M5M442256A)J,L,TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

MITSUBISHI LSIs

DESCRIPTION

MBEM442256AJ, L, TP, RT is a high speed 1048576-bit
Dual Port Dynamic Memory equipped with a 256K x 4
Dynamic RAM Port and a 512 x4 Serial Read/Write Port.
High performance CMOS process using triple-layer poly-
silicon and silicide technology provide both high circuit
density and low power dissipation.

The Serial Read/Write Ports are connected to an internal
2048 bit Data Register through a 512 x 4 Serial Input/
Qutput Control circuit and can be serially readout or
written in with a clock rate of up to 33MHz.

All reads and writes are done relative to the RAM array,
thus data transfer from the RAM array to the Data Register
is referred to as a Read Transfer, while Data Transfer from
the Data Register to the RAM array is referred to as a Write
Transfer.

FEATURES

— . Random Serial

7S oo | s | "R S

Type name Time |Cycle Time|Cycle Time| V%%f:;er::ly V%%?:’ei‘:ly
tns) (ns) (ns) tmA) (mA)
M oM2238 7| 70| 130 30 85 a0
Vo228 r-g| 80 150 30 75 40
M 4228 r-10] 100 | 180 30 65 40

® Dual Port Architecture
RAM Port: 256K word x 4 bit
Serial Port: 512 word x 4 bit
® Bidirectional Data Transfer function between the RAM
array and the Data Register
® Fully Asynchronous Dual Port Accessability (Split SAM)
® Addressable Start of Serial Read/Write (Pointer Control
Function)
® Write per Bit Function
® Real Time Data Transfer from the RAM Array to the
Data Register
® Fast Page Mode, Hidden Refresh and CAS before RAS
Refresh
® 512 cycle/8ms Refresh
® Flash write operation
® Block write operation

APPLICATION

Display equipment for personal computer/work station,
Frame memory for digital TV/VCR, Videotex, Teletext,
Video printer, High Speed data transmission systems

PIN CONFIGURATION (TOP VIEW)

SERIAL CONTROL
INPUT

SC -1 Vss (0V)
SERIAL INPUTS/ (510 + [2 « S103] semiaL INPUTS/
OUTPUTS OUTPUTS (B-PORT}
(B-PORT} | 510 «[3 « S10;

+— SE SERIAL ENABLE INPUT
s W10 3] WRITE MASK/DATA
INPUTS /OUTPUTS
[23] ~ W102] 1apPoRT)
INPUT SPECIAL
22] - DSF FUNCTION
+« CAS COLUMN ADDRESS
STROBE INPUT

OATA TRANSFER R T/OF — [4
OUTPUT ENABLE DT/OE

INPUT
WRITE MASK/DATA {W 100 <
INPUTS /OUTPUTS

weo (WIOp <
WATEPERSIT WB/WE —
WRITE ENABLE

INPUT NC

rVIGZZYYINGIN

EIEIEIEE
5]
t

AL RS 0% oyt e
Ag — «— Ag
ADDRESS | A8 —
INPUTS | A = Azp fNpuTs
Ay — — A3
(5V)Vee Ay

Outline 28P0K (400 mil 28 pin SOJ)

INPUT SPECIAL [, WRITE MASK/DATA
FUNOCON g, ['17] _— INPUT /OUTPUT
WRITE MASK/DATAW'O =§—‘ 12|+ WIOz (A-PORT)
NPUT/OUTPUT (A-PORT WIS =1 3 | Filo. SE  semmwenasie veut
oSERAL INPUT 810z w53 F SERIAL INPUT /
-PORT) =5 6]+ s10 ¢
Ovss [11 L2 3 QUTPUT (B-PORT)
SERIAL INPUT/ al 18]+ SC  SERAL ENABLE INPUT
outeur(a-pormy S100 += [ 2! 2 o SERIAL INPUT!
TN e 7T FTR ] L'24 = S101 oureuTie-poRT)
OUTPUT ENABLE INPUT L - T2+ W10g WRITE MASK/DATA
WRITE MASK/DATA WO ++ 13:. E Lo 0 INPUT/QUTPUT (4-PORT)
NPUT/OUTPUT{A-PORT) F=2 & (14|« WB/WE WRIE PR BIMWATE
NO LEAD % 151 N ENABLE INPUT
L= =T
ag =1 & L8]+ RAS now appress
ADDRES = g T18] — AgY STROBEINFUT
INPUTS [ Ag —|19: =
- r.
(5V)Vee B L2=0: T Al
2, e ADDRESS
= L2l ATTINPUTS
ADDRESS [A3 —]23] =
INPUTS 1A, _ 128~ Az
b= T26] Ag
OUTPUT SPECIAL QSF «[27 Lz COLUMN ADORESS
L
FUNCTION 128]— CAS Zraoae nput

Outline 28PSL (400 mil 28 pin ZIP)
NC: NO CONNECTION
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Outline 28P3Y-H (

PIN CONFIGURATION (TOP VIEW)

400mil 28 pin TSOP)
Normal Bend Type

Outline 28P3Y-J (

FIA| NTROL
SERIAL CO c . 7 m (0V) Vgs
TS 28]  Vss(ov)
=
SERIALOlm’;JJTSS’ SI0g + |2 27] « S103] seriaL npuTS/ STEPR\AL INPUTS/ | S103
— | TS iB-PORT
B.00°T {S10, «[3 76] = $10,[ CUTPUTS @-PORT) OUTPUTS 1 "1 s10,
Oure TRANSTER BT/ OF — 4 E «— SE SERIALENABLE INPUT  SERIAL ENABLE INPUT SE.
INPLT 4] WRITE MASK/DATA  WRITE MASK/DATA [ W) <
WRITE MASK/DATA w|ou g £ 5' é - WIO3 INPUTS JOUTPUTS INPUTS /'OU%PUTS 3 o
INPUTS /olliwur? WIO, —[6 2 23}~ WI02| a-PoRT) (A-PORT) | WIO; <
= = INPUT SPECIAL INPUT SPECIAL . -
aw;iﬁisrgwg/wg —~[7 : [22) — DSF ncrion FUNCTION S
wioo ne [ 8 []- GRS cowmmaoomess NN ADORESS TAS ]
— F— -4
Row ADDRESS RAS — (9] = 20] = QSF ureut seECIAL outeur specia. QSF >
STROBE INPUT > = FUNCTION FUNCTION (o T
and 0 B B i Bt ° 5
Ag A'E 18] — A4 Ay
ATRPOT = ADDRESS ADDRESS | 4
as —~[12] L1 Azt INPUTS iNpUTS | °7
As 1] 16] — A3 Az
— a
5VIVee  [4] 15] -~ A 7 —~[i]

SERIAL CONTROL
jw SC INeUT
: « SI0g | SERIAL INPUTS/
QUTPUTS
3 <+ S101  (8-PORD
ST /GE  DATA TRANSFER)
4] DT/0E QUTPUT ENABLE
(NPUT
j > WI00 | \\aitf maskmara
j - WIO, mes /OUTPUTS
: - WB/WE WRITE-PER.B1T/
WAITE ENABLE
E NC INPUT

j « AAS ROW ADDRESS
STROBE INPUT
10] « Ag

11] — Ag
12] + As
13] «— Aq

ADDRESS
INPUTS

400 mil 28 pin TSOP)
Reverse Bend Type

Voe (5V)

NC: NO CONNECTION

ADDRESS
INPUTS

ROW ADDRESS
STROBE INPUT
COLUMN ADDRESS
STROBE INPUT

ENABLE INPUT
OATA TRANSFER/QUTPUT
ENABLE INPUT

FUNCTION

BLOCK DIAGRAM

Ao
Ay
Az
A3
Ay
As
Ag

Ag

RAS
CAS
WRITE PER 8IT/\WRITE WB/WE
DT/0E
SERIAL CONTROL INPUT SC
SERIAL ENABLE INPUT 5E

INPUT SPECIAL DSF

|
%

COLUMN DECODER | Wo/100 | wrITE
— ﬁ ﬁ i,\L DA/TA W1 /107 | MASK/DATA
10 W2/10, [ INPUTS
. SENSE AMFP. & BUFFER JOUTPUTS
o 1/0_CONTROL W3/103 (APORT]
i .
+ b 512 x 4 COLUMNS
3 |- =l o COLOR
v Sle REGISTER
& ol m B
] =[5 WRITE
a H 1M MEMORY ARRAY MASK
W TT T —
1
l?EG\STER 1”REGISTER zlc:v'\
71 7 SERIAL SI100
Shess SERTAL SERIAL 17 $10, | SERIAL
ADD
POINTER SELECTOR»1“SELECTOR-2I BUFFER 102 [ 0P9TS
1 5103 | gpoRT)
;
Vee(5V)
Vgs(0V)
TIMING
GENERATOR

O__ -

QSF

QUTPUT SPECIAL FUNCTION
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

PIN DESCRIPTION

Pin Name Function
Tis ROW ADDRESS STROBE It is used asa clock.which Iatches the‘row address (A0~Ag) apd selects the word line. It also latches thg mask
INPUT data for write-per-bit, flash write, write transfer and split write transfer function when the WB level is low.
CAS before RAS refresh mode is available by preceeding CAS low.
CAS COLUMN ADDRESS It is used as a clock which latches the column address {Ag~Ag ) and initiates the reading or writing of the
STROBE INPUT selected words. In the data transfer cycle this latches the SAM Top Address Point. {TAP)
The MBM442256 utilizes an address multiplex method for sefecting one word amang the 266K-word memory
Ag~Ag ADDRESS INPUT cells. 9 row addresses and 9 column addresses are latched by the RAS and CAS falling edge. in the data
transfer cycle, this RAM address input is also combined with the serial access start address. (TAP)
When the WB/WE level is low at the RAS falling edge, Write-per-bit (RAM write with Mask) or Write transfer
B/WE EWSLL?;E“FL'ELIJTI,/WRITE with MASK or Flash write with MASK cycle is selected. When it is high, normal read/write or Read transfer
or Load color register cycle is selected. This clock also controls early/late write mode at the CAS falling edge.
in RAM read cycle, it makes the data output (RAM port) enable. Also when the ﬁ/ﬁ level is low at the
== == DATA TRANSFER/ BRS forl: . o :
T/0E OUTPUT ENABLE INPUT RAS falling edge, the data transfer cycle is selected and when it is high, RAM read/write cycle or Load color
register cycle or Flash write cycle is activated according to the WB/WE and the DSF conbination,
These are the data input/output pins to the RAM. During BAM write-per-bit cycle/split write transfer cycle/
WIOn* WRITE MASK / DATA flash write cycle, the high data pin at the RAS falling edge enables the selected-bit (row) write operation.
INPUT / QUTPUT In Write cycle, the data is latched at the late falling edge of the CAS or the WB/WE input, whichever is the
later,
sc SERIAL CONTROL The serial access is initiated from the SC clock rising edge. In the serial read cycle, the output data is held
INPUT until the next clock rise. Also in the serial write cycle, the data is latched at the SC clock rising edge.
sion* SERIAL INPUT /OUTPUT 512 x 4 word serial data input/output pins
3SE SERIAL ENABLE INPUT This enables the ser|‘a| input/output. in t.h(=j write tr:?msfer cycle, whgn SE is high at the RAS falling edge,
Peudo transfer cycle is selected, and when it is low, Write transfer cycle is selected.
INPUT SPECIAL This input defines special functions such as Split read/write transfer, Flash write, Block write and Load color
SF . o h . .
D EUNCTION register. When it is low grounded, the device works as a basic dual-port memory except for the Normat write
transfer cycle masking mode.
OUTPUT SPECIAL L
F . .
Qs FUNCTION Qutput indicating the serial data selector status.

Note % : n=0~3

MITSUBISHI
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

256Kx4 Truth Table

RAS falling edge CAS falling edge B Register
Code Write
R — Raster
mnemo | DT, |W ? __ mask Write mask
nic |CAS| A _| £ -|DSF| SE |Addr WIOn|WB/WE|DSF | Addr (WIOn|  gp. op. Color
OE| "WE temporary| persistant
CBR 0 o/1|a/1|0/1| — — — — — — — — — — - — (CBR
MWV ! 0 0 0 0 Sg;/v/ WM1) — 0 |TAP| — |Ves Wr. transfer (SE=0)
— Load use — — 4 . =
PWT | 1 0 0 ) 0/4 gg;/v/ WMl — ] TAP| — |Perrow Pseudo write transfer (SE=1)
1 0 0 1 — | Row|WM1| — 0 [TAP| — it wri i
SWT Yes — |ioaduse _ __ split wmke transfer with
1 0 a 1 — [Row|wMi| — [ 1 |[Tap} — |Perrow new mas
1 0 1 0 — | Row| — - 0 |TAP| —
AT — — — — — | Read transfer
1 0 1 0 — | Row| — - 1 TAP| —
1 0 1 1 — | Row| — - 0 TAP| —
SRT — — — — — | Split read transfer
1 0 1 1 — | Row]| — e 1 TAP| —
RWNM| 1 1 0 0 — | Row|wM1|*E/L] 0 Col. [DQin| Yes — Load use — — | RAM write with new mask
BWNM| 1 1 0 0 — | Row|WM1| — 1 Col. | Sel. Yes — Load use — Use | Block write with new mask
1 1 0 1 — | Row[WM1| — 0 — — | Yes
FWT — Load use — -— | Flash write with new mask
1 1 0 1 — |Row|WMIl — | 1 — | — |Perrow
RW 1 1 1 [t} — | Row| — [#£/L| 0 [Col. |DQin| — — — — — | R/W
BW 1 1 1 0 — |Row| — | — 1 |Gol. |Sel. — — — - Use | Block write with no mask
1 1 1 1 — |Ret | — [xE/L| © — |CLR]|
LCR —_— — — — Load | Load color reg.
1 1 1 1 — | Ref — |*E/L| 1 — |CLR,
*E/L: Early write/Late write % % Ref: Refresh Address
FUNCTION
1. Flash Write
Utility: A high speed clear can be performed with flash write cycle.
COLUMN ——»
ROW
=
———

% Write a color {0 or 1) to an entire row in one RAM cycle.
* Before flash write cycle, the color data must be set into an internal color register at
least once.

* MITSUBISHI
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Flash Write Timing Description

RAS __\—/__\

gl

ml
I
—

WiOn

\ / H \ / T

LA P VR | e/

-

o/

S\

H [\

T4\
[\ I

S 0080 D 00, T 00000000
0000 I 0000 GREETED 0000040 D VAR 0AAA

-

LOAD COLOR FLASH WRITE FLASH WRITE
CYCLE h— CYCLE —_ < CYCLE ——
* The mask must be asserted on each flash write cycle.
2. Split Register
Utility
a. To simplify real time transfer timing (Fully asynchro-
nous Serial Access)
b. Split Serial Register into two halves — To optimize the
memory size to CRT.
LOWER UPPER 56 255
0 255 511 [ 200 BIT AL ]| Lower
[ PoinTErR | [ PoiNTER ]
1 1 ! A-U | uerer
SAM SAM
| ] [ BL || Lower
t i) .
A AL AU i :
8 B-L B-U i i
C | !
MEMORY ! ! '
BLOCK | DISPLAY
i i
1 ]
Pointer Path
At Normal read transfercycle [ ower o wER
1. Transfer the data from RAM to SAM, and set the SAM C — r]r_,‘ l_]
start address among 512. _L:‘ - @ > >1
2. Start the Serial Read cycle. 1 2 3
3. Serial Read from Lower to Upper/Upper to Lower. 3
(The pointer of the Lower/Upper SAM will be automa- LOWER UPPER
tically cleared to address 0/256 after over-carried) === G- -
vl | ® 1
| 1 7= 1
1 2
e MY
ELECTRIC 3-7
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

At Split read transfer cycle

1.

Normal transfer cycle must be performed prior to the
split transfer cycle.

. The data is transfered between idle half of the SAM and

the selected Row. At the same time the idle SAM’s start
address is set to give the next start address after the end
of the busy SAM.

. At the split transfer mode, data are transfered to the

idle half of the SAM automatically. {Column Ag is
ignored.}

. QSF indicates the busy SAM.

{Lower Half SAM is busy: 0)
(Upper Half SAM is busy: 1)

. Serial Read can be performed asynchronously during

RAM cycle and Split transfer cycle.

L . Lkt P

(S) : SAM START ADDRESS

s - A—— ——n r P \ T
it -+ 3 j—ﬂ—
TAS _/ 4 V |
o5t \ ]\ 2 \ — -
QSF /
L by B
W "
INITIAL SPLIT SPLIT SPLIT
NORMAL TRANSFER TRANSFER TRANSFER
TRANSFER (TO UPPER) (TO LOWER) {TO UPPER)
LOWER READ UPPER READ LOWER READ
1
] 1
[ '
! LOWER UPPER i INITIAL TRANSFER
B \ # \ SPLIT TRANSFER {TO UP)
o,______... pE— o
ROW A ]
L / i!,_____\___ — TO LOWER
B & i
——————l TO UPPER
TME [ Cow B )
L g ____________ \ TO LOWER
ROW C *—I

256 511

SERIAL REGISTER

z MITSUBISHI
ELECTRIC



MITSUBISHI LSIs

M5M442256A),L,TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

QSF Timing Description

Serial-In 25 N
-
SC 7 AN \—/—\
AN
AN
~
N
N ~
VAAAAAANNANAN/ CANNANAANNANANAANAAAAN
SIN SIN [5”] "é’.. ““"‘ SIN(N) ““‘00..‘0 0 “‘
255) NQAROXXY OOHOCOOKHXX N
fsco ~\
511
QSF N
255 -
Serial-Out
511
255 N
SC AN -
/ S RS
tsca ™ T~
< RS
N
51
Sout m \\\Sout [25 ] W Sout(N)
tsca X
511
QSF N
255 x\_
Data transfer mode SI0 mode SAM TAP Data transfer QSF set
Normal read transfer Output Col. (Ag— Ag) RAM—>SAM Ag
Normal write transfer Input Col. (Ag—~Ag) SAM->RAM Ag
Pseudo write transter Input Col. (Ag~ Ag) — Ag
Split read transfer Not effect Col, (Ag—A7) RAM—>SAM *1 —
Split write transfer Not effect Col. (Ag—~A7) SAM—>RAM *1 -
*1: |f QSF=0 then the upper half data {256 ~ 511) is transfered.
If QSF=1 then the lower half data (0 ~ 255) is transfered.
3. Block Write Application

In the Block Write cycle, Data from the Color Register can
be written into 4 bit-columns {which Blocks are selected
with column address CA;~CAg) at one time. The DQqy-3
the input at CAS falling edge enables a selective column
write operation of the selected 4 bit-columns.

When WB/WE is low at RAS falling edge Write-per-bit
operation applies to the writing of color data.

" The Color Register must be loaded prior to the Block Write
cycle.

Block Write operation is useful for the partial-clearing or
partial-painting of a bit-map display with same color data.
With the selective-column writing of data, any of the 4
bit-columns can be masked, so allowing the boundary
treatment in the same cycle.

Amrrsumsm
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512 COL. (128 ¥-BLOCK)

Y (CAz~CAg)

COLOR DATA FOR EACH I/0

WRITE-PER BIT

O

0O {DQp~3 AT RAS FALLING)

=

512 ROW

y
T
1

O

4 BIT-COLUMNS
SELECTIVE COL. WRITE
{DQg.3 AT CAS FALLING)

Block Write Timing Description

=\ /

= T \ it
rowen - DO Crom s MK e+ RGO
ST S 1
mee T RO
v N A RN
e M e KRN
"oun’

*1: H; Nomask
L; Write per bit operation
*2: H; Write enable {No mask)
L; Disable {mask)
% 3: Column address CA, ~ CAy; CAy, CA, = Don't care (H/L fixed)

Only when WB/WE is low at RAS fallin

*4: Select W/IOq: CAg=0,CA,=0

W/0,; CAp=1,CA,;=0
g edge W/O,; CAg=0,CA,=1 H; Write enable {no mask}
W/104; CAp=1,CA,=1 L; Disable {mask)

MITSUBISHI
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

COL. BLOCK
Y-BLOCK
o N “127-BLOCK
w T A 149
X [ [ ]

M t— j 1 it
SEL. O SEL. 1 SEL.2 SEL. 3
CAg=0 CAp=1 CAg=0 CAp=1

CA=0 CA=0 CA;=1 CA}=1

Ao, A; at CAS falling edge are “‘don’t care”, but must be
set H or L state.

Example of Block Write Operation
‘X' indicates pre-state, ‘H'; high level (1), ‘L’; low level (0).

SEL. 2
SEL. 1
SEL 0 l SEL. 3 COLOR DATA

W/10g—>
W/10,—>

W/ 10—

W/103 ———>~

4-8|T-COLUMNS

MITSUBISHI
ELECTRIC 3-1
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_ ! i i
i Dbl bBhhp Ul pxxh v 7] ._MVJ o] XXX ] XxIx]x
bl pphp “ 0l Qix[x[ ] fxxfl __ Nl xdx]x]x Vx] [xx]x[x
| W |H|R]e]R b []x]ple oD TR]x]x A PR KX Px] o Ixxx]x
_ _ U] [Axx]m bR XXX U] XX ]x
! H] HIH[H]H ! H] Hix WA ! | ol Eall ko I
! “ “ “ |
i | _ | |

¢'L 103138 ! €'l 103738 ! €0 103138 _

XK |+ KOO0, coum
XXXROHRA | 1 TR0 [ KXXOCOOOOCOON [ 201/m

LOI/M

|
|
|
%
I

001/M

XOORA__ |7 [ |7 Bl |+ [ 7 poood |+ 7 ey I
ROXRXXRKHI RAIOEIAIIONY,
XCRXXKIRR H 1 KOOCOGRTN

2RO nwn1oo | wou  FOOOOOOGY nwnioo | won LXXXXOM._ wwnioo | mos KX00C00000000) 33u
i _ |

I B 1 L | svo
— L | ] [ _ Sy

ASYIANL LNOHLIM ASYW HLIM _ ASVIN LNOHLIM
3TOAD Jl1em X008 3TIAD JL1am 0078 ‘ 37DAD JL1dM H0018 3713A0 934 40702 QvOol

3

3
ﬁ%
sh=1=0=

:

ajdwex3
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Voo Supply voltage —1~7 v
V) Input voltage ] With respect to Vsg —1~7 )
Vo Output voltage —1~7 \4
lo Output current 50 mA
Pg Power dissipation Ta=25C | 1000 mw
Topr Operating temperature [‘ 0~70 °C
Tstg Storage temperature L © —65~150 C
RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C, uniess otherwise noted) (Note 1}
Limits
Symbol Parameter Unit
Min Norm Max
Veo Supply voltage 4.5 5 5.5 \
Vss Supply voltage 0 0 [4] v
ViH High-level input 2.4 6.5 v
Vi Low-level input —-1.0 0.8 v
Note 1: Al voltage values are with respect to Vss.
ELECTRICAL CHARACTERISTICS
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VOH (R) High level output (RAM port) lon(ry =—2mA 2.4 Veo Y
VoL (r) Low level output (RAM part) loL(R)y =4.2mA 0 0.4 \
VoH(s) High level output (Serial I port) loH(s) =—2mA 2.4 Vee Vv
VoL (s) Low level output (Serial 1 port) loL(g) =4.2mA 0 0.4 \
loz Dff-state output current Q Floating 0<Vout<Vcc —10 10 7y
B Input current 0<Vin<Vce —10 10 A
Note 2: Current flowing into an {C 1s positive, out is negative
CAPACITANCE (Ta=25C, f=1MHz, Vi=25mVmrs)
Limits
Symbol Pin name Test conditions Unit
Min Typ Max
Cino AAS, CAS, WB/WE, sC,SE,DT/0E,DSF 7 pF
CiNni Ao~ Ag Vi=Vss, f=1MHz, V|=25mVrms 7 pF
Co WI109~WI07, SIOp~ SI107, QSF 9 pF
MITSUBISHI
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

ELECTRICAL CHARACTERISTICS (Ta=0~70C. Vgc=5V+10%. Vss =0V, unless otherwise noted)

! Limits ‘
Symbol Parameter M5M442256_I7\ M5M442256‘1: M5M44225_6|l[\) Unit
RAM pont SAM port Max Max Max
lcct Random R/W cycle, RAS/CAS cycling, tre=min {Note 3, 4) 85" 75 65 mA
lcce Standby, RAS=Vi4, CAS=Vin, Dour=HI-Z 5 5 5 mA
lces monlv refresh cycle, RAS= cycling, CAS=V)H, the=minNote 3 4) Standby 85 75 65 mA
loca Page mode cycle, RAS=ViL, CAS=cycling. tec=min (Note 3, 4) | (SC=V|_) 75 65 55 mA
lces CAS betere ﬁs‘ refresh, tre=min {Note 3, 4) 85 75 65 mA
lcce Data transfer cycle, tag=min {Note 3, 4} 85 75 65 mA
icor Random RAW cycle, m/CA_S cycling, tre=min {Note 3, 4) 115 105 95 mA
Icos Standby, RAS=Vin, CAS=Vin, Doyr=Hi-Z (Note 3, 4} 40 40 40 mA
lceg RAS only refresh cycle, RAS= cycling, CAS=Vin, tre=miniNote 3,4) Active 115 105 95 mA
Iccio ‘ Page mode cycle, RAS=V)_, CAS=cycling, tec=min (Note 3, 4) (15c0=m|n) 105 95 85 mA
lce [ CAS before RAS refresh, tac=min (Note 3, 4) 15 105 95 mA
Icc12 rData transfer cycle, tac=min {Note 3, 4) 115 105 95 mA
Note 3: lcc 1, lcca~lecti2 are dependent on output loading. Specific values are obtainad with the output open
4: lcc 1. lcca~lccrz are dependent on cycle rate. Maximum current 1s measured at the fastest cycle rate
SWITCH CHARACTERISTICS (Ta=0~70T, Voe=5V £12%, Vgs =0V, unless otherwise noted) (Note 5}
Limits
Symbol Parameter M5M442256A -7 M5M442256A-LJT¢|5M442256A-ID Unit
Min Wax Min Max N Min Max
1caG Access time from CAS {Note 6, 8) [ 20 20 25 ns
trac Access time from RAS (Nate 6. 9) : 70 80 100 ns
T
tcaa Column address access tme (Nate 6, 10) 35 40 50# ns
teea Access ime from CAS precharge (Note 6, 11) 40 45 55 ns
toEa Access time from OF {Note 6) 20 20 ‘f 25 ns
teLz Output low impedance from CAS low 5 \ 5 5 ns
torF Output disable time after CAS high (Note 12) 0 20 0 20 0 20 ns
torz Output disable time after O high INote 12) 0 \ 20 0 20 T 0 20 s
" isca Access tme from SC high {Note 7) 25 25 25 ns
tsoa Access time from SE low {Note 7) | 0 20 0 20 0 254IL ns
tsoz QOutput disable time after SE high {Note 12) 0 20 1] 20 0 20 ns
tson Serial output hold time after SC high S 5 5 ns

Note 5: An initial pause of 500 x5 15 required after power up followed by eight initialization cycles {

RAS only refresh)
Nate that RAS may be cycled during the initial pause. And any 8 RAS/CAS cycles are required after prolonged periods (greater than 8 ms) of RAS

inactivity before proper device operation is achieved.

6: Measured with a load circuit equivalent to 1TTL loads and 100pF
7. Measured with a load circurt equivalent to 1TTL loads and 30pF
8

- Assumeg that trep 2 trep {max) and taas S trap (Max)
9: Assume that treo trco (Mmax) and trap ZtRAD (Max)

10: Assume that trco-tran = teaa {max)-teac {Min) and trep 2 twep (Max)
11: Assume that tcp < teptmax)
12 torr{max). tsozimax) and togzimax) define the tme at which output achieves high impedance state.

any combination of cycles contaiming a RAS clock, such

3-14
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M5M442256A)J,L,TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

TIMING REQUIREMENTS (Ta=0-70C, Vog=5V +£10%, Vss =0V, unless otherwise noted) (Note 13, 14)
(1) Read, Write, Refresh, Load Color Register, Block Write, Flash Write
Read/Write Transfer and Page Mode Cycles

’ Lirmits
Symbol Parameter M5M442256A-7 | M5M442256A-8 | M5M442256A-10 Unit
Min Max Min Max Min Max

tre Read. write cycle time 130 150 180 ns
tRas RAS low pulse width 70 10000 80 10000 | 100 | 10000 ns
toas CAS low pulse width 20 10000 20 10000 25 10000 ns
tosk CAS hold time after RAS 70 80 100 ns
tasH RAS hold time after CAS 25 ‘] 25 30 ns
lrer Refresh cycle time 8 8 8 ms
Tﬁp RAS high pulse width 50 60 70 1 ns
taco Delay time RAS low to CAS low {Note 15) 20 50 25 80 5 | 75 ns
terp Delay time CAS high to RAS low {Note 16) 10 10 0 | ns
teen 4‘ CAS high pulse width 10 10 10 ns
tasm ) Row address setup time befére RAS 0 0 0 ns
than Row address hold time after BAS T [ 10 15 | 15 ns
trAD Column address delay time fréTW—S-,’—>‘H {Note 17) 15 35 20 40 20 50 ns
tasc Column address setup time before CAS 0o | 0 0 ns
tcan Column address hold time atter CAS 15 20 20 ns
twsr | WB/WE setup time betore RAS 0 ‘ 0 0 ns
trwH WB/WE hold time after RAS 10 15 15 ns
toTRS DT/0E setup time before RAS 0 0 0 ns
1pTRH DT/OE high hold time after RAS 10 15 15 ns
trsr DSF setup time before RAS 0 0 0 ns
tRFH DSF hold time after RAS 10 15 15 ns
tesc DSF setup time before CAS 0 0 0 ns
toFH DSF hold time after CAS : 15 20 1 20 ns
tws Write mask setup time before RAS 0 o] 0 ns
twh Write mask hold time after RAS 10 15 15 ns
tr Transition time (Note 18) 3 . 35 3 35 | 3 35 ns

Note 13: Timing requirements are assumed t1=5ns

14: Vinlmin} and ViLimax) are raference levels for measunng tming of input signals.

15: trepimax) limit ensures that tracimaxi can be met. trep{max) 1s specified as a reference point only. If trep 1s greater than tgeplmax}, access ime is
controlled by tcac or tcaa as shown in notes 7 or 9

16: tcrp requirement is applicable for all RAS/CAS cycles

17 trap{max) limit ensures that tracimax) can be met. tgan{max) I1s specitied as a reference point only. If trap 1s grater than trap{max), access time 1s
controlled by tcac or tcaa as shown in notes 7 or 9

18 t1 15 measured between Vin(miny and Vi {max)

MITSUBISHI
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M5M442256A),L,TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

(2) Readand RefreshCycles

‘ Limits
Symbol Parameter M5M442256A-7 M5M442256A-8 ! M5M442256A-10 Unit
Min Max Min Max Min Max
tres Read setup ume before CAS low 0 0 0 ns
tAcH Read hold time after CAS high {Note 19} 0 0 0 ns
tRRH Read hold time after RAS high (Note 19) 0 0 0 ns
tRAL Column address to RAS setup time 35 40 50 ns
tRrc Precharge to CAS active time o] 0 0 ns
th(cLoe) | OE hold time after CAS low 20 25 25 ns
th(rLoe) | OE hold time after RAS low 70 80 100 ns
tooeL Delay time data 1o OE low 0 0 0 ns
toEHD Delay time (fhlgh to Data 15 15 20 ns
th(oecy | CAS hold time after OE low 20 20 25 ns
th(oerH) | RAS hold time after OE low 20 20 25 ns
Note 19: Either tren Or thrH Must be satshed
(3) Write Cycle (Early Write and Delayed Write)
Limits
Symbol Parameter M5M442256A-7 M5M442256A-8 | M5M442256A-10 Unit
Min Max Min Max Min Max

twes Write setup time before CAS {Note 20) 0 o 0 ns
twon Write hold time after CAS 15 15 15 ns
towL CAS hold time after write 20 20 25 ns
tRwL RAS hold time after write 20 20 25 ns
twe Write pulse width 15 15 15 ns
tosc Data setup time before CAS 0 0 0 ns
tone Data hold time after CAS 15 15 20 ns
Iosw Data setup time before write 0 v} 0 ns
tonw Data hold time after write 15 15 20 ns
toemD Delay time OF high to data 15 15 20 ns
thwoe) OE hold time after write 15 15 20 ns

Note 20 twes. trwo. town and tawp do not define the imits of operation, but are included in the data sheet as electrical charactenstics only. I wes 2 twes(mind,
early write cycle 1s performed with data outputs keeping high impedance state. If trwp = trwp{min}, towp 2 tewp(mini and tawp 2 tawoimin), read-write
cycle 1s performed with the data of the selected address being out from the data output. If neither of the above condmion 1s satisfied, the condition of
data out (at access ime and untill CAS or ﬁgoes back to Vi) 15 indetermined

* MITSUBISHI
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MITSUBISH!I LSlis

M5M442256A)J,L,TP,RT-7,-8,-10

DUAL-PORT DYNAMIC RAM

(4) Read-Write and Read-Modify-Write Cycle

Limits
Symbol Parameter M5M442256A-7 M5M442256A-8 | M5M442256A-10 Unit
Min Max Min Max Min Max
trwe Read-write, read-modify-write cycle time 185 205 245 | ns
tras RAS low pulse width 115 10000 125 10000 155 10000 ns
tcas CAS low pulse width 70 10000 70 | 10000 85 10000 ns
tosH CAS hold time after RAS 115 125 155 ns
thsH RAS hold time after CAS 70 70 85 ns
— —
tres Read setup time before CAS 0 0 0 ns
tewn Delay ume CAS 1o write (Note 20) 40 40 50 ns
tRwo Delay time RAS to write (Note 20) 90 100 125 ns
towL CAS hold time after write 20 20 25 i ns
tRwL RAS hold time after write 20 20 25 ns
twp Write pulse width 15 15 15 ; ns
tosw Data setup time before write 0 0 0 ns
PIDHW Data hold time after write 15 15 20 ns
tawo Delay time address to write {Note 20) 55 60 75 ns
th(cLog) | OE hold time after CAS 20 20 25 ns
th(rLoE) | OE hold time atter RAS 70 T a0 100 ns
1poEL Delay time data to OF low 0 0 0 ns
toeHD Delay time OE high to data 15 15 20 ns
th(woe) | OE hold time after write 15 15 20 ns
(5) Fast-Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle)
Limits \
Symbot Parameter M5M442256A-7 | MEM442256A-8 | M5M442256A-10 J Unit
Min Max Min Max Min Max
— -
teg Read, write cycle ime 45 50 60 ns
TrRWPC Read-write, read modify write cycle time 95 100 115 ns
1RasP RAS low pulse width 115 100000 135 100000 160 100000 ns
1cas CAS low pulse width 20 10000 20 10000 25 10000 ns
tep CAS high pulse width {Note 21) 10 15 10 20 10 25 ns
tRsH RAS hold tme after CAS 25 25 30 ns
Note 21: teplmax) is specified as a reference point only . If tcpimax) = tcp. access time s determined by tcac
(6) CAS before RAS Refresh Cycle (Now 22)
Limits
Symbol Parameter M5M442256A-7 M5M442256A-8 | M5M442256A-10 Unit
Min Max Min Max Min Max
tcshr CAS setup time for CAS before RAS 10 10 10 ns
tcHR CAS hold time for CAS before RAS 15 15 20 ns
tRPG Precharge to CAS active time 0 0 0 ns

Note 22: Eight or more CAS before RAS cycles are necessary for proper operation of CAS before RAS refresh mode

MITSUBISHI
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

(7) Normal-Read/Normal-Write/Pseudo-Write Transfer Cycle

Limits
Symbol Parameter M5M442256A-7 | M5M442256A-8 | M5M442256A-10 Unit
Min Max Min Max Min Max
tRDH DT/QE low hold time after RAS 10 | 10000 15 10000 15 | 10000 ns
trso Delay tme RAS to SC 80 80 100 ns
tasp Delay time address to SC 40 40 50 ns
tesp Delay time CAS to SC 30 30 30 ns
tsom SC hold time after DT 15 15 15 ns
tho Delay time RAS to QSF 85 85 85 ns
taQ Delay time address to QSF 40 40 40 ns
tco Delay time CAS to QSF 35 35 35 ns
toro Delay tme DT to QSF 25 25 25 ns
trrp DT to RAS precharge time 70 80 90 ns
totw DT high pulse width 30 30 30 ns
tes SE setup time before RAS low 0 0 0 ns
teEn SE hold time after RAS low 15 15 15 ns
tsms Last SC to RAS setup time (serial input) 30 30 30 ns
tsRH RAS to first SC delay time (serial input) 20 20 20 [ ns
tszs Serial input to first SC delay time (senal in — senal out) 0 0 0 ns
tsoz Serial output turn-off delay from RAS (serial out — serial in) 10 50 10 50 10 50 ns
tsop RAS to serial input delay time (serial out — serial in) 50 50 50 ns
(8) Real Time Read Transfer Cycle
Limits
Symbol Parameter M5M442256A-7 M5M442256A-8 | M5M442256A-10 Unit
Min Max Min Max Min Max

tRDH DT hold tme after RAS 55 10000 65 10000 80 10000 ns
toom DT hold time after CAS 30 30 30 ns
taom DT hold time after address 30 30 30 ns
tsop Delay time SC to DT 5 5 5 ns
tson SC hold time after DT 15 15 15 ns
toto Delay time DT to QSF 25 25 25 ns

MITSUBISHI
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(9) Split Read/Write Transfer Cycle

Limits
Symbol Parameter M5M442256A-7 | M5M442256A-8 | MEM442256A-10 Unit
Min Max Min Max Min Max
tscsr Split transfer setup time 30 30 30 ns
tscHR Split transfer held time 30 30 30 ns
(10) Serial Read/Serial Write Cycle
Limits
Symbol Parameter ) M5M442256A-7 7 M5M442256A-8 | M5M442256A-10 Unit
Min Max Min Max Min Max
tsco SC clock cycle time 30 30 30 ns
tsoH SC high pulse width 10 10 10 ns
tscL SC low pulse width 10 10 10 ns
tsop 5E high pulse width 25 25 25 ns
tsoe SE low pulse width 25 25 25 ns
tsis Serial input data setup time bafore SC high 0 o] 0 ns
tsiH Serial input data hold time after SC high 15 15 15 ns
tswis SE disable setup time before SC high 5 5 5 ns
tswiH SE disable hold time after SC high 15 15 15 ns
tsws SE enable setup time before SC high 5 5 5 ns
tswH SE enable hold time atter SC high 15 15 15 ns
sz Serial input to SE delay time 0 0 0 ns
tsco Delay time SC to QSF 25 25 25 ns
MITSUBISHI
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Switching Measurement Condition

1. Input reference point

3V

ov

FROM V4
ALL TIMING SPEC.'S

ARE DEFINED FROM VL

2. OQutput reference point

2.4v
RANDOM PORT

0.4v

2.0v
SERIAL PORT
QSF 0.8V

FOR SWITCHING MEASUREMENT
DC LEVEL OF QUTPUT IS Vgou =24V, Vg = 0.4V

3. Load condition

R1

RANDOM PORT WIOI O

Ry

SERIAL PORT SI01 O _L
Qsk 30pF i
I’ )

VoV —Vo) —Vor (V—Vou)
V=Von+ARi -y V=VoL+Ry. i Ay= SOH oLl YoL ot
VoH * loL—VoL * loH
Vou={in—lon) * Rz VoL=(iL—1oL) * Rz
Vou- R
When V=5V, Ry=919Q, Rp—497Q Rz MARAL

= V—Vow ~lon- R

MITSUBISHI
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TIMING DIAGRAMS

Read Cycle
tRo
tosH
TRas
. X r p|
RAS S Z
7 trp
_tore troD TRsH
|
p| tcas r
CAS tepN S Z
f . 7
tRAL
traD
tasr tRAH tasc toan
X 4 ROW
Ag~Ag ROW ADDRES COLUMN ADDRESS ADDRES
7 N
tres tReH
— '4
WB/WE tRrH
th(rLOE)
IoTtRS th (cLoE)
o ' 3 Al th (oECH)
5T/0E \ y {
toTAH A .
th (0ERH)
trsh trsc| | torn
tRFH
DSF
2
t :
toEHD
tooeL | |loea
W10g~3 N
(INPUT)
t toEz
cLz
WiOg~3 HIGH-Z / 3
(OUTPUT) g DATA VALID 72__'
teac tore
toaa
trac
SE
SC
S10p~3
(INPUT) Serial input/output can be freely performed
S10g-3
{OQUTPUT)
QSF
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

Write Cycle (Early Write)

The

tosk
taas
N \
m‘ SL 7* trp \
torp TrcD TRSH .
tecas
| R e e
. traL
 tasm tRan tasc tean )
Ag—~ Ag w ROW ADDRES : COLUMN ADDRESS w:!‘t‘tt”:’:ft":’:’:’:"’“}”' Agg\é"Es
twsr tRwH
| NOW.P.B twes twen
S
W.P.B
totrs | | toTRm
o 3 (XXX XXX AXK LX)
oT/oE SR R R R KKK AR
trsm| | taey tesc| | torm
R BRI K R0
Itws Uwry ;DSC UDHC
NO MASK f |
003 OO0 OO (K IOOOORXKOOOOOOH XX (XXK)
T D < e . RNy
MASK
WiGo~3 HIGH-Z
(OUTPUT)
SE
sc
ﬁ&g&;ﬁ Serial input/output can be freely performed
S10g~3
{OUTPUT)
0SF P
MITSUBISHI
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

Write Cycle (Late Write)

Py
)
[0

|

@]
D
5]

Ap~Ag

WiOg~3
(INPUT)

WI10g~3
(OUTPUT)

SE

SC

Si0p~3
{INPUT)

SI0p~3
{OUTPUT)

QSF

tre
" tosH
tras
\ X
\‘ 7f| trp \
torp treo tRsH
r \ toas
topn S‘ 7/
toap tRaL
_tasn tRaH tasc toar
X 4
m ROW ADDRES 7@( COLUMN ADDRESS W Agg\évES‘X
twsr ThwH tacs tAwL
NO W.P.B twp
i N A
X _ R
W.P.B
toTRs| | toTrH lowL
4 3 FAXRXIIQOOOOOOOO0
X R R R
th (woE)
tFsA| | tren trsc | | torn
QORI XXX XXX XX
m LXXN BRI
tws | | twn oEHD | lpsw L LpHw
""V""’ O MASK "’V"’ A"‘ ‘ OV’V.V’V‘v’V‘V V’V’V’V’V‘V’v‘vvvvvv
A
R MR e KEERERERIRER
| K
HIGH-Z

@

Serial input/output can be freely performed.

MITSUBISHI
ELECTRIC



MITSUBISHI LSls

M5M442256AJ,L,TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

Read Modify Write Cycle

tre
tosH
— tRas \
HAS \ j‘ \
X . tap
tcrp tRcD tRsH
v y tcas /—
CAS topn xr g
TRap
tasr tRan tasc tean
'8 4 X
ROW
twsr tRWH | thcs tRwL
tewn
NO P.B twp
O ‘ N KRR
WB/WE
N 2
W.P.B
Tawp
toTrs | | toTRH . towL
h(CLOE)
GO N
<
th (RLOE) th (woe)
tFsm trrn
trsc torn
DSF X AIOXKIOOCOX XXX XK
m : OO
fws || twn tooEL losw I
DHW
NGO MASK toEHD
WiOp~3 A0S S ‘ FARQQOOKHXXXXX
Py ALY A RN
MASK toea toes
Wi0o-3 7 own ’ﬁ HIGH-Z
(QUTPUT) \ VALID
tcaa
tRac
SE
SC
(?ri‘(;&;)a Serial input/output can be freely performed.
S10p~3
(OUTPUT)
QSF
z MITSUBISHI
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Page Mode Read Cycle

PAGE MODE PAGE MODE
READ CYCLE READ CYCLE READ CYCLE
trasp
N X 4
FAS Z
N 7
tpc .
il thco t RSH
A cp
toas
_ r Al toas — Y\ s /~
CAS tepn S S /
trap
task taan tasc tcan tasc toaH tASCI tcan §
A X Y
Ao~ Ag ROW COLUMN COLUMN COLUMN
ADDRES ADDRESS ADDRESS ADDRESS
N N 7 K
thes t
tacs tacH RRH
— s B
WB/WE ¥
M
1
loTRs toTRH hcLoe)
[ Yy X p|
o > PN £%
K
th(RLOE) ‘
tFsr ¢ tFsc| { toFH tesc | |torn
RFH Y
DSF % “Q (> "” 0‘0
y. . . SO A“’OQQOQ.
1
tDoEL DOEL
WIOg~3
{INPUT)
| Tcac
ToeHD
toea " ToEa
toac lcpa
i p s
WI0g~13 HIGH-Z A oata E § DATA DATA
(OUTPUT) y ALID VALID VALID
tRAC toFF
toez
SE
SC
SI0p~3 y
INPUT) Senal input/output can be freely performed.
SI0p-~3
(OUTPUT)
QSF
~
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

Page Mode Write Cycle (Early Write)

PAGE MODE WRITE CYCLE

WRITE CYCLE PAGE MODE WRITE CYCLE
trRasp
p| A
s | /
tpe .
torPr theo t RSH
~ : er tcas
o 4 3{ CAS 4 \ 'S \
o B e NS .
TraD
_tasm | |tRan tasc | [LoaH tasc || toan tasc | | toan
Ag—~ A RO' COLUMN - COLUMN COLUMN
0 A8 ADDRES | ADDRESS ADDRESS ADDRESS  _
_ lwsh tawH twos | | twen twes tweoH
- NO W.P.B
w7 TR RXRY || AR s
X Z
W.P.B twe tRwL
tpTRS toTRH towL
o \/ V’V "v v’v’v’v‘v’v’v‘v '.V‘V‘V \/
OT/CE CICKHIHIHIHHIIXHK XXX
XARRRRXARLKAREK
tesr trsc| | tern trsc| | tern
tRFH
DSF OOOOOOO
X 2 A‘A‘A‘A"‘A”’A”
tws tw tosc | | tome tosc | | tore
NO MASK
y X ' h 4 — AV,
WIiOg--3 "
DATA VALID DATA VALID O patavaup  XX»
(INPUT) @g 7}@; 7% m & “20’020’0
MASK
WI10g~3 HIGH-Z
{QUTPUT)
_ ~
SE
SC
(?VL(gEJ—'It)B Serial input/output can be freely performed
SI10p~3
(OUTPUT)
QSF
~
MITSUBISHI
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Page Mode Write Cycle (Read-Modify-Write)

py
[

[¢]
[O]

Ag—Ag

3
e
=

w]
~
Q
m

DsF

WtOp—3
(INPUT)

WIOg~3
(OUTPUT)

SC

Sl0g~3
(INPUT)

Si0g~3
(OUTPUT)

QSF

PAGE MODE
R.M.W. CYCLE R.M.W. CYCLE PAGE MODE R.M.W. CYCLE ,
trasp
\
N 7
trwpc ‘
terp theo toas toe RSH
toas
r p'S ZL N . /
W topn \.‘ \‘ ]Z S ;
tRaD
tasr | | tran tasc | | tcan tasc | | tcan tasc] | loan
[y
RO' vl COLUMN COLUMN COLUMN
ADDRES y g ADDRESS ADDRESS ADDRESS
_twsr tRwH tewe towL
NOW.P.B tros ﬁ& \—/- \ L/
f
WP B j"pr TrwL
torRs | | toTRH
§%§§> R\ )h* J// <::::;j§\____J/l \\\__4/// e
' ‘ ' thiwoe)
tFsr trsc| | torm
. X Z
t twn ToHw
ws toEL tosw tOEHD
NO MASK
- DATA DATA DATA
r \_VALID VALID VALID
MASK
lcac t
Toea
HIGH-Z 3 N
y \ [
; toaa DATA VALID DATA VALID DATA VALID
RAC

Serial input/output can be freely performed.
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RAS Only Refresh Cycle

D
i
[&2]

|

5 &

O
b
)l

Ag~Ag

tras

torp trpc tcrp

tasr tRAH

R TR TEIITD

A " V’V ’V‘V \VAVAY V’V V’V \/ V’V’V \/ V‘V \/\/ \\ ROW
oores R KRR RAARTAAIARIRATARKLL)

S — (XXX XXX XXX XXX XOOOOCOBOAOOOCOCOOCX)
L T
toTtrs | | toTrRH
o= e F OO OXXHXIOOXXK)
e G R R nneg
trsr taFH
- B
WI0g~3 (XXX K AKX KE KKK XKHXXI XXX I XXX XXOOOOOOOBOOOOOOX XX XXX
avpUn N N N e o e o
WICq -3 HIGH-Z
(QUTPUT)
SE
SC
(S”L(;(zﬁf Serial input/output can be freely performed
S10g~3
(OUTPUT)
QSF )
MITSUBISHI
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CAS before RAS Refresh Cycle

|
3>
(6]

|

o
b
4]

tre tre

trp tRp trp

tRas , tRas |
v 3 N \
\ .

trpc tRpe touR o

losn toHR toRp
y A fosr
X

topn

-

.

. R T T R T I XX TXXIX T
o e R R R R KRN
S R R R R R R T R T T T XXX
R A R KRR
o R T TR TR T T XXX
PT/oE R R R R R RRRARARTRIL

RO I I I K I I XXX X XXX XXX XX
oer R R R R XKL
WiOg-3 K I KK KXR XXX XXX X IO OOOOIXXX
iU R R R R R RN
WiOg -1 HIGH-Z
(OUTPUT)
_ ~
SE
SC
ﬁ,{gﬁ;? Serial input/output can be freely performed.
SI0g~3
{QUTPUT)
QSF

e
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Hidden Refresh Cycle

READ CYCLE HIDDEN REFRESH CYCLE )
tras tras
N
=S R iR X
K 7 N
trp
torp troo t
thsH CHR
——————
w T X
N
Trao
tasr | | Iman tasc ifﬁi
A AD
DDRES - 3 DRESS B
i twsr twsr
trcs tRAH he—= tawn Trwn
. 1
I A \ y f
WB/WE
totrs | | toTrRH th(0ERH)
o y N
DT/OE w \ N '&
1rsR | | tReK ¢ tren
tEsm ) trsc| | torn FSR
tRFH -
/) R
4 7 5
tooeL
WIOp~3 K
(INPUT) 4
foea
Toez
[~
torp
toac
'4 A |
WI0g -~ 3 HIGH-Z 7 >_
(OUTPUT) )( DATA VALID J
trac
— ~N
SE
SC
|SHI\I?’(EJ~T)3 Serial Input/output can be freely pertormed
SI10g~3
(OUTPUT}
QSF
~
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Block Write Cycle

losH

tras

7
_
.

- ¥,
tore trco ‘ tRsH
7 lcas
SR/ e— /
_tasm taan tasc tcaH
R £ B AVAYAVAVAVAYAVAVAVAVAVAV,
SR el i
twsa tRWH
I NOW.P.B
h
WB/WE S E g g
W.P.B 7 g
IbTRS toTRH
o Y p
T/0E
tFsc| | tcru
tFsm tREH
() L XXXXHRXKXHKXX)
o TN | U | R g
tWS twh tDSC IDHC
NO MASK
Wi0p_3 XXX QOO coLUMN  #x RAOOXK) (XXXHXXOOXXN
ineo Rl RN s gt
MASK
WI10g~3 HIGH-Z
(CUTPUT)
SE
SC
(SIILCF)’?Ef Serial input/output can be freely performed.
S10g~3
{QUTPUT)
QSF Column select % % Wio o o Cha—0, CA1—0
WIO 1 -1 ChAg=1, CAy=0
WwIo 2 -2 CAg=0, CA=1
WwWIi0 3 3 CAp=1, CA=1
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

Page Mode Block Write Cycle

BLOCK WRITE PAGE MODE BLOCK WRITE PAGE MODE BLOCK WRITE
4 trasp
RAS g
N i,
lpc
tore tRoD RS |
tcas
- T w N
CAS teen S N N
tRaD
taga | |tRan tasc tcam tasc | |_toan
PN ROW| ) COLUMN YR - COLUMN
0 A8 ADDRES ADDRE DRESS A ADDRESS
7 7 7
(CA2~CAg) {CA2~CAs) {CA2~CAg)
twsr tRwn
I / Nnowrs Y N
WB/WE l
L T
W.P.B :
torrs | | toTRH
o s X N
DT/0E ><
W
trse| | teFH trsc | | Torm trsc| | torm
tFsR tREH <
y
) 2
o ts twn tosc | | tome tosc | | toHe
NO MASK
W10g—3 * f COLUMN*+ COLUMN *¥
(INPUT) 4 SELECT SELECT
MASK '
WIi0g -3 HIGH-Z
(OUTPUT)
j— ~
SE
sC
ﬁ:\loli’otﬁ)s Serial input/output can be freely performed
S100~3 Column select * %
ouUTPUT) Wi0 0 Col-0 Chg=0, CA =0
WwIO 1 Col-1 CAg=1, CA1=0
QSF
-~ WIO 2 Gol-2 CAg=0, CA;=1
WIO 3 Col-3 CAg=1, CAy=1
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

Flash Write Cycle

|

el
>
ol

]
[©2]

Ag—Ag

WIOg~3
{INPUT)

WI10g -3
(OUTPUT)

SE

SC

SI10p~13
(NPUT)

S10g~3
{OUTPUT)

QSF

tRas |
h!
N

terp lacp

X
tasr tRaH

¥ AR KRR XX KRR, Fow
o oS R LARLOBLLLEIN,_ aposes

twsr TRWH

tpTRs IDTRH

LFsR tren

: LXK X I XXX RN
R R

TR0 TR
e e e e e

tws twh

NO MASK

;"

TR XXX R XX K KT
R e e

MASK

R R R

\ AT XXX
R RN

AVAVAVAVAVAVAVAN

HIGH-Z

Serial input/output can be freely performed.
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Load Color Register Cycle

tosH

thas

terp treo tRsH
or W topn J\'r = 7
Tasr Tran
Ap—~Ag mz ROW ADDHE’S“—*! ig\gﬁES X
2
t WSR t RWH
twes twen
WS/ WE i OOOOOCOOOCOVOKIIXHKXHNK
eI N RN
totrs 1oTRH
- 3 OOCRX (OO XK IXX X XK XXX
e Y N R RS
sk tRFH
tosc tone
W10y 3 {XXXOXXXX OO (XXX RIOOOOXHKOOCOKIOKK XXX
wr SRRBIKRARIRA oo RS
WI0g -3 HIGH-Z
(OUTPUT)
s ™~
SC
“S,L?)EE)J Serial input/output can be freely performed
S100~3
{OUTPUT)
0sF * % ROW ADDRESS: For refresh address
MITSUBISHI
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Read Transfer Cycle (Previous Transfer=Write Transfer)

tRo
Tosn
TRas 3
X
RAS \'( 7* TRp \
toRp tRcD tRsH |
o r 'l tcas
CAS w ti:r:D \r 7/
tasr tran tasc toan |
Ap~Ag m;aoﬂﬁs i SAM TAP ADDRESS .QQQ Q ’ 0 fow
. 0“0““0“0000" ADDRES ><
twsr tRwH Ao~Aa : TAP
e 'A X
/e 4 ‘0‘0’0‘0‘0‘0’0’0‘0‘0"o’o’o’0‘0’0‘0‘0’0’0’0‘0‘0‘0’0’0’0
toTRs tROH loTw =
o7/58 7/ /L h'
tesr trrH
() (XK
osr TR R XXX
WI0g-3
(INPUT}
tasp
Wi0g~3
{OUTPUT)
e tcso
tsms o tsoL tsoH | tsoL
s 3 ] SOH ¥
SC / ! Inhtbit Rising Transient { ! ;[ ﬂ&_ \_
{SCH
tsis o e t n I
¥ p!
S W i
. toTo
Si0g~3 { DpamavaLD X
{(OUTPUT) tco \
tra

'4
QSF Hor L X Horl
1\

MITSUBISHI
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

Real Time Read Transfer

tre
tesH
lRras \
_ X
RAS \_‘ _jr tre \
toRp tRoco tRsH
_ s N tcas
RS W t(t;:AD ( 7 /
lasr tran tasc toan |
Ao~ Ag W ROW ADDRES ;@(: SAM TAP ADDRESS }Q:E:gi:i:i:ggg::’:’:’:’:g;.})' Aobkes X
twsa trwh Ag~Ag: TAP
! 1
e T TR
toTRs tooH L
tFsr tREH Laok
W10y -3 (X XXX XXX XTI XXX X
b T s to
WI0p~3 HIGH-Z
{OUTPUT)
SE
tsce _lspp tson |
. I\ SN\
tsch Iscu tora
Isca tsca
S100-3
{INPUT)
tsomn tsoH
ISOILCJ)%;UaTi X DATA VALID xxi DATA VALmDATA VALID x DATA VALID x:‘ DATA VALIDX DATA VALID X
Previons Row Data—> te—— New Row Data
QSF —xt TAP MSB {Ag)
& MITSUBISHI
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Pseudo Write Transfer Cycle

tre
tesH
\ Tras -
y
FAs %r 7Z trp \
tore troD tRsH
o \ toas
= BT /
tasr tran tasc toam .
. - - XXKXXXXXON,  Row
Ap—Ag mr ROW ADDRES 72@( SAM TAP ADDRESS 32‘2”02‘2‘2‘2‘2’
Ag~Ag: TAP
twsr TRwH
WB/WE
totrs taoH
DT/OE
tesr tREH
XXXO0 (XK XXXX)
oS LR OB
v BB
tsRH
WI0g—3
(QUTPUT)
tes ten
-Tsws
S
N
tsrs taon o
sC /71 3 inhibit Rising Transient Y%Z a
tsoh
tspp -
tho tsis
S100~3 OO XNL vaup 3§<>< VALID
PG - TR0, e KR oo
tsoz =
Tao
S100~3 VALID X VALD X
{OUTPUT) DATA-QUT DATA-QUT 7[
I
F 8,
Qs X‘ TAP MSB (Ag}
MITSUBISHI
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Write Transfer Cycle

tre
tosH
tRas
. i ~ :
RAS \‘ 72 trp \
torp tRco tRsH
' \ tcas
SR A — /
tRaD K 7
Tash tran tasc toan
Ag—~ A ROW ADDRES SAM TAP ADDRESS +
- BN XK T
Ag~Ag: TAP
twsr tRWH
S OOCOOOOOOCX XXX
B/WE
ol o RN
totrs tROH
7 o
tFsR treH
i
7
tws TwH
NO MASK
Wi0g~3 3
(INPUT) 4
MASK
IspH
WI0g--3 HIGH-Z
{OUTPUT)
tes tem ‘ tsws
< B R
tsms .£§EH tscL
4 h IscL | —
sC / K Infubit Rising Transient \:——)z i
7
tscH
tsiH
tsis B
X R
(INPUT) DATA-IN DATA-IN DATA-IN
tca
tag
S10p—-13 HIGH-Z
(QUTPUT) tro
s
QsF >§ TAP MS8B (Ag)
N
MITSUBISHI
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Split Read Transfer Cycle

by
[0

(@]
>
[4)]

Ap~Ag

WEB/WE

WIOg-~3
{INPUT)

WI10g~3
(OUTPUT)

SC

S10g-~3
{INPUT)

S10g~3
(QUTPUT)

QSF

tac
tosh
tRas
A | n's A
N 1 e N\
terp tRoD TRsH
- CPN 3 foas /——
ttRAD &‘_ 7
tasm tran tasc tcan
TRH o foores ﬁmi s s o RT3
twsn TRWH Ag~A7: TAP
- 3 OO KX
B XA RERS
toTrs tROH
7
trsr tren
r OOOOOOOK XX X >
X R
tsesh UscHr
HIGH-Z
511 M M+ 1 254 255 N+256
(255} (M~2586) M+257)y T (510) (5611) (N)

lsca
| {tson
511 ¢ M M1 / 254 255 N+256
(255) . (M+256) (M+257) '"\ (510) (511 (N}
HIGH-Z

SAM UPPER (256~511)

SAM LOWER {0~ 255)
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

Split Write Transfer Cycle

tro
tosH
lRAs
s \ . N\
torp treo tRsH
. y loas
= Y i . /
tasr tran tasc toan
- X \VAVAVAVAVAVAVAVA)
Ag~Ag /mr RO A;mt SAM TAP ADDRESS (N) 7M 2.2’2:2:2’2’2’2:’) RO Es
Ao~A7: TAP
twsr TRwH
T N , AR
toTRs tRoH
Z
trsh tRFH
- XXAXOO (>
XXX
tws TwH
e TS TRXTRIRXTXT)
- ‘V'V'VV'V’V"VVVV'VVV’VV‘V’VVVV’VY ‘V’V‘V‘V‘VVVVV’VYV'VVV
e OGRR | I g
MASK
Tscsh TscHR
W100—3 HIGH-Z
{OUTPUT)
511 M M+1 254 255 N~ 256
(265) (M+266) iM+257) T (510) (511) (N)
< ]\ / ./ \
— —
tsin
Tsis
b - ( .
tﬁ\flggﬂa (2;;) >< k M +A2A56‘; ]§<>< (MM*2157) >"'< é?g) >0< (:521515) >0<\ N(N§56 ><>C
Si100-3 HIGH-Z
(QUTPUT) .
tsca
SAM UPPER (256~511)
' £
OSF >< ><
: SAM LOWER (0~ 255) :
A MITSUBISHI
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Serial Read Cycle (SE=L)

SC

S100~3
(INPUT)

SI10g~3
{OUTPUT)

QSF

tsce

N/ \

Serial Read Cycle (SE Control)

sSC

Si0g~3
(INPUT)

SI0g~3
(QUTPUT)

QSF

HIGH-Z
tsca tsca tsca tsca tsca
Ison Ison Uson tsoH tson
DATA VALID DATA VALID DATA VALID DATA VALID DATA VALID
7
tsco
HorlL
tsop X tsoe ,
= ) —
_/ '
tsce

 tsze

—_/—\_/‘ n_____/ =
tscH

N/ \

tsoz

tsoa tsca
| tsoz tsca 1SOH

tsca
tson

/

DATA VALID DATA VALID

o

K

DATA VALID

R
DATA VALID >———

7

Isca

fe— %Y
Horl };
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

Serial Write Cycle (SE=L)

SC

tsis

tsce

tscL Z
tscH

tsin

tsis

tsin

S10p~3
(INPUT)

4
y DATA VALID m
N

N
DATA VALID DATA
7 |

4
ALID

S100~3

HIGH-Z

DATA VALID

DATA VALID

(OUTPUT)

Isca

QSF

HorlL

Serial Write Cycle {(SE Control)

—_ TswH
SE
Tswis
sC
tais | | tsim sis | | s tais| | tsin
\ 1
o ["______\
o X 0a7 vaup “ "‘ (X 00.’ ” Y| DaTA \@@( DATA VAUD | . ’0".‘ ‘ ’
Si0g-~3 HIGH-Z
(OUTPUT)
tsca
y
QSF HorL X
MITSUBISHI
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