MITSUBISHI LSis

M5M482128A),TP,RT-7,-8,-10

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

DESCRIPTION

M5M482128AJ, TP, RT is a high speed 1048576-bit
Dual Port Dynamic Memory equipped with a 128K x 8
Dynamic RAM Port and a 256 x8 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 256 x 8 Serial Input/
Output control circuit and can be serially read out 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
s 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
RAS | Random Serial Random Serial
Type name | Access| Read/Write|  Read v Rgid | seadé\ﬁvmf
ype Time | Cycle Time | Cycle Time éﬁrren‘ip Y CCCurrgaty
{ns) {ns} {ns} {mA) (mA}
M5M482128
e 28 70 130 30 85 40
M5M482128 40
AU, TP.RT-8| 20 150 30 IS
M5M482128 40
AJ, TP, RT-10] 1% 180 30 65

® Dual Port Architecture
RAM Port: 128K word x 8 bit
Serial Port: 256 word x 8 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

SERIAL

CONTROL
ineur, SC [

seriag | 5100 = [2]
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PIN CONFIGURATION (TOP VIEW)

Vssi
[35]  5107] semiaL
[38] «= 5106 | INPUTS/
OUTPUTS
3
[57] ~ 5105 | G
[36] 510,
|« SE SERIAL
d ENABLE
34| < WIO7) INPUT
[33] < w106 | waiTe mask
DATA INPUTS/
32] += WIOs| outPUTS
31] «+ WIO,] APORD
E Vssz
INPUT SPECIAL
29] - DSF FUNCTION
___ COLUMN ADDRESS
E = CAS grROBE INPUT
E — QSF OUTPUT SPECIAL
FUNCTION
-
- A
23] « A, | ADDRESS
22 - as | INPUTS
21) «— Ay

Outline 40POK (400 mil 40 pin SOJ)

NC: NO CONNECTION
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MITSUBISHI LSIs

M5M482128AJ,TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

PIN CONFIGURATION (TOP VIEW)

SERIAL SERIAL
CONTROL - 1y - NTROL
INPST s¢ —[1] 4]  Vssi Vss)  [@] O [[]+sc CO“\'PUT
- - S107«[23 A
seriaL | 5100 (] B S107) geaiaL 7 ; S10 f sppiaL
INPUTS/ | 510, +[3] 42]++ S10s L iNpyTS/ I?\IEPTJITAS{; S106 +~ |42] [3] ~s101 | npuTs/
QUTPUTS - [ 2] QUTPUTS
(B-PORT) | S102 "’E A 5105 %U;’OPEJ{_I;S OuUTPUTS S10s j—l S102 {B-PORT)
siog «[] a0]  S10, 5105 [0 5] 5105
DATA TRANSFER/ _~ __i — SERIAL — — —_ 2 _ DATA TRANSFER/
QUTPUT ENABLE DT/OE —[6] 3]« SE  Zyaple  SERIALENABLE SE —[38 6] < DT/DE OUTPUT ENABLE
— INPUT
MU wiop 3 3]« WIO7) INPUT NeuTS WI0; +- [3g] [7] w0
WRITE MASK/ ) - - WRITE MASK
DATA INPUTS/{ W10 L8 3§ ++ W10, ware mask,  WRITE masks | W106 E.l B> Wi01 | o a INPUTS/
OUTPUTS |WIOz «|3 2 36] = WIOs| DATANPUTS Steurs | W10s [ 2 9] =~ w0z [ouTpPuTsS
Q U — o
{A-PORT) | w103 [0 2 35| «» W104) (a-PORT) W10 -] 2 T0] e W05 ) (A-PORT)
& 3
S 8
4 5 B
WRITE PER veez L3 > E Ves? Vssz 3—i > EI Voce
WB/WE - [ ] - — INPUT SPECIAL  INPUT SPECIAL DSF 31 pi «— WR /T WRITE PER
ENA:LIEA:LRPIJ'T' B/WE ; LY E DSF Funcrion FUNCTION = - 1}~ WB/WE BITMWRITE
NC 15 30 NC  cOLUMN NC 30 15 NC ENABLE INPUT
=—= JR— COLUMN ADDRESS =7= oo —
2?:)::?::‘?? RAS —[15] 18]« CAS SA'PR%RBEESSINPUT STROBY mpos CAS — g 16] «—RAS ROW ADDRESS
Ne [i7 28]+ QSF outeyr seciaL OUTPUT SPECAL OSF +— [28 7] w~No  STROBE INPUT
— ION —
as (8 2T apy FUNCTION Aq = {z7] 18] o Ag
ADDRESS | As — 119 28]« A ‘ Ar =l 19] A6 | ADORESS
INPUTS | ag — {20 25|+ A, ADDRESS ADlﬁ:jLEI% Az 25 20| — As [ INPUTS
Ay -] 23]« g | INPUTS A3 — 2] 71] — Ad
Veer '2—2 23]" Az Ay — E 22 Vcer
Qutline 44P3W-L (400 mil 44 pin TSOP) Outline 44P3W-M (400 mil 44 pin TSOP)
Nomal Bend Type Reverse Bend Type

NC: NO CONNECTION

BLOCK DIAGRAM _

l
8
i r——— COLUMN DECODER | Wo/100 | wriTE
ﬁ ﬁ ﬂ DATA o MASK/DATA
Ao 170 oot INPUTS
A, < SENSE AMP. & BUFFER i OUTPUTS
N i 1/0 CONTROL W1/107 (APORT
N n « 256 x 8 COLUMNS FORT!
3 2 K ) 2 COLOR
ADDRESS | A4 2 [ 3e REGISTER
INPUTS ] As w = ~
z o WRITE
As 2 g M MEMORY ARRAY MASK
A Z g REGISTER
Ag | !
DATA DATA
EGISTER-1| [REGISTER 2 SERIAL 8
| X S10g
AODRT %RIALT T‘SERIAI Vo Lo i
POINTER SELECTOR-1| SELECTOR-2 BUFFER b AL
1,2
I S197 | (g.poRT)
ROW ADDRESS I
STROBE INPUT
RAS Voo (5V)
COLUMN ADDRESS e
STROBE INPUT CAS Vss(0V)
WRITE-PER-BITMWRITE W/WAE
. ENABLE INPUT TIMING I
ATA TRANSFER/QUTPUT BT/0OF
\SFERIOUTIUT BT/0E GENERATOR
SERIAL CONTROL INPUT SGC
SERIAL ENABLE INPUT SE |
INPUT SPECIAL DSF
FUNCTION

t

- O—- - -

QsF
OUTPUT SPECIAL FUNCTION
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M5M482128A),TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

PIN DESCRIPTION

Pin Name Function
it is used as a claock which latches the row address (Ag ~ Ag) 1o select the word line. It also latches the mask
RAS :WNOPVLVJTADDRESS STROBE data for Write-per-bit, Flash write and Split write transfer functions when the WE level is low. CAS before
RAS refresh mode is activated when preceeded by CAS falling low.
GAS COLUMN ADDRESS It is used as a clock which latches the column address {Ag ~ A7 ) 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 M5M482128 utilizes an address multiplex method for selecting one word among the 128K-word memory
Ap—~ Ag ADDRESS INPUT cells. 9 row addresses and 8 column addresses are latched by the RAS and CAS falling edge. In the data
transfer cycle, this address input is also combined with the serial access start address. {TAP)
WRITE-PER-BIT / WRITE When the W/ﬁ level is low at the RAS falling edge Write-per-bit {RAM write with mask), Write transfer
WB/WE with MASK or Flash write with MASK cycle is selected. When it is high, normal read/write, Read transfer
ENABLE INPUT 5 X K . —
or Load color register cycle is selected. This clock also controls early/late write mode at the CAS falling edge.
o DATA TRANSFER /OUTPUT When the DT/OE level is low at the RAS falling edge, the daFa 1ransfer cyc!e is selected a.md when itis high,
DT/OE ENABLE INPUT RAM read/write cycle, Load color register cycle or Flash write cycle is activated according to the WB/WE
and DSF combination, In the RAM read cycle, it enables the data output (RAM port}.
These are the data input/output pins to the RAM. During RAM write-per-bit cycle, Split write transfer cycle
wion* WRITE MASK /DATA or Flash write cycle, high data input at the RAS falling edge enables the selected-bit (row) for write operation.
INPUT/QUTPUT In the write cycle, the data is latched at the falling edge of the CAS or the WB/WE input, whichever is the
later.
sc SERIAL CONTROL INPUT All serial access'ls mmatgd rom Fhe S; clock rising edge.v In the serial read cycle, 1h<:,\ f)utput data is held unti!
the next clock rise. Also in the serial write cycle, the data is latched at the SC clock rising edge,
S10n* SERIAL INPUT/QUTPUT 256 x B word serial data input/output pins.
5E SERIAL ENABLE INPUT This enables the serlz?\ input/output. In tr?e.wrlte trapsfer cycle whenA SE is high at the RAS falling edge,
Pseudo transfer cycle is selected, and when it is low, Write transfer cycle is selected.
This input defines special functions such as Split read/write transfer, Flash write, Block write and Load color
DSF INPUT SPECIAL FUNCTION register. When it is set low, the device works as a basic dual-port memory except for the Normal write transfer
cycle masking mode.
OUTPUT SPECIAL F—— .
QSsF EUNCTION Output indicating the serial data selector status.

Note*: n=0~7.
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M5M482128A),TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

128Kx8 Truth Table

RAS falli li Register
Code alling edge CAS falling edge Write g
m bT, W mask Raster Write mask
nemo | ... . ]
nie |CAS| Z OSF | SE |addr |[WIOn[WB/WE|DSF [Addr |WiOn| o | o Color
OE| "WE temporary| persistant
CBR | a0 (o/rjo/r|o/1| — | — | — | — | ~—|~|— - - — - — | CBR
Q Roy _ _ —
MwT/| ) ¢ 0 0 /' Thot | WM1 0 |TAP Yes — | Load use _ __ | wr. transfer (SE=0)
PWT 1 0 0 0 o/, Aow  lwmi| — 1 TAP| — |Perrow Pseudo write transfer (SE=1)
“Ret
1 0 0 1 — | Row|WM1]| — Q TAP| — . . .
SWT Yes _ Load use . __ | Split write transfer with
1o | o] 1| — |Row|wMmi| — | 1 |TaR| — |Pperrow new mask
1 0 1 0 — | Row| — - 0 TAP| —
RT — — — — — | 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| — — 1 [|TAP| —
RWNM/| 1 1 0 0 — | Row]wWMI1|*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|wMi| — | 0 | — | — |yes
FwT — Load use — — | Flash write with new mask
1 1 0 1 — |Row|[wMi| — | 1 — | — |Perrow
Rw 1 1 1 Q — | Row| — |%E/L| 0 |Col.|DQin _— — — — — | Read/Write
BwW 1 1 1 0 — |[Row| — — 1 Col, [ Sel. — — — — Use | Block write with no mask
1 1 1 ] — |Ref | — |[*g/L| 0 — |CLR|
LCR — — — — Load | Load color reg.
1 1 1 1 — | Ref — |*E/L| 1t — |CLAR,
*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 ——2-
ROW
e

* 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
3-48 ELECTRIC



MITSUBISHI LSIs

M5M482128A),TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

Flash Write Timing Description

kY
>
[¢)]

DSF

Ap~Ag

WiOn

il
0

P
I Y A R W Ll
T\ T\ [\
’ 7\ T\

LOAD COLOR

2. Split Register

Utility

CYCLE

FLASH WRITE

CYCLE

—_— —

* The mask must be asserted on each flash write cycle.

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.

Om>P

Pointer Path
At Normal read transfer cycle

1. Transfer the data from RAM to SAM, and set the SAM peTmTTTmE OO ez

LOWER

127

UPPER

255

S 000000000 A 000
10 TR0 TR 0000000000 AT V0

FLASH WRITE
CYCLE

| 100 BIT

LOWER

POINTER

POINTER

¥

¥

SAM

|

SAM

1

1

|
1| uerer
[| Lower

)

L
-L

fas]

A-U
B-U

MEMORY
BLOCK

1

(

DISPLAY

start address among 256.
2. Start the Serial Read cycle.

3. Serial Read from Lower to Upper/Upper to Lower.
(The pointer of the Lower/Upper SAM will be auto-
matically cleared to address 0/128 after over-carried) [T il ated

MITSUBISHI
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M5M482128A),TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

At Split and read transfer cycle

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

2. The data is transfered between the 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.

3. At the split transfer mode, data is transfered to the
idle half of the SAM automatically. (Column A, is
ignored.)

4. QSF indicates the busy SAM.

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

5. Serial Read can be performed asynchronously during

RAM cycle and Split transfer cycle.

I 1

L Uy e R P e - —
o
1 [ J
| SR B i e e
(5) : 5AM START ADDRESS

) _n._

JL )

\ ! L4

h)}

J)

RAS N \ /17 N
—

Y1 /-_.\ h)!

AN \

)]

LY A

W

s

QSF
L / byl
14} 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 ! INITIAL TRANSFER

LI N A B

]
e [ 2N
TE | oW s )

oo

ROW C

0 127 128

255

SER|IAL REGISTER

SPLIT TRANSFER {TO UP)

‘4 TO LOWER

TO UPPER

j TO LOWER
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M5M482128A),TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

QSF Timing Description

. 255
Serial-In 127 N
SC ; N
~
~
~
tsco
255
QsF N
127 q
Serial-Out
255
127 N
sc N
N ~.
\\ \\\
Usca ~ Sw
N N\
RS
Sout N_ Sout [255] Sout(N)
- 127
<
tsco N
255
QSF N
127 p S
Data transfer maode SI10 made SAM TAP Data transfer QSF set
Normal read transfer Output Col. (Ap~A7 RAM—>S5SAM Az
Normal write transfer Input Col. (Ag~A7p SAM->RAM Ag
Pseuda write transfer Input Col.(Ag—Ay — Ay
Split read transfer Not effect Col. (Ag~ Ag) RAM—>SAM *1 -
Split write transfer Not effect Col. (Ag~Ag) SAM—>RAM *1 -
* 1. |f QSF = 0 then the upper half data (128 ~ 256} is transfered.
If QSF = 1 then the lower half data {0~ 127} 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,~CA,) at one time. The DQp-~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.

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

266 COL. (64 Y-BLOCK)

Y (CA~CA7)

COLOR DATA FOR EACH (/O

512 ROW

O
0
O
O

11— 0

) WRITE-PER BIT
0 [ (0Q-+ AT RAS FALLING)

4 BIT-COLUMNS l

SELECTIVE COL. WRITE I

(DQg-3 AT TAS FALLING) |

Block Write Timing Description

s \

ARG

\
SO e O D 1
S G I 1 At

L: WPB.

AYAVAVAVAVAVAYATAVAYAYAYAYA

T

A

i
- T

L

U

R G, R
W/100~7 Hi-2
(ouT)

*1: H; No mask
L. Write per bit operation
*2: H; Write enable {(No mask}
L. Disable {mask})
* 3. Column address CA; ~ CA,; CAq, CA, = Don‘t care {H/L fixed)

Only when WB/WE is low at RAS falling edge

*4: Select W/IOp;, CAg=0,CA;=0
W/10,; CAg=1,CA,=0
W/IO;; CAg=0,CA,=1
W/10;; CAg=1.CA;=1

H; Write enable {no mask)
L. Disable {mask)

3-50
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

COL. BLOCK
Y-BLOCK 63-BLOCK

0 Y b

149 T T T 10
x I 1T

511 — ] T Rt
SEL. O SEL. 1 SEL.2 SEL.3
CAp=0 CApg=1 CAp=0 CAg=1

CAy=0 CA1=0 CAy=1 Ca=1

Ao, Ay and W/10,_, 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/I0pg—>
W/10 ) ——»
W/10; ——>

W/103 ——>

W/10y——>
W/105 ——>
W/10g ———>
W/107 ———

4-BIT-COLUMNS

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

o [ RRRR ! EIEEIEIRIE Vol [AfxIx A Vo] [xIx[x]x [x]  [x[x[x]x
R IRIRIE N Alx|7]n Lo Alx|x| ro[a x [x[x|x X x|x[x|x
[ IRIRIR 'R T[x[x]= R alx|x|n Lk X |x [x [x X x [x[x]x
TR EE L[ HIx|X|H ol H|xx]H bom XXX |x X x [x[x[x
R SIRIIE L3 Ax[x PP Tx]x]7 Lo X |% X |x X X% [x |x
[ RIRIEIE i Alx|x|7 bR Ax|x[7 i A XX [x|x X X [x [x %
L I il il 1X]
I |e H[H[H[H bW H[x[H]H I H H[x[x |+ boA x |x|x|x X x |x [x|x
o RIR[HH Lol H|x R [H I A H[x|x |+ oA X |x [x Ix X X |x[x[x
ol [ [ [ il
I | I !
“ " _ "
R ! .
i Z't 153138 j €'l 153738 i £°0 103138 i
1 LOI/Mm
R 901/m
E S01/M
XXX X H YoI/M
hl £0I/M
= 201/M
H LoI/m
H 001/M
oo O 72 A O 70202020 O e
KXOXXOXCONTA |+ PO, [+ X000 H R 30/10
H 7 KX H B0 Iam/am
RRRRRRRRKRRRL o —wow 000000 w5 | e TRl s T o et
_ | _
_ | | _ [ l I SVO

—

J E— L L J J) s
ASVYN LNOHLIM ASVYINL HLIM ASYA LNOHLIM

FT0AD 3L1dM %0018 FI3A0 311M AD018 3TI0AD J11m H2018 370A0 934 HO100 avol

9jdwexy
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FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Voo Suppty voltage —1~7 A\
Vi Input voltage With respect to Vgg —1~7 A
Vo Output voltage —1~7 \Y
lo Qutput current 50 mA
Pd Power dissipation Ta=25C 1000 mw
Topr Operating temperature 0—~170
Tstg Storage temperature ~—65~150 °
RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C, unless otherwise noted) (Note 1)
Limits
Symbal Parameter Unit
Min Norm Max
Vee Supply voltage 4.5 5 5.5 \Y
Vss Supply voltage 0 0 1] \" ]
Vin High-level input 2.4 6.5 Y
VL Low-evel input —1.0 0.8 v
Note 1:  All voltage values are with respect to Vgs.
ELECTRICAL CHARACTERISTICS
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VOH (R) High level output (RAM port) loH(R) =—1MA 2.4 Veo v
VOL(R) Low level output {(RAM port) loL(r) =2.1mA 0 0.4 \
VOoH(S) High level output {Serial [ port) 1oH(s)=—1mA 2.4 Vee \
VoL (s) Low level output (Serial | port) loL(s)=2.1mA 0 0.4 v
loz Off-state output current Q Floating 0<Vout<Vc¢c —10 10 “A
I Input current 0<Vin<Vege —10 10 A
Note 2: Current flowing into an IC 1s positive, out i1s negative
CAPACITANCE (Ta=25C, f=1MHz, V/=25mVmrs)
Limits
Symbol Pin name Test conditions Unit
Min Typ Max
Gino RAS, CAS, WB/WE,SC,SE,DT/0E,DSF 7 pF
Cint Ap~As Vi=Vss, f=1MHz, V;=25mVrms 7 pF
Co WI0g~WI07, SI00~SI107, QSF 9 pF
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M5M482128A),TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

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

Limits
Symbol Parameter MSM4B21284 | MOMME2IZBA | MEMAS2IZEA | ).,
I
RAM port SAM port Max Max Max
lcer | Random R/W cycle, RAS/CAS cycling, trg—min {Note 3, 4} 85 75 65 mA
lcoz Standby, RAS=Viy, CAS=Viy, Dout=Hi-Z 5 5 5 mA
lces | RAS only retresh cycle, mzcycllng, CAS=VH, tgctmm('\lole3,4?J Standby 85 75 65 mA
lcca Page mode cycle, RAS =V|_, CAS=cycling, tec=min (Note 3, 4)  (SC=V) 75 | 65 55 mA
locs CAS befere RAS refresh, trc=min befor (Note 3, 4) 85 75 85 mA
tcce Data transfer cycle, tse=min {Note 3, 4) 85 75 65 mA
Ico? Random RAW cycle. RAS/CAS cycling, trc=min {Note 3, 4) 115 105 35 mA
lcos Standby, RAS=Vi. CAS =Vi4, Dour=Hi-Z iNote 3, 4) 40 40 40 mA
Icce RAS only refresh cycle, RAS=cycling, CAS=Vin. tac =minNote 3.4 Active 15 105 95 mA
lceto Page mode cycle, RAS =V, CAS=cycling, tec=min (Note 3, 4) (tgec=min) 105 95 85 mA
lcon CAS before RAS refresh, tac=min (Note 3, 4} : 115 105 95 mA
lco12 Data transfer cycle, tge=min (Note 3, 4) 115 105 95 EgrnA
Note 3: Icc 1. teca~lcciz are dependent on output loading. Specific values are obtamed with the output open

4

fcc 1. lcea~lcgi1z are dependent on cycle rate. Maximum current 1s measured at the fastest cycle rate.

SWITCH CHARACTERISTICS (Ta=0-~70T. Vag=5V=12%. Vs =0V, unless otherwise noted) (Note 5)

Limits
Symbol Parameter M5M482128A-7 | M5M482128A-8 | M5M482128A-10 Unit
Min Max Min Max Min Max
tcac Access time from CAS (Note 6, 8) 20 20 25 ns
trac Access time from RAS (Note 6, 9) 70 80 100 ns
toana Column address access time (Note 6, 10} 35? 40 50 ns
topa Access tme from CAS precharge (Note 68, 11) 40 45 55 ns
toEA ! Access tme from OF 7 (Note 6} ‘ ]7 20 25 ns
toLz ‘ Output iow impedance from CAS ‘cw 5 5 5 ns
torse Output disable time after CAS high {Note 12) 0 20 4] 20 0 20 ns
toez Output disable time after Eh»gh (Note 12) 0 20 0 20 0 20 | ns ‘—‘
tsca Access time from SC tugh (Note 7} 25 ZSﬁl 25 ns
tsoa —A-ccess time from SE low {Note 7) 0 20 [of 20 \ 0 25 ns
tsoz Output disable ume after SE high {Note 12) o] 20 0 20 0 ! 20 ns
tson Senal output hold time after SC high ‘ 5 5 ‘ 5 " ns
Note 5 An mitial pause of 500 »s 1s required after power up ‘olowed by eight inimalization cycles {any combination of cycles containing a RAS clock, such as

RAS only refresh)
Note that RAS may be cycled during the nitial pause. And any 8 RAS/CAS cycles are required after prolonged periods igreater than 8 ms) of RAS
inactivity before proper device operation 1s achieved

1 Measured with a load circuit equvalert to 17TL loads and 50pF.
- Measured with a icad circuit equivalent 1o 1TTL loads and 30pF

Assume that trcs 2 tren (max) and teap ™ tRaD (max)

Assume that Rer = teep IMax) and trap 2 tRaD tmax)

Assume that trep-trap *: tcaa (max)-teac (min and tacp & trep (Max)

Assume that tcp = 1ep{max)

torrimax]. tsozimax) and toesimax) defing the ime at which output achieves high impedance state

3-54
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TIMING REQUIREMENTS (Ta=0~70C, Veec=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

Limits
Symbol Parameter M5M482128A-7 M5M482128A-8 | M5M482128A-10 Unit
Min Max Min Max Min Max

tre Read, write cycle ime 130 150 -l 180 . ns
tras RAS low pulse width 70 10000 80 10000 100 10000 ns
tcas CAS low pulse width 20 10000 20 10000 25 | 10000 ns
tosh CAS hold time after RAS 70 80 100 ns
tRgH RAS hold time after CAS 25 25 30 ns
tREF Refresh cycle time 8 8 8 ms
trp RAS high pulse width 50 B0 70 ns
tRco Delay time RAS low 1o CAS low {Note 15) 20 50 25 60 25 75 ns
tcre Delay time CAS high to RAS low (Note 186} 10 10 10 ns
topn CAS high pulse width l 10 10 10 ns
tasrk Row address setup time before RAS 0 0 0 ns
tRAH Row address hold time after RAS 10 15 15 ns
tRAD Column address delay time from RAS {Note 17) 15 35 20 40 20 50 ns
tasc Column address setup time before CAS 0 0 1] ns
tcan Column address hold time after CAS 15 20 20 ns
twsh WB/WE setup time before RAS 0 0 0 ns
tRwH WB/WE hoid time after RAS L 15 15 ns
toTRS BT/0E setup ume before RAS 0 0 0 ns
toTRH DT/OE high hold time after RAS 10 15 15 ns
trsh DSF setup time before RAS 0 0 0 hE]
tRFH DSF hold time after RAS 10 15 15 ns
tesc DSF setup time before CAS 0 0 0 ns
torm DSF hold time after CAS 15 20 20 ns
tws Write mask setup tme before RAS 0 0 0 ns
twH Write mask hold tme after RAS 10 15 15 ns
t1 Transition tme (Note 18) 3 35 3 : 35 3 35 ns

Note 13: Timing requirements are assumed tr=5ns.

14: Vin(min} and V| {max) are raference levels for measuring timing of input signals

15: tgeplmax) limit ensures that tgacimax) can be met. treplmax) 1s specified as a reference point only. If tago 1S greater than tagp{max). access time Is
controlied by tcac or tcaa as shown in notes 7 or 9

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

17: tgapimax) imit ensures that tracimax) can be met. trapimax) 1s specified as a reference point onvy. If trap 1s grater than trap{max), access tme Is
controlled by tcac or tcaa as shown in notes 7 or 9

18 ty is measured between Vin{min} and V| (max)
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(2} Read and Refresh Cycles

Limits
Symbol Parameter M5M482128A-7 M5M482128A-8 | M5M482128A-10 Unit
Min Max Min Max Min Max
thcs Read setup time before CAS low 0 0 0 ns
tRCH 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
trec Precharge to CAS active time 0 0 0 ns
th(cLoE) OE hold time after CAS low 20 25 25 ns
th(rLoe) | OF hold time after RAS low 70 80 100 ns
tooeL Delay time data to OE low 0 a 0 ns
toEHD Delay time thlgh to Data 15 15 20 ns
th(oecwh) | CAS hold time after DE low 20 20 25 ns
th(oERH) | RAS hold time after O low 20 20 25 ns
Note 19: Either tpcH or terr must be satisfied
(3) Write Cycle (Eary Write and Delayed Write)
Limits
Symbol . Parameter M5M482128A-7 | M5M482128A-8 | M5M482128A-10 Unit
Min Max Min Max Min Max
twes Write setup time before CAS (Note 20) 0 0 0 ns
twon Write hold time after CAS 15 15 15 ns
towe CAS hold time after write 20 20 25 ns
tRwL RAS hold 1ime after write 20 20 25 ns
twe Write pulse width 15 15 15 ns
tosc Data setup time before CAS 0 D 0 ns
tone Data hold time after CAS 15 15 20 ns
tosw Data setup time before write 0 0 0 ns
tonw Data hold time after write 15 15 20 ns
toeHD Delay time OE high to data 15 15 20 \ ns
th (woe) OF hold tirme after write 15 15 20 I ns

Note 20: twcs. thwp. tcwp and tawp do not define the limits of operation, but are included In the data sheet as electrical characteristics only. If twcs 2 twes(min),
early write cycle 1s performed with data outputs keeping high impedance state. If trwp Ztawo(min}, towp 2 tewn(min) and tawp 2 tawp{min}, read-write
cycle is performed with the data of the selected address being out from the data output. {f neither of the above condition s satistied, the condition of
data out (at access time and untili CAS or OF goes back to Viw} is indetermined.

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

Limits
Symbol Parameter M5M482128A-7 M5M482128A-8 | M5M482128A-10 Unit
Min Max Min Max Min Max
trwe Read-write, read-modify-write cycle time 185 205 245 ns
iras RAS low pulse width 115 10000 125 10000 155 10000 ns
tcas CAS low pulse width 70 10000 70 10000 85 10000 ns
tosm CAS hold time after RAS 115 125 155 ns
tRsH RAS hold time after CAS 70 70 85 ns
tres Read setup time before CAS 0 0 0 ns
town Delay time CAS to write {Note 20) 40 40 50 ns
tRwWD Delay time BAS to write (Note 20) 30 100 125 ns
towL TAS hold time after write 20 20 25 ns
tRwe 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
toHw Data hold time after wnite 15 15 20 ns
tawp Delay time address to write (Note 20} 55 60 75 ns
th(cLog) | OE hold time after CAS 20 20 25 ns
th(rLog) | OE hold time after RAS 70 80 100 ns
tooeL Delay-time data to OE low 0 o] o] ns
toeHp Delay time O high to data 15 15 20 ns
th (woE) OF hold time after write 15 15 20 ns
(5) Fast-Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle)
Limits
Symbol Parameter M5M482128A-7 M5M482128A-8 | M5M482128A-10 Unit
‘ Min Max Min Max Min Max
tpe Read, write cycle time 45 50 60 ns
tawpc Read-write, read modify write cycle time 95 100 115 ns
trasPp RAS low pulse width 115 100000 135 100000 160 100000 ns
tcas CAS low pulse width 20 10000 20 10000 25 10000 ns
top CAS high pulse width {Note 21) 10 15 10 20 10 25 ns
tRSH RAS hold time after CAS 25 25 30 ns
Note 21: tcpimax} is specified as a reference point only. If tce(max)=tce. access time is determined by tcac
(6) CAS before RAS Refresh Cycle iNoe 22)
! Limits
Symbol Parameter M5M482128A-7 M5M482128A-8 | M5M482128A-10 Unit
Min Max Min Max Min Max
tesr CAS setup time for CAS before RAS 10 10 10 ns
toHR CAS hold time for CAS before RAS 15 15 20 ns
trpc Precharge to CAS active time 0 0 ¢} ns

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

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

Limits
Symbol Parameter M5M482128A-7 | M5M482120A-8 | M5M482128A-10 Unit
Min Max Min Max Min Max
tROH DT/OE low hold time after RAS 10 10000 15 10000 15 { 10000 ns
trsp Delay time RAS to SC 80 80 100 ns
taso Delay time address to SC 40 40 50 ns
tosp Delay time CAS to SC 30 30 30 ns
tspH SC hold time after DT 15 15 15 ns
tag Delay time RAS to QSF 85 85 85 ns
taq Detay time address to QSF 40 40 40 ns
tco Delay time CAS to QSF 35 35 35 ns
toTo Delay tirne DT to QSF 25 25 25 ns
tTRp 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
ten SE hold time after RAS low 15 15 15 ns
tsrs Last SC to RAS setup time (serial input) 30 30 30 ns
tsRH RAS 1o first SC delay time {serial input) 20 20 20 ns
tszs Serial input to first SC delay time (serial in — serial out) 0 0 0 ns
tsoz Serial output turn-off delay from RAS (serial out — serial in) 10 50 10 50 10 50 ns
tspp RAS to serial input delay time (serial out — serial in) 50 50 50 ns
(8) Real Time Read Transfer Cycle
Limits
Symbo! Parameter M5M482128A-7 | M5M482128A-8 | M5M482128A-10 Unit
Min Max Min Max Min Max

troH DT hold time after RAS 55 10000 65 10000 80 10000 ns
teoH DT hold time after CAS 30 30 30 ns
tADH DT hold time after address 30 30 30 ns
tspo Delay time SC to DT 5 5 5 ns
tspH SC hold time after DT 15 15 15 ns
tora Delay time DT to QSF 25 25 25 ns

& MITSUBISHI
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(9) Split Read/Write Transfer Cycle

Limits
Symbol Parameter M5M482128A-7 | M5M482128A-8 | M5M482128A-10 Unit
Min Max Min Max Min Max
tscsr Split transfer setup time 30 30 30 ns
tschr Split transfer hold tme 30 30 30 ns
(10) Serial Read/Serial Write Cycle
Limits
Symbol Parameter M5M482128A-7 M5M482128A-8 | M5M482128A-10 Unit
Min Max Min Max Min Max

tsce SC clock cycle time 30 30 30 ns
tscH SC high pulse width 10 10 10 ns
tscL SC low pulse width 10 10 10 ns
tsop SE high puise width 25 25 25 ns
tsoe SE low pulse width 25 25 25 ns
tsis Serial input data setup time bafore SC high 0 0 . 0 ns
tsin 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 after SC high 15 15 15 ns
tsze Serial input to SE delay time 0 0 0 ns
tsco Delay time SC to QSF 25 25 25 ns

z MITSUBISHI
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Switching Measurement Condition

1. Input reference point

3V
2.4V

ov

FROM Viy
ALL TIMING SPEC.'S

ARE DEFINED FROM V),

2.4v
RANDOM PORT

0.4V

2.0v
SERIAL PORT
QSF

0.8v

FOR 'SWITCHING MEASUREMENT
DC LEVEL OF QUTPUT IS Vgou =24V, Vo =04V

3. Load condition

Vv
. i%‘*
RANDOM PORT wWI0i O— _L
l.‘:OpF iRz
A
\i %R]
SERIAL PORT S10i O l
QSF
l30pi-_ fﬁz
V=Vou+Ri+iy V=VoL+Ri- 1L R1=VOH(V-VOL)_VOL(V_VOH)
Vou: loLr—VoL- |
Von= (In—Ilon) » Rz VoL=(L—loL)* Rz OH* 0L oL * ToH
When V=5V, R1=18380Q, Ry=994Q Rz Vor* R,

= tV—Von) —lon- Ry

* MITSUBISHI
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TIMING DIAGRAMS

Read Cycle
tre
tosH
tRas
N X Y
RAS S Z -
K 7
torp tReD tRSH
— 4 — tcas r
CAS teen S Z
tRAL
traD
tasr tRAH lasc team
Ag~Ag ROW ADDRES COLUMN ADDRESS QW Ao X
7
lres troH
o 4
WB/WE taan
th (RLOE)
toTRs th(cLOE)
N A th(oecH)
DT/0 \ S
toTAH 3 Z
th (0eRH)
trsp tesc| | term
LREH
Z
N t toeHD
ooew | [toea
WI0p~1 N A
(INPUT) \
t toez
cLz
h
WIOp—7 HIGH-Z a3
(OUTPUT) i DATA VALID ) ?-—
toac toFr
loaa
Trac
SE ™
SC
(SI'I\‘(F),%'.}; Serial input/output can be freely performed
S10g~7
{OUTPUT)
SF
a S/
A ELECTRIC 3-61
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Write Cycle (Early Write)

tre
tesH
tras
__ p! b
RAS \_ ] j‘ e \
torp tReo 1RsH
cas Wt topn L\[ e J/
- tRaL
. tash traH tasc toan !
Ap~Ag mﬁ; ROW ADDRES :W COLUMN ADDRESS >0:§:§:&i:ggg?é:ggi:i:gg’)'
. twsr LRwH
NO W.P.B fwes twon
S — ) LOOOOCOXXHXIIOOOOIXHXAX
o T X R g
tDTR\é\LF ‘?DTRH
lh. X
v I
trsm tREH tFsc | teru
’V’V’V.V‘V V’V’V’V V‘V’V’V’V’v’v‘v’v’v’v’v’v’v.v’v’v’v.v’v.v’v’v
Per 4 XXX
tws| | Lwn _tosc toHe
NO MASK

VaVAVAV; VAV AV AV VAV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVATAVAVAVAVAVAY,

e KRR e IR RRRERARK
MASK
WiOg~7 HIGH-Z
(OUTPUT)
= ~
SC
‘S”l\,?,?ﬁ; Serial input/output can be freely performed
SI10g~7
{OUTPUT}
QSF /
MITSUBISHI
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Write Cycle (Late Write)

S tac
\ tosk
tRas \
— 'R
e K 7f 'rp \
fcrp taco tasH
r X tcas
CAs teen S‘ 7/
thao thaL
tasm tRAH tasc toam |
Ag~Ag m ROW ADDRES j@: COLUMN ADDRESS W R ¢
7
twsr tAwWH tres thwi
NOW.P.B twe
WB/WE @g‘ I 3\
K N
W.P.B
totrs| | torru towe
o
th(woe)
tFsh tRFH trsc | | torm )
OO0
XX R
tws ] | twn toEHD | tosw toHw
NO MASK
WI0g~7 4 "’V’V.V.V’V V.V v’v‘v.v’v VAV, V‘V’V‘v \/
MM oo s
MASK
WiOo~7 @ HIGH-Z
(QUTPUT)
sE N
SC
lsnlqoptﬁ.; Serial input/output can be freely performed.
S10¢~7
(QUTPUT)
QSF
e
MITSUBISHI
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Read Modify Write Cycle

tRc
tosH
tRas I \
h |
RAS \‘ Jz trp \
tcrp tRoo 1ASH
— Y R toas
= - /
traD
tasn tran tasc tean
Ag~Ag M ROW ADDRES i@i COLUMN ADDRESS ; Ag%\ggs X
twsr tAWH tacs town tRwL
A NO-W.F.B ! ] twe e
o OOOOOX XXX
K N RS
W.P.B
trRwo
torRs | | toTAH thoLoE) towe
R 3 3 = ROOOOOOOOOOOOXX X
T ) N / RO
th(RLOE) th(woe)
trsh t
RFH Fsc tcFH b
QOO X XXX
osr W L0 £ N e
tws TwH tooEL I-Diﬂ— DHW
NO-MASK teag tOEHD' I : 'v.v’v.v’v.v’v‘v’v’v’v’v‘v
s : P oo YRRRRRRR
MASK toea toEz
WIOp—7 7 paa X HIGH-Z
(QUTPUT) . N vaup f
chA
traC
SE
SC
‘?,L?,?ﬁ»; Serial input/output can be freely performed.
S10p-7
(QUTPUT)
QSF
e
MITSUBISHI
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Page Mode Read Cycle

PAGE MODE PAGE MODE
READ CYCLE READ CYCLE READ CYCLE
trasp
X y
RAS N Z
X ¥
trc '
torp t 1 AsH
N e ‘ <F tcas
~ oas | \ F‘ /
CAS w tepn S Z S
| S ‘________J/
Taao
tasa | |tRan tasc tean tasc tean tasc | | tcam
A y X ' \
—- ROW COLUMN i COLUMN COLUMN
Ag—~Ag
ADDRES ADDRESS ADDRESS ADDRESS
N K 2 7 N - 7
lres '
tRos treH AAH
o p X
WB/WE X
V|
t
totRs | | ToTRH h (CLOE)
o 3 !
e \ ) AN &
K
th (ALoE) |
tesh tesc| | torn trse | |term
tREH
2 ) . .
t
tDoEL DOEL
WO XXX
{INPUT) ‘."0 ‘
tcac
—
toea OEHD toea
tcac toea
WIOg—7 HIGH-Z £ Data F onia DATA
{OUTPUT) 1 ALID E g VALID VALID
tRac ‘thoﬁ
toez
. ~N
SE
SC
SI0p~7
(INPUT) Serial input/output can be freely performed.
Sl10p~17
(OUTPUT)
QSF
7
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Page Mode Write Cycle (Early Write)

WRITE CYCLE PAGE MODE WRITE CYCLE PAGE MODE WRITE CYCLE

trasp

D
Z
[/}
v
Pl
N

tpc

tePR taco tep tAsH

teas

Q
:
(2]
L
&
0
z
.
sl
:
>
‘ »
L
[Vl
M
A
r!

tasr | |tRak tasc | (1CAH tasc | | Toaw tasc | | tean

Ao~ A ROW COLUMN COLUMN f coLUMN
s ADDRES ADDRESS ADDRESS | ADDRESS

twsh tRWH twes | | twen twes twen
|
o ¥ NOWPB
BIWE i
2
W.P.B twp TrwL
torrs || torAm towL
@9‘ L
BT/0E $9.9.900.9.9¢
A’A.A‘A’A.A’A"’A‘A’A‘A‘A’A‘A’A‘A‘A
trsm tesc| | torn trsef [torn
tRFH
R N
A N
IWSO twn tosc || tome tosc || tone
MASK
v p y R 4 VAV, \VAVAVAVAY,
WIOg~7 (X) - QOO
DATA VALID DATA VALID X oatavaup X
w9 X mk_,?@ o QR
MASK
WIOg~7 HIGH-Z
(OUTPUT)
— N
St
SC
(TILOPE);).’ Serial input/output can be freely performedv‘
Si10g~7
(OUTPUT}
QSF
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Page Mode Write Cycle {(Read-Modify-Write)

PAGE MODE
R.M.W. CYCLE R.M.W. CYCLE PAGE MODE R.M W CYCLE
Trasp
— y
RAS " J
tawpc ¢
tore troD teas tor _—
tcas
\R o \ - /
CAS teen \ . 4
traD
tasa | [tran tasc | |tcan tasc | | teaw tasc | | tean
[
A~ A ROW { k COLUMN COLUMN COLUMN
0~ A8 ADDRES ADDRESS ADDRESS ADDRESS
twsh tRWH TowL
WB/WE thos \
t
WPE RWL
tDTRS toTrRH
R 3 .
DT/0E \
‘ thwoe)
trsh ; trse| | tern
AFH \VAVAVAVAVAVAY.
P TR
2 2 9 AXXXXXXXXX
tDHW
t
tws WH tooEL tosw toeHD
NO MASK
WIQg~7 - DATA DATA DATA
(INPUT) VALID VALID VALID
MASK ’
tcac ¢
fe—1 OEZ
toEa
WiO—1 HIGH 7 A A N
(OUTPUT) | \ ; \_/
toaa DATA VALID DATA VALID DATA VALID
trac
I
SE
SC
Sl10g~7 )
(INPUT) Serial input/output can be freely performed.
SI10g~7
(QUTPUT}
QSF
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RAS Only Refresh Cycle

|

Py
>
n

|

I

O
>
(&2}

Ag~Ag

DSF

WI00~7
(INPUT)

WIOp-17
{QUTPUT)

SE

sSC

S10g—~17
{INPUT)

St0g~7
(QUTPUT)

QSF

TR

tras

.

trp

terp trec lerp

e

tasr tRan

ROW

ADDRES ADDRES

0
K66

(XX
(K2

XS
KK

(>
X

%

848

(XXX
B

XXX
BB

0
XK

(XXX (XAX
(XXX A5

TS
BB

tptrs | | toTRH

(XX
K

¢ (XAXXKAK
X H

TR0
B BBEBA

%

TR

) 3 0
N A o

X0
R

%1

trsh tRFH

ARSI

Y XXX

=

R A AKX RX UK R TEY
ERXBBXBBXEEXBEEOBBEXBIKBEEXXEIKOCEIIKOGEIIK

HIGH-Z

Sernial input/output can be freely performed
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CAS before RAS Refresh Cycle

D
>
[}

WIO0g 7
{tNPUT)

WI0g-7
(OUTPUT)

SE

SC

SI10g~17
{INPUT)

SI0g~7
(OUTPUT)

QSF

tRas |

/) \ \

trRPe L trpc LcHR
lesm toHr

7z—1i tesr
2

Lopn

™
o
P
1
—
D
>
(2]
rw

B R R R R R e
R R RN

20
A A’A’A A‘A‘A’A’A’A’A’A A‘A’A A’A’A‘A’A’A A’A’A’A‘A’A‘A’A’A’A’A A

XOOOOOCOOOOOOOOOOOOOOAOBOOOOOOOOK OO KXOOOQOOX
R R R A

R R R R R R R AR
XXX

AN

N

’V’V"‘V’v""’"‘" "V’V V’v \/ "' \/ V’V \/\/ " V’V VV VYV V"" "
A e e

JAVAVAVAVAVAVAVAVAVAVAN

R AR
TR
|
.
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Hidden Refresh Cycle

READ CYCLE HIDDEN REFRESH CYCLE ,
tras tRas
HAS M z S B
7 N7
trp
tcre trop t
trsk CHR
A y
-
trap
t
tasr | [ tran tasc _Eﬁ%
Ao~ Ag RO 1 Fcoumn
ADDRES ADDRESS
K |
twsh twsh
tacs tRRMH — tawn tRwH
L
o L
WB/WE
totas| | toTam th(oERH)
o 7 3
DT/ \ '&
5
i tese | | tRen t tAeH
tesr trsc| | term FSR
then
N y,
tooeL
WI0g -7 / K
(INPUT) Y
toea
toez
torr
tcac
4
WIOg~7 HIGH-Z 7
OUTPLT 4 DATA VALID P—
tRac
— ~N
SE
SC
(S”LOPTJ};’ Serial input/output can be freely performed.
SI0g-~7
(QUTPUT)
QSF
~
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Block Write Cycle

tro
tosu
tRas
' N
Ras xr f tre \
torp Tﬂcb 1ASH
\ toas
CAs topn g /
tRAD —
_tasm tran tasc toan
Ag~Ag mow ADDRES : E COLUMN(QADQEHCE:-,S)‘) Eg\évngs
twsh tRWH
NOW. P.B
WB/WE 288888888%
W.P.B ’
toTRS IoTRH
trsc torm
trsr 1RFH
- FXXOOOOOOBOOCOOOCK OO XXX X XXX
os* W 7 IR
t‘”so M::: tosc tone
N
Wi0g~7 DO cotumn , FAXXXXCROOOOOCXK XX X XXXHXXXX
LR RN e - R X
MASK
WI0g-~7 HIGH-Z
(OQUTPUT)
SE
SC
(?r‘\l?’?ﬁ)-’ Serial input/output can be freely performed
Si0g~1
{OUTPUT)
QsF Column select # % WO © Cor 0 Cho—0. CAj=0
wio 1 Col-1 CAp=1, CA;=0
WIO 2 Col-2 CAp=0, CA =1
WIO 3 Col-3 CAp=1, CA=1
z MITSUBISHI
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Page Mode Block Write Cycle

BLOCK WRITE PAGE MODE BLOCK WRITE .~ PAGE MODE BLOCK WRITE
trasp
. p!
RAS S J
tec
terp trep top tAsH
t Icas
y \ cas 4 \ - 3&
CAS tomn \ /] N
7
trao
task | | tRaH tasc | [tean tasc tCAH tasc| | tcaw
R y v
Ao A ROW COLUMN COLUMN OLUMN
07 Ae ADDRES | ADDRESS ADDRESS DHESS
(CA2~CA7) (CAz CA7) (CA2~CA7)
twsr tRwH
R 4 NOow.PB Y
WB/WE H
K 2
W.P.B
toTRS toTRH
0T/0E
trsc| | toFm tesc [ | loFH trse| | torw
tFsn tREH |
F 3
DSF
K 2
t 1
WS WH tosc | | tone tose| | touo
NO MASK
's — 3
Wi0p- COLUMNs# COLUMN*¥ ,“0’0‘.0’0
(INPUT) - 3 | SELECT SELECT ? SELECT COOOO0)
MASK
WiOg~7 HIGH-Z
(OUTPUT)
5E h
SC
(SIII\JOPUU~T)7 Serial input/output can be freely performed
SI10g~7 c
- olumn select * %
ouTPUM wIO 0 Col-0 CAp=0, CAy=0
wIio 1 Col-1 CAg=1, CA =0
QsF
- Wi 2 Col-2 CAp=0, CA1=1
wio 3 Col-3 CAg=1, CA1=1
MITSUBISHI
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Flash Write Cycle

tras

e N\

RAS \(
tere tRco
-
tasr tRAH
0~ Ag FA OOV OOOOOCIOIXKIOOOOOCK XN ROW
s T e N R
twsh TRWH
e
.Y 2
1pTRS IDTRH
trsh tRFH
tws TwH
NO-MASK
W |Oo — 0""V‘V’V""’V"’V’V"’V’V’V’V"’V‘V’V’V V.V’V"’V’V’V‘V‘V‘V"’V’V‘V’V’V".V’V’V’V‘V"’V’V’V’
e UK
MASK
WIOp -7 HIGH-Z
{OUTPUT)
— N
SE
SC
(S”Lc;(iﬁ; Serial input/output can be freely performed.
S10g -7
{OUTPUT)
QSF S
MITSUBISHI
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Load Color Register Cycle

tre

lesH

tras

_ y —)
{ KN

tere tAco tasH

tcas

=X \ /

_lasm tRaH
Ag— Ag MROW ADORES ™ | ADDRES X

7
| twsh TRWH
twes twen

T WE ; OOV KOG OO
R W __\ RN

totrs | | torru
S 4 3 XX XXX KX XXX XXX
e X0 s

trsR trFH
tosc tonc
W10p - XXX OOOOOOOOBOOOOCOOOOOOOOOOOOCX
e EEOOOARXROOENA “21" ™ RN
WI0p-~7 HIGH-Z
(OUTPUT)
SE
SC
‘S”L(;EJ’T;’ Senal inpyt/output can be freely performed
Si10g-17
{OUTPUT)
osF * x ROW ADDRESS: For refresh address
MITSUBISHI
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Read Transfer Cycle (Previous Transfer=Write Transfer)

the
tosH
Tras
o LB X
AAS \ ]_/_l tre \
terp treo tagH
r y Icas
=&Y T : 4
tash tRAH Tasc tcan ,
- i TRTIXTXTITIXIEN /0w
o mc Row joores | prnooness KOG | Aooses ><
twsr tAwH Ag~A7 : TAP
o F 3 OOOX XXX XXX X
S XK ’0‘0’0’0"0’0‘0’0’0‘0"0‘0’0‘0’0’0’0’0‘0
totRs| | trpw toTw
_ A 'v’qquv“vv‘qv‘yvsars‘r“nv‘
O 1 R
trsh taFH
QOOOXAXXIOXXXAXX XXX
oo ] OGN
WiOg~7
{INPUT)
tasp
WiOp~7
{OUTPUT)
tesp
tRsD :
\
fons | IscL IscH | tsoL
SC Z‘ 1 | Inhibit Rising Transient & tspH ’Z i 71‘ \—
tscH
tsis tsin tszs Isco >
tsca
O Wb
- toTe
Si10g~17 2 x
{OUTPUT) te0 \ DATA VALID
1ro
QSF Horl Xt HorlL
X
z MITSUBISHI
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Real Time Read Transfer

tre
losh
\ tras 3\
RAS \_‘ 74£ 1R \
torp taco TasH
o 7 torm L Icas
oS W o : 7/
task tran tasc tean |
o A WK e XRROARCERRRN [ X
twsn tram Ag~A7. TAP =
i .
'
e TR
toTRs toDH free
5T/GE Ll 72 i . )\
'tFSR taFn , Lok
DSF
WIOg-7 X X XXX OO XXX KOO OO
e B B RN
WI0g—~7 HIGH-Z
(OUTPUT)
3E
tsce tsop tsoH_,
A 4
5 __/ \V ZWJW
tscH tscL toto
Isca 1sca
S10g~7
(INPUT)
tsom Ts0H
(S(’)‘S%TJT) >< DATA VALID :xz DATA VALID X DATA VALID X DATA VALID 1xl DATAVALIDX DATA VALID X
Previons Row Data—a| }e—1— New Row Data
QSF >§t TAP MSB (A7)
K
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Pseudo Write Transfer Cycle

tre
tosH
tras
_ \ 4 3
RAS \r 7Z trp \
1
tere trco tRsH
\ lcas .
TAS W teen \ /
traD x 7
tasm Tran tasc Team ,
y Y
S 3 1, A D
. .
Ag~A7: TAP
twsr TRwr
WB/WE
N Z
1pTRS tRDH
e i
1
trsr tREH
(XXX {XXXXO
DSF 99999 (XK
, XN
WIi0g~7
{INPUT)
tsmH
WIi0p~7
(QUTPUT)
tes ten
tsws
SO 5
X
tsRs
tscH tscL
r 'S tsce y
SC 7 \ Inhibit Rising Transient ! Z Z
— 7
tseH
tsop
. tsiH
trg SIS
S10g~7 . F vauo VALID
(INPUT) p DATA-IN DATA-IN
tspz teo t 7
tsoz
tao
S10g~7 VALID VALD )
{OUTPUT) DATA-QUT DATA-CUT 7?
y
QSF y TAP MSB (A7)
~
AMITSUBlSHI
ELECTRIC 3-77



MITSUBISHI LSis

MS5SM482128A),TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

Write Transfer Cycle

tre

tosk
tRAS
o A
RAS \‘ 72 tap i
terp trep tRsH
o 4 torm \ tcas
=W S — /
tasr [y tasc tean
—\ I N \VAVAVAVAVAVAVAVAY,
e G oo JE oo TSRO s )
Ap~A7: TAP
twsh 1AwH
E— OO0
B/mE ! RN
toTrs tRoH
tFsa tRFH
tws twh
r_733 ASK
(INPUT) 5
MASK
tshm
WI0Og -7 HIGH-2
(OUTPUT)
tes teH | tsws
sE OOOOOOOOOOONX KX tsco
5 2 AR BRI -
tsmrs tson teoL
s X tscL _H [_' r—
SC \ Inhibit Rising Transient Y—'/
_/ tscH
tsiH
tsis
0~7 v R
X o X ERER
tao oo
510¢9~-7 HIGH-Z
(QUTPUT) trg
4
QSF gt TAP MSB (A7)
MITSUBISHI
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Split Read Transfer Cycle

the

tosH

tras
J— p 'a —
AAS \-r j . \
tore treo tRsH
'R tcas
ows YRR tom N /
LAk tran tasc toan
Ag—Ag mi ROW ADDRES ;@: SAM TAP ADDRESS (N} m i:?.?:;:i:i‘i:;.}) ig\E)VRES
twsh TAWH Ag~Ag: TAP
S — r RO OOOOOOOOPOOOOOONOKX XX
w0y N
totRs tADH |
o ’V‘V."V‘V‘V’V’V’V’V‘V’V‘V’V‘V‘V.V‘V’V’V’V‘V’V‘V’V‘V’V N/ \/ V.V’V’V’V‘V’V‘V’V’V’V’V‘V‘V‘
e XIKEETIN e
trsm tRFH
|
OO OO XHK OO
XK R
{INPUT)
tscsh tscHR
WIiGg~7 HIGH-Z
{OUTPUT)
255 M M+1 126 127 N+128
(127} (M+128) (M+129) T {254) (255) (N}
%0 VRN WA WAYW WA
tsca o
L |tson
0~7 ¢ + / +
(slrlqc::un X 11225) &c (Mﬂzs) >< (Mhi 1;9) T \ (;Ei» 1 X (122575> X N (N1)28
SI0g—7 HIGH-Z
(OUTPUT) -
00 SAM UPPER (128~2.E.>5) =00
'a == 4
X i
SAM LOWER (0~127)
MITSUBISHI
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Split Write Transfer Cycle

|

|
>
[

|

[¢]
P
[&]

Ag—Ag

WIOp~7
(INPUT}

WIi0g~7
(OUTPUT)

SC

Si0g~7
(INPUT)

S10g~7
(QUTPUT)

QSsF

tosh
thas
\ s N\
SL 7-/ trp \
tcRp trco tRsH
r p' tcas /—
o X 7
tasr taan tasc toan
- - 7 XXXXKOXXN/ row
’Wt RO! A;%t SAM TAP ADDRESS (N) im 2.22’22.2’2030/ ADDRES
Ag~Ag: TAP
twsh tRwH
SN ,
ToTRS tRoH
R
trsm tRFH
7 00 00
X XX
tws twH
T 0 0 ITRTTTIIXTS
XXX XX AOO (XXX
R S KK
MASK
tscsh tscHR
HIGH-Z
255 M M+1 126 127 N+128
(127) (M+128) M+129) T (254) 256) (N)
AN\ N\
tsiH
tsis | .
3 + +
(fgg} Xxl; (M+A1A28) i (Mhiwég) >"'< (;gi) n( (12%3;) W N(N;28 X[
o HIGH-Z
Isco

SAM UPPER (128~ 265)

SAM LOWER (0~127)

MITSUBISHI
ELECTRIC



MITSUBISHI LSis

M5M482128AJ,TP,RT-7,-8,-10

FAST PAGE MODE 1048576-BIT DUAL-PORT DYNAMIC RAM

Serial Read Cycle (SE=L)

5E
tsce
tscL
sc
tsen
$10g~+ HIGH-Z
(INPUT) tsca tsca tsca tsca tsca
Ison Lsoy tson tson Tson
W' X/ N ¥ \
S10g -7 DATA VALID DATA VALID x DATA VALID x DATA VALID DATA VALID
{QUTPUT) b X X b,
tsca
QSF Horl
Serial Read Cycle (SE Control)
tsop tsoe
— y N 4
SE \ j
N
tsce
4 tscL
SC
tscH
1 ISZE tsoz
S106~7
INPUT) tsoa tsca tsca
| tsoz tsca tso) tson
SI0 Y 1Y h
0-7 DATA VALID DATA VALID DATA VALID DATA VALID
{OUTPUT) x A
Isco
-«
QSF HorlL
K
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Serial Write Cycle (SE=L)

SE
tsce
2 X tsoL
” — N—
tscH

tsis tsim tsis| | tsm tsis | | tsin
SI0g -7 ~ 3 X Y y -y
(INPUT) DATA VALID DATA VALID DATA VALID DATA VALID DATA VALID

X T N K e ]
SI0g~7 HIGH-Z
{QUTPUT)

Isco

QSF HorL

Serial Write Cycle (SE Control)

o tswH
SE
tswis
sc ‘_\_J Z
sis | | tsim tois | | sin Asis | | tsm

0—17 \VAVAVAVAVAVAVAVAVAVAVAVAVAWA ) ""V'V"V"V"V
I T ' im o o KRR
S10g~7 HIGH-Z
(OUTPUT)

tsco
—

QSF HorL X(
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