FUJITSU SEMICONDUCTOR
DATA SHEET

DS05-12101-2E

MEMORY

CMQOS 2 x 128K x 32

SYNCHRONOUS GRAM

MB81G83222-010/-012/-015

CMOS 2 BANKS OF 131,072-WORDS x 32-BIT
SYNCHRONOUS GRAPHIC RANDOM ACCESS MEMORY

m DESCRIPTION

The Fujitsu MB81G83222 is a CMOS Synchronous Graphic Random Access Memory (SGRAM) containing
8,388,608 memory cells accessible in an 32-bit format. The MB81G83222 features a fully synchronous operation
referenced to a positive edge clock whereby all operations are synchronized at a clock input which enables high
performance and simple user interface coexistence. The MB81G83222 SGRAM is designed to reduce the
complexity of using a standard dynamic RAM (DRAM) which requires many control signal timing constraints, and
may improve data bandwidth of memory as much as 5 times more than a standard DRAM.

The MB81G83222 is ideally suited for Graphics workstations, laser printers, high resolution graphic adapters,
accelerators and other applications where an extremely large memory and bandwidth are required and where a

simple interface is needed.

m ABSOLUTE MAXIMUM RATINGS (See NOTE)

Parameters Symbol Value Unit
Voltage of Vec Supply relative to Vss Vee, Veco -0.5t0 +4.6 \Y
Voltage at any pin relative to Vss Vi, Vour -0.5t0 +4.6 \%
Short Circuit Output Current lout +50 mA
Power Dissipation Po 1.2 W
Storage Temperature Tste -551t0 +125 °C

NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded. Functional
operation should be restricted to the conditions as detailed in the operational sections of this data sheet.
Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields. However, it is advised that normal precautions be
taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit.
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m PRODUCT LINE & FEATURES

Parameter MB81G83222-010 MB81G83222-012 MB81G83222-015

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 58 ns max. 67 ns max. 75 ns max.
CAS Access Time 28 ns max. 32 ns max. 35 ns max.
Access Time From Clock (CL=3) 9 ns min. 11 ns min. 12 ns min.
g&%ﬁg’;ﬁ’(ﬁgﬁ/’g 280 mA max. 245 mA max. 210 mA max.
Power Down Mode Current 2 mA max.

* Single +3.3V Supply £10% tolerance * Programmable burst type, burst length, and CAS

e LVTTL compatible I/O latency

» 1,024 refresh cycles every 16.4 ms 8 column block write function
» Dual bank operation » Write per bit function (old mask)
 Byte control by DQMo to DQMs * Auto-and Self-refresh
» Burst read/write operation and burst read/single « CKE power down mode

write operation capability » Output Enable and Input Data Mask

m PACKAGE

Marking Side

FPT-100P-M15

Plastic QFP Package

Package and Ordering Information

— 100-pin plastic QFP, order as MB81G83222-xxxPQ
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m PIN ASSIGNMENTS AND DESCRIPTIONS

Symbol Description
Vee, Vecq Supply Voltage
DQo to DQa1 Data I/O
Vss, Vsso Ground
DQMo to DQMs Input/Output Mask
WE Write Enable
CAS Column Address Strobe
RAS Row Address Strobe
cs Chip Select
DSF Special Function Enable
Ao (BA) Bank Select
AP Auto Precharge Enable
Ao to A, As Address Input Egmmn ﬁi tt?) ﬁi (As=AP)
NC No Connection
CKE Clock Enable
CLK Clock Input
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Fig. 1 - MB81G83222 BLOCK DIAGRAM
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m FUNCTION TRUTH TABLE
COMMAND TRUTH TABLE

Function Notes |Symbol CrE CS | RAS | CAS | WE |DSF| As | As |ArAo
n-1| n
Device Deselect 5 DESL H X H X X X X X X X
No Operation 5 NOP H X L H H H X X X X
Burst Stop 6 BST H X L H H L L X X X
Read 7 READ H X L H L H L \% L \%
Read With Auto-precharge 7 READA | H X L H L H L \% H \%
Write 7 WRIT H X L H L L L \% L \%
Write With Auto-precharge 7 WRITA H X L H L L L \% H \%
Block Write 7 BWRIT H X L H L L H \% L \%
Block Write with 7 BWRITA| H | X | L | H L | L|H| V| H]|V

Auto-precharge

Bank Active (RAS)

& WPB Disable 7 ACTV H X L L H H L \% \% \%
gm‘;@chgéys) 8 ACTYM | H | X L | L H | H|H VvV Vv|vVv
Precharge Single Bank PRE H X L L H L L \% L X
Precharge All Banks PALL H X L L H L L X H X
Mode Register Set 9,10 MRS H X L L L L L \% L \%
Special Mode Register Set SMRS H X L L L L H L L \%
Notes:1. V= Valid, L = Logic Low, H = Logic High, X = either L or H.

Nogr~wON

©

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

All commands are assumed to be valid state transitions.

All inputs are latched on the rising edge of clock.

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

BST command is effective only during full column burst read or write.

READ, READA, WRIT, WRITA, BWRIT, and BWRITA commands should only be issued after the cor-
responding bank has been activated (ACTV or ACTVM command). Refer to STATE DIAGRAM.
ACTV and ACTVM commands should only be issued after corresponding bank has been precharged
(PRE or PALL command).

Required after power up.

MRS command should only be issued after all banks have been precharged (PRE or PALL command).
Refer to STATE DIAGRAM.
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m FUNCTIONAL TRUTH TABLE (Continued)
DQM TRUTH TABLE

. CKE .
Function Symbol DQMi
n-1 n
i-th Byte Write Enable / Output Enable ENBI H X
i-th Byte Data Mask / Output Disable MASKIi H X H
Notes:1. =0, 1,2, 3.
2. DQMo for DQo to 7, DQM: for DQs to 15, DQM:z for DQ1s to 23, DQMs3 for DQ2a t0 s1.
CKE TRUTH TABLE
Current State Function Notes |Symbol CKE CS | RAS | CAS | WE |DSF | A | A8 1A,
n-1| n (BA) | (AP)
Bank Active gﬂrc)'/‘ SuspendMode 4 legus | H L | X | X | X | X | X | X X | X
Any Clock Suspend continue 1 — L L X | X | X | X | X | X ]| X ]| X
Clock Suspend | Clock Suspend Mode Exit — L H|X | X ]| X | X | X | X]|] X |X
Idle Auto-refresh Command 2 REF | H | H L L L | H L| X | X | X
Idle Self-refresh Entry 2 SELF | H L L L L | H L | X | X | X
L | H LI H|H|]H| X | X | X | X
Self Refresh Self-refresh Exit SELF
X LIH H|X | X|X | X|X | X|X
H | L LI H|H|]H]| X | X | X | X
Idle Power Down Entry PD
H|L|H| X | X | X | X]| X ]| X ]| X
H | L LI H|H|]H| X | X | X | X
Prechatge Power Down Entry PD
H|L|H| X | X | X | X]| X ]| X ]| X
) H | L L L|H]J|L LV |L]|X
Back Active Power Down Entry 3 PD
H | L L L |H]J|L L | X | H]| X
. L | H L H|H|]H| X | X | X | X
Power Down Power Down EXxit —
L|H|H| X | 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. PD command should be issud after all banks have been precharged (PRE or PALL command). If a

bank or all banks are in active state, PD command can be issued in conjuction with PRE or PALL com-
mand whichever precharge command makes all banks in idle state.
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m FUNCTIONAL TRUTH TABLE (Continued)
OPERATION COMMAND TABLE (Aplicable to single bank)

ClSJtrg?gt CS | RAS | CAS | WE | DSF Addr Command Function Notes
Idle H X X X X X DESL NOP
L H H X X NOP NOP
L H H L L X BST NOP
L H L H L |BA, CA, AP | READ/READA | lllegal
L H L L L | BA, CA, AP | WRIT/WRITA |lllegal
L L H H L BA, RA ACTV Bank Active after teeo
L L H L L BA, AP PRE/PALL NOP
L L L H L X REF/SELF Auto-refresh or Self-refresh 3
L L L L L MODE MRS Mode Register Set (Idle after 3
trsc)
L L H H H BA, RA ACTVM Bank Active & Write Per Bit Enable
BWRIT/
L H L L H |BA, CA, AP BWRITA lllegal
SPECIAL Special Mode Register Set (Idle after
L L L L H MODE SMRS trsc)
Bank Active | H X X X X X DESL NOP
L H H H X X NOP NOP
L H L H L | BA, CA, AP | READ/READA |Begin Read ; Determine AP
L H H L L X BST NOP
L H L L L |BA, CA AP | WRIT/WRITA |Begin Write ; Determine AP
L L H H L BA, RA ACTV lllegal 2
L L H L L BA, AP PRE/PALL Precharge ; Determine Precharge
Type
L L L H L X REF/SELF lllegal
L L L L L MODE MRS lllegal
L L H H H BA, RA ACTVM lllegal
BWRIT/ o .
L H L L H | BA, CA, AP BWRITA Block Write ; Determine AP
SPECIAL . .
L L L L H MODE SMRS Special Mode Register Set
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m FUNCTIONAL TRUTH TABLE (Continued)
OPERATION COMMAND TABLE (Continued)

BWRITA

ClSJtrg?gt CS | RAS | CAS | WE | DSF Addr Command Function Notes
NOP (Continue Burst to End - Bank
Read H X X X X X DESL Active)
NOP (Continue Burst to End - Bank
L H H H X X NOP Active)
Burst Stop - Bank Active
L H H L L X BST (BL=Full Column)
NOP (BL=1, 2, 4, 8)
Terminate Burst, New Read ;
L H L H L | BA, CA, AP | READ/READA Determine AP
Terminate Burst, Start Write ;
L H L L L | BA, CA, AP | WRIT/WRITA Determine AP 4
L L H H L BA, RA ACTV lllegal 2
Terminate Burst, Precharge ;
L L H L L BA, AP PRE/PALL Determine Precharge Type
L L L H L X REF/SELF lllegal
MODE/
L L|L|L| X | SPECIAL SRSL - llegal
MODE
L L H H H BA, RA ACTVM lllegal 2
BWRIT/ Terminate Burst, Start Block Write ;
Lo H L L HIBACAAPT  BwRriTA Determine AP
. NOP (Continue Burst to End —
Write H X X X X X DESL Write Recovering)
NOP (Continue Burst to End -
L H H H X X NOP Write Recovering)
Burst Stop —» Write Recovering
L H H L L X BST - Bank Active (BL=Full Column)
NOP (BL=1, 2, 4, 8)
Terminate Burst, Start Read ;
L H L H L | BA, CA, AP | READ/READA Determine AP
Terminate Burst, New Write ;
L H L L L |BA, CA, AP | WRIT/WRITA Determine AP 4
L L H H L BA, RA ACTV lllegal 2
L L H L L BA, AP PRE/PALL Termlnate'Burst, Precharge ; 4
Determine Precharge Type
L L L H L X REF/SELF lllegal
MODE/
L L | L | L| X SPECAL SMNT% llegal
MODE
L L H H H BA, RA ACTVM lllegal 2
L H L L H | BA, CA, AP BWRIT/ Terminate Burst, Start Block Write ;

Determine AP
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m FUNCTIONAL TRUTH TABLE (Continued)
OPERATION COMMAND TABLE (Continued)

ClSJtrg?gt CS |RAS |CAS | WE DSF| Addr Command Function Notes
NOP (Continue Burst to End -
Block H X | X | X | X X DESL : ;
Write Write Recovering)
NOP (Continue Burst to End -
L H H H X X NOP Write Recovering)
L H H L L X BST lllegal
L H L H L |BA, CA, AP | READ/READA |lllegal
L H L L L |BA,CA AP | WRIT/WRITA | lllegal
L L H H L BA, RA ACTV lllegal
L L H L L BA, AP PRE/PALL | lllegal
L L L H L X REF/SELF |lllegal
MODE/
L L | L L| X SPECAL SMNFfFf’é lllegal
MODE
L L H H H BA, RA ACTVM lllegal
BWRIT/
L H L L H | BA, CA AP BWRITA lllegal
Read With H X X X X X DESL NOP (Continue Burst to End -
A Precharge)
uto
Precharge NOP (Continue Burst to End -
L H H H X X NOP Precharge)
L H H L L X BST lllegal
L H L H L |BA, CA, AP | READ/READA |lllegal 2
L H L L L |BA, CA AP| WRIT/WRITA |lllegal 2
Other Bank Active,
L L H H L BA, RA ACTV lllegal on same Bank 2
L L H L L BA, AP PRE/PALL |lllegal 2
L L L H L X REF/SELF |lllegal
MODE/
L L|L|L| X | SPECIAL SRSL - llegal
MODE
L L H H H BA, RA ACTVM lllegal
BWRIT/
L H L L H | BA, CA AP BWRITA lllegal
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m FUNCTIONAL TRUTH TABLE (Continued)
OPERATION COMMAND TABLE (Continued)

ClSJtrg?gt CS |RAS | CAS | WE | DSF|  Addr Command Function Notes
: : NOP (Continue Burst to End -
X\ﬁtlée with H X X X X X DESL Write Recovering with Precharge)
Precharge NOP (Continue Burst to End -
/Block L H H H X X NOP Write Recovering with Precharge)
Write With
Auto LI H H L |L X BST lllegal
Precharge Other Bank Read,
L H L H L | BA, CA, AP | READ/READA lllegal on same Bank 2
Other Bank Write,
L H L L L |BA, CA AP | WRIT/WRITA lllegal on same Bank 2
L L H H L BA, RA ACTV lllegal 2
L L H L L BA, AP PRE/PALL lllegal 2
L L L H L X REF/SELF lllegal
MODE/
L L | L | L| X | SPECIAL SMNFf% lllegal
MODE
L L H H H BA, RA ACTVM lllegal 2
BWRIT/
L H L L H |BA, CA, AP BWRITA lllegal
Precharge H| X | X | X | X X DESL NOP (ldle after tre)
L H|H | H|X X NOP NOP (ldle after tre)
L H H L L X BST lllegal
L H L H L | BA, CA, AP | READ/READA |lllegal 2
L H L L L | BA, CA, AP | WRIT/WRITA |lllegal 2
L L H H L BA, RA ACTV lllegal 2
L L H L L BA, AP PRE/PALL NOP (PALL may affect other 5
bank)
L L L H L X REF/SELF lllegal
MODE/
L L | L | L| X SPECAL SMNFF% lllegal
MODE
L L H H H BA, RA ACTVM lllegal 2
BWRIT/
L H L L H | BA, CA, AP BWRITA lllegal
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m FUNCTIONAL TRUTH TABLE (Continued)
OPERATION COMMAND TABLE (Continued)

ClSJtrg?gt CS |RAS | CAS | WE | DSF Addr Command Function Notes
Bank H X X X X X DESL NOP (Bank Active after trcp)
Activating L H H X X NOP NOP (Bank Active after trep)

L H H L L X BST NOP (Bank Active after trco)

L H L H L | BA, CA, AP | READ/READA |lllegal 2

L H L L L | BA, CA AP | WRIT/WRITA |lllegal 2

L L H H L BA, RA ACTV lllegal 6

L L H L L BA, AP PRE/PALL lllegal 2

L L L H L X REF/SELF lllegal

L L L L L MODE MRS lllegal

L L H H H BA, RA ACTVM lllegal

L H L | L | H BacaAr DURITE ljega

L L L L H Sl\P/IEO%IéL SMRS Special Mode Registar Set
Write H X X X X X DESL NOP (Bank Active after twr/tswc)
%ﬁggl‘(’wr}?e LIH|H|H]|X X NOP NOP (Bank Active after twr/tewc)
Recovering L H H L L X BST NOP (Bank Active after twr/tswc)

L H L H L |BA, CA, AP | READ/READA |Start Read ; Determine AP 4

L H L L L |BA,CA, AP | WRIT/WRITA |New Write ; Determine AP

L L H H L BA, RA ACTV lllegal 2

L L H L L BA, AP PRE/PALL lllegal 2

L L L H L X REF/SELF lllegal

Lo L L] x| srecaL SRSL - lllegal

MODE
L L H H H BA, RA ACTVM lllegal
L H L | L |H BacaAp  BURITEINew Block Write ; Determine AP
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m FUNCTIONAL TRUTH TABLE (Continued)
OPERATION COMMAND TABLE (Continued)

ClSJtrg?gt CS |RAS |CAS | WE DSF| Addr Command Function Notes
Write H X X X X X DESL NOP (Precharge after trwi/tewL)
Recovering | L H | H| X X NOP NOP (Precharge after trwi/tewt)
with Auto-
precharge | L | H | H | L L X BST llegal
/BlockWrite | | | H | L | H | L |BA,CA AP READ/READA |lllegal 2
Recovering
with Auto- L|H|L|L| L BACAAP WRITWRITA llegal 2
precharge L L | H H L BA, RA ACTV lllegal 2

L L H L L BA, AP PRE/PALL lllegal 2
L L L H L X REF/SELF lllegal
MODE/
L L|L|L| X | SPECIAL Shﬂh/ITIR?é lllegal
MODE
L L H H H BA, RA ACTVM lllegal 2
BWRIT/
L H L L H | BA, CA, AP BWRITA lllegal
Refreshing H X X X X X DESL NOP (Idle after trc)
L H H X X X NOP/BST NOP (Idle after trc)
READ/READA/
WRIT/WRITA/
L H L X X X BWRIT/ lllegal
BWRITA
ACTV/ACTVM/
L L H X X X PRE/PALL lllegal
REF/SELF/
L L L X X X MRS/SMRS lllegal 6
Mode H X X X X X DESL NOP (Idle after trsc)
Register LI H|H]H]X X NOP NOP (Idle after t
Setting (Idle after trsc)
L H H L L X BST lllegal
READ/READA/
WRIT/WRITA/
L H L X X X BWRIT/ lllegal
BWRITA
ACTV/IACTVM/
PRE/PALL
L L X X X X REE/SELE/ lllegal
MRS/SMRS
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m FUNCTIONAL TRUTH TABLE (Continued)
OPERATION COMMAND TABLE (Continued)

Cg{;?gt CS |RAS |CAS | WE |DSF|  Addr Command Function Notes
Special H X X X X X DESL NOP (Return to original state after
Mode trsc)

Register P
Setting L| H|H|H/|X X NOP t,:;‘c)P (Return to original state after
L H H L L X BST lllegal
READ/READA/
WRIT/WRITA/
L H L X X X BWRIT/ lllegal
BWRITA
ACTV/ACTVM/
PRE/PALL
L L X X X X REF/SELE/ lllegal
MRS/SMRS
ABBREVIATIONS : RA=Row Adress BA=Bank Address

CA=Column Address = AP=Auto Precharge
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m FUNCTIONAL TRUTH TABLE (Continued)
COMMAND TRUTH TABLE FOR CKE

CKE | CKE
Current State | 77y n

RAS

&l
n

DSF Addr Function Notes

Self-
refresh

T
>
x

Invalid

Exit Self-refresh, Idle after trc

Exit Self-refresh, Idle after trc

lllegal

lllegal
NOP (Maintain Self-refresh)
Idel after trc

Self-
refresh
Recovery

Idel after trc

lllegal

lllegal

Begin Clock Suspend Next Cycle

Begin Clock Suspend Next Cycle

lllegal

lllegal

Exit Clock Suspend Next Cycle

X XXX X]|X|X| X[ X | X|X|X|X]|X|X

Maintain Clock Suspend

Power Invalid

Down

x

Exit Power Down Mode - Idle
NOP (Maintain Power Down Mode)

Refer to the Operation Command
Table.

Refer to the Operation Command
Table.

Refer to the Operation Command
Table.

H L X Auto-refresh

SPECIAL | Refer to the Operation Command
MODE | Table.

Refer to the Operation Command
Table.

Refer to the Operation Command
Table.

Refer to the Operation Command
Table.

Refer to the Operation Command
Table.

H L X Self-refresh

rmrl I\l IxT|lxTxT T T IT| T | T\ |||\
r|lrT/ X|rT|r-|rjr|rr|xTlx T | IT|-|TxTIxT|IT| I
X|I X[ X| X|X|rlr|lrlZT|rr|r| | I/ X|r|rr|r|xT| X

x

X | X X|IX|X|X|r|I|IT|X|r|I I |X| X/ rxTH IT|X
X | XXX X| X[ X[X|X|X|X|X| X|X|X|X|X|ITH XX I'%I |
X XXX XX X]|X|X| X[ X]|X| X |X|X|X[|X|X|X|X

Both
Banks
Idle

T
T
T

T
T
-
T
>
>
|

X X —

L L MODE

I—I><><I—I—I—I><><><><><><><><I—I><><I—I><><><I—I><><5)|
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m FUNCTIONAL TRUTH TABLE (Continued)
COMMAND TRUTH TABLE FOR CKE (Continued)

Current State %Kf ClrfE CS |RAS CAS | WE DSF| Addr Function Notes
Both H L L L L L L SI\P/II(E)%IQL %e;:aer to the Operation Command
Banks ’
Idle H L L L L L L MODE Refer to the Operation Command
Table.
L X X X X X X X Power Down
Any State H H X X X X X X 'Il?ael;c?er to the Operation Command
Other Than '
Listed Above H L X X X X X X Begin Clock Suspend Next Cycle
L H X X X X X X Exit Clock Suspend Next Cycle
L L X X X X X X Maintain Clock Suspend

Notes:1.  All entries assume the CKE was High during the proceeding clock cycle and the current clock cycle.

2. lllegal 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. t« must be satisfied for other bank.
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m FUNCTIONAL TRUTH TABLE (Continued)

Table 1. : Minimum Clock Latency Or Delay Time for 2 Bank Operation
Second o
command ?,
opposite (%))
( prtJJank) @ QE: E
First = wn (<1)2
command
MRS trsc | trsc | trsc
SMRS trsc | trsc | trsc
ACTV (M) 1 trrD
BL-1
READ + 1
trsc 1
BL-1
READA + 1
trsc 1
BL-1
WRIT + 1
trsc "t
BL-1 BL-1 | BL-1 | BL-1
WRITA + 1 BL BL BL BL BL BL trRwe | tRwL | tRwL
trsc +trp | +trP | +trP
BWRIT tewc 1 tewc | tewc | tewc | tewc | tewc | tewc
tewL | tBwL
BWRITA tewc 1 tewc | tewc | tewc | tewc | tewc | tewc | N/A 1 tewL + +
trp trp
ST .1 L | s v 1|1 |l 1-
PRE trr "3 | trp 11 1 1 1 1 1 1 17 1 1 1 trp "3 | trP "3
PALL ™ tre ™ | trRr 1 | trP trp "3 | trP "3
REF trc trc trp trRRD trc
troe | tepe | trDE troe | troE
SELF + + + + +
tre tre tre tre tre
Notes Assume no /O conflict.

1
2. If tre< =tck, minimum latency is a sum of BL + CL.

3.  Assume output is in High-Z state.

4. Assume PALL command dose not affect any operation on opposite bank.

5. Not applicable after tre

6. BST command should be issued only at BL=Full column.

7. BST command should be issued at BL=Full column and single write mode operation.

. lllegal Command
16
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Fig. 2 - STATE DIAGRAM (One Bank Operation)
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m FUNCTIONAL DESCRIPTION
SDRAM BASIC FUNCTION

Five major differences between this SGRAM and conventional DRAMs are: synchronized operation, burst mode,
mode register, write per bit, and block write.

The synchronized operation is the fundamental difference. An SGRAM uses a clock input for the synchronization,
where the DRAM is basically asynchronous memory even if it has been using two clocks, RAS and CAS. Each
operation of DRAM is determined by their timing phase difference while each operation of SGRAM is determined
by commands and all operations are referenced by a positive clock edge. Fig. 4 in page 23 show the basic timing
diagram difference.

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 SGRAM operation and function into desired system conditions. Referenced in
MODE REGISTER TABLE, if a system requires interleave for burst type and two clocks for CAS latency, SDRAM
can be configured to those conditions by mode register programming.

The write per bit function is to enable selective write operation for each 32 bit I/O. This function is activated by
ACTVM command for each bank.

The block write function enables writing the same data (logic 0 or 1) into all of the memory cells for eight successive
column (8 x 32 bit) within a selected Row.

CLOCK (CLK) and CLOCK ENABLE (CKE)

All input and output signals of SGRAM 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), CKE = Low enters the
Power Down mode(standby) and this will make extremely low standby current.

CHIP SELECT (CS)

CS enables all commands inputs, RAS, CAS, WE, DSF and address input. When CS is high level, command signals
are negated but internal operation such as burst cycle will not be suspended. In the small system CS can be tied
to ground level.

COMMAND INPUT (RAS, CAS WE, and DSF)
Unlike a conventional DRAM, RAS, CAS, WE, and DSF do not directly imply SGRAM operation, such as Row

address strobe by RAS. Instead, each combination of RAS, CAS, WE, and DSF input in conjunction with cs input
at a rising edge of the CLK determines SGRAM operation. Refer to FUNCTION TRUTH TABLE in page 5.

ADDRESS INPUT (Ao to As)

Address input selects an arbitrary location of a total of 131,072 words of each memory cell matrix. A total seventeen
of address input signals are required to decode such a matrix with nine Row and eight Column address format.
SDRAM adopts an address multiplexer in order to reduce the pin count of the address line. At a Bank Active
command (ACTV or ACTVM), nine Row addresses are initially latched 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, WRITA, BWRIT, or BWRITA).

The As/AP pin determines precharge option. Refer to PRECHARGE AND PRECHARGE OPTION in page 21.

BANK SELECT (A o)

This SGRAM has two banks and each bank is organized as 128K-words by 32-bit.
Bank selection by As occurs at Bank Active command (ACTV or ACTVM) followed by read (READ or READA),
write (WRIT, WRITA, BWRIT, or BWRITA), and precharge command (PRE).


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

MB81G83222-010/MB81(G83222-012/MB81G83222-015
.

m FUNCTIONAL DESCRIPTION (Continued)

DATA INPUT AND OUTPUT (DQo to DQs1)

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

trac ; from the bank active command when t» (Min.) is satisfied. (This parameter is reference only.)
teac ; from the read command when tw is greater than te (min.).
tac ; from the clock edge after twc and tec.

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

DATA /0 MASK (DQMO to DQM3)

DQMo to DQMs are an active high enable input and have an output disable and input mask function. During burst
cycle and when DQMo—s = Highiis latched by a clock, input is masked at the same clock (Write&Block Write Operation)
and output will be masked at the second clock later (Read operation) while internal burst counter will increment by
one or will go to the next stage depending on burst type.

DQMo, DQM1, DQM2, and DQMs controls DQo to DQ7, DQs to DQ1s, DQ16s to DQ23, and DQ24 to DQa1, 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 tek,
respectively. The internal column address counter operation is determined by a mode register which defines burst
type and burst count length from 1 bits to full column 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
] 1st Step Mask command (Normally 3 Clock Cycles)

Burst Read Burst Write -

2nd Step Write command after lowo
Burst Write Burst Write Write command
Burst Write Burst Read Read command
Burst Read Precharge Precharge command

] 1st Step Mask command

Burst Write Precharge

2nd Step Precharge command after trwe
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m FUNCTIONAL DESCRIPTION (Continued)
BURST MODE OPERATION AND BURST TYPE (continued)

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 Aé d'rA(\alssA0 Sequential Mode Interleave
X X 0 0-1 0-1
2 X X 1 1-0 1-0
X 0 O 0-1-2-3 0-1-2-3
X 0 1 1-2-3-0 1-0-3-2
4 X 1 0 2-3-0-1 2-3-0-1
X 1 1 3-0-1-2 3-2-1-0
0O 0 O 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0O 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
0o 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
8 1 0 O 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 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 burstis an option of burst length and available only at sequential mode of burst type. This full column
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/
BWRIT) , 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 terminated the full column burst operation and illegal during the burst operation
with length of 1, 2, 4, and 8. If the BST command is asserted during the full column 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 regardless of its burst length. In this

mode, burst read operation does not be affected by this mode.
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m FUNCTIONAL DESCRIPTION (Continued)
PRECHARGE AND PRECHARGE OPTION (PRE, PALL)

SGRAM memory is the same as DRAM, requiring precharge and refresh operations. Precharge rewrites the bit
line and to reset the internal Row address line and is executed by Precharge command (PRE). With the precharge
command, SGRAM will automatically be in idle state after precharge time (tre).

The precharged bank is selected by combination of As and As when Precharge command is asserted.

If As = High, both banks are precharged regardless of As (PALL). If As = Low, a bank to be selected by Asis 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 As=High when a read or write command is asserted. Refer
to FUNCTION TRUTH TABLE.

WRITE PER BIT OPERATION (ACTVM)

The write per bit (WPB) is a function to enable selective write operation for each DQ pin. Bank active & WPB enable
command (ACTVM) enables WPB operation for the associated bank and ACTV command disables it. Selection of
masking 1/0 should be stored in load mask register (DQi=High : write enable, DQi=Low : write mask) by SMRS
command with AS=High. For example, if a mask register bit=Low, the associated data bit is masked when a write
command is excused and WPB has been enabled for the bank being written. WPB is applicable to either burst
writes, single writes, and block writes. DQM masking is applicable for WPB as well as non-write-per-bit. ACTVM is
valid until the associated bank is precharged.

BLOCK WRITE OPERATION (BWRIT, BWRITA)

This command enables to write the same data (logic 0 or 1) in a selected block of eight successive columns (8 x
32 bits) during a single access cycle. The column block is selected by As to A7 of column address input, and Ao, Aa,
and A: are ignored and the data to be written is stored in color register by SMRS command with As=High.
Column data masking is provided on an individual column basis for each byte of data. The column mask is driven
on the DQ pins during block write command. The DQ column mask function is segmented on a per byte basis (i.e.
DQo—7 provides the column mask for data byte 0-7, DQs-15, and so on.). A DQ column mask of H enables the
particular column to be written while a value of L disables writing of the data. The relationship between DQ bits and
column within the block is logically equivalent within each byte (i.e. DQO masks column“0” for data bits [0-7], DQs
masks column“0” for data bits [8-15], DQ1 masks column*“1” for data bits [0-7], DQs masks column “1” for data bits
[8-15], and so on).

Fig. 3 - Block Write & Write Per Bit Operation (Example for DQ  o-7)

Column
address Memory Cell Selected by
1. Row Addr . Ao-As
o: . Column Addr : As-Ar7
DQ7 T .; T
DQs (1 6]0f2(0(1 01
DQ Input For DQs | 0 5
Columpn Masking DQs|1#=4]10]|1[0]1 01 & i/l\ga;k(e:dlbit by
0 : Write Mask EN Column
1: Write Enable) DQ: i_» 3lojtjojst 01 mask_lng (Colc_)r
DQ:|1H2]|0f1|0]1 0|1 data is not written
— in this memory
bQij0y 1 cell.)
DQo |1 H0 1

A
1

1
0

7+0 1 /O number

I/0 Mask Register
| | | |1| (O:WriteMask )

Lo]

1 : Write Enable

?
\

FHl— ]
Rl W]

Note: Same organization for every bytes (DQo-7, DQs-15, DQ16-23, DQ24-31).

| 0 | 1 | 0 | 1 | Color Register
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m FUNCTIONAL DESCRIPTION (Continued)
BLOCK WRITE OPERATION (BWRIT, BWRITA) (Continued)

The block write is always non-burst, independent of the burst length and burst type that has been programmed into
the mode register. Back-to-back block write operation is allowed with the block write cycle time (tswc) is satisfied.
If WPB was enabled to the bank by ACTVM command, then write-per-bit masking of the color register data is
enabled. If WPB was disabled, the write per bit masking of the color register data is disabled. When WPB is enabled,
the data in the color register (accessed via special register access), is masked by the data in the mask register
(accessed via special register access), a mask register bit=High enables the associated data bit to be written and
mask bit=Low disables the associated data bit from being written.

DQM masking provides independent data byte masking during block write exactly the same as it dose during normal
write operations, except that the control is extended to the 8 consecutive columns of the block.

AUTO-REFRESH (REF)

Auto-refresh uses the internal refresh address counter. The SGRAM Auto-refresh command (REF) generates
Precharge command internally. All banks of SGRAM should be precharged prior to the Auto-refresh command. The
Auto-refresh command should also be asserted every 16 us or a total 1,024 refresh commands within a 16.4 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 Self-refresh Exit command (SELFX).

The Self-refresh is entered by applying an Auto-refresh command in conjunction with CKE = Low (SELF). Once
SGRAM 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.

Note that a total of 1,024 auto-refresh commands within 1 ms must be asserted prior to the self-refresh mode entry.

SELF-REFRESH EXIT (SELFX)

To exit self-refresh mode, apply minimum 4 clock cycle before CKE brought high, and then the NOP command
(NOP) or Deselect command (DESL) should be asserted within one trc period. Refer to Timing Diagram for the detail.
Itisrecommended to assert an Auto-refresh command just after the trc period to avoid the violation of refresh period.
Note that a total of 1,024 auto-refresh commands within 1 ms must be asserted after the self-refresh exit.

MODE REGISTER SET (MRS)

The mode register of SGRAM provides a variety of different operations. The register consists of five operation fields;
Burst Length, Burst Type, CAS latency, Test Mode, and Operation Code. Refer to MODE REGISTER TABLE in page
33.

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.

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

SPECIAL MODE REGESTER SET (SMRS)

The Special Mode Register Set command (SMRS) is applicable to set the color register for block write operation
or to set the mask register for write per bit operation. Color register and mask register is determined by the input
level of As and As respectively, and itis illegal to determine both color register and mask register within one command
(As=As=H s illegal). The data to be stored in color register or mask register is input via DQ pins. The SMRS command
can be valid during idle or bank active state. Both color register and mask register are not cleared or reset until
changed by another SMRS cycle (or part loses power). Refer to the SPECIAL MODE REGISTER TABLE in page 33.
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m FUNCTIONAL DESCRIPTION (Continued)
POWER-UP INITIALIZATION

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

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

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

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

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

In addition, itis recommended DQMo-3 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).
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Fig. 4 - Basic Timing for Conventional DRAM vs Synchronous Graphic RAM
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m CAPACITANCE

(Ta=25°C, f = 1 MHz)

Parameter Symbol Typ. Max. Unit
Input Capacitance, Address Cina — 5 pF
Input Capacitance, Except for address Cin2 — 5 pF
I/O Capacitance Cio — 7 pF
m RECOMMENDED OPERATING CONDITIONS
(Referenced to V ss)
Parameter Notes | Symbol Min. Typ. Max. Unit
Supply Voltage Vee, Veeq 3.0 3.3 3.6 \
Vss, Vsso 0 0 0 \Y
Input High Voltage 1 ViH 2.0 — Vee + 0.3 \Y,
Input Low Voltage 2 Vi -0.3 — 0.8 \Y,
Ambient Temperature Ta 0 — 70 °C
Notes:1.  Overshoot limit ; Vii(max.)=Vcc+1.3 V with a pullsewidth<5 ns.

2. Undershoot limit: : Vie(min.)= —-1.3 V with a pullsewidth<5 ns.
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m DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.) Notes 1, 2
N Value ]
Parameter Symbol Conditions - Unit
Min. Max.
Output High Voltage Vor(DC) |lon = -2 mA 2.4 — V
Output Low Voltage Vor(DC) |loL =2 mA — 0.4 \Y
0V <V < Ve
Input Leakage Current (Any Input) I All other pins not under -10 10 MA
test=0V
0V <V < Vcc;
Output Leakage Current Io Data out disabled -10 10 HA
MB81G83222-010 No Burst : 185
MB81G83222-012 | leass | O Z MU — 160 | mA
Operating Current | MB81G83222-015 One bank active 140
(Average Power
Supp'y Current) MB81G83222-010 No Burst : 280
MB81G83222-012 | lccip |1 = MiN- _ 245 mA
trc = min.
MB81G83222-015 All banks active 210
CKE =V
loca ,tAII lzanks idle . 2 mA
Precharge Standby ck = min.
Current Power down mode
(Power Supply MB81G83222-010 70
Current) CKE = Vi
MB81G83222-012 lccan All banks idle — 65 mA
MB81G83222-015 fox = min. 55
CKE =V
) lccse | Any banks active — 35 mA
Active Standby tek = min.
Current
Current) MB81G83222-012 lccsn | Any banks active — 70 mA
MB81G83222-015 fox = min. 60
Burst mode MB81G83222-010 250
Current MB81G83222-012 | | tek = min — 210 mA
(Average Power cos cre = T
Supply Current) MB81G83222-015 175
Refresh Current #1 MB81G83222-010 Auto-Refresh; 155
(Average Power MB81G83222-012 lccss tck = min. — 135 mA
Supply Current) MB81G83222-015 tre=min. 120
Refresh Current #1 MB81G83222-010 ?utg-nl?l;ar:‘resh; 235
(Average Power MB81G83222-012 |  lccsp tgz;min : — 205 mA
Supply Current) -y 1pe1 683222015 trro = M. 175
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m DC CHARACTERISTICS (Continued)

(Recommended operating conditions unless otherwise noted.) Notes 1, 2
N Value ]
Parameter Symbol Conditions - Unit
Min. Max.
Refresh Current #2 lccs Self-Refresh; . 2 mA
(Average Power Supply Current) CKE =V
Block Write Current MB81G83222-010 Block Write: 165
(Average Power MB81G83222-012 lecr tawe = min ’ — 140 mA
Supply Current)  1y,p61G83222-015 115
m AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.) Notes 2, 3, 4
MB81G83222-010 | MB81G83222-012 | MB81G83222-015 )
Parameter Notes |Symbol - - - Unit
Min. Max. Min. Max. Min. Max.
CAS latency=1 30 35 40 ns
Clock Period CAS latency=2 tex 15 — 17.5 — 20 — ns
CAS latency=3 10 12 15 ns
Clock High Time tew 3.5 — 4 — 5 — ns
Clock Low Time teL 35 — 4 — 5 — ns
Data-in Setup Time tos 3 — 3.5 — 3.5 — ns
Data-in Hold Time ton 1 — 15 — 15 — ns
Address Setup Time tas 3 — 35 — 3.5 — ns
Address Hold Time tan 1 — 15 — 15 — ns
CKE Setup Time teks 3 — 3.5 — 35 — ns
CKE Hold Time tekn 1 — 15 — 15 — ns
Command Setup Time . . .
(CS, RAS, CAS, WE, DSF, DQM) tews s 3.5 35 ns
Command Hold Time . o .
(CS, RAS, CAS, WE, DSF, DQM) touH 1 15 1.5 ns
Access CAS latency=1 28 32 35 ns
Time from
Clock CAS latency=2 tac — 13 — 14.5 — 16 ns
(tek=min.)
CAS latency=3 9 11 12 ns
Output in Low-Z tLz 3 — 3 — 3 — ns
CAS latency=1 4 20 4 24 4 30 ns
outputinHigh-2 1" cas latency=2 |tz 4 15 4 175 | 4 20 | ns
CAS latency=3 4 10 4 12 4 15 ns
Output Hold Time ton 4 — 4 — 4 — ns
Time between Refresh trer — 16.4 — 16.4 — 16.4 ms
Transition Time tr 0.5 30 0.5 30 0.5 30 ns
Power Down Exit Time trDE 12 — 14 — 17 — ns
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m AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted.) Notes 2, 3, 4

BASE VALUES FOR CLOCK COUNT/LATENCY

Parameter Notes | Symbol MB?1683222-010 MB'81683222-012 MB.81G83222-015 Unit
Min. Max. Min. Max. Min. Max.
RAS Cycle Time 8 tre 90 — 106 — 125 — ns
RAS Access Time 9 trac — 58 — 67 — 75 ns
CAS Access Time 10, 13 tcac — 28 — 32 — 35 ns
RAS Precharge Time trr 30 — 36 — 45 — ns
RAS Active Time tras 60 100000 70 100000 80 100000 | ns
RAS to CAS Delay Time 11 trep 30 — 35 — 40 — ns
Write Recovery Time twr 10 — 12 — 15 — ns
Write to Precharge Delay Time tRwL 15 — 175 — 20 — ns
Block Write to Precharge Delay Time tewL 20 — 24 — 30 — ns
RAS to RAS Bank Active Delay Time trrD 20 — 24 — 30 — ns
Block Write Cycle Time tewc 20 — 24 — 30 — ns
E:/I;éilg _Ia_?rgeSpecial Mode Register trsc 20 o o4 o 30 . ns
CLOCK COUNT FORMULA Note 13
Clock = % (Round off a whole number)

LATENCY - FIXED VALUES
(The latency values on these parameters are fixed regardless of clock period.)

Parameter Notes |Symbol | MB81G83222-010 | MB81G83222-012 | MB81G83222-015 | Unit

CKE to Clock Disable lcke 1 1 1 cycle
DQM to Output in High-Z Ipqz 2 2 2 cycle
DQM to Input Data Delay Ioqo 0 0 0 cycle
Last Output to Write Command Delay lowp 2 2 2 cycle
Write Command to Input Data Delay lowp 0 0 0 cycle
CL=1 1 1 1 cycle

E{gﬁf‘z”“g;;‘)’/ Outputin CL=2 | Iron 2 2 2 cycle
CL= 3 3 3 cycle

CL=1 1 1 1 cycle

i z 2oy
CL= 3 3 3 cycle

CAS to CAS Delay (min.) lcep 1 1 1 cycle
CAS Bank Delay (min.) Icep 1 1 1 cycle

28
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Notes:1.  Ilccdepends on the output termination or load conditions, clock cycle rate, and signal clocking rate; The
specified values are obtained with the output open and no termination register.
2. Aninitial 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 30 pF of capacitive load.

4. 1.4Visthe reference level for measuring timing of input signals. Transition times are measured between
Vv (min.) and Vi. (max.).

5.  Assumes treo and tcac are satisfied.

6. tac also specifies the access time at burst mode except for first access.

7. Specified where output buffer is no longer driven.

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

9. tracis areference value. Maximum value is obtained from the sum of treo (min.) and tcac (max.).

10. Assumes trac and tac are satisfied.

11. Operation within the treo (Min.) ensures that trac can be met; if treo is greater than the specified treo

(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 lcac is programmed by the mode register.
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Fig. 5 - Example of AC Test Load Circuit
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Note: AC characteristics are measured in this condition. This load circuits are not applicable for Von and Vou.
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Fig. 6 - TIMING DIAGRAM, SETUP, HOLD AND DELAY TIME

tek

- .
ten teL
20V < -
\ 14V —f— —y \
CLK 0.8V
tos, tas, tcks, toms toH, taH, tckn, tomu
-
|nput 20V
(Control, 14v
Add. & Data) 08V
tac thz
— - |
tiz toH
24V
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.

Fig. 7 - TIMING DIAGRAM, DELAY TIME for Power Down Exit

)

7/
DON'T CARE

CLK / \ —\_ \
)\
% . .
teoe (Min.) 1 clock (min.)
CKE
A\
77
)
Command DON'T CARE >< NOP >< NOP >< ACTV

)
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Fig. 8 - TIMING DIAGRAM, PULSE WIDTH

trog, trR trRAs, trep, tRwL, -
tewi, trrD, tBwe, trsc

-
Input
s XXX e XXX N 0

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 value from the rising edge of CKE.
Measurement reference voltage is 1.4 V.

32

Fig. 9 - TIMING DIAGRAM, ACCESS TIME

BN AR U U U A
trac
g |
w O\
trep teac
- g |
o L
(CAS Latency - 1) X tck tac
— g—

(Output) |

Note: trac is a reference value. Data can be obtained after both tcac and tac are satisfied.
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m MODE REGISTER TABLE

MODE REGISTER SET

Ao As A7 As As Aas Az A2 A1 Ao | ADDRESS

Op- MODE

code | O 0 CL BT BL REGISTER
As | As | As [ CAS Latency A | As | A Burst Length
OfoO0fO Reserved BT=0 BT=1
010]1 1 0[O0 O 1 1
01110 2 0olo0]| 1 2 2
o1 1)1 3 ol1]0 4 4
110]0 Reserved ol 111 8 8
11 0| 1| Reserved 1| 0| 0| Reserved | Reserved
11 1| 0| Reserved 1| 0| 1| Reserved | Reserved
1] 1] 1| Reserved 1| 1| 0| Reserved | Reserved

1| 1| 1 [FullColumn| Reserved

y y

As | Op-code As | Burst Type

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

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

Note: When As=1, burst length at Write is always one regardless of BL value.

SPECIAL MODE REGISTER SET

Ao As A7 Ae As Aas Az A A1 Ao | ADDRESS

SPECIAL
0 0 0 LC | LM 0 0 0 0 0 MODE

REGISTER

As | Load Color Regisier As | Load Mask Register

0 | Disable 0 | Disable
1 | Enable 1 | Enable
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TIMING DIAGRAM-1 : CLOCK ENABLE - READ AND WRITE SUSPEND (@ BL = 4)

leke(1 clock) leke(1 clock) | 1
——— ———

(Internal) 1\ . 1\ \

DQ < 2 2
(Read) Q1 X Q2 (No change)X Q3 (No change)X Q4 >
(V?riQte) 4< D1 X Not Writter31X D2 X Not Writte"ﬁX D3 X D4 >

Notes: 1.  The latency of CKE (Icke) 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

Vel Walalalis

1 clock
troE >l (min-)>
CKE \
A\
J/
)
Command X Nop1 X PD(NOP)ZX W\ PONT CAREX Nop 3 X NoP 3 X ACTV X
7)

l< trer (Max.) >I

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 when burst mode is ended at this clock.
3.  The ACTV command can be latched after teoe (min) + 1clock(min.). It is recommended to apply NOP command
in conjunction with CKE. It is also recommended to apply minimum of 4 clocks to stabilize external clock prior
to ACTV command.
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TIMING DIAGRAM-3 : COLUMN ADDRESS TO COLUMN ADDRESS INPUT DELAY

SR

L

L

-

-

-

CLK
RAS \ /
lcco
treo (Min.) (1 clock) Icep lcep [e)

g -1t g g g
uriuvinvinwiuw
Address Row Column Column Column Column Column

Address Address Address Address Address Address

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

_——

TIMING DIAGRAM-4 : DIFFERENT BANK ADDRESS INPUT DELAY

AR

L

L

-

-

-

CLK
trro (MIN.)
— !
w o\ )
treo (MinN.) Icep lcep
—
VAT AL
< trep (MiN.) >
Address Row Row Column Column Column Column
Address Address Address Address Address Address

As(BS) \ Bank 0 /
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TIMING DIAGRAM-5 : DQM - INPUT MASK AND OUTPUT DISABLE (@ BL=4)

« O\ U W S WS
DQMo—3 \
(@ Read)
- Ipqz (2Iclocks) -

DQ ie 4
(@ Read) < Q1 X Q2 >_ Hi-Z < Q > End of burst
DQMo—s

(@ Write)

Iogo (same clock)
DQ X Y
(@ Write) b1 X Masked X b3 X b4 A End of burst

TIMING DIAGRAM-6 : PRECHARGE TIMING (APPLIED TO THE SAME BANK)

CLK\_/\L\/_\/\/ /1

tras (Min.)

Command X A%:c\:/.[r\l/\/l X XPrechargeX
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TIMING DIAGRAM-7 : READ INTERRUPTED BY PRECHARGE (Example @ CL=2, BL=4)

O\

L

o\

Command X Precharge X

| Irom (2 clocks)

DO / 01 \ Hi-
Command X Precharge X

| lron (2 clocks)

/ X \ Hi-Z
D 1 2
Q \ Q Q /
Command X Precharge X

| Iron (2 clocks)

|

/ X X \ Hi-Z
D 1 2 3
Q \ Q Q Q /
Command X Precharge X
| No effect (end of burst)

DQ < Q1 X Q2 X Q3 X Q4 >7

Note: In case of CL=1, the Iron is 1 clock.
In case of CL=2, the IroH is 2 clock.
In case of CL=3, the Iron is 3 clock.
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TIMING DIAGRAM-8 : READ INTERRUPTED BY BURST STOP (Example @ BL=Full Column)

s U
(e ]

Command
(CL=1)

IBsH | (1 clock)

S T ST T
|
Command X BST X
(CL=2)
! lest (2 clocks) -
DQ { o N om ko f onn M2
|
Command X BST X
(CL=3)
! lss (3 clocks) -
DQ X Qn-2 X Qn-1 X Qn X Qn+1 X Qn+2 > Hi-Z

Note: The BST command is applicable to terminated the full column burst operation.
The selection of auto-precharge option is illegal during the full column burst operation except write command
at BURST READ & SINGLE WRITE mode.

TIMING DIAGRAM-9 : WRITE INTERRUPTED BY BURST STOP (Example @ CL=2)

CLK

Command X BST X Command X
Last . Masked

Note: The burst stop command is applicable only to full column burst operation.
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TIMING DIAGRAM-10 : WRITE INTERRUPTED BY DQMO0~3 & PRECHARGE (Example @ CL=2)

C«\TMumﬁﬂ

Command A%c':r.l\-/\g/l

< trwL (mln.) | tre (MIN.) >|
DQMo | e :

to , \ '
DQMs _ b

e Last \ Masked  Masked -
Data-In by DQM .. byPRE .

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

TIMING DIAGRAM-11 : READ INTERRUPTED BY WRITE (Example @ CL=2, BL 24)

ﬁ m .
lownp (2 clocks) >

Command X READ X WRIT X

Lo L
DQM

o \ ST S
DQMs Note 1 Note 2 Note 3

Iz (2 clocks) >I ‘ lowo (same clock)

DQ Data Out Data In X Data In X
Masked

Notes: 1.  First DQMo—s makes high impedance state (Hi-Z) between last output and first input data.
2. Second DQMo—3 makes internal output data mask to avoid bus contention.
3. Third DQMo—sin illustrated above also makes internal output data mask. If burst read ends (final data output) at
or after the second clock of burst write, this third DQMo—s is required to avoid internal bus contention.
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TIMING DIAGRAM-12 : WRITE INTERRUPT BY READ TIMING (Example @ CL=3, BL>2)

[\ S

twr (Min.)

Command X WRIT X READ X
DQMo \
to
DQMs
| tecac (min.)
-t -
D2 Masked

Note: Read command can be asserted at the next cycle of write command.
The write data after read command is masked by read command.

TIMING DIAGRAM-13 : BLOCK WRITE TIMING

CLK
tewc(min.)
NOP or
Command X BWRIT X DESL X BWRIT X
DQMo
to
DQMs
I I
DQ 4< Column Masking Column Masking

Note: DQ inputs are used for column masking. (DQ=H : Write Enable, DQ=L : Masked)
Write data is set by SMRS (Load Color Register) command.
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TIMING DIAGRAM-14 : WRITE PER BIT TIMING

CLK

trro (MIN.)

Command X ACTVM X X ACTVX WRIT X WRIT
trep (Min.
I< (min.) - |
As(BA) \ / / \ /

treo (MIN.)

Q1 X Q2

WPB enable WPB disable

:

DQ

i

N

Note: WPB is available for the bank activated by ACTVM command.
Mask Data (Mask enable/disable) is set by SMRS (Load Mask Register) command.

TIMING DIAGRAM-15 : BLOCK WRITE TO READ/WRITE TIMING (Example @ CL=2, BL =22)

/_\J(_\J\_/\_/_\

NOR or READ
Command X BWRIT X DESL X(orWRIT)

tswe >I
DQMo
to \ / \
DQMs

0 (il ) (o Lo ]

Note: Read/Write command can be asserted after tswc from block write command.
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TIMING DIAGRAM-16 : READ WITH AUTO-PRECHARGE
(Example @ CL=2, BL=2 Applied to same bank)

Uy

tras (Min.) tre (Min.)
| -
Command X ACTV X Y X READA X NOP or DESL X ACTV X
{
! 2 clocks -
li (same Value as BL)
DQMo I
to "
DQMs f |
DQ ( Q1 X Q2 )

Note: Precharge at read with Auto-precharge command (READA) is started from number of clocks that is the same as
Burst Length after READA command is asserted.

TIMING DIAGRAM-17 : WRITE WITH AUTO-PRECHARGE
(Example @ CL=2, BL=2 Applied to same bank)

el nlaw

tras (Min.) - trwe (Min.) trwe (MIN.) + tre (Min.)
Command X ACTV X X WRITA X NOP or DESL X ACTV X
(l
1l
DQMo i
. e |
DQMs I |
DQ [ D1 X D2 \
\ /

Note: Precharge at write with auto-precharge is started after the trw. from the end of burst.
Even if the final data is masked by DQMo—s3, 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.
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TIMING DIAGRAM-18 : BLOCK WRITE TO PRECHARGE TIMING

_\)(T)(_\_)(\_/\_/T)DF

Command BWRIT ggSPLOf PRE ACTV

|< tewe (MinN.) >|< tre (MinN.) »‘

DQMo

DQMs

< Column >
DQ Masking

Note: The precharge command (PRE) should only be asserted after the t.. from last Block write command is satisfied.

TIMING DIAGRAM-19 : BLOCK WRITE WITH AUTO-PRECHARGE (Applied to same bank)

e\ [\ \

I<tRAS (min.)- '[BWL (min.) tewr (Min.)+tre (MInN.)
Command X ACTV X 1 BWRITA NOP or DESL X ACTV X
{
]
{l
DQMo )
" \ /
DQMs
DQ /  Column \
\ Masking /

Note: Precharge at write with auto-precharge is started after the tew. from the BWRITA command.
Once auto precharge command is asserted, no new command within the same bank can be asserted.
Auto-precharge command doesn't affect at full column burst operation.
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TIMING DIAGRAM-20 : AUTO-REFRESH TIMING

SN R p Wl Wy
T o | wer | vor |

CommandX REF1X NoP 3 X REF 4 Command5X

I< tre (Min.) >|< tre (min.) >|
Ao(BA) XDON'T CAREX XDON’T CAREX X DON'T CAREX X BA X

Notes: 1. All banks should be precharged prior to the first Auto-refresh command (REF).

2. Bankselectisignored 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 trro and trc period while auto-refresh mode.

4. The second REF command can be asserted after trro from the first REF command because the second
REF command select the other bank.

5. Any activation command such as ACTV or MRS command other than REF command should be asserted
after trc from the last REF command.

TIMING DIAGRAM-21 : SELF-REFRESH ENTRY AND EXIT TIMING

S Vatasatalaliabials
teoe (Min.) )
CKE \ W\

J/ | trc (Min.)

/77
Command X NoP1X SELF X )) DON'T CARE X NOPZX SREX X Nop3 XCOmmandx
A\

Notes: 1.  Precharge command (PRE or PALL) should be asserted if any bank is active prior to Self-refresh Entry
command (SELF).

2. The Self-refresh Exitcommand (SELFX) is latched after trep (Min.). Itis recommended to apply NOP command
in conjunction with CKE. It is also recommended to apply minimum of 4 clocks to stabilize external clock prior
to SELFX command.

3. Either NOP or DESL command can be used during trc period.
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TIMING DIAGRAM-22 : BLOCK WRITE & SPECIAL MODE REGISTER SET TIMING

uq L)(T /)

NOP NOP
Command SMRS DESL BWRIT DESL SMRS X
I< trsc (mln.) tewc (mln.) >|
DQMo
b \ /
DQMs

DQ Color or Column Color or
Mask Masking Mask

Notes: 1.  Block Write command can be asserted after the trsc from special mode register set command is satisfied.
2. Special Mode Register Set command can be asserted after tswc from block write comand is satisfied.

TIMING DIAGRAM-23 : SPECIAL MODE REGISTER SET TIMING

CLK

trsc (min.)
Command X SMRS XNOP or DESLX COMMAND X
Address X Special Mode X

DQ Color or Mask

Note: This command sets mask data or color data (depend on special mode address) for each I/O.
Mask data controls WPB operation (High : write enable, Low : Masked).
Color data is to be written by block write command.
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TIMING DIAGRAM-24 : MODE REGISTER SET TIMING

trsc (mMin.)

¢ -

Command X MRS X NOP or DESL X ACTV X

ROW
Address X Mode X X Ad dressX

Note: The Mode Register Set command (MRS) should be only asserted after all banks have been precharged.
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m PACKAGE DIMENSIONS

(Suffix: -PQ)
100-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-100P-M15)
\ 913 *.016
(23.20 * 0.40) | 124 (3.15) MAX.
787 +.008 (MOUNTING HEIG
20.00 £ 0.20 D 0 (0) MIN.
( ) : (STAND OFF HEIGH )A
..............................
== -
= == 677 +.016 614 +.016
o Q Q == 12.35)
E INDEX % 551 +.008 : EF.
= o w = s
SRR L - %7 T, V
HHHHHHHHHHHHHHHHHHHHHHHH‘HH,HHE\‘ —
LEAD No. ‘ ‘ 0256 (0.65) H 012+ 004 D H
YR ™ (0:30+0.10) (] 005013 @ | re—008:£-002
! Details of “A” part v Details of “B” part
g
. .010 (0.25
<L
______________________________ ' , : .012 (0.30)
" ! .007 (0.18)
' MAX. } Y 0°to 10°
742 (18.85) REF. 021(053) 4 om+ 00s |
.850 £ .016 | MAX. ¥ (0.80 £ 0.20) :
| (21.60 % 0.40) |
01995 FUJITSU LIMITED F100025S-2C (W) Dimensions in inches (millimeters)

* This dimension is being changed.
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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

Europe

FUJITSU MIKROELEKTRONIK GmbH
Am Siebenstein 6-10

63303 Dreieich-Buchschlag

Germany

Tel: (06103) 690-0

Fax: (06103) 690-122

Asia Pacific

FUJITSU MICROELECTRONICS ASIA PTE. LIMITED
No. 51 Bras Basah Road,

Plaza By The Park,

#06-04 to #06-07

Singapore 189554

Tel: 336-1600

Fax: 336-1609

F9607
O FUJITSU LIMITED Printed in Japan

All Rights Reserved.

Circuit diagrams utilizing Fujitsu products are included as a
means of illustrating typical semiconductor applications. Com-
plete information sufficient for construction purposes is not nec-
essarily given.

The information contained in this document has been carefully
checked and is believed to be reliable. However, Fujitsu as-
sumes no responsibility for inaccuracies.

The information contained in this document does not convey any
license under the copyrights, patent rights or trademarks claimed
and owned by Fujitsu.

Fujitsu reserves the right to change products or specifications
without notice.

No part of this publication may be copied or reproduced in any
form or by any means, or transferred to any third party without
prior written consent of Fujitsu.

The information contained in this document are not intended for
use with equipments which require extremely high reliability

such as aerospace equipments, undersea repeaters, nuclear con-

trol systems or medical equipments for life support.
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