0000 n%onx 000000 ono% vooou% cn%oo o
= 003 000000A 000000 — 00000 vQOOOQO 00000 .
& S S 535 555 -
L - 000000 00000 voooo 000000 N il
oo\m Bt 0% 00000 %% = ]
000000 00000 &0000 000000 g c <
S | - 55 55 50 _ 5]
. 5 vo%o% oooooo > QS =<
A _I ,000 X voooo% = B0eoe! I = IS
C ,oo - v%%oo oooooo 8 3] =
- 5K ] < I @©
/ 0«0 = Sododets 000000 m
8959 L el - | 0
< 0“0004 & s o \ | r
00000 : KX 000000 e
_ oooon &0%« 020 000000 o)
_ = 5 & S S
| “%QN 000000 000000
= E 1 00““0 “onwno AL »oonnn H \
g “uoon ono%n XL 3 | &
2 ol 5 ]
e 00000 000000 00000 oc«mot =
L . = S s _
oo “onnno “%nu onnoow \
ﬁ ouo% ono%u 2 “30"0 NN%N« o
% .m
U 4 1 Nu%n nn%“u X KR Noonno _
B | = XK X% .808 %ooo
= - 35 35 35 3
e, 11 - ) 8 K55 S 3
o - K% .u..“ S5 oes "“..““ ‘
r. 1 00000 000000 — XXX 000000 03000
a 1 00000 000000 X 00300 0308
h | “%on 35 1o038S KX S 0 o
C oou»o »on»no nuonn ounonn ou»nou RS 2 o<
e 3 ) . - 200 R no%uo P S 8
r - XK 050008 KK, 0000 o X
D. T . oo%o 5% S5 100 T IS
555 %fo 0% 03 — ooo% e} [5] [
sl oo % - . |
| 00000 ] 00000 00000 000000 00000 ] IS [
© XK 3% XX KRS = | 0 |
> XXX 00000 ooedt 000000 $RXX y L
= 0000% - 5585 ool 03000 (@} -
c KR B B 300 n%ono . 0
] o 35 20X XS o | |
ols XX XX KRR - |
= -- Q 0008“ % - oinoo no%oo .
| 1\ wc “%N“o nnoou 00"00» oonnoo H _
| | g \00%0 S o | 00000 ' N
o - XXX 388 - 1 . . |
.n l‘ oon% - S oot H
I 00000 - = &300 00030 '
IS -- ool 00“0& 9! 000000 onooou i .
| ) = %%%A ~ oooooo 0320 N '
! | 00000 00003 e 0&0000 000000 1
0500008 0000& KK K 0%000 | . |
d - 00000& 000000 % 000000 -- ' s
) - i s oo o -- H
] — - oS%0%e - 00003 00000 - L _
30 X% = | 000 w .
Q = - L RXX i 00 0
| 00000 00003 _ 0% 000 000 X - '
R 1 - oo - ! -0%8 1
. X% % B v%%% .\
F 1 oo%o - %oooo -83% '
..m -- 00000 0“300‘ 000000 w ‘00000 .
1 00%0 o%o& ooo%o - voooooo '
n i 5 ‘no%» - o .
D o 3% X .oo%oo [ '
oo%o | | = vooo%o -- vo%ooo '
| 0 00000 | ON%& 000000 %00000 kXX )
@ x z o s RS 535 - . A
: | | L 0000 oooo& 000000 vooooo voo%oo - ' 3
e = 3 ) 5% ] 5 e K - ' &
£ XX 3% - e .%%% .
a S 00000 = XXX vooo%o voo%oo '
r | !-00 00000& 000000 %00000 vo%o% '
3 3 s 55 ] - . .
P | 0000"@ 000000 vonooon vooow% '
| 3 oo%m oo%oo vooooo v%ooo - ' ko]
L s R p i 1 .
(@) 000000 ‘N‘ooo ) &00“00 | . | n A
- voooo -ooooo - @ ]
< L~ 0oens 00000 Rolsdsts - ' X
oéo : X vooo%o - o I} £S5
oo%o % -oooo - ot @
s .2. - s . £E3
| w w N““N“ S 5 W“M“NN“ ' ) m
| t - 5 0% Y 0003 ' (@) =
K 00 00 OA K 0% ] (=]
— ] 0080 i : 000 f
= X% %%oom = . \ .
O 00000 500 on%ou ) 1 .D
_._._ 00000 0000& 558 - ' o
14 X% X - ‘ .m
00000 00000” 00000& \ -
(@] to%e 00 - l‘.
0 oo%om %oo& ;
on%& onooom 1
O %) 90 = .
< 9% &%& .
A OQQQA
L < .
, %00& .
: % ] .
'
'
| '
| '
T
: 3 "
'
< . |
o~ " mn |
— L Z. aa
| _. 2 E &
= m" Mm m
'
< m | nop m
'
< 5 | |
Q o
[(a)

O

39



AC Parameters for Read Timing (Auto Precharge, Burst Length = 4, /CAS Latency = 3)
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:3)

4, |CAS Latency

13.2 AC Parameters for Write Timing (Burst Length

O
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13.3 Relationship between Frequency and Latency

Speed version -80 -10 -10B
Clock cycle time [ns] 8 10 10 13 10 15
Frequency [MHz] 125 100 100 7 100 67
/CAS latency 3 2 3 2 3 2
[trep] 3 2 2 2 3 2
/RAS latency (/CAS latency + [trep]) 6 4 5 4 6 4
[tre] 9 7 7 6 9 6
[tre1] 9 7 7 6 9 6
[tras] 6 5 5 4 6 4
[trrD] 2 2 2 2 2 2
[tre] 3 2 2 2 3 2
[topL] 1 1 1 1 1 1
[toal] 4 3 3 3 4 3
[trsc] 2 2 2 2 2 2
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13.4 Mode Register Write (Burst Length = 4, /CAS Latency = 2)

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

SERREELILLELLIN
-

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
C K E H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| | | | | trsc | | | | | | | | | | | | | | | | |
| | | | — | | | | | | | | | | | | | | | |
| | | | | i | | | | | | | | | | | | | | | |
i i i i i 2CLK (MIN.) | | | | | | | | | | | | | | | | |
. . | . | | . . . . . . . . . . . . . . . |
; ; | ; | ; | ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; |
/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
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| | T | | T | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
| | | | I | I . . . . | | | | | | . . . . |
I IIIRRRRIRIRK) | IRRRKR | R R R R O R R R R R IR RIIRRILLLIILIIIIRRRKKK, X
IRAS RN ! JRERRIRKK) i 000 IR LRIRKKING 000K LIIIIIIIILLRRLKKS %S
. SN . R RRRRRLRLRRRRRIK SRR
; ; ;
| |
| |

i
\

ST,

SIS

T TRIIIIL, R TR R R TR RLS % TIIITS
JCAS SRS R R R R R R R R R R R ILIKLRS.
2RI O O IR
IR I,

j
I
QKK HKRIIEIEIRRIRKHKHKK SISO, 1 CRRRKAKK KRSSEEKKIKAKLHKIRKIREIIIHK IR K IR R KRRARARAKHK KKK KIKRRRIRRIIHKR KRR XRIKIRRICRK KKK RRKRRIKRICIRK I I IR RIKRKRIIIKI KRR KK RRIIRIRK KK KX R RRIKRIIAKHK KX KKK RKRRIICK KK I K
SLRRILLIIILRAN LRILLRRN ! LIRSS ! R R IR
5EEIRRLLLRKINN JRRIKK ! Qodetetetedels’ ! o 05 R 8RR R R 50 R RS0 SRR IIIRRKRIKKLKS
0202626202656 %6%6% %% %\ 1%%%% % %% o26%6%%6 %% ! 066%%6%6%%%! e e e KKK 0020902702209 2696269625622 % %% %% O R LKL 26902676 % 2% %% %
] ] ] ] ] | ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] |
| | | I | | | | | | | | | | | | | | | | | |
TR TR IT T LI LTI T TTTTTTIN ! LRI
B eSS, | fRRLLLN O e e e asstes IS
R RLLIIIRILRIIIRIIIRLLRHKK oatessiates R RIIRIIIIRIRILLRAIRKS 3 I RRILRIILLIILRHE
Al3 EESESSSESIIEIESESISIIIIN | S e s e e
SISO IIIII SOOI I I I IO, . PRIIKRT IO INNIIIIIISIIIIIIIIIILSISIIIIIIIILILIINIIINIIIISLIIIIIIINIIILSSIIIINIIIIIL SIS INIIINIILIISIININIIIIIL SIS I INI I IS
Z R
A12 SRR R RIIIIBEEEN R R IR R R SRR
RRIL R RIIIIIRIIKKLKLKN DO o e e o s e ssasesatatotetoteses 90 RIIIIRRIIKKLLLISS
$a%a9a9a0%%%a%a%:. X e PV III OIS NI IIIIII LIS IINIIILIIIINIIIIIII I OIS IIIIIIINNINNIIIILIIIINIINIII SISO Ia8a%a%
ST, S =
] R R R
A0 Ry | ) s
R KR ! etetetetetetes R R R R R R R R R R
I I I I I I I I I I I I I I I I I I I I I I
| | | {ADDRESS KEY | | | | | | | | | | | | | | | | |
T T TR IR TIITITIZIN [z R S S R R S S S S S S R TR
ADD I KIRIILRKILKN KK B O O IRIIKIKKIK,
R RRILLILILRRILLRILRLRAIKN <R R O O R RIRRIILIIIRRIILRRIKK
GRS 9 o a e a0 o000 a e a0 E e a0 e a0 e e e s e e oo s s asatatatotototoses
SIS IS DS993 99. 099098090 9.9.9.9.9.9.9.3, 929,94 S/ LS DI I 9809999099 0.99.9.9.9.9.9.3.9.9.9.9.9.9.9.3.9.93.9.9.9.9.93.9.9.9.9.9.9.99.3:99.9. 999999990 09.9.9.3.0.9.9.9.93.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.93.9.9.9.9.93.0.9.3.9.9.9.9.9.9.0.9.0.9.9.9.9.9.9.9.9.9.%,
T T T | T | T | \ T T T T T T T | | | | | T |
I I I I I I I I I I I I I I I I I I I I I I I

| Hi-Z | | | | | | | | | | | | | | | | | | | | |

DQ B L )

T T T

All Banks Register Activate

Precharge Write Command

Command Command is valid
trpP
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13.5 Power On Sequence and Auto Refresh

CLK

CKE

ICS

IRAS

ICAS

Al2

A10

ADD

TO T1 T2 T3 T4 TS5 T6 T7 T8 T9 T10 Ti1 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21

Ioc(k( cycle is necessary
)T '
igh level is necessary

LG

I]0

))
2 refresh cycles are necessary

I
TRTTRRITIRS

T T T
| | |
| | | . |
' [T LTI ' R (R RTIN R R (R LLTTTLTRN | R RRRRI
SRR I LRI LKL I SRRIIRIIRIKELR OSRRRIILRIIEEILRIKN f RIS RIRIKIEKIILLIIIILKN I LIRS
) L5 L552 | N ) e NI
Reteteletetotetotototel] Y %% 2022 NI RN LR RN . R
; ; T * ; T ; ; ; ; ; ¢ T ¢ ¥ * ; ; ; T ; |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
LROSSSKN ! % 00 0 00 0 9 0 0 0 9% ! RS RSSSARRE SRR R RARR R
SRRRRIBIIKLN RRXRRIEN LRERRRN ! R IRIRRRRRIIIILLLRLKRRS SRRRIIIIK ! f R RRRIIILLLLLRRRIIKIES
KRRRRLLLLLS RLLLRER Atotetetetetets | L RRRILRLLLLIEIK GSIIIIIRRRN | KRR RRRIIEIIIIRRIRIKKS
SRR fRRILLLRRRRIKIIHILE CRRRRIIIKEKN f RIS
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3 RRRKKN O 0o s S sesasasatatatatotosotosetesess R 0909850 S IRIRIIKIKKS s esesssetateteteled
3385 3558588) R R TR KRR FRCHIIIIIIILLLLRRRAIISSY \KKKK
Pete%ete%%! o2e% %%, R R 0T 0 00 200202002020 202020 262020 2% 0% e 2o et e et et o et e e e 0% %602 % 0%

CSASPOSRSRESSRISK KRS KA
IR
R RRIRIIKRXRXY

X SSSRSSRRY. PSSR SRRESEISSER
S R R
SRR R KIRKKIIKKIRKIKIEN

2 TR
SOV SIS SIS I Y OSSN VIS III NI IS IS

XSS PSSRSO SESEISRRER SRS
R R
SRR WK R0 RRRIIIIIRLLLRIRHIIIIIIKY
R R R

<X

X SRR K IR RK KK XX X XN
0000000 e OO 0a0 00 0 00 00 %%
RIS

QAR RS

PSOSSE RIS ISRN
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POI IO SIS0 999999 L

X SRRSSRKL
0RIRRIL
R R R KRR

IR IRRRARIKY

NSO VSN INIIINIIS

RIS B R B R R IR RN RIS
SIRRKRKKK, h300 R 0800503 R 0300 R S0 00000089008 H R IIIIIRRIK KK RIS
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OO o g s a e ot otatetotatatetotote? RS O B IR IKLIKKILEIKEIR CIKKIL RREKIKIKIKK
X X KKKKKKL 1000000 %0 %6 20 %0 00000000 0 00 S 0e 000 % X KEERKSESEREEEEREEREEELEEREESKEEE LK KKK TS KKK ERREEEEE SR KKK K EEREESRE KKK L KKK KK \ 00000200000 %
LSS LI SISO J OIS OIS OISO IO S R R R R R R R R X XXX XXX XXX LOLIS LSO IS OIS IS0 0.9.9.0.1]) MOS0 8.9:9]

SISO G999,
|
l

Hi-z ‘ |

! T T T T

All Banks Register Refresh Refresh Activate
Precharge Write Command Command Command
Command Command is necessary is necessary

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

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 | Ti3 T4 | T15 | Ti16 | T17 T8 | T19 | T20 | T21

] ] ] ] ] ] ] ] ] ] ] ] ] A
I I I I I I I I I I I I I I
. | | | . . . . . . . . . ,
T I I I T T T T T T T T T d
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 . h . | | I I I I I | | I
I ] ] ] I I I I I I I I I I
I I I I I I I I I I I I I I
| | | | | | | | | | | | | |
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
I I I I I I I I I I I I I I
I I I I I I I I I I I I I
| | | | | | | | | | | | | | | |
. I . . . . I I I I I I I I
O OO A TP III NP OGO NPPIOPNPPIIIIDPIPIPDPIIIDPPIIID PP IIINDPOOIP PO IOOP PP OO P PP TR R RXIITTTITS
i i o R R R RIS IR
/RAS R R R R R R O RRILRIIIILLRIILLRIRIKL R
I | O R ORI
R R O R I IIRRIRRLLRRRRRRRK
< ! | I IIISIILIIINIII I NI SIS IIIIINII NN I I IS SIS IIISIINI I I II IS IIIIIIIIII NI NI IS SIS IIIIIIINI I I NI IS SIS IINI I I IS I IS SIS IIIII I NI I I IS I SIS IISIIIII NI NI SIS IIIIIII 94
] T ] I | | ] ] ] T T T ] ] ] ] ] | \ ] ] \
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I
R KRRRA RRRRRRRN D R R R R R R R R R R R RRRTZ LD,
ICAs s 1 e\ | R S RS A SRS SRS KT STSIR8
o’ I poSeseatesess | R R I R R R R R R R R R R R IRIIRRRIIIKLLIIIILLIRIIKKRIIS
I
] 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 SRR RIR R RIHXLL KRR R LLRRRILLL ISR LKL RRRRILRKS
IWE | | S 8 S S e S I IRRIIIERKKLIS
R R O O RIS IILRRALLKS
! ! VOO LI II999 999,000 IIIII SIS SISO IIII IS I I IS LI IIIIIIII SIS I LSOOI II I 9IS S I I I IIIIII IS I I SOOI III IS I IS I OO II IS I IS SOOI LI II I I8 9999,
! ! RRRRRRRRRRRRR
] I ] I ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] \
I 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 S S T T LTI T L LTI LLT T S S S S sS S s T LT LT T IS
A13 B NI s
| LIS\ 1 0 R R R R R R 0 R X I ERIIIRRIIILKILKIKK KR
. | A2020202020202020 . R R R R R R R R R X R X e X X R R R X R R R R R R R R R R R XXX
R IIIRLLLLLLLRLKS R IRIIIIIIIIIILILLLS e S s tasaons
Al2 AR Sasesasesesesatesesetes R SRR, R R SIRASS R O R R R IRIKRKS
datololedetotoleteototetetotoloteotoleteotolote o o ot oot du o o et e ot e e ot e du o e e ettt odefetololetetolotetototedetetolodelotolotetetololetets oletolololetolololetototoletetotodetotototetetotoletetototetutototeteto ot tutoteteduto ot et te
OO0 T T T S S T T T S T T T T S S T TSI
Ssesssesetetete; K ) OO0 OO 0oL e e e OO o0 e e e s oS oe s ossrotosstototosatosotosototototatototetotototetetetetetedotel
255K XS R R R R I O R SRR IR RIILLRIIHIILLRRIILLKS
RRRRRRAS X BRI R R R O R RIRIIIIIRIAIIIIIRIIIRRAK
2020202020200’ de2e2e2ele et o Tt o Tttt e TR0 e 0 0 R0 e 0 0 0 0 Ree 0 0 te e 0 00 e e e e e e 20 e e e e et ettt ot Tt TRt Re e Rote e e o e e o e e e e e e e e e e e e e e e e e e e e e e e et Tttt o Rt TR oo Re e e RoRe e e e 0 e e e e e e e e e e e e e e e e e e e e e e e e e e
|
| | |
% O T e O T RO NI OO PP P OIND DO OIINPPOOD PP OIIIPDOIIN PP OIOP PP OIIPPDOOP PP OIIIP OO R R
desatetoles RRRREN B e R R SRR IKIKIKRLL 090 IIERRRIIIIKRRKKEIKS
ADD R R R R R R IILIIILLRIIILLRSRKRK DS eSS srstosasototosetorotosotototototototetotetetotete?
o2 9 X Y RS O R ISR KIS R IRIIIILRIILLR
920.9.9. VOO OOIISIISIIISOIISIISIIIOIIIIIISIIISIIIIIIIIII O II I IO II IO II I I IO III I IO I 099009999994 QL SIS IS SIS OISO I IO II SOOI NI 9.0 99.9,

T T ! T bt

Activate Read 1-CLOCK 2-CLOCK 3-CLOCK Hi-Z (turn off)
Command Command SUSPENDED SUSPENDED SUSPENDED at 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 T14 T15 T16 T17 T18 T19 T20 T21

CLK

CKE

/

ICS

oo o o CXKRK, KKK KX 9 KKK KXK o 0%0%%
096%% $%09%% 000%6%0 00500 %% 6%% 096%%% X SRSEEEEEEEEEREEEEEREEEELEEEEEEEEESEESESEESESEERSESEERSAEREEEEEEEEEEEEEEELE KKK
R R R R R R R R R RIS RS
C 0T 0% e e et et et YT Y et et et 2T e e e et et et YTt 0% %% 2% 2% %6 0% %% 2% %% %90 % %% 2690 %%6%%4% %% %% %% D000 e e %0070 % 0% 0% %070 %20 %0920 % 2% %% %209 26%6 26962 % %70 % %4256 % %% o%%%!

] Y ] T T ! ! ] ]

IRAS

|
|
< ERRGRLLELKICLELK KK I IR KK I KKK KKK IR LKRKIKIKIRKR KK KIS K IR KRR LK ARIKICR K I KKK K IR I IKK KR KIKRKRRIIKIKK KK KKK KKK KKK IK KR IK IR LKRKIK KKK KK KKK KK IIRIK KK KIIKIK,
0 0 R R0 R 0 R IR RIS RIKKHN
R 8 R 0 R 9 R R 8 R R SS90 R SISIIIRRRRIKIIIEIIK
o2 QRREKRKKL 00000 % %% 090000000000 % %% SRR RS EE G EEERREEEEEIGEEEEREEEEEIEELEEELK

el ofeleleleletetets R R R RRRRERRRRKERK

i

ofotetotololetetotolotetetotototetetutototetetotototetetetototetetutotote e utoteted

QIRRIRERY

QRS

ICAS POt eose %
&

!
I

R R R AR IREIR IR TR IITETTIRTITIRT IR IR EIR TR TRTI IR RTTRTRTLETTT IR RITTTRETTS R RTRTTRS R R R AR TR TR TH TR E TR IR T RT RIS
S s
IWE 0L RIILLIIILLIILLRIIR IR RIEIRIIIR LK RIILRIIILIIILIIIILIIILLRILK K 2000800 RTINS
0%6%0%620%620% %% %% %26 % 6% %% Ot T et e et et e e 0 e et et 2% 025020202056 20 2262656202656 26% %626 % 2e%e % 2e% e %% 0% R

3%
o250 %%

N %!

-
b
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XSRS EREREEREEEEEREE SRS EESEEEARKE RS EEERRREEEEEEREEKEERERLELELEKL
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e R SRR

DQM L | | | | |
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! f ! f U

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

CLK

CKE

ICS

IRAS

ICAS

IWE

Al3

Al12

A10

ADD

DQM

DQ

TO T1 T2 T3 T4 TS T6 T7 T8 T9 T10 | Ti1 T12 | Ti3 T4 | T15 | Ti6 | T17 T8 | T19 | T20 | T21

S RRRRRIRRK
T

i
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; ; ; ; ; ;
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R IR BT TITTIITILL LTS
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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 Refresh
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13.11 Self Refresh (Entry and Exit)
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SRRSO OSSRSRRIRIRERERELSRRRSSSRIRRIESSRN
O I R (R R S SRIIIIIIIIN
O et at et tutatesesatotesesatoses S R RIS
0RRRIIRRRHIIRKS ey e e a e te et atetatatatetatetetatetotostels
I ) BRI
7

SR, R R R R R R IIRR,
CREILLN R REILLRIKILLEKRIKS, RIS B IILRIKIILIKRIK
S0 Gy SR Gas
KRR R, R L

5% R s R B R R TITLTIIITILSL R LTI TXN
R O, RIS R IRRIIRLLLRRRRRILLLRKK
R O IR I IILLIIIIILLLRE (RRILLS
R I RIIRRIILRIIIRIIILRIELRIILKS I IIIIILRALRAKS KSRGS
R R R R R R R R R R R R R R R R R R R R RRRRRRRRRRRRRKS R, RRRRRRRRRRRRIRRRRRK

|

)

I
N

[

...........A.......a.......4......a..........J>S.........\.......4.......4......a.(ﬁ.....................(;’......................................\.......4.......4.......

Precharge Self Refresh Self Refresh Self Refresh Self Refresh Activate
Command Entry Exit Entry Exit Command
(if necessary) (or Activate Command)
Next Clock Next Clock
Enable Enable
trP trc1 trc1

AN
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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 TS T6 T7 T8 T9 T10 Ti1 T12 T13 T14 T15 T16 T17 T18 T19 | T20 T21

| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . |
T T T T T T T T T T T T T T T 1
CKE | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | . . . i . | . | . . . . ,
| T | T T T | T | T | T T T T |
/CS I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
. . . . . . . | . | . . . . . . .
TR =00 ececes/ A TR w00 OO s | | - R R TR
I s % TR | | ‘ R AT TTTTIIIILR,
IRAS Rotetesesatotetetet bototssesatete? RIS oot s asatotesesasatotes
| R RIS | | IIIIRIRIIILIIISISINON 1 | | SRR
i RERRERNK S i i 0002020202020 20202020 202020201020 20 %02k, N . | odefeololedeletotoleletetotolotedetotolodetutulototetets
| ; ; | ; | ; ; ¥ ; ; ; ; | ; ; ;
| | | | | | | | | | | | | | | | |
| | . | | | | | I | I | | | | | |
| | S | o ~ | T R oy
\ | - s \ \ R
ICAS i i i 5ILRKN i i i i B0 IRIRRIRIIHIIIIKILLRLLRRKRS
| , | JRRRREEN | | LR XK IIIIRRRIRILILSS
| T T | | T ? ; ; ; .
| | | | | | | | | | | | | | | | | |
| | | | | I I I | | | | | I \ | | |
i i i i ! 6% %% %% %% %% %% %% %% A % SRS 0% %% % % %%
| | | I o9 o KX I 3K I RSRRRR I KRR IR
0%l RS e ot oSS atoteneoatatotetesetototoset
E | | | | RS | | (KRS | KSR RIS IICRILRILIIIIEIK
! ! ! [ Vo099 %9090 %0909 % %4%a% %% %% %% %% TR /a%%a%% %% [ 4% % %% %Y ! a0 00000 %000 % % 00909 %0909 %9099 %4909 %%a%a% 4% % %%
| | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
! %% %% ! PSSR ISISSSSN ! ! PSSR ! %% % %% ! %% %% %% Y (%2200t PiP P P PP P DD P S SSSLIIIIIIIISNS
! XKL ! PR RIRRIIIIIIILLRLLIRLKKN ! ! R RRRRRIIIIIIILLLLLLRKR ! fRREXX) ! JRRRRRHN ! 5ERKXLLLLIRK
Al3 i Alteteseseses | OO eSS esssososeseteteteteteteses: | | R8I LRLIKKIIHIIRD | SSsssesesesets, | Jogoeletetetedy | 3R
| deSedotetotolo. I SIRRREELEEIEIKEN 1 | RRZREIEEEELELEELEEN 1 LoSobolololelolet NI Sotololotetelele. NI RRREEE,
i i i i i i i i i i i i |
| | | | | | | | | | | | |
| | | |
R R TR XL I ITLLITRRN T T S
! ! B IR ! ! R RN
Al12 RRRRIIIIIILLKLRK R RIIIIIIRRRRIIHIIIIILLLRLRR
! ! I IIRRRRIKIIKS ! 1R IIIRRRIIRLKSIIIIIIRKS
. . . .
T T T T T T T T T T T T
| | | | | | | | | | | |
| | | | | | | | | | | | |
| 9 | , |
T IIRT TITILTITTLT RITTIIN BRI IITTLTITTLZIN X 3 o
A10 ! o s atatetetototototoietoeted ! 355NN 0 IIIIRIKLILIN ! % o
D LEEEEERISISSISIIIISIIN | BN B ARSI |
! ofedetololefetetotoletetetotolole2eetolote e et NI Sotototedetetotob 2ofeletetololetetetotoletetetotoloteteutetetete, !
i i i i i i i i i i i i i i i i i i i i i i |
| | | | | | | | | | | | | | | | | | | | | | |
IR R R TLIX T R T RS R ST IRTT K
ADD  555555es RAa JSSSSSEe] CAa JSSsssssssssssuasassssst s QLT s
GRRRIIRK AR, R IRRSIIRRSIIIRISRD €0 R I R RIIIRARIIIRAISIIKKKSKKN JRIRKS B3R RIS SIIRKXSISIRKXSISS
| | | | | | | | | | | | | | | ! | ! | | | | i
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
DQM L ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! |

DQ ..-..LHif..l.......J------J-------i------(1QAa1X1QAa2X1QAa3X1QAa4X1QAb1X1QAb2X1QA01X1QA02X1QAc3X1QAC4>--------------'L-"-"i"-"<QAd1X(1?Ad2X(1?Ad3

f f f f f T T

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

AN
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(62}
N

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

| | | | | | | | | | | | | | i
| | | | | | | | | | | | | | |
i i i i i i i i i i i i i i i
; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
| | | | | | | | | | | | | | |
CKE PoH ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | | | |
| | | | | T
/ C S | | | | | |
| | \ | / |
|
| | | |
| | | |
| | |
T ] > LTSS YTy T T LTSS
SRRRRLLRN | RRRRLLLEEIELIIY | e S S S S S I ssssssssssss N RSISIRRRRRILEGIEIILIIIKRN | | RRRXLSEKEKK |
RAs S\ | Ay s 8 i)\ | sy |
R N 3500050500 AR v steistoieteloloeododstodstodototototo A ‘o'eieieletes A SEREIEIDEN, | ‘ SRS
; ; ? : | : : : | " | ; ; " ; ; ; ; ; : | : ¢
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
T % | T Y s | R T TR, ] R T | ERRTITTTTS
I X5 I LIRSS I I IR 1 I SRRRILLIIIN I
ICAS \ R \ Y s s I s N
T %% %% %% % %% 2% %% ! 2050262626 20%626%6%6%6%%4%6%6%626%626% %% %242 I %% %% %% %% ! 0207020502 20%624% %% 256226 % 6% 2% %% [ ‘s % %% %e%e% % I 0%026%6%%6%6%6%6%%6%%6%%6% NI %4%%6%26%%%%%e %%
| | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
7 T 7 T T ! T2 RIS OO Iaed
0 000000209 %%" 0000000200000 %0 00000090000 000000002000 000000 0000 00 0 e 00000 000 0 %0 ¥ 0000000000 % % %Y 00000000000 0000 200000 200090 0090009.9:0,9.0.9, o%% K 090902000 2600%0 00950090 0909000002000 %0000 %%
IWE 8555 1 RSEIBEET 1 RIS 1 B 1 SIS S OIS RIS
R i KRR i KRR i RS i \eTololelototetetetetelelelele o o o o 0 0ot N i eSololeteteteteleteleletole? i fot0tetelelele el tele!
; | f ¥ | ; ; ? | T | ; " ; ; f | ¥ ; | ; y
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
STRTRIIR ' RSTTRITR IR STTBITN ' ITRITRIRTITXIZTLTTTIN ' BTN ' FIRITRIITSTIRTTRTTRSTXRTITRN ' RS TTRITRITRTTTRTIRN ' fRITTBITSTTRTITI ' RTRITTRITZIRR
KRB L JRRRRIIIIIIINKN ! L5050500RLLLLRRIIIIIKKN ! astetetetets ! L RRRIIIIILRLLRIIIIIEN ! JERIIIRLLRLILKKRN ! BRERRILRIIIIILN ! IRILRRLRKKS
I I I I I I I %
s ssseess A R ) B I B IIIIIIIIN RIS I
detoleteloteloted 1 LERBEBEDEEBEIEN 1 Sl0202020020 020002020 020 0 020 02020 0 20 02020 NI Jo2036 50202020202 NI s0l0 2000202020 0020 020 0 200 02020 2020 0 2020 WL Llelelolelelo el 0telo0lele et I s0l0202020 020 02020 020 02020 0) NI S00 202020 020 0202000202
i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | |
| | | | | |
| TTTRIZR) | R TR ITLLT LTI | | OO I IO OIS, | BT, |
| bod ‘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‘0’0'0.0‘0‘0.0.0‘0.0." h QR 0‘ ‘0.0‘0.0‘0‘0.0‘0.0“ h
‘ s N e N s N s W
2% OL00200°05020° DI 0 000000, 0.0.9.0.0.0.0.0.9.9.9.9, XXX XXX X XX XXX XXX KXY X XXX XXX X XX
; T T | T | | T T T T T T T T T T T | | T ; V
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
A A ! 2% %0 % % Y0 Y0 % Y Yo Y e Ve Yo % Y % Ve % ! 2% % %% ! 07070 %6 % % % Y0 %Yo Yo Y % Ve e e % % ! 0% % %% % % % e e e % RIS ! S %%
LI I BRI KKIRIKILLIK I FRIKEEN I 3 IRRIKIERKIGHRIKIEKIKIKN I SERRIKIRKIKIEN JoRIILLRIKIEKIKELLKIN I JRRILLRUKLEKXK,
A10 B N s N e N s N s G s N s s
i RLSCRRRRISIBIKELEILKERRRN 1 KRRRRRRKN | JRRRRIIVSILRRRSIEEIEIN | JRRRERBIEEEE RSKXRRRRRISIKIEIEEIN | JRRRRIIEILELLS
" ; : " ; ; ; " * " " " , " : ; " ; ; " ¢ 1
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
0909605 % %% R KEKEREEERKKKS RSSEE K EEREEEEIE KK KKK OSSR KK RRKS % o% <K R SEEIEIRERKIIRHKHK AR KY RSKELELEEKKK KX
ADD  £005] RAGL JESESEIIIIEL CAa JEILIIRIE0000L CAb R85, CAC X RIS SERIBIIIISEIK RAA RIIELIIEISEA CAAL JEERILEES
RRRISIEN foRRRIEILLLLLRRIN fRRIRIIKLLLEERRRRRISIILLE fRILLLLLN 4 25 %5 25 IR LRLRLLRRRRREIIL fRSILLER
i i i i i i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
bQm L ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
i i i i i i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | | | | |
) | | | | | | | | | | | |
V Hi-Z i i i i i i | | | | |
DQ e QAal QAaZ QAa3 QAa4 QAbl QAb2 QAcl QAC2 QAc3 QAc4 e
Activate Read Read Read Precharge Activate Read
Command Command Command Command Command Command Command
for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A
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13.13 Random Column Write (Page with Same Bank) (1/2) (Burst Length = 4, /CAS Latency = 2)

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 T12 | Ti3 T4 | Ti5 | 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
i i i i i i i i i i i i i i i i i i i i i i i
. . . . . . . . . . . . . . . . . . . . . . |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 1
i i i i i i i i i i i i i i i i i i i i i i i
CKE .
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 i
/ C S I I I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
| T | T | | | T | T | | | T | T | T | | | | |
i i i i i i i i i i i i i i i i i i i i i i i
i , . . . . . . i . i . . .
o R I <> "" I % %% % %% I <> .‘ <> I I I ’;".‘."" ".""";’ <SSP
GRS e a oo et teseses 5 I RREIIIIRRIKIEIIIKKS
/IRAS | | K | | R R ERRREKD | RS R scossssvesssse A R KRS
AAAAAAAAAAAAA % I 9090290902009 %%a%6 %5096 %%0%6% %% %Y I 9a%%a%a%" I 009090 %%0%%%0% %909 %%4%a%%a%a%%a%a%" 9a%%%a% %% | SIS, I 0a 0 0a%a %0070 % 709027090 % 0a%0 Y YaYatea%a %0tttV %
; T " | " T | T | ; ; ; T ; T 7 | T T T T ;
| | | | | | | | | |
\ I | | \ | \ I | I
vvvvvv | IR | R RRIAIKIRKRS | | sy A | 2
ICAS 88K i i ofotototetototototototetatotetetetetetes i i I I
R Jololololololololololololototototototetetotetete
26%%6%6%%%%’ [ <% % %%a%a* ! 00%6%%%6%6%%6%6%6%%6%6%%%6%6%%% %% %% | (Y /a%%%%%% % (Y 0%6%0 % %9626 %%0%6%% %696 % %%6%% %% %% ! !
| | | | | | |
I | ! ! ! ! !
j KSR i B EREIREIIRIRRIIKN i RIKKZK i BRI i i
RERLLIIN fSIRRIEIIIRLRIIKN LLKEIN B RIGEIIIIIRLGIIIN
WE I N s N s N < s N | |
| CIIIIRRN | JRRXXESEIRRLIEKEIEIRCRLEEIN | JRRRIKEN | 2IXXRIAIIIIRKXKRIIIIN | | )
| ? T T T ; T ; T Y ¥ ; T | ? T T ; ;
| | | | | | | | | | | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
S RSIIII 1 NSRRI ! IS eeseey A [ O30 os0sesesecey A 36%ss50s0necess” A
Al3 poedetetetetetete%’ I \SKRIERKK I I \HXKHRRELRS I I 'odeteteteseteds’ I KL |
KERRIEKE I RXRRILLS I I KHIERRKS I I RSKRRXRAS I \XXRXXXS I
fe%etetete%ete%’; | Se%%e%e%%' | | ‘otete%teteY | | NS | Ye¥e%e%%e |
T i | i V T i i i i i i i i
i i i i i i i i i i i i i i
. . . . , . . . . . . . , .
IR T\ ! IR 3 R S0 AN %6%6%6%6%%%% I %4%6%6%6%%%%" A
AlZ ST RS K % I oissssssssoss I oocososoeissosotstosesssrssatsnsissssososs AN ososotscssssss NI vivioiosososos A
RRRRRRRK] ! XXX ! ERRXRRRRRRRKR ! \RXRRXXY ! R SRS ' KRS ' RXRXXS '
KX X XXX XX | R XXX XS | DS o X X X X X XX | X | R o X X X X X X X XX X X | KX X | RO |
7 i T i ; ; " i T i T T 7 i " i T i
| | | | | | | | | | | | | | | | | |
. . . | . . . | . | . . | . . , |
O %% %% %% > L% %% o RRRSSRK 0% %% %% % % e e e e e %% I %% %% %% o RS ISIRSS [ 2%%%%% VA WV 5% % vt I K 255K
ALO TR T & | | I SR
XXX IR RRRLRIKRXILLRRLN ! ! o ! ! S R RS R RSERES
; ; ; ; ; ; ; ;
| | | | | | | | | | | | | | | | | |
| I | | | | | I | | I I | I | | | I | |
R IRRRRRS KRR RO SNy RRRRRRRS I osereses RIS KRR S s s aseese)
ADD s RDa R CDa R s CDb R LD s RD Il CDd s BB IRIIIIIE.
Poototetototetetets, FRRREN R fRRRREIN oSS0t 020 st e et 00 0 o ottt tetetotototstedetetetototototetetetete) LEIERN Soleleteletetotololodetetetetototototetetetetetototototedetetetotototel
? ; " ; 7 ; " ; : ; y * * ? ? 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
| | | | | | | | | | | | | | | | | | | | | | |
DOM | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; !
| | | | | | | | | | | | | | | | | | | | | | |
! ! ! ) ) ) ) ) ) ) ) ) ) ! ! ! ! ) ) ) ) ! !
) | | | | | | | |
o Hi-Z i i | | ‘ | |
. -

DQ

! ! ! ! ! ! !

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

CLK

CKE

ICS

/IRAS

ICAS

Al12

A10

ADD

DQM

DQ

TO T1

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

I I

I I

. .

T T

I I

I I

I I

I I

I I

] ]

I I

I I

I I

I I

I I

. .
R R

LT TTTY R SOOI, R TITIIIIIIR)

RIS BRI RSRLRIILIRKIKIKLRRRRL KIRIILIEIEIRIEIN KSR

RIS BRI RO G RIIRRIRIIRIKIRIIE RILRIEI KRR,

RILRRS RN RIS IIIIRIKILRSY KGRI 2 CILRIKI

SRR XXXA SIS 00000899 0.9.9.9.9 N R XX RN VLGOS OGO G LSS IS0 0.0.9.9.9.9. L RCXHRHRXRXNKL
; ; T |

XX
$96%%
KKK
X KKK
KRR

7
|
I
TR

e ORI NI NI RTTTT Rz TS
B IIRRIILLRIIILRRIILILN JRRRRAKKY B RIS JSIIRIIIRK
S RIILRRIILLRIKILD LRILRRN IR RIS
o000 0207000202020 202020202020 20 %0 2020 %, 0000020500, XK ICRIKIRK KRR RK KK KK KX KXY 00000 090900,
DL L0090 8. 098 9.0.9.8.9.9.9.9.9.9.9.9. LSS0 0.0.9.9.3, RGOS 00009 0.8.0:9.8.9.9.9.9.9.9, LSS0 0.8.9.9.9.%,

o
XX

|
|
T
XXX
RKRHES

KXRXRRII

LRRRRRIISS

RRIRIRILK
PN L NI GI9.9.9:9

ey

0e%% QLI QIR R L R
0020202000000 200000009958 o 000202000 %000 0020 % QR K SRGREEEEELERERKKS 9% %% 0%6%0%%%%
"GOOGS0 %.0.0.9.9.9.9 AR XX XXX RIS

R RRIIRIX L

CRRIBIIRIIRK
R RIRRRIRIRIKY
RS
oolelotelototetetetetete

RS ] R eR e

RIS
]

TRTRRIIRIR
CHRIRIXIN
CIRIXKIKKKN

.

T,
SIRRIEIKEIE
BRI
RIS
SX QIGO0 09,99,
"

TR
X KKK
KK
RO
¥

A 0000000
fSSSES8,
SRRIIIKKRRL

9
<X \ SO 00000 X SRR (0,00 0,000,909,
% 9% 9000000909 9% 10005000 0 0 00 00
SRR B3 RIS s
DSSXIXXXXN LOUXRXXXX 100.0.9.0.0.9.0.9.0.9.0.9.4 B 09.9.9.9.9.9.9.9.9.9.9.9.9.0.4

f

Activate
Command
for Bank D

? T T f T T

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

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

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . . |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 1
| | | | | | | | | | | | | | | | | | | | | | |
CKE CH LT
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. | . | . . . . . | . | | . | . . . . . | . .
T | T | T T T T T | T | | T | T T T T T | T T
/CS 1 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 O | : | R ==
/IRAS QSRR RS IR IRIRIEIEKIEIIKKK R IR EIIIRRIEIIRKKY otesesatotetetatototet
! XX ! eSS s s srssssstosssatatatasatatasssssssssess, W ! ! ! 2RI RRIIIIIIIKLLKL KKK ! KRS
0202020502’ | KRRRRRRRAXRRRRRERREXRNKNN | L AR | ololeletetoleletetols
; T ; | T T T ; ; T ; | T T T ; ; T T T | ; '
| | | | | | | | | | | | | | | | | | | | | | |
| . , | I : . | | . . | . . . | I I : . | | |
OTTTTTED | 2 TSI 2 | T OO O T O O OT0ce | T
e N RS ‘ I vy I cossssssssnannsanaasssssn WY oo oo
ICAS "ogesesesetessts N EXRRRS IR | | |  rgootatetete?’ | KO0 0 RIIIIIIIKILKIIIIKN | S esesetete’s
Roteole%e02e! NI Joto%ole%et toteletetotoletets! RO | ! | RS | 2000l 20200032020 0 o200 0 e e 20 0 ot 2u 20 0 o e 20 0 ot e 0 0 ot 0t NRRINNY 20 0% oS0 020 o3 %0%%
| | |
| | | | | | | | | | | | | |
. . . | | . . . : : | . . |
} % } i < EEKKs RPREEIRERERERIHRAIHXAXKIRK RS EEIILIIRKRHIR KK XA] ROSSGEAKIRELHKI
| | | %S i RSREIKS, 98 RS [ S
IWE | | | | 000K RAIIIIIIIKRKKKK, |
i i I %%6%%% %% i 9022020006656 %6% %% 250250 %%a%% 00%0%6%0% %% %% %%6%%6%%6%%4%? [ 6% %% %% % e %%
| | | |
| | | | | | | | | | | | |
I . . . | . . . , . | . . |
Ty A v T R TR T z TR TR T2 A 79,99
I I s I e A \ \ B S
Al13 ! RRRRRRK ! R R RIIIIRKIKKRKIS ! ! ! ! 0o e e oo asasaototeteds !
AAAAAAA i %0%e%6%%e%'; i 000000 %000 0% %% %0 20 %70 %426 %% 209626502 %6 %% %20 %26% % %% i Se%te%e%? i i X i a0 0% 0% %050 %70 %00 % 2% 0% 20% % %0290 224250 %26 % 2% %% %% %! i 90%6%0%20%26%6%%"
| | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | . . . . , , . . . . ;
RIS R IITIIXITITT LI TIIIIIXTIXLTIITS TSI ! [TTXZN ! T T T
Al12 ensssss A B s ssssssosssoteeossunsusnsessssss W ocvusissssos NN B o ossssscess AT 0 e eatatanassssnsssosssosssset AN (0300000 sotosotststesss
SRXRRCRRKY i i R0 IR i 3KXN i i NS i R RIS i oS ressssssrssstetolet
ReSetetetototote? | | RN 222 NN | X | KR RS | NSRRI
T | i | 7 T T ; T 7 ) 7 | T | T ) 7 T 7 | T |
| | | | | | | | | | | | | | | | | | | | | | |
. . . | I . . . . . ; | | . . . ; . . | . .
I, RIXZIZZN | BTSRRI ZL TR LI ZL L | | R TR IIIILLZLLTLZTZIIIIRN | R ERRTTIIN
A10 KRXRLLSN fRRXXGEN 1 R R REIRRIIRIIIIIRK i i R R EIIIIRRIIIIIIIIIKRKKN | RSIRKKRILS
B2\ | A | | SR | A
RS Yoledeteletetel R RIS . . doteloletoletetetetetetetotolotololeteteteteteteotote) LoERRKK
; T ; T 7 T ; ; ; T ; T T ; T ; ; 7 T T T ; ;
| | | | | | | | | | | | | | | | | | | | | | |
| . . . . . I | I . I . I | . . I . . I . | |
RIS * R LTI XKL RIS R IIIIKK S R I TETEIIIXT LT RIRIRRRZRITS
ADD  EE55555K 5555 CDa BESESSEessssSiasesssssssssssssi{ RBa JESss] CBa YSssssssessssssii RDb RESSSSsSisiassssslissssssslissssssin! Chb JRessssssssss
GRRRXEIRXK) QXS JR R R IR IEIIRRSIEIERIELIRRKS JRIRXXS SERXSIIERKES R RS IRSEIRRSSIRKELIIKIEIN RESIRXRIRKKS
; ; ; ? ; ; ; ; ; ? ; ; ; ; ; ; ? ; ; ; f |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
DQM | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . |
T T T T T T T T T T T T T T T T T T T T T |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
I HI_Z I I I I
| | | |
DO (QDalXQDaZXQDaSXQDa4XQDa5XQDaBXQDa7XQDaSXQBalXQBaZXQBa3XQBa4XQBa5XQBa6XQBa7XQBa8>— sl
Activate Read Activate Read Activate Read
Command Command Command Command Command Command
for Bank D for Bank D for Bank B for Bank B for Bank D for Bank D
Precharge
Command
for Bank D
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Random Row Read (Ping-Pong Banks) (2/2) (Burst Length = 8, /CAS Latency = 3)

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | Ti1 T12 | T13 T4 | T15 | Ti6 | T17 T18 | T19 | T20 | T21

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . . |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 1
| | | | | | | | | | | | | | | | | | | | | | |
CKE poH o ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
! ! ! ! ! ! ! !
T | T T | T T T T | T T | T | T T | T T | T |
/ C S | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
i i i i i i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | | | | |
! ! ! ! !
RN ! ORI eaoe s IR LTITXZZIIKTN ! R T I | T ! T TLTIRTZIIL !
330NN I SRR satatesetatotototoress AN RO ssesasesasatatototototetots, I RIS 1 RXXXRRX I 53RRIKIRLKRN) I f R KRN I
JRAS  XRRKEEON 1 RIS S 0IIIIIIIIIRKIIIKKIN EERKESIIRKIKS | ROCRRIRRKN 1 SIRXLIIIIXKIEIN 1 RRRIESEIIIIIKKKY |
RN KRR | \eletetetetetetotelototololel ettt tetee e te e e e o 0 ote Rototoleletetetetee’ | . I oSt 20202024 20 202002020
; ; ; ; | T ; ; ; ; T T | ; ; ;
| | | | | | | | | | | | | | | |
| . . . | . , . : . . . | . . .
OO | B OO, | / T ;
R | R T R | T \ \
ICAS i CSIRRRRRILIN 1 R RLIIIIIIIRRKK] i CIIIRRIIIIIN i IR 1 i i
| ofefeteteteletetete2e e e e te NI detetototololotetetetetetetetetetetetetototototet | Cofofetetetototede2e0 0 %% NI oSofetetototete! | | |
| | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . : . . , I . . . . | . I i . . . : . . i
0% % % % e %% 1% %% %! 0% % %% %% %% %% A '+ % % %% % %0 20 2 2 Y 2 0 0l Y Y Y e e e ! 020 % %% % % e %% V%% % %% % % % Y Y e e % % XOCSRN ! %% % % %% % 2 Y % %Y %Y 0% %0 % %% % %% %% %0 %% B "% % %% % %% !
WE T | | O T ey ‘
! s resesesesesesese A e o s sasasasatatstotetotoss’ ! OREIIIRRRRKKS ! RKRXXRKN 1 SRR ! R<RIRRRRRRILKKS ! !
! R RRRAKKS ! VaVa Yt aOaVA VISV I NN ! NSRRI ! RN VIS NSNS NSNS ! RSN ! !
| | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
| | |
N A XRXXRRIIRXIIIIKS 1 LKL RRRIIIEIKS ! JIRRRRRIIKKD ! ! RIS ! RSIIERRRRRK RS ! KRR !
N R I 55 I s N s N I s I s A s N
RRRRRKY ! eSetetetetetetete e etele ' KRR R R . RRRRLEREE . XX ' ALK ' IR ' KN
i ! | . ! . i i i | . . | i ! i | ! . i ! i i
| | | | | | | | | | | | | | | | | | | | | | |
I ! | I ! I I . I ! \ I ! . ! I \ ! I I ! I !
TIRIIZITN ! RRTTIIIZZIN ! BRI IITL T ZIIXLTLIITLZL ! ERRTIZIIRTZZIN ! IR ! RIIRITIIIITN ! [IRTZIIIIZIIIIN ! IR !
AL2 SESIEOAN ] LSSSSSSONISIN 1 SSSSISEISIEISIISSIIIEEIN | LSS 1 SN | LSS 1 SEECESIEIN | LSS
SIEIILLLLN | JRXRRIILLLIKIIIIN 1 R IIIIIILLLLLN | st tatasatetetetets, | LRSI | R SSLRLRILRIREIEIEN 1 R | JRRRIRRRSS 1
; ; ; f ; ; ? T " ; Y ; ; ” ; " f ; ; ? ; ? |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . | . . . . . . . | . | . . . . . | . |
RRRTIIRN RTEIRIIZZICIIN i 2 3 [RRTTIRITIIIIZN i 3 i ERIRTILIIIXLTLN RO OO0, i i
A10 SEIZRRLREIN KRREZRRRLIZICRRN | S JRREIRIRRIIIRRIEN | | RN RRRRZRERIZZRRN | |
sss) RESSRRA, | I | R I | ‘
tetetetetotetete’ \e2e2etetetetetetetetotototete, X tofolefeteletetete2e e e tete0%e) LRI KOSRRRRRRRREEN
; T ; ; T v ; ; T T T T T T 7 T T ; T ; )
| | | | | | | | | | | | | | | | | | | | | | |
. : I . : . , . : : . . : . : : . : , I : : |
RRDIRL] KRR LI RIS R IRRRIIRX XY R IR EIXLTY R RIRIIRL] T eTeees
ADD SRRRKKKY s sasasasesatetote? S0 HIKRIIIIKI s sasesesatatotetols’ BRI RIIIIIIIIIIKRIIKKY BRI PS0RRKLKS
R RBa Rt d SRR B R Rt R By
KRR R X XX X X X XXX XXX X XN XX XXX X XA H XXX XX XX X XX XXX XXX XXX XXX /26%6%%%26% %% %% 2% 20 %20 R X X X X X X X X X X X X X XX O X XXX X XXX XX X) L X X X X XX XXX X X XXX £02020%6%0262626 %% 2022
* ; ; ; ; * ; ; ; ; ; ; ; ; ; ; ; ; ; ; '
i i i i i
| | | | |
| | | | |
| | | | |
| | | | |
T T T T i
| | | | |
\ \ \ \ |

DQM

DQ  ----

t t f f ! f ! i

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

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

| | | | | | | | | | | | |
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
I I I I I I I I I I I I I
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
. | . | . . . . . . . . .
T I T I 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 I I I I I I I I I
I T I T I I I I I T T T T I I I I 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 . .
e | - | et | | . e
XERRRRRRN RRERRRRY R R IR IIIIIRIRXK LR R R R R RRRRKS SRRIRKKKE
JRAS SIS RG] RIS | e i RIS | RIS
ot etotetetetete) R ' R EKIILELEL LKA ' . . KRR ' KRR
I I ] ] I
I I I I I
I I | | I
OO | TSI | TSI, | TSI
KIRRRRIKES | | SRIRRRRLLLILS | | 35 R ORSSIEIIRRRRIRKIIKS | RRRRRRRR,
Icas sy | s | | s | R
KRR ! ! SRR ! ! KK . ‘ofeleletoletetetetete ]
I I
I I I I I
| I | | | I I | I
T i T T T TR TP PP OO0 M I VPP i [ v:9.9.9.9.9.9: SEEN I V0900 R R TR i
! ! B0 RIIIIIRKKIIIIIIIRKKKKKY Sesesatetets ! ! RS R RIREIIIIIIRIRAKIIS !
IWE ! ! LRI ! ! ! KLY ! KIS !
i 020562 %6%% ! 002020000220 0 Y0 20 %6 % 2020 2 220502026226 %0 % 263020226262 %6%6% %! i ! ! i 002020202 %2026 % 2096226562 2656 % 2% %6 %% % !
I I f T T I 7 f f Y 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
K OSOSXSASN a0 00 0 0 0 0 9 9 9 9292999,
IRRIIIXN | | RIS RIRIRRK, [ SRR ! | | O I Teds, '
Al3 SRS I I QISR I Cteteteletets’, I I I SIELIERLIELLEN I
KILRREILLIN 1 I R RRIIRRIIRLLRAS I \KRRRKS I I I XL I
S99 99.9.9.9, | SISO I IS OIS I OIS OIS OIS OO0 | (S | SRR
] ] ] ] ] ] | ] ] I ] I ] | ] ] ] ] ] ]
I I I I I I I I I I I I I I I I I I I I
I I . " , ; . . . . | | |
SRS 0% %% X SSSRSSRSSESARSIS R ISSRSSESSS X RSSRSSERA
Al12 KRR i | 55 XK X | N\ | | SEeSsteteten i SR IIESHRIKIIIIKKELIN | | RSIIIKRKKKS
JSENKN %S % SRKKE 35 R RRIIIIIIILILLLLRRRKR 2SRRI
RILLRKILN 1 ' ' \KRRRKS ' ' 2R ' f IR RRILLRIKILERIIILKKIKIN 1 ' OIRRRLL
9202002020202 0% | KXXRKKY | . N LREIHLLLLLKLELKLELLELELIIEN | ! CIIRRRLLIL
] ] ] ] ] ] ] ] ] I ] I ] ] ] ] ] ] ] ] I ] |
I I I I I I I I I I I I I I I I I I I I I I I
. . I | | : . . . . I I : . . . | , I I . |
2 ! R RN 2 ! ! [TRIITR O SOOI ISP POOPOO OO, ! ! TR
A10 o I OO e e oot e et etota s tototeteteds I I L5555 et e oo et e tototatetetotototeteretototos I I IR
R RRRIIIIIKKK JRRRRN RAD YRR KRR fRRRRRRRIIKIK
<X ! R RIS ! ! RRRRKKS KR IIIRKKIIILIIIRKKIIIEIEN ! Y oot asasaiotolt
202020 X . R R R R R RIS 2ot . . LRI R RREREELLELLLLLLLLILIIIN, | | LRI,
] T T T ] X ] ] T T ] T T ] T T ] ] ] T T T |
I I I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | | | | |
IR R R R R R R R R R R RS R R BRI ELRRS
ADD  SE5585558 CAa BRI RDa sk RAb JEEEEHEIIEEINII, CAb JEEEEBES
RXXXN 300 ORI IKSIIRAIKIIIEIEIKAKEIN RRRRRRR RN JEERRRRRRRRIIIEEELK
T f Y ? ? T T ¢ T X ? T T ] f Y T 7 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 I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] |
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I

DQM L

DQ Ll |-|-i-Z- i -(DAalXDAaZXDAa3XDAa4XDAaSXDAaGXDAa7XDAa8XDDalXDDaZXDDa3XDDa4XDDaSXDDaGXDDa7XDDa8XDAleDAb2XDAb3X:
f ! f ! ! f

Activate Write Activate Write Activate Write
Command Command Command Command Command Command
for Bank A for Bank A for Bank D for Bank D for Bank A for Bank A
Precharge Precharge
Command Command
for Bank A for Bank D
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8 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 T4 | T15 | T16 | T17 T8 | T19 | T20 | T21

CLK

CKE ' H

ICS

I
T

2030,
2R
3R]
-
]
doot
29095954
Soete
QK]
3]
5]
&L~
QK]
2%
S
&
<
5
85
e b __
555
RSO
KX
S
R
XX
podetedt
XK
2]
5]
3R]
ook
<]
2]

5 5 5 5 5 |
| | | | | |
| | i . . | | . . | | . |
LR ! NN T NI T N ! R RS T !
RAS e | iRl | Nt ‘ R N 5 N,
QRLRELRIIKY . f3IERAILRRLLIKEY i KRR i SXRBIIIN | LSRRI i RN
; | ¥ ; ? ; | * ; ; ; | !
| | | | | | | | | | |
) | ) ) ) ) | ) ) | |
i R R R R RRRRRD i i N
ICAS 1 NI ‘ ‘ ‘
RSIRIXRIILNIKS ! ! ! !
! Yootetete e et et e %0 %%} ! ! ! !
i i i i i | i |
| ) ) ) ) ) | |
| | |
| | 2 .0.0.0.0.0 | | 25 0‘0.0.0.0‘ 0o .0. | |
090000056 %6%%% 0000000 %0 %0000 9: %%
E ! ! o% 000000 20 0000 0 00 0. 0% % ! ! RCXSEEEEEEEREK K ! !
w | R o8 o2oleeolodetutodetutoletetotodetotodetetotetototedetote’ | | odedololedetoletetolodetetolot N !
| | |
i i i 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 QEAEKKKX) ! R REEE LXK LKL K KX ! 7 ! RS KEGEEAEKLE X XY ! RS KKKIKEIK KKK K XX XY ! 00000008 |
I NI i NI e 5 G | 5533 A A
QIRIRRIIKI | POXXXRIXRIXIKIKIIN 1 RS | ! | RISIKZIEN 1 QIRIRRAXN | QRRIEIRIXN | EXRAXX] |
i i i
| | | i | | | i i | i | | | | | | | | i i
i i i i i i i i i i i i i i i i i i i i i i i
TTRRRRIRD i SRR RN i TRRIRRRITRIRTIE IR XXX RO RERRIRRIRRRIRKY % 1 X i ORISR i %
AL2 SR ARSI 1 ksl 1 \asssssesss] ! ! 3 ! s !
$ORXX i RIIRIRXRIAXXINXDON 1 0 XXX I KSR RNXRXHAL] I i 1 JRXXIXRRIIXXXRRN 1 I
| | |
| T T i T | | i , | i i | i T i . T i | T T |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | |
KX IKRIIKIKIHK KK XN 1 KRR IR XXM IR I XX S IHK ITOSOTOTOTO, 1 KX KKK XA 1 TOOTOTITIITITITIOTOO, LK IEARIIRKII KRR X XN 1 KX KKREXRA 1
Al0 L R O 1 R e SRR ESIIIXIIKIIIN 1 I8N RN EEIBBEEEEIIIEEN 1 RIIXZN 1
| R e RESELLXIIN | JEEEEEN RS REEELRSELLLEN | e
SOOI, L8R KIRKAKREIKRIIIKIIKHKAIIAI IR IKAIKIAIK XK X fRCGCRIKIRKARIXKK /s ¢ X RIRIIIRKIIIAR R A HXIKHKAK KKK KA K T TSI ITITOTITITITTOTON RKIRHLIKRKIRKK
ADD R s R BRI ITIIIN R, ERR305%
RRIRRIIKRSY RSRRIERIIRIIIRRIIRRISLRILLRLK] RRRIXRIIILRIKRS RIS RIS RKIRRIEILRE
XXX XXX XXX RS X XX X X X XX X X X XXX XXX XXX XXX XXX XY NS X XXX X XXX X XX R X X o X X X X X X X X X XX X X X X X XX X XXX XX RS X XX XXX XXX XXX S XXX XXX XXX
) ; : ’ ; ; ; ) ; ; ; Y ; ; ; ; ; ; ; ; ; ; :
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
DQM L L | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
" " " " " " " " " " " " " " " " " " " " " " |
| | | | | | | | | | | | | | | | | | | | | | i
| | | | | | | | | | | | | | | | | | | | | | |
- | | |
» Hi-Z i

DQ immmmbe s md e,

T

Activate
Command
for Bank A

S P (DAalXDAaZXDAa3XDAa4XDAa5XDAaGXDAa7XDAa8XDDalXDDaZXDDaSXDDa4XDDaSXDDa6XDDa7XDDaSXDAleDAb2
T T T T T T T

Write Activate Write Precharge Activate Write Precharge
Command Command Command Command Command Command Command
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‘Tl‘TZ‘TS‘T4‘T5‘TG‘T7‘T8‘TQ‘TlO‘Tll‘TlZ‘TlS‘Tl4‘T15‘T16

‘ T17 ‘ T18

‘ T19 ‘ T20 ‘ T21 ‘

Word Masking

| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 1
CKE | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| . . . . . . | . . . | . . . . . . . .
| / | | | | | | | | | | | | | | | | | | |
/CS i i i i i i PN i Ay i i i i i i i
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
T | | | | | | T | | | T | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
. . . . . . . . | , . . . . . . . . . |
T R R R R T R 1 R R R R,
R R IR KRS R R O IRLLLK,
K N K R R I IRIIIIKS K R R e I RIISEIKKKK,
| '»*3‘333333333.:.3.‘33333333.:.‘3.:.3333.3333333.‘3333333«' | ..“:“““.....“’:0:0:0: / | w‘:"‘::0:0:0:0:0:0:0:0:;0:0:0:0:0:0:0:0:oz;;;;;;;;:;;;0:0:0:0:0:0:;0:0:0:;;0:0:0:0:0:0:0’0‘0
| R R RREELEKKEY I QKK I R R
| ; ; ; ; ; ; | ; | ; : ; ; ; ; ¢
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
| ST | ST | TS,
IcAS B R W s R
1 e e o e e o e e ot at et totatatetetototsl 1 O e ot e et et totototets, 1 IR KIIILK,
R R 1 R ! R R R R
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
' OSSOSO 0%% % %% %% %001 APPSR
WE ‘ I s
! O RRRIIIIIIILRLLRKY ! K0 I RRIIIIIIIIIRLLIRIRIIIS
! 0a%a%0%% X < 0a%a %% %, KKK ! 0% 0% %% %% %% 0% %% %% %% $09090%% %% % %% $a%a% (9a%%%
| | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
| RS I e oot oo s oo o e oo o T e o cerorore e e o o e oo e e e e e e TS e T <
o% 1920200920 0 9.9 9 9 9.9 99 9999 OSSOSO 09222099299 999299, 09%% %20 9.9-9.9.9.9.9.92 09%%%% %% 9.9.929:9.9-9. 9%
O A O OIS S S I T TITITIR R S RS
A13 | s BRI | s
| RIS | oo otetetatotetesetatototetetatototetesatotos | Rt tetotetotetetatetete! SRR
i i i i i i i i i i i i i i i i i i i i |
| | | | | | | | | | | | | | | | | | | | |
| | |
2%% %9999, 4% %00 %29.92929 9 9.9 999,929 9929991 02009 020 929 9 9 9 9 9.9 9.9.9.9.9 9.1 a0 9 99 0929999 -9.9.9 99 9.9.9.9.9.9. %% % %%, 020 % 02009 9 0,99 9 9 99,999 % %% 0% %% % % Y P Va0
Al2 QRISELLIKL i S5 RRIERIIRERIERIELRLILLLIKLK R 1 B RSSERRRERRIERRIEERIEKLN i R RRRERRIRIIERIIEERLILERIILRLIKLLS QR
CRRLILRRILN R IILRIIILIIILRILLRARL G RIRLLRRLLRILLK R I IILILRIILLILRAILLK:
RN . rgototolooototetetedetetododolototootetetetetedededotolotototototets . ' Doetetededeleledololodolootetotetetes . oR00200002020 2ttt o tototo o etete ettt totototototeesetetete oo doloto ototetets
T T T T T 7 ! T T 7 T T T T T T T T T T |
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
TTTRZRR ! R R RN ! R RRRRRRIZLT ! LR R R LR,
AL0  EEEEEE B NI s N
NN, | R IR LIIEIIIIILLLN ' B RIIIIIIILLLLRY ' J R S SIS,
i i i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | |
R B R R R, OO O OO TITITITITITION R R R R R IR,
ADD RRILLK RIS S0ERRILRRILLRRILLRRLN L IR
KKK O IIIRILRKIEKK, SR, £ R IRIIRKIRIIIKIKKKS
KEREIEY ARSI, 5L R IR
RS R e L Potetetetet R R R R
| | | T T i i | i | | | | | T T T
; | | |
Write Latency = 0 | | i
| |
DQM L | |
| |
. .
;
|
|

Hi-Z

f f f

. <
DQ -----‘-------‘-------‘-------‘--------‘-----(QAalXQAaZXQAaSXQAa4>--‘---(DAleDAbZX XDAb4>-----------‘-----(QAchQAcz)ﬁ-----(QAc4>-

f

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

AN
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R Read and Write (2/2) (Burst Length = 4, /CAS Latency = 3)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 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
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 1
| | | | | | | | | | | | | | | | | | | | | | |
CKE poH o ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | . . . . . . . | . . . | . . . . . X
| T T | T T T T T T T | T T T | T T T T T |
ICS | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
T | | T | | | | | | | T | | | T | | | | | |
| | | | | | | | | | | | | | | | | | | | | |
i | i i . . . . i | | | . | i i . i i i . i |
L ! [ T T
SRR RRERRRRIKKS KRR R R R R RRRRRIR R IR R R R R s,
IRAS B | R | R ] | R 1 R R R RSIIER
RN 1 R | tototeteteteletelelele el o o o 0 o0 tetu 0202020 e e e et T o e o 0o Retotutete e e e et e et TRt 0t | Molstotetetetetetetetetetetotetotote o tote? | ofeleloleteetetetetetetete e e e e et o e 0 0 0 0 o e e e e e e e e e e et e e
; T ; | ; ; ; ; ¢ ; ; | ¥ ; ; | ; ; ; ; ; ¢
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
R R RRRRIIIRRRN ! O OO OO OO OO OO O IO I IO IIIITIIT IO IITIITIIIIIIIIITIID ! R ! R R,
R e, f R S IIILLLLLLLN R KEIIILLRREN R s,
ICAS B i | S . | R | R S ass
RXKS | RRRRRIIIIIEEEEN | JRLLLKEIIBEK T st tetototototos, . B IIIKIILELLEN . R ISR
| ; ; ; T ; ; ; ; ; Y ; ¥ ¥ ; ; ; ; ; T ; i
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
= T TS PV DV P PP DI PP PP IO PO PP ! TR VPP O PP PO DD PG PO PP PO P LTS
TRITTX, R SR R IIRRIIN | Y KR I IIIIIINRK,
IWE 90008t e o OO a o e et ettt totototetototetats, SRR R R R I IIRIIIIIKK
Sotototele’ K00 S R R SRR IIIIIRCRILIEIIIIIKN | IR KRR IR RIIIIIIIRKRKKKS
(RS RO IREERRIIRIILELGKLLRIRRKKIN. 1 LS KRR IRRRRRIIIIELELLEKKEK,
23 % T, R TN T T T T T e e e e e e T T T e e e e e e e e et %es
A13 N BRI B R SR IS
& 3K s osoanesess RS RES e SosnsateSesos
i i i i i i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | | | | |
| | | |
TR L RRITIRRIIIE LR BRI R R R R RTRIITR | R R IR | R R R R IR RS
Al2 5 i SLIKIEN i / QRSRIIRIELIELLRILEILKRLKLK, Sodeteletotede! 2 I 02050220200 QIERIERIKED I R RRRIRIIRILILIERIKELLIEELL
Sotototetetetere%s ! RSEIRREIEIEEIN ! SRS S ISIRRSEIIRIEIIEEIR ! e otstesatatotetetetatotetatatotetetato ! R RREIREIIEREIIRKII
06%%0%0%%%% % NI %" QRKKEKKKN 0002620026229 % %% % %% R QRRRREKKKLKKEA R RIS 96%6%0% R R R IR
T T T T T T T T ; T T 7 T T T T T T T T T 7 |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
TRTRRRRR) L RLZRRRR ! 5 ! R T T T IR '
SRR fRRRLRRIIRRRIN | 255 3RS RS | R RRRIRRILIILLLLR | f R R R RRRRRRILES
ALD  SEEEEEEN e NI s W I R SRR R
R ‘efetetetetotolototetetetee e N 0202020020 o o et eletetu 20200 0 o ottt e e 00 0 0 Do ottt e e e 0 0 0 o oo ot e e 20 0 0 0 ot o ot NERMINNY oo %o oo 20200 o o o o ol ot te 20200 0o o o NI o o o ol ote2e2e 200 0 o ottt te2e2e 2020 0 o o ol oottt te e 0 o o o ol tetetele
i i i i
| | | |
TITIIII N OO O OO OO OO IO IZIIIZI OO IIIIIIITIIIIOOTOTOTIT BRI
ADD Doteteteteteletets. FRSERILIKERIKIKEN LRI LIELIERILIELIKELR QOERRIRIKELILN 2020203000020 %0 te %o tetetetetetotetotetetete,
GRS S satototesetatotetesatotss B S SIIRSIRREIIRKERS ISR oot s tat ot tatoteresatototesetatots
KL ootetetetetetetetetetetee?, R LKL, RS FeteteteteletetetetetetotetetetetoteteteteY,
i
|
|
|
DQM L |
|
.
T

Write Latency = 0

Word Masking

Hi-Z

{ :
DQ  seeedssmrmedesneediee i e { QALY QABZY QAGBY QA4 - - - {DABLY DABZY  XDAbAY---

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

AN
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13.17 Interleaved Column Read Cycle (1/2) (Burst Length = 4, /CAS Latency = 2)

‘TO‘Tl‘TZ‘T3‘T4‘T5‘TG‘T7‘T8‘T9‘T10‘T11‘T12‘T13‘

T14 ‘ T15 ‘

T18 ‘ T19 ‘

AN

i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
| | | | | | | | | | | | | | | | |
CKE poH 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
T | T | T | T | T | T | T | | | T T
/CS | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
i i i i i i i i i
| | | | | | | | | | | | | | | | | |
i i i i i i i i i i i i i i i i i i
. | . . . | . . . . . . . . . | . .
TS ' [ OO ' T R T T T ' 0
IRAS : T : I s A v A o A sy LA S8 3
I X 2 I Le%626%6%0% I SRR I Pe%ete%2e%", I I 265020202626 20%6 2025626262262 0 %%
| : | - | ; | : | | ;
| | | | | | | | | | | |
| | | | | | | | | | | | | | | |
XK RRIX KK KA RN ! RRRY RO ! [N ! AT ! RN ! 7, !
ICAS g | SN 1 LT SRR 1 LR 1 AR 1 R S\ 1
RRAIXXY | 2SS NI (300000000587, I KRN | 0000000000 NI 292308 s050008%, | JRRRRXXN e |
| ; " v | ; " ; " ; " ; " " |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
" " " " " " " " | =
KKK RKRKS XX
/WE ' ' ' XSRS ' ' deSodetototeds? i o i i i
| | | KRR | ! (SRS ! LY ! % ! !
! ! ! QXXX ! | RO | XXX XS | | |
| | | | | | | |
| i | i | i i i | i | i i |
| | | | | | | | | | | | | |
RRORRRRN i LR i LR i A i
A 1 3 0’0‘0’0‘0’0.0‘0.(‘ | 0.0‘ .0‘0‘ | | | | | ‘0.0‘0‘0‘0‘0‘0‘- | 0‘0.4 | |
SEIIRLLEN | RRKESEN | | | | | RSXRISIN | 3088854 | |
SELLEELEEN 1 oottt ! ! ! ! Fotetetetetede 1 IR ! |
i i i i i | i | i | i | i i | i
i i i i i i i i i i i i i i i i
| | | |
OO [ BRI ] IR 2 TXIZIZI 7
a2 BER | R | O OB B A B\
SXNRXRIRXN 1 JRERRILRK i KRR I R I R%5XXXXY i X i XXX I f i I
| | | | |
i | | | | | | | | | | |
| | | | | | | | | | | |
| | | | | | |
| | | R\ A g
AL B : : : s NI 2\ : 5
(22022020202 %%,
T 7 T T T T T T T
| | | | | | | | |
KOS PSSO
ADD S
SRR KRS
%a%e%a%a %Y, NS (%a%%
7 7 7 T 7 T T ;
i i i i i i i i
| | | | | | | |
i i i i i i i i
DQM | | | | | | | |
i i i i i i i i
T T T T T T T T
| | | | | | | |
: : ; ; ; ; ; ;
DQ  --e-- (A1 X Aa2 X Aa3 X Aaa X Da1 X a2 X pb1 X Db2 X Dc1 X b2 X Ab X Ab2 X pd1 X Dd2 X pd3 X Dd4 )-

f f f f ! f

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

Activate
Command
for bank D

!

Read
Command
for Bank D
Precharge
Command
for Bank A
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Interleaved Column Read Cycle (2/2) (Burst Length = 4, /CAS Latency = 3)

‘TO‘Tl‘TZ‘TS‘T4‘T5‘TG‘T7‘T8‘T9‘TlO‘Tll‘TlZ‘TlS‘Tl4‘T15‘T16‘T17‘T18‘T19‘

T20 ‘

T21 ‘

| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . |
T T T T T T T T T T T T T T T T T 1
| | | | | | | | | | | | | | | | | |
CKE PoH o | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
. | . . | | | | | . . . ;
T | T T | | T T | T | T | T T T T |
/CS | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | |
| T | | T T | | T | T | T | T T T | | | |
| | | | | | | | | | | | | | | | | | | | |
. | . . . | . . . . . . . . . . | | . . . |
XK RKIIN ! f XKL IREKILEIIEIIEL | ! KRR KKK K KK KRKS ' RSKIRLEEEKS ' S ' \SREEEKEEK ' KSR ! LRILZEA ! BRI E LKL LK LKL K KX KKK K
Y N 2 A N - A A I N N ey
RLLRRRLLLK . L RRILERIILLRRS i | JRRRRLLRRLLLRRKKS i XHRKLKS i RRXRKKRS i \XKXRRS i RILLRIN | JRRRKRREN . fRRIRRRRRRIRIRIIIIARKIKRKKK
T T ; ; | T T ; | ; | 7 | ; | ; T T T ; ; ; }
| | | | | | | | | | | | | | | | | | | | | | |
I | I | | | | | | | | I | | | | | | | | | | |
” T | " | ” | ” | | - " ST
ICAS A IRIRIBIEIEN i | RXRRRRLEIEIIKN i JIXR i 3 i 58 I R i % i S
opotatatetey ! CRRRIIIIBIIIEN | ! e Sasesesssesstssesstototetets, ! JIRIBBIEN ! ! o ! XK ! 3RS ! 3RRLLLIIKIIIIILLLRK
2025626 %5e%Y, ! Fe%e%e%e% %6 %% 0% e e %% % W ! 0025626070250 20% %6 %% %% W o20%6a% %6265, ! ! ot ! oL ! a2 ! 00%%626%% % %6262 % %04 %e% % %%
; ; T Y T : T ; T Y
| | | | | | | | | | | | | | | | | | | | | | |
| | I | | | | I | | | | | I | | | | | I I | |
T T T T T T I 700000, ! TR ! fRRTTTZRRIIIXRZZTLXLTIZLRTTIRS
IWE ey A 5 | | | B N s N
| R asatatatosess | | X% | | | | e N S N R IERRKKKRRS
1 SIS 0.0.00.9.9.9.9.9, ' ' Q0.9 1 1 1 ! RQEXXXXX ) ! LS00 00.0.9.9. ! KRR UIX XXX XXX XX XX XX XX
| | | | | | | T T ; T * 7 T 1
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
R KIELE RN ' R XRRKKLRIKIERKIXRA ! ' S RRRAKXXS % ' X GRKER IR KGR KLERIKI KKK RKKLRKKRL
Al3 SRR ! JRRIRILRIIIELKN ! ! RS ! ! KRR
rSoseseseseetetet N LRIRIRIIIXRRIIN | ! 30K ! ! f R RIRIIIIIIIILRLLRIKKIIS
02020202020%%% % WY ‘o422 Sete e e ote 04 e% %% W ! oSototete¥ ! Y o%e%otototetotetetetetete e e e ototototetetetete e e
| | | | | | | | | | | | |
| | | | | | | | | | | | |
| | | |
IR T RTIIRTN IR I TTTTIXXT
Al2 SR8 | LSS | B s NI o
RN 1 ORRRLIEXRKEIIKKIKN 1 | ! RIRRRXIN 1 R RRRRIRKRIIERIIIRKKKS
|
| | | T | | | | | | i
| | | | | | | | | | |
| |
SRS, I ! h KRR EEAEEKLIEIELELL,
ALD B ‘ B
Y ! ! R ORRRIIRKIEIKKS
T 7 T T 7 V 7 i T T |
| | | | | | | | | | |
TR R RRTT T RS R TIIXXT TR
ADD S RAa JEESSSERssissd e L
QRRRIIIRKN KRSRRRIIRIIIKRKKN f0RKRIIN R IR IIERSIRARIIKXIIRKKEIAKS
T T T i T T i | | T T T i |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
DQM oL | | i i i i i i | | | | |

G\ Y oY o YW oo X oo X ar Y ae Y sa Y on) -

! f f f f f

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

mmmmmmd

AN

3 "A8Y 10} E9TYISY 'TV8¥9SY ‘Tviv9SyAdr




<9

13.18 Interlea :
ved Column Write Cycle (1/2) (Burst Length
=4, /CAS La _
tency = 2)
TO T1
T2 T3
T4 T5
T6 T7
CLK T8 | TO | TI0 | T11 | T12 | T13 | T
14 | T15 | T
16 | T17
T18 T19
‘ ‘ T20 | T21
' I
c ; | | ! i ' !
K T ! | ! | |
E CH : ‘ 1 ‘ | | | | ‘ |
"
1 ‘ ‘ 1 ! ! : ; : ; : ! : ! ! !
! | | ! | ! | ! | T T ; | ! ! ! ! ‘ !
i I I I T i
| | ! ! | T | ! |
ICs ‘ 1 ! ‘ ! 1 ! 1 ! 1 ! ‘ ! ! ; ‘ ; | ! ; ! :
) ! ! T ' . ! | ! i ! | ! i ! i ‘ : ; ; ! !
! | I i ! | ! . i | h ! | ! I i I h ! | ! 1
! T ‘ ' | b\ /[ i : i ! i ! i ! | ! : ! ! !
| ! ! ! | ! ! . ! ! | I !
T ! ! | ! | ‘ | ! | ! | ! ‘ ! | ! i ! | ! !
XX KX | | ! ! | | | " ! |
%% o ! | | | |
/IRAS Sesssatetetetod] I T ey ! : 1 | i i I ! . ! | ! I i I . ,
QHRIK KOCRSKKY ! | | [l
0000502002 %%% | | QSRR ! L | ! ! | [l
etetet N ‘ osatesstesess N T ‘ ; | ! i ! w | ! ! ‘ ‘ |
! I RIRRRXXR) I I sy T | \ I ' | - I ' ' ! '
| | ' %0202 %, | | g.:.:.:,:.:,::« I KRR T T I , ! | ! | - I ' I
S S 7
cas BT | | | ‘ & & s | ‘ | | | |
3R . | ! | ! I SRR I RSB ! NS ! I . !
020 2020%0%0%0 % ! ! VAVVAvivviva | | 1 | R | odeletoteted | ! T . |
o K2 e ! XXX JSRRRKK,
doisieiotototote A I sy A s Y e ! ! | ! ! Sece 1 I
‘ : W N N ! ‘ 1 : ! : KRR
! T %, JRIUIIKL KRR I ST ! ” ! ! :
| i | T I : ! LHRLRALRY ! I3 [RRKEKL [T - ! !
T \ 1 RRRRBED ! KXKXRIXR ! L3555 i T ! I !
IWE sy A | i i ‘ w DRI RN | ; w !
P02 %% ! ! . l T L <) r,&.....,,o‘ | T | H
SRRIKS | 1 T . X IRR KR i
XX oY < 0%
S | w (T ! 1 ! i ; ‘ : | 1 RIS
3 ' 70767674
i ! ; DR 1 RS | e ! ‘ ! | ! RIS
! i ! ‘,0&:.:.:%.:.«‘ ' ‘,0,0,000:.:,3 ' LD | o | ! I Totetetetetetetet etk
OO ! - eolele. LRI [R50 | S, ! | — ' | |
Al3 RS | w ‘ S NI e NI e ! | R | ‘ ! |
dodedetetesss I | i T : . KRLREEN I ..,,::.:.:.’.0.0,0:0,0‘ I R R R RRRRRRIRR
| | | j y r | ,0‘0,0.0.0‘%..,0,0.0.0’." | K 0,0.0’000‘.'.‘..0.0,0‘%9..’.‘,0
! ! | | | w ‘ oledeiedeiol N '.0.0’0’0‘o’o‘o’o‘.‘}*"”o‘o‘o‘o’o"
: | T ORI ; | i | j ; r 00000...0,0,0,0‘000‘.’.:
| 9620%%6%0%%. TS ! | | u
OO ! RLLLRRLKK, ! [RRRRKKLS | | ! 1
M2 EEEER\ | BN \ | s — 1 |
X KKK !  700:50%6%% KKKS \ SRR,
s . i ! j ; > ! | 0.“0o,o:o:.:.:.:.:,:,:,::::« ! SRR
e " S
‘ ‘ 09202 '::::::.:‘:’:‘ | “vv ! ! ! : T f 1 '0f020!0!:20202.2.2:%’,0:0:::::::::
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S O Auto Precharge after Write Burst (2/2) (Burst Length = 4, /CAS Latency = 3)
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13.23 Byte Write Operation (Burst Length = 4, /CAS Latency = 2)
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13.25 Full Page Random Column Read (Burst Length = Full Page, /CAS Latency = 2)
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= Full Page, /CAS Latency = 2)
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13.27 PRE (Precharge) Termination of Burst (1/2) (Burst Length = 8, /CAS Latency = 2)
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D' PRE (Precharge) Termination of Burst (2/2) (Burst Length = 8, /CAS Latency = 3)

TO Tl T2 T3 T4 T5 T6 T7 T8 T9

T10 | Ti1

T12 | T13 T4 | T15 | T16 | T17 T18

T20 | T21

SRR
OEIRKEIIN R RIIIRKKEIIKK]
ofedeletolololeletetet R R

RS
oo totetetetetetote?’
Qooleloleleletotote

g

SRR

SIS
SIS

o0osetosetoososesy
66

R IRRITRRY
fadatetetetetetetotetots,
SaSasasasatatetets

0!
25

X
<

9%9%,
XN
2RRRHK

0%%%

[z T
B IRLLRIIIILRR
JRRRRRIRILLLRLLLLKS
RRRLLLLRLLLLRRLL

TRIETTN
3K

IR
RRRRXRKKLL
30K

o)
XA
XN
05,
2R

SR
XXX

R
3K

<4 RAc

(DAa1XDAaZXDAa3XDAa4XDAa5>—----------‘--------------‘-------1-------1-------‘----'_---‘----(QAleQAbZXQAbSXQAb4>—----------

f

Read

Command

for Bank A
Precharge
PRE Termination Command
for Bank A

of Burst
trAs

RS K LHLLLLLIN s KX RRIIIKKKKLE, &S
ICAS RIS 1 NRIIRLKIEIIKKN KR RRRIIIRKRIS] 1 R 1 g
RS ' RRRREEELIIIEELZ BRI | RIS | X
| |
j I j j j j j j I j j
| | | | I | | | I | |
1 RRRRELLLLLLLLL) | IR, | R RRRIILIIKILKS
IWE I | ogolosototosororeseseiososess N adolelelolololototetootetotototosososetososes NN asetetetetetetetetetetetetels/ I
I CXXLLGELLLELLEN 1 RRRRRRRRRRRRRRRXRIIIN 1| R oSy,
I - -
I ] ]
I I I
I I I
I I I
Al3 | I I
I I I
\ T | |
I I I I
I I
R oIS i
A2 N Y ‘
GG 1 RRRRREKS |
] | ]
I I I
I
I
Al0
I
] | |
I I I
IR e RS 3% RS
ADD 555X BRI e
Oaetotetedetetetots, fRSRIRREELELEIIILELELK SRR
] ] ] ] ] ] ] ]
I I I I I I I I
| | | | | .
I I I I I "
I I I I I
DQM L i i i i Write i
I I I I I
T T ; ; —'Masking™—
I I I I I
I I I I
 Hi-Z | ‘ ‘
DQ e
Activate Write
Command Command
for Bank A for Bank A
Precharge Activate
S Command Command
PRE Termination
for Bank A for Bank A
of Burst
trep torL trP
trAs

f

Activate
Command
for Bank A

AN

3 "A8Y 10} €9TY9SY 'T¥8Y9SY "TYv9syAdr




NEC UPD4564441, 4564841, 4564163 for Rev.

14. Package Drawing
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NOTES

1. Each lead centerline is located within 0.13 mm of
its true position (T.P.) at maximum material condition.

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

Please consult with our sales offices for soldering conditions of the uPD4564xxx,

Type of Surface Mount Device

UPDA4564xxxG5 : 54-pin Plastic TSOP (I1) (400 mil)
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note: Strong electric field, when exposed to a MOS device, can cause destruction
of the gate oxide and ultimately degrade the device operation. Steps must
be taken to stop generation of static electricity as much as possible, and
quickly dissipateitonce, when it has occurred. Environmental control must
be adequate. When itis dry, humidifier should be used. Itis recommended
to avoid using insulators that easily build static electricity. Semiconductor
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. Semiconductor devices must not be touched
with bare hands. Similar precautions need to be taken for PW boards with
semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note: No connection for CMOS device inputs can be 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 Vopo or GND with a
resistor, if it is considered to have a possibility of being an output pin. All
handling related to the unused pins must be judged device by device and
related specifications governing the devices.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note: Power-ondoesnotnecessarily defineinitial status of MOS device. Production
process of MOS does not define the initial operation status of the device.
Immediately after the power source is turned ON, the devices with reset
function have not yet been initialized. Hence, power-on does not guarantee
out-pin levels, I/O settings or contents of registers. Device is not initialized
until the reset signal is received. Reset operation must be executed imme-
diately after power-on for devices having reset function.
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[MEMO]

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this
document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on
a customer designated "quality assurance program" for a specific application. The recommended applications
of a device depend on its quality grade, as indicated below. Customers must check the quality grade of each
device before using it in a particular application.

Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic
equipment and industrial robots

Special: Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

Specific: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC’s Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.
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