DATA SHEET

NEC / MOS INTEGRATED CIRCUIT
uPD4564323 for Rev. E

64M-bit Synchronous DRAM
4-bank, LVTTL

Description

The uPD4564323 is a high-speed 67,108,864-bit synchronous dynamic random-access memory, 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 (ll).

Features

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

® Possible to assert random column address in every cycle

e Quad internal banks controlled by BAO and BA1 (Bank Select)
® xX32 organization

e Byte control by DQMO, DQM1, DQM2 and DQM3

* Programmable Wrap sequence (Sequential / Interleave)

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

* Programmable /CAS latency (2 and 3)

e Automatic precharge and controlled precharge

e CBR (Auto) refresh and self refresh

® Single 3.3 V £ 0.3 V power supply

¢ | VTTL compatible inputs and outputs

® 4,096 refresh cycles / 64 ms

* Burst termination by Burst stop command and Precharge command

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

Not all devices/types avallable In every country. Please check with local NEC representative for
availability and additional information.

Document No. M14376EJ1V0ODSO00 (1st edition) © NEC Corporation 1999
Date Published  June 1999 NS CP (K)
Printed in Japan
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uPD4564323 for Rev. E

Ordering Information

Part number

Organization

Clock frequency

Package

(word x bit x bank) MHz (MAX.)

1uPD4564323G5-A60-9JH 512K x32x 4 166 86-pin Plastic TSOP (Il)
1PD4564323G5-A70-9JH 143 (400 mil)
HPD4564323G5-A80-9JH 125

1uPD4564323G5-A10-9JH 100

HPD4564323G5-A10B-9JH 100

1uPD4564323G5-A60L-9JH 512K x32x 4 166

1PD4564323G5-A70L-9JH 143

1uPD4564323G5-A80L-9JH 125

HPD4564323G5-A10L-9JH 100

1uPD4564323G5-A10BL-9JH 100
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Part Number

1PD4564323G5 - AG0OL

NEC Memory J

Low Power
Synchronous
DRAM

Memory Density

64 : 64M bits '———— Minimum Cycle Time

60 : 6 ns (166MHz)
70 : 7 ns (143MHZz)

Organization 80 : 8 ns (125MHz)
. 10 : 10 ns (100MHz)
32 : x32 10B : 10 ns (100MHz)

Number of Banks
& Interface

3 :4Bank, LVTTL

Low Voltage

A:33%03V

Package

G5 : TSOP(II)

Data Sheet M14376EJ1V0DS00 3
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Pin Configuration

/xxx indicates active low signal.

[uPD4564323]

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

Vee O—— 1 86 —O Vss
DQO O=——] 2 85 |=—=0 DQ15
VecQ O—— 3 84 —0 VssQ
DQ1 O=<—>] 4 83 [=—=0DQ14
DQ2 O«—] & 82 p—=0 DQ13
VasQ O0— 6 81 ——0 VecQ
DQ3 O=——>=] 7 80 p=——0 DQ12
DQ4 O=—] 8 79 |=—0 DQ11
VeeQ O——+ 9 78 ——0 VssQ
DQ5 O<«—{ 10 77 =0 DQ10
DQ6 O=—>] 11 76 [=~—=0 DQ9
VssQ O—— 12 75 F——0 VccQ
DQ7 O=—= 13 74 =—=0 DQ8
NC o— 14 73 ——ONC
Vee O—— 15 72 |—O Vss
DQMO O—— 16 71 p—0 DQM1
/WE O——={ 17 70 —ONC
/CAS 0—={ 18 69 —ONC
/RAS 0——{ 19 68 [=—0OCLK
/1CS O— 20 67 [=—OCKE
NC o— 21 66 [=—OA9
BAO O— 22 65 =0 A8
BA1 o— 23 64 =0 A7
A10(AP) 0— 24 63 [«~——0 A6
A0 O— 25 62 [=—OA5
A1l Oo— 26 61 [«=—0OA4
A2 o— 27 60 —OAS3
DQM2 o— 28 59 [=—©0 DQM3
Vece O— 29 58 —O Vss
NC o— 30 57 —ONC
DQ16 O=—>] 31 56 p=—=0 DQ31

VssQ O0—— 32 55 —0 VccQ
DQ17 O=—= 33 54 j=—=0 DQ30
DQ18 O=—| 34 53 =0 DQ29
VecQ O— 35 52 —0 VssQ
DQ19 O=— 36 51 |=——0 DQ28
DQ20 O=—>] 37 50 |«—0 DQ27
VssQ O— 38 49 ——0 VccQ
DQ21 O=—> 39 48 j=——0 DQ26
DQ22 O=—> 40 47 p—>0 DQ25

VeccQ O0—— 41 46 —0 VssQ
DQ23 O=—> 42 45 =—0 DQ24
Vec O— 43 44 ——0O Vss

A0 to A10M°™  : Address inputs

BAO, BA1 : Bank select

DQO to DQ31 : Data inputs / outputs

CLK : Clock input

CKE : Clock enable

/CS : Chip select

/RAS : Row address strobe

/CAS . Column address strobe

/WE : Write enable

DQMO to DQM3: DQ mask enable

Vce : Supply voltage

Vss . Ground

VeceQ : Supply voltage for DQ

VssQ : Ground for DQ Note AOto A10 : Row address inputs

NC : No connection AO to A7 : Column address inputs
4 Data Sheet M14376EJ1V0ODS00
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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 uPD4564323 suspends operation.

When the 1iPD4564323 is not in burst mode and CKE is negated, the device enters
power down mode. During power down mode, CKE must remain low.

/CS

Input

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

/RAS, /CAS, /\WE

Input

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

AO - 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 BA1 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 BA1 are the bank select signal. In command cycle, BAO and BA1 low select
bank A, BAO low and BA1 high select bank C, BAO high and BA1 low select bank B
and then BAO and BA1 high select bank D.

DQMO - DQM3

Input

DQM controls I/O buffers. DQMO controls DQO - DQ7, DQM1 controls DQS8 - 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.

DQoO - DQ31

Input / Output

DQ pins have the same function as I/O pins on a conventional DRAM.

Vee, Vss, VeeQ,
VssQ

(Power supply)

Ve and Vss are power supply pins for internal circuits. VecQ and VssQ are power
supply pins for the output buffers.

Data Sheet M14376EJ1VODS00
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2. Commands

Mode register set command Fig.1 Mode register set command
(/CS, /RAS, /CAS, /WE = Low) ok LT 1
CKE H

The uPD4564323 has a mode register that defines how the device operates. s T N_/S
In this command, AO through A10, BAO and BA1 are the data input pins. /RAS K& e
After power on, the mode register set command must be executed to initialize /CAS X% SIS
the device. WE T2\ L

The mode register can be set only when all banks are in idle state. (%A?(, B|A?) 52

ank selec E

During 2 CLK (trsc) following this command, the uPD4564323 cannot A0 T T
accept any other commands. Add TR o
Actlvate command Fig.2 Row address strobe and

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

CLK | I I I |

The uPD4564323 has four banks, each with 4,096 rows. CKE H
This command activates the bank selected by BAO and BA1 and a row s TON_S
address selected by A0 through A10. JRAS 3588 OB
This command corresponds to a conventional DRAM’s /RAS falling. JCAS 5% IR

/WE 555

BAO. BA1 X XTET

(Bank select)
A10 X Row X

Add X Row XS

Precharge command Fig.3 Precharge command
. CLK | | | | |
(/CS, /RAS, /WE = Low, /CAS = High)
CKE " H

This command begins precharge operation of the bank selected by BAO and s TN/
BA1. When A10 is High, all banks are precharged, regardless of BAO and /RAS 2 KR
BA1. When A10 is Low, only the bank selected by BAO and BA1 is /ICAS 2 TR
precharged. WE T2\ £
After this command, the uPD4564323 can’t accept the activate command to BAO, BA1 XX
the precharging bank during tre (precharge to activate command period). (Bank S;'efg e .
This command corresponds to a conventional DRAM’s /RAS rising. (Precharge select) oo

Add  fosteseesiesienis

Data Sheet M14376EJ1V0ODS00 9
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Wrlte command Fig.4 Column address and write

command
(/CS, /CAS, /WE = Low, /RAS = High)
CLK | I I I |
If the mode register is in the burst write mode, this command sets the burst CKE H
start address given by the column address to begin the burst write operation. s T N_/

The first write data in burst mode can input with this command with

subsequent data on following clocks.

/RAS
/CAS
/WE

BAO, BA1

52222;222; §§ KX KX
’§§§§ @x;x;x;x

3R

KRR

TR LTI

(Bank select)

A10 &%

YXYXYXYX

(288

508005

Add 258X Col.

Read command Fig.5 GColumn address and read

command

ck ™ LT 1
CKE ~H
cS

(/CS, /CAS = 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.
/RAS X 5
/CAS
/WE
220,581
A10
Add

CBR (auto) refresh command Fig.6 GCBR (auto) refresh command

(/CS, /RAS, /CAS = Low, /WE, CKE = High) clk LT 11

CKE ~H
This command is a request to begin the CBR (auto) refresh operation. The s T N/
refresh address is generated internally. /RAS & S
Before executing CBR (auto) refresh, all banks must be precharged. /CAS §~§§§§ mxxxx
After this cycle, all banks will be in the idle (precharged) state and ready for /WE T T
a row activate command. BAO, BA1 T
During trc period (from refresh command to refresh or activate command), (Bank S;'e‘lcg e smsissrsesmmesssesnares

the uPD4564323 cannot accept any other command.

Add REIERREERLZRES

10 Data Sheet M14376EJ1V0ODS00
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Self refresh entry command
(/CS, /RAS, /CAS, 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.
Before executing self refresh, all banks must be precharged.

Burst stop command

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

This command can stop the current burst operation.

No operation

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

This command is not an execution command. No operations begin or

terminate by this command.

Data Sheet M14376EJ1VODS00

Fig.7 Self refresh entry command

CLK | I I I |

CKE
/CS

/RAS ;

/CAS

/WE

BAO, BAT
(Bank select)

A10

Add ;

Fig.8 Burst stop command in

Page Mode

CLK
CKE
/CS
/RAS
/CAS
/WE

A10
Add

Fig.9

CLK

CKE

/GS

/RAS
/CAS
/WE
Bascies

A10
Add
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3. Simplified State Diagram

Self
Refresh

Mode MRS

Register
Set

CBR(auto)
Refresh

IDLE

;

Power
Down

~

ROW
ACTIVE

READ
SUSPEND

WRITEA
SUSPEND

POWER Precharge
ON

Precharge

— Automatic sequence

Manual input
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4. Truth Table
4.1 Command Truth Table

Function Symbol CKE /CS /RAS /CAS /WE BAO, A10 | A9- A0
n—1 n BA1
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 V H V
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 vV vV vV
Precharge select bank PRE H X L L H L V L X
Precharge all banks PALL H X L L H L X H X
Mode register set MRS H X L L L L L L \
Remark H = High level, L = Low level, x = High or Low level (Don't care), V = Valid data input
4.2 DQM Truth Table
Function Symbol CKE DQM
n-1 n 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 MASKA1 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 /CS /RAS /CAS /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 (auto) refresh command REF H H L L L H X
Idle Self refresh entry SELF H L L L L H X
Self refresh Self refresh exit L H L H H H X
L H H X x x x
Idle Power down entry H L X X X X X
Power down Power down exit L H H x x x x
L H L H H H X
Remark H = High level, L = Low level, x = High or Low level (Don't care)
Data Sheet M14376EJ1V0ODS00 13
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Note1

4.4 Operative Command Table (1/3)
Current state /CS |/RAS|/CAS| /WE Address Command Action Notes

Idle H X X X X DESL Nop or power down 2
L H H x x NOP or BST Nop or power down 2
L H L H BA, CA, A10 | READ/READA | ILLEGAL 3
L H L L BA, CA, A10 | WRIT/WRITA | ILLEGAL 3
L L H H BA, RA ACT Row activating
L L H L BA, A10 PRE/PALL Nop
L L L H X REF/SELF CBR (auto) refresh or self refresh 4
L L L L Op-Code MRS Mode register accessing

Row active H X X X X DESL Nop
L H H x x NOP or BST Nop
L H L H BA, CA, A10 | READ/READA | Begin read : Determine AP 5
L H L L BA, CA, A10 | WRIT/WRITA Begin write : Determine AP 5
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Precharge 6
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL

Read H X X X X DESL Continue burst to end — Row active
L H H H x NOP Continue burst to end — Row active
L H H L X BST Burst stop — Row active
L H L H BA, CA, A10 | READ/READA | Terminate burst, new read : Determine AP 7
L H L L BA, CA, A10 | WRIT/WRITA Terminate burst, start write : Determine AP 7,8
L L H H BA, RA ACT ILLEGAL 3
L L H L BA, A10 PRE/PALL Terminate burst, precharging
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL

Write H X X X X DESL Continue burst to end — Write recovering
L H H H X NOP Continue burst to end — Write recovering
L H H L X BST Burst stop — Row active
L H L H BA, CA, A10 | READ/READA | Terminate burst, start read : Determine AP 7,8
L H L L BA, CA, A10 | WRIT/WRITA Terminate burst, new write : Determine AP
L L H H BA, RA ACT ILLEGAL
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

14 Data Sheet M14376EJ1V0ODS00
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(2/3)
Current state /CS |/RAS|/CAS| /WE Address Command Action Notes
Read with auto H X X X X DESL Continue burst to end — Precharging
precharge L H H 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
L H L L BA, CA, A10 | WRIT/WRITA | ILLEGAL
L L H H BA, RA ACT ILLEGAL
L L H L BA, A10 PRE/PALL Nop — Enter idle after tre
L L L H x REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Row activating H X X X X DESL Nop — Enter bank active after trco
L H H H X NOP Nop — Enter bank active after trcp
L H H L x BST ILLEGAL
L H L H BA, CA, A10 | READ/READA | ILLEGAL
L H L L BA, CA, A10 | WRIT/WRITA | ILLEGAL
L L H H BA, RA ACT ILLEGAL 3,10
L L H L BA, A10 PRE/PALL ILLEGAL 3
L L L H X REF/SELF ILLEGAL
L L L L Op-Code MRS ILLEGAL
Data Sheet M14376EJ1V0DS00 15
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(3/3)
Current state /CS |/RAS|/CAS| /WE Address Command Action Notes

Write recovering H X X X X DESL Nop — Enter row active after torL
L H H 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
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

Write recovering H x x x x DESL Nop — Enter precharge after torL

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

Mode register H X X X X DESL Nop — Enter idle after trsc

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

REF/SELF/MRS
Notes 1.  All entries assume that CKE was active (High level) during the preceding clock cycle.
2. If all banks are idle, and CKE is inactive (Low level), 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.

o PP NOUO

lllegal if treo is not satisfied.
lllegal if tras is not satisfied.

0. lllegal if trro is not satisfied.

Must satisfy burst interrupt condition.

Must satisfy bus contention, bus turn around, and/or write recovery requirements.
Must mask preceding data which don't satisfy torL.

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 |/RAS|/CAS|/WE | Address Action Notes

n—1

=]

I

Self refresh INVALID, CLK (n-1) would exit self refresh

Self refresh recovery

Self refresh recovery
ILLEGAL
ILLEGAL

Maintain self refresh

Self refresh recovery Idle after trc

Idle after trc

ILLEGAL

ILLEGAL

ILLEGAL

ILLEGAL

ILLEGAL

ILLEGAL

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

EXIT power down — Idle

X [IX X XX XX |X]X|[X]|X]|X]|X]X

Power down

X

Maintain power down mode

All banks idle Refer to operations in Operative Command Table
Refer to operations in Operative Command Table
Refer to operations in Operative Command Table
X CBR (auto) refresh
Op-Code | Refer to operations in Operative Command Table
Refer to operations in Operative Command Table
Refer to operations in Operative Command Table
Refer to operations in Operative Command Table
X Self refresh 1
Op-Code | Refer to operations in Operative Command Table
X Power down 1
Row active X Refer to operations in Operative Command Table

x Power down 1

Any state other than Refer to operations in Operative Command Table

listed above X Begin clock suspend next cycle 2

Exit clock suspend next cycle

rlrjz|Z|{r|x|-|xzlT|Z|T|Z|T|T(z|T|Z| || |IZfZ|xz|Z|ZT|Z|Z|T|Z|r (|||

r|T|r|IT|X|x|X ||| ||| ZT|ZT|XT|Z||T|XZ|X ||| ZT|T|IT|IZ|- ||| XI|X

XIx|x[x[x|x|x ||| |r]ZT| ||| |Z|X | |Z|x ||| |lZ|- || |Z|Xx ||| |XT]X

XX | X [|[X[X|XxX]|x ||| |ZT]|X ||| |Z|X|X]|I|IX|x|-]ZT|T|IX|r|(ZT]T[(X|X|-|ZT]T|[X|[X

XIx | x[x[x|x|x|r]r]ZT|X]|x|r|r|[IZ|X|X|X]I|x]|x|[X]|r|I|x[|X|r]|IZ|x|x|[x]|r]IT]|x]|Xx

X Ix |IX X [x|Xx|x|r][ZT|X|X]|X|r|IT[Xx|X[X]|X][I|Xx]|Xx|[Xx]|X][|X][X][X]|X]|X]|X]|X[x][X]|X]|X]X
X

X Maintain clock suspend

Notes 1. Self refresh can be entered only from the all banks idle state. Power down can be entered only from all
banks idle or row active state.
2. Must be legal command as defined in Operative Command Table.

Remark H = High level, L = Low level, x = High or Low level (Don't care)
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5. Initialization
The synchronous DRAM is initialized in the power-on sequence according to the following.
(1) To stabilize internal circuits, when power is applied, a 100 us or longer pause must precede any signal toggling.

(2) After the pause, all banks must be precharged using the Precharge command (The Precharge all banks

command is convenient).

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

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

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

The mode register is programmed by the Mode register set command using address bits A10 through AO, BAO and
BA1 as data inputs. The register retains data until it is reprogrammed or the device loses power.

The mode register has four fields;

Options : A10 through A7, BAO, BA1
/GAS 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 Relatlonshlp
between Frequency and Latency shows the relationship of /CAS latency to the clock period and the speed grade of
the device.

Burst Length

Burst Length is the number of words that will be output or input in a read or write cycle. After a read burst is
completed, the output bus will become Hi-Z.

The burst length is programmable as 1, 2, 4, 8 or full page.

Wrap Type (Burst Sequence)

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

Some microprocessor cache systems are optimized for sequential addressing and others for interleaved

addressing. 7.1 Burst Length and Sequence shows the addressing sequence for each burst length using them.

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

Data Sheet M14376EJ1V0ODS00 19
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7. Mode Register

BA1 BAO A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

| o] | o] | o] | 0 | 0 | 1 | | JEDEC Standard Test Set (refresh counter test)

BA1 BAO A10 A9 A8 A7 A6 A5 A4 A3 A2 A1l A0

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

BA1 BAO A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO

| | | | | 1 | 0 | | Use in future

BA1 BAO A0 A9 A8 A7 A6 A5 A4 A3 A2 Al AD
[ x | x| x| x| 1] 1] v]v]v]v]v]v]v] venderspeciic

V = Valid

BA1 BAO A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO x = Don' t care

[o] o] o] oo o] LmobE |wr]| BL | Mode Register Set

Bits2-0 WT =0 WT =1
000
001
010

Burst length 011

100

101

110 R

111 Full page

T|D (|| =

DDV I| D | < |~ |N| =

0 | Sequential
1 Interleave

Wrap type

Bits6-4 | /CAS latency

000 R

001 R

010 2

Latency o011 3
mode 100 R
101 R

110 R

111 R

Remark R : Reserved

Mode Register Set Timing
CLK I I

CKE / \
cS —\_v_/i
/RAS —\—e f

/CAS —\_@_/7
/WE —\_‘f

AO - A10,
BAO, BA1

™

Mode Register Set
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7.1 Burst Length and Sequence

Burst of Two]

Starting address

Sequential addressing sequence

Interleave addressing sequence

(column address AO, binary) (decimal) (decimal)
o] 0,1 0,1
1 1,0 1,0

Burst of Four]

Starting address

Sequential addressing sequence

Interleave addressing sequence

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

Burst of Eight]

Starting address
(column address A2 - AO, binary)

Sequential addressing sequence
(decimal)

Interleave addressing sequence
(decimal)

000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
001 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
010 2,3,4,56,7,0,1 2,3,0,1,6,7,4,5
o11 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5,4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,0,1,2,3,4 54,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,5,2,3,0,1
111 7,0,1,2,3,4,5,6 7,6,54,3,2,1,0

Full page burst is an extension of the above tables of sequential addressing, with the length being 256.
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8. Address Bits of Bank-Select and Precharge

BAO Result

Select Bank A
“Activate” command
Select Bank B
“Activate” command
Select Bank C
“Activate” command

Select Bank D
“Activate” command

Row [ Ao [ A1 ]| Az | As| a4 | as | a6 | A7 | As | A9 | ato]Bao]Ba1] [BAT
|

(Activate command)

[ A0 | a1 | a2 ] as]| a4 | as | as | A7 | As | Ao | At0]BAc]BA1]

(Precharge command) A10 | BA1 | BAO | Result

0 0 0 Precharge Bank A

0 0 1 Precharge Bank B

0 1 0 Precharge Bank C

0 1 1 Precharge Bank D

1 X X Precharge All Banks

x : Don’t care
0 disables Auto-Precharge

(End of Burst)

enables Auto-Precharge
(End of Burst)

Col. | Ao | a1 | Az| A3 | a4 | as | ae | A7 | as | aa [ at0]Bac]BAt]

(/CAS strobes)

BA1 | BAO Result
enables Read/Write

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

commands for Bank B
1 0 enables Read/Write

commands for Bank C

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

TO T1 T2 T3 T4 T5 T6 T7 T8

o [ S T I

/CAS latency = 2 : : : : : : : : : :
Command i i i i i i i i
e D €D €D (T o S

/CAS latency = 3 ; ; ; ; ; ; ; ; ; E
conmns - A
I e s D D =D G Su st

(tras must be satisfied)

In order to write all data to the memory cell correctly, the asynchronous parameter “torL” must be satisfied. The
torLmiNy specification defines the earliest time that a precharge command can be issued. Minimum number of clocks
is calculated by dividing torpuving 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 trRe has been
satisfied.

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

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

10.1 Read with Auto Precharge

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

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

CLK

/CAS latency =2

I I I I I

] ] I I ]

] ] I I ]

] ] I I I

] ] I I ]

I I I I I

I I I I I

I I I I I

| | Auto precharge starts i i i

Command ! READA B ! ! ! ! !
i i i i i i i

] ] ] I I I ]

i i i J ' N i U Hiz |

] | 1 1 | |

DQ : ] rer-e-C_QB1 >< QB2 >< QB3 >< QB4 Deeseeee : :
i i i i i i i i i i

] ] ] ] I I I I I ]

] ] ] ] I I I I I I

I I I I I I I I I I

I I I I I I I I I I

/CAS latency =3 ! ! ! ! ! ! ! ! ! '
] ] ] I I I ]

Command : READA B ! : jAuto precharge starts | | I
i i i i i i i i

I I I I I I I I

] ] ] I I I I ]

i i i / ' ' ' \ i Hi-Z 1

L L ] L 1

DQ : ; == 0B1 >< QB2 >< QB3 >< QB4 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 1 1 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 T T2 T3 T4 T5 Te T7 T8

WRITA B

CLK

/CAS latency = 2

Command
. N l Hi-Z
DQ P < DB1 >< DB2 >< DB3 >< DB4  D-------]
I I
I I I I I I
I I I I 1 I
! ! ! i | toPLeving i
I I I I I I
I I I I I I
I I I I I I
] ] ] ] ] ]
/CAS latency = 3 ! ! | | | |
I I I I y
Command i WRITA B i i iAuto prechlarge starts
| | | | |
: ! ! ! —\ Hivz
DQ e < DB1 >< DB2 >< DB3 >< DB4 >

(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 +1oPL(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 T T2 T3 T4 T5 T6 T7 T8 T9

e _ | L - 5 0 ] = L L I

Command

Hi-Z
DQ

€ O D

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 hew Write command. WRITE will be interrupted by another WRITE.

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

Burst length = 4, /CAS latency = 2

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK [ 4 1 °f 1 L4 1 L1 LI I
i i i i i i i i i
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
I I I I I I I
I I I I I I I
Command : { write A X Write B ) : : : : : :
| | | | | | |
I 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 Hi-Z 1 1
DQ [S— < DA1 >< DB1 >< DB2 >< DB3 >< DB4 > : | :
: ] ] ] ] ] : : :
I I I I I I I I I
I I I I I I I I I
I [ e — I I I I I I
: : 1cycle : : : : : : :
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
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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

T7

T6

T5

T4

T3

T2

T

TO

CLK

=2

/CAS latency

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

Command
DQ

——————t e

(]

Command
DQ

/CAS latency

27
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11.4 Read to Write Command Interval

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

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

oS N I I S S S B

Command

I

I

I

i |

! I
DQM | LN

i i

| :
S D €D CD &

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

Burst length = 8

necessary
I

/CAS latency = 3

e LT LT LT 1T L7 LJ L1 LJ L1
! 1 1 1
/CAS latency =2 : : i i i i i i
| ' ! | | |
© d @ i i i I I I
ommara | (s R
DQM i : / : : : | i |
| | | , . | |
| / :
bQ i @t X Q2 X Q3 >'|:|'I'_-Z*-I;--- D1 D2 X D3 X
|
I
I
|

I
I
I
I
:
I
Command Read i
I
DQM i /S

T T
| |
I I
| 1

DQ | : at
1 I

I I 1

I I 1
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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

T0 T1 T2 T3 T4 T5 T6 T7
CLK L I L1 L LI I I I
| | | |
i i i i
| |
| |
| |
| |

/CAS latency =2
DQ

Hi-Z

/CAS latency =3
DQ

JRNRRE- S ES—

at
2
X
g
X
2
Y

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
TO T1 T2 T3 T4 T5 T6 T7

CLK

Command

/CAS latency =2, 3

I

I

I

SR ETD € € O =
T T T T I

i i

| |

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 trp from the precharge command.

To issue a precharge command, tras must be satisfied.

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

Burst length = X, /CAS latency = 2

]
I
RP

CLK M 0 b 0 07 7 I 1
| i | | | i ! i |
| | | | ! |

Command | | | | |
| | | | | | ! | |
| | | | | | | | |
I I I | | | | \ Hl—Z I

DQ ; ; ; COOHCOCO - i
I I I
i i i

-

(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 N N N I I I I Iy
A S R R A B
1 1 1 1 I | |
Command | | | | | | |
i i i i i i i i i i
1 1 1 1 1 1 ! ! 1 1
1 1 1 1 1 1 ! ! 1 1
1 1 1 1 1 1 I | 1 1
| | | s ' - ' | HiZ |
DQ - - - ] (@)} Q2 Q3 Q4 =-=-- dmm e -
i i i i N\ : X : X : X . > i i
! ! ! ! ! : Lt | : !
I I I I I T I I
(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

CLK [ L] 1 !
| ’ |

I I

Command ! !
| |

| l |

| | I

DQM | I :
| | |

| | |

i Hi-Z | i

bQ | : :
I I |

I 1 I

I I

I I

1 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 T T2 T3 T4 T5 T6 T7 T8

CLK [ L [ L4 L [ I 1
| ‘ | | | | | | |
I I

Command i i i i i i i
| | | | | | i | |

1 1 1 1 1 ! 1 1 1

DaM ! : l l : | : : |
] ] ] ] ] : 1 ] 1

I I I I I I I I

1 1 1 1 1 : : 1 1

i . : . . I HiFZ i i

..... ! L 1 |

DQ ,L <91X92X93X94 | : : :
] ] ] ] ] I I ]

| | | | | |t | |

I I I I I 1 I

(tras must be satisfied)
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13. Electrical Specifications
e All voltages are referenced to Vss (GND).
e After power up, wait more than 100 us and then, execute Power on sequence and CBR (auto) Refresh before

proper device operation is achieved.

Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Voltage on power supply pin relative to GND Vee, VeeQ -0.510 +4.6 \'
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 Tsg —55to + 125 °C

Caution Exposing the device to siress 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 33 3.6 \"
High level input voltage ViH 2.0 Vec+03Mel v
Low level input voltage Vi —0.3 Nete 2 +0.8 v
Operating ambient temperature Ta 0 70 °C

Notes 1. ViHmax) = Vcc + 1.5V (Pulse width < 5ns)
2. Vigminy = —1.5V (Pulse width £5ns)

Pin Capacitance (Ta = 25 °C, f = 1 MHz)

Parameter Symbol Condition MIN. TYP. MAX. Unit
Input capacitance Cut AO - A10, BAO, BA1 25 4 pF
Ci2 CLK, CKE, /CS, /RAS, /CAS, 2.5 4
/WE, DQMO - DQM3
Data input / output capacitance Cio DQO - DQ31 4 6.5 pF
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DC Characterlstics 1 (Recommended Operating Conditlons unless otherwlise noted)

Parameter Symbol Test conditions I;tc;ﬁfy Grade Maximum Unit Notes
Operating current leet Burst length=1, CL=2 | -A60 150 mA 1
trc > tRoMIN, -A70 140
lo= 0mA, -A80 130
One bank active -A10 130
-A10B 120
CL=3 | -A60 160
-A70 150
-A80 140
-A10 140
-A10B 130
Precharge standby current lcczP CKE < Viymax,, tck=15ns 1 mA
in power down mode lccePS | CKE £ Vigmax,), tck =co 1
Precharge standby current in| lcczaN CKE = ViHminy, tck =15 ns, CS = ViHminy, 20 mA
non power down mode Input signals are changed one time during 30 ns
leceNS | CKE 2 ViHming, tok = oo, 6
Input signals are stable.
Active standby current in lecsP CKE < Viuvax,), tck=15ns 5 mA
power down mode lecsPS | CKE < Viumax,), tck =00
Active standby current in non| lccsN | CKE 2 ViHminy, tek=15ns, /CS 2 Vikming , 30 mA
power downh mode Input signals are changed one time during 30 hs.
lccaNS | CKE 2 ViHMing, tck = oo, Input signals are stable. 20
Operating current loca tok = tekming, CL=2 | -A60 170 mA 2
(Burst mode) lo=0mA, -A70 170
All banks active -A80 170
-A10 140
-A10B 130
CL=3 -ABO0 240
-A70 220
-A80 190
-A10 180
-A10B 160
CBR (auto) refresh current lces trec 2 tRoMIN CL=2 -ABO 160 mA 3
-A70 150
-A80 150
-A10 150
-A10B 130
CL=3 | -A60 170
-A70 160
-A80 160
-A10 160
-A10B 140
Self refresh current s CKE <0.2V -AxXX 1 mA
-AxxL 0.4

Notes 1. lcct depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, Icc1 is measured on condition that addresses are changed only one time during tckminy.

2. Iccs 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. lccs is measured on condition that addresses are changed only one time during tckmin,).
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DC Characterlstics 2 (Recommended Operating Conditlons unless otherwlise noted)

Parameter Symbol Test condition MIN. | TYP. | MAX. Unit | Notes
Input leakage current hw 0 £ Vi< VeeQ, VeeQ = Ve, —1.0 +1.0 LA
All other pins hot under test =0 V
Output leakage current low 0 < Vo £ VeeQ, Dour is disabled -15 +1.5 LA
High level output voltage Vo lo=—4mA 2.4 A
Low level output voltage Vou lo=+4mA 0.4 A

AC Characteristics (Recommended Operating Conditions unless otherwise noted)

Test Condltlons

¢ AC measurements assume t1 = 1 ns.

¢ Reference level for measuring timing of input signals is 1.4 V. Transition times are measured between ViH and VL.

e |f tT is longer than 1 ns, reference level for measuring timing of input signals is Vi1 (minyg and ViL (vax.,).
® An access time is measured at 1.4 V.

20V
CLK 1.4V J‘ 7Z
0.8V --mmmmmmmeemee

tseTup | tHoLD |

20V

Input 1.4V ><
08V

toH

Output
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Synchronous Characterlstlcs

Parameter /CAS | Symbol -AB0 -A70 -A80 -A10 -A10B Unit | Note
latency MIN. | MAX. | MIN. [ MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
Clock cycle time CL = 3| tcks 6 |168MHz) 7 |(143MHz)| 8 [(125MHz)| 10 [(100MHZ)| 10 [(100MHZ)| ns
CL=2| foke 10 |(1oomHz)| 10 |(toomHz)| 10 |(1oovHz| 13 |@77MHZ)| 15 |[®67MHZ)| ns
Access time from CLK CL =3| tacs 55 55 6 6 7 ns 1
CL=2| tacz 6 6 6 7 8 ns 1
CLK high level width ton 2 2 3 3 35 ns
CLK low level width toL 2 2 3 3 3.5 ns
Data-out hold time toH 2.5 2.5 3 3 3 ns 1
Data-out low-impedance time iz 0 0 0 0 0 ns
Data-out high-impedance |CL =3| trzs 2.5 55 2.5 55 3 6 3 3 7 ns
time CL=2| thze 2.5 6 25 6 3 6 3 7 3 ns
Data-in setup time tos 1.5 1.5 2 2 25 ns
Data-in hold time toH 0.8 0.8 1 1 1 ns
Address setup time tas 1.5 1.5 2 2 25 ns
Address hold time taH 0.8 0.8 1 1 1 ns
CKE setup time tcks 2 2 2 2 25 ns
CKE hold time tokH 1 1 1 1 1 ns
CKE setup time (Power down exit) | tckse 2 2 2 2 25 ns
Command (/CS, /RAS, /CAS, toms 1.5 1.5 2 2 25 ns
/WE, DQM) setup time
Command (/CS, /RAS, /CAS, tomH 0.8 0.8 1 1 1 ns
/WE, DQM) hold time
Note 1. Output load
1.4V
Z=50Q 0%
Output
;_ 50 pF
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Asynchronous Characteristlcs

Parameter /CAS | Symbol -AB0 -A70 -A80 -A10 -A10B Unit | Note
latency MIN. | MAX.| MIN. | MAX.| MIN. | MAX.| MIN. | MAX.| MIN. | MAX.
REF to REF/ACT command trc 60 63 70 70 90 ns
period (Operation)
REF to REF/ACT command trot 66 70 70 70 20 ns
period (Refresh)
ACT to PRE command period tras 42 |120,000] 42 |120,000] 48 |120,000] 50 |120,000] 60 |120,000] ns
PRE to ACT command period trr 18 20 20 20 30 ns
Delay time ACT to READ/WRITE | trop 18 20 20 20 30 ns
command
ACT(one) to ACT(another) trrRD 12 14 16 20 20 ns
command period
Data-in to PRE command period torL 8 8 8 10 10 ns
Data-in to ACT(REF) command |[CL = 3| tpas [2CLK+18 PCLK+20 1CLK+20 1CLK+20 1CLK+30} ns
period (Auto precharge) CL =2| toaz [1CLK+1§] 1CLK+20) 1CLK+20 1CLK+20 1CLK+30} ns
Mode register set cycle time trsc 2 2 2 2 2 CLK
Transition time tr 05 30 0.5 30 05 30 1 30 1 30 ns
Refresh time (4,096 refresh cycles) tReF 64 64 64 64 64 ms
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13.3 Relationship between Frequency and Latency

Speed version -AB0 -A70 -A80 -A10 -A10B
Clock cycle time [hs] 6 10 7 10 8 10 10 13 10 15
Frequency [MHz] 166 100 143 100 125 100 100 77 100 67
/CAS latency 3 2 3 2 3 2 3 2 3 2
[treo] 3 2 3 2 3 2 2 2 3 2
/RAS latency (/CAS latency + [trop]) 6 4 6 4 6 4 5 4 6 4
[tre] 10 8 9 7 9 7 7 6 9 6
[trci] 11 7 10 7 9 7 7 6 9 6
[tras] 7 5 6 5 6 5 5 4 6 4
[trro] 2 2 2 2 2 2 2 2 2 2
[trr] 3 2 3 2 3 2 2 2 3 2
[torL] 2 1 2 1 1 1 1 1 1 1
[toad] 5 3 5 3 4 3 3 3 4 3
[trsc] 2 2 2 2 2 2 2 2 2 2
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14. Package Drawing

86PIN PLASTIC TSOP (II) (400mil)
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NOTES ITEM MILLIMETERS

1. Each lead centerline is located within 0.13 mm of A 22.22+0.05
its true position (T.P.) at maximum material condition. 0.765 MAX.

0.5 (T.P.)

+0.08
0.22_0_07

0.10%+0.05
1.1+0.1
1.00
11.76+0.20
10.16+0.10
0.80%0.20

+0.025
O.‘145_0_0.15

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