FUJITSU SEMICONDUCTOR
DATA SHEET DS05-11031-1E

CMOS 4-BANK x 524,288-WORD x 32 Bit
Synchronous Dynamic Random Access Memory

M DESCRIPTION

The Fuijitsu MB811643242A is a CMOS Synchronous Dynamic Rand
67,108,864 memory cells accessible in a 32-bit format. The MB
operation referenced to a positive edge clock whereby all operat 0
enables high performance and simple user interface coexisten e. |

s Memory (SDRAM) containing
eatures a fully synchronous
ynchronized at a clock input which
1643242A SDRAM is designed to
vhich requires many control signal timing
5%5 times more than a standard DRAM.

The MB811643242A is ideally suited for workstation%ﬁ;%. on ﬁputers, laser printers, high resolution graphi

adapters/accelerators and other applications whers:; ex %ﬁl y large memory and bandwidth are required and
where a simple interface is needed. ! gﬁ%ﬁ

B PRODUCT LINE & FEATURES

Parameter MB811643242A
-100 -84 -67

Clock Frequency 100 MHz max. | 84 MHz max. 67 MHz max.
Burst Mode Cycle Time 10 ns min. 12 ns min. 15 ns min.
RAS Access Time 45 ns max. 54 ns max. 56 ns max. 60 ns max.
CAS Access Time 21 ns max. 24 ns max. 26 ns max. 30 ns max.
Access Time from Clg 7.5 ns max. 8.5 ns max. 8.5 ns max. 9 ns max.
Operating Current (2 b 293 mA max. 240 mA max. T.B.D. T.B.D.
Power Down Mode Current | 3 mA max.
Self Refresh Current (lccs) 2 mA max.

* Single +3.3 V Supply +0.3 V tolerance * Programmable burst type, burst length, and

* LVTTL compatible I/O CAS latency

.

4 K refresh cycles every 65.6 ms

* Four bank operation

Byte control by DQMo to DQMs
Burst read/write operation and burst
read/single write operation capability

Auto-(every 16 ps)and Self-refresh
CKE power down mode
Output Enable and Input Data Mask

»
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MB811643242A-125/-100/-84/-67

B PACKAGE

86-pin plastic TSOP(lI)

(FPT-86P-M01)
{Normal Bend)

Package and Ordering Information
— 86-pin plastic (400 mil) TSOP-Ii, order as MB811643242A-xxxFN

B 374975k 0027896 4T9 WM



BLOCK DIAGRAM

MB811643242A-125/-100/-84/-67

Fig.1 — MB811643242A BLLOCK DIAGRAM
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MB811643242A-125/-1 00/-4/-67

B PIN ASSIGNMENTS AND DESCRIPTIONS

86-Pin TSOP(l!)
(TOP VIEW)

<Normal Bend: FPT-86P-M01>

Pin Number Symbol Function
1,3,9, 15, 29, 35, 41, 43, 49, 55, 75, 81 Vee, Veca Supply Voltage
2,4,5,7,8,10, 11, 13, 31, 33, 34, 36,
37, 39, 40, 42, 45, 47, 48, 50, 51, 53, DQo to DQat Data 11O
54, 56, 74, 76, 77, 79, 80, 82, 83, 85
6, 12, 32, 38, 44, 43652’ 58, 72, 78, 84, Vs, Vssa Ground
14, 21, 30, 57, 69, 70, 73 N.C. No Connection
17 WE Write Enable
18 CAS Column Address Strobe
19 RAS Row Address Strobe
20 CS Chip Select
22,23 A1 (BA1), Aiz (BAo) | Bank Select (Bank Address)
24 AP Auto Precharge Enable
24, 25, 26, 27, 60, 61, 62, 63, 64, 65, 66 Aoto Ao Address Input | RO Ao DA
67 CKE Clock Enable
68 CLK Clock input
16, 28, 59, 71 DQMo to DQMs Input Mask/Output Enable
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MB811643242A-125/-100/-84/-67

B FUNCTIONAL TRUTH TABLE Note 1
COMMAND TRUTHTABLE Notes 2,3, and 4

CKE . | Az,
Function Notes | Symbol CS |RAS |CAS | WE | An (ﬁg) Asto | Arto
n-1| n (BA) 8 9

Device Deselect *5| DESL X H X X X X X X X
No Operation *5] NOP X L H H H X X X X
Burst Stop BST H X L H H L X X X X
Read *6| READ | H X L H L H \ L X \
Read with Auto-precharge *6 |READA | H X L H L H \ H X \
Write 6| WRIT | H X L H L L \ L X \'
Write with Auto-precharge 6| WRITA | H X L H L L \ H X \
Bank Active (RAS) *7| ACTV | H X L L H H \% \ \ \
Precharge Single Bank PRE H X L L H L \Y L X X
Precharge All Banks PALL H X L L H L X H X X
Mode Register Set *8,9| MRS H X L L L L L L L Y
Notes: *1. V =Valid, L = Logic Low, H = Logic High, X = either L or H.

*2. All commands assumes no CSUS command on previous rising edge of clock.

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

*4.  All inputs are latched on the rising edge of clock.

5. NOP and DESL commands have the same effect on the part.

*6. READ, READA, WRIT and WRITA commands should only be issued after the corresponding bank has

been activated (ACTV command). Refer to STATE DIAGRAM.
7. ACTV command should only be issued after corresponding bank has been precharged (PRE or PALL
command).
*8. Required after power up.
*9.

MRS command should only be issued after all banks have been precharged (PRE or PALL command)
and DQ has been in High-Z. Refer to STATE DIAGRAM.

B 374975k 0027899 108 WA



DQM TRUTH TABLE

CKE
Function Command » DQMi
n=-
i-th Data Write/Output Enable ENBi H X L
i-th Data Mask/Qutput Disable MASKIi H X H
Notes: *1. i=0,1,2,3
2. DQMo for DQo to DQr, DQM: for DQs to DQ1s, DQMe for DQis to DQzs, DQMa for DQ2a to DQa:.
CKETRUTHTABLE
CKE Aqz Ao
Current : S |BRAS | FAS | WE > | Ao
Function Notes | Symbol CS |RAS (CAS | WE | An to
State Yy 1l n BA) | AP)| o
Bank Active | Clock Suspend Mode Entry *1| CSUS | H X X X X X X
Any . .
(Except Idle) Clock Suspend Continue 1 L | L X X X X X X X
Clock .
Suspend Clock Suspend Mode Exit L | H X X X X X X X
Idle Auto-refresh Command 2| REF H | H L L L H X X X
idle Self-refresh Entry *2,3] SELF | H | L L L L H X X X
L!H L H H H X X X
Self Refresh | Self-refresh Exit *41 SELFX
L H| H X X X X X X
Hi{L L H H H X X X
Idle Power Down Entry *2,3| PD
HiL| H X X X X X X
L | H L H H H X X X
Power Down | Power Down Exit
L  H| H X X X X X X
Notes: *1. The CSUS command requires that at least one bank is active. Refer to STATE DIAGRAM.
*2.  REF and SELF commands should only be issued after all banks have been precharged (PRE or PALL
command). Refer to STATE DIAGRAM.
*3. SELF and PD commands should only be issued after the last read data have been appeared on DQ.
*4, CKE should be held high within trc.
6
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OPERATION COMMAND TABLE (Applicable to single bank)

MB811643242A-125/-100/-84/-67

Current

cs

WE

State RAS | CAS Addr Command Function Notes
\dle H | X | X | X X DESL NOP
L H H H X NOP NOP
L H H L X BST NOP
L H L H | BA, CA, AP | READ/READA |lllegal "2
L H L L | BA,CA AP | WRIT/WRITA |lilegal 2
L L H H BA, RA ACTV Bank Active
L L H L BA, AP PRE/PALL NOP (PALL may affect other banks.)
L L L H X REF/SELF | Auto-refresh or Self-refresh *3
L|t|t!lL| wmopE MRS '(\fc‘,’lgeag‘:f’;;;i; Set 3.7
Bank Active | H X X X X DESL NOP
' L H H H X NOP NOP
L H H L X BST NOP
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 lilegal 2
LU L maae | eRmma | g Determine prcherge Tyoe
L L L H X REF/SELF  |lllegal
L L L L MODE MRS lilegal

(Continued)
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MB811643242A-125/-100/-84/-67

B 3749756 0027902 522 W

cé‘g?gt CS |RAS|CAS | WE Addr Command Function Notes
Read NOP (Continue Burst to End — Bank
H X X X X DESL Active)
NOP (Continue Burst to End — Bank
L H H H X NOP Active)
L H H L X BST Burst Stop — Bank Active
Terminate Burst, New Read;
L H L H | BA, CA, AP | READ/READA Determine AP
Terminate Burst, Start Write; *
L H L L | BA CA, AP | WRIT/WRITA Determine AP 4
L L H H BA, RA ACTV lilegal 2
Terminate Burst, Precharge — Idle;
L L H L BA, AP PRE/PALL. Determine Precharge Type
L L L H X REF/SELF lllegal
L L L L MODE MRS lilegal
Write 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 Burst Stop — Bank Active
Terminate Burst, Start Read:;
L H L H | BA, CA AP | READ/READA Determine AP
Terminate Burst, New Write;
L H L L | BA,CA AP | WRIT/WRITA Determine AP
L L H H BA, RA ACTV Hiegal 2
Terminate Burst, Precharge —
ldle; Determine Precharge N
L L H L BA, AP PRE/PALL Type (PALL may affect other 4
banks.)
L L L H X REF/SELF Hiegal
L L L L MODE MRS iMegal
(Continued)



MB811 643242A-1 25/-100/-84/-67

Cgtr;?gt CAS Addr Command Notes
23%(? with X DESL sgzh(gggtilu% Iz;Jrst to End —
Precharge

X NOP sgsh(a(iggtguled 'E;stt to End —
X BST liegal
BA, CA, AP | READ/READA |lllegal
BA, CA, AP | WRIT/WRITA |lllegal
BA, RA ACTV flegal 2
BA PRE Hlegal *2
AP PALL ilegal
X REF/SELF  |lllegal
MODE MRS lllegal
X\Lr:ge_ with X DESL ggsh(;)’ggtilu% lIg;lrst to End —
Precharge
X NOP I;lgih(gggtgu% llz;xrst to End —
X BST llegal
BA, CA, AP | READ/READA |lllegal
BA, CA, AP | WRIT/WRITA |lliegal
BA, RA ACTV lllegal *2
BA PRE lllegal 2
AP PALL ltlegal
X REF/SELF  |lllegal
MODE MRS llegal
(Continued)

BN 3?°4975L 0027903 469 W



Current

|

State CAS Addr Command Function Notes
Precharge X DESL NOP (ldle after trr)
X NOP NOP (ldle after tre)
X BST NOP (ldle after trp)
BA, CA, AP | READ/READA |lliegal *2
BA, CA, AP | WRIT/WRITA |lllegal *2
BA, RA ACTV legal *2
BA, AP PRE/PALL E;i)(PALL may affect other *g
X REF/SELF |lliegal
MODE MRS llegal
Bank X DESL NOP (Bank Active after trcp)
Activating
X NOP NOP (Bank Active after trep)
X BST NOP (Bank Active after trep)
BA, CA, AP | READ/READA |lllegal *2
BA, CA, AP | WRIT/WRITA |lllegal *2
BA, RA ACTV llegal *2, 8
BA PRE Illegal *2
AP PALL liegal
X REF/SELF  |lliegal
MODE MRS lilegal
(Continued)
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Current

State Command Function Notes
Write H X X X X DESL NOP (Bank Active after tws)
Recovering
L H H H X NOP NOP (Bank Active after twr)
L H H L X BST NOP (Bank Active after twr)
L H L H | BA,CA, AP | READ/READA |Start Read; Determine AP *4
L H L L BA, CA, AP | WRIT/WRITA |New Write; Determine AP
L L H H BA, RA ACTV llegal 2
L L H L BA PRE llegal 2
L L H L AP PALL Negal
L L L H X REF/SELF  |lllegal
L L L L MODE MRS llegal
Write H X X X X DESL NOP (Precharge after lrwi)
Rgcovering
‘AVSPO_ L H H H X NOP NOP (Precharge after law.)
precharge | | |y | H | L X BST llegal
L H L H | BA,CA, AP | READ/READA |lllegal *2
L H L L | BA CA AP | WRIT/WRITA |lllegal *2
L L H H BA, RA ACTV llegal 2
L L H L BA PRE lllegal *2
L L H L AP PALL lllegal
L L L H X REF/SELF |lilegal
L L L L MODE MRS lllegal
(Continued)
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MB811643242A-125/-100/-84/-67

(Continued)
Cg{;tegt CS |RAS |CAS | WE Addr Command Function Notes
Refreshing H X X X X DESL NOP (idle after trc)
L H H X X NOP/BST NOP (Idle after tre)
READ/READA/
L H L X X WRIT/WRITA llegal
ACTV/
L L H X X PRE/PALL llegal
REF/SELF/
L L L X X MRS lllegal
Mode H X X X X DESL NORP (ldle after Imrp)
Register
Setting L H H H X NOP NOP (ldle after Ivro)
L H H L X BST lNlegai
READ/READA/
L H L X X WRIT/WRITA ltlegal
ACTV/PRE/
L L X X X PALL/REF/ | lllegal
SELF/MRS
ABBREVIATIONS:

RA = Row Address
CA = Column Address

BA = Bank Address
AP = Auto Precharge

B 37°4975bL 0027906 174 WA




COMMAND TRUTHTABLE FOR CKE

MB811643242A-125/-100/-84/-67

Current

CKE

B 3749756 0027907 OOy W

State -1 C'éE CS |RAS |CAS | WE Addr Function Notes
Self- H X X X X X X Invalid
refresh
L H H X X X X Es)(éﬁfi?aiff;;zfr:esgcovery — ldle after trc)
L H L H H H X sttietlfiilffr_;?:esgcovery — ldle after tac)
L H L H H L X lllegal
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 |dle after tac
H H L H H H X Idle after tac
H H L H H L X lllegal
H H L H L X X Illegal
H H L L X X X llegal
H L X X X X X Ilegal
(Continued)
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14

ng(tegt %'_(F CﬁE CS |RAS |CAS | WE Addr Function Notes
Power H X X X X X X Invalid
Down
H X X X X
L H Exit Power Down Mode — Idle
L H H H X
L L X X X X X NOP (Maintain Power Down Mode)
L H L L X X X lllegal
L H L H L X X lllegal
L H L H H L X lllegal
All H H H X X X Refer to the Operation Command Table.
Banks
idle H H L H X X Refer to the Operation Command Table.
H H L L H X Refer to the Operation Command Table.
H H L L L H X Auto-refresh
H H L L L L MODE Refer to the Operation Command Table.
H L H X X X X Power Down *6
H L L H H H X Power Down *6
H L L H H L lllegal
H L L H L X X lliegal
H L L L H X X llegal
H L L L L H X Self-refresh *6
H L L L L L X lllegal
L X X X X X X Invalid
(Continued)
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(Continued)

Cyirent | CKE |\ CKE | ©5 | RAS |TAS | WE | Addr Function Notes
Bank Active | H H X X X X X Refer to the Operation Command Table.
Bank
Activating H L X X X X X Begin Clock Suspend next cycle
Read/Write
Write Lo H| X | X | x| X X Exit Clock Suspend next cycle
Recovering

L L X X X X X Maintain Clock Suspend
Clock H X X X X X X Invalid
Suspend
L H X X X X X Exit Clock Suspend next cycle
L L X X X X X Maintain Clock Suspend
Any State L X X X X X X Invalid
Other Than
Listed H H X X X X X Refer to the Operation Command Table.
Above
H L X X X X X lllegal
Notes: *1. All entries assume the CKE was High during the proceeding clock cycle and the current clock cycle.
*2.  Illlegal to bank in specified state; entry may be legal in the bank specified by BA, depending on the state
of that bank.
*3. lllegal if any bank is not idle.
*4. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
*5. NOP to bank precharging or in idle state.
May precharge bank spesified by BA (and AP).
*6. SELF command should only be issued after the last read data have been appeared on DQ.
*7. MRS command should only be issued on condition that all DQ are in High-Z.
*8. tmmo must be satisfied for other banks.
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MB811643242A-125/-100/-84/-67

B FUNCTIONAL DESCRIPTION

SDRAM BASIC FUNCTION

Three major differences between this SDRAM and conventional DRAMSs are: synchronized operation, burst mode,
and mode register.

The synchronized operation is the fundamental difference. An SDRAM uses a clock input for the synchronization,
where the DRAM is basically asynchronous memory although it has been using two clocks, RAS and CAS. Each
operation of DRAM is determined by their timing phase differences while each operation of SDRAM is determined
by commands and all operations are referenced to a positive clock edge. Fig 3 shows the basic timing diagram
differences between SDRAMs and DRAMs.

The burst mode is a very high speed access mode utilizing an internal column address generator, Once a column

addresses for the first access is set, following addresses are automatically generated by the internal column address
counter.

The mode register is to justify the SDRAM operation and function into desired system conditions. MODE REGISTER
TABLE shows how SDRAM can be configured for system requirement by mode register programming.

CLOCK (CLK) and CLOCK ENABLE (CKE)

All input and output signals of SDRAM use register type buffers. A CLK is used as a trigger for the register and
internal burst counter increment. All inputs are latched by a positive edge of CLK. All outputs are validated by the
CLK. CKE is a high active clock enable signal. When CKE = Low is latched at a clock input during active cycle, the
next clock will be internally masked. During idle state (all banks have been precharged), the Power Down mode
(standby) is entered with CKE = Low and this will make extremely low standby current.

CHIP SELECT (CS)

CS enables all commands inputs, RAS, TAS, and WE, and address input. When CS is High, command signals are

negated but internal operation such as burst cycle will not be suspended. If such a control isn’t needed, CS can be
tied to ground level.

COMMAND INPUT (RAS, CAS and WE)

Unlike a conventional DRAM, RAS, CTAS, and WE do not directly imply SDRAM operation, such as Row address
strobe by RAS. Instead, 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 FUNCTIONAL TRUTH TABLE in page 5.

ADDRESS INPUT (Ao to A1)

Address input selects an arbitrary location of a total of 524,288 words of each memory cell matrix. A total of fourtee
address input signals are required to decode such a matrix. 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 and the remainder of ten 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).

BANK SELECT (A2, A1)

This SDRAM has four banks and each bank is organized as 512 K words by 32-bit.

Bank selection by Az, A11 occurs at Bank Active command (ACTV) foliowed by read (READ or READA), write (WRIT
or WRITA), and precharge command (PRE).
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MB811643242A-125/-100/-84/-67

DATA INPUT AND OUTPUT (DQo to DQa1)

Input data is latched and written into the memory at the clock following the write command input. Data output is
obtained by the following conditions followed by a read command input:

trac ; from the bank active command when treo (min) is satisfied. (This parameter is reference only.)
teac ; from the read command when treo is greater than treo (min)
tac ; from the clock edge after trac and teac.

The polarity of the output data is identical to that of the input. Data is valid between access time {(determined by
the three conditions above) and the next positive clock edge (ton).

DATA IO MASK (DQMo to DQMs)

DQM is an active high enable input and has an output disable and input mask function. During burst cycle and when
DQMo to DQMs = High is latched by a clock, input is masked at the same clock and output will be masked at the
second clock later while internal burst counter will increment by one or will go to the next stage depending on burst
type. DQMo, DQM1, DQMz, DQMs controls DQo to DQ7, DQs to DQ1s, DQie to DQzs, DQ2«4 to DQar, respectively.

BURST MODE OPERATION AND BURST TYPE

The burst mode provides faster memory access. The burst mode is implemented by keeping the same Row address
and by automatic strobing column address. Access time and cycle time of Burst mode is specified as tac and tck,
respectively. The internal column address counter operation is determined by a mode register which defines burst
type and burst count length of 1, 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 1, the following combinations will be required:

Current Stage Next Stage Method (Assert the following command)

Burst Read Burst Read Read Command

Burst Road Burst Wiite 1st Step Mask Command (Normally 3 clock cycles)

2nd Step Write Command after lowo

Burst Write Burst Write Write Command

Burst Write Burst Read Read Command

Burst Read Precharge Precharge Command

Burst Write Precharge Precharge Command

The burst type can be selected either sequential or interleave mode if burst length is 2, 4 or 8. 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 least significant
address (= 0). The interleave mode is a scrambled decoding scheme for Ao and Az. If the first access of column
address is even (0), the next address will be odd (1), or vice-versa.

17
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MB811643242A-125/-100/-84/-67

When the full burst operation is executed at single write mode, Auto-precharge command is valid only at write
operation.

The burst type can be selected either sequential or interleave mode. But only the sequential mode is usable to the
full column burst. The sequential mode is an incremental decoding scheme within a boundary address to be
determined by burst length, it assigns +1 to the previous (or initial) address until reaching the end of boundary
address and then wraps round to least significant address (= 0).

Burst Starting Column .
Length Aed%esi , Sequential Mode Interleave
X X 0 0-1 0-1
2 X X 1 1-0 1-0
X 00 0-1-2-3 0-1-2-3
X 01 1-2-3-0 1-0-3-2
4 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
001 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-8
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
101 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
110 6-7-0~1-2-83-4-5 6-7-4-5-2-3-0-1
11 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0

FULL COLUMN BURST AND BURST STOP COMMAND (BST)

The full column burst is an option of burst length and available only at sequential mode of burst type. This full colum
burst mode is repeatedly access to the same column. If burst mode reaches end of column address, then it wraps
round to first column address (= 0) and continues to count until interrupted by the news read (READ) /write (WRIT),
precharge (PRE), or burst stop (BST) command. The selection of Auto-precharge option is illegal during the full
column burst operation except write command at BURST READ & SINGLE WRITE mode.

The BST command is applicable to terminate the burst operation. If the BST command is asserted during the burst
mode, its operation is terminated immediately and the internal state moves to Bank Active.

When read mode is interrupted by BST command, the output will be in High-Z.

For the detail rule, please refer to Timing Diagram-8.

When write mode is interrupted by BST command, the data to be applied at the same time with BST command will
be ignored.

BURST READ & SINGLE WRITE

The burst read and single write mode provides single word write operation regardiess of its burst length. In this
mode, burst read operation does not be affected by this mode.
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PRECHARGE AND PRECHARGE OPTION (PRE, PALL)

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 command (PRE).
With the Precharge command, SDRAM will automatically be in standby state after precharge time (tre).

The precharged bank is selected by combination of AP and A1, A1z when Precharge command is asserted. If AP

= High, all banks are precharged regardless of A, Asz (PALL). If AP = Low, a bank to be selected by Au, Az is
precharged (PRE).

The auto-precharge enters precharge mode at the end of burst mode of read or write without Precharge command
assertion.

This auto precharge is entered by AP = High when a read or write command is asserted. Refer to FUNCTIONAL
TRUTH TABLE.
AUTO-REFRESH (REF)

Auto-refresh uses the internal refresh address counter. The SDRAM Auto-refresh command (REF) generates
Precharge command internally. All banks of SDRAM should be precharged prior to the Auto-refresh command. The

Auto-refresh command should also be asserted every 16 ps or a total 4096 refresh commands within a 65.6 ms
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 function until cancelled by SELFX.

The Self-refresh is entered by applying an Auto-refresh command in conjunction with CKE = Low (SELF). Once
SDRAM enters the self-refresh mode, all inputs except for CKE will be “don’t care” (either logic high or low level
state) and outputs will be in a High-Z state. During a self-refresh mode, CKE = Low should be maintained. SELF
command should only be issued after last read data has been appeared on DQ.

Note: When the burstrefresh method is used, a total of 4096 auto-refresh commands within 64 ms must be asserted
prior to the self-refresh mode entry.

SELF-REFRESH EXIT (SELFX)

To exit self-refresh mode, apply minimum teoe after CKE brought high, and then the NOP command (NOP) or the
Deselect command (DESL) should be asserted within one tac period. CKE should be held High within one tre period
after teoe. Refer to Timing Diagram for the detail.

Itis recommended to assert an Auto-refresh command just after the tac period to avoid the violation of refresh period.

Note: When the burst refresh method is used, a total of 4096 auto-refresh commands within 64 ms must be asserted
after the self-refresh exit.

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 Operation Code. Refer to MODE REGISTER TABLE in page 35.

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 DQ is in Hi-Z.

The condition of the mode register is undefined after the power-up stage. It is required to set each field after
initialization of SDRAM. Refer to POWER-UP INITIALIZATION below.

| 3?'-&"1?5[; 0027913 308 W
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MB811643242A-125/-1 00/-84/-67

POWER-UP INITIALIZATION

The SDRAM internai condition after power-up will be undefined. It is required to foliow the following Power On
Sequence to execute read or write operation.

1.
2.
3.
4,
5.

Apply power and start clock. Attempt to maintain either NOP or DESL command at the input.
Maintain stable power, stable clock, and NOP condition for a minimum of 200 us.

Precharge all banks by Precharge (PRE) or Precharge All command (PALL).

Assert minimum of 8 Auto-refresh command (REF).

Program the mode register by Mode Register Set command (MRS).

In addition, it is recommended DQM and CKE to track Vcc to insure that output is High-Z state. The Mode Register
Set command (MRS) can be set before 8 Auto-refresh command (REF).

M 3749756 0027914 2uyy EE



MB811643242A-125/-100/-84/-67

Fig.2 — BASIC TIMING FOR CONVENTIONAL DRAM VS SYNCHRONOUS DYNAMIC RAM

<SDRAM>
Active Read/Write Precharge
CLK I | ' |
H : H : : — H :
CKE . .

tsi :<——>-:-<-—>: thi ! * X :

3

RS -_‘ ._— u
oS n -__ P
H : Read
WE n l<:>— u
L: Wnte
BA* BA*' : : . BA*
RA CA ————-: CAS Latency =1 '

<Conventional DRAM> Burst Length = 4

* Row Address Select . Column Address Select + Precharge

|

s
>
@

5
o
N

K\
N

*: BA = BAo (Ar2) and BA1 (A1)

M 3749756 0027915 180 WE
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MB811643242A-125/-100/-84/-67

MINIMUM CLOCK LATENCY OR DELAY TIME FOR 1 BANK OPERATION

Second
command <
same <
ank)| @ £ 2 o 'u:: = w 3 w 5
= (8] [ ﬁ = o E <L % 0]
First < (i d o = o »n
command
o
MRS ImrD IMrRD . “i‘“ A f - ImMrO IMRD
— - és e = 0
ACTV jj; o tRep trco trep trep tras tras
-
READ . 1 1 1 1 1 1
.
- = . .
BL BL BL BL
READA + + + +
trp trp trp tep
s T
WRIT twr twr 1 1 trwL tRwL
BL BL BL BL
WRITA + + + +
tap trp tre trp
l3 o
PRE trp tre tre trP
"3
PALL trp trp trp tre
REF tre tre tre tre
SELFX tre tre tre tre
Notes: *1. Assume no /O conflict.

*2. I trp < tek, minimum latency is a sum of BL + CL.

*3. Assume output is in High-Z state.

legal Command
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MB811643242A-125/-100/-84/-67

MINIMUM CLOCK LATENCY OR DELAY TIME FOR 4 BANK OPERATION

Second
commtahnd < <
other
ank) 44 et 2 o E o] w - LL %
[ < T 0 < w w
= (8] L L = o o o 15
First < o [ = w
command
MRS ImMrD IMrD - Imro Imro
- . -2 . B
ACTV | | o 1 1 1 1 1 tras
-
2 2
o . -3 3
READ . . 1 1 1 1 1 1 tras
"1 *1
4 "4
READA 1 1 BL BL
+ +
k trp trr
12 *2 S
WRIT 1 1 1 1 1 1 tras
B B
BL BL
WRITA 1 1 + N
trr trp
~ 2 2 I -
PRE trp 1 1 1 1 1 1 tras trP trp
a5 & t1 n1
6 "6
PALL tre trp 1 1 trp tre
REF tre tre tre tre
SELFX tre tre tre tre
Notes: *1. Assume opposite bank is in idle state.

*2.  Assume opposite bank is in active state.
*3.  Assume no /O conflict.
*4. I tap < tox, minimum latency is a sum of BL + CL.

*5.  Assume PALL command dose not affect any operation on opposite bank.
*6. Assume output is in High-Z state.
*7. Assume an opposite bank is active and tras is satisfied.

llegal Command

23
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BANK
ACTIVE
POWER
DOWN

MODE

REGISTER

SET

Fig.3 — STATE DIAGRAM (Simplified State Diagram)

CKE\

CKE

BST

POWER PRE or PALL
ON
POWER
APPLIED
—___>

DEFINITION OF ALLOWS

Manual > Automatic
input Sequence

CKE\(PD)

AUTO
REFRESH

ACTV

BANK
ACTIVE
BST

READA
CKE\ READ

- READ SUSPEND
B WR.T ) CKE |

WRITA ‘ READA

54 READ WITH
rF AUTO
PRECHARGE

PRECHARGE
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W ABSOLUTE MAXIMUM RATINGS (See WARNING)

Parameter

Symbol Value Unit
Voltage of Vce Supply Relative to Vss Vee, Veea -0.5t0 +4.6 \
Voltage at Any Pin Relative to Vss Vin, Vour -0.51t0 +4.6 \
Short Circuit Output Current lour —50 to +50 mA
Power Dissipation Po 1.0 w
Storage Temperature Tsta -55 10 +125 °C

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

B RECOMMENDED OPERATING CONDITIONS

(Referenced to Vss)

Parameter Notes Symbol Min. Typ. Max. Unit
Vec, Veeca 3.0 3.3 3.6 \
Supply Voltage Ves, Vesa 5 5 5 v
Input High Voltage " ViH 2.0 — Vee + 05 Vv
Input Low Voltage 2 Vi -0.5 — 0.8 Vv
Ambient Temperature Ta 0 — 70 °C

Notes: *1.
*2.

WARNING:

Overshoot limit: Vik (max.) = Vee +1.5 V (Veea +1.5 V) with a pulse width < 5 ns.
Undershoot limit: Vi. {min.) = ~1.5 V with a pulsewidth <5 ns.

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.

Il CAPACITANCE

(Ta=25°C, f=1 MH2)

Parameter

Symbol Typ. Max. Unit
Input Capacitance, Address Cwn — 5 pF
Input Capacitance, Except for address Cinz — pF
1/0 Capacitance Cwo — 7 pF

B 3749756 0027919 &2 WM
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MB811643242A-125/-100/-84/-67

B DC CHARACTERISTICS
(At recommended operating conditions unless otherwise noted.) Notes 1, 2

26

M 3749756 0027920 S48 WA

. Value
Parameter Symbol Condition - Unit
Min. Max.
Output High Voltage Vorpe) | lon=-2 mA 24 — Vv
Output Low Voltage Voupey [lou=2mA — 0.4 \Y
0V <Vin< Ve
Input Leakage Current (Any Input) I All other pins not under -10 10 LA
test=0V
0V <Ving Ve
Output Leakage Current lo Data out disabled -10 10 A
MB811643242A-125 T.B.D.
MB811643242A-100 Burst Length = 4 T.B.D.
CL=2 tck = min. — mA
MB811643242A-84 tac = min. T.B.D.
MB811643242A-67 at each operation (*15) T.B.D.
lccis | One bank active
MB811643242A-125 0V <Vin<Vee 180
MB811643242A-100 Output open 150
CL=3 addresses are changed — mA
Operating Current MB811643242A-67 T.B.D.
(Average Power
Supply Current) MB811643242A-125 T.B.D.
MB811643242A-100 Burst Length = 4 T.B.D.
CL=2 tck = min. — mA
MB811643242A-84 tre = min. T.B.D.
MB811643242A-67 at each operation (*15) T.B.D.
fccio |2 banks active
MB811643242A-125 0V <Vin<Ves 293
MB811643242A-100 Output open 240
CL=3 addresses are changed — mA
MB811643242A-67 T.B.D.
CKE =Vu
All banks idle
lcczr | tok = min. — 3 mA
Power down mode
Precharge Standby Current 0V <Vws<Vee
(Power Supply Current) CKE = Vv
All banks idle
lccors | tok =% — 2 mA
Power down mode
0V <VngVee
(Continueqd)




MB811643242A-125/-100/-84/-67

Parameter

Symbol

Condition

Value

Min.

Max.

Unit

Precharge Standby Current

(Power Supply Current)

lecen

CKE =V

NOP commands only
All banks idle

tex = min.

0V <VingVee

Input signals are
changed one time during
3 clock cycles

20

mA

locans

CKE =Vmn

All banks idle

fok = x

Input signals are stable

T.B.D.

mA

Active Standby Current
(Power Supply Current)

fccap

CKE =Vu

Any bank active
tck = min.

0V <VingVee

mA

lccaps

CKE =Vu

Any bank active

fock = x

Input signal are stable.

mA

lecan

CKE = Vi

NOP commands only
Any bank idle

tek = min,

OV <VingVee

Input signals are
changed one time during
3 clock cycles

71

mA

lccans

CKE =Vi

Any bank active

fck = %

Input signal are stable.

T.B.D.

mA

CL=2

Burst mode Current
(Average Power

MB811643242A-125

MB811643242A-100

MB811643242A-84

MB811643242A-67

Supply Current)

Cl=3

MB811643242A-125

MB811643242A-100

MB811643242A-84

MB811643242A-67

lcca

ek = min.

Outputs open

0V <VingVee

Any bank active
gapless data, burst
fength = 4,

Addresses are changed
only one time during tcx
{min.)

T.B.D.

T.B.D.

T.B.D.

T.B.D.

mA

216

179

T.B.D.

T.B.D.

mA

B 3749756 0027921 444y HE
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MB811643242A-125/-100/-84/-67

(Continued)
Value
Parameter Symbol Condition - Unit
Min. Max.
MB811643242A-125 Auto-Refresh: 230
Refresh Gurrent #1 MB811643242A-100 tcﬂt:'mienres ’ 182
{Average Power lccs L — mA
Supply Current) MB811643242A-84 g'f/ = r\n/'n-< v T.B.D.
S VINS VCC
MB811643242A-67 T.B.D.
Refresh Current #2 lecs geKIER:e\f/rfsh; —_ 2 mA
(Average Power Supply Current) 0V <Vin< Voo

B 3749?56 0027922 310 M




B AC CHARACTERISTICS
(At recommended operating conditions unless otherwise noted.) Note 2, 3, 4

MB811643242A | MB811643242A | MB811643242A | MB811643242A
Parameter Notes Symbol 125 -100 -84 i Unit
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.

CL=2 12 15 17 20 ns
Clock Period tex — — — —

CL=3 8 10 12 15 ns
Clock High Time ten 35 —_ 35 — 4 — 4 — ns
Clock Low Time toL 3.5 — 3.5 — 4 — 4 — n
Input Set Up Time tsi 25 — 3 —_ 3 — 3 — ns
Input Hold Time i 1 — 1 — 1 — 1 — ns
Access Time CL=2 9 9 10 10 | ns
from Clock tac . . . _
(tck = min)

5 6 CL=3 7.5 85 85 9 n

Output in Low-Z *7 tz 2 — 3 — 3 — 3 — ns

CL=2 9 9 10 10 ns
Output in High-Z *7 tHz 2 3 3 3

CL=3 7.5 8.5 8.5 9 ns
Output Hold Time *7 tom 2 — 3 — 3 — 3 — ns
Time between Refresh *14|  trer — 65.6 — 65.6 — 65.6 — 656 | ms
Refresh Interval *14 | trer — 15.6 — 15.6 — 15.6 — 156 | us
Transition Time tr 0.5 2 0.5 2 0.5 2 0.5 2 ns
Power Down Exit Time troe 3 — 3 — 4 — 5 — ns

29
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MB811643242A-125/-100/-84/-67

BASE VALUES FOR CLOCK COUNT/LATENCY

MB811643242A | MB811643242A | MB811643242A | MB811643242A
Parameter Notes | Symbol 125 100 34 67 Unit

Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
RAS Cycle Time *8 tro 77 — 90 — 100 — 110 — ns
RAS Access Time *9|  trac — 45 — 54 — 56 — 60 ns
CAS Access Time 10,13 | tcac — 21 — 24 — 26 — 30 ns
RAS Precharge Time tre 29 — 30 — 35 — 40 — ns
RAS Active Time tras 48 |100000| 60 | 1700000 | ©5 |100000| 70 |100000| ns
RAS to CAS Delay Time  *11| treo 24 — 30 — 30 — 30 — ns
Write Recovery Time twr 8 — 10 — 12 — 15 — ns
‘S’;:ta‘i,t%greecr‘arge Read twe | 8 | — [ 10| — | 12| — | 15| — |ns
ﬁﬁﬁn—? Bank Active o | 24 | — | 30 | — |3 | — |3 | — |ns

CLOCK COUNT FORMULA Note 13

Base Value
Clock 2 Clock Period

M 3749756 0027924 193 W
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LATENCY - FIXED VALUES
(The latency values on these parameters are fixed regardless of clock period.)

Parameter Notes |Symbol MB31 _1162453242A MBS1_1166I3242A MB81 1 323242A MBs11_gl;3242A Unit
CKE to Clock Disable leke 1 1 1 1 cycle
DQM to Output in High-Z Ibaz 2 2 2 2 cycle
DQM to Input Data Delay loap 0 0 0 0 cycle
Last Output to Write Command
Delay lowo 2 2 2 2 cycle
Write Command to Input Data
Delay fowp 0 0 0 0 cycle
Precharge to Output | CL =2 o 2 2 2 2 cycle
in High-Z Delay CL=3 3 3 3 3 cycle
Burst Stop Command |CL =2 2 2 2 2 cycle
to Output in High-Z lasn
Delay CL=3 3 3 3 3 cycle
Mode Register Access to Banks
Active IMRD 2 2 2 2 cycle
CAS to CAS Delay (min.) leco 1 1 1 1 cycle
CAS Bank Delay (min.) lceo 1 1 1 1 cycle
Write to Precharge Lead Delay frwL. 1 1 1 1 cycle
Notes: *1. lcc depends on the output termination or load conditions, clock cycle rate, signal clocking rate and
address change; the specified values are obtained with the output open and no termination register
and one time address change.
2. An initial pause (DESL or NOP) of 200 us is required after power-up followed by a minimum of eight
Auto-refresh cycles.
*3.  AC characteristics assume tr = 1 ns and 50 pF of capagcitive load.
4. 1.4Visthe reference level for measuring timing of input signals. Transition times are measured between
ViH (min) and ViL (max). (See Fig. 5)
*5.  Maximum value of CL = 2 depends on tcx.
6. tac also specifies the access time at burst mode except for first access.
*7. Specified where output buffer is no longer driven. tow, iz, and tnz define the times at which the output
level achieves £200 mV.
*8.  Actual clock count of trc (Inc) will be sum of clock count of tras (Iras) and tre (IrP).
*9.  trac is a reference value. Maximum value is obtained from the sum of taco {min) and tcac (max).

*10. teac is a reference value.

“11. Operation within the taco (min) ensures that trac can be met: if treo is greater than the specified trco
(min), access time is determined by tcac or tac.

*12.  All base values are measured from the clock edge at the command input to the clock edge for the next
command input. All clock counts are calculated by a simple formula: clock count equals base value
divided by clock period (round off to a whole number).

*13. The tcac depends on the CAS latency.

*14. When the burst refresh method is used, a total of 4096 auto-refresh commands within trer must be
asserted. When the distributed refresh method is used, refresh intervals must be less than trer.

*15. The value of tac depends on CAS latency and speed version. In a case of CL = 2, tac = 9 x tcx (-125),

8 x fox (-100/-84/-67). In a case of CL = 3, tac = 11 x tok (-125), 10 x tox (-100/-84/-67).

B 374975L 0C27925 02T IR
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MB811643242A-125/-1 00/-84/-67

Fig.4 — EXAMPLE OF ACTEST LOAD CIRCUIT

R1 =500

Output o f\/\/\/\—o 1.4V

—— CL=50pF

LVTTL

Note: AC characteristics are measured in this condition. This load circuits are not applicable for Vor and Vo.

32
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MB811643242A-125/-100/-84/-67

Fig.5 — TIMING DIAGRAM, SETUP, HOLD AND DELAY TIME

e -
ten oL
~— |
24V
=00V
CLK 1.4V y
0.2y \ 0.8V “ \
tr tr
—
tsi thi
—-g
Input 50V 2.4V
(Control, 1.4V
Addr. & Data) 98V 0.4V
b tac thz
|t}
fz ton
2.4V
Output 14V
0.4V

Note: Reference level of input signal is 1.4 V for LVTTL.
Access time is measured at 1.4 V for LVTTL. AC characteristics are measured in this condition.

Fig. 6 — TIMING DIAGRAM, DELAY TIME FOR POWER DOWN EXIT

,L
CLK Don’t Care
N
troe (min) 1 clock (min)
— g} ——
CKE
1
12
)\
/

Command Don't Care )L >< NOP >< NOP >< ACTV X
/

33
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MB811643242A-125/-100/-84/-67

Fig.7 — TIMING DIAGRAM, PULSE WIDTH

e\ _\_/—\_g

-—
Input
(Control) ><><>< COMMAND ><><><

value from the rising edge of CKE.

Measurement reference voltage is 1.4 V.

troe, trR, tRas, trep, trw, trRD

o

XX e XX

Note: This parameter is a limit value of the rising edge of the clock from one command input to next input. teoe is the latency

Fig. 8 — TIMING DIAGRAM, ACCESS TIME

[\

/ Q (Valid)

VAR AUV AR
trac
- P
= O\
trco tcac
-l Po-tea— —-
- A
(CAS Latency —1) x tex tac
g —
- A
(Output)

Note: trac and tcac are reference values. Data can be obtained after tac is satisfied.
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MB811643242A-125/-100/-84/-67

B MODE REGISTERTABLE

MODE REGISTER SET

Az | An | Ao | As As A7 As As Aq As Az Ar Ao | ADDRESS

olo|o|dlo]o cL BT BL REdODE
As As | As | CAS Latency Burst Length
Ao Ad Ao
0 0 0 Reserved BT=0 BT =1
0 0 1 Reserved 0 0 0 1 Reserved
0 1 0 2 0 0 1 2 2
0 1 1 3 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 Reserved 1 0 1 Reserved Reserved
1 1 1 Reserved 1 1 0 Reserved Reserved
1 1 1 Full Column Reserved
¥ Y

Ao Op-code Aa Burst Type

0 Burst Read & Burst Write 0 Sequential (Wrap round, Binary-up)

1 Burst Read & Single Write 1 Interleave (Wrap round, Binary-up)

Notes: 1. When Ae = 1, burst length at Write is always one regardless of BL value.
2. BL =1 and Full Column are not applicable to the interleave mode.

B 3749756 0027929 775 WA
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MB811643242A-125/-100/-84/-67

TIMING DIAGRAM —1 : CLOCK ENABLE - READ AND WRITE SUSPEND (@BL=4)

Tl alalalalalia
U W W

lexe (1 clock)! lexe (1 clock)!

——.»

men [\ R SV

DQ > 5
(Read) a1 Q2 {NO GHANGE) Q3 (NO CHANGE) Q4

DQ 3 3

(Write) D1 NOT WRITTEN D2 NOT WRITTEN, D3 D4

Notes: 1. The latency of CKE (lexe) is one clock.

2. During read mode, burst counter will not be incremented/decremented at the next clock of CSUS command. Output
remain the same data.

3. During the write mode, data at the next clock of CSUS command is ignored.

TIMING DIAGRAM -2 : CLOCK ENABLE - POWER DOWN ENTRY AND EXIT

w U0 M L
Bt

~—

1 clock
CKE

trol P
r T e ™) ]

Command X NOP' XPD(NOP)2X DON’TCAHEX Nop 3 X nop3 X ACTV X

I¢ trer (max) >

Notes: 1. Precharge command (PRE or PALL) should be asserted if any bank is active and in the burst mode.
2. Precharge command can be posted in conjunction with CKE after the last read data have been appeared on DQ.

3. The ACTV command can be latched after teoe (min) + 1 clock {min). Itis recommended to apply NOP command in conjunction
with CKE. Itis also recommended to apply minimum of 4 clocks to stabilize external clock prior to ACTV command.

S—
—p—

et s
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MB811643242A-125/-100/-84/-67

TIMING DIAGRAM —- 3 : COLUMN ADDRESS TO COLUMN ADDRESS INPUT DELAY

A
o\ L\ U
RAS \ /
leco
taco (min) (1 clock) lcep lcep leco
-

i VAN AL LS
Add ROW COLUMN | COLUMN \ COLUMN J COLUMN V COLUMN

ress ADDRESS ADDRESS ) ADDRESS A ADDRESS A ADDRESS A ADDRESS

1 |

Note: CAS to TAS address delay can be one or more clock period.

TIMING DIAGRAM - 4 : DIFFERENT BANK ADDRESS INPUT DELAY

L AR U AU B B AR A
tRRD (min)
|l — P
RAS \ [ \ /
treo (min) Icap lep
|- —
A AN LA T
taco (min)
-}
Address ROW ROW COLUMN COLUMN COLUMN COLUMN
ADDRESS ADDRESS ADDRESS ADDRESS ADDRESS ADDRESS
]
BA Bank 0 / / Bank 1 Bank 0 Bank 1 Bank 0 Bank 1

B 3749756 0027931 323 W
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MB811

643242A-125/-100/-84/-67

TIMING DIAGRAM -5 : DQM - INPUT MASK AND OUTPUT DISABLE (@ BL =4)
AR B R B AR AR A
DQM \

(@ Read)
Ipaz (2 clocks)
- | —
DQ ‘ < . < >
(@ Read) a X Qz Hi-Z a4 End of burst
DQM
(@ Write)
loco (same clock)

DQ vV
(@ Write) D1 MASKED - D3 D4 N Endorturet

TIMING DIAGRAM - 6 : PRECHARGE TIMING (APPLIED TO THE SAME BANK)
ax \_ [\ (A

tras (min)

Command X ACTV X XPRECHARGEX
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MB811643242A-125/-100/-84/-67

TIMING DIAGRAM -7 : READ INTERRUPTED BY PRECHARGE (EXAMPLE @ CL =2, BL

= 4)

N\ U
Command XPRECHARGEX
L Iron (2 clocks)
I -
DQ { o \_Hi-Z
Command XPRECHARGEX
L Iron (2 clocks)
I
DQ { at X Q2 1/ H-2
Command XPRECHAHGEX
l IroH (2 clocks)
|
Hi-Z
DQ / (@)} X Q2 X Q3 \
\ /
Command XPHECHARGEX

[ No effect (end of burst)

f -

DQ <Q1XQZXQ3XQ4‘>———

Note: in case of CL = 2, the Iron is 2 clock.
In case of CL = 3, the Iron is 3 clock,

B 3749?56 0027933 1TL HW
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MB811 6432421 25/-100/-84/-67

TIMING DIAGRAM - 8 : READ INTERRUPTED BY BURST STOP (EXAMPLE @ BL = 8)

w AU

\

Command X BST X
(CL=2)
lesH (2 clocks)
DQ X Qn—z X Qn—1 X Qn X Qn+1 ‘\ HI-Z
/
Command X BST X
(CL=3)

lesm (3 clocks)

—

DQ X Qnz X Qm X Qo X Qe X Qe /L 2

2. The BST command is valid for all burst lengthes (1, 2, 4, 8 and full column).

Notes: 1. Inacaseof CL=2and BL=8,“n"shouldbe 1 <n<6. When“n"is7<n< 8, the BST command takes no effect.
Inacaseof CL=8andBL=8,“n"shouldbe 1 <n<5. When“n"is6<n < 8, the BST command takes no effect.

Command ST X COMMAND

ba e\ iseskes”
DATA-IN " _byBST __ L

TIMING DIAGRAM -9 : WRITE INTERRUPTED BY BURST STOP (EXAMPLE @ BL =2)

mﬂxﬁux \_/
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MB811643242A-125/-100/-84/-67

TIMING DIAGRAM — 10 : WRITE INTERRUPTED BY PRECHARGE (EXAMPLE @ CL = 3)

RS ATRTATASAYS
conmrs | et § | e | =
':WL(mm >I< o i $|

. Last Masked \
ble < Datain X Data-In >< byPRE /

Note: The precharge command (PRE) should only be issued after the taww of final data input, is satisfied.

TIMING DIAGRAM — 11 : READ INTERRUPTED BY WRITE (EXAMPLE @ CL = 3, BL = 4)

Command READ X WRIT X
LoL L
DQM \ / 4 N N
Note 1 Note 2 Note 3
Ipaz (2 clocks) 4 + lowo (same clock)

DQ DATA OUT DATA iN X DATA IN X
Masked

Notes: 1. First DOM makes high-impedance state High-Z between last output and first input data.
2. Second DQM makes internal output data mask to avoid bus contention.

8. Third DQM in illustrated above also makes internal output data mask. If burst read ends (final data output) at or after th
second clock of burst write, this third DQM is required to avoid intemal bus contention.

B 3749756 0027935 T79 W

41




42

MB811643242A-125/-100/-84/-67

TIMING DIAGRAM - 12 : WRITE TO READ TIMING (EXAMPLE @ CL = 3,BL = 4)

e\ LS (AW
twr (min)
Command X WRIT X X READ X
DQM \
teac (min)

/ ~ \ D3

DQ k D1 D2 / Macked (@)} Q2
by Read

Note: Read command should be issued after tws of final data input is satisfied if read command is applied to the same bank.

TIMING DIAGRAM - 13 : READ WITH AUTO-PRECHARGE
(EXAMPLE @ CL = 2, BL = 2 Applied to same bank)

RN W RN
! tras (mln) tre (Min)

Command x ACTV X w READA K NOP or DESL x ACTV X

2 clocks

i “ (same value as BL) |

]

D

a P\ [
)]

bQ /101 X Q2 )
|

Note: Precharge at read with Auto-precharge command (READA) is started from “BL” number of clocks after the READA
command is asserted.
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TIMING DIAGRAM — 14 : WRITE WITH AUTO-PRECHARGE
(EXAMPLE @ CL =2, BL = 2 Applied to same bank)

o\ T\ \L\ﬂ)ﬂ

[
tras (min) tre (Min

. I
)
Command ACTV . WRITA NOP or DESL ACTV
1

lrwe

{
If \
DQM /
{
il

DQ { D1 X D2 )—

Note: In a case of CL = 2, precharge at write with Auto-precharge command (WRITA) is started from “BL” number of clocks after
the WRITA command is asserted. In a case of CL = 3, precharge at write with Auto-precharge command is started from
“BL+1” number of clocks after the WRITA command.

Even if the final data is masked by DQM, the precharge does not start the clock of final data input.
Once Auto-precharge command is asserted, no new command within the same bank can be issued.
Auto-precharge command doesn't affect at full column burst operation except Burst Read & Single Write mode.

MB811643242A-125/-100/-84/-67

TIMING DIAGRAM — 15 : AUTO-REFRESH TIMING

o\ J(_\ ) U( _
Command K REF 1 X NOP 3 X NOP X NOP X X NOP XCOmmand 4X

REF
| tre (min) | tre (min) l
BA KDON’T CAREX X X XDON’T CAREX X BA X

Notes: 1. Al banks should be precharged prior to the first Auto-refresh command (REF).
2. Bank selectis ignored at REF command. The refresh address and bank select are selected by internal refresh counter.
3. Either NOP or DESL command should be asserted during tac period while Auto-refresh mode.

4. Any activation command such as ACTV or MRS command other than REF command should be asserted after trc from the
last REF comand.
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TIMING DIAGRAM - 16 : SELF-REFRESH ENTRY AND EXIT TIMING

ax \ ) f‘\_[) 1\
tsi troe (min)
(min) [ A\
)]
CKE
A\
7] trc {min)
-
- )-
Command X Nop1X SELFZX ) DON'T CARE X Nop3X SELFX X NOP 4XCommandX
1\
J )

Notes: 1. Precharge command (PRE or PALL) should be asserted if any bank is active prior to Self-refresh Entry command (SELF).
2. SELF command should be asserted after the last read data have been appeared on DQ.

3. The Self-refresh Exit operation s started from the rising edge of CKE. The Self-refresh Exit command (SELFX) is latched
after tros (min). It is recommended to apply NOP command in conjunction with CKE.
4. Either NOP or DESL command can be used during tac period.

5. CKE should be held high within one tre period after teoe.

TIMING DIAGRAM - 17 : MODE REGISTER SET TIMING

ImrD (min. 2 clocks)
'
Command X MRS X NOP or DESL X ACTV X
ROW
Address X MODE X X ADRESS

Notes: 1. The Mode Register Set command (MRS) should only be asserted after all banks have been precharged.
2. The MRS command should only be asserted on condition that DQ is in High-Z.
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B PACKAGE DIMENSIONS

86-pin plastic TSOP(II) *: Resin protrusion. (Each side: 0.15 {.006) MAX)
(FPT-86P-M01)
_____________________
AR 1ARARAAARRAARRARAARARRARARAARRRAAAR AR vt ,
l {
' :
l |
|
| 3 !
INDEX | %— :
| |
I 8" 0.45/0.75 !
b ! 08 (:018/.030) :
BSUUEHOUOEGUAENUUUUEEHENANUEHABHERARRENTE. = cmmm e -
LEAD No.(1)
*22,92:0.10(.875+£.004) . 11.76:0.20(.463+.008)
022258 1.20(.047)MAX 10.1620.10(.400+.004
7 | (.0097%2) [@10:10(004) @) (Mou(nting)height) L 201004002004 '} 0.145%%
| A (006257
A T T A A ( jL‘, fL
IS
0.50(020)TYP S0.100004)] (%; gz%gg)
21.00(.827)REF (STAND OFF)
© 1996 FLJITSU LIMITED F86001S-1G-1 Dimensions in mm (inches)
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