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MO EEETORTE

MMNa18ag

65536-BIT DYNAMIC RANDOM

ACCESS MEMORY

GENERAL DESCRIPTION

The MMN 4164 is 8 MOS dynamic random access
memory circuit organized as 65536 words by 1 bit.
The use of dynamic circuitry throughout, including
the 512 sense amplifiers, assures that power diss:-
pation 18 mimimized without any sacrifice in speed or
internel and externsl operating margins.

Refresh characteristics have been chosen to maxi-
mize yield (low cost to userl while maintaining com-
atibility between dynamic RAM gengrations,
Kﬂultiplexed address inputs permits the MMN4164
to be packaged in 8 standard 18-pin OIP with only 15
pins required for besic functionality.

The output of the N4164 can be held vahd inde-
finttely by hotding active low. This is quite usefyl
since a refresh cycle can be performed while holding
data valid from a previou cycle.

ABSOLUTE MAXIMUM RATINGS

FEATURES

® single +5 V {+/-109%) supply operation

® on chip substrate bias generator for optimum
performance
® low power 300 mW active  max
® 150 28 mw st,%n;jgy max
ns 8ccess time, ns e ti
: 3684'1? cycle time (MMN
ns access ume, 330 ns cycle ti
;%34-2. ks ycle tima (MMN
e ns access ume, 410 ns cycle t
AT ycle time (MMN
® indefinite Dout hoid using CAS /contral
® common /0 capabihty using “early write"
® Read. Write, Read-Write, Read-Modify-Write
and Page-Mode capability
® alf inputs TTL compatible, low capacitance, and
prolected agamst static charge
® 128 refresh cycles 12 mS)

Vee Supply voltage relatve to Vge
ViV Voltage on any! /0 terrminal

Ta Operating temperature

T, Storage temperature (piastic)
Ts Storage tempersture (ceramic)
Piot Total power chssipation
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PIN FUNCTIONS

AD.AT Address inputs

CAS (_"J&ﬂumn Address Strobe
Din Data in

Dout Data Out

RAS Row Address Strobe
WRITE Read Wnite Input

Vcc Power {(+5 V)

Vss Ground
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RAECOMMENDED DC OPERATING CONDITIONS
iT, = Oto 70°C R _

' MNN 4164.2 MMN 41641, 3.4 - ]

PARAMETER MIN | TYyr[max | MiIN | TYP|MAX UNIT NDTEs

Veo Supply voltage 45 501 556 4,75 E,Q 525 v :' "Il—"‘
Vin Input high (logic 1} voltage 24 — | 55 24 — |85 v -. Ty
Vy: input low (logic O) voltages?] ~0.3 - 0.3 -0.3 — | 0B v 7“‘

2+ Input low voltage may reach —2V for a time pemod shorter than 40 ns.

CTRICAL GHARAGTERIBTIC:Q
?AC.: gtt-oe?ﬁ"c Vee = 5.0V 5% or 10% depending on type specified above)

TIONS VAL i | nore
PARAMETER CONDI . N VIAX UNiT NOTES
feco Operating cureent taLrL = tRLaLmin S 55 ma 5
(RAS ~ CAS cycle) T =25°C : |
feer Standby current RAS =V - 5 mA | 2
D0 = High Z
b Input leakage v, = 0.Vee -10 10 pA
e Cutput leakage Vo = 0.Vce -10 10 ph
DO =Hgh Z
RAS CTAS =Vu
L Output high ogic 1) voltage lg = —4 mA 24 — v
Vol Output low logic ) voltage lp = 4 mA — 0.4 v

ELECTRICAL CHAHACTERISTICS AND RECOMMEN&ED AC
DPERATING CONDITIONS

INOTES 3. 4, 5, 19)

(Yo = 0to 70°C. Ve = 5.0V +/— 5% or 10% depending on type)

ARAMETER MMN 4164 1 [MMN 41642, FMMN 4164 4 i Nores
min. | max. | mino | max. )} omunc | max, |
ta,  PRandom read or write cycle ume| 270 — 330 - 410 — ns 6.7
Lo Read modfy wrte cycle time 300 - 3759 — 445 s ns 6.7
Lo Page mode cycle nme 170 — 200 — 280 e ns 6,7
Loa oy Access tme from HAS — 150 — 200 — a0 | ns 7.8
L oy Access tme from CAS — 00| — 10! — 150 | ns ' 79
trwe Dotput buffer turn-oft defay ' — 50 — 50 — 50 ﬂs T 10
:::L{ Yeanswion pme mse and iall) 3 o0 3 5G 3 501 ns 5
g, RAS precharge Line ) 100 _ 190 180 . i
b FAS pulse width 150 10000 | 200 | 10000 | 250 [10000| ns
Ry AT hold hime .100 . 110 . 150 . ' ns
Haaen CAS hold Liene 10 1 — teool — 0 lesol - | s
L O fl_i_ e oty 100 [10000 [ 110 10000 [ 150 [10000 | ns
G PAS 0CAG/delay | o T e T T o T o5 T o0 T e | 11

peve
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MMN 4184

PARAMETER MMN 4164.1 | MMN 4164.2. 3MMN 4164.4 '
min. | max. | min. | max. | min, | max. UNIT|NOTES

tavwe FRead command hold time

from ﬁAS 0 - 0 —— 0 —_ ns 12
tzvae  Row address set-up time o — ol — o — e
teizx  Row address hold time 5 | — | — as | — ns
tsvct  Column address set-up time G - 0 - 0 _ ns
tesx  Column address hold time 45 - 45 - 80 - s
tmsx  Column address hold time
from RAS 9B — 1135 ~ [180] - | ns
twier  Read command set-up time o| - 0] — o| - ns
tcvwe  Read command hold time
from CAS 0 - 0 - 0 - ns 12
teown  Write command hold time 45 — al — 50 _ ns
tarwn  Write command hold time
from m 85 — 130 - 155 — ns
twiwn  Write command pulse width 45 —_ 45 - 50 — ns
LwiRH Write command to BAS tead
pme 60 [ - 50 — B0 — | ns
L Write command to CAS lead
e time 60 - 50 — 80 — ns
el tha—un set-up time from 0 _ 0 _ 0 B n 13
tywe Data-in set-up time from WE 0 - 0 — 0 - ns 13
Lo Data-in hold time 45 — 45 - 60 — ns 13
tavix Data-in hold time from RAS 95 - 135 — 160 - ns
tewer  GAS precharge time for page 60 . 80 . 120 _ ns
mode only
toer Refresh period — 2| - el — 2] ms
twicl  Write command set-up time 8] — 0 — 0 —- ns 14
tcewe CAS to WE delay 70 - B85 - 120 _ ns 14
tew. PAS to WE delay 1201 — | 178} — }e20| — | ns| 14
temy CAS precharge time 25 — 45 - S0 _ ns
NOTES:
1 All voitages referenced to Vgg,. _ _
2. lcc 15 dependent on output ioading and cycle rates. Specified values are obtained with the output
cpen.
3 An mual pause of 100 ps s required after power-up followed by B RAS cycles before proper
device operation 15 achieved.
4. AC characteristics. assume t; = S ns. o _ _ , ‘
5 Vy, min and V, max are reference levels for measuring timing of input signals. Transition times
are measured between Vy and V. o
£ The mmmum specifications are used only to indicate cycle time at which proper operation gver the
full temperature range (0°C < T, < 70°C) 15 assured.
7 toad = 2 TTL loads and 100 pF.
8 Assumes that tpe < tper (Maxl If tg el /s greater than the maximum recommended value
shown in this tatbﬁe. taigy Will increase by the amount that tpcy exceeds the value shown
9 Assumes that tg oy = baoy (Maxd, o )
10 touox max defines the time at which the output achieves the open circuit condition and is not refe-

renced Lo Vg or Vo,
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MiANG 4 Bqg

Operation within the tpoy fmax) limit nsures
as a reference point only IS teey 19 greater
trolled exclusively by toiev.

Either tyapwy OF toawy MUSt
These parameters are reference
edge in delayed

o Soowl and g w @re restrict

WHITE cycles only‘if twicL = EWLC;:'
remain open circuit throughout t
the cycle is a READ/WRI

11

12
13.

14,

res that tpov [max) can be mek tﬁ‘l‘.t-:}_ {max} is gpepif;
than the specified tg oy (Max} limit, ther 335&55%5.3&%?-

be satisfied for a read cycle. |
d to CAS leading edge in eacly write cycles and
write or read modify write cycles. _ _
ive aperating parameters in READ/WRITE and READ/MODIFY
(min} the cycte is an EARLY WRITE cycle and the data outpur wij
e entire cycte. If toow =
E and the data output will contain

?D-AWRI.TE_ \egiding

wi mind and tepwi 2 tarve b
éata reag from t_'gl.s_g]gg’é’é‘g‘cg?’g

neither of the above conditions are met the condition of the data out (at access time and until CAS

es back to Vi) i8 indeterminate.
15

MONoLONIC Manner.
DPRERATION
The 16 address bits required tc decode 1 of 65.536
cell locations within the MMN4184 are multiplexed
oo the B address inputs and latched into the
on-chip address latches by externslly applying two

negative going TTL-level clacks. The first clock. Row
Address gtmbe IRAS), latches the B row addresses
nto the chip.

The hign-to-low transition of the second clock, Co-
wmn Address Strobe (CAS), subsequently latches
the B column addresses into the chip. Each of these
signals, RAS and CAS, triggers a sequence of events
which are controlied by different delayed internal
clocks. The two clock chains are linked together lo-
gically in such & way that the address muitipiexmﬁ
pperation 15 done outside of the critical timing pat
for read data asccess. The later events in the CAS
clock sequence are inhibited until the occurence of 8
delayed signal derived from the RAS clock chain. The
“gated CAS” feature allows the CAS clock to be ex-
ternally sctivated es soon as the Row Address Hold
specification {tga has been satisfied and the ad-
dress inputs have been changed from Row address
to Column address information.

The “gated CAS” festure permits CAS to be active-
ted at any time after tpay and it will have no effect
on the worst case data access time {tgac) up 10 the
point in time when the delayed row clock no longer
inhibits the remaining seguence of coluron clocks,
Two thming endpoints result from the internal gating
of CAS which are called tpeg frmind and tacp (max). No
data storage or reading errors will result of CAS is
applied to the MMN4184 at a pont m Lime beyond
the bgep (maxd imit. However, access time will then
be determined exclusively by the access tme from
CAS fioag) rather than from RAS (Lpag) and RBAS
acces bme wil be igngthened by the amount that
Ly gxceeds the toep (max) hrmt,

BATA INPUT/O0UTERUT

Oata to be written into a selected cell s latched into
an on-chip register by 8 combination of WRITE and
CAS white BAS is active. The latter of WRITE or CAS
to make its negative transition s the strobe for the
Data in D) regster. This permits several options in
the write cycle tirning. In 8 write cycle, of the WRITE
mput 5 brought low factivel prioe to CAS  being
brought low (actwel, the Oy i3 strobed by CAS, and
r;'hewlnput lata sat-up aind hold times are referenced
to CAS f the input data is not avadable at CAS time
lave writel or o it 15 desired that the cycle be a read-
write or read-modify-write cycle the WRITE signal
should be delayed until sfter TAS has made its ne-
gatwe transition. In this “delayed weite oycle” the
datd ioput set-up and bold tives are referenced Lo
the negative edge of WRITE rather than CAS,

he transition time speci'ficacion applies for all
rate specification all input signals must transi

| mputs signals. In addition to meeting the transition
t between YV and Vy for between Vy and Wyl in &

Data is retrieved from the memory in a read oy

maintaining WERITE in the inactwe or bigh s
throughout the portion of the memory cycle in which
poth the RAS and CAS are low {activel Oata reag
from the selected cell is availlable at the output port
within the specified access time. The output data is
the same polarity (not mverted) a5 the input datg

DATA OUTPUT CONTROL

The normal condition of the Deta Output Dgyr) of
the MMN41B4 is the high impedance (open-crcuit)
state, any time CAS s high Gnactive) the Bgyt pin wil
be floating .Once the output data port has gone ac-
tive it will remain valid until CAS is taken to the pre-
charge linactive highl state. Note that CAS can he
left active f(low) indefinitely, This permits either
RAS-only or RFSH refresh cycles to ocour without
invahditg Doyt

PAGE MODE DPERATION

The Page Mode feature of the MMN 4164 aliows
for succesive memory aperations at multiple column
locations within the same row address.This is done
by strobing the row address into the chip and main-
taining the RAS signal fow (activel throughout sl
successive memory cycles i which the row address
is commen. The first access within a page mode ope-
ration will be available at tgap OF toag time whichever
is the limiting parameter. However, all successive
accesses within fthe page mode operation will be
available at teoac time (referenced ta CASL With the
MMN 4164 this results in as much as a 30% impro-
vemens 11 access times, Fffective memory cycle U-
mes are also reduced when using page mode.

The page mode boundary of a single MMN 4164 s I
mited to the 256 column locations determined by al
combinations of the B column address bits, Opera-
tions within the page boundary need not be seguen-
tially addressed and any combination of read write
and read modify-write cycles are permitted within
the page mode operation. :

REFRESH

Aefresh of the dynarc cell matrx is accamplished
by performing a memory cycle at esch of the 128
row addresses within each 2ms mterval Although
any normal memory cycle will perform the reguired
refreshing this function is easly accomphshed by
using sither AAS-only or AFSH type refresting.

RAS-DRLY REFRESH
The FIAS-anly refresh cycle supported by the MMN
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4164 requires that a 7 bit refresh address be valid
at the device address inputs when RAS goes low [ac-
tvel. The state of the output data port during a
RAS-only refresh is controlled by CAS. If CAS is high
tmactive) during the entire time that RAS i5 asser-
ted, the output will remain in the high impedance
state. If CAS is low (active) the entire time that RAS

MMN qa1a84g

'S asserted, the output port will remain in the same
state that it was prior to the issuance of the RAS
signal. This is usefu for single step operation, if
CAS makes a low-to-high transition during the RAS-
only refresh cycle, the output data buffer will zs.
sume the lgh impedance state.

READ CYCLE
TALRL
TRLRH o TRMRL
b )
= \ / \_
vy
LT Teipn L. Teney
Uy TCLCH
L / TRLZx Tove K\\\ / \‘
T L
YRS
m i R G,
Ayoky ROW ADRESS CpLUMN abeess // A
3 7,8 G %%
T
WHOL, T ot
Uy a
" /
LH Tewov Teuox
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Vg, -
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Upt
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MMN 41849

PAGE MODE WRITE CYCLE

TRuRH

Tny

Uiy
pll

i

READ MODIFY WRITE CYCLE

>
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RAS ‘ )’ [\
Uy &
U”“ 2 ) S e {ale; T
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o0 —
“
Ve
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il MMN 4184g

PAGE MODE READ cvc, g

‘-%__
ﬂll""’"& rﬂlil Y
"l —— A\
st
9 Yien 1
r—ﬂ_—lﬂ“ﬂ-‘m
U L \ f \ I{
b
Teisx Yo x
e
W A% /”f% o,
! \ Twiel . Tt
Uy L ol L
wn A " #
Un
Teww Y Yoo
SR Y oy Y

Tatm
Y Toian Ry
Y \ .] '
2,
Uy “r’“‘_‘ Ml T
0" - I e CLERS
H C ! 1 + Tkt
o . - 0 SR—— ! e
it )
L
i . I...Tﬂs& . T_wﬂ Teisx Pl H
Upn 1 B drsval W RS LI (I S 71
/.r P 7 vl e 4
Ay .. 4y ey ‘%7/ ab;p % /’//"§
up V9 VIS ///_ 2 P Ve
i 1 1
Hi wH ™
iy Foa
Um i P 3 a
Y =l *
TwWLIX T Ut
VW
U",! o
> 7
o DATA W f%%mn % g
" N L SN
Teiov NURISU L i
Loy e e T
{}o” . . - u
0o DATA vauro  D——(  Da7a vaL }—' DaTA VALID
UOL - k. 2

335



MMNa1gq

RAS-ONLY-REFRESH CYCLE
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