OK1I semiconductor
MSM51C262

High Performance Low Power 64K x 4 Multi-port Memory with Fast Page
Mode

GENERAL DESCRIPTION

The OKI MSM51C262 is a high speed 65,536 x 4-bit multiport CMOS dynamic memory. The two
ports, random access and serial access, are configured to offer optimum flexibility in graphics
and other systems that require an interface between a processor and a high speed serial data
channel such as a CRT or graphics display device.

The organization of the random access port of the MSM51C262 is exactly like, a 64K x4 CMOS
DRAM. Additional functions such as transfer between RAM and SAM (serial access memory)
use otherwise unused states of the CAS, DT/OE, WB/WE and SE signals sampled at the falling
edge of RAS at the beginning of a cycle.

SAM is organized as 256 x 4 bits that can be read or written at high speed. The contents of SAM
can be loaded into RAM, and the contents of a selected RAM row (256 x 4) can be loaded into
SAM. Except when transferring data between one another, SAM and RAM operate in an
asynchronous manner. The transfer from RAM to SAM or SAM to RAM also refreshes the
transferred row in the RAM.

In a RAM to SAM load cycle, 8 bits are needed to specify which of the 256 rows is to be
transferred. The state of the address lines at the falling edge of CAS is used to specify the
starting point in SAM where data is to be written or read. The static mechanization of the SAM
(allowed by CMOS) does not require refreshing. The first access to SAM, either read or write, is
to the location specified at CAS time in the previous cycle, and subsequent accesses continue in
an increasing address direction, module 256.

The MSM51C262 is processed using OKI's CMOS silicon gate process technology. This advanced
CMOS processing allows memory devices to be fabricated with lower operating current and
higher performance than comparable NMOS designs. All I/0 signals are TTL compatible. Input
and I/O capacitances are significantly lowered to enhance system performance.
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FEATURES

® Low power dissipation for MSM51C262-12 ¢ Bit-masked Write function on RAM port

for additional flexibility.
RAM port operating alone — 50 mA
SAM port operating alone —35mA
RAM/SAM operating 5 together e Standard package is 24 pin 400 mil Plastic
-85mA ZIP.

® 256 Refresh cycle/4 ms.

& Low CMOS standby current — 6 mA

® Fast Page Mode access, RAS-Only Refresh,
and CAS-before-RAS Refresh capability

& Bi-directional data transfer between RAM
and SAM with real-time operation.

High Performance MSM51C262 - 80 -10 -12
Max. RAS Access Time (trac) 80ns 100 ns 120 ns
Max. Column Address Time (tcaa) 40 ns 45ns 55ns
Min. Fast Column Mode Cycle Time (tpc) 55 ns 60 ns 70 ns
Min. Read/Write Cycle Time (trc) 145 ns 175 ns 205 ns
Min. Serial Port Cycle Time (tscc) 30 ns 35ns 40ns
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS*

Rating Value Unit
Ambient Temperature Under Bias 0to 70 °C
Storage Temperature (Plastic) ~55to + 125 °C
Voltage on any Pin Except V¢c Relative to Vg -1.0to +7.0
Voltage on V¢ Relative to Vss -1.0to +7.0
Data Output Current 50 mA
Power Dissipation 1.0 w

* QOperation at or above ABSOLUTE MAXIMUM RATINGS can adversely affect device
reliability.

AC TEST CONDITIONS

Conditions Value Unit
Input Rise Levels 0to 3.0 \
Input Rise and Fall Times 5 between 0.8Vand 2.4V ns
Input Timing Reference Levels 0.8and 2.4
Output Timing Reference Levels 0.8and 2.4
Output Load (RAM Port) 2 TTL (and 100) pF
Output Load (SAM Port) 2TTL (and 50) pF

CAPACITANCE*
Ta=25°C, Vcc=5V+10%, Vss=0V
Symbol Parameter Typ. Max. Unit
Cint Address Input Capacitance 5 pF
Cinz RAS, CAS, WB/WE, SE, SC, DT/OE Capacitance 8 oF
CouT 1/Q Capacitance 7 pf

* Capacitance is sampled and not 100% tested.
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DC CHARACTERISTICS (1)
(Ta=0°Cto 70°C, Vcc = 5V 2 10%, Vss =0V, unless otherwise specified.)

Sym Access MSM51C262
Parameter Y Conditions Ti Unit | Notes
bol Ime | Min. | Max.

Input Leakage Current | Vgs <Vin<V¢e -10 10 A

(Any Input Pin) u #

Output Leakage Current | Vss<Vour<Vce -10 10 A

(For High-Z State) L0 |'RAS, CAS and SE at Viy “
RAS/CAS Cycling, SAM Port 80 70

Ve Supply Current lcch | TTL Standby 100 60 | mA | 2,3
tgc (min.), SC=V, 120 50

Ve Supply Current, SRgl:‘lléiAM Ports TTL

TTL Stanbdy lccz [RAS, CAS at Vi 110> Vss 8 | mA
SC=V_

Vec Supply Current, RAS Cycling, CAS at V 80 70

RAS-Only Refresh lecz | SAM Port TTL Standby 100 60 [ mA | 2,3
trc (Min), SC=Vy, 120 50

Ve Supply Current, RAS =V, CAS Cycling 80 60

Page Mode Operation fcca | SAM Port TTL Standby 100 50| mA | 2,3
tpc {min.), SC=V,_ 120 40

V¢ Supply Current, RAS/CAS Cycling, 80 70

CAS-before-RAS lccs | SAM Port TTL Standby 100 60 | mAa | 2,3

Refresh trc (min.), SC:V]L 120 50

Ve Supply Current, RAS/CAS Cycling, SAM Port 80 75

RAM/SAM lcce | TTL Standby 100 65 | maf 2,3

Transfer Mode trc (min.), SC=Vy 120 55

Ve Supply Current, RAS/CAS Cycling, SAM Port 80 120

Both Ports Active Iccy | Active 100 100 [ mA | 2,3
tre (min.), tsec(min.) 120 85

Ve Supply Current, RAS/CAS at V|, 10> Vg 80 50

SAM-Only Operation Iccg | SAM Port Active 100 40 | mA 2
tscc(min.) 120 35

Vcc Supply Current, RAS Cycling, CAS at Vi, 80 120

RAS-Only Refresh and lcca | SAM Port Active 100 100 | mA | 2,3

SAM Active tpe (Min.), tscc (min.) 120 85

Ve Supply Current, RAS =V, CAS Cycling 80 100

Page Mode Operation | Iccig | SAM Port Active 100 90 [ mA | 2,3

and SAM Active tpc {min.), tscc(min.) 120 75
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DC CHARACTERISTICS (CONT.)

Sym Access MSM51C262
Parameter y Conditions Time Unit | Notes
bol Min. | Max.
Ve Supply Current, RAS/CAS Cycling, 80 120
CAS-before-RAS iccit | SAM Port Active 100 100 [mA | 2,3
Refresh and SAM Active tre {min.), tscc (min.) 120 85
Ve Supply Current, RAS/CAS Cycling, 80 125
RAM/SAM Transfer Iccr2 | SAM Port Active 100 105 fmAa | 2,3
Mode and SAM Active tre{min.), tscc (min.) 120 90
Vce Supply Current, E—SES,—S—E_,WIWE 80 6
Both Ports CMOS lcci1z | PTIOE>Vcc - 0.5V 100 6 | mA
Standby SC<0.6V 120 5
Input Low Voltage Vi -1 08| v
input High Vol
nput High Voltage Vin 24 \da v
+1
Output Low Voltage Voo |loL=4.2mA 04] v
Output High Voltage Vol | loh= -2mA 24 v
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AC CHARACTERISTICS (4, 5, 6)
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES
(Ta=0°Cto 70°C, Vcc =5V £ 10%, Vss = 0 V, unless otherwise specified.)

~ Parameter Sl);g;' . e ) i - — Unit|{Notes
, Min. [Max. | Min. [Max. | Min. |Max.
Transition Time (Rise and Fall) tr 3 25 3 25 3 25| ns
Refresh Interval (256 Cycles) tri 4 4 4| ms
Read or Write Cycle Time tpc | 145 175 205 ns
‘RAS Pulse Width tras | 80| 37k| 100| 37K| 120 37K| ns
"RAS Precharge Time trp 55 65 75 ns
‘CAS Hold Time tesn | 80 100 120 ns
"CAS Pulse Width teas | 25 30 35 ns
Row Address Setup Time taSR 0 0 0 ns
Row-Address Hold Time tRAH 15 15 15 ns
‘CAS to RAS Precharge Time tegp | 10 10 10 ns
‘RAS to CAS Delay trep | 25| 55| 25| 70| 25| 85f{ns| 7
Column Address Setup Time tasC 0 0 0 ns
Column Address Hold Time tcaH 15 20 20 ns
RAS Hold Time trsu | 25 30 35 ns
DT High Setup Time tDHS 0 0 0 ns
DT High Hold Time toun | 20 20 20 ns
Column Address Hold Time from RAS tAR 60 70 80 ns
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AC CHARACTERISTICS (CONT.)

READ CYCLE
Parameter Sggl‘- e -1 - -2 Unit|Notes
Min. |Max. | Min. [Max.] Min. |Max.
RAS Access Time thac 80 100 120 ns | 8,9
CAS Access Time tcac 25 30 35| ns | 9,10,
11

Column Address Access Time tcaa 40 45 55| ns 9
Read Command Setup Time tres 0 0 0 ns
Read Command Hold Time tRRH 5 5 10 ns 12
RAS-Referenced
Read Command Hold Time tReH 0 0 0 ns 12
CAS-Referenced
OF Access Time toac 20 25 30| ns
OE or CAS to Output High-Z thz 20 25 30| ns | 13
OE or CAS to Output Low-Z 2z ] 0 0 ns
Output Hold Time from OE or CAS ton ] 0 0 ns
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AC CHARACTERISTICS (CONT.)
WRITE CYCLE

Parameter Sgg;' e - -1 : - Unit|Notes
Min. {Max. | Min. [Max.|Min. |Max.

Write Command to RAS Lead Time trwe | 25 30 35 ns
Write Command to CAS Lead Time tewe | 25 30 35 ns
Write Command Pulse Width twep 15 20 25 ns
Write Command Setup Time twcs 0 0 0 ns 14
Write Command Hold Time twcH 15 20 25 ns

Data In Setup Time tps 0 0 0 ns

Data In Hold Time toH 15 20 25 ns
Write Mask Setup Time twas 0 0 0 ns
Write Mask Hold Time tweH 20 20 20 ns
Write Mask Select Setup Time tws 0 (¢] 0 ns
Write Mask Select Hold Time twH 20 20 20 ns

OF Hold Time Referenced to WE togn | 10 10 15 ns
Write Hold Time from RAS twer | 65 80 95 ns

Data Hold Time from RAS 1DHR 65 80 95

READ-MODIFY-WRITE CYCLE
Parameter Sg(r:l\- : e : -1 : -T2 Unit|Notes
Min. |Max. | Min. [Max.| Min. {Max.

Read-Modify-Write Cycle Time trwe | 205 245 285 ns
RMW Cycle RAS Pulse Width tarw | 140 | 37k| 170 37k| 200 37k| ns

RMW Cycle CAS Pulse Width tcaw | 85 100 115 ns

RAS to WE Delay tawo | 110 135 160 ns | 14
CAS to WE Delay tewo | 55 65 75 ns | 14
Column Address to WE Delay tawo | 70 80 95 ns

OE to Data In Defay Time toED 20 25 30 ns
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AC CHARACTERISTICS (CONT.)
FAST PAGE MODE OPERATION

Parameter Sg;?' - ~ 80 - ~10 - - 12 Unit{Notes
Min. |Max. | Min. |Max. | Min. |Max.
Page Mode Cycle Time tpc 55 60 70 ns
CAS Precharge Time tep 15 20 25 ns
Access Time from Column Precharge tcap 50 55 65| ns 15
CAS-BEFORE-RAS REFRESH CYCLE
Parameter Sgg;- : had : -1 : -2 Unit|Notes
Min. [Max.| Min. [Max. | Min. |Max.
CAS-before-RAS Refresh Setup Time tesg | 10 10 10 ns
CAS-before-RAS Refresh Hold Time teHR 25 25 25 ns
RAS Precharge to CAS Active Time trpc 0 0 0 ns
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AC CHARACTERISTICS (CONT.)
READ/WRITE, PSEUDO WRITE TRANSFER AND SERIAL READ/WRITE CYCLE

Parameter Sggr i ~ 80 - ~10 - -2 Unit|Notes
Min. |Max.| Min. [Max. | Min. |Max.
Serial Clock Cycle Time tscc 30 35 40 ns
SCPrecharge Time tscL 10 10 10 ns
SE to Serial Out Setup Time tsoo 0 0 5 ns
Serial Out Hold after SC High tson ] 0 5 ns
Serial Output Access Time from SC tsca 25 30 35| ns | 16
Serial Output Access Time from SE tsoa 20 25 30| ns | 16
Serial Output Disable Time from SE High | tsoz 15 20 25| ns | 13
SC Pulse Width tscn | 10 15 i5 ns
SE Pulse Width tsog | 10 10 10 ns
SE Precharge Time tsop 10 10 10 ns
Transfer Command to RAS Setup Time toLs [4] o] 0 ns
Transfer Command to RAS Hold Time trOH 60 75 90 ns
Transfer Command to CAS Hold Time tepn | 20 25 30 ns
SCto Transfer Command Lead Time tspo 10 15 20 ns
SC Hold Time after DT High tspn | 10 10 10 ns
Serial Data Input to DT High Delay Time tszs 0 0 of ns
DT Precharge Time tore | 20 25 30 ns
DT to RAS Precharge Time trre | 65 75 85 ns
Serial Write Enable Setup Time tsws 10 10 10 ns
Serial Write Enable Hold Time tswH 10 15 20 ns
Serial Write Disable Setup Time tswis 10 10 10 ns
Serial Write Disable Hold Time tswiH 10 15 20 ns
5C to RAS Setup Time tsRs 15 20 20 ns
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AC CHARACTERISTICS (CONT.)
READ/WRITE, PSEUDO WRITE TRANSFER AND SERIAL READ/WRITE CYCLE

- 80 -10 -12
Parameter Sggl" Unit|Notes
Min. |Max. | Min. [Max. | Min. | Max.

Pseudo Transfer Command (SE) to 1gs 0 0 0 ns
RAS Setup Time

Pseudo Transfer Command (SE) to ten | 20 20 20 ns
RAS Hold Time

Serial Data In Setup Time tsis 0 0 0 ns
Serial Data In Hold Time tsin 10 10 10 ns
SC to DT High Setup Time tsps 0 0 0 ns
SC to RAS Precharge Setup Time tscr 0 0 0 ns

Notes:
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An initial pause of 200 us is required after power-up followed by a minimum of any 8
RAS cycles (example: RAS-only Refresh) and SC cycles of greater than 8 cycles before
proper device operation is achieved.

Icc current depends on the output loading when the output is enabled. ICC (max) is
measured with all output open.

Icc current depends on the number of address transitions with CAS held at the V) level.
The spec. lcc (max) is measured using a maximum of two transitions per address input
for each random access cycie and one address change for each Fast Page mode cycle.

Viu (min) and V. (max.) are reference levels for measuring the timing of the input
signals. Transition times are measured between Vyyand V.

If clocks are stopped beyond the maximum refresh period of 4 ms a pause of 200 us
followed by a minimum of any 8 RAS cycles (example: RAS-only Refresh) is required
before proper device operation is achieved.

The AC measurements assume the transition time (t7) =5 ns. All AC measurements are
made with V|_ (min.)>Vss and V,y (max)<Vcc and using a load circuit equivalent of 2
TTL loads with either 50 pF or 100 pF in parallel.

The spec. trep {(max.) is for reference only. The spec trep (Min.) = tran (Min.) + 2t7 +tasc
(min.)

Operating within the trcp (max.) limit insures that tgac (max.) can be met. The spec.
tren (max.) is for refrence only. If trep is greater than the specified trcp (max.) limit,
the access time is controlled exclusively by tcac.
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9. Measured using an equivalent load circuit of 2 TTL [oads and 100pF.
10. The measurement assumes trep > trep (Max.).

11.  Access time is defined by tcaa rather than teac if tasc<(tcaa (max.) - tcac (max.) - ty).
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TIMING CHART

READ CYCLE
tre
tesH
— L tras 4
RAS VW ¢
RAS Vb — N AR ,T —
tcrp | +—
trcD tRSH [T e -~
TAC - 4 -
AT Vin ltcAs
Vi — I
tasr — 4 tasc — ~+—
< tRAH | o tCAH — ~—=| b 1asR
g VIH— g K A  ROW
AD—-A7 Vi, — % ROW ADDRESS ‘_COLUMN ADDRESS P 1 ADDRESS
— tacHh
tacs -'I—- tRRHA
WRTE VM~ i
WEBAWE 1 i —
[~— tcac —
trRAC
W/IOVoHS ~ _3
VALID DATA
(OUTPUT)VOLd — o] 1A
toac — thz
DT/OE Vi~
Vi —
-~ t12 — toH
Notes:

F o e

a, b: Vi {min.) and vy (max.) are reference tevels for measuring timing of input signals.
<, d VoH (min.) and Vg {max.) are reference levels for measuring timing of Dour.

tiz isreferenced to the lesser of CAS, and OE low transition.
tHz and ton are referenced to one earlier of CAS or OF high transition.

Transmon is measured + 500 mV from steady state voltage with specified three state load (5 pFf and a
0 Ohm Thevenin equivalent).

Enther 1RcH OF tRrH Must be specified.

WRITE CYCLE (EARLY WRITE)

Vin —

BT/O
Vig —

&

trRC
t
Ve | s - P |
RAS ViL — - AR A \_____
terRp — 44—
trco tRSH T tRe
aas g % N s ¥
tasr — <— tasc — T
_ ~— traH = [ lcaH - | tasr
Ao~A7 x::‘ % ow ADDRESST)@{COLUMN wooress 1772 aboaiss
twas — <+ W ”| [— twcH —|
WEAVE |~ | T
tws ™ =< twh > 0s l = toH —~
(INYJVL/J‘% x:f — I COLUMN
1DHR
WAOQ VoH — twcr
(OUTPUT) v, — tors In
[~———| tDHH

\ @@ OO0
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WRITE CYCLE (DELAYED WRITE)
tre
tesH
Vin — || tras J+—
RAS M 1
Vi — X AR 7 -
1CRP > <
tRCD tRsH T tre
e ViH— X tcas
CAS
ViL = ¢ I A
ASC— —
‘ —
ASR 41— tRAH — 1<— tcAH —» < TRWL ->| —> | tasr
Vil — R e NAAZ 2 ROW
Ag~A7 M ROW ADDRESS }@@ COWMN a0DRess 777 A acSi%ss
twes — M ! tweH A
tweH
WBAVE T 1% t
DS ) |4
t +— B
WS > i
W/AO V| — R
(INPUTS) ), —
toHR
twer
HIGH Z
(OUTPUTS) VOL -7 1 tors
Vi
READ-MODIFY-WRITE CYCLE
trwe
trRwD
tRRW ] y
=ze Vin— h
RAS tar | Alat . |
ViL tere = I RP —>
trRcD 1
[V oy
tAsR _, 4— tasc —~|
< trAH ~» ~— :)A\j\‘;
— 3 R
Ag~A7 \\::’: _ ROW ADDRESS D@{; Y ADDRESS
twas | Id—
[« twBH >+ trcs
WBAWVE M /
- A
tw! |4
Mg |
file] ~
IGH
trRAC
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WAVEFORMS OF FAST PAGE READ CYCLE

tras

— - —
RAS UM
ViL —

X
tcrp—| 14
ik = tasc
—

task—> 4ﬁtRAH
Ao~a7 ////PEI//// ADDRESS D

tRcs|.__..| |

WEANE ¥:f - tean
. tecac

trac

WiAO Von —
OUTPUT) yq, —

DT/OE Von—
VoL —

trRAS
tesH
V —_ T 3 7 o VI
RAS M~ — tapn —| y
Vi + i 5 — |——| ti
tere—| (4= tec e tRSH -»|
[~—treD | ¢ | t
H——— ). [« tcas—| | |<— tcas — §9——y [+—tcas
CAS \ v \ %
——| |——

Ag~Az v
WB/WE
Wi/lO Vor —
(INPUT) v, ~—

Wi/IO Vou — ! l HIGH 2 o |

(OUTPUT) yq —
toHs toeH
—— 95
Vou ~
DT/OE vor — ! tonm ] ;

oL
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RAS-ONLY REFRESH CYCLE
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[ terp

V —
Ag~Az V:’: —

WEAWE Y T
Vip —

i

H—tasr

: ROW >m
7 ADDRESS

WiO Vo
(OUTPUT) v —

HIDDEN REFRESH CYCLE

~«—— READ CYCLE —— ————— HIDDEN REFRESH CYCLE ————-

trC

tras —

¢

sty

trp
H

: trC
- tRAS —»yi% ~—— tRAS —
tap -
%

OL.
Z7\ADDR

=K,

tAsC

H

Uiy

x
A
L
ot
3
e N
2

tas)

d ROW
ADDRES

Py s
von - ) - F—ton
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CAS BEFORE RAS REFRESH CYCLE

Vin —~
ViL —

0
>
n

Vin —

£

0
W

WO Vi —

tre

S
trP

tras

/

«— tRPC —| [«— tcsk -—>| «— tcHR —»L
Vb -~ _/4—-_. tcp —

(INPUT) vy, —

HIGH Z

Ag~Ay= Don‘t care
DT/OE =Don’t care
WBAWE = Don‘t care

READ TRANSFER CYCLE (RAM — SAM) SERIAL READ SETUP*

Vig ~

tsce

SC A ~— tscL ——|4 N\
viL — _/M
D, .

«— 1SDH —

s 1 _t%;: FE N
o x:r - ~— tReD —:—: tCA|5 .
ViK —tA%R% :;S:AHN—ELmk - tA;Row ADDRESS
WeWE [ %l W////////////////////////////
e Um0
outhun z;:‘ - HIGH Z

tsca —

tscH QSCH

SIO Vi
(OUTPUT) ViL —

- tsca —>

* When the previous transfer cycle is a write transfer cycle.

<4
VALID DATA* ?%&

VALID DATA*

——-NEW ROW DATA
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READ TRANSFER CYCLE (RAM — SAM)

trAS
e Vv B N E— — R
RA H— taR l
Vi L — -“ H 71
tc -+ tRSH | t ——
«— tRCD tcas
AT V H—
t o
ASCL || T

WeANE | T % WBH
e UG a0

WO iy —
(OUTPUT) v, — HIGH Z

-~ oA ——

Suw_-Tii . o “‘“"’_’l '

<—-—'($DH E—— *ISCH»
<\~ VT
Vip —
: — tsca — ts0z
<>

SI0 iy — i
HIGH 2 VALID
(OUTPUT) v — DATA*

tszs
|

el vy ///////////////////////////////4’

* When the pre stransfer cycle is a write transfer cycle.
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WRITE TRANSFER CYCLE (SAM — RAM)

Vik—
SC
Vi

VoH—
(UTPUT Vor —

7
tsrs—>] < tsce |
Shs tscL
- | tscn A1 tscH
| | tsiH

RAS xlr - '_“:—'— %iﬁs L £ |
e z:r_w' T e
(OUTPUT) vg:‘: T HIGH Z
rew

* NOTE: IfSEis “H" level, the serial input data is not written into the data register, but the serial data selector
continues to function.
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PSEUDO WRITE TRANSFER CYCLE SERIAL WRITE SETUP

tre
1csH

tRAS
A VM~ K[ tar’ —

J %
T + b
terp—| 11— 1RSH trp —|
~<— tRCD — tcas
—— VlH —_— 'S
cas viL — - 7/

tase— (1 tasg,.

tcan,

(OUTPUT) v, =
tes—

. /// !/
< tsps »| [¢ftspH
— tsces ——

Vi — -— tsCL —| | tscL
sc ‘M tscH

VL — f|———s

tsiH
| = |

510 Viy — VALID *

(INPUT) Vi — HIGH Z - ,ﬁﬂA. VALID DATA

507

S10 Vin—=" VAUD ¥}

(INPUT) v, —__ DATA* P 4

* NOTE: tfSEis “H” level the serial input data are not written into the data register, but the serial data selector
is worked.

HIGH Z
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SERIAL WRITE CYCLE

w0\ S
e

Vin—
Vi —

$10i Vin—
(INPUT) v, —

SERIAL READ CYCLE

RAS wiem \ /S
L 4 t N
Y P : P
SCC& fi_c{%'- ‘ tSCCSCL -

- ://:LH: —\__/ -~ tsc:T\—‘__,:* tsCH > J. A tetsch ] =

t500 — tsOH tsoH

1502—| |« tsoa ||
SIoi VIH— A OUTPUT QUTPUT OUTPUT };
(INPUT) vy — DATA* = DATA* £

T tsen ! M tsca T
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BIT MASKED WRITE

g
/

3
/

oo/ |\
*
wwe N\ |/ \ ) E—
'2 '
Wo/I0, _/ X EFFECTIVE X
NON MASK
'ZL
W10, _w s/ X NON EFFecTiVE L X
*2
wanor o |\ X EFFECTIVE X
‘ZMJ\ K
Winoy  \ask/ X NON EFFECTIVE} X
I T
SET MASK BIT i BIT Vt\leAI\TsEED

*1 1f WB/WE = “H” all 4 bits of data are written into RAM

*2 Wo~3/100~3 = "H” Nonmasked
Wo-~310p~3 = “L” Masked
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SERIAL QUTPUT MODE

| I [
RAM —SAM TRANSFER & START maay ME TRANSFER . ¢ WRITE CYCLE 1 READ CYCLE
s

N2 Y o /

N AN AN NV N4
romr XXX XXX XXX X
wawe /(N 7\ 7 \_/

oee \ |/ NS /"

*3

. ) /N
\

\
sc HMSMLDMM
- XXX XA DL

1]
!
;
DATA OUT i . NEW DATA OUT
™ FROM COLUMN “A” “ FROM COLUMN “B*

*3 If SE goes to “H" level, SIOi enters the high impedance state, but the serial data selector continues to function.
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SERIAL INPUT MODE

1
SAM-SAM AT START ! PSEUDO WRITE 1 SAM-RAM (ROW R4)

m N/ TN/ "
N4 0 s ) G — (00—
N/ AN
AN

TWRAVE / \ % %

% 95

sioE N\ /3_—% A\ :

N + Py AP
! : 1 SAM TO RAM TRANSFER
! DATA OUT L, DATAINFROM TO ROW R4

FROM COLUMN “A COLUMN “C DATA IN FROM COLUMN “D”

*4 11 SE goes to “H" level, SI0iinput data is ignared, but the serial data selector continues to function.
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FUNCTIONAL DESCRIPTION

RAM Operation

The MSMS51C262 is a CMQS dynamic memory with 2 ports. One port, the RAM port, operates in
the same way as the 64K x 4 DRAM. The other port, the serial access port (SAM), allows data to
be either read from or written to the memory at very high datarates.

The M5M51C262 reads and writes data via the RAM port by multiplexing a 16-bit address into
an 8-bit row and an 8-bit column address. The row address strobe (EA—S) latches the row address
on the chip. The column address, however, flows through the internal column address buffer
and is latched by the column address strobe ((-Z—KS_) signal. Because column access time becomes
primarily dependent upon a valid column address rather than the falling edge of CAS, signal
timing restrictions on CAS can be greatly loosened with no effect on access time.

Memory Cycle

A memory cycle is initiated by the falling edge of RAS. A memory cycle cannot be ended or
cancelled prior to fulfilling the tpas (min.) timing specification once it starts. This precaution is
necessary for proper device operation and integrity. A new memory cycle cannot be started
until the minimum precharge time tgp/tcp is satisfied.

Read Cycle

A read cycle is a memory cycle in which data is retrieved from the memory array and presented
on the Wi/IOi pins. Read cycles can take the form of single operations to a specific row and
column address or page mode accesses to any of 256 column addresses within a single row.

Write Cycle

A write cycle is a memory cycle in which data supplied externally to Wi/lOi is written into the
location in memory specified by the address. Using the masked write function, any
combination of Wi/iOi lines can be written and the remainder ignored. Write cycles can take
the form of single operations to a specific row and column address or page mode accesses to
any of 256 column addresses within a single row.

Refresh Cycle

To retain the data in a MSM51C262 DRAM, a refresh operation activating each of the 256 row
addresses must be performed at least once every 4 ms. Any operation such as read, write,
RMW, RAS-only cycle, CAS before RAS refresh cycle, or transfer cycle refreshes the addressed
row.
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Fast Page Mode Operation

Fast Page Mode permits an 256 columns of 4 bits within a selected row of the MSM51C262 to be
randomly accessed at a high data rate. After a normal cycle initiation, maintaining RAS low
while performing successive CAS cycles retains the row address internally and eliminates the
need to resupply it. The column-buffer acts as a transparent latch data while CAS is high and,
when CAS goes low, holds the addresses applied. Because of the transparent latches, the
column address flows through and the read access begins upon stable addresses rather than
the falling CAS edge. This eliminates tasc and ty from the critical timing path and helps to
speed up access while making operation simpler.

During a Fast Page Mode operation, read, write, read-modify-write, or read write-read cycles
are passible to random addresses within a selected row. Multiple operations to the same
address are permitted as well as more than 256 accesses.to any combination of addresses within
the selected row. The only limiting factor to the number of such Page Mode accesses is refresh
timing. Following the entry cycle into Page Mode, access time is tcaa or tcap-dependent. If the
column address is valid before or coincident with the rising edge of (’_7-\—-5— tcap is the access
controlling parameter. If the column address is valid after the rising edge of CAS, access time is
determined by tcaa. In both cases, the falling edge of CAS latches the address and enables the
output buffers.

With Fast Page Mode, very high sustained data rates can be achieved. The following equation
can be used to calculate the data rate possible:
256

DataRate= —=S——
tre + 255tpc
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MODE SELECTION

SAM Mode to be

AControl Signals

(Sampled at the falling

Ag~Az

RAM ‘(,)é)r?‘r)e:—::‘c;er:jto be | Mode | _f“ge_‘_’f"“s) . Sample Time
cas | BY |WE |5 |ioges | PAS | TS

Read Mode not affected X X X Row | Column Add.
Write Mode not affected H H X X Row | Column Add.
Bit Masked Write Mode not affected Lo |x #v | Row | Column Add.

Mode not affected | H L X L* | Row | Column Add.
RAM — SAM Transfer | Output Mode H X X Row | SAM Start**
SAM — RAM Transfer | InputMode L L L X Row | SAM Start**
Pseudo Transfer Input Mode L H X X SAM Start**
TAS-befare-RAS or Mode not affected | x x | x X X X
Hidden Refresh

X =Don't care

*  The state of the W/IO lines is sampled at the falling edge of RAS to set the Write Bit Mask
Register. If W/O is high at the falling edge of RAS, no masking action is taken and the

corresponding data bit is subject to change by a write operation.
falling edge of RAS, the corresponding bit is masked and is not altered by a write

operation.

If W/10 is low at the

** The 8 address signals, Ag to Ay, are used to select the RAM row address that is affected by a
transfer to or from the SAM, and the starting address for a SAM read or write operation.
The falling edge of RAS strobes the row address, and the falling edge of CAS strobes the
SAM starting address.
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COMBINED RAM-SAM OPERATION

Transfer

The transfer operation of the MSM51C262 allows a row (256 bits) of data to be transferred
between RAM and SAM in either direction. The signals and states that control the transfer
operation are specified in the Mode Selection Table.

To start a serial write operation, it is necessary to cause the SIOg to SIO3 pins of the SAM, port to
be in a high-Z state. The pseudo write transfer cycle accomplishes this and must be performed
any time the SAM mode is to be changed from read to write. No data transfer takes place, but
addresses are set up as in any other transfer cycle. A read transfer cycle (RAM to SAM) changes
the mode from write to read.

SAM OPERATION

SAM is organized as 256 words x 4 bits per word. SAM can be loaded from two sources: RAM
and the external serial I/0 lines, SIOi. SAM has two operational modes, read and write (viewed
externally). Mode changes are described in the previous section.

When SAM is in read mode, data is first transferred from RAM to SAM and then can be accessed
serially via the SIQi lines, beginning with any SAM address. The progression of data output is
from lower to higher numbered bits and addresses are module 256.

When SAM is in write mode, data is captured in SAM by using the SI10i lines, and can be written
into a selected row in the RAM by a write transfer operation.

Read/Write

The SC pin is used as a shift clock for the SAM port. Serial access is triggered by the rising edge
of SC. When SAM is in write mode, the rising edge of SC causes data to be strobed into the
selected SAM cell. In the read cycle, output data becomes valid after tsca from the rising edge
of SC and remains valid until the next cycle. The SAM address is automatically incremented by
SC.

The §Fpin is used as an output/input enable pin for the SAM. it does not, however, gate the SC
signal, and the SAM address counter for read or write operations continues to increment
regardless-of the state of SE.
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Real-time Read Transfer

The M5M51C262 offers real-time read transfer between RAM and SAM. By using this feature, a
continuous data stream can be generated even if the row address must be changed. No loss of
timing is caused by this transfer. The data transfer from the RAM to SAM is triggered by the
rising edge of DT/OE after the RAS/CAS cycle sets up the data to be transferred and the start
address. New row data is available for SAM output after DT/OE returns to a high state in
compliance with specification parameters tspp and tspy. SCshould be applied continuously
and DT/OE timed from SC to achieve non-stop transfer.

Write Transfer

After SAM is placed in write mode and the required data is captured via S10i, the write transfer
operation causes the SAM content to be written into the selected RAM row. After the write
transfer cycle is completed, more data can be written to SAM via SIOi.

Power On

After application of the Vcc supply, an initial pause of 200 us is required followed by a
minimum of 8 initialization RAS cycles (any combination of cycles containing a RAS clock) and
minimum of 8 initialization SC cycles. 8 initialization cycles are required after extended periods
of bias without clocks. An extended period of time without clocks is defined as one that
exceeds the specified refresh interval. During Power On, the Vcc current requirement of the
MSM51C262 depends on the input levels of RAS and CAS. If RAS is Low during Power On, the
device goes into an active cycle, and I¢c exhibits current transients. It is recommended that RAS
and CAS track with Vcc or be held at a valid Vyy during Power On to avoid current surges.

SIOi after application of the power supply is initialized in the input mode, but this state can not
be guaranteed because of the control signal level during power On. Therefore, after Vcc
reaches the specified voltage with power On, we recommend to be initialized after carrying out
8 initialization cycles after 200 s. ‘
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