MOTOROLA

m SEMICONDUCTOR
TECHNICAL DATA

Advance Information
64K x 4 Dynamic RAM

The MCM41484A is a 262,144 bit, high-speed, dynamic random access memory.
Organized as 65,536 words of 4 bits, and fabricated using N-channel silicon-gate MOS

technology, this new single +5 voit supply dy ic RAM bines high perf ce
with low cost and improved reliability.
By multiplexing row and columin address inputs, the MCM41464A requires only eight PLASTIC
ddress lines and permits packaging in standard 18-pin 300 mil wide dual-in-line packages. CASE 707

Complete address decoding is done on-chip with address latches incorporated.
All inputs and outputs, including clocks, are fully TTL compatible. The MCM41464A ‘ ;

incorporates a one transistor cell design and dynamic storage techniques.
The MCM41464A features “page mode’’ which allows random column accesses of
256 bits within the selected row.

@ Organized as 65,536 Words of 4 Bits 18 fvss
® Single +5 Volt Operation ( + 10%) 17 [loo3
® Maximum Access Time: MCM41464A-10= 100 ns 6 16 [ITAS
MCM41464A-12 = 120 ns F 15 hoaz
MCM41464A-15=1
® Low Power Dissipation: MCM41 L 14 [lao
Mc = mﬁ( 13fla
g (s ‘ﬁ Active} 12 [1a2
% xlmum tal
® Three-State Data O 1 fias
® Earty-Write Common1/0 Capab-llty 10 [la7
® 256 Cycle, 4 ms Refresh
@ CAS Before RAS Refresh Mode
@ Hidden Refresh
@ RAS-Only Refresh Mode PIN NAMES
® Page Mode Capability AGAT ... Address Input
BLOCK DIAGRAM gmoos ....... Data olzxt/cém
000-DA3 W. .o Read/Write Input
w ]—j_> OATA W Tz > MAS ........ Row Address Strobe
BUFFER il TAS ...... Column Address Strobe
VEC « v v e v vineen Power (+5 V)
. NO. 2 CLOCK _‘_: DATA OUT VES « v vt ve i Ground
CAS ™ seneraror [ BUFFER [ 8
R
N T ) COLUMN
v DECODER
AD ——» BUFFERS (8)
Al ——
A2 — REFRESH [ 766 4 ]
A3 ——f 18] | CONTROLLER \
M —— COUNTER (8) |
A5 ——— SENSE AMP
AG —— | Row ADORESS 110 GATING
A7 — o eurrers e [ B8, | A T -
» .5 2654 .
: g3 Vs
- & |~ MEMORY
W— 'Lzhlnilr%? -— 1256 ARRAY
256 x 256 x 4

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MCM41464A

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Power Supply Voltage Vee -1t0 +7 A
Voltage Relative to Vgg for Any Pin Except Vcc | Vin: Vout -1to +7 \
Data Out Current lout 50 mA
Power Dissipation Pp 600 mw
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg -551t0 +150 | °C

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to RECOMMENDED OPER-
ATING CONDITIONS. Exposure to higher than recommended voitages for extended

periods of time could affect device reliability.

This device contains circuitry to protect the
inputs against damage due to high static
voitages or electric fields; however, it is ad-
vised that normal precautions be taken to
avoid application of any voltage higher than
maximum rated voltages to this high-imped-
ance circuit.

DC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee=5.0 V £10%, TA=0 to 70°C, Unless Otherwise Noted)

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage (Operating Voltage Range) vee 4.5 5.0 5.5 \J 1
Vss 0 0 0 \ 1
Input High Voltage, All Inputs ViH 24 — 6.5 \ 1
Input Low Voltage, All Inputs ViL -1.0 — 0.8 v 1
DC CHARACTERISTICS
Characteristic Symbol Min Max Unit Notes
Ve Power Supply Current Iccr mA 2
MCM41464A-10, trc = 190 ns - 80
MCM41464A-12, tpc =220 ns - 72
MCM41464A-15, trc =260 ns - 65
Vce Power Supply Current {Standby) (RAS = CAS = V) lcca - 5.0 mA
Ve Power Supply Current During RAS only Refresh Cycles (CAS =V|H4) Icca mA 2
MCM41464A-10, tpc = 190 ns - 70
MCMA41464A-12, trc =220 ns - 62
MCM41464A-15, tc =260 ns — 55
Ve Power Supply Current During Page Mode Cycle (RAS =V)) lcca mA 2
MCM41464A-10, tpc = 100 ns - 70
MCM41464A-12, tpc=120 ns - 65
MCM41464A-15, tpc =145 ns - 50
Ve Power Supply Current During CAS Before RAS Refresh lccs mA 2
MCMA41464A-10, 1rc = 190 ns - 70
MCMA41464A-12, tre =220 ns - 62
MCM41464A-15, trc =260 ns — 55
Input Leakage Current (Vgg <Vin<Vec) Iika(1) -10 10 pA
Output Leakage Current (CAS at Logic 1, Vgg <Vout<Vce! lka(O} -10 10 A
Output High Voltage (lgH = —5 mA) VoH 2.4 - v
Output Low Voltage (Ig| =4.2 mA) VoL — 0.4 \
CAPACITANCE (f=1.0 MHz, TA=25°C, Vcc =5 V, Periodically Sampled Rather Than 100% Tested)
Parameter Symbol Max Unit Notes
Input Capacitance AQ-A7, D Cin 5 pF 3
RAS, CAS, W 7 pF 3
Output Capacitance {CAS = V) to Disable Output) Q Cout 7 pF 3

NOTES:
1. All voltages referenced to Vgs.

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open.
3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=IAt/AV.
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MCM41464A

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vee=5.0V +£10%, TA =0 to 70°C, Unless Otherwise Noted)

READ, WRITE, AND READ-MODIFY-WRITE CYCLES (See Notes 1, 2, 3, and 5)

Symbol MCM41464A-10 | MCM41464A-12 | MCM41464A-16
Parameter Unit | Notes
Standard|Alternate| Min Max | Min Max | Min Max
Random Read or Write Cycle Time tRELREL tRC 190 — 220 — 260 — ns | 4,5
Read-Modify-Write Cycle Time tRELREL | tRMW | 260 - 300 - 365 — ns | 4,5
Access Time from RAS tReLav | RAC - 100 - 120 - 150 | ns | 6,7
Access Time from CAS tceLav | tcac — 50 — 60 — 7% | ns | 7.8
Output Buffer and Turn-Off Delay tCEHQZ tOFF 0 30 0 35 0 40 ns 9
RAS Precharge Time tREHREL| tRP 80 — 0 — 100 — ns | —
RAS Pulse Width tRELREH | tRas | 100 | 10,000 120 10,000 | 150 10,000] ns | —
TAS Pulse Width tCELCEH | tCAS 50 10,000 | 50 10,000 75 10,000 { ns —
RAS to CTAS Delay Time tRELCEL | tRCD 20 50 25 60 25 75 | ns | 10
Row Address Setup Time tAVREL | 'ASR 0 — 0 — 0 — ns —
Row Address Hold Time tRELAX | tRAH 10 - 15 — 15 - ns -
Column Address Setup Time tAVCEL tASC 0 - 0 - 0 - ns -
Column Address Hold Time tCELAX | tCAH 20 — 25 — 35 — ns —
Column Address Hold Time Referenced to RAS | tRELAX tAR 70 — 85 - 110 - ns -
Transition Time (Rise and Fall) T tr 3 50 3 50 3 50 ns -
Read Command Setup Time tWHCEL | tRCS 0 - 0 — 0 — ns —
Read Command Hold Time tCEHWX | 'RCH 0 — 0 - 0 - ns 11
Read Command Hold Time Referenced to RAS | trerwx | tRRH 10 - 15 - 20 - ns 1
Write Command Hold Time Referenced to CAS | tcEiwH | twcH | 30 - 35 — 45 - ns | —
Write Command Hold Time Referenced to RAS | tReywH | tWCR 80 - 95 — 120 - ns -
Write Command Pulse Width TWLWH twp 30 — 35 — 45 — ns —
Write Command to RAS Lead Time tWLREH | 'RWL 30 — 35 - 45 — ns —
Write Command to CAS Lead Time WLCEH | towL 30 — 35 — 45 —~ ns | —
Data in Setup Time tDVCEL tDs 0 — 0 - 0 — ns 12
Data in Hold Time tCELDX tDH 30 = 35 - 45 - ns 12
Data in Hold Time Referenced to RAS tRELOX | tOHR | 80 - 95 - 120 - ns | —
CAS to RAS Precharge Time tCEHREL | CRP 10 — 10 - 10 — ns -
RAS Hold Time tCELREH | tRSH 50 - 60 - 75 - ns —
Refresh Period tRVRV | tRFSH - 4 — 4 — 4 ms -
{continued)

NOTES:

1. Vi min and Vj max are reference levels for measuring timing of input signals. Transition times are measured between Vi and V|
2. An initial pause of 200 us is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed.
3. The transition time specification applies for all input signais. In addition to meeting the transition rate specification, all input signals must
transmit between V)4 and V| (or between V| and V|H) in a monotonic manner.
4. The specifications for tgc (min) and tgmw (min) are used only to indicate cycle time at which proper operation over the full temperature
range (0°C < T <70°C) is assured.
5. AC measurements tT=5.0 ns.
6. Assumes that tpcp StRCD (max).
7. Measured with a current load equivalent to 2 TTL (—200 pA, +4 mA) loads and 100 pF with the data output trip points set at
VoH=2.0V and Vo_=08V.
8. Assumes that trep =tRcD (max)h.
9. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage leveis.
10. Operation within the tgcp (max) limit ensures that trac (max) can be met. tgcp (max) is specified as a referance point only; if tcp is
greater than the specified trcp (max) limit, then access time is controlled exclusively by tCAC.
11. Either tgRH of tRCH Must be satisfied for a read cycle.
12. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify-
write cycles.
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MCM41464A

READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued)

Symbol MCM41464A-10 | MCM41484A-12 | MCM41464A-16
Parameter Unit | Notes
Standard|Aiternate| Min Max | Min Max | Min Max
Write Command Setup Time tWLCEL | tWCS 0 — 0 — 0 - ns 13
CAS to Write Delay tceLwL | tcwp | 85 — 100 - 120 - ns | 13
RAS to Write Delay tRELWL | tRwD | 135 — 160 — 195 - ns | 13
TAS Hold Time tRELCEH | tCSH 100 - 120 - 150 — ns -
CAS Pracharge Time tCEHCEL | tCPN 20 - 20 - 25 - ns | —
TAS Precharge Time (Page Mode Cycle Only)  [tceHCEL| tcP 40 - 50 - 60 - ns | —
Page Mode Cycle Time tCELCEL tpC 100 - 120 - 145 - ns -
G Access Time tgrav | tea - 25 - 30 - 0 |ns | —
G to Data Delay tgHDX | tGD 25 - 30 — 40 - ns | -
Output Buffer Turn-off Delay Time from G tGHQZ tGz 0 25 0 30 0 40 ns -
G Command Hold Time wigH | tGH 25 - 30 - 40 - n | -
RAS Hold Time Referenced to G tGLREH | 'ROH 10 — 10 - 10 — | ns | -
TAS Hold Time for CAS Before RAS Refresh | tRELCEH | tCHR 30 - 30 - 30 - ns | -
CAS Setup Time for CAS Before RAS Refresh | tRe|CEL | tCSR 10 — 10 - 10 — | ns | -
CAS Precharge to CAS Active Time tREHCEL ! RPC 0 — 0 — 0 — ns —
TAS Precharge Time for CAS Before RAS tCEHCEL| tcpT 20 - 50 — 60 - ns | —
Counter Test
NOTES:
13. twCs. tcwD. 8nd tRWD are not restrictive op They are included in the data sheet as electrical characteristics only; if

wes 2 twes (min), the cycle is an early

cycle; if tcwp2tcwp (min) and tawp = tRWD
selected cell; if neither of the above sets of con

write cycle and the data out pin will remain open circuit (high impedance) throughout the entire

{min), the cycle is read-write cycle and the data out wiil contain data read from the
ditions is satisfied, the condition of the data out (at access time) is indeterminate.

READ CYCLE
tRE
1RAS pt——— tRp——]
————
V- AR Z
RS e
et 1CSH —
tCRP Lt—— tRED tRSH 1cPN
- tCAS
Vi -
[ S
[
RAH
ASR I‘-A;:-— 1CAH
avoResses VM- ROW COLUMN KXXXXX)O
- ADDRESS ' . ADORESS
- In— tRCH
thes— ] tRRH
w Vin-
ViL- jt———— tRQH ——— ]
pati— tG A =04
P
1CAC— —1 OFF
ft——————— 1A ———— fe—162
VoH — F,
000-D03 HGH 2 VALID DATA OUT
VoL - J'
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MCMA41464A

WRITE CYCLE (EARLY WRITE)

RC
1RAS I L —
—
S Vi - l——— tAR———————f _)
Yig -
teSH
t la«———tpcD i t fot——————— 1CPN —————»f
v CRP—j—] RCD - RSH [
W~ \ /
Wy f \ \_
' |lusc l-— tCAH
Vin - ROW COLUMN
ADDRESSES ViL— ADDRESS ADDRESS
- Tow——
WCS: - 1WC!
we
g Ve WP
ViL-
N WCR—
tRWL

Vin -

o ow-
f%— 1DHR
tps |<— et}

Vig —
000-DG3 H 4 VALID DATA IN HIGH Z

WRITE CYCLE (G CONTROLLED WRITE)

tRC
a tRAS | tRP

tAR
———
— V- \
RAS
Vi
CSH
hat—— 1RCD
CRP

Vin—
tas
ViL- J

\.

RAH - —f
'asR - %~ 1ASC
Vi - ROW COLUMN
ADDRESSES ViL - N ADDAESS ADDRESS
= ViN-
L

0IOIOIOXOXO!O!OIOIOIOIOIOX
o R XXX XXX XXX XEXRTS

— 44— 1S
tgp—— - bt — tpy —>i
Vig- y VALID
000-D03 Vo - DATAIN

MOTOROLA MEMORY DATA

2-31



MCM41464A

READ-MODIFY-WRITE CYCLE

IRMW
1RAS tgp >4
AR
Vig —
woo \
[
tCSH >
f——— (D tRSH >
bt— tcRP , e g ———————— o
ViH -
TAS
ViL-
TRAH — l‘— =) p— toAH
T ASC
AbDREssEs M ROW COLUMN
Vi - ADDRESS ADORESS Y,
WD ——————» j—1CWL—
-t AWD ] [— AW ———)
[ twp
Vin—
. \
L 1o
Vin- }
s XXOXXXX XX XXX '()a
ViL- ’
et—tCAC )

hp—————— AL ——— ]

VinNoH — VALID
000003 ViLVoL - DATA-OUT
PAGE MODE READ CYCLE
1RAS | |eethP.
Vin- g ——f
R i - X fC
1CRP tpp———™ T le— msh—»
= 1RCO —>1 - 1O~ 1CPN
tCAS le— tCAS Lt ICAS -
Vin -
= " N Y
1
FICAH  tASC tCAH  ['ASC ICAH
v
ADDRESSES UM
— tRCS < r—tncn
W TROH—1
— tm]"
[ tGA
[
1CAC - toFF
- IGZ
v
VALID
£a0-0a3 DATA-OUT E
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MCM41464A

PAGE MODE WRITE CYCLE

tRAS tap
Vig - — he—— e AR ——————d
s N
- +F
1cRp tec
t—— 1RCD—1— tCP {CPN
__Vm- \ 1CAS —a — (A5 — t— 1CAS —nd
I, u J /
= Ld— 1ASR .
ASC o i tCAH ot tCAH
tRAH tasc tASC tCAH
Vin- ROW COLOMN ] TOLUMN oL )
ADDRESSES @ — ADD ADORESS ADDRESS ADDRESS
tCSH———— 4
WL —] 1CWL— lcm >
Weh WCH RWL ——
twp—| g1 twp —»{ s tw (|
YiL- 7r’ 3 1
1 k{ 1
GH . —] 14— G Iq— 6H
_ V- 44
‘, R4 NXXRAXKXXXXX
L=
jt————tOHR I-—:(;n
s toH 1ps Py DS > 1DH

Vin- VALID VALID VALID
D00-003 . m DATAIN DATAN DATAIN

RAS ONLY REFRESH CYCLE
(W and G ars Don’t Care)

' e e ——
RAS
w \ / ____
tcnP—-l thpe—
w2/
usn—m — -
s~ KOO0 s FOCOOOOOOOQCOOOH
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MCMA41464A

CAS BEFORE RAS REFRESH CYCLE
G.

(W, G, and A0-A7 are Don’t Care)
tRE
lg———tRp ———»{ |- tRAS 3 |t—— 1Rp ———>
Vin -
S Z
Vi -
fat— 1RPC—] tRPC ——d |
tesR RPC
tCPN j¢————— ICHR 1PN —————>
Vin—
i -
— L——'ufr
Vou -
000-003 HIGH 2
VoL- !
HIDDEN REFRESH CYCLE
e tRC >
lt——— tRAS————— > j— le———— 1RAS tRP—
'R
g
m M \ Z \
ViL-
jae—IRCD. 1RSH —1 r—'cm——h | ———— tpN ———]
—-I 4 tCRP
Vin-—
434
ViL—
tASR l4— —»] tasc
RAH ja— (CAH
Vin- ROW COLUMN
ADDRESSES W - ADD ADDRESS
|--'ncs — RRH

Vig—
Vi, -

« v Y0 XXXXXIXIL

> |

ptl— toFF

F— CAC -

ha———— RAC ———] —

You -
020203 " VALID DATA-UT
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MCM41464A

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

- 1RAS > tRP
L —
T
RAS S
Vi -
'CSR ft—toip — r—tcw—— - tRSH
- 1CAS ——————»]
Vi -
Tas
ViL-
tASC —1CAH—]
Vin -
o KOOI KX
-
tRAH
READ CYCLE 'RCS ReH
iL-
iL—
- {OFF
162"—
VoH -
DQ0-D03 HIGH Z \ VALID DATA-OUT
VoL -
WRITE CYCLE twes lt————tweH ——f
Vin-
viL—
_ VYm-
4
viL-
1ps [ ——1pH
Vi -
D0-003 HIGH Z VALID DATA-IN
iL- ~X towL >
(AW — ]
tRes —F- [ a———1cwp ———»
READ-WRITE/READ-MODIFY-WRITE CYCLE twp
iy - S
iL-
1GA 16D
ViH -
= - XOOO0OOOROOCOON, | /
viL-— —p 15
Z -t Y
— 162 —pod  fou— DH
10003 ViriNow - VALID ALD }
bao- ATA-OUT DATAN
VitNoL - L—a
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MCM41464A

DEVICE INITIALIZATION

On power-up an initial pause of 200 microseconds is required
for the internal substrate generator pump to establish the cor-
rect bias voltage. This is to be followed by a minimum of eight
active cycles of the row address strobe (clock) to initialize the
various dynamic nodes internal to the device. During an ex-
tended inactive state of the device (greater than 4 milliseconds
with device powered up), the wake up sequence (8 active
cycles) will be necessary to assure proper device operation.

ADDRESSING THE RAM

The eight address pins on the device are time multiplexed
with two separate 8-bit address fields that are strobed at the
beginning of the memory cycle by two clocks (active negative)
called the row address strobe (RAS) and the column address
strobe (CAS). A total of 16 address bits will decode one of
the 65,536 cell locations in the device. The column address
strobe follows the row address strobe by a specified minimum
and maximum time called “tgrcp.’’ Which is the row to column
strobe delay. This time interval is also referred to as the mul-
tiplex window which gives flexibility to a system designer to
set up his external addresses into the RAM. These conditions
have to be met for normal read or write cycles. This initial
portion of the cycle accomplishes the normal addressing of
the device. There are, however, other variations in addressing
the RAM, the refresh modes {RAS only refresh; CAS before
RAS refresh; hidden refresh), another mode called page mode
allows the user to column access the 256 bits within a selected
row. The refresh mode and page mode operations are de-
scribed in more detail later on.

READ CYCLE

A read cycle is referred to as a normal read cycle to differ-
entiate it from a page mode read cycle, a read-while-write
cycle, and read-modify-write cycle which are covered in a later
section.

The memory read cycle begins with the row addresses valid
and the RAS clock transitioning from V| to the V)i_ level.
The CAS clock must also make a transition from V|H to the
V)L level at the specified tRcp timing limits when the column
addresses are latched. Both the RAS and CAS clocks trigger
a sequence of events which are controlled by several delayed
internal clocks. Also, these clocks are linked in such a manner
that the access time of the device is independent of the address
multiplex window. The only stipulation is that the CAS clock
must be active before or at the trcp maximum specification
for an access {(data valid) from the RAS clock edge to be
guaranteed (tRac). If the tRCD maximum condition is not
met, the access (tcac) from the CAS clock active transition
will determine read access time. The external CAS signal is
ignored until an internal RAS signal is available. This gating
feature on the CAS clock will allow the external CAS signal
to become active as soon as the row address hold time (t(RAH)
specification has been met and defines the trcp minimum
specification. The time difference between tgc D minimum and
tRCD Maximum can be used to absorb skew delays in switch-
ing the address bus from row to column addresses and in
generating the CAS clock.

Once the clocks have become active, they must stay active
for the minimum (tgag) period for the RAS clock and the

minimum (tcag) period for the TAS clock. The RAS clock
must stay inactive for the minimum (tgp) time. The former is
for the completion of the cycle in progress, and the latter is
for the device internal circuitry to be precharged for the next
active cycle.

Data out is not latched and is valid as long as the CAS and
G clocks are active; the output will switch to the three-state
mode when either the CAS or G clock goes inactive. To perform
a read cycle, the write (W) input must be held at the V| level
from the time the CAS clock makes its active transition (tRCS)
to the time when it transitions into the inactive (trCH) mode.

WRITE CYCLE

A write cycle is similar to a read cycle except that the Write
(W) clock must go active (V)|_ level) at or before the CAS clock
goes active at a minimum tycs time. If the above condition
is met, then the cycle in progress is referred to as an early
write cycle. In an early write cycle, the write clock and the
data in are referenced to the active transition of the CAS clock
edge. There are two important parameters with respect to the
write cycle: the column strobe to write lead time (tcw( ) and
the row strobe to write lead time (trywyL). These define the
minimum time that RAS and CAS clocks need to be active
after the write operation has started (W clock at Vj|_ level).

It is also possible to perform a late write cycle. For this cycle
the write clock is activated after the CAS goes low which is
beyond tyycs minimum time. Thus the parameters tcw| and
tRWL must be satisfied before terminating this cycle. The
difference between an early write cycle and a late write cycle
is that in a late write cycle the write (W) clock can occur much
later in time with respect to the active transition of the CAS
clock. This time could be as long as 10 microseconds —
[tRwL + tRP +2tT].

In a fate write or a ready-modify-write cycle, G must be at
the V|H level to bring the output buffers to high impedance
prior to data-in being valid.

At the start of an early write cycle, the data out is in a high
impedance condition and remains inactive throughout the
cycle. The data out remains three-state because the active
transition of the write (W) clock prevents the CAS clock from
enabling the data-out buffers. The three-state condition (high
impedance) of the data out pin during a write cycle can be
effectively utilized in systems that have a common input/out-
put bus. The only stipulation is that the system use only early
write mode operations for all write cycles to avoid bus
contention.

READ-MODIFY-WRITE CYCLE

As the name implies, both a read and a write cycle are
accomplished at a selected bit during a single access. The
read-modify-write cycle is similar to the late write cycle dis-
cussed above.

For the read-modify-write cycle a normal read cycle is ini-
tiated with the write (W) clock at the V) level until the read
data occurs at the device access time (tRAC). At this time the
write (W) clock is asserted. The data in is setup and held with
respect to the active edge of the write clock. The cycle de-
scribed assumes a zero modity time between read and write.
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MCM41464A

PAGE-MODE CYCLES

Page mode operation allows fast successive data operations
at the 256 column locations. Page access (tcac) is typically
half the regular RAS clock access (tRac) on the Motorola
256K dynamic RAM. Page mode operation consists of holding
the RAS clock active while cycling the CTAS clock to access
the column locations determined by the 8-bit column address
field.

The page cycle is always initiated with a row address being
provided and latched by the RAS clock, followed by the col-
umn address and CAS clock. From the timing illustrated, the
initial cycle is a normal read or write cycle, that has been
previously described, foliowed by the shorter CAS cycles
{tpc). The TAS cycle time (tpc) consists of the CAS clock
active time (tcag). and CAS clock precharge time (tcp) and
two transitions. In addition to read and write cycles, a read-
modify-write cycle can also be performed in a page mode
operation. For a read-modify-write cycle, the conditions nor-
mal to that mode of operation will apply in the page mode
also. In practice, any combination of read, write and read-
modify-write cycles can be performed to suit a particular
application.

REFRESH CYCLES

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend to
degrade with time and temperature. Therefore, to retain the
correct information, the bits need to be refreshed at least once
every 4 milliseconds. This is accomplished by sequentially cy-
cling through the 256 row address locations every 4 millise-
conds, (i.e., at least one row every 15.6 microseconds). A
normal read or write operation to the RAM will serve to refresh
all the bits associated with the particular rows decoded.

RAS-Only Refresh

In this refresh method, the system must perform a RAS-
only cycle on 256 row addresses every 4 milliseconds. The row
addresses are latched in with the RAS clock, and the asso-
ciated internal row locations are refreshed. As the heading
implies, the CAS clock is not required and must be inactive
or at a V| level.

MEMORY CYCLE

CAS Before RAS Refresh

CAS before RAS refreshing available on the MCM41464A
offers an alternate refresh method. If CAS is held on low for
the specified period (tcgR) 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

An optional feature of the MCM41464A is that refresh cycle
may be performed while maintaining valid data at the output
pin. This is referred to as Hidden Refresh. Hidden Refresh is
performed by holding CAS at Vy_ and taking RAS high and
after a specified precharge period (trp), executing a CAS
before RAS refresh cycle. (see Figure 1 below)

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of MCM41464A can be tested
by CAS before RAS refresh counter test. This cycle performs
read/write operation taking the internal counter address as
row address and the input address as column address.

The test is performed after a minimum of 8 CAS before RAS
cycles as initialization cycles. The test procedure is as follows.

1. Write a “0"” into all memory cells.

2. Select any column address and read the ““0’’s written in
step 1. Write a /1" into each cell of the selected column
by performing CAS before RAS Refresh Counter Test
Read-Write Cycle (see timing diagram). Repeat 256 times.

3. Read the “1"'s (use a normal read mode} written in step
2,

4. Select the same column address as step 2, read the “1"'s
and write a “0" into each cell by performing CAS before
RAS Refresh Counter Test Read-Write Cycle (see timing
diagram). Repeat 256 times.

5. Read the “0"'s {use a normal read mode) written in step
4.

6. Repeat steps 1 through 5 using complement data.

REFRESH CYCLE REFRESH CYCLE

= / |

CAS

—\
000-DQ3 == HIGH Z -——(

/__
3_

VALID DATA-QUT

Figure 1. Hidden Refresh Cycle
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MCM41464A

ORDERING INFORMATION
{Order by Full Part Number)

MCM 41484A X XX

Motorola Memory Profix———]— T

Part Number

Speed—10=100 ns, 12=120 ns,
15=150 ns

Fuil Part Numbers— MCM41484AP10
MCM41464AP12
MCM41484AP15

Package— P = Plastic
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