PRELIMINARY DATA SHEET

NEC/ MOS INTEGRATED CIRCUIT

uPD4564323

64M-bit Synchronous DRAM
4-bank, LVTTL

Description

The uPD4564323 is a high-speed 67,108,864-bit synchronous dynamic random-access memories, organized as
524,288 words x 32 bits x 4banks.

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 86-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 BAO and BA1 (Bank Select)

« x32 organization

« Byte control by DQMO, DQM1, DQM2 and DQM3

* 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

« 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.

Document No. M12976EJ4V0ODSO00 (4th edition) The mark * shows major revised points.
Date Published  September 1998 NS CP (K)

Printed in Japan © NEC Corporation 1997



NEC uPD4564323

Ordering Information
Organization Clock frequency
Part number (word x bit x bank) MHz (MAX.) Package

uPD4564323G5-A80-9JH 512K x 32 x 4 125 86-pin Plastic TSOP (II)

1uPD4564323G5-A10-9JH 100 (400 mil)

1PD4564323G5-A10B-9JH 100

1PD4564323G5-A80L-9JH 512K x 32 x 4 125

1PD4564323G5-A10L-9JH 100

UPD4564323G5-A10BL-9JH 100
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Part Number

1PD4564323G5 - A8OL

NEC Memory J

Low Power
Synchronous
DRAM
Memory Density
64 : 64M bits —— Minimum Cycle Time

80 : 8 ns (125MHz)
o 10: 10 ns (100MHz)
Organization 10B : 10 ns (100MHz)

32:x32

Number of Banks
& Interface

3:4Bank, LVTTL

Low Voltage

A:33%x03V

Package

G5 : TSOP(lI)
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Pin Configurations

/xxx indicates active low signal.

Vee O——
DQO O~——
VecQ O——
DQ1 O~—
DQ2 O=—]
VssQ O——
DQ3 O=—]
DQ4 O~—
VecQ O——

[UPD4564323]

86-pin Plastic TSOP (I1) (400 mil)
512K words x 32 bits x 4 banks

©CoOoO~NOOOAWNER

DQ5 0=— 10
DQ6 O=~— 11
VssQ O—— 12
DQ7 O=—— 13
NC o—— 14
Vecc O—— 15
DQMO o—~ 16
/IWE O——~ 17
/|CAS o—| 18
/IRAS O— 19
/CS o——| 20
NC o—— 21
BAO O— 22
BA1 o— 23
A10(AP) O—~ 24
A0 O— 25
Al O——| 26
A2 O——| 27
DQM2 O—~ 28
Vee O—— 29
NC 0—— 30
DQ16 o=— 31
VssQ O— 32
DQ17 O=~——> 33
DQ18 o=— 34
VecQ O—— 35
DQ19 o=— 36
DQ20 O=~— 37
VssQ O— 38
DQ21 o=~——> 39
DQ22 o=—= 40
VecQ O—— 41
DQ23 O=—| 42
Vecc O—— 43

AO to A10 N
BAO, BA1
DQO to DQ31
CLK

CKE

/ICS

IRAS

ICAS

/WE

DQMO to DQM3:

Vcce
Vss
VceQ
VssQ
NC

N

O Vss
~—=0 DQ15
0 VssQ
~—0 DQ14
[~—0 DQ13
——"90 VccQ
[~<—0 DQ12
~<—0 DQ11
—0 VssQ
~—>=0 DQ10
=—0 DQ9
—90 VccQ
~—0 DQ8
——o0 NC
—"0 Vss
~—0 DQM1
——ONC
——ONC
=—O CLK
=—O CKE
l«—O A9
~—O A8
l«—O0 A7
=—O A6
[~—oO0 A5
=—O A4
~—0 A3
[~—0 DQM3
O Vss
——ONC
~<—0 DQ31
—90 VccQ
~—0 DQ30
[=—0 DQ29
—O0 VssQ
[~—0 DQ28
[~—0 DQ27
—"0 VccQ
[~=—0 DQ26
[~—0 DQ25
——"0 VssQ
~<—0 DQ24
—"0 Vss

: Address inputs
: Bank select

: Data inputs / outputs
: Clock input

: Clock enable
: Chip select

: Row address strobe

: Column address strobe
: Write enable
DQ mask enable
: Supply voltage
: Ground

: Supply voltage for DQ
: Ground for DQ
: No connection
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Block Diagram

CLK Clock
CKE O Generator
| ‘ Bank D
| ‘ Bank C
| ‘ Bank B
Row
Add
rese Address _
v . Buffer | o
Mod - & T8 |
ode Refresh 8 Bank A
Register Counter = HH
. g ]|
Y !ﬁ Y »
»| Sense Amplifier -

g ———oO
cs 3 Q Column »| Column Decoder & [ DQM

(5] (=) g _ . .
JRASO—— & S Address | Latch Circuit vy

2 S »| Buffer @ .: =
ICASO——— g *g & § %_

£ o Burst o 5 3
IWE O—— 8 Counter Data Control Circuit p = _ DQ

} L 25
- - £3
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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 pPD4564323 suspends operation.

When the PD4564323 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.

A0 - A10 Input Row Address is determined by AO - A10 at the CLK (clock) rising edge in the active
command cycle.

Column Address is determined by AO - A7 at the CLK rising edge in the read or write
command cycle.

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

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

BAO, BA1 Input BAO and BAL1 are the bank select signal (BS). In command cycle, BAO and BA1 low
select bank A, BAO low and BA1 high select bank C, BAO high and BAL1 low select
bank B and then BAO and BAL1 high select bank D.

DQMO - DQM3 Input DQM controls 1/0 buffers. DQMO controls DQO - DQ7, DQM1 controls DQ8 - DQ15,
DQM2 controls DQ16 - DQ23, DQMS3 controls DQ24 - DQ31.

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 - DQ31 Input / Output DQ pins have the same function as I/O pins on a conventional DRAM.
Vee, Vss, VecQ, (Power supply) Vcc and Vss are power supply pins for internal circuits. VecQ and VssQ are power

VssQ

supply pins for the output buffers.

Preliminary Data Sheet
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2. Commands

Mode register set command

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

The pPD4564323 has a mode register that defines how the device
operates. In this command, AO through A10, BAO and BA1 are the data
input pins. After power on, the mode register set command must be
executed to initialize the device.

The mode register can be set only when all banks are in idle state.

During 2 CLK (trsc) following this command, the yPD4564323 cannot
accept any other commands.

Activate command

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

The uPD4564323 has four banks, each with 4,096 rows.

This command activates the bank selected by BAO and BA1 (BS) and a
row address selected by AO through A10.

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

Precharge command

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

This command begins precharge operation of the bank selected by
BAO and BAl (BS). When A10 is High, all banks are precharged,
regardless of BAO and BA1. When A10 is Low, only the bank selected
by BAO and BA1 is precharged.

After this command, the uPD4564323 can't accept the activate
command to the precharging bank during tre (precharge to activate
command period).

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

Preliminary Data Sheet

Fig.1 Mode register set command

BAO, BAl
A10
Add

Fig.2 Row address strobe and
bank activate command

ck [ LI 1
CKE “n
ICS
IRAS
ICAS
IWE
BAO, BA1
(Bank select)
AlD X
Add

Fig.3 Precharge command

CLK | | I | I
CKE H
ICS

IRAS
ICAS
/WE

BAO, BA1 X5

(Bank select)
AlD XKD
(Precharge select)
XSSOSR
Add RN
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Write command

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

If the mode register is in the burst write mode, this command sets the
burst start address given by the column address to begin the burst write
operation. The first write data in burst mode can input with this

command with subsequent data on following clocks.

Read command

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

Read data is available after /CAS latency requirements have been met.
This command sets the burst start address given by the column

address.

CBR (auto) refresh command

(ICS, IRAS, ICAS = Low, /IWE, CKE = High)

This command is a request to begin the CBR refresh operation. The
refresh address is generated internally.

Before executing CBR refresh, all banks must be precharged.

After this cycle, all banks will be in the idle (precharged) state and
ready for a row activate command.

During trc period (from refresh command to refresh or activate
command), the uPD4564323 cannot accept any other command.

10 Preliminary Data Sheet

Fig.4 Column address and write

command

CLK

CKE

ICS

IRAS
ICAS
IWE

BAO, BA1
(Bank select)

A10
Add

Fig.5 Column address and read

command

CLK

CKE

ICS

/IRAS
ICAS
IWE

BAO, BA1
(Bank select)

A10
Add

LXRRK
Fotetee

Fig.6 Auto refresh command

CLK
CKE
ICS
IRAS

ICAS
IWE
BAO, BA1

(Bank select)

A10

fXRAKA

20202620

P 03020.92020202020292920-02020°
Add KRR
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Self refresh entry command Fig.7 Self refresh entry command

(ICS, IRAS, ICAS, CKE = Low, /WE = High)

After the command execution, self refresh operation continues while
CKE remains low. When CKE goes high, the uPD4564323 exits the self
refresh mode.

During self refresh mode, refresh interval and refresh operation are

performed internally, so there is no need for external control. BAO, BA1
(Bank select)

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

Add

Burst stop command Fig.8 Burst stop command in Full
Page Mode
(/CS, IWE = Low, /RAS, /CAS = High)

ck [ 1

This command can stop the current burst operation. CKE v
Ics
IRAS
ICAS
IWE
BAO, BA1

(Bank select)

A10

Add  BEEEREERHERRARRRR

QRRERRRRARLIKKKEK

No operation Fig.9 No operation
— — i CLK | | | | |
(/CS = Low, /IRAS, /ICAS, /WE = High)
CKE H

This command is not an execution command. No operations begin or
terminate by this command.

BAO, BA1
(Bank select)

A10
Add
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3. Simplified State Diagram

Mode MRS

Self
Refresh

CBR

|

Register

| IDLE

Refresh

Set

g

Active
Power
Down

{

WRITEA
SUSPEND

Precharge

Precharge

READ
SUSPEND

READA
SUSPEND

ON

12

—  A\UtOMatiC SEQqUENCE
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4. Truth Table
4.1 Command Truth Table

Function Symbol CKE ICS IRAS ICAS IWE BAO, A10 |A9-A0
n-1 n BAl
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 \
Bank activate ACT H X L L H H \Y \Y \Y,
Precharge select bank PRE H X L L H L \% L x
Precharge all banks PALL H X L L H L X H x
Mode register set MRS H X L L L L L L \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 0 | 1 | 2 | 3
Data write/output enable ENB H x L
Data mask/output disable MASK H x H
DQO - DQ7 write enable/output enable ENBO H X L X X X
DQ8 - DQ15 write enable/output enable ENB1 H X X L X X
DQ16 - DQ23 write enable/output enable ENB2 H X X X L X
DQ24 - DQ31 write enable/output enable ENB3 H X X X X L
DQO - DQ7 write inhibit/output disable MASKO H X H X X X
DQ8 - DQ15 write inhibit/output disable MASK1 H X x H X X
DQ16 - DQ23 write inhibit/output disable MASK2 H X x X H X
DQ24 - DQ31 write inhibit/output disable MASK3 H X x 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 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)

Preliminary Data Sheet 13
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4.4 Operative Command Table " (1/3)
Current state [ /CS |/RAS|/CAS|/WE Address Command Action Notes
Idle H x X X x DESL Nop or power down 2
L H H X X NOP or BST Nop or power down 2
L H L H BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L BA, CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT Row activating
L L H L BA, A10 PRE/PALL Nop
L L L H X REF/SELF Refresh or self refresh 4
L L L L Op-Code MRS Mode register accessing
Row active H X X X X DESL Nop
L H H X X NOP or BST Nop
L H L H BA, CA, A10 | READ/READA | Begin read : Determine AP 5
L H L L BA, CA, A10 | WRIT/WRITA | Begin write : Determine AP 5
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Precharge 6
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Read H x x x x DESL Continue burst to end -~ Row active
L H H H x NOP Continue burst to end -~ Row active
L H H L X BST Burst stop — Row active
L H L H BA, CA, A10 | READ/READA | Terminate burst, new read : Determine AP 7
L H L L BA, CA, A10 | WRIT/WRITA | Terminate burst, start write : Determine AP | 7,8
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Terminate burst, precharging
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Write H x X X x DESL Continue burst to end - Write recovering
L H H H X NOP Continue burst to end - Write recovering
L H H L X BST Burst stop — Row active
L H L H BA, CA, A10 | READ/READA | Terminate burst, start read : Determine AP | 7,8
L H L L BA, CA, A10 | WRIT/WRITA | Terminate burst, new write : Determine AP 7
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Terminate burst, precharging 9
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
14 Preliminary Data Sheet




NEC UPD4564323
(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 tre
L H H H X NOP Nop - Enter idle after tre
L H H L x BST ILLEGAL
L H L H BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L BA, CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Nop - Enter idle after tre
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Row activating H X X X X DESL Nop - Enter bank active after treo
L H H H X NOP Nop - Enter bank active after treo
L H H L X BST ILLEGAL
L H L H BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L BA, CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT ILLEGAL 3,10
L L H L BA, A10 PRE/PALL ILLEGAL 3
L L L H x REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Preliminary Data Sheet 15
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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 topL
L H H H X NOP Nop - Enter row active after torL
L H H L X BST Nop - Enter row active after torL
L H L H BA, CA, A10 | READ/READA | Start read, Determine AP 8
L H L L BA, CA, A10 | WRIT/WRITA | New write, Determine AP
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL ILLEGAL 3
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL

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

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

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

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

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

REF/SELFIMRS
Notes 1.  All entries assume that CKE was active (High level) during the preceding clock cycle.
2. Ifall banks are idle, and CKE is inactive (Low level), uPD4564323 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), uPD4564323 will enter Self refresh mode. All input

buffers except CKE will be disabled.

© ® N o’

10. lllegal if trro is not satisfied.

lllegal if trep is not satisfied.
lllegal if tras is not satisfied.

Must satisfy burst interrupt condition.

Must mask preceding data which don't satisfy topL.

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

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

16
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4.5 Command Truth Table for CKE

Current State CKE /CS |/IRAS|/CAS|/WE | Address Action Notes
n-1( n
Self refresh H X X X X X X INVALID, CLK (n-1) would exit self refresh
L H H x X X x Self refresh recovery
L H L H H X X Self refresh recovery
L H L H L x X ILLEGAL
L H L L x X X ILLEGAL
L L x x x x x Maintain self refresh
Self refresh recovery | H H H X X X X Idle after trc
H H L H H x x Idle after trc
H H L H L x X ILLEGAL
H H L L x X X ILLEGAL
H L H X x x X ILLEGAL
H L L H H X X ILLEGAL
H L L H L x X ILLEGAL
H L L L X X X ILLEGAL
Power down H X X X X X INVALID, CLK (n — 1) would exit power down
L H 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 trp is satisfied, the mode register can be programmed.

After the mode register set cycle, trsc (2 CLK minimum) pause must be satisfied as well.

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

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

The mode register is programmed by the Mode register set command using address bits A10 through A0, BAO and

BAL1 as data inputs. The register retains data until it is reprogrammed or the device loses power.

The mode register has four fields;

Options 1 Al10 through A7, BAO, BA1
/CAS latency : A6 through A4

Wrap type : A3

Burst length : A2 through AO

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

/CAS Latency

ICAS 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

BA1 BAO A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ | JEDEC Standard Test Set (refresh counter test)
BA1 BAO A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
[ x [ x [ x ] 1] o] o] vimobe [wr] BL | Burst Read and single write
(for Write Through Cache)
BA1 BAO A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
| ‘ ‘ ‘ ‘ 1 ‘ 0 ‘ | Use in future
BA1 BAO A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
Ix‘x‘x‘x‘l‘l‘v‘v‘v‘v‘vVVIVenderSpecific
V = Valid
BA1 BAO AlL0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 % = Don'’ t care
ool ol o] o] o] virmobe [wr] BL | Mode Register Set
Bits2-0 WT =0 WT =1
000 1 1
001 2 2
010 4 4
Burst length 011 8 8
100 R R
101 R R
110 R R
111 Full page R
0 | Sequential
Wrap type
PP 1 | Interleave
\
Bits6-4 | /CAS latency
000 R
001 R
010 2
Latency 011 3
mode 100 R
101 R
110 R
111 R
Remark R : Reserved
Mode Register Write Timing
cLK | L
CKE J
/ICS \ /
/IRAS \ /
ICAS \ /
IWE \ /
A0 - A10,
BAO, BA1 X X

20
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7.1 Burst Length and Sequence

Burst of Two]

Starting address

Sequential addressing sequence

Interleave addressing sequence

(column address 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 0,123 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 0,1,23,45,6,7 0,1,23,45,6,7
001 1,2,3,4,56,7,0 1,0,8,2,5,4,7,6
010 2,3,4,56,7,0,1 2,3,0,1,6,7,4,5
011 3,4,56,7,0,1,2 3,2,1,0,7,6,5, 4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,0,1,2,3,4 547,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,52,30,1
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 256.

Preliminary Data Sheet
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8. Address Bits of Bank-Select and Precharge

Row | A0 | AL| A2 | A3 | A4 a5 | A6 | A7 | A8 | Ao | ato]Bao]Ba1] [BA1[BAO] Resul

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

IAO‘Al‘ Az‘ A3‘ A4‘ AS‘ A6‘A7‘A8‘ A9 | ato] Bao] a1

A10 | BA1 | BAO | Result

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

(Precharge command)

RO O|O|O
X |kP|FR|O|O
RO, |O

x : Don’t care

0 disables Auto-Precharge
(End of Burst)
enables Auto-Precharge
col. | Ao | Ar| a2] A3| a4 As| a6 | A7 | A8 | Ao at0]Bro]Bar] 1| (End of Burst)

(/CAS strobes)

BA1 | BAO 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 trr 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

N JTO |_IT1 |_IT2 |_IT3 I_IT4 |_IT5 |_IT6 |_IT7 |_IT8 |_|

/CAS latency = 2

commang

DQ \Q1><Q2><Q3><Q4> H|Z

/CAS latency = 3
Command ; ; ; ; ; ; ; ;

o et e XN e

(tras must be satisfied)

In order to write all data to the memory cell correctly, the asynchronous parameter “torL” must be satisfied. The
torving specification defines the earliest time that a precharge command can be issued. Minimum number of clocks
is calculated by dividing torL(viny 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 toaL must be satisfied to issue the next activate command to the bank being precharged.

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

register and whether read or write cycle.

10.1 Read with Auto Precharge

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

latency of 3) the last data word output.

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

L L L LT

CLK

ICAS latency = 2

I I I I I
I I I I I
I I I I I
| | | | |
| | | | |
| | | | |
| | | | |
I I I I I
| | Auto precharge starts } } }
Command ! READA B ! ! ! ! !
| | | | | | |
I I I I I I I
I I I I I I I
| | | | | i |
| | | / \ | | Hi-Z |
DQ i ; i < Q8L >< QB2 >< QB3 >< QB4 ) ; ; ;
| | | 1 1 1 1 | | |
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
ICAS latency = 3 ! ! ! ! ! ! ! ! ! !
I I I I I I I
Command | READA B | | }Auto precharge starts | | | |
| \ | | | | | | |
I I I I I I I I
I I I I I I I I
| | | | | | | |
! ! ! / N Hi-Z 1
| | | | |
bo i i o X ez X a3 X 0Bty :
| | | | | | | | |
| | | | |
| | | | |
| | | | |
| | | | |
I I I I I
I I I I I
| | | |

(tras must be satisfied)

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

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

data word input to the device.

Burst length = 4

TO T1 T2 T3 T4 T5 T6 T7 T8
S I s I 0 o Y M B

| | | |

| | | |

ICAS latency = 2 | % % Aui
| | |

| | |

| | |

|
|
|
|
|
|
|
Command ! WRITA B l

|

|

|

e R < D|31><DBZ><DB3><DB4>

|
|
|
l
I
to precharge starts
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Hi-Z
‘ - -
: | | | |
| | | | |
! | | | | toPL(vIN,
| | | | |
| | | | |
| | | | |
ICAS latency = 3 | | | | | |
| | | IAuto precharge starts
Command ! WRITA B ! ! ! |
| ! | | |
l N Hi-Z
DQ hmmmm—— < DB1 >< DB2 >< DB3 >< DB4 Vs - -
1—»
topPL(MIN.)

1
|
|
|
|
|
|
|
|
|
|
|
|
|
L
]
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

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

(tras must be satisfied)
Remark WRITA means Write with Auto Precharge

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

ICAS latency Read Write
2 -1 +toPL (MIN.)
3 -2 +topPL (MIN.)
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11. Read / Write Command Interval

11.1 Read to Read Command Interval

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

without any restriction.

Burst length = 4, /CAS latency = 2

CLK |

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
TO
CLK |

T1
| | | 1
| | ! !
| | ! !
I | ! !
I I ! !
| l | 1
| | |

Command 1 M@ 1 1
| | |
I ! !
| | |
| | |
! : | HiZ

DO H— < DAL >< DB1 >< DB2 >< DB3 >< DB4  pr---eect

|
|
|
|
|
|
|
|
|
|
|

26 Preliminary Data Sheet



uUPD4564323
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11.3 Write to Read Command Interval

Write command and Read command interval is also 1 cycle.

Only the write data before Read command will be written.

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

=4

Burst length

T8

T7

T6

T5

T4

T3

T2

T1

TO

CLK

mmmmmmgmmme————

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

2 2
W o WS
& E a & E
c O c O
8 O g O
k| =
[} 0
< <
S R}

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.

=4

Burst length

T4

T3

T2

T1

TO

Command

Hi
| it i

< b1 X b2 X D3 X D4 »

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

=8

Burst length

L

T4
|

CLK

I B By I

2.0
__mM
>
& E ©
g § 0

8 O

)]
<

Q

{ b1 X b2 X b3

-

DQ

3

Command
DQM

ICAS latency

necessary
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12. Burst Termination

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

burst stop command and the other is the precharge command.

12.1 Burst Stop Command

During a read cycle, when the burst stop command is issued, the burst read data are terminated and the data bus

goes to Hi-Z after the /CAS latency from the burst stop command.

Burst length = X

TO T1 T2 T3 T4 TS5 T6 T7
CLK L1 | [ I I I I

| 1

| |

Command Read | |
| |

| |

| |

| |

| |

| |

ICAS latency = 2
DQ

ICAS latency = 3
DQ

Remark BST: Burst stop command

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

Burst length = X

Command

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

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

|

|

ICAS latency = 2, 3

Remark BST: Burst stop command
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12.2 Precharge Termination

12.2.1 Precharge Termination in READ Cycle

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

To issue a precharge command, tras must be satisfied.

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

Burst length = X, /CAS latency = 2

CLK

| |
| |
| |
Command | 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
TO T1 T2 T3 T4 T5 T6 T7 T8

[ L1 |

3 |
Command i Read

|

|

|

|

|

|

|

[N

|

|

|

|

|

|

CLK

DQ

) S

|
|
|
|
|
|
|
L
|
|
|
|
|
|

(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

TS N e Y e e Y N I o B
1 |

l T T 1 l
T
L | I |

L e | | |
o SN
N S N S N A SR

l CHEZ
A

L |

.|

.|

|

I I I I I
1 1 1 1 1 tep
I I I I I

(tras must be satisfied)

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

Burst length = X, /CAS latency = 3

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK N S
S S S A s O H S H
l i l l l ‘ 1 1 ‘ l
| | I I | ! | | |
l l l l L/ \ 1 l j
DQM | ! ! ! ! ! ! !
j l l l l 1 1 l l
| | I I I \ ; ; | I
| ‘ ‘ ‘ ‘ \ | HZ : |
DQ beeee- <D1><D2><D3><D4><D5/ 3 ;l demmmnmened !
I T T T T T I
| e | |
l l l

(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 Vee, VecQ -0.5to +4.6 \Y,
Voltage on input pin relative to GND Vr -0.5t0 +4.6 \%
Short circuit output current lo 50 mA
Power dissipation Po 1 W
Operating ambient temperature Ta 0to 70 °C
Storage temperature Tstg -55to0 + 125 °C
Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the limits
described in the operational section of this specification. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device reliability.
Recommended Operating Conditions
Parameter Symbol Condition MIN. TYP. MAX. Unit
Supply voltage Vee, VecQ 3.0 3.3 3.6 \%
High level input voltage Vi 2.0 Vee +0.3N°Y v
Low level input voltage Vic -0.3 o2 +0.8 \Y
Operating ambient temperature Ta 0 70 °C
Notes 1. ViHmax) = Vcc + 1.5V (Pulse width <5ns)
2. Viiminy = =1.5V (Pulse width <5ns)
Pin Capacitance (T A=25°C, f =1 MHz)
Parameter Symbol Condition MIN. TYP. MAX. Unit
Input capacitance Cn AO - A10, BAO, BA1 25 4 pF
Cr CLK, CKE, /CS, IRAS, /ICAS, 2.5 4
/WE, DQMO - DQM3
Data input / output capacitance Cio DQO - DQ31 4 6.5 pF
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DC Characteristics 1 (Recommended Operating Conditions unless otherwise noted)
Parameter Symbol Test conditions | ;?eiﬁfy Grade| Maximum Unit | Notes
Operating current lcct | Burst length=1 CL=2 | -A80 170 mA 1
trc = treMiNy) -A10 150
lo=0mA, -A10B 150
One bank active CL=3 | -A80 180
-A10 160
-A10B 160
Precharge standby current lcc2P - [ CKE < Vimax), tek =15ns 1 mA
in power down mode Icc2PS | CKE < Vimax), tck =00 0.5
Precharge standby current lccaN | CKE = ViHviny, teck=15ns mA
in non power down mode CS = ViHMiNy, 20
Input signals are changed one time during 30 ns.
lccaNS | CKE = ViHMiNy, tek = oo 6
Input signals are stable.
Active standby current in lccsP | CKE < Vitmax), tek =15ns 5 mA
power down mode lccsPS | CKE < ViLuax), tek = oo 4
Active standby current in lccsN | CKE = ViHviny, tck=15ns mA
non power down mode /CS = ViHMiN) 30
Input signals are changed one time during 30 ns.
lccaNS | CKE = ViHMINy, tok = oo 20
Input signals are stable.
Operating current loca | tek =tekMing CL=2 | -A80 180 mA 2
(Burst mode) lo=0mA, -A10 160
All banks active -A10B 140
CL=3 [ -A80 230
-A10 200
-A10B 200
Refresh current lecs | tre 2 tremivg CL=2 | -A80 200 mA 3
-A10 200
-A10B 170
CL=3 [ -A80 205
-A10 205
-A10B 175
Self refresh current lcce | CKE<0.2V -xk 1 mA
-FRL 0.4

Notes 1.

Icc1 depends on output loading and cycle rates. Specified values are obtained with the output open. In

addition to this, lcc1 is measured on condition that addresses are changed only one time during tckmin,).

2. lcca depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, Icc4 is measured on condition that addresses are changed only one time during tckmin,).

3. Iccs is measured on condition that addresses are changed only one time during tckmin.).

Preliminary Data Sheet
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uPD4564323
DC Characteristics 2 (Recommended Operating Conditions unless otherwise noted)
Parameter Symbol Test condition MIN. | TYP. | MAX. | Unit | Notes
Input leakage current lw 0sVis Vc.cQ, VeeQ = Veg, ~1.0 +1.0 UA
All other pins not under test =0 V

Output leakage current loty |0 < Vo< VeeQ, Dour is disabled -1.5 +1.5 UA

High level output voltage Vou |lo=—-4mA 2.4 \%

Low level output voltage VoL |lo=+4mA 0.4 \%

AC Characteristics (Recommended Operating Conditions unless otherwise noted)

Test Conditions

« AC measurements assume tT = 1 ns.

.

¢ An access time is measured at 1.4 V.

34

CLK

Input

Output

tek

teu

tcH
20V
14V - -
08V - R
tseTup | tHoo
20V -
1.4V """*""*"><
08V -
tac
toH
B

Preliminary Data Sheet

Reference level for measuring timing of input signals is 1.4 V. Transition times are measured between ViH and ViL.
If tr is longer than 1 ns, reference level for measuring timing of input signals is Vit (vin) and Vi (wax.).
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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 |(100MHz)| 10 [(100MHz)| ns
ICAS latency =2 tcke 10 |(100MHz)| 13 (77 MHz) 15 (67MHz) | 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 35 ns
CLK low level width teL 3 3 3.5 ns
Data-out hold time ton 3 3 3 ns 1
Data-out low-impedance time tz 0 0 0 ns
Data-out high-impedance time ICAS latency = 3| tHz3 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 toH 1 1 1 ns
Address setup time tas 2 2 25 ns
Address hold time taH 1 1 1 ns
CKE setup time teks 2 2 25 ns
CKE hold time tekH 1 1 1 ns
CKE setup time (Power down exit) teksp 2 2 25 ns
Command (/CS, /RAS, /CAS, /IWE, DQM) tems 2 2 2.5 ns
setup time
Command (/CS, /RAS, /CAS, /IWE, DQM) temH 1 1 1 ns
hold time
Note 1. Output load
1.4V
50Q

Z=50Q

Output )
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Asynchronous Characteristics

Parameter Symbol -80 -10 -10B Unit | Note
MIN. MAX. MIN. MAX. MIN. MAX.
REF 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 tre 20 20 30 ns
Delay time ACT to READ/WRITE command treD 20 20 30 ns
ACT(one) to ACT(another) command period trrRD 16 20 20 ns
Data-in to PRE command period topL 8 10 10 ns
Data-in to ACT(REF) command ICAS latency = 3| toas |1CLK+20 1CLK+20 1CLK+30 ns
period (Auto precharge) ICAS latency = 2| toaz [1CLK+20 1CLK+20 1CLK+30 ns
Mode register set cycle time trsc 2 2 2 CLK
Transition time tr 0.5 30 1 30 1 30 ns
Refresh time tREF 64 64 64 ms
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13.1 AC Parameters for Read Timing 1 (Manual Precharge, Burst Length = 4, /CAS Latency = 3)
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4, /|CAS Latency

13.2 AC Parameters for Write Timing (Burst Length

T1 T2 T3 T4 TS5 T6 T7 T8 T9 Ti0 | T11 | T12 T13 | Ti4 Ti5 | Ti6 | T17 T18 | T19 | T20 T21
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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 77 100 67
ICAS latency 3 2 3 2 3 2
[treo] 3 2 2 2 3 2
IRAS 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
[trro] 2 2 2 2 2 2
[tre] 3 2 2 2 3 2
[topL] 1 1 1 1 1 1
[toad] 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)
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T ey A I 1 RRRRRRRRIRLRRAILRHAXRRRXRRHLIRIARLLIRLLRIRRIIELIRLLIRRAXRIRLRHKZLRIAILRRAXLIRRZRIHIZRIAIRRHKLLRIRXIRHAEKIHAXIIIILIIXRHRHILRHXLIRHXRRIZRIRHZLRHXKS
ICAS LIS ! B e s e e o0 00009%¢
Posetosoleleoioldotolodetoles! ! ! ! KRR R R R R R 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 i
| | | | | |
i i . . . .
SR LLERKXRHR R KRR RKN XX KA R KR IR KKK KX RKRKRKR KR KKK KR IR KKK KKK KKK EKKR KR KKK KX RKK KKK KK R KKK LK KKK KRR KRR LERKHK KKK KK RRU KKK KRR KKK RKKKKY
IWE — SESSESEEEN : R B B B R S RIERIIEIE,
SIBIEEIEIREIEN 1 I Setotototntetatototetnttetatoiotrtetatotototatetatatototntetatotototattetotototatetatotototottatotototntetetatotointetatototototetetatotottetatotototatetstotoiototetatotototetetatotel
i i i i i
| | | | |
i
[TITT
| XXX LR IR R ORI KKKXKKKS RRRRXKS
BAO s R SRR SR SRR
¢ ! RS o020t T 20 ot e o0ttt tutet oot otutetotetetotesototesetotesstetetatesetatitototetstetetotetotatetstotetatetetotetetatetetotetstetetotetotatesetotesstetetotet ¢
i i i i | i i | i i i i i i i i | i i i i i i
| | | | | | | | | | | | | | | | | | | | | | |
| | | | i | | | | | | | | | | | | | | | | | i
TSI TTLILTTIITL LTI LTSN | g
209090000 RIRRRRKRRKK i f 00RO IIIIIIRRY
BA1 O s ssese e sasasasatatetototol | 050000 R R 00905000 R OO 8000905000 OS99 050500 R RIIIIIIKKKKS
00 000909090989898585898898KS ! B0 0000000909090909090 0 8000090909098 R 0000000000009 R R R R 9090909898989 IIIRKKK
,,,,,,,, NI INIIIINILINIIINNI SIS, OaPaIa VYISO I VNI I NI I NN NSNS NN LI N IS SIS I NI I NN IS INII I NN IS NN IS NI SIS NN IS INI LI IS NN SN IS I NI IS NN IS I NN IS NI LI NI LIV NI IaI N
| | ! ! ! ! ! ! ! ! i ! | | ! ! ! ! ! ! ! ! i
| | | | i | | | | | | | | | | | | | | | | | |
|
R T I f TR LB BB LT TR LT LT TR R LT LTI ETITIRTRLLTXX
A10 LRERIIKEKIKIKKLKLY] i i £33KKK 0ot e e e e et 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 et e e e e e e e e e et et de oo te o te e te ot et te et tetototototetototototetotetotetototototelototetotetototetototototeto et tetodetet
RRIRLRILRRIIK | | fIRIKKY KRR RKS R 0 R R R RIS RIIIIILRILRIIHIIKS
PoteSetetototetetetetetetetotete’ ! ERRXET R R R R R R R R R R RRRRRRERRRKRES
! ! | ! | ! | | ! ! ! ! ! ! ! | ! ! ! | | |
‘ ‘ ‘ ' ADDRESS KEY | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
. : . . : . . . . . . . . . . . . , . . . |
T TTTTITITIIIIN [TIIZZN [TTITIIZIZILIIITTTILIIIIIIZTITITIITIRTZZIZIIILTTTTTTTTIIIIIIITITIIIIRITZTZIIIISTTTTTTIIIIIIILIIIIIIIIZITZTTIXISTTTTITTTIIIITS
ADD ? T
LIRS \XKILRR SRR O O IR
RSO0, a0 09,929 SO LIII. 9.9 3.8 0933.9.8 8999903999093 83. 0889 3.9.9. 9933980 39.9.9.0. 839339893308 38 93909939308 39.9.0.999.3.3.9.9. 33 30989993 3.0. 993989893 3.9.99.9.9.9.9.9,
T ; ; ; T ; T ; 7 T T T T ; ; ; ; ) ; ; T 7 |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . . |

DQ e e L L L L L L L L Iy reys iy iy iyt SRy pepSp S IpILRpep Ry Spapapupupayuy SR IRy I e

All Banks Register Activate

Precharge Write Command

Command Command is valid
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13.5 Power On Sequence and Auto Refresh

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | Ti1 T12 | Ti3 T14 | T15 | T16 T17 T8 | T19 | T20 | T21

| . . | | | | | | | | | | | | | | | | | | |
+ Clock signal is necessary w w w w w w w w w w w w w w w w w w w
I (( I I I I I I (L I I I I I I (0 I I I I |
CKE AT ' i i trsc i i i i R i i i i ' ' A j i i i i
' High level is necessary ! WS ! ! ! ! ! ! ! '+ 2refresh cycles are necessary ! ! ! !
| i i | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | (1 | | | | | | (1 | | | | |
— | | | ‘ ‘ ‘ S ‘ ‘ | ‘ ‘ ‘ Sa ‘ ‘ |
/CS | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| | . | . | . | | | | | | . | | | | | | . | |
| | ; | ; | ; | | | | | | ; | | | | | | ; | |
| | | | | | | | | | | | | | | | | | | | | | |
| | | . | . | . . . . . | | I | . I I . | . |
KRR RXRK KX KKKA € ! ! ! K X ERKRKLELLER KKK LRI R XK XK XA XS KEKRELE KL LLLLRER ! PX KX IR IKL LI IKIKRKR I XXX XXX XK IR IKRK KK X XX KKK X IRXIX XX XX XY ! KR KK oo
SRXXRRRR RS ! XRERRN ! ! R RIIIRIIIILLRN LRRIHIIIIEIILLLLLLRRKKI ! L3R RRRRIIIIILRLLLILRIIIIIN BRI ! KRS
RAS  EEE35508 R NI s N NI o W s
LR Y o%o%o%ele%ele%2e. NI 2etete NI R KRR 1 RRREERRRRREERA IRREEEEIERRRRIEIAN 1 LRI
|
| | | |
1 ! REKRKEKERK KX
/CAS I I RRHILRIKLLS
eSosssotesetetetete!
! ! edetetoteodetetote
| | | | T |
| | | | | |
‘ ‘ R R R R ] R R R R
IWE | | R ey s I
. . KR EIEKLIE (205620250202 020 % 0%, 0202202050202 020 % e %0 et e 2ete o te % e ' | \2e%tete%e et ete%]
| | | i | | | ! ! | ! i
| | | | | | | | | | | |
|
XSS PIRRSSSSSESSESASROSR XSSOSR PRASSSSAOISSSESESSASSSRSSESSRSSEESSSESSESAEISREIENN . KSR RIA RSSO
BAO R ERRRIITIN | R B TSN R,
3NN NIOEIIELRIRIXNIIIIIKKN 1 00 800 I ORI BEIIIRILLIIINAIIINA]) RSRRRIXRRRLRL
R RIS | KK R ) IR R RS KRR
BAL 5550
PROOLIROLS;
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
|
! ! IR ILIRIIIIIK R R R I REIRRRIIRIEIIIIRIIILIREN RRRZZXILS:
Al10 ! ! fesode! 00030909098 RIRIIIAIIIIHKIKKKS 3000080 R 000K KRR, G 0RRAXKAIIAY (KKK
| . ofeleletetetetetetotetotete R R R R R RIS Rototototototetetetee | 2etetotetotetotetete
| | | | | | T | T T i T i | | | | | ; | i
| | ADDRESS KEY'! | | | | | | | | | | | | | | | | |
. . , \ . ; . . . . . . . , , , , . . .
TTRRITTS (TTZTITZXITTLTZBTLL IR LIRRIZTTITTZZITZLTITZZLZIZZTZITZLIZTZLITTXS (STZXITZLZIZXLZTTZLITTLTITZTXITTLZIXZTLRXIZTTRXZTLTITLLTTTLTY pTTLIITTRITTTZZTTTITTR
ADD B RN B R %,
RRRRIIIILRKKKKY) RS R R LR R S R R S IR RIIIIRIRRIRIKKSS O ssssssess
RRRRRRRRRRRER KRR R R RRRRRRRRRRRERRRRERRRRRRRRRRRRRRERRRRERRRRERRRRRRARRERRRA) ERRRRRERRRRERRKRAARKA RN
; ¥ ; ; ; ; ; ; ; ; ; ; ; ; ; ;
| | | | | |
[qa] | | ! LG ! ! Iqe
D ; ; ; NS ; ;
DOM | | | | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |

Hi-Z ! ;

‘ ‘
i i
'High level is necessary !
| |

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

X3 [IIIIRT CLTIZLIIIIIITTZIITTIXITZLZITZTLZXIITIIITTZZITLZLZITIILZIZTIXITLZXITLXRITIZRXRZTITTZRXITIXIZTLILXITITLXRXTZLZIITILXITITZIITILRILITZTXIZTLTXXITILIZTILXITTLTXLITTTXXTTL LIRS

55 S e O O S OSSO OSSR

/RAS CRRRRRRKS fRRRXK R0 R R R R R R S O S R S R SRR IRRRIREIIIRRRIKSIIIIRRK,
Sioeteteterey R0 R R SR S S O R S R O S O O R ORI IIRRIRLRSI S

92929 LY OO IINININI OIS IS IIIII S SN INIIII OIS ININIINIINIININII SIS IIIIII SN INIIIIIIIINIINIII NI SN INININI NI IINIS IS S ININIIIIII I I NININIIINIINIS IS SN SN IS IO NI NI NN

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

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

R O OO OO OO OO SOOI OO

ICAS &8558 R B B R B B B R R B SIRIIIRIRS,
055 R R R R O R R R S R S R R R O R R R R R S R R R IREIREIREIREIREIKKS

|
I
I
QRRLRHKKKKS
/WE KRXRISS
RRIEKY
QUK

'4“
%
]

|
PR

. . . . . . .
TITZIIN T TRTTTIILT IR TIZTLIIZXTIRZLTITLTIIT LT ITZLIITLTITZLTIXZLTIZITLITILTITILTIZLZITILTIITLTIZLZIIZLTIZZTIITLLTITSLTIZLIIZSLTIRLTIRTLTIRLSZTIILTITT LTINS
BAO sessoenty fE8855D B g G R R G R R RIS
GIRKKN fRRRER LR R R R R R R R R SEIIRIIRKIIIRKIIRKKESS.
otetetetetetetel oSoetetetetetetel SRR R R R R R R R R R R R R R R R R RRRRRRRRIIRRRKRRRKS

; ; ; ; ; ; ; ; ; ? ; ; ;

R 5% 0% RN
I

O,
0N
XK

ERRILLREN

SXXXXXA

T
RERRRR R RIIIILLLE 3 SRR S IRRERRS

BAl KRRLKEEEN R RRRIRIIIIRRLRLLLS bo%s R R RIIIRRRRIRIIIIR
LKL IR RIS ARSI,

B0 000 SOIS S LI IIIII SISO L9 999.9.9.9 SO 000 09.9.% PSSO 9IS 920,999 9989909999990 9,0.9.9.9.9,

e [T25552)
RRXRRRRN JERXRRR RIS R IIIIIILRRKS RIS RIS

AL0 500 G2 R R R R R R

KRN R R RRRRRRRRERRRRRRRRRRRRRRRARRARKKKKS 0000202020202 R R R R R R R R RRRRRRRRRRRRRRRRK,

K
%% 0%
R R SRR
i
| | | | | | | | | | |

. | . . . . . . . | | . . .
TTIIIZZR) R S S S S S S S S S R T T I IR I IX LT LT LT TTT L TTITITT
XKLL R O I I R S R O R 0 K R 00O R ORI RRRRIIEIIRRKKS
ADD XXX R R R R R R R R R IRRIRIELLLI IR
RIS IR KIIKEIL KL
0202020202020 poloolotototetoteteleletele 2ol o o olo o 0 0 0 0200202020200 20t e e e o o 020 20 020202020 202020220 20 e ol oo o0 te e e e e e e et e e e Tt o oo t0 o0 te e 00 202020 e o e o ot o o 00 tete e e et e 2t et T o Ro oo Re o e te e e e e e e
" ; ? ; ; ;

DQ

T ! ! T Pt

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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T13 T14 | T15 T16 T17 T18 | T19 | T20 T21

3)
T12

=4, /CAS Latency =
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11

Clock Suspension during Burst Read (using CKE Function) (2/2) (Burst Length
TO

CLK

90%0e %%
%% %% %%

CKE

ICS

ve%
9%
0900
%%
XK

o%

%
X
S9%8

ot

%% %
SRKKS
R
o

%
%
2%

/IRAS

PRS2 Sosossse SEZ
RRXKS desesess Sosssess
9598 950505 CRKS
odedee! XXX X
3 K RS
RRXX] XRXX] XK
XX sty RRKS
XXX XXX S35
b0l 9595s% RS
XXX XXX 8959588
<X 3505554 ZRKS
XXX XX XX
Sotoress I o%s%o%e NN oSo%o%et
XXX XXX 8950588
S9%%8 355554 35S
podode! XX RS
GRS 554 35S
XX XXX X
XK bo%es 35
o593 odotes XX
Q0SS %5554 35S
RS 9595058 2R
% ot %
0K 9595958 RS
3555 5554 3K
XX 9595958 XXX
% ot %
3RS 950598 %5058
XY BRI BRRKS
RS 9595958 XX
%S XX RS
3RS Sototess 2050588
potese! KA RRKS
Sotoss! So%0%s XX
% 0K RRX
%S %S
95588 KA RS
fodole! So%9%s 3RS
3% o 0939598
%5 %S
S9! 2K
%! %5
$95%8 2R
RS
Sesesess N I oSo%e%e!
fotoss! RS
9598 CRKS
050 RS
3 RS
joistese! RS
RS RRKS
ootete! RS
355 RS
jotstese! RS
RS RRKS
35S RS
355 RS
38 RS
0 RRKS
0K RS
Sodotot I oSotete!
K] 2RSS
35 35S
possde! XK
QS RS
RS XX
05 35S
0K 8050588
% 3K
XX XX
% %
3RS %5058
K8 XK
RS XX
% 3K
3RS S0%0588
boteses - - FRK
Sotoss! XX
% XXX
3RS XX
3505 RS
fodoss! XX
XX RRX
% X
3555 RRKS
fotole! XX
XXX 2RK
3K
KX XS
fotoss! RS
59588 CRKS
%S XS
3K~ — - - RS
fotols! RS
RRKS RRKS
ootete! RS
bogeses RS
jotstese! RS
RRKS RRKS
ootet! RS
355 RS
jolstese! RS
RS RRKS
oSedee! 3K
%5 RS
RRXX XK
XS 959598
XY _ ks
QS 3RS
fodode! XX
3RS 35
K] S050%8S
% 3K
XXX XXX
% %
3RS 8050588
K8 3K
RS XX
% 3K
3RS S0%0588
K8 3K
Sotoss! 3RS XX
% ool XXX
S R KRS
3505 odeded RS
fa%0e! dosssese XX
XX XX S939%9S
% %S
3555 3R RS
botole! dototete 2R
0SS 2K 0K
RS Sososese Sa%e%eS
3 0K XXX
potode! K] 3RS
XXX KA 0RKS
% So%0%s 30K
89588 0K RKKS
S S9%9%s RS
9588 0 ZRKS
Sotste! N I *o%0%eS
355 RS
3 RS
RS RRKS
ootet! RS
355 RS
jolstese! RS
RS RRKS
oSedee! 3K
%5 RS
RRXX XK
XS ZRKS
S939%%! 050588
29593 35S
%5 RS
S99 botels!
bose! N I S5%0%S
3K 3S
XX XX
%
3RS XX
3RS 3K
303 $059%08
% 3K
3RS 8050588
boteses 3K
Sotoss! X
% { Se%9%eS
3RS fo%s 8050588
3505 : RS
fodoss! 95958 XX
XX XX S939%9S
Sotose! N I %¢
3555 potoded RS
botole! dotesess 2R
89 XX 35S
3RS %9595 RS
S 0K RS
0K K] RS
S KA K
KX Sososese 3RS
X 0K RRX
3RS S9%9%s RS
3K 0 RRKS
30 3K
35 2959598
35S 3RS
RS 2K
Sotste! - - RS
355 RS
38 RS
0 ZRKS
0K RS
%5 RS
K] RS
XS RRKS
K 050588
39593 3RS
XS
<K RKKS
fotoss! RS
2K RRKS
%S RS
S35y I __ s
XX RS
RS 3RS
XXX XX
RS 35
895959} 8050588
% 35S
95958} X
% fose%es
3RS XX
X RS
fodoss! XX
XX S9%9%eS
%
35 XK
botole! 2R
Stosot I I %4%0%!
RS KRS
% %
0K 2050588
% 3K
XX XXX
% %
posste! RS
%S 3K
303 3RS
<X 5K
3RS 3RS
K 0K
%S %
RS 0959598
35S 3RS
Sesotol N I o%ote%e!
XK RS
3K RS
K] RS
05 8959598
K XXX
89593 3RS
XS
9583 RKKS
fotoss! RS
9598 CRKS
%S RS
3 RS
fotols! RS
RS RRKS
0SS RS
poseses: _ s
So5o%s! 3RS
RS 8959598
XXX XX
0K 35
podode! KX
%S %S
podode! XX
XX XXX
botete! XX
89583 RS
003 XX
89 35S
RS $950%%8
XS 0SS
0K 250588
oteses - - FRK
XX XXX
% %
3RS XX
% 3K
»;
%% KL
% %
o
o
R
et
Sotetes
PR
__ RS
RS
Soletes
[
Soteses
RS
Sotetes
XX
Sodeset
RS
RS
[XXS
$55%
<5
RS
%
__ Ry
0SS
RS
38
G0
RXXX
&
<%
(TR
505
[
Sogeses
[XRS
I %!
[R5
Sotetes
PR
RS
[R5
%5
e

BAO
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RS R Sosssess
RRKS RS RRKS
o%6%% o50%%¢ o0 %%
XXX 3554 RS
0%%% o%%%¢ 0%%%
05055 RS RRKS
%% o0%%¢ o%e%%
XX otost RS
%6%% o0%%¢ 0%%%
05055 botsted ZRKS
%% o20%%¢ 0% %%
I 5¢30%5% I e%o%0%e? IR #%+%e%+¢ NN
oSo%% 00250 00%%
05055 bosted 35S
%% o20%%¢ 0% %%
996%% %% %o %e%
X Sadolese 0K
o2 %% o5 o26%
K35 otote $050%%%
%6%% %0 %% o%6%%
335855 5558554 ootels
35 Sotosets RS
%% o%6%% o%0%%
355855 55555554 3RK
0SS ] RS
. QY - - RS- - - RS - - - - - =
355 dotstese 2R
96%% 2% % R
osesss do%o%s RS
96%%% %e%% o%0%%
55 S9%0% RRKS
96%% 0% %% o%6%%
o% o%
20%%% o%e%% 0%%%
o20%
[ o 939598
o%
X5 2K
o%
05055 2R
%% 006 %%
I 5%e%+$ I N o%o%otet IS
0%%% 0%%%
RRKS RRKS
o%6%% o0 %%
bogeses RS
0%%% 0%%%
RRKS RRKS
o%6%% o0 %%
05055 RS
0%%% o%%%
25055 RRKS
%% 0% %%
05055 RS
%6%% o%e%%
05055 3RS
%% 0% %%
I 555+ N o%ototet RN
XK 8958588
05055 35S
<35 S0505%8
XXX 38
os%es XX
2038 0
XX RRS
%% o%0%%
055 2R
96%% o2
0SS RS
%% o%0%%
355 2R
o% R
35S RS
- 1%%% B - - RXKF - -----
255 RRKS
o% o%6%%
osesss RS
96%%% o%0%%
<55 XX
0% XXX
o5
96%%% L
%5 3RS
05 0RK
%% oS %%
05055 XS
o%%% 0%%%
25055 RRKS
o2 %
B oo Bmm R oS0ttt REPEE
0%%% 0%%%
05055 RRKS
%% o0 %%
bogeses RS
0%%% o%%%
RRKS RRKS
o%0%% o0 %%
3555 RS
0%%% o%%%
RRKS 3RS
o%0%% o0 %%
3555 RS
0%%% o%0%%
RRKS 3RS
- KR - -~ N (0 0.0 RN
0555 3RS
03555 XX
2000 &
XX 0K
%% o%0%%
oS XXX
203 &
XX 0RS
%% o%0%%
055 2R
96%% R
35S RS
%% o%0%%
255 RRKS
o% o% o%6%%
RN So%Se%e I Se%eSess N fotococe RN
% %% %% o%0%%
205 3RS RRKS
XK R 20505009
9594%% %% o%0%%
0% dototets RRKS
96%% oSe%% 0%%%
K5 Sosotess SRS
90%6%% o%%% o%0%%
K% So%o% 3RS
35055 A 0RKS
o5 oS5
05055 RKKS
0%%% o%%%
25055 RRKS
— - XXX - - - - - XKF - - - - - -
05055 RS
0%%% o%%%
05055 RRKS
%% o0 %%
0055 RS
0%%% o%%%
RRKS 3RS
o%0%% o0 %%
3555 RS
0%%% o%0%%
RS 3RS
%% 0%e%%
bogoses 3RS
0% %% 0%6%%
0555 35S
- - PR - - - IRRg - -
K5 $505%%
200 &
XX 0K
%% o%0%%
K5 XX
96%% R
XX 0RKS
%% o%0%%
05 XX
o% 0%6%%
58585 5655554 233855
305 dodesess 2R
XK S9%050%9 AR
I %%9% I %%:%% I %%%%
05 3] 2R
90%% %% o%%%
35 SaSotese CRKS
96%% o%%% oo
oSl K RS
96%%% e%% o%%%
%5 Sosote%e 3RS
96%%% o%%% o%6%%
K% ] RS
XXX KR RRKS
% 2% %S %%
05555 o 2959598
0%%% 0%%%
25055 XK
IR %4%%% [ N %%%% N
0055 RS
0%%% 0%%%
05055 3RS
0% o
0055 3RS
0%%% o%0%%
5055 3RS
%% 000 %%
05055 3RS
00 %% o3e%%
0555 RS
oSo%% o%%%
05055 ZRKS
%% 0% %%
I S35 I I 3:%0%+¢ I
05055 3K
ool X
05655 38
XX 0K
o%e%% o%0%
K5 X
96%% o%%%
XX XK
%% o%0%%
05 XX
2030388 XK
0% % L o%0%%
305 d9%03 2R
. QY - — RS- - - RSKY - - - - - =
$o%o! 3RS KRS
o% oSe%% o2
oseses ] 0RS
96%%% o%e%% o%%%
55 Sosotese RRKS
96%% o%%% o2
osesss ] RS
90%%% %e%% o%%%
%5 3RS
96%% QL
KX RS
KX XXX
adotele! 0959598
o%% 0%%%
I Se%e%e$ I I %0%0%! IS
2% %%
05055 3RS
0%%% o%%%
05055 3RS
0% 2%
0555 3RS
e %% oS %%
05055 RS
0%%% 0%%%
55055 RRKS
%% o3 %%
05055 RS
o%6%% o%%%
05055 RRKS
%% 0% %%
I 555+ N o%o%etet RN
oSe%% o%e%%
05055 35S
%% 0%%%
0555 3RS
XX 0K
o2e%% X
K5 X
96%% 0%%%
XX 0K
%% o%0%%
x5 XX
%6%% o%%%
XXX 0205038
35 RS
- 2% % B - - RXKF - -----
355 2R
o% o2
35 RS
2K XS
QKL K
Y
£
355 <
%% P
Sotste ottt
RRKS PR
PR (0,000 BN <0 0.0, N (0.0, RN
3555 XS
0%%% 0%%%
RRKS b5 0
o%0%% 0%%% %%
3555 RS 05655
0%%% 0% o%0%%
RS % 25655
%% PCSRAS 0%%%%
05055 P 0565554
%% PS54 0% %S
0555 PR 0505554
XX [R5 Sododels
o%e%% 6%
o5 KRR S050%0%8
203 el
I fo%o%e%e I Solotets I foto%e%s NN
%% 90%%%
035 fedele 0505058
96%% 00%0%%
XX dodess Setotete
500K KXY
KX J KX
—
%
< 5! [a] o
o < < [a)

XQAa4

XQAa3

S -(QAalX QAa2

Read
Command
for Bank A

Activate
Command
for Bank A

Hi-Z (turn off)

3-CLOCK
SUSPENDED at end of burst

2-CLOCK
SUSPENDED

1-CLOCK
SUSPENDED
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13.8 Clock Suspension during Burst Write (using CKE Function) (1/2) (Burst Length = 4, /CAS Latency = 2)

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

| | | | | | | | | i
| | | | | | | | | |
. . . | . . . . . |
T T T | T T T T T |
C KE I I I I I I I I I I
| | | | | | | | | |
| | | | | | | | |
| | | T | | | | | |
| | | | | | | | | |
| | | | | | | | | |
" | " | " " " " " )
ICS i | i | i i i i i |
| | | | | | | | | |
| | | | | | | | | |
| " | " | | | | | |
| | | | | | | | | |
| | | | | | | | | |
RS RKARN ! H
SRR RIS R
/RAS XK | R RIS
o 29%%, OSSR
AAAAAA %% ! ! R R RIS
|
| | | | | | | | | | | | | | | | | | | | | | i
| | | | | | | | | | | | | | | | | | | | | | |
|
B 7T ! O O O O O O O O O T
ICAS e ‘ R S
XX ! ! R R R ORI
T | T T ; T T | | T T 7 T T T T ; T T T | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . . | . . . . . . . . . . . . . . . . . . |
T z PR R R R XTI L LT LTI
IWE s AR % B
S5y ! o2 ! R R R SRR S SRR
: | : T ; * ; Y ; ; ; ? ; ; : : ; ; * ; ; ; '
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
T | < | £
BAO | z B s
! LR I KIRRIIIIL KL
X | ! VIS99 IO 999 IS IIII I I IO IIIII IO I IV IIII I I NI I IIIIII I I OIS IIIS IS I I IS IIIII IO I OIS IIIII IO O IIIII I I IO IO IIII I I IS IIII I I NI SIS II IS IS I IS I IIII SIS IO IIIII NI
¥ ; ; ; ? ; ; 7 ; " ; ; * ; ; ? 7 7 7 ; §
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
T ! ! R S S S S S S S S S LR IIILS
BA1 I ! ! B R O RIS
S99 | 1 LR R R R R IR
2RI B R O R R
QKKK ! ! FY IS I INIIII NSNS IIININIIINIININISIIIIIISIIINIIIIIIIIIIIIIISIIIINIIIIINIIIIIILIINIOIIOSII IS IIIOIII NI SIS IIIIII I I I INIIIINII IS INIIII NI SIS IIII I IS IV II IS99
i i i i i i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | | | | | | |
! PTTITSTIIS S e s ey
R s O s I I
A0 W SRR e
SS90 9,999 00000999089 9.9.0. 009,99 9.8.9.8.9.9.0:99.9.9.9. .99, 9.9.9: 9.8, 90.9.8.9:9.9.9.9.9.8.9.8.9:9.9:9.9.%. b b DS9S 09999090 9.9.9.9.9.9.0.9.0.9.9.9.9.9.9:9.9:
| T | | |
| | | | |
. . . .
LERHKK g RARRIAXRHIIRHIRIIIIRIHAIIIHKIIKIAXIRIAXIIKIAS R RRIIIAIIAXRHAIRIIIRAIIIIRIIIIXIIHKIAXIIAXIIHLIILIAILIAXIRIKRHLIRHLIAXKS
ADD QIR RS ORI G e IR,
LRSS IR IR
N0a0a%a%a%, NI NIIIIIIIIINIIIISEIIIIIIIIIIIIIINIIIIIIINIIINNI% NI IIIIIIIIIINIIIIIIIINIINIIIIIIIINIIISIIINIIIINIIIIaIa%%
* " " ; ; * * " "

XRRRRRRRIRIAIKIR R RRRRCRRRIIIIIKLLLKN |
SRIIIIKXRIIN D) AT FIEIIIIIIIIIISIIIIKIIN [JAGL Y= === =m=mmmimmmmmmaimmmsseasmsssesseacsss-scb-s-s-sbdessssssbscscscdmnamnn=
O s asatetesese?, s s asasstetetesess’;
RRRRXXRXA DI 0I0099.9.9.9.9

Activate Write 1.CLOCK 2-CLOCK 3-CLOCK
Command Command SUSPENDED  SUSPENDED SUSPENDED

for Bank A for Bank A
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N

EC
u

PD456432

3

N
N
P
o
N
= -
1T anooo
- 3K
o - B00%5%, 00
— -- oo 8 \
- -- 58S (S5 -
= - 7] ONO%“ Nooooo X0
-- 00800 30000 ot I
-- 000000 - - 000000 000000 w
- 000000 - ooonoo 000000
-+ 5 RS oo 225
[ee] -- KKK 3080 8030 9o
— -- 00300 00000 -- 000000 00030
1 000a8ee 3 9% %08 de%0%s --
- 3020 - 000000 000000 - 0030 \
-- el RS 5 58 -
-I K RS XK 02003 RS \\
ar - s 55 =
e - . 58 (2% B 58 o 2
T 53 R 55 555 - n““““ “mu“ --
== 00\ o2 000\\ 00 T 00 000 -
© F-- oo (38 S S 8%% - - 5 -
prt -- onooon o -- SRS 1o ooooo% XS -
- - X %% % 00000 0% o 538
[ - R uooouo Re0e X% S R S :
1- o 5 2 555 s o 555 - :
- o 3 5% s 9 £ 553 - '
-r X0 9o 9% % 00K 959 ] 505000 - - '
[to] - SRS %8 80000 000399, .0000000 Soooo -- S5 .
g . 0308 oo% __ o%oo 08%0 ooo% o%oo %ooo -1
- - 0000 - 0000 00000 0000 %000 000000 0000 --F
-t oooooo oooooo ooo“oo oo%% .%3% %080 R %8% _ '
S - 55 s s s -
s - B R B o B35S S50 553 :
- 00000 odeds 0% %0 XXX %%k 000l L - '
-- 000000 onoooo 000000 00000 .000000 -- 00000 000000 -- '
-- 00080 - - 000000 S -~ SRS .0000000 - 8&8 SRS - H
-- S i sosss SR e ........ S 88 -+
-t 8080 X %oooo 080% ooooooo oooo% R %2% - '
™ -- SRS XX 000000 RS ERS SRS -- 000000 _a
— -- 88 ] oo S5 525 3% S5 o
_ — 000 6% 00000 00000 000000 % 000 K 0300 00 000 .
™ --- oS - - R ooo%o - 388 .0000% - oo%o 30K -- '
- ooooo - R ooooo ooooo 305 oo:o XX - .
-+ N Jo3s oo oo 00000 .000000 oo i 000000 -
1l N - S0 S5 K 000“00 .0000000 eo0oeo -- SRS o
— - Sooo ] 588 s .ooo%o oo S5 -
- = B - 00800 000000 000000 000000 .000%0 K] 08000 H
%) - h 000“00 ono%n nooono 08000 v%oo“ onoowi 00“000 _ '
c --- S RS KK - 8 .000000 - oo S5 -- H
- 0000 - _ 0000 0000 - 00000 o5 000 K 0000 00000 . ]
[7] - S - XS XK oo bR R 5K -
- S & 0 & o0 o K 5 o 00 0% | '
-4- 5558 Pote%els SRS 90K Sl XS 3% -
_ S 5 s - S .oooooo -- B00%0%! 88 -- '
< -- 3030 - - ooo%o oozoo - 080% .oooooo 1999 0 %2% -~ '
(@) T 0% 0 SR e o SRS s - '
- SRS 005 R o Noteeo I SRS o
= = ™~ T nnm“nn nm“n“m - m»nmw “nm“““ o mm“nmn“ } nnmunm i
1] - no%oo - RS XS -- X8 “%o“oo - 8 o -- '
1 o -- 00000 30000 Potore 500000 00300 oo -- .
< - 5 XK 0 oo e 5SS 0% |
= - - 3 9o ooooo 0505050 .ooooo 3% - 35S __
_ KX 03353 29 00000 00000 363 - 00000 —a
<) o -- Bosoe KRR - R 0% S 0 o205 .
- o 38 00000 X5 .00000 00000 KK
c ~ -- - S (X% 2o SRS eso 58K 58K '
- % KL S8 e X RS RS -
f) - ouzo» 0 0 S ] S oo - :
| - “%3 - KRR S5 -- 3 o - »z%% 88 - :
- s S s S8 5SS o%o% s - :
— -- %N%“ “000»0 5% on%oo bR %on%o R - '
n © - - X8 o SRS S5 s %ooooo - 558 o
- 00558 o I 5% XK XA oo X5 -
-- 000 KL 0000 000 ooo\w 0000 K -- '
-~ -- o L XK _ oS X 9% XL P X XX o XK 1 <
N [ -- S o0 - o200 SRS 0% 505 e
~ -- B R S XS vouoooo s S a
- S % o200 SRS 3] RS o:% --
— - R K % s oo ol < Re%o%s 55K -
- 0000 = LKL 00000 _ <2 ol %0000 IR Yo 0000 -
= -- Sooo -- K8 oo SRS RS S 5] -- 2
S © --- .“u%“ “...“o - S o 5K S - ."%nn SR
c -- B K53 55 553 w&n ..w.“ %3 S n
- - o% - % XX -- o%
v - 553 _Bx 5% 553 P35 S oz
w T S B8 SRS S5 voo%oo e - - - S B ow
- S0 R ooooo % b 3% of0se%s 0% - o0se%s ™
O - SRS X855 XK. e o -- S 8 - No0e%!
- sssssss i XS B -- S0 ooooooo - SRS RS -- 3R -]
[e)) - 000000 -- 55K XXX 00000 % X 3K 003 0% -- %551
- 38K 0905008 o%e% 20 X 0008088 oooo | oooo n
c -+ 00“000 hatotels 000%0 20 .000000 000000 n XX -- 00000
= - SRS 5% KK SRS oo 505 . oS ‘ o%ooo
5 < I oonoi eoes o200%s 00000 000000 X 00000 % %9
_ < R L - Solede 0000 vooooo 00000 00000 oo
] = - - XX RS oo 90900 o R KX oS
- ofoeds 55 X X 50 .00000 000000 0905008 _ 00000
— -- $05%0%! 0% R SRS R85 - 3K 5] - S0
- %% bes 0% 0000 - 0% < .00000 - 020 0000 - 02008
o)) - 3000 - - 00000 X 000 - 0000 .0000 0o, 00000 KL \ Yo,
= -- 00000 - RRXR 00000 00300 vooooo 000000 30K - 30
= -1 00000 XX 558 00000 o 53 R 00000 - - -
2 o o 55 m..“m - S5 55 o 555 B {<
- e XS XXX B XS o< <X X KL a
- -- 5 0XKe 3RS 58 o 88 5 -
7] - 35K Rototo%s 000000 N 50583 .0000000 —_— 000000 000000 - -
0000 - - R 0000 - 0000 K KK 00000 3% -
I - KRS S e e S - 55
- IO -- ooooo 0%80 ootk oo%% oot )
o = -- - LS S X e 8 X N4
E - - 3858 300 PSS 0000 K _ m
£ K e R385 . o 255 -- .8 o
= - -- 00000 - 00030 %% 00030 000000 -- le)
=] - -- KX XXX 0% 3% 00030 -1 =z
- X -- K S i S5 |
© - -- B0 - < SRS 3% -- o205 o ]
-- R -- S s S5 o
c - - . 00000 __ 0»00 00080 000000 -
o - 3080 - & oooooo %2% - N )
2 -- S <5 . < B % S5 -- )
7 - 00008 - % - - 000000 002% --
__ 000000 - 0558 -- 00800 0030 -} "
< -+ S8 K - S5 8
<5} o -- .o.o% ouoz» u?u zon% -- oovoo
o -- ooooo %% -- 50585 ] %ooo
st - ) 00000 R LK 00000
%) -- J Sodose%s 00000 000000 e ] orores
1 oo RS S “S«ooou - R --
> - o“oooo N %oooo oonzo - .oo%%o -- 0! - [a)
? - o] RS 55 B s I 2
~ ——- L nns“. S "su“& -1 - v 2
o , i 555 .“.“.“. . ok
=] e S R 5 . ox
o _ XXX .o%o -- ogese -- - LP
O _ - o < - 2 o 5% o
- - o290 - oS R -- o9
-- - 553 e ...zo.o 2 -+
- - i .0308 00300 a 0‘0040 )
- - 00000 70000 - 0000 -
. ao«o«%« - V%ooo vooo%o - 0000. 0
v B - KL s S
X X < B i -
vooooo - 5 - - ko5 X -- -
O 50000 - 0000040 - %02 - ) c <
w 55 B % Jp
> PS8 unou»oo“ 350, -1{- - - o = x
O % 08083 - oW - - -a = c
3083 - 8%3 -- = ©
0 ooo%om owooonm -1 - . S m
O 6% OOOOQA -- -
0 <A 30000@ -- - _ ' o -
/ < 000000@ - . (=]
808& B = ' =
14 (%) K - S
H
S 2 :
-- K 0N ---
Q % ) _ H
w "»n%“no. - :
= S o
= .o%oo} - - - o
o v000000 -1
< % ON“ . N '
2 g 4 - N .8 T <
< --- T ' w S x
m - - ' = £
S - el S
P a : <8 o
' 88
2 ' o
W
D o
a
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13.9 Power Down Mode and Clock Mask (Burst Length = 4, /CAS Latency = 2)

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | T12 | T13 | T14 | Ti15 | Ti6 | T17 | Ti8 | T19 | T20 | T21

R ITRDN R R R R R R R I T OO OO OO OO OO OIS OO IO IITIII
/IRAS 3 RIS R R R R R R IRKIIIILN R R R R R IR
R IIILRIILRIILRRL | R RIS R RIS
LR ! O 000200 e e oo R0 et e oo te e e e Rotetete et oo totete et et etotetete e oo tete e et oo teteta R R LS
| | | | | | | | | | | | | | | | | | | | | | i
| | | | | | | | | | | | | | | | | | | | | | |
T RIRIRLT] TR LTI TTTIXLN ! R 2 T LT R LT T TR LTTLTXZ
ICAS SRR ' ORIIRIKIIRIKIRIEIIKIKIN ' R e 1 R IR IIRKIIK KIS
RRRES | R IRIKIKKK | e O IS | IR IIILLRIIKIS,
Sosatotste SRSEIIRREEIIRKRKEN SR RIS KR0S SR IIRRESIIRRIEEIIRRKIEIEK
Patetetedetede? | Latetedelelootetetetetetototetete I Patetetetototetes Poees KL R RREEEEIIKEEY, i KRR R R R
| ¥ ; : ; ; f ; ; ; T ; ? ; |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
~~~~~ R R TR TTTES R R TR T |
| IR KKK | B R N R N S s |
/WE I IR RILLIILIAIRLALS I R I RIIIIIRILILRIILRIK I
| 3030303030505 | R RRRRLRLRLRLILLLLLLRLRIRLILLLLLLRLILILLLLLLLLLLLLEKS: )
| | ? ; ;
| | | | |
| | |
RIS, ' R T T LT T T ' OO OO OO OO OO OOOOOO OGO DO OO OO OOOOO DGO OO OGO DI OO DO O OO i R R TR
BAO IR | R IRIIRIIIRIRIRILLLLKN | I IISIIIIIIIIIIIIIIIIIIN | R R R R IRIRILLRLRRIRIRRKS
NI s N e N R aesS
1 RN 1 R R R R RN R R R R
; ; * ; ; ; ; ; * ;
| | |
| | | |
T I PO RO IR OIIIII OO, I R R R R R R TRI I OO O O OO RO IO IIII N OIIIIINOOOIIIIN
XRRRILX) f R R R LRIIILLRRRIRLLKK S S IRIRIKILLRKN f R IR
R N s N 8355555 s W
detetetetetetete. W R R EEEELLELLLLLLN ole! x5 tetetetetete NI detototetefetetetototototetetetetotototetetetotototototetetetototototetetetotototodeReteototote!
; ; ; ; ; ; ; * ; ; ; ; * ; ; i
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
o% %% % % % % % % % %o o % e Yo % Y Y e Y Ve e Ve Y Yo %% I RIS SIS o RIS
3 R RIRLIIIIRLLLRLRLRLRIILILLLKK | KRR IRIIIIILRLRLLRLLRIILLLRLRLKKN | S99 o
A10 I IRAIIILILKIIILLN I IIIRIKILKIKKL 2R
RRRSEIIRIREEIIRRIISLIRKRIIKEIN | R IIIRRIEEIIIRKRIIEIIIRKRISSKIIRRKIIKEN | K,
0626050 %% %%! 226256262626 % 0% e % e %ot %! I 02696262096 %%0 % %% %% XL %e%% W1 Pe%e%! e%e%e%
; ? ; ¢ ; ; v ;
| | | | |
%% %% %% 0% %% %% %% % a0 0 999, %% %% %% 05%% %% % 0%0%% %% % Va0 XSSOSR PSSO 0% %% %% % Y P v 5% %% % %% o%
ADD £ RS R SR
'S Padeseselototete? GEIRRRKKS IR RSIIRRRIEIIRKIEEKS OIS 0T
007070070 0°0%0] XXX X2 0°0°0% XXX

DQ ....J.Hi:%.l.....-l......l......L...-..L..-...L......L..._(QAa]_XQAa2XQAag 3

f ! T

Activate Read Precharge
Command Command Command
for Bank A for Bank A T
Power Down Power Down Clock Mask Clock Mask Power Down Power Down
Mode Entry Mode Exit Start End Mode Entry Mode Exit
ACTIVE STANDBY PRECHARGE STANDBY

AN

ecerosyadn
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13.10 CBR Refresh

TO T1 T2 T3 T4 T5 T6 Tn ‘Tn+1‘Tn+2‘Tn+3‘Tn+4‘Tn+5‘Tn+6‘ m ‘Tm+l‘Tm+2‘Tm+3‘Tm+4‘Tm+5‘Tm+6‘Tm+7‘

| | | | | | | | | | | | | | | | | | | | | | A
I I I I I I I I I I I I I I I I I I I I I I I
| | | | | | | R | | | | | | e | | | | | | | |
" " " " " " " 25 " " " " " " ST " " " " " " " |
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] |
CKE . .
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
. I . I . . . (e . . I . . . (e . . I . I . . I
T I T I T T T D> T T I T T T DT T T | T I T T \
I I I I I I I I I I I I I I I I I I I I I I I
I . I . I I I I I I I I I I I I I I I I
I T I T I I I I I I T I I I I I I T 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 I I I
%9000 U Y 2% %% %% XSASSSISSSLSRNM. PSSRSO RN 02000 a0 OO D O LD S Y a0 O 0 O O 010 0 N O N N 9 0 9 9.9.9.9.9.9.9:9 VL +%%%%%%" S 9200 0 0 0 0 9 9 0 0 9.9 91
KKK | | R RERRIRIIIIEIIK i R R KRR RIIIIIRRIKIILK |
/RAS / QR RN ILLRILRIIL R, NI IIIIRRRIRRIIN
' ' Y ORI ' fR0 IR THRRIIRIILIKIIIRALIIILRL '
AAAAAAAAAAAAAAAAAAAAAAAAAA 90900000 %% %6000  a%a9a%a Yttt IaIa It % 2NN NNU P IINIINIIIIN % a%0%a%a%%Y e 9090%a%0%0%0 %% %%
T ] ]
I I I I I
I I I
7 T T T v T TTTRTZR [T
ICAS  gseessd | A BRI S SIS
KL | ORI POIRRILLIILLIILLIALRN RN RRILLRILRILRRAIK
9a%%a%a%%"; i 06%%%% %" Yo% 0%%%% %% % Sa%%. LK 0% %%0%a%%%%! $%%0% %% %%} %Y,
| I \ | |
| I
A ] B ] T I
IWE XL S RRIRRILLIL] CRRSRRIRRIILL] RERRAILLKS RCRISRRRIIILRIERIKILK
SRR I ORIIRRILIRIKILIKK e oot a s e et atetetetetete%e’ RRRAERRG RS RREIRIKIKIILKS
TN R RS R ] N KRR
TR R R (R AR T R (R TRRS
BAO 3588 e RS RIKIIKIKKIK, 3R QLRI RIRIRRRIILRIILN
CRK R SIRRIILRRE REIRRLILLIK RRRILLKS X% S RIS
KRR R TR KRR 3 SRRRIILRIKIEKS
ple%e% %% %%, 0502026262626 %6 %2656 %6266 %6 %6256 % %26 % % %6 e %% O20%0% % 0% % %% L 0% 202050 % %% KL 262020%6%6 %262 %% 6% %2620 % % %e%’
T R A T T B TR (TR e T TTTS
BA1 D SRR IIRIIIIIRRIKILRRILRLA RIS R S R ILRRKERS a L RIRRIILRIIKLRILES
IR IR UK ORI SIS IIIRIKIIKKN Ao s tete et etatetetatatetetototet
R I O R ORI YIRS QIREKAIKKNKKKIKE
e R R R ) B R R B RS 26%6%6%%% 002090262650 %6%6 26502622056 % 2% % %
| 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
SRR 1 R RRRRRIRLRAILRRRSS SRR ERRILRIRRILIRRIILKY
Al10 etotetetotetots?, I O A R e IR RKKKIKEKKIEK
R I R IR
PN SIS h SIS IS990 IO II 9909 IO I IS IO OIS OIS IO IO IO OIS0 99.9.9.}
" I " | | | |
I I I I I I I
T TI R R RS TTTRRIH,
KL KRR R KRR RIS IKIIRRRIILE
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13.11 Self Refresh (Entry and Exit)

TO T1 T2 T3 T4

n ‘Tn+1 ‘ Tn+2 ‘ Tn+3‘Tn+4 ‘ Tn+5

Tm ‘Tm+1‘Tm+2‘Tm+3‘Tm+4‘

| | | | | | | | | i | | | i
| | | | | | | | | | | | | |
L L L L I L L g L L L L L i
T T T T | T T Y T T T T T |
CKE | | | | | | | | | | | | | |
i i i i i i i i i i i i i i
| | | | . | | | | | | | | |
| | | | T | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! !
I I L L g L L L I L I}
| | | | LRSS | | | | | | | 1 1
cs ‘ ‘ ‘ e ‘ ‘ R ‘ ‘ ‘ ‘ ‘ ‘
| | | ) RIS | | | | | | | | |
1 1 86767670 1 1 1 1 1 1 1 1
| T | T | | | | T | | T | |
| | | | | | | | | | | | | |
. . i . i . . . . . . i , , i . )
T TIIIRIXLLTZIINN | [RTIIIN | [T ERTL TR LZZZIIIIXIXLTLZLDIIIIXIIZRS] (SIITXZZZN | | D IRIIRTTIT
P s N s N - s N £ N
B NSRS NI, (sosoosvsssesss NI R R LRI RIIIRIIIIIIIEIIRN TIXXLXKRXIXKN | f0R T RRRIIIIELRIRRIIRIRKIIIIIIBIIEEN | K53 O asatasatatasetels
)RR R RRRRRRRRRRRRRRRRRRRXRKRRKRRY . RS .
T T T T T ; 7 T T T ; T T
| | | | | | | | | | | | |
I \ I I ! | | \ \ | | ! |
SSRGS ! XSS o2 %% %% OSORS %% %%, ! %% % 9%
/CAS RSN i i AKX ototetotetetetete! AR i SRR
3IIIKKK: i i RIIIKKKKS oS N RIBIKRKKKS
QRIIRIARK ! ! RNNRRRKL ORI QK
| | | | | | | | | | | |
i) | . | I | I | I | | | |
= D R XXX i " R R R R XXX ; XX R R R XXX X] TS
S TRRRRLZN R T ITTXTTS RBIR R I XKL RERRIRRKS SIS0
e IWE — SESEEIN 1 fosss] R SIS, 1 e oo RIS
§- SESIIIILIIIIIIN | (R85 | CRRREIIEEEIRIIIEIEKKKEE) b | oot ntatatetotointrinintetatetotoiotorninitetetotototoiote’ REEIKRLIEE,
f ; Y | |
=. | | | | | | | | | | | |
35 I | I
SERIRIRHIACIRRK XS REEHAKHAXK RSRGIRIAXIIAXIAAXIRAKHN QI RIHIIIRHAXKK 2OCXKIXAXRIAXKRAXL RSEHRIRAXK SCRRK
2 BAO RRIIRIIILLRRIKLN CRRRLELRS IR IIILLIN KIIIIIRRIIILLIIIRILLRAK I IRIIRLRIILLIRIIRLS RKILLLS
SRXRRRRRRIRIRSS 500IILLLLRLR 3000 R AR O BRI IRIRRRRRRRIIIKS 0RLRRRRRRS
< RRIIRRRILKLL] KRRIRRRRILL SO I NI I NSNS IO I NI NSNS I SN ININS LI NN IS IO INNII SIS NNNI LI I Y S VIS IS I NI SIS NN INI SISO NN NI IS I ININNSY, QKK
m ORSSRSROSERSN XSRSRIELSSEERERS SRR PERSSRIIIRREERERERS NSRRI
I RRRXIIEEIICKRKKK) eSS esstasatetosoletototels R SRR, R IIRRRIIIIIRRKKKKS SRR IIRRIIIIIIKRKKKS
oV BALl RRRLRRIKIRIIDN RORRIRRRRIIIS 0 000 R 000N RN 00000 IIIIRKEIKRI
G RSIIIIRKRLKKSS 0 RIRRIKKIIBBE 3 0 ) R S S S ISR
wn RRIIRRRRRKLL] RIRRLLIKKK S VNI INIII IO OO NNII I NI INIIINY SIS NSNS IS I NI NI IO NN SISOV NII LIS I INII IO I NI IIINIIINS
|
> i
o] .
D REIKIKIL REZLZRIIKILIIAEIIKIRII & RIS R IRIREAIIIIAIAIAN] RIS RIS
— Al0 Pgosososatetetetetetetetetetesess’ | PSosorssesasssaetototetotetetetetetete el R R RN R RN R R IIIIIIIIIIIRLRRKKS 300IIXLIRLIRK
De2eSetotetetete e e I RRRRRRRLEERRLRY B ReSeSete RERRRLRLRILRERKRN PRIK %%
; ; i ; ; T T ; ; ; ; T T T T '
| | | | | | | | | |
) )
T TTIITITIITIIIIIIITLI LT TIIITILTLTTIITIITILSLS TS T TIITTITITIIITITTILTTT I TTZTI] TIRII? 3 T TTTIITIITTTIIN TR
ADD A R RS o R RIIRRRIRIHIN fRRKS
R R EIIRIIIKEIIIIRKKKS B s ssasatotetotetet 35559 SRR RIIIIIRKRKKKKS & %S
0 ) G0 0] IR RIS RS
SIS 390999999090 9.9.8 090 0.0.9.9.9.9.9.9.3.9.9.3.9.9.3.9.09.9.9.9.9.99.3. 0.9 Y S OI.9.9.3.9.9.3.9.9.9.9.0 339090 9.3.0.9.3.9.9.9.9.9.3.9.9.9.9.9. J OGS 0999 0.0.0.9.9.9.9.3 SLLI LIS 0.9.9.9.9 PSS90 SOOI 0.0.9.
| | | | | | | | | | | | | | | | | |
i i i i i i i i i i i i i i i i i i
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
DQM L ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
| | | | | (. | | | L | | (¢ | | | | | |
I I I I I )) I I I I I )) I I )) I I I I I I
[ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
' Hi- | | | | | | | | | | | | | | | | |
Hi-Z ! !

e B T e e e e e e RO IR

Self Refresh
Entry

Precharge
Command
(if necessary)

trP

Self Refresh Self Refresh Self Refresh Activate
Exit Entry Exit Command
(or Activate Command)
Next Clock Next Clock
Enable Enable

trc1 trc1

AN

ecerosyadn




199yS ereq Areuiwiaid

TS

13.12 Random Column Read (Page with Same Bank) (1/2) (Burst Length = 4, /CAS Latency = 2)
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Random Column Read (Page with Same Bank) (2/2) (Burst Length = 4, /CAS Latency = 3)
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13.13 Random Column Write (Page with Same Bank) (1/2) (Burst Length = 4, /CAS Latency = 2)
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13.14 Random Row Read (Ping-Pong Banks) (1/2) (Burst Length = 8, /CAS Latency = 2)
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Random Row Read (Ping-Pong Banks) (2/2) (Burst Length = 8, /CAS Latency = 3)
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13.15 Random Row Write (Ping-Pong Banks) (1/2) (Burst Length = 8, /CAS Latency = 2)
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Random Row Write (Ping-Pong Banks) (2/2) (Burst Length = 8, /CAS Latency = 3)
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Activate Write Activate Write Precharge Activate Write Precharge
Command Command Command Command Command Command Command Command
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13.16 Read and Write (1/2) (Burst Length = 4, /CAS Latency = 2)

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
. . . . . . . . . . . . . . . . . . . . . . |
; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 1
| | | | | | | | | | | | | | | | | | | | | | |
CKE A | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
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| | | | | | | | | | | | | | | | | | | | | | |
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| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
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| | | | | | | | | |
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DO ..-..L-':'i_-z--f-------‘-------‘--------‘-----(QAalXQAaZXQAa3XQAa4>-

f f f

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

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

Activate Read Write Read
Command Command Command Command
for Bank A for Bank A for Bank A for Bank A
Hi-Z at the end of wrap function 0-Clock Latency 2-Clock Latency
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Auto Precharge after Read Burst (2/2) (Burst Length = 4, /CAS Latency = 3)
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13.24 Burst Read and Single Write (Option) (Burst Length = 4, /CAS Latency = 2)
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0 PRE (Precharge) Termination of Burst (2/2) (Burst Length = 8, /CAS Latency = 3)
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14. Package Drawing

86PIN PLASTIC TSOP (ll) (400mil)

detail of lead end

H
| J
G
L r + - | ;
N ] | — FE— |
- C [J7| N L
K
D
B
NOTE
Each lead centerline is located within 0.13 mm (0.005 inch) of
its true position (T.P.) at maximum material condition.
ITEM MILLIMETERS INCHES
A 22.47 MAX.  0.885 MAX.
B 0.79 MAX. 0.031 MAX.
C 0.50 (T.P.) 0.020 (T.P.)
D 0.22+0.04 0.009+0.002
E 0.10+0.05 0.004+0.002
F 1.20 MAX. 0.048 MAX.
G 1.00 0.039
H 11.76+0.20  0.463+0.008
| 10.16+0.10  0.400+0.004
J 0.80+0.15 0.031+0.006
+0.025
K 0.145%5-992  0.006+0.001
L 0.50£0.10 0.020*9-904
M 0.13 0.005
N 0.10 0.004
o+5° o+5°
P 33 3t
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15. Recommended Soldering Conditions

Please consult with our sales offices for soldering conditions of the uPD4564323.

Type of Surface Mount Device

UPDA4564323G5: 86-pin Plastic TSOP (1) (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 dissipate it once, 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 betouched
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 Voo 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-ondoes notnecessarily 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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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.

M4 96.5




	COVER
	Features
	Ordering Information
	Pin Configurations
	Block Diagram
	1. Input / Output Pin Function
	2. Commands
	3. Simplified State Diagram
	4. Truth Table
	4.1 Command Truth Table
	4.2 DQM Truth Table
	4.3 CKE Truth Table
	4.4 Operative Command Table
	4.5 Command Truth Table for CKE

	5. Initialization
	6. Programming the Mode Register
	7. Mode Register
	7.1 Burst Length and Sequence

	8. Address Bits of Bank-Select and Precharge
	9. Precharge
	10. Auto Precharge
	10.1 Read with Auto Precharge
	10.2 Write with Auto Precharge

	11. Read / Write Command Interval
	11.1 Read to Read Command Interval
	11.2 Write to Write Command Interval
	11.3 Write to Read Command Interval
	11.4 Read to Write Command Interval

	12. Burst Termination
	12.1 Burst Stop Command
	12.2 Precharge Termination
	12.2.1 Precharge Termination in READ Cycle
	12.2.2 Precharge Termination in WRITE Cycle


	13. Electrical Specifications
	13.1 AC Parameters for Read Timing
	13.2 AC Parameters for Write Timing
	13.3 Relationship between Frequency and Latency
	13.4 Mode Register Write
	13.5 Power On Sequence and Auto Refresh
	13.6 /CS Function
	13.7 Clock Suspension during Burst Read (using CKE Function)
	13.8 Clock Suspension during Burst Write (using CKE Function)
	13.9 Power Down Mode and Clock Mask
	13.10 CBR Refresh
	13.11 Self Refresh (Entry and Exit)
	13.12 Random Column Read (Page with Same Bank)
	13.13 Random Column Write (Page with Same Bank)
	13.14 Random Row Read (Ping-Pong Banks)
	13.15 Random Row Write (Ping-Pong Banks)
	13.16 Read and Write
	13.17 Interleaved Column Read Cycle
	13.18 Interleaved Column Write Cycle
	13.19 Auto Precharge after Read Burst
	13.20 Auto Precharge after Write Burst
	13.21 Full Page Read Cycle
	13.22 Full Page Write Cycle
	13.23 Byte Write Operation
	13.24 Burst Read and Single Write (Option)
	13.25 Full Page Random Column Read
	13.26 Full Page Random Column Write
	13.27 PRE (Precharge) Termination of Burst

	14. Package Drawing
	15. Recommended Soldering Conditions

