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MSM51C256

0 K I SEMICONDUCTOR GROUP

T-96-23-|5

262, 144 WORD X 1-BITS DYNAMIC RAM

GENERAL DESCRIPTION

The MSM51C256 is @ new generation dynamic RAM organized as 262,144 words by 1 bit. The
technology used to fabricate the MSM51C256 is OKl's CMOS silicon gate process technotogy. The

device operates at asingle + 5V power supply. Its /O pins are TTL compatible.

FEATURES

@ Silicon gate, double polysilicon CMOS,
1-transistor memaory cell

® 262,144 words by 1 bit

® Family organization

® Standard 16 lead plastic DIP/18 lead PLCC

Power Dissipation
: Access Time Cycle Time -
Famii
y (MAX) (MIN) OF(’&"S\;‘E;‘Q S(t&’ggy
MSM51C256-80 B0 ns 160 ns 330 mw
20 mwW
MSMS1C256-10 100 ns 190 ns 275 mwW
® Single + 5V supply, + 10% tolerance ® Fast page mode, read/write capability
® Input: TTL compatible, address input, ® CAS before RAS refersh, Hidden refresh,

data input latch
® QOutput: TTL compatible, tristate, nonlatch @

RAS only refresh capability
“"Gated"” CAS

® Refresh: 256 cycles/a ms ® Built-in Vgg generator circuit
® Cammon I/O capability using "Early Write”
operation
MSM51C256RS MSMS51C256)S
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® DC Characteristics
(Vee=5VE10%, Ta=0to +70°C)
MSM51C256 MSM51(256 .
Parameter | Symbol Conditions -80 -10 Unit Note
Min | Max | Min | Max

Output high _
voltage Von |lon= —5.0mA 24 - 2.4 - i
Output iow
voltage Voi loL=4.2mA - 0.4 - 0.4 \
Input Vgs = VIE V¢
leakage I allotherpinsnot | _ 10| 10 | =10 { 10 pA
current under test = OV
Output Doyt disable
leakage o |Vss=VO=Vee -10| 10 | -10| 10 pA
current
Average i RAS, CAS cycling,

ower su =mi :
?urrent* PR lecr | tae=min - 60 - 50 mA
{Operating)
Power supply RAS=Viy [ TTL | - [35 | - |35 | ma
curren |ccz CAS = Vi

Standb
( ) Dour=Hz |mos| - |25 | - | 25 mA
Average RAS = cyciing,
powersupply | lccs |CAS=Vy _ _
current® (RAS tpc = mMin 60 >0 mA
only refresh)
Average RAS = cycling,
powersupply | lcce | CAS before
current* (CAS RAS - 60 - 50 mA
before RAS
refresh)
Average | RAS = V.,
power supply I CAS = cyeli
current* (Fast e tor = n'flyn 'ng - 40 - 35 mA
page mode) PC=

*Note: Icc is dependent on output loading and cycle. Specified values are obtained with the
outiput open.

® Capacitance

(Ta=25°C, f=1 MHz)
Parameter Symbol Conditions TYP MAX | Unit
Input capacitance (A0 to A8, Dyy) Cing - - 4 pF
Input capacitance (RAS, CAS, WE) Cinz - - 5 pF
Output capacitance (DoyT) Cout - - 6 pF
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® AC Characteristics T-46-23~15
(Veec=5V £ 10%, Ta=0to + 70°C) Note 1,2,3
MSMS1C256 | MSMS51C256
Parameter. Symbol - =10 Unit Note
_ Min | Max | Min | Max
Refresh period tREF - 4 - 4 ms
Random read or write cycle time tre 160 - 190 - ns
Read/write cycle time trRwie 185 - 220 - ns
Fast page mode cycle time tpe 88 - 55 - ns
Fast page mode read/write tpRWC 80 - 90 - ns
cycle time
Access time from RAS trac - | 8 | - | 100 ns as
Access time from CAS teac - 20 - 25 ns 45
Access time from column taa - 40 - 50 ns 4.6
address
Access time from CAS precharge | tcpa - 50 - 50 ns a
Output iow impedance time toz 0 - 0 - ns 4
from CAS
Output buffer turn-off detay 17633 0 20 0 30 ns
Transition time tr 3 S0 3 50 ns 3
mprecharge time trp 70 - 80 - ns
RAS pulse width tras | 80 | 10K | 100 | 10K ns
RAS hold time trsH 20 - 25 - ns
'CAS precharge time tcp 10 | - 10 | - ns
(Fast page mode cycle only)
CAS pulse width teas | 20 [ 10k | 25 [ 10k ns
'CAS hold time tesw | 80 | - | 100 | - ns
RAS to CAS delay time twep | 22 | 60 | 25 | 75 ns 5
RAS to column address delay tRap | 17 | 40 | 20 | 50 ns 6
time _
mtompmcharge time tcre 10 - 10 - ns
Row address set-up time tasr 0 - 0 - ns
Row address hold time trAH 12 - 15 - ns
Column address set-up time tasc 0 - 0 - ns
Column address hold time tcaH 15 - 20 - ns
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® AC Characteristics (Cont.)
MSM53C256 | MSMS1C256
Parameter Symbol -80 -10 Unit Note
Min | Max | Min | Max
Column address hold time from tAR 60 - 75 - . ns
RAS
Column address to RAS lead traL 40 - 50 - ns
time
Read command set-up time tres 0 - 0 - ns
Read command hoid time tRCH 0 - 0 - ns 8
Write command hold time from twer 60 - 75 - ns ﬂ
RAS
Write command set-up time twcs 0 - 0 - ns 7
Write command hold time tweH 15 - 20 - ns
Write command pulse width twp 15 - 20 - ns
Write command to RAS lead trwi 20 - 25 - ns
time
Write command to CAS lead towl 20 - 25 - ns
time
Data-in set-up time tos 0 - 0 - ns
Data-in hold time toH 15 - 20 - ns
Data-in hold time from RAS 1oHR 60 - 75 - ns
CAS to WE delay icwp 20 - 25 - ns 7
RAS to WE delay thwp | 80 - thwo | - ns 7
Column address tc WE delay tawp 40 - 50 - ns 7
time
Read command hold time tRRH 10 - 10 - ns 8
reference 10 RAS
RAS 10 CAS set-up time (CAS tcsr 10 - 10 - ns
before RAS)
RAS to CAS hold time (CAS tcHR 30 - 30 - ns
before RAS)
CAS active delay from RAS trec 10 - 10 - ns
precharge
CAS precharge time (Refresh tepT a0 - 50 - ns
.counter test)
CAS precharge time teen 10 - 15 - ns
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Notes: 1. Aninitial pause of 100 ps is required after power-up foliowed by any 8 RAS cycles
(Example: RAS only) before proper device operation is achieved. T-46-23-15

2. The ACcharacteristi¢s assume at ty = 5 ns.

3. Viu(min)and V| (max.} are reference levels for measuring of input signals. Also,
transition times are measured between V,;and V|

4. Measured with a load circuit equivalent to 2TTL + 100 pF.

Operation within the tgcp (Mmax.) limit insures that tgac (Max.) can be met. tgep
{max.}) is specified as a reference point only; if tpep is greater than the specified trep
(max.} limit, then access time is controlied exclusively by tcac.

6. Operation within the tgap (max.) limit insures that trac (max.) can be met. trap
(max.) is specified as a reference point only; if tgap is greater than the specified
trap {max.) limit, then access time is controiled exclusiveiy by taa

7. twcs. town. trwp a@nd tawp are not restrictive operating parameters. They are
inctuded in the data sheet as electrical characteristics only; if twes 2 twes(minl), the
cycle is an early write cycle and the data out pin will remain open circuit (high
impedance) throughout the entire cycle; if tewp (Min.), tawp = trwpo (Min.) and
tawp = trwp (min.) the cycle is read/write cycle and the data out will contain data
read from the selected cell; if neither of the above sets of conditions is satisfied the
condition of the data out (at access time} is indeterminate.

B. Either tgrry O trcy must be satisfied for a read cycie.

READ CYCLE
ac
IRP
—_— 'RAS
— Vin-
RAS
ae N / N\
ICSH
tcRp taco 'RSH lcrRp
‘cas
Sas YiH-
o/ \ /
tRAD tRAL
tasm lRaH tAsC tcaH
Vv~
L), G ), S Y,
tAR
tRCH
IRCS ARH
— VIN— 7
W o T 7
: taa
oLz tOFF
RAC
Dout Von- Open , Valid data >‘—
VOL* ‘ "
Don't care
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WRITE CYCLE (EARLY WRITE)

TN / N
. @f >@< U
w W T T 777,
o 0 77 ////////{ TTTT7T7777;

Don't care
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READ/WRITE CYCLE
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RAS

0
>
o

AD~AS

Din

VJ,'::_H\ /

‘CFF_’._ rcD ; IRWL tcre
\\,,':: _/ 1 \F 'cas
TN e XTI
w7 " 77T
r 7////(////////////4 Cos N7
‘::;:: Open — {@g Vahd Data

Don't care
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FAST PAGE MODE READ/WRITE CYCLE

RAS
Y} _—'!I\
AAS V:t‘ IRp
tosH RSH
tPRWC /
'RCD cas ice tcas icas oRp
PR le_
chs Vie ~ taR \\ . THPL 1 /)
tASR traHtASC tCAH tasc {lcaH t BAL
= ASC| | fcan
~Ag VIH™ ny
AOTAR v - R°%- tco' Cal W Cl o
RWD
1
trcs tewp |towl towp | lowL town lowl “
u Ji
WE Ym- //f TawD TAWD "M Tawo
Vie - WP topa icPa
'RAD e A o T o b A twp || JOFF
y icac torr cag] WP wi” ] loac
CouT OH™ Valid Valid "}, IA  vaid T}
Ve - X Data ¥ k. Data ol Data r
oL 'RAC ) ) .
oLz 1 '_CLZ toLz RWL
— r*™'os,|] tow bs oH tog 1|1 'OH
Vin— ih
D 7/
'NVIL_ /////W /////,X:im
Valio Valid Valid Dala
Data Data [/ Don't care
trc
Rp
RAS
s ViH-—
ViL -
‘CHP (RPC

Fas YIH™
CAS
Vie-_/

tasR tRAH
oy

s TR e WL T 7777777,

VOH -
Bour OPEN
VoL -

Don't care

NOTE: WE =Don't care, A8 =Don't care
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CAS BEFORE RAS REFRESH CYCLE T-46-23-15
AAS v:’:_ e \ Z \_
TAS V:r: 7 \ y

OPEN

Don't care

NOTE: WE =Don'i cara, AD~AB = Don't care
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FAST PAGE MODE READ CYCLE T-46-23-1

RAS 'RP
B YWm-T
RAS it L
tCsH tpg ‘RSH ﬂ
tcRp lRco lcas lcp fcas tep tcas 'cRp
Vi ' f 4 N/
CA
w-_/ \
{RAL
AR | “——
|
tASR tRAH tAs_q tcan | tasc 'caH | tasc tcaH
- e sttt ot fr—n
Vi - ]
A0~AB V'H Row Cot Col Col
IL - h |
!
'RAD 'RRH
| ——————ilie{ o
tRCH IRCH
tRes 'RCS RCS tRCH
e
- leac cac CAC
le] e Pl
fan taa taa
! |
'RaC cra Icpa
Doyy YOH™ I Valid N Varg Valid
VoL - Data _¥ X Data X | Data
toFF ;l: 'oFF tOFF
il
tcLz oLz oLz

% Don't care
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

T-46-23-15

tpas AP
—_— Vg
RAS v"" \ \
I -
tpc RSH
feRp tReo toAs tcp tcas tep tcas IcRp
cis YH- \\ Z \\ Z
CAS
ViL - \
taR | fRAL
|
tasr| | 'RaH tasc lcan  tasc ican  lasc tcAH
| et oty [t
ap~ag M % Row Col M Col Col W// // /
Vil - y . Z
traD :
'WeR i i
-
'wes 'WCH  wes lwcH  'wes WCH
v wp wp lwp
s m‘i?i?i?
WE
viL - 42;>* 4225 //
pg DH 'ps DH os DH
o] F"”' -
V|H -
o / M Valid Data m Valid Oata @ Valid Data /
WL'-J£2£4252 3 ]

v
bour M

\DHR

OPEN

Don't care
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HIDDEN REFRESH READ CYCLE

— St P ol Ve ¥ - el e e -t ol Bma — W Y ek A
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T-46-23-15

m Don'tcare

s N . /
=/ \
tASR | | 'RaH |i 1RAL
%R ASC | lcam [
Sl I ), WL T T T
_ 'Rcs _'_HE]H
i/ N
bouT \‘:2:: ? Valid Data >_
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HIDDEN REFRESH WRITE CYCLE T-—46-23—15
RS | N / /
ViH - r_.
CAS Vi _ J "
soae 1" T v (/IR _ oo T

w TN YT

on :7//////{//@? o XTI,

VOH -
)
out OPEN
oL -
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FUNCTIONAL DESCRIPTION -\'_46—23—\5

Simple timing Requirements:

The MSMS51C256 is a CMOS dynamic RAM optimized for high speed access time operations, low
power applications. It is functionally similar to a traditional dynamic RAM. The MSM51C256
reads and writes data by multiplexing 18-bit address into 9-bit row and 9-bit column address.
Because access time is primarily dependent on a vaiid column address rather than the precise
time that CAS edge occurs, the delay time from RAS to CAS (tgcp) has little effect on the access
time. And the MSM51C256 can commit better memory system through-put duri ng operationsin
an interleared system.

Fast-Read-While-Write Cycle m
The MSM51C256 has the fast read while write cycle which is achieved by excellent control of the

three-state output buffer in adition to the simplified timings described in the previous section.
The output buffer is controlled by the state of WE when CAS goeslow. When WE is low during
CAS transition 1o low, the MSM51C256 goes to early write mode where the output becomes
fioating and common I/O bus can be used on the system level. Whereas, when WE. goes low
after tcwp following CAS transition to low, the MSM51C256 goes to delayed write mode where
the output contains the data from the cell selected and the data from Dy is written into the cell
selected. Therefore, very fast read write cycle becomes available.

Address Inputs:

A total of eighteen binary input address bits are required to decode any 1 of 262,144 storage cell
location within the MSM51C256. Nine row-address bits are established on the input pins (Ag
through Ag) and latched with the Row Address Strobe (RAS). Then nine column adress bits are
established on the input pins and latched with the Column Address Strobe {CAS). All input
addresses must be stable on or before the falling edge of RAS, CAS is internally inhibited (or
“gated”) by RAS to permit triggering of CAS as soon as the Row Addres Hold Time {traw)
specification has been satisfied and the address inputs have been changed form row-addresses
to column-addreses.

Write Enable:

The read or write mode is selected with the WE input. A logic “high” on WE dictates read mode
logic “low” dictates write mode. Data input is disabled when read mode is selected.

Data Input:

Data is written into the MSM51C256 during a write or read-write cycle. The last falling edge of
WE or CAS is a strobe for the Data in (D) register. in awrite cycle, if WE is brought “low”

(write mode) before CAS, D,N is strobed by CAS, and the the set-up and hold times are referenced to
CAS. In aread-write cycle, WE will be delayed until CAS has made its negative transition. Thus
Dy is storbed byWE-, and set-up and hold times are referenced to WE.
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Data Output:
The output buffer is three-state TTL compatible with a fan-out of two standard TTL loads. Data
out is the same polarity as datain. The outputisin a high impedance state until CAS is brought
“low”. In aread cycle, or a read-write cycle, the output is valid after tgac from transition of RAS
when tgcp (max) is satisfied, or after tgac from transition of CAS when the transition occurs
after tpcp (max.). Data remain valid until CAS is returned to "high”. In a write cycle, the
identical sequence occurs, but data is not valid.

Page Mode:

Page-mode operation permits strobing the row-address while maintaining RAS at a logic low
(0} throughout all successive memory operations in which the row-address doesn’t change.
Thus the power dissipated by the negative going edge of RAS is saved. Further, access and cycle
times are decreased because the time normally required to strobe a new row-address is
eliminated.

RAS Only Refresh:

Refresh of the dynamic memory cells is accornplished by performing a memory cycie at each of
the 256 row-addresses (A to A7) at least every 4 milliseconds. RAS only refresh avoids any
output during refresh because the output buffer is in the high impedance state unless CAS is
broughtiow. Strobing each of the 256 row-addresses (Ag to Ay} with RAS will cause all bits in
each row 1o be refreshed. Further RAS only refresh results in a substantial reduction in power
dissipation.

CAS Before RAS Refresh:

CAS before RAS refreshi ng available on the MSM51C256 offers an aiternate refresh method. If
CAS is held on low for the specified period (tcsg) before RAS goes to low, on chip refresh control
clock generators and the refresh address counter are enabled, and an internal refresh
operation takes place. After the refresh operation is performed, the refresh address counter is
automatically incremented in preparation for the next CAS before RAS refresh operation.

Hidden Refresh:

Hidden refresh cycle may take place while maintaining latest valid data at the output by
extending CAS active time from the previous memory read cycle. In MSM51C256 hidden refresh
means CAS before RAS refresh and the internal refresha ddresses from the counter are used to
refresh addresses, because CAS is always low when RAS goes to low in this mode.
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