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ADVANCE INFO.

AE0.1

MEMORY
CMOS

4 x1M x 16 BIT
DOUBLE DATA RATE SDRAM

MB81P641647A-10/-12

CMOS 4-BANK 1,048,576-WORD x 16 BIT
Synchronous Dynamic Random Access Memory
with Double Data Rate

B DESCRIPTION

The Fujitsu MB81P641647A is a CMOS Synchronous Dynamic Random Access Memory (SDRAM) containing
67,108,864 memory cells accessible in an 16-bit format. The MB81P641647A features a fully synchronous
operation referenced to clock edge whereby all operations are synchronized at a clock input which enables high
performance and simple user interface coexistence. The MB81P641647A is designed to reduce the complexity
of using a standard dynamic RAM (DRAM) which requires many control signal timing constraints. The
MB81P641647A uses Double Data Rate (DDR) where data bandwidth is twice of fast speed compared with
regular SDRAMs.

The MB81P641647A is ideally suited for Enterprise Systems, Servers, Workstations, Personal Computers, High
Performance Graphic Adapters, Hardware Accelerators, Buffers, and other applications where large memory
density and high bandwidth are required and where a simple interface is needed.

The MB81P641647A adopts new I/O interface circuitry, SSTL_2 interface, which is capable of extremely fast
data transfer of quality under terminated bus environment.

B PRODUCT LINE

MB81P641647A
Parameter
-10 12
CL=20 100 MHz max 83 MHz max
Clock Frequency
CL=25 125 MHz max 100 MHz max
i CL=20 5 ns min 6 ns min
Burst Mode Cycle Time - -
CL=25 4 ns min 5 ns min
RAS Cycle Time 80 ns max 90 ns max
DQS Access Time From Clock 0.1*tck max 0.1*tck max
Operating Current (Two banks active) 260 mA max 240 mA max
Precharge Power Down Current 1 mA max
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B FEATURES
* Double Data Rate * 4096 Auto-refresh cycle in 64 ms
+ Bi-directional Data Strobe Signal * Dual Self-refresh entry functions
* Quad independent bank operation - Standard Self-refresh Command
* Burst read/write operation - Delayed Self-refresh Command
» Programmable burst type, burst length, and + SSTL_2 I/O for all signals
CAS latency * Vec:  +3.3V Supply £ 0.3V tolerance
+ Byte write control by DML/U * Veca:  +2.5V Supply £ 0.2V tolerance

» Active and Precharge Power Down Mode

B PACKAGE

Plastic 66-pin TSOP Package

(FPT-66P-M01)

Package and Ordering Information
* 66-pin plastic (400mil) TSOP-II, order as MB81P641647A-xxFN
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H PIN ASSIGNMENTS AND DESCRIPTIONS

66-Pin TSOP:
<FPT-66P-Mxx> vce X3 1 66 I vss
pQo X 2 65 O DQ15
(TOP VIEW) vcce f 3 64 @ vssa
pa1 @ 4 63 3 DQ14
pa2 @ 5 62 3 DQ13
vssQ X 6 61 @ vcea
pQ3 X 7 60 3 DQ12
pa4d s 59 O DGQM
vcce o 9 58 @ vssa
pes £ 10 ) , 57 @3 DQ10
pas [ 11 Marking side 56 3 DaQo
vssqQ X 12 55 @ vcca
pa7 X 13 5¢ O DQs
NC X 14 53 3@ NC
vceca X 15 52 @ vssa
pasL XY 16 51 @3 Dasu
NC [ 17 22.22mm 50 O NC
vcc X 18 49 3@ VRer
N £ 19 X s 3 vss
pML X 20 10.16mm 47 3@ DMU
WE o 21 4 @ CTIK
CAS [ 22 45 E3 CLK
RAS ] 23 0.65mm 44 g CKE
% o3 PnPith 3 BN
BAO L[ 26 41 B3 An
BA1 X 27 40 P A9
PTG == 39 @ As
A0 ] 29 38 3 A7
a1 ] 30 37 3 A6
A2 ] 31 36 3 A5
A3 £ 32 35 [ A4
vcCe X 33 34 M vss
Pin Number Symbol Function
1,18, 33 Vee Core Supply Voltage
3,9, 15, 55,61 Veea 1/0 Supply Voltage
6, 12, 34, 48, 52, 58, 64, 66 Vss, Vssa * Ground
2,4,5,7,8,10, 11,13, *Lower Byte: DQo to DQ~
54,56, 57, 59, 60, 62, 63, 65 DQotoDQsis | Data l/O - Upper Byte:  DQs to DQs
16 DQSL Data Strobe for Lower Byte
51 DQSU Data Strobe for Upper Byte
20 DML Data Mask for Lower Byte
47 DMU Data Mask for Upper Byte
21 WE Write Enable
22 CAS Column Address Strobe
23 RAS Row Address Strobe
24 CS Chip Select
26, 27 BAo, BA1 Bank Address
28 AP Auto Precharge Enable
28,29, 30, 31, 32, 35, 36, 37, 38, 39, 40, 41 Acto A Address Input * Row: Acto An
PET EE S D M TR EE A AR A T 0 At ess Inp « Column: AoctoAr
44 CKE Power Down
45 CLK Clock Input
46 CLK Clock Input
49 VRer Input Reference Voltage
14,17, 19, 25, 42, 43, 50, 53 NC No Connection

Note: *. These pins are connected internally in the chip and must be connected to the same ground level.
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B BLOCK DIAGRAM

Fig. 1 — MB81P641647A BLOCK DIAGRAM
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B FUNCTION TRUTH TABLE Note *1
COMMAND TRUTH TABLE Note *2, and *3
Function Notes | Symbol |CKE| CS |RAS | CAS| WE | AP | BAo1 | Ano | Aso
Device Deselect *4| DESL H H X X X X X X X
No Operation *4| NOP H L H H H X X X X
Burst Stop *51 BST H L H H L X X X X
Read *6| READ H L H L H L \Y X \Y
Read with Auto-precharge *6| READA | H L H L H H \Y X \Y
Write 6| WRIT H L H L L L \Y X \Y
Write with Auto-precharge *6| WRITA | H L H L L H \ X \
Bank Active (RAS) *7| ACTV H L L H H \Y \Y \Y \Y
Precharge Single Bank *8| PRE H L L H L L \Y X X
Precharge All Banks *8| PALL H L L H L H X X X
Mode Register Set *8,9| MRS H L L L L L L L \

Notes: *1. V = Valid, L = Logic Low, H = Logic High, X = either L or H, Hi-Z = High Impedance.

*2. All commands are assumed to be valid state transitions.

*3. All inputs for command are latched on the rising edge of clock.

*4. NOP and DESL commands have the same effect on the part.
Unless specifically noted, NOP will represent both NOP and DESL command in later descriptions.

*5. BST is effective after READ command is issued.

*6. READ, READA, WRIT and WRITA commands should only be issued after the corresponding bank has
been activated (ACTV command). Refer to STATE DIAGRAM in page 18.

*7. ACTV command should only be issued after corresponding bank has been precharged by PRE or
PALL command.

*8. Either PRE or PALL command and MRS command are required after power up.

*9. MRS command should only be issued after all banks have been precharged (PRE or PALL command),
and DQs are in Hi-Z. Refer to STATE DIAGRAM.
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B FUNCTION TRUTH TABLE (continued)
DML/DMU TRUTH TABLE (Effective during Write mode)

Function Command CKE DML DMU
Data Write for Lower Byte — H L X
Data Write for Upper Byte — H X L
Data Mask for Lower Byte MASKL H H X
Data Mask for Upper Byte MASKU H X H
CKE TRUTH TABLE
CKE
Current Function Notes | Command CS |RAS|CAS| WE | AP |BAo.1| Atto | Qo
State n1l n
Idle Auto-refresh *10 REF H L L L H X X X —
Idle Seffrefresh Entry 0| SELF [ H|L| L | L | L | H| X|X| X HZ
Self- . .
refresh Self-refresh Exit SELFX L|H L H H H X X X | Hi-Z
Idle P b Ent 12| PDEN H L H H H X X X | Hi-Z
’ ower Down Entr *
Active y H H| X | X | X | X | X | X |Hz
Power ; .
Down Power Down Continue — L|L X X X X X X X | Hi-Z
L|H L H H H X X X | Hi-Z
Power Power Down Exit PDEX
Down H|{ H| X | X | X | X | X | X |HzZ
Notes:*10. The REF and SELF commands should only be issued after all banks have been precharged (PRE or
PALL command). In case of SELF command, it should also be issued after the last read data have
been appeared on DQ. Refer to STATE DIAGRAM.
*11. CKE must bring to Low level together with or within 2 clock cycle from REF command.
*12. The PDEN command should only be issued after the last read data have been appeared on DQ and

after the lorL is satisfied from last write data input.




MB81P641647A-10/-12 ADVANCE INFO.

B FUNCTION TRUTH TABLE (continued)

OPERATION COMMAND TABLE (Applicable to single bank) Note *13
Cgtr;tegt CS |RAS|CAS| WE | Address Command Function Notes
Idle H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST NOP *14
L H L H | BA, CA, AP | READ/READA | lllegal *15
L H L L | BA CA AP | WRIT/WRITA | lllegal *15
L L H H BA, RA ACTV Bank Active after trco
L L H L BA, AP PRE NOP
L L H L BA, AP PALL NOP *14
L L L H X REF/SELF | Auto-refresh or Self-refresh *16
L|L|L|L| MODE MRS ?{'{;geaﬁ:ﬂi:;‘j; Set *16
Bank Active H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST NOP *14
L H L H BA, CA, AP | READ/READA | Begin Read; Determine AP
L H L L BA, CA, AP | WRIT/WRITA [ Begin Write; Determine AP
L L H H BA, RA ACTV llegal *15
L L H L BA, AP PRE Precharge
L L H L BA, AP PALL Precharge *14
L L L H X REF/SELF | lllegal
L L L L MODE MRS llegal
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B FUNCTION TRUTH TABLE (Continued)
OPERATION COMMAND TABLE (Continued)

Current

State CS |RAS|CTAS| WE | Address Command Function Notes
Read NOP (Continue Burst to End ->
H X X X X DESL Bank Active)
NOP (Continue Burst to End ->
L H H H X NOP Bank Active)
L H H L X BST Terminate Burst -> Bank Active
Terminate Burst, New Read;
L H L H | BA, CA, AP | READ/READA Determine AP
L H L L | BA,CA AP | WRIT/WRITA | lllegal
L L H H BA, RA ACTV lllegal *15
L L H L BA, AP PRE Terminate Burst, Precharge
L L H L BA, AP PALL Terminate Burst, Precharge *14
L L L H X REF/SELF lllegal
L L L L MODE MRS lllegal
Write NOP (Continue Burst to End ->
H X X X X DESL Write Recovering)
NOP (Continue Burst to End ->
L H H H X NOP Write Recovering)
L H H L X BST lllegal
Terminate Burst, Start Read; *
L H L H | BA, CA, AP | READ/READA Determine AP 19
Terminate Burst, New Write;
L H L L | BA,CA AP | WRIT/WRITA Determine AP
L L H BA, RA ACTV lllegal *15
L L BA, AP PRE Terminate Burst, Precharge *17
Ll L|H| L| BAAP PALL Terminate Burst, Precharge 1
L L L H X REF/SELF lllegal
L L L MODE MRS lllegal
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B FUNCTION TRUTH TABLE (Continued)
OPERATION COMMAND TABLE (Continued)

Current

State CS |RAS|CAS| WE | Address Command Function Notes
ReadWith | H | X | X | X X pesL | NOP (g‘;’ggﬁg%g”m to End ->
élrj‘;g;‘arge NOP (Continue Burst to End ->

L H H H X NOP Precharge)
L H H L X BST lllegal
L H L H BA, CA, AP | READ/READA | lllegal *15
L H L L BA, CA, AP | WRIT/WRITA | lllegal
L L H H BA, RA ACTV lllegal *15
L L H L BA, AP PRE lllegal *15
L L H L BA, AP PALL lllegal
L L L H X REF/SELF lllegal
L L L L MODE MRS lllegal
X\{thitf with H X X X X DESL NOTN(r(iig rgzg:vzﬁrrmsgt \t/\?itErl]:(’jrc;Zharge)
rrecharge L H H H X NOP NOTN(r(iig rgzg:vzﬁ rr139t \t/\?itE rI]:(’jn;harge)
L H H L X BST lllegal
L H L H BA, CA, AP | READ/READA | lllegal
L H L L BA, CA, AP | WRIT/WRITA | lllegal *15
L L H H BA, RA ACTV lllegal *15
L L H L BA, AP PRE lllegal *15
L L H L BA, AP PALL lllegal
L L L H X REF/SELF lllegal
L L L L MODE MRS lllegal
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B FUNCTION TRUTH TABLE (Continued)
OPERATION COMMAND TABLE (Continued)

Cgtr;tegt CS | RAS|TAS| WE | Address Command Function Notes

Precharging H X X X X DESL NOP (Idle after tre)
L H H H X NOP NOP (ldle after trp)
L H H L X BST NOP (ldle after trp) *14
L H L H BA, CA, AP | READ/READA | lllegal *15
L H L L BA, CA, AP | WRIT/WRITA | lllegal *15
L L H H BA, RA ACTV lllegal *15
L L H L BA, AP PRE NOP *15
L L H L BA, AP PALL NOP *14
L L L H X REF/SELF lllegal
L L L L MODE MRS lllegal

Bank H X X X X DESL NOP (Bank Active after trep)

Activating L| H| H]| H X NOP NOP (Bank Active after trep)
L H H L X BST NOP (Bank Active after trcp) *14
L H L H BA, CA, AP | READ/READA | lllegal *15
L H L L BA, CA, AP | WRIT/WRITA | lllegal *15
L L H H BA, RA ACTV lllegal *18
L L H L BA, AP PRE lllegal *15
L L H L BA, AP PALL lllegal
L L L H X REF/SELF lllegal
L L L L MODE MRS lllegal
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B FUNCTION TRUTH TABLE (Continued)
OPERATION COMMAND TABLE (Continued)

Current

State CS |RAS|CAS| WE | Address Command Function Notes
Write H X X X X DESL NOP (Bank Active after lwro)
Recovering L H H H X NOP NOP (Bank Active after lwrp)
L H H L X BST NOP (Bank Active after lwrp)  *14
L H L H BA, CA, AP | READ/READA | lllegal *15
L H L L BA, CA, AP | WRIT/WRITA | New Write; Determine AP
L L H H BA, RA ACTV lllegal *15
L L H L BA, AP PRE lllegal *15
L L H L BA, AP PALL lllegal
L L L H X REF/SELF lllegal
L L L L MODE MRS lllegal

Write H X X X X DESL NOP (Idle after IpaL)

Recovering | | | H | H | H X NOP NOP (Idle after Ipa)

with Auto-

precharge L H H L X BST lllegal
L H L H BA, CA, AP | READ/READA | lllegal *15
L H L L BA, CA, AP | WRIT/WRITA | lllegal *15
L L H H BA, RA ACTV lllegal *15
L L H L BA, AP PRE lllegal *15
L L H L BA, AP PALL lllegal
L L L H X REF/SELF lllegal
L L L L MODE MRS lllegal

Refreshing H X X X X DESL NOP (Idle after trc)
L H H X X NOP/BST NOP (Idle after trc)
L H L X X RVIVEQII:_)I_//I\QAIIEQQQ/ lllegal
L| L | H| X X oacoaLL | Megal
L| L] L | x X REF/SELF/ | jegal

MRS

1
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B FUNCTION TRUTH TABLE (Continued)
OPERATION COMMAND TABLE (Continued)

Cgtr;te;\t CS |RAS|CTAS| WE | Address Command Function Notes
Mode H X X X X DESL NOP (Idle after Ivrp)
Register
Setting L H H H X NOP NOP (Idle after Ivrp)
L H H L X BST lllegal
READ/READA/
L H L X X WRIT/WRITA lllegal
ACTV/PRE/
L L X X X PALL/REF/ lllegal
SELF/MRS

Abbreviations: RA = Row Address BA = Bank Address
CA = Column Address AP = Auto Precharge

Notes:*13. All entries assume the CKE was High during the proceeding clock cycle and the current clock cycle.
*14. Entry may affect other banks.
*15. lllegal to bank in specified state; entry may be legal in the bank specified by BA, depending on the state
of that bank.
*16. lllegal if any bank is not idle.
*17. Must mask preceding data that don't satisfy IoeL.
*18. Legal if other bank specified in BA is idle state and trro is satisfied for that bank.
*19. Must mask preceding data that don‘t satisfy lwro.
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B FUNCTION TRUTH TABLE (Continued)
COMMAND TRUTH TABLE FOR CKE

Cgtr:taent ((r:‘l_(1E) ci:f)E CS | RAS | CAS | WE | Address Function Notes
Self- H X X X X X X Invalid
refresh
Exit Self-refresh
L H H X X X X (Self-refresh Recovery ->
Idle after troex + trc)
Exit Self-refresh
L H L H H H X (Self-refresh Recovery ->
Idle after troex + trc)
L H L H H L X llegal
L H L H L X X llegal
L H L L X X X llegal
L L X X X X X NOP (Maintain Self-refresh)
Self- L X X X X X X Invalid
refresh
Recovery H H H X X X X Idle after trc
H H L H H H X Idle after trc
H H L H H L X llegal
H H L H L X X llegal
H H L L X X X llegal
H L X X X X X llegal
Power H X X X X X X Invalid
Down
L H H X X X X Power Down Exit -> Return to original
state after teoex
L H L H H H X Power Down Exit -> Return to original
state after teoex
L H L H H L X llegal
L H L H L X X llegal
L H L L X X X llegal
L L X X X X X NOP (Maintain Power Down Mode)
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B FUNCTION TRUTH TABLE (continued)
COMMAND TRUTH TABLE FOR CKE (continued)

Cgtr;tegt ((r:‘l_(1E) ci:f)E CS | RAS | CAS | WE | Address Function Notes

All H H H X X X X NOP

Banks

dle H H L H X X v Refer to the Command Truth Table.
H H L L H X \'% Refer to the Command Truth Table.
H H L L L H X Auto-refresh
H H L L L L \ Mode Register Set *20
H L H X X X X Power Down Entry *21
H L L H H H X Power Down Entry *21
H L L H H L X llegal
H L L H L X X llegal
H L L L H X X llegal
H L L L L H X Self-refresh Entry *21
H L L L L L X llegal
L X X X X X X Invalid

Bank Active H H X X X X X Refer to the Command Truth Table.
H L H X X X X Power Down Entry *21
H L L H H H X Power Down Entry *21
H L L H H L X llegal
H L L H L X X llegal
H L L L X X X llegal
L H X X X X X Invalid
L L X X X X X Invalid

14
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B FUNCTION TRUTH TABLE (continued)
COMMAND TRUTH TABLE FOR CKE (continued)

Cgtr:taent ((r:‘}_(,'E) (i:f)E TS | RAS | CAS | WE | Address Function Notes
Bank H H X X X X X Refer to the Command Truth Table.
Activating,

Read, Write, | H L X X X X X lllegal *22
Write
Recovering, | | H | X | X | x| X X Invalid
Precharging
L L X X X X X Invalid
Any State L X X X X X X Invalid
Other Than
Listed H H X X X X X Refer to the Command Truth Table.
Above
H L X X X X X lllegal *22
H L H L L L X Delayed Self-Refresh *23
H L L H H H X Delayed Self-Refresh *23
H L L H H L X lllegal
H L L H L X X lllegal
Refresh
H L L L X X X lllegal
L L X X X X X Invalid
L H X X X X X Invalid
H H X X X X X Refer to the Command Truth Table.

Notes:*20. Refer to MODE REGISTER TABLE.

*21. PDEN and SELF command should only be issued after the last read data have been appeared on DQ.

*22. The Clock Suspend mode is not supported on this device and it is illegal if CKE is brought to Low during
the Burst Read or Write mode.

*23. This device enters the Delayed Self-Refresh mode, if CKE is brought to Low within 2 clock cycles from
2 clock cycles from REF-command.
And this device enters the Precharge Power Down mode, if CKE is brought to Low over 2 clock cycles
from 2 clock cycles from REF-command.

15
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B STATE DIAGRAM

MINIMUM CLOCK LATENCY OR DELAY TIME FOR SINGLE BANK OPERATION

Second
command
same
ank)

First
command

MRS

ACTV

READ

READA BL/2

+ trp

WRIT

WRITA

BST

PRE

PALL

REF

SELFX

Notes: *1. BL/2 =tck * BL / 2. (Example: In case of BL = 4, BL/2 means 2 clocks.)
*2. Assume PALL command does not affect any operation on the other bank(s).
*3. Assume no I/O conflict.
*4. tras must be satisfied.
*5. Assume all outputs are in High-Z state.
*6. Assume all other banks are in idle state.

*7. loeL and Iwro are specified from last data input and assumed preceding pair of write data are masked
by DML/DMU input.

lllegal or Inapplicable Command
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m STATE DIAGRAM (continued)
MINIMUM CLOCK LATENCY OR DELAY TIME FOR MULTIPLE BANK OPERATION

Second *9 2,9
commtahnd E a < = < y ’ N
other| o () E = - w L
ank)) £ | 0 | § | € e | 8| Ff |z ¥ @
< x o N
First 10 o =
command
MRS
ACTV
READ
READA
WRIT
WRITA
BST
PRE
PALL
REF
SELFX
Notes: *1. BL/2 =tck * BL /2. (Example: In case of BL = 4, BL/2 means 2 clocks.)
*2. Assume PALL command does not affect any operation on the other bank(s).
*3. Assume no I/O conflict.
*4. tras must be satisfied.
*5. Assume all outputs are in High-Z state.
*6. Assume the other bank(s) is in idle state.
*7. loeL and Iwro are specified from last data input and assumed preceding pair of write data are masked
by DML/DMU input.
*8. Assume the other bank(s) is in active state and trep is satisfied.
*9. Assume the other bank(s) is in active state and tras is satisfied.
*10. Second command have to follow the minimum clock latency or delay time of single bank operation in
other bank (second command is asserted.)
*11. Assume other banks are not in READA/WRITA state.
*12. trro is satisfied.

lllegal or Inapplicable Command.

17
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m STATE DIAGRAM (continued)

Fig. 2 - STATE DIAGRAM (Simplified for Single Bank Operation)

MODE
REGISTER
SET

SELF
SELFX SELF-
REFRESH
AUTO
REFRESH

CHARGED
POWER
DOWN

ACTIVE PDEN
POWER BANK
DOWN SDEX ACTIVE
BST
3 w @
WRITA | READA

A}
- READ
. WRIT | ‘

WRITA " READA WRITA ' READA
‘ | READ WITH

or

WRITE o3
WITH AUTO i g AUTO
PRECHARGE PRECHARGE
PRE or PRE or
PALL PALL
PDEX and 4 PRE (or 1 PALL
POWER ( PRECHARGE
ON

POWER

APPLIED —————— DEFINITION OF ALLOWS —————————————

with PDEN Manual Automatic

1
> Input > Sequence

18
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B FUNCTIONAL DESCRIPTION

DDR, Double Data Rate Function

The regular SDRAM read and write cycle have only used the rising edge of external clock input. When clock signal
goes to High from Low at the read mode, the read out data will be available at every rising clock edge after the
specified latency up to burst length. The MB81P641647A DDR SDRAM features a twice of data transfer rate within
a same clock period by transferring data at every rising and falling clock edge. Refer to Figure 3 in Page 24.

CLOCK (CLK, CLK)

The MB81P641647A adopts differential clock scheme. CLK is a master clock and its rising edge is used to latch
all command and address inputs. CLK is a complementary clock input.

The MB81P641647A implements Delay Locked Loop (DLL) circuit. This internal DLL tracks the signal cross point
between CLK and TLK and generate some clock cycle delay for the output buffer control at Read mode.

The internal DLL circuit requires some Lock-on time for the stable delay time generation. In order to stabilize the
delay, a constant stable clock input for Irco period is required during the Power-up initialization and a constant stable
clock input for Isco period is also required after Self-refresh exit as specified Isco prior to the any command.

CLOCK ENABLE (CKE)

CKE is a synchronous input signal and enables two power down modes.

When all banks are in idle state, CKE controls Precharged Power Down (PPD) and Self-refresh mode. The PPD
and Self-refresh is entered when CKE is brought to Low and exited when it returns to High.

During the Power Down and Self-refresh mode, both CLK and CLK are disabled after specified time.

CKE does not have a Clock Suspend function unlike CKE pin of regular SDRAMs, and it is illegal to bring CKE into
Low if any read or write operation is being performed. For the detail, refer to Timing Diagrams.

When any bank is in active state and not being accessed, CKE controls Active Power Down (APD) mode and it will
disable all other input and output signals except for the CLK, TLK and CKE itself.

It is recommended to maintain CKE to be Low until Vcc gets in the specified operating range in order to assure the
power-up initialization.

CHIP SELECT (C3)

CS enables all commands inputs, RAS, CAS, and WE, and address input. When TS is High, all command signals
are negated but internal operation such as burst cycle will not be suspended.

COMMAND INPUTS (RAS, CAS and WE)

As well as regular SDRAMSs, each combination of RAS, CAS and WE input in conjunction with CS input at a rising
edge of the CLK determines SDRAM operation. Refer to FUNCTION TRUTH TABLE in page 5.

19
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B FUNCTIONAL DESCRIPTION (continued)

BANK ADDRESS (BAo, BA1)

The MB81P641647A has four internal banks and each bank is organized as 1M words by 16-bit.
Bank selection by BA occurs at Bank Active command (ACTV) followed by read (READ or READA), write (WRIT
or WRITA), and Precharge Single Bank(PRE) command.

ADDRESS INPUTS (Ao to A11)

Address input selects an arbitrary location of a total of 1,048,576 words of each memory cell matrix within each
bank. A total of twenty address input signals are required to decode such a matrix. DDR SDRAM adopts an address
multiplexer in order to reduce the pin count of the address line. At a Bank Active command (ACTV), twelve Row
addresses are initially latched as well as two bank addresses and the remainder of eight Column addresses are
then latched by a Column address strobe command of either a read command (READ or READA) or write command
(WRIT or WRITA).

DATA STROBE (DQSL, DQSU)

DQSL and DQSU are bi-directional signal and represent lower and upper byte respectively. During Read operation,
DQSL and DQSU provide the read data strobe signal that is intended to use input data strobe signal at the receiver
circuit of the controller(s). It turns Low before first data is coming out and toggle High to Low or Low to High till end
of burst read. Refer to Figure 3 for the timing example.

The CAS Latency is specified to the first Low to High transition of this DQSL/U output.

During the write operation, DQSL/U are used to latch write data and Data Mask signals. As well as the behavior of
read data strobe, the first rising edge of DQSL/U input latches first input data and following falling edge of DQSL/
U signal latches second input data. This sequence shall be continued till end of burst count. Therefore, DQSL/U
must be provided from controller that drives write data.

Note that DQSL/U input signal should not be tristated from High at the end of write mode.

DATA INPUTS AND OUTPUTS (DQo to DQi1s)

Input data is latched by DQSL/U input signal and written into memory at the clock following the write command input.
Output data is obtained together with DQSL/U output signals at programmed read CAS latency.

The polarity of the output data is identical to that of the input. Data is valid after DQSL/U output signal transitions
(tase) as specified in Data Valid Time (tov).

WRITE DATA MASK (DML, DMU)

DML and DMU are active High enable inputs and represent lower and upper byte respectively. The both of DML
and DMU have a data input mask function, and are also sampled by DQSL/U input signal together with input data.
During write cycle, DML and DMU provide byte mask function. When DMx = High is latched by a DQSL/U signal
edge, data input at the same edge of DQSL/U is masked.

During read cycle, the DML and DMU inactive and does not have any effect on read operation.
Refer to DML/DMU TRUTH TABLE in page 6.
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B FUNCTIONAL DESCRIPTION (continued)

BURST MODE OPERATION AND BURST TYPE

The burst mode provides faster memory access and MB81P641647A read and write operations are burst oriented.
The burst mode is implemented by keeping the same Row address and by automatic strobing Column address in
every single clock edge till programmed burstlength(BL). Access time of burst mode is specified as taca. The internal
column address counter operation is determined by a mode register which defines burst type(BT) and burst count
length(BL) of 2, 4 or 8 bits of boundary. In order to terminate or to move from the current burst mode to the next
stage while the remaining burst count is more than 2, the following combinations will be required.

Current Stage Next Stage Method (Assert the following command)

Burst Read Burst Read Read Command

1st Step Burst Stop Command (BST)

Burst Read Burst Write -
2nd Step | Write Command after Issnc

Burst Write Burst Write Write Command

1st Step Data Mask Input

Burst Write Burst Read -
2nd Step Read Command after lwro from last data input
Burst Read Precharge Precharge Command
_ 1st Step Data Mask Input
Burst Write Precharge

2nd Step Precharge Command after lor. from last data input

The bursttype canbe selected either sequential orinterleave mode. The sequential mode is an incremental decoding
scheme within a boundary address to be determined by count length, it assigns +1 to the previous (or initial) address
until reaching the end of boundary address and then wraps round to the least significant address(= 0). The interleave
mode is a scrambled decoding scheme for Ao to A2 depending on the burst length. If the first access of column
address is even (0), the next address will be odd (1), or vice-versa.

Burst Starﬂgggglsumn Sequential Mode Interleave
Length Az A Ao
5 X X0 0-1 0-1
X X1 1-0 1-0
X000 0-1-2-3 0-1-2-3
4 X 01 1-2-3-0 1-0-3-2
X 10 2-3-0-1 2-3-0-1
X 11 3-0-1-2 3-2-1-0
000 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 01 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
010 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
011 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
8 100 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
10 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
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 7-6-5-4-3-2-1-0
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B FUNCTIONAL DESCRIPTION (continued)

BURST STOP COMMAND (BST)

The Burst Stop command (BST) terminates the burst read operation except for a case that Auto-precharge option
is asserted. When the BST command is issued during the burst read operation, the all output buffers, DQs and
DQSL/U, will turn to High-Z state after some latencies that to be matched with programmed CAS latency and internal
bank state remains active state.

In a case of terminating the burst write operation, 3
write operation. Refer to previous page for the write interrupt and term|nat|on rule

PRECHARGE AND PRECHARGE OPTION (PRE, PALL)

The DDR SDRAM memory core is the same as conventional DRAMs’, requiring precharge and refresh operations.
Precharge rewrites the bit line and to reset the internal Row address line and is executed by the precharge operation
(PRE or PALL). With the precharge operation, DDR SDRAM will automatically be in standby state after specified
precharge time (tre).

The precharged bank is selected by combination of AP and bank address (BA) when precharge command is issued.
If AP = High, all banks are precharged regardless of BA (PALL command). If AP = Low, a bank to be selected by
BA is precharged (PRE command).

The auto-precharge enters precharge mode at the end of burst mode of read or write without Precharge command
issue. This auto-precharge is entered by AP = High when a Read (READ) or Write (WRIT) command is issued.
Applying BST is illegal if the Auto-precharge option is used.

Refer to FUNCTION TRUTH TABLE.

AUTO-REFRESH (REF)

Auto-refresh uses the internal refresh address counter. The MB81P641647A Auto-refresh command (REF) auto-
matically generates Bank Active and Precharge command internally. All banks of SDRAM should be precharged
prior to the Auto-refresh command. The Auto-refresh command should also be issued within every 16 us period.

SELF-REFRESH ENTRY (SELF)

Self-refresh function provides automatic refresh by an internal timer as well as Auto-refresh and will continue the
refresh operation until cancelled by SELFX.

The Self-refresh mode is entered by applying an Auto-refresh command in conjunction with CKE = Low (SELF).
Once MB81P641647A enters the self-refresh mode, all inputs except for CKE can be either logic high or low level
state and outputs will be in a High-Z state. During Self-refresh mode, CKE = Low should be maintained. SELF
command should only be issued after last read data has been appeared on DQ.

DELAYED SELF-REFRESH ENTRY

The MB81P641647A also supports Delayed Self-refresh Entry. The entry timing is the same as standard self-refresh
but CKE timing, and CKE can be brought to Low within 2 clock cycles from REF command.
The all other timing relations and constraints are the same as standard self-refresh entry.

SELF-REFRESH EXIT (SELFX)

To exit Self-refresh mode, CKE must bring to High for at least 2 clock cycles together with NOP condition.

Refer to Timing Diagram for the detail procedure. It is recommended to issue at least one Auto-refresh command
just after the trc period to avoid the violation of refresh period.

WARNING:A stable clock for Isco period with a constant duty cycle must be supplied prior to applying any read
command to insure the DLL is locked against the latest device conditions.
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B FUNCTIONAL DESCRIPTION (continued)

MODE REGISTER SET (MRS)

The mode register of SDRAM provides a variety of different operations. The register consists of four operation
fields; Burst Length, Burst Type, CAS Latency, and Test Mode Entry (This Test Mode Entry must not be used).
Refer to MODE REGISTER TABLE in page 25.

The mode register can be programmed by the Mode Register Set command (MRS). Each field is set by the address
line. Once a mode register is programmed, the contents of the register will be held until re-programmed by another
MRS command (or part loses power). MRS command should only be issued on condition that all banks are in idle
state and all DQS are in High-Z. The condition of the mode register is undefined after the power-up stage. It is
required to set each field after initialization.

Refer to POWER-UP INITIALIZATION below.

Note: The MB81P641647A does not support the DLL Reset function on As of MRS field. However they will be
ignored regardless of its input.
The Extended Mode Register Set command (EMRS) and its DLL Enable function of EMRS field is also not
supported by MB81P641647A.

POWER-UP INITIALIZATION

The MB81P641647A internal condition at and after power-up will be undefined. It is required to follow the following
Power On Sequence to execute read or write operation.

1. Apply Vce before or at the same time as Veca and attempt to maintain all input signals to be Low state
(or at least CKE to be Low state).

2. Apply Vcea before or at the same time as Vrer and V.
Apply Vrer and V. (V17 is applied to the system).

4. Start clock after all power supplies reached in a specified operating range and maintain stable condition
for a minimum of 200us.

5. Atfter the minimum of 200us stable power and clock, apply NOP condition and take CKE to be High state.

6. Issue Precharge All Banks (PALL) command or Precharge Single Bank (PRE) command to every banks.
An additional clock input for lrco*! period is required to lock the DLL *2

7. Apply minimum of 2 Auto-refresh command (REF).*?
8. Program the mode register by Mode Register Set command (MRS).*?

w

Notes: *1. The lrco depends on operating clock cycle time. The leco is counted from precharge last bank (step-6)
to MRS command (step-8).

*2. The MB81P641647A does not support JEDEC standard EMRS and DDR Reset function on MRS.
However, those sequence can be issued prior to step 6.

*3. The Mode Register Set command (MRS) can be issued before 2 Auto-refresh command (REF).

POWER-DOWN

The MB81P641647A uses multiple power supply voltage. It is required to follow the reversed sequence of above
Power On Sequence to the each power supply, Vce, Vecao, Vrer and Vi, or must turn all power supplies off at once.
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B FUNCTIONAL DESCRIPTION (continued)

Fig. 3 — SDRAM READ TIMING EXAMPLE (@ CL=2 & BL=2)

<SDRAM >

0 t1 2 3 4

CLK
(external)

Command >< READ ><

" Stored by CLK input

HZ : 7 o EERNNN
DATA . ; &L ot XK 2 >
: : Output in every rising CLK adge

< DDR SDRAM > . ; ; ;
10 0.5 1 .5 2 2.5 3 3.5 4

XXX OO NK

Command R IAD I : : : :
>< E >< : : DQS signal tran-
' Stored by CLK input ! sition oceyrs at
' ' ' ' the same time as
Idata bus. :

DQS Hi-Z

DATA Hi-2

Q1 Q2

Output in every
+ cross point of clock input

24



MB81P641647A-10/-12 ADVANCE INFO.

B MODE REGISTER TABLE

MODE REGISTER SET

BAt [ BAs | An [ Aw | A [ A | A [ A | A [ A | A | A | A | A | ADDRESS
. . . . MODE
0 0 RESERVED * DR?| TE CL BT BL REGISTER
As As As | CAS Latency (CL) Burst Length (BL)
Az Aa Ao
0 0 0 Reserved BT=0 BT =1
0 0 1 Reserved 0 0 0 Reserved Reserved
0 1 0 2 0 0 1 2 2
0 1 1 Reserved 0 1 0 4 4
1 0 0 Reserved 0 1 1 8 8
1 0 1 Reserved 1 0 0 Reserved Reserved
1 1 0 25 1 0 1 Reserved Reserved
1 1 1 Reserved 1 1 0 Reserved Reserved
1 1 1 Reserved Reserved
¥ S
Az Test Mode Entry (TE) As Burst Type (BT)
0 | Normal Operation 0 | Sequential (Wrap round, Binary up)
1 | Test Mode (Used for Supplier Test Mode) 1 | Interleave (Wrap round)
EXTENDED MODE REGISTER SET (Note *4)
BAI | BAo | A | A | As | As | A | As | As | A | A | A | A | A ADDRESS
. . . .s | EXTENDED MODE
05 | 1% RESERVED * DE'® REGISTER
Notes: *1. A combination of BA1 = BAo = 0 (Low) selects standard Mode Register.
*2. The RESERVED field must be set as 0.
*3. DR (DLL Reset) on Az in MRS is currently not used and must be always set as 0.
*4. The Extended Mode Register Set is not supported.
*5. A combination of BA1 = 0 and BAo = 1 (High) selects Extended Mode Register.
*6. DE (DLL Enable) on Ao in EMRS is currently not used and must be always set as 0.
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B ABSOLUTE MAXIMUM RATINGS (See WARNING below.)

Parameter Symbol Value Unit
Voltage of Vcc Supply Relative to Vss Vee, Veea -0.5t0+4.6 \
Voltage at Any Pin Relative to Vss Vin, Vour 05to+4.6 \%
Short Circuit Qutput Current lout +50 mA
Storage Temperature Tste -55to +125 °C

WARNING: Semiconductor devices can be permanently damaged by application of stress (voltage, current, tem-
perature, etc.) in excess of absolute maximum ratings. Do not exceed these ratings.

B RECOMMENDED OPERATING CONDITIONS (See WARNING below.)

(Referenced to Vss)

Parameter Notes | Symbol Min. Typ. Max. Unit
Vee 3.0 3.3 3.6 \Y
Supply Voltage Veea 2.3 25 2.7 \
Vss, Vssa 0 0 0 \
Input Reference Voltage *1 VREer Veca* 048 | Voca* 0.5 | Veca 052 V
Termination Voltage *2 Vr Vrer - 0.04 VRrer Vrer +0.04| V
Single Ended SSTL DC Level Input High Voltage  *3| Vmoe) | Vrer +0.18 — Veca+03 | V
Single Ended SSTL DC Level Input Low Voltage  *3| ViLoo -0.3 — Vrer-0.18 | V
Single Ended SSTL AC Level Input High Voltage  *3| Ve | Vrer +0.35 — — \'%
Single Ended SSTL AC Level Input Low Voltage  *3| Vg — — Vrer-0.35| V
Differential DC Level Input Voltage Range *3| Vinpo -03 — Veca+03 | V
Differential DC Level Differential Input Voltage *3 | Vswing (oc) 0.36 — Veca+06 | V
Differential AC Level Differential Input Voltage *3 | VswinG (ac) 0.7 — — \'%
Differential AC Level Input Crosspoint Voltage *3| Vxpoy |Veeo/l2-02| Veco/2  (Vecal2+0.2] V
Differential Input Signal Offset Voltage *4| Visonc) |Veca/2-0.2|  Veeco/2  |Veca/l2+0.2) V
Termination Resistor (SSTL I/Os) *2 Rt — 50 — Q
Ambient Temperature Ta 0 — 70 °C
Note 5. Note 6.
36V - — VIH Pulse width < 4 ns
VH - 50% of pulse amplitude x:::"‘ax "\l T/ -
VIHmin - # 50% of pulse amplitude
VIL Pulse width <4 ns -lovV = — — -
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Notes: *1.
*2.
*3.
*4.
*5.

*6

Vrer is expected to track variations in the DC level of Vcca of the transmitting device.

Peak-to-Peak noise level on Vrer may not exceed +/- 2% of the supplied DC value.

V7 is used for SSTL_2 bus and is not applied to the device. V1t is expected to be set equal to Vrer and
must be track variations in the DC level of Vrer.

Applicable when signal(s) is terminated to the Vrr of SSTL_2 bus.

Viso means {Vinewk) + Vinery} / 2. Refer to Differential Input Signal Definition.

Overshoot limit: Vi (max) = 3.6V for pulse width <= 4 ns acceptable, pulse width measured at 50% of
pulse amplitude.

Undershoot limit: Vic (min) = Vec -1.0V for pulse width <= 4 ns acceptable, pulse width measured at

50% of pulse amplitude.

WARNING:

Recommended operating conditions are normal operating ranges for the semiconductor device.

All the device’s electrical characteristics are warranted when operated within these ranges.

Always use semiconductor devices within the recommended operating conditions. Operation outside
these ranges may adversely affect reliability and could result in device failure.

No warranty is made with respect to uses, operating conditions, or combinations not represented on
the data sheet. Users considering application outside the listed conditions are advised to contact their
FUJITSU representative beforehand.

B RECOMMENDED OPERATING CONDITIONS (Continued)
Differential Input Signal Definition

Vss

Viso

Vss

I

CLK I

I I

o X
I 1 1 1

I I I I

[Vswing| : : : :
I I I I

I I I I

OV Differential- — —¥— — — — — ¥ — — — — ¥ Y Y -

Fig. 4 — Differential Input Signal Offset Voltage (For Clock Input)

B CAPACITANCE

(Ta = 25°C, f = 1 MHz)

Parameter Symbol Typ. Max. Unit
Input Capacitance, Address & Control Cint 2 4 pF
Input Capacitance, CLK & CLK Cinz 2 4 pF
Input Capacitance, DML/DMU Cins 4 7 pF
I/O Capacitance Cuo 4 7 pF
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B DC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.) Note *1,*2,*3

Parameter

Symbol

Condition

Value

Min.

Max.

Unit

Output Minimum Source DC Current

lon(ocy

Vcea= 2.3V,
Vou = Vcca-0.43V

-15.2

mA

Output Minimum Sink DC Current

loLpe)

Veea= 2.3V,
VoL= +0.35V

15.2

mA

Input Leakage Current (any input)

Iu

0V < Vin< Ve
All other pins not undertest =0V

-10 10

uA

Output Leakage Current

ILo

0V VN Ve
Data out disabled

-10 10

uA

Vrer Current

IRer

-10 10

uA

MB81P641647A-10
Operating Current

(Average Power
Supply Current)
MB81P641647A-12

lcci

Burst Length = 2

tek = min,

trc = min for BL = 2

One bank active,

Address change up to 3 times
during trc (min)

0V <Vin< Vi (max),

Vin (min) < Vin < Vee

220

185

mA

Precharge Standby Current
(Power Supply Current)

lccan

CKE = Vi, tck = min

All banks idle,

NOP commands only,

Input signals (except to CMD) are
changed one time during 20 ns
0V <Ving Vi (max),

Vin (min) £ Vin £ Vee

65

mA

Precharge Power Down Current
(Power Supply Current)

lccap

CKE = Vi, tck = min
All banks idle
0V<VNn<Vee

mA

Active Standby Current
(Power Supply Current)

lcean

CKE =VmH, tck=min

Any bank active,

NOP commands only,

Input signals (except to CMD) are
changed one time during 20 ns
0V <Ving Vi (max),

Vin (min) £ Vin £ Vee

75

mA

Active Power Down Current
(Power Supply Current)

lccap

CKE =V, tck = min
Any bank active
0V<VNn<Vee

30

mA
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B DC CHARACTERISTICS (Continued)
(At recommended operating conditions unless otherwise noted.) Note *1,*2,*3

Value
Parameter Symbol Condition Unit
Min. | Max.
MB81P641647A-10 Burst Length = 4 390
All-banks active,
Burst mode Current Gavpless data
(Average Power 12 leca tCKg min - 340 mA
Supply Current) MB81P641647A- 0V < Vin < Vi (max),
Vin (min) < Vin £ Vee
Refresh Current MB81P641647A-10 ?utg-refresh; . 260
ck = min, trc = min
(Average Power MB81P641647A12 locs 19"y < Vin < Vi (max) — 240 mA
Supply Current) " Vin (min) < Vin < Vee
Self-refresh;
(Spt\a\:f‘;:fr:sgo?vtérrrgr;t ly Current) locs | CKE = Vi, o 2 mA
g pply 0V<Vn=Ve

Notes: *1.
*2.
*3.

All voltages referenced to Vss.

DC characteristics are measured after following the POWER-UP INITIALIZATION procedure.
lcc depends on the output termination or load conditions, clock cycle rate, and number of address and

command change within certain period.
The specified values are obtained with the output open and no termination register.
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B AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.) Note *1,*2,*3
AC PARAMETERS (CAS LATENCY DEPENDENT)

-10 -12
Parameter Symbol Unit
Min. | Max. | Min. | Max.

CL=25| 80 12.0 | 10.0 | 14.0
Clock Period tex ns

CL=20| 100 | 14.0 | 120 | 14.0

tex = 8ns tex = 10ns tex = 12ns tck = 14ns
Parameter Notes | Symbol Unit
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.

Input Setup Time *
(Except for DQS, DM and DQs) 4 s 20 — |15 — 18 — 21| — Ins
Input Hold Time *
(Except for DQS, DM and DQs) 4w 20 — |15 — 18 — 21| — Ins
DM and Data Input Setup Time *5)  tos 06| — | 08| — |09 | — | 12| — | ns
DM and Data Input Hold Time *5|  tow 06| — | 08| — |09 | — 12| — | ns
DQ@S First Input Setup Time *
(Input Preamble Setup Time) 4 toseres | 0 | — | O | — 1 0 ) — 1 0 ) — |ns
Last Data Output to CKE High .
Level Hold Time 4 tooken | O | — 1 0 ) — 1 0} — ) 0O} —|ns
Input Transition Time tr 0512|051 15|05 |18 | 05| 21 | ns
Precharge Power Down Exit *
and Self-refresh Exit Time 4| fteoex | 32 ) — | 40 ) — ) 48 ) — | 56| — | ns
Time between Refresh *6| trer — 64 — 64 — 64 — 64 | ms
Time between Auto-refresh *
Command 6| tarer — | 156 — | 156| — | 156| — | 156 | us
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B AC CHARACTERISTICS (continued)

AC PARAMETERS (FREQUENCY DEPENDANT) Note *7

Level Hold Time

Parameter Notes Symbol Min. Max. Unit
Clock High Time *4 ten 0.45 * tex — ns
Clock Low Time *4 teL 0.45 * tex — ns
DQS Low to High Input Transition 4 % * *
Setup Time from CLK 4,*8 toass 0.75 * tex 1.25 * tex ns
DQ@S Low Input Pulse Width tosL 0.4 * tex — ns
DQS High Input Pulse Width tosH 0.4 * tex — ns
DQ@S First Low Input Hold Time * *
(Input Preamble Hold Time) 4| toseeen 0257 tex - ns
DQS First Low Input Pulse Width . .
(Input Preamble Pulse Width) tosere 0.4 ™ tex 067 tex ns
DQ@S Last Low Input Hold Time *
(Input Postamble Hold Time) tosest 047 tex - ns
DQ@S Access Time from Clock *4 tascx -0.1 *tex 0.1 *tex ns
DQS Output Valid Time tasv 0.3 * tex — ns
DQS Output in Low-Z g N _
(Output Preamble Setup Time) 4,79 tastz - 0.1 " tox ns
DQ@S First Low Output Hold Time * * *
(Output Preamble Hold Time) 4 taspre 0.9 * tex 1.1 * tex ns
DQS Last Low QOutput Hold Time ., . * *
(Output Postamble Hold Time) 4,*10 taspst 0.4 * tex 0.6 * tcx ns
DQ@S Last Low Output in High-Z * _ *
from CLK or CIR 10 tasHz 0.1 *tex ns
DQ Access Time from CLK & CLK *4 tacc -0.1 *tex 0.1 * tex ns
DQ Access Time from DQS *5 tasa -0.075 * tex 0.075 * tex ns
DQ Output Data Valid Time tov 0.3 * tex — ns
DQ Output in Low-Z *4,*9 tz -0.1 *tex — ns
DQ Output in High-Z *4,*10 thz -0.1 *tex 0.1 * tex ns
Last Data Input to CKE High tooken tox _ ns
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B AC CHARACTERISTICS

EXAMPLE OF FREQUENCY DEPENDANT AC PARAMETERS (@ Minimum tck)

tex = 8ns

tck =10ns

tck =12ns

tck = 14ns

Parameter Notes | Symbol Unit
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.

Clock High Time ten 36| — | 45| — | 54| — | 63| — | ns
Clock Low Time teL 36| — | 45| — | 54| — | 63| — | ns
DQ@S Low to High Input
Transition Setup Time from CLK toass 6.0 | 100| 75 | 125| 90 |150| 105|175 | ns
DQS Low Input Pulse Width tosL 32| — | 40| — | 48| — | 50| — | ns
DQ@S High Input Pulse Width tos 32| — | 40| — | 48| — | 50| — | ns
DQ@S First Low Input Hold Time
(Input Preamble Hold Time) tospren | 2.0 — 2.5 — 3.0 — 3.5 — ns
DQS First Low Input Pulse Width
(Input Preamble Pulse Width) tosrre | 32 | 48 | 40 | 60 | 48 | 72 | 56 | 84 | ns
DQ@S Last Low Input Hold Time
(Postamble Hold Time) tospsT | 32| — | 40| — | 48| — | 56| — | ns
DQS Access Time from Clock tasck | -08 | 08 | 10| 10 | 12| 12 | -14| 14 | ns
DQS Output Valid Time tasv 24| — | 30| — | 36| — | 42| — | ns
DQ@S OQutput in Low-Z
(Output Preamble) tesz | 08| — | 10| — |12| — | 14| — | ns
DQ@S First Low Output Hold Time
(Output Preamble) tasre | 7.2 | 88 | 90 | 11.0| 108 | 132|126 | 154 | ns
DQ@S Last Low Output Hold Time
(Output Postamble) taspst | 32 | 48 | 40 | 60| 48 | 72 | 56 | 84 | ns
DQS Last Low Output in High-Z
from CLK or CLR taskz — | 08| — | 10| — | 12| — | 14 | ns
DQ Output Access Time from CLK & TLK|  tacc 08|08 |-10|10|-12|12]|-14]| 14 | ns
DQ Output Access Time from DQS tasa 06| 06 |08, 08 |-09 09 |-11| 11| ns
DQ Output Data Valid Time tov 24| — | 30| — | 36| — | 42| — | ns
DQ Output in Low-Z tz 08| — 10| — | 12| — | 14| — | ns
DQ Output in High-Z thz 08 08 (-10| 10| 12|12 |-14]| 14 | ns
Last Data Input to CKE High
Level Hold Time tockew | 80 | — [100| — |120| — | 140 — | ns




MB81P641647A-10/-12 ADVANCE INFO.

B AC CHARACTERISTICS

BASE VALUES FOR CLOCK COUNT/LATENCY (Note *11)

MB81P641647A | MB81P641647A
Parameter Notes Symbol -10 -12 Unit
Min. Max. Min. Max.
RAS Cycle Time *12 tre 80 — 90 — ns
RAS Active Time tras 50 100000 60 100000 | ns
RAS Precharge Time trp 30 — 30 — ns
RAS to CAS Delay Time trep 30 — 30 — ns
RAS to RAS Bank Active Delay Time trrD 20 — 24 — ns
LATENCY - FIXED VALUES
(The latency values on these parameters are fixed regardless of clock period.)
MB81P641647A | MB81P641647A ;
Parameter Notes Symbol 10 12 Unit
- CL=25 25 25 tCK
BST Command to Output in High-Z CL=20 IBsH 50 50 CK
CL=25 3.0 3.0 tCK
BST Command to New Comman%lgput CL=20 lesne 20 20 tCK
DM to Input Data Delay Ioap 0 0 tCK
Read Command to Write Command CL=25 e BL/2+3 BL/2+3 tCK
Delay (minimum) CL=20 BL/2+2 BL/2+2 tCK
Last Inpu't Data to Read Command *14 [wRo 15 15 tCK
Delay (minimum)
Last Input Data to Precharge *
Command Lead Time (minimum) 14 loe. 1.5 1.5 tck
Write with AutoPrecharge Commandto ., wa | BL/2+2+te | BL/2+2+te | tCK
Active command Delay (minimum)
- CL=25 25 25 tCK
Precharge to Output in High-Z CL=20 IroH 50 50 CK
Mode Reglster Access to Next Command Input IuRo 5 5 tCK
Delay (min)
TAS to TAS Delay (minimum) lccp 1 1 tCK
TAS Bank Delay (minimum) leso 1 1 tCK
Precharge Povye'r Down Exit to Next Command IPoExXe 5 5 tCK
Input Delay (minimum)
Active quer Down Exit to Next Command Input IPoEXA 1 1 tCK
Delay (minimum)
Minimum Stable Clock Input After
Self-refresh Exit Before Any Command Input*15 lsco 200 200 tck
Minimum Stable Clock Input for DLL teck < 12ns 300 300 tCK
Lock-on in Power-up Initialization Ipco
sequence. tck < 14ns 400 400 tCK
CKE Low to Command/Address Input Inactive leke 1 1 tCK
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B AC CHARACTERISTICS (continued)

Notes:

*.

*2.

*3.

*4.

*5.
*6.

*7.

*8.
*9.
*10.
1.

*12.
*13.
*14.

*15.

AC characteristics are measured after following the POWER-UP INITIALIZATION procedure and stable
clock input with constant clock period and with 50% duty cycle.

Access Times assume input slew rate of 1ns/volt between Vrer+0.35V to Vrer-0.35V, where Vrer is
Veea/2, with SSTL_2 output load conditions. Refer to AC TEST LOAD CIRCUIT in page 35.

Vrer = 1.25V is a typical reference level for measuring timing of input signals.

Transition times are measured between Vi (min) and Vi (max) unless otherwise noted.

Refer to AC TEST CONDITIONS in page 35.

This parameter is measured from the cross point of CLK and CLK input.

This parameter is measured from signal transition point of DQSL/U input crossing Vrer level.

Total of 4096 REF command must be issued within trer (max). tarer specifies the time between one
REF command to next REF command except for a condition where CKE = Low during Self-refresh
mode.

Frequency dependent AC parameters are scalable by actual clock period (tck) and affected by an abrupt
change of duty cycle, jitters on clock input, Ta and level of Vcc and Vceq. The internal DLL circuit can
adjust delay time to change and following level change of Vcc and Vcecq, (change rate of Ta< 0.1 °C/
20 ns, change rate of Vcc and Veeq, £ 1mV /10 ns.

If change rate is bigger than these value, frequency dependent AC parameters affected by jitters causing
by these change.)

More than 2 signal edge of DQSL/U should not be input within 1 clock (tck) cycle.

Low-Z (Low Impedance State) is specified and measured at V1t +/- 400mV.

taspst, tasnz and thz are specified where output buffer is no longer driven.

All base values are measured from the cross point of the rising edge of CLK and falling edge of CLK
at the command input to the cross point of same clock input condition for the next command input.
All clock counts (= latency) are calculated by a simple formula:

clock count equals base value divided by clock period (round off to a whole number).

Clock > Base Value

Clock Period (Round off a whole number)

Actual clock count of trc (= Irc) will be sum of clock count of tras (= Iras) and tre (= Ire).

Assume BST is effective to read operation (issued prior to the end of burst read).

Assume toass = 1* tex. If actual toass is within specified minimum and maximum range, those parameters
can be assumed toass = 1* tek.

Applicable also if device operating conditions such as supply voltages, case temperature, and/or clock
frequency (tck difference must be 2 ns and under) is changed during any operation.

Applicable also if any device operating conditions are changed from the previoous operating conditions
(at power -down entry ) to the present operating conditions ( at the power-down exit).
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B AC CHARACTERISTICS (continued)

Output
measure-
ment

V1r = 0.5 x Veca

Rri=50Q

V1r = 0.5 x Veca

Rm2 =

Fig. 5 - AC TEST LOAD CIRCUIT (SSTL_2, Class Il)

50 Q

|

point
Output
Veea Veea
VRer 0.5 x Veca
Device
Under
Test

Note: AC characteristics are measured in this condition.

Zo=50Q

=S

777

Vss

4
o

Vrer = 0.5 x Veca

CL =30 pF

This load circuit is not applicable for DC Test.

AC TEST CONDITIONS

Parameters Symbol Value Unit
Single-end Input

Input High Level A 1.6 \'%
Input Low Level Vi 0.9 \'%
Input Reference Level VRer 1.25 \'%
Input Slew Rate SLEW 1.0 V/ins
Differential Input (CLK and CLK)

Input Reference Level Vr 1.25 \'%
Input Level VswinG 15 \'%
Input Slew Rate SLEW 1.0 V/ins

Vx means the actual cross point between CLK and TLK input.
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B AC CHARACTERISTICS (continued)

Fig. 6 — AC TIMING of CLK & CLK

XY K Y

ten tc

L
Vx
VSWING(AC)

Note: Reference level for AC timings of clock are the cross point of CLK and CLK as specified in Vx.

Fig. 7 — AC TIMING of Command Input & Address

O Y

tis tH
C Intpult & VH (ac)
ontrois .
Input Valid Vi
Addresses) P il ViL (acy

Note: The cross point of CLK and CLK (Vx) is used for command and address input.
The reference level of single ended input is Vrer.
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Fig. 8 — AC TIMING of Write Mode (Data Strobe, Write Data and Data Mask Input)

» tex L tox .|
CLK
X X A X X
tis tH
Input ViH ac)
(Controls & Write Command VRer
Addresses) T Ve
toass Ol toass o
tospres |- =!= tDSPREH= -< tosH >l tosL >l tosH >l tospst >
DQSL/U Input Vrker < Tosre T / \ / \ Vrer
(@BL=4) Vi i/ \
tos | ton tos | ton tos | ton tos | ton
[T P R N P P N
Input -~~~ ~-~-TTTTTTTT==T-=- - VA2 /2
(Data&DML/U) nput Vali¢t input Valid input Valid input Vali




MB81P641647A-10/-12 ADVANCE INFO.

B AC CHARACTERISTICS (continued)

tex

tex

Fig. 9 — AC TIMING of Read Mode (Clock to DQSL/U Output Delay Time)

CLK
X

Z

L "

Vx

tastz
(min)
—>
DQSU/L Output Vv
(@BL=4) Vrr- 0.4 G

Note: DQS Access time (tasck) is measured from the cross point of clock (Vx) and Vrer.
The end of tasest and taskz specification is defined at where output buffer is no longer driven.

Fig. 10 — AC TIMING of Read Mode (Clock to Data Output Delay Time)

L tox sl tex |
CLK
X X A A
TIK / / Vx
t(,A;,(,:,ﬁ tace tace tace
tz (min) min) (min) tHz
() -— -— |-
* tace *tacc *tacc *tacc
(max) (max) (max) (max)
DQ Data !
Vir+04V 4 4
Output v A XX )E XX
_ m-04V O
(@BL=4)
| tov | | tov | | tov | | _tov |

Note: Access time (tacc) is measured from the cross point of clock (Vx) and Vrer.
The end of tnz specification is defined at where output buffer is no longer driven.

Fig. 11 — AC TIMING of Read Mode (DQSL/U Output to Data Output Delay Time)

DQSL/U Output
(@BL=4)

DQ Data
Output
(@BL=4)

Note: DQSU/L Output Edge to Data Output Edge Skew Time (tusq) is measured from Vit to V.
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B AC CHARACTERISTICS (continued)

Fig. 12 — AC TIMING, PULSE WIDTH
CLK
CIK
. tras, trp, trep, trrD, tREF, tarer L
Input
(Controls & )(X Command XX )(X Command XX
Addresses)
Note: All parameters listed above are measured from the cross point at rising edge of the CLK and falling
edge of CLK of one command input to next command input.
Fig. 13 — AC TIMING of Precharge Power Down Mode
. tre (min), trer (Max) o
CKE Vrer [
—
CLK |
. -
TIK A )
1 )
Command X NOP X NOP X NOP X Don'tCare X NOP X NOP X ACTV X
T . )
Note: 1. Minimum 2 clock cycles is required for complete power down on clock buffer.
2. If either any supply voltage or clock input condition is changed from the previous operating
condition (other than PDEN and REF), lsco must be met prior to any command input.
Fig. 14 — AC TIMING of Self-refresh Mode
tre (Min)?2
CKE /
/
CLK
CIK
: )
Command X NOP X SELF X Don't Care
)
Note: 1. Minimum 2 clock cycles is required for complete power down on clock buffer.
2. CKE must maintain High level and clock must be provided during the Isco period.
Isco must be satisfied before any command input.
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H TIMING DIAGRAMS

TIMING DIAGRAM - 1 : COLUMN ADDRESS TO COLUMN ADDRESS INPUT DELAY

CLK R
o X
-l

N
-

== r

h
-

| leeo(min) | leco
Lautll

- ==

2

N
-

leeo
-

h
-

r=n

P
rd

- - -

lcen
-

Lt

L

Lt

r

-

Column
Address

Column
Address

Column
Address

Column Column
Address Address

X

RAS : : : I I : : :
CAS : : . \ : /\ : /\ : /\ . /\ : /
Note: Icco, CAS to TAS address delay, is applicable to the same bank access and
it can be one or more clock period.
TIMING DIAGRAM - 2 : DIFFERENT BANK ADDRESS INPUT DELAY
CLK :-—-\I r== r=n r== re=nn r -
J J
i EI FZ of r\- -ll _\- o _\- -ll _\- o \_\- -ll
trRRD (min) _ | lcBD (min_ | lceo | lesp lcep
. [ .
Address Row Row Column Column Column Column
Address N\ . Address Address Address Address Address
- : tRCD (min : : - : : !
: : treo!(min) ' '

X Bank 1 X Bank 0 X Bank 1 X Bank 2 X bank 3 X
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=4)

TIMING DIAGRAM - 3 : READ (EXAMPLE @ BL

m-------- ------------------------------------------.
8
+ N
<
e]
................................. A - D - -
< (]
< <
(]
= S
................................. o RRREEERT=cEEPEY > < P
te] e]
.............. R it = >
e] te]
.............. S RO e SR R e > < B
A o 3 -
] - - & -
.............. N R N I -
& — a2 7K ok
) (e] 2} re}
..................... 5. 1 R R =1 P
ol A ok g 8
e o
.............. VA% I =3 A A -1 Y ).
) 3 -
a 5 a ]
<< . % Y %-- ..............
Y -
............ shpg------ St
=l la
< .
Ll
72
£ N N N N
2 T I T I
° —O =2 ~© ~©0
w S 25a 25 35 e 5o
v e S.m-__ &.m-F S.m-__ &.m-__
54 g5 5= gs54
O £ g30 apo 9509 ao9
8 a® S a® SR

Note: CAS Latency is defined from Read command to first rising edge of DQSL/DQSU output.

Preamble is 1*tck length and starts driving Low level.
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TIMING DIAGRAM - 4 : WRITE (EXAMPLE @ BL =4)

CLK Im —n . == -
CIK A1 - "
CKE : I
' lcep (min) : : ' ' ' tDCKIEH (min) '
Command : X WRIT X WRIT X . NoP | X Don't Care
: tospres | tosPreH : : ' X ' : : . |
' toass 1 . 1 . ! 1 ' :
DQSLUDASU” ~ “moticas " - ! v vl m=---
- - Don'tCare . - - tosPrRe (po= == DONtCArE - i = = = -
(nputy -2 ___ b N/ 2T ZIICO
toass

DQo-15

(Input) : Don't Care <D? XD.2X><.D1 X02XD3XD4>

Note: DQSL/DQSU Setup Time, toass, must be within a range of 0.75*tck to 1.25*tex from write command

TIMING DIAGRAM - 5 : DML/U, WRITE DATA MASK (EXAMPLE @ BL =4)

CLK . ; -
CEK - :\._.l \._.l: :\._.l: \._.l:
Command X WRIT X NOP X WRIT X + NOP 1 ;
. tm:s.s . E tm;ss : : : : : E
DQSUDQSU. ~ "pontcare . — - - 1 ' t .~ DontCare -
(Input)  _ _ ___ e e o - —/ N— N~ N o m e -
DML/DMU ' Don't Care \ : Don't Care
DQo-15 : ; : : ; —~ ' I ———7 I : ,:
, Don't Care | . - - . Don’t Care
(input : . (o1 Xoz) - P XXp1} - {p3Xoe) ;

' Masked " Masked’

Note: DML/DMU are latched by DQSL/DQSU Input respectively together with Data Input after write
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CLK

TIMING DIAGRAM - 6 : READ WITH AUTO-PRECHARGE
(EXAMPLE @ CL = 2.0, BL = 4 Applied to same bank)

r=- - == ,
\ \
IEIK - \\._.l (] \\. - ! T ! LRV ! ! K !
P : BL/2 *'tex + tre (Seé note) : b '
tras (min) i : : : ' : : trp I(min) : : o :
-t - !
\ : ; ; ; ; : : : :
Command ACTV X ) ) X READA X L Lo X ACTV X
T ) : ; ; : ; : '
» trRCD (min) X X X : : :

DQSL/DQSU Hi-Z

CI)AS Létency

(Output)

/ \
: \Q1IQ2:Q3:Q4/:

DQo-15 Hi-Z
(Output) ! ' : ! ! : :
Note: Internal precharge operation at Read with Auto-precharge command (READA) is started
BL/2 clock later from READA command.
If BL=2, the READA command should not be issued no earlier than 1 clock (BL/2 = 1) before tras (min).
TIMING DIAGRAM - 7 : WRITE WITH AUTO-PRECHARGE
(EXAMPLE @ CL = 2.0, BL = 4 Applied to same bank)
CLK R SR
J \ \
CILK - \ \ A

A

N\

y

Command X ACITV X )

DQSL/DQSU Hi-Z

J
treD (min)

Y

(Input)

N JEDUR R

<D1XD2XD3XD4>E . .

Note: Write with Auto-precharge command (WRITA) must be issued after keo is satisfied and be considered
to meet tras requirement applied to end of burst length (BL) regardless of where it is masked or not.
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Command

DQSL/DQSU Hi-z E C R R R

(Output)

DQo-15
(Output)

Command

DQSL/DQSU Hi-Z

(Output)

DQo-15
(Output)

Command

DQSL/DQSU Hi-Zz : : : ' ' ' ' ' ' : : : :

(Output)

DQo-15
(Output)

Command

DQSL/DQSU Hi-Z

(Output)

DQo-15
(Output)

TIMING DIAGRAM - 8 : READ INTERRUPTED BY PRECHARGE
(EXAMPLE @ CL = 2, BL = 8)

X READ X PRE X NOP

|ROH( CAS Latency) :

Hi-Z

X READ)E( NOP X PRE X ;NOP;

|ROH( CASLatency) !

B o e O /') s
XRE'ADX NO:P XPREX ENOPE | — | i

|ROH( CAS Latency) '

Hi-Z ;<Q1XQ2XQ3XQ4XQ5XQ6

XREADX I . NOP . I X PRE X 'NoP I I I

No effect (End of Burst) |

Az <Q1XQ2XQ3XQ4XQ5XQ6XQ7XQ8

Note: Iron is the same as CAS Latency (CL). In case of CL =2.5, the Iron is 2.5 clock.
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TIMING DIAGRAM -9 : READ INTERRUPTED BY BURST STOP
(EXAMPLE @ CL = 2, BL = 8)

Command X READ X BST X NOP

|BSH( CAS Latency) :

DQSL/DQSU Hi-z E C R R R
(Output) ' b ' 4 h ' : : : : . .

DQo-15 Hi-Z
(Output)

Command X READX NOP X BST X iNopi

|BSH( CAS Latency) !

DQSL/DQSU Hi-Z
(OUtpUt) 1 1 1 1 1 1 1 1 1 1 1 1
DQo-15 Hi-Z E E E E/ : I I E E E E E E
(Output) R :\Q1XQ2>’<Q3)’<Q4 T !
Command X READ X ' NOP | X BST X " NOP'

|BSH( CAS Latency) .

DQSL/DQSU Hi-Z : : : ' ' s ' \ ' : : : :
(Output) ' X X X X X

(ODSEE” iz KQ1XQ2XQ3XQ4XQ5XQ6

Command X READ X I . NOP . I X BST X " NOP I I I

No effect (End of Burst) |

DQSL/DQSU Hi-Z
(Output)

oupsy —r————{arX2XeXasYasX o a7 o) ——

Note: lesH is the same as CAS Latency (CL). In case of CL =2.5, the lesn is 2.5 clock.
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TIMING DIAGRAM - 10 : WRITE INTERRUPTED BY PRECHARGE (EXAMPLE @ CL = 2, BL =4)

CEK 1 ! 1 ! 1 ! 1
X ! : ! ! ! ! trP (MIN) ! -
Command ; X WRIT X © NOP ! X PRE X : NOP X ACTV X

; X |
toass ! ! IDP (MIN)
.

DQ(SIUDtC)’SU: Z ontcare JI 070 '_':_'_'..'_'. Don't Care — - — 1= - - -
nput)y o ____a- 2y A N N ..
: : : | See Note 1. '
DML/DMU 1 Don't Care ! : \ / \ : ' Don’t Care
DQo-1s ' Don't Care , Xm XDQX : . Don't Care
(Input) : ' ———— —

See Note 2.

Note: 1. DQSL/DQSU Input are not required from when Precharge command is issued.
2. This pair of write data must be masked prior to Precharge command.

TIMING DIAGRAM - 11 : READ TO WRITE (EXAMPLE @ CL = 2, BL =4)

CLK . . :
CEK - LY - LY [ :

! lrwo (min) ' L ' ' ' '

Command ] X READ X : NOP ' X WRIT X + NOP

: ‘cL ‘I : : : toass | : !

pasL/DasU—H2 71_\_/_\_/_ [_\_/_\_
BT
DQo-1s e Q1>§(Q2)§(Q3>E(Q4) I

DML/DMU

I,D1 XIiDZXI:D3XIiD4>

/O open for bus turn-around

Note: Irwo defines a minimum delay from Read to Write command input applied to the same bank.
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TIMING DIAGRAM - 12 : READ TO WRITE (EXAMPLE @ CL = 2, BL =4)

DQSL/DASU— \ i ;_7' L/_
EEEETEEE [
DQo-1s ”zé E E E a1 Y a2 E(meX@Xy};———

! Terminated - '

Note: DML/DMU are latched by DQSL/DQSU Input respectively after Write command together with

46

TIMING DIAGRAM - 13 : WRITE TO READ (EXAMPLE @ CL =2, BL =8)

pasL/pasu—H-Z

DML/DMU

: — et iz — 7%
DQo-15 : ! ! <D1XD2> ————— — I , Q1XQ2XQ3XQ4>
: f : f f Masked  Terminated by Read - : ' :

Note: Read command mustbeissued after lwro is satisfied and proceeding pair of data must be masked.
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TIMING DIAGRAM - 14 : READ WITH AUTO-PRECHARGE
(EXAMPLE @ CL = 2.0, BL = 4, Multiple Bank Operation)

CLK == LY NN -
A \ \
- ' BL/2 * ek + trp ' ' ] ' '
- tre ;(min) : ! >i< ! : tRCD; (min) : - E
Command X READA X PRE X READA X READA X ACTV X : ACTV READ %
lcep Icen Iéen Iéep X tRF;D(min) X Iéen X
BAo, BA« X Bank 0 X Bank 1 X Barik 2 X Ba

DQSL/DQSU Hi-Z

(Output) : .
DQo-15 HiZ . : , g ’ . g , .
(Output) ! : Q1XQ2XQ3XQ4XQ1XQ2XQ1 : Q2XQ3XQ4 >—-—: :
Note: Back to back Read with Auto-precharge (READA) command to the different bank in active state is
possible. However, any new command to the same bank applied READA command can only be
issued after BL/2*tck+tre.
TIMING DIAGRAM - 15 : WRITE WITH AUTO-PRECHARGE
(EXAMPLE @ CL = 2.0, BL = 4, Multiple Bank Operation)
CLK -
CIK - -
|
Command X WRITA X WRITA X PRE X WRITA X : X actv Y X ACTV X
lcBD (min) L ICBDI(min) . ICBDI(min) L : : : : :
Lt L ™ ' ! ' . ' tRRD (min)
BAo, BA1 X Bank 0 X Bank 1 X Bank 2 X Bank 3 X . Y Bank2 Y . X Bank 0 X
toass | X X ' : : : . :
DQSL/DQSU ' ' :
(Input) P ;

DQo-15

(Input) ; <§D1XDZXD1XED2X5D3XED4XED1XD2XED3XD4>E

Note: Back to back Write with Auto-precharge (WRITA) command to the different bank in active state is
possible. However, any new command to the same bank applied WRITA command can only be

issued after Ipav.
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TIMING DIAGRAM - 16 : ACTIVE POWER DOWN ENTRY & EXIT

CLK
CIK "
| treo (min) - leke | IpoeExa (Min)
Command X NOP X ACTV X NOP X NOP X Don't Care X Any X
tis tis
CKE
Note: Active power down mode can be entered after treo is satisfied and while device is not being accessed.
TIMING DIAGRAM - 17 : AUTO-REFRESH ENTRY AND EXIT
CLK ~Y .-
: - : : tre I(min) : : o
: — ' : ) : —
Command X REF X NOP ) X A?y X

TIMING DIAGRAM - 18 : REGULAR SELF-REFRESH ENTRY AND EXIT

< tre (min)
CKE
)
tacken Isco (min) *
CLK re==s =Y - -—-—— ———— e —
4 \ A Y
CLK - N )}
%
Command NOP SELF Don'tCare
X X = X :
DQSL/DQSU Hi-Z )
(Output)
DQo-15 Hi-Z N
(Output) Q )

Last Data Output

Note: CKE must maintain High level and Clock must be provided during the Isco period.
After Self-refresh exit, a stable clock must be provided for at least specified kco period before
any command is issued.
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TIMING DIAGRAM - 19 : DELAYED SELF-REFRESH ENTRY AND EXIT

tre (min)
CKE /
),
tacken tis tepEx Isco (min) *
CLK
r-\\ r-\\ LY r-\\l—m-‘\——»————;’--\ LY
N N N AN '
z EI I< - ol - o - o - o - o - o S ) i of
2 clocks (max)
-t )
Command X NOP X REF X NOP X Don’t Care X NOP X NOP XACTV X
)
DQSL/DQSU Hi-Z 9)
(Output) Y
DQuo-15 Hi-Z N
(Output) a )
Last Data Output
Note: Delayed Self-refresh mode can be entered if CKE is brought to Low within 2 clock cycles after
the Auto-refresh command. If the assertion of CKE does not satisfy the 2 clock cycles, the device
may enter either active power down or precharge power down mode.
CKE must maintain High level and Clock must be provided during the kco period.
After Self-refresh exit, a stable clock must be provided for at least specified kco period before
any command is issued.
TIMING DIAGRAM - 20 : MODE REGISTER SET
CLK
CIK

ImrD

Command X NOP X MRS XNOP X :ny X

Note: MRS command must be issued after the last data is appeared on each DQ.
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B PACKAGE DIMENSIONS

=®

HAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

INDEX

O

R R L
LEAD No. (1)

*22.20+0.10(.875+.004)

[

1.1520.05(.045+.002)

66-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-66P-M01)

0.350010) fE
oo NS%

0.45/0.75
(.018/.030)

11.76+0.20(.463+.008)

10.1620.10(.400+.004) 0.145 005

(Mounting height)

H 0.2423%7 |

0.65(.026) &10.13(.005) @ 2] 0.10(.004
TYP (.009752)" [012(.005) §) [o-tof 04

20.80(.819)REF

*: Resin protrusion. (Each side: 0.15 (.006) MAX)

© 1998 FUJITSU LIMITED F660015-2C-1

0.10+0.05(.004+.002
(Stand off)

l . (.0062557)
"‘\J J u
;A‘..’

Dimensions in mm (inches)
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FUJITSU LIMITED

For further information please contact:

Japan

FUJITSU LIMITED

Corporate Global Business Support Division
Electronic Devices

KAWASAKI PLANT, 4-1-1, Kamikodanaka
Nakahara-ku, Kawasaki-shi

Kanagawa 211-88, Japan

Tel: (044) 754-3753

Fax: (044) 754-3332

North and South America

FUJITSU MICROELECTRONICS, INC.
Semiconductor Division

3545 North First Street

San Jose, CA 95134-1804, U.S.A.

Tel: (408) 922-9000

Fax: (408) 432-9044/9045
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