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MN4164 NMOS 65,536 x 1 BIT DYNAMIC RAM

Description MN4164-15 Unit: mm (inch)

System oriented features include operation from a single +5V MN4164-20
+10% tolerance power supply, direct TTL interfacing capability, on- MN4164-25 2.4(099) 0.88 (039 3.3(13)

chip addresses and data registers which eliminate the need for inter- ——

face registers, and two chip select methods to allow the user to
determine the appropriate speed/power characteristics of his

2.54x7

~=  memory system.
The RAM module also incorporates several flexible operating
modes: ‘’Read”’, “Write’’, 'Read-Modify-Write’’ cycles, “‘Page-Mode””
operation and “RAS-Only” refresh. Proper control of the clock :
inputs (RAS, CAS and WRITE) allows common |/O capability, (62 (3
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two dimensional chip selection, and extended page boundaries (for
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operating in page mode).

0~15"

8.6typ.(34) (16 PIN CERAMIC DIL)
o MN4164P-15 Unit: mm (inch)
F MN4164P-20
eatures MN4164P-25
® 65,636 x 1 RAM, 16-pin package == —
e R o <l o | Elb
ow access time: T Bt L
150 ns Max. (MN4164-15/MN4164P-15) . < i“ ]:[:: \
2 aqT] . " -
200 ns Max. (MN4164-20/MN4164P-20) B s EE:E"S
250 ns Max. (MN4164-256/MN4164P-25) s (L L
@ Cycle time: fﬂ? i'“ ?g !
270 ns Max. (MN4164-15/MN4164P-15) C Ty T
330 ns Max. (MN4164-20/MN4164P-20) e DL

410 ns Max. (MN4164-25/MN4164P-25)
® | ow power dissipation:
275 mW Max. (active)

S
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27.5 mW Max. (standby) nE e {16 PIN PLASTIC DIL)

® Single 5V supply, £ 10% tolerance

® 128 refresh cycles/2ms —_ : )

~ Moulthrop Sales incorporated
61} or 6 7080 Commerce Drive
: ’ PLEASANTON, CA 94566
003693 (415) 846-0350
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The device specifications are subject to change without prior notice.
While every precaution has been taken in the preparation of this
data sheet, the publisher assumes no responsibility for patent liability
with respect to the use of the information contained herein.
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APBLAR P02
BOPL15/26),
Asolute Vizxamun sl gs
Rating Symbol Value Unit
Voltage on any Pin relative to Vgg Vin. VouT —-1.0to+7.0 \Y%
Voltage on V¢ Supply relative to Vgg Vee —10to+7.0 \%
Operating Temperature Top Oto+ 70 °c
Storage Temperature Tetg —55 to +150 °C
Power Dissipation Po 1 w
Short Circuit Current los 50 mA
Noie
Exceeding Absolute Maximum Ratings may cause per-
manent device damage. Functional operating of the device
is not implied outside the operating conditions. Exposure
to absolute maximum ratings for extended periods of time
may impact device reliability.
A e cETt Qer g toag Lo Rt ong K
Parameter Symbol Min Typ Max Unit Temperature
Vee 45 5.0 5.5 \%
Supply Voltage
Vgg 0 0 0 \"
0°C to +70°C
Input High Voltage, all inputs Vin 2.2 — Vee+1.0V \Y)
Input Low Voltage, all inputs Vi -1.0 — 0.8 \%
(Ta=25°C, f= 1 MHz)
Parameter Symbol Min Typ Max Unit
Input Capacitance Cin — — 10 pF
Output Capacitance Cour — — 12 pF

Thi s

Mat eri al Copyrighted By Its

Respecti ve

Manuf act ur er




Jochirac o Recommende [ operaung conditions unless otherwise noted. )

Parameter Symbol Min Typ Max Unit Notes q’

Operating Current
Average power supply current lccq — — 50 mA 1)
(RAS, CAS cycling; tgc = min)

Standby Current
Power supply current lcea - — 5 mA
{RAS=CAS=V4)

Referesh Current
Average supply current lecs — -~ 40 mA 1)
(RAS cycling, CAS = Vi ; t ge = min)

Page Mode Current
Average power supply current leca - - 40 mA 1)
(RAS =V, , CAS cycling; tpc = min)

Input Leakage Current
Input leakage current, any input {0V < A\ < I —10 0.1 10 LA
5.5V, all other pins not under test = 0V)

Output Leakage Current

(Data out is disabled, OV < Vg5 < 5.5V) fo -10 0.1 10 A
Output Level

Output low voltage (Io, = 4.2 mA) Vou - - 0.4 \%
Output Level Vou 04 ~ _ v

Output high voltage (loy = —5 mA)

e
1) leer, leca. leca depend on cycle rate and output
loading. Specifications are for maximum cycle rate
and no load. Supply current may be scaled according Htge) =
to the following equation:

tre Min x | (tge Min} + (tge — tre Min) x leco

tre
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AC Characteristics” * 7' (Recommended operating conditions unless otherwise noted.)

MN4164-15 MN4164-20 MN4164-25
MN4164P-15 MN4164P-20 MN4164P-25
Parameter Symbol Unit Note
Min Max Min Max Min Max
Refresh period tREF ms - 2 - 2 - 2
Random read or write cycle time tre ) ns 2700 — 330 — 410 | -
Read-write cycle time trwe ns 310 — 375 — 515 —
Page mode cycle time tpe ns 170 - 225 - 275 —
Acces time from RAS trac ) ns - 150 °| - 2000 | - 250 )| 4), 6), 8)
Acces time from CAS tcac ns - 100 - 135 - 165 5), 6), 8)
Output buffer turn-off delay torr ns 0 40 0] 50 0 60 7)
Transition time tr ns 3 50 3 50 3 50 3)
RAS precharge time trp ns 100 — 120 — 150 —
RAS pulse width trAs ns 150 | 10,000 200 | 10,000/ 250 | 10,000
- RAS hold time tRsH ns 100 — 135 - 165 -
CAS precharge time tep ns 50 — 80 - 100 -
CAS pulse width teas ns 100 |10,000( 135 |10,000| 165 | 10,000
CAS hold time tesh ns 150 - 200 - 250 -
RAS to CAS delay time trep ns 25 50 25 65 40 85 | 8)
CAS to RAS precharge time tcrp ns -20 - -20 — —-20 —
Row Address set-up time tASR ns 0 — 0 — 0 —
Row Address hold time tRAH ns 20 - 20 - 35 -
o Column Address set-up time tasc ns -5 — -5 — -5 -
Column Address hold time tcan ns 45 — 55 — 75 —
Read command set-up time trcs ns 0 - 0 — 0 —
Read command hold time trRCH ns 0 - 0 . 0 —
Write command set-up time twes ns -20 — —-20 — -20 - 10)
Write command hold time twcH ns 45 — 55 — 75 -
Write command pulse width twp ns 45 — 55 — 75 -
Write command to RAS lead time trwL ns 60 - 80 - 100 -
Write command to CAS lead time tewl ns 60 - 80 - 100 -~
Data-in set-up time “tps ns 0 - 0 - 0 - 9}
Data-in hold time ton ns 45 - 55 — 75 - 9)
e e o | me | % | - [ [ e | -
‘CAS to WRITE delay tewb ns 80 - 95 - 125 - 10)
RAS to WRITE delay trRwb ns 130 - 160 - 200 - 10)
Pt commond hod s | e [ [ - [ |- e | -
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1) Several cycles are required after power up or prolonged
periods of RAS inactivity {2 ms) before proper device
operation is achieved. Any 8 cycles which perform
refresh are adequate for this purpose.

2) AC measurements assume tt = 5.0 ns.

3) Vi and V,_ are reference levels for measuring signal
timings and transition times.

4) Assumes that tgep < trep (Max).

5) Assumes that tgep 2 trep (Max).

6) Measure with load equivalent to 2 TTL loads and 100pF.

7) tore defines the time at which the output enters high
impedance state. It is not referenced to levels of V,; and
ViL.-

9) These parameters are referenced to leading edge of CAS
(Early-Write) or WRITE (Delayed-Write or Read-Modify-
Write) whichever occurs last.

10) twes, tcwp and trwp are not restrictive operating
parameters. They are included under AC Characteristics
as electrical characteristics only. If tycg < twes (Min),
the cycle is an Early-Write cycle and the data out pins
will remain open circuit (high impedance) throughout
the entire cycle. If tcwp = tcwp (Min) and tgwp =
tawp (Min), the cycle is a Read-Modify-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 indeter-

8) Operation within the tgcp (Max) limit ensures that minate.
trac (Max) can be met. tgep is specified as a refer-
ence point only; if tgep is greater than the specifed
trcep limit, then row access time is tgep + tcac-
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VIN4164-15/20/25
VN4164P-15/20/25

PAGE MODE READ CYCLE
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PAGE MODE WRITE CYUOLE
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SEURTY RVELS
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v cai Cihharacteristics Curves (Continued)
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Typical Characteristics Curves (Continued)
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Adddress input

The 16 address bits required to decode 1 of the 65,536
cell locations within the RAM module are multiplexed onto
the 8 address inputs and latched into the on-chip address
latches by externally applying two negative going TTL level
clocks. The first clock, Row Address Strobe (RAS), latches
the 8 row addresses bits into the chip. The second clock,
the Column Address Strobe (CAS), subsequently latches
the 8 column address bits into the chip. (Ag~A; are row
and column address input.) Each of these signals, RAS and
—(ﬁ, triggers a sequence of events which are controlled by
defferent delayed internal clocks. The two clock chains are
linked together logically in such a way that the address
multiplexing operation is done outside of the critical path
timing sequence for read data access. The later events in the
CAS clock sequence are inhibited until the occurrence of a
delayed signal derived from the RAS clock chain. This
“‘gated CAS’’ feature allows the CAS clock to be externally
activated as soon as the Row Address Hold Time (tgan)
has been satisfied and the address inputs have been changed
from row address to column address information.

Note that CAS can be activated at any time after tgan
and it will have no effect on the worst case data access time
{trac) Up to the paint in time when the delayed row clock
no longer inhibits the remaining sequence of column clocks.
Two timing specifications result from the internal gating of
CAS: they are tgcp (mMin) and tgrep (mMax). No data storage
or reading errors will result if CAS is applied to the RAM
module at a point in time beyond the tgcp (max) limit.
However, access time will then be determind exclusively by
the access time from CAS (tcac) rather than from RAS
(tgac), and access time from RAS will be increased by the

amount that tgcp exceeds the tgep (max) limit.

Thal s L e

Data is retrieved from memory in a read cycle by main-
tainig WRITE in the inactive or high state throghout
the portion of the memory cycle in which CAS is active
(low). Data read from the selected cell will be available at
the output within the specified access time.

Data to be written into a selected cell is latched into an
on chip register by a combination of WRITE and CAS while
RAS is active. The later of the signals (WRITE or CAS) to
make its negative transition is the strobe for the Data in
register. This permits several options in the write cycle
timing. In a write cycle, if the WRITE input is brought low
(active) prior to CAS, the D,y is strobed by CAS and the
set up and hold times are referenced to CAS.

If the input data is not available at CAS time or if it is
desired that the cycle be a Read-Modify-Write cycle, the
WRITE signal will be delayed until after CAS has made its

negative transition. In this delayed write cycle, the data
input set up and hold times are referenced to the negative
edge of WRITE rather than CAS.(To illustrate this feature,
D,y is referenced to WRITE in the timing diagrams depict-
ing the ‘’Read-Modify-Write” cycle while the “WRITE’" and
"“Page-Mode-Write’’ cycle diagrams show D,y referenced to
CAS.)

Eita Uuipud

The normal condition of the data output (Do) of the
RAM module is a high impedance state. That is to say, any
time CAS is at a high level, the Doyt pin will be floating.
The only time the outputs will turn on and contain either
a logic O or logic 1 is at access time during a read cycle.
Doyt will remain valid from access time until CAS is
taken back to the inactive (high) conditions.

If the memory cycle in progress is ‘“Read” or
"Read-Modify-Write’’ cycle, then the data output will go
from the high impedance state to the active condition, and
at access time will contain the data read from the selected
cell. This output data is the same polarity (not inverted) as
the input data. Once having gone active the output will
remain valid until CAS is taken to the precharge state,
whether or not RAS goes into precharge

If the cycle in progress is a “Write” cycle (Write active
before CAS goes acrtive), then the output pins will main-
tain the high impedance throughout the entire cycle.

Note that with this type of output corfiguration, the
user is given full control of the Doyt pin simply by con-
trolling the placement of WRITE command during write
operations, and the pulse width of CAS during read opera-
tions. Note also that even though data is not latched at the
output, data can remain valid from access time until the
beginning of a subsequent cycle without paying any penalty
in overall memory cycle time (streching cycle). This type of
output operation results in some very significant system
implications.

15

Copyrighted By Its Respective Manufacturer



This Materi al

MNATGA.1R/20/25
VL ALP.15/70.25

Corrmon 'O

If all write operations are handled in the “Write” cycle
mode (WRITE active before CAS goes active), then Dy
can be connected directly to Doyt respectively for common
1/0 data bus.

RAS and CAS Chip Selection

Only those devices which receive both RAS and CAS
signals will execute a read or write cycle. Since Doyt is
not latched, CAS is not required to turn off the outputs of
unselected memory device in a matrix. This means that
both CAS and/or RAS can be decoded for chip selection.
If a common CAS scheme is used where RAS is decoded
for ‘module selection, then total memory power can be
conserved. If both RAS and CAS are decoded, then a two
dimensional (X,Y) chip select array can be realized.

Page Mode

The ‘"Page-Mode’’ feature of the RAM module allows for
successive memory operations at multiple column locations
of the same row address with increased speed without an
increase in power. This is done by strobing row address into
the chip and maintaing the RAS signal at a logic O throu-
ghout all succesive memory cycle in which the row address
is common. This ““Page-Mode’’ of operation will not dissipa-
te the power associated with the negative going edge of
RAS. Also, the time required for strobing in a new row
address is eliminated, thereby decreasing the access and
cycle times.

The succesive memory operations in ‘‘Page-Mode’’ may
be any sequence of read, write, or read-modify-write
operations.

The page boundary of a single RAM module is limited to
the 256 column locations determined by all combinations
of the 8 column address bits. However, in system applica-
tions which utilize more than 65,536 data words (more
than one 64K memory block), the page boundary can be
extended by using CAS rather than RAS as the chip select
signal. RAS is applied to all devices to latch the row address
into each device and then CAS is decoded and serves as a
page cycle select signal. Only those devices which receive
both RAS and CAS signals will execute a read or write
cycle.
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Refresh;

Refresh of the dynamic cell matrix is accomplished by
performing a memory cycle at each of the 128 row addre-
sses within each 2 ms time interval. Althogh any normal
memory cycle will perform the refresh operation, this
function is most easily accomplished with “RAS-Only”
cycles. R—A§-Only refresh results in a substantial reduction
in operating power. This reduction in power is reflected in
the lcc3 specification.
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