PRELIMINARY

MOSTEK.

65,536 x 1-BIT DYNAMIC RAM

MK4164(N/E)-12/15

FEATURES

0O Recognized industry standard 16-pin configuration
from Mostek

0 Single +5V {+ 10%) supply operation

O On chip substrate bias generator for optimum
performance

D Low power: 330mW active, max
22mW standby, max

0 120ns access time, 265ns cycle time (MK4164-12)
150ns access time, 325ns cycle time (MK4164-15)

O Indefinite Doyt hold using CAS control

DESCRIPTION

The MK4164 is the new generation dynamic RAM,
organized 65,536 words by 1 bit, it is the successor to
the industry standard MK4116. The MK4164 utilizes
Mostek’s Scaled Poly 5 process technology as well as
advanced circuit technigues to provide wide operating
margins, both internally and to the system user. Per-
formance previously unachieved will be the standard for
this new generation device. The use of dynamiccircuitry
throughout, including the 512 sense amplifiers,
assures that power dissipation is minimized without
any sacrifice in speed or internal and external operating
margins. Refresh characteristics have been chosen to
maximize vyield (low cost to user) while maintaining
compatibility between dynamic RAM generations.

Multiplexed address inputs (a feature dating back to the
industry standard, MK4096, 1973) permits the MK4164
to be packaged in a standard 16-pin DIP with only 15
pins required for basic functionality. Mostek is utilizing
this spare pin for a new refresh feature. The MK4164 is
designed to be compatible with the JEDEC standards for
the 64K x 1 dynamic RAM. The compatibility with the
MK4516 (16K) will also permit a common board design
to service both the MK4516 and MK4164 designs.

The output of the MK4164 can be held valid indefinitely
by holding CAS active low. This is quite useful since a
refresh cycle can be performed while holding data valid
from a previous cycle.

O Common I/0 capability using “early write”

O Read, Write, Read-Write, Read-Modify-Write and
Page-Mode capability

O All inputs TTL compatible, low capacitance, and are
protected against static charge

0O Scaled POLY 5 technology
O Pin compatible with the MK4516 (16K RAM)

0O 128 refresh cycles (2msec)
Pin 9 is not needed for refresh

0O Offers two variations of hidden refresh
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Ve supply relativeto Vgg . oovee v i e ce..-1.0Vio +7.0V
Operating Temperature, Tp (Ambient) ........ et i e vee... 0°Cto +70°C
Storage Temperature (Ceramic) .............. e e e -65°C to +150°C
Storage Temperature (PlastiC). .. ... oi ittt it it iee et sttt ane e e iienaaaaan -55°C to +125°C
Power Dissipation .............. e ettt St 1 Watt
Short Circuit OUtPUL CUITENE. ..ottt ittt iie e tenet s it iaite e e ....50mA

*Stresses greater than those listed under “Absolute Maximum Ratings’* may cause permanent damage to the device. Thisis a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absotute
maximum rating conditions for extended periods may affect refiability.

RECOMMENDED DC OPERATING CONDITIONS

(0°C =Tp =70°C)
sSYM PARAMETER MIN TYP MAX UNITS | NOTES
Vee Supply Voltage 45 5.0 55 \Y 1
ViH Input High {Logic 1) Voltage, 2.4 — Veet1 A 1
. All Inputs
VIL Input Low {Logic 0) Voltage, -2.0 — .8 \ 1
All Inputs j

DC ELECTRICAL CHARACTERISTICS
(0°C < T < 70°C) (Ve = 5.0V £ 10%)

SYM PARAMETER MIN MAX UNITS | NOTES

Icer OPERATING CURRENT 60 mA 2
tRc = 265ns

lcea STANDBY CURRENT 4 mA 2

Power supply standby current (RAS = V|,
Doyt = High Impedance)

) INPUT LEAKAGE -10 10 uA
Input leakage current, any input

(OV < V|y =+5.5V, all other pins not under
test = O volts)

o) OUTPUT LEAKAGE -10 10 uA
Output leakage current (Do is disabled,
OV =Vgout = +5.5V)

OUTPUT LEVELS
VoH Output High (Logic 1) voltage (loyT = -BmA) 2.4 v
VoL Output Low (Logic 0) voltage (lgyT = 4.2mA 04 Y

NOTES:
1. All voltages referenced to Vgg.
2. g is dependent on output loading and cycle rates. Specified values are 8. Assumes that tpcp = 1gep (Max). If tep Is greater than the maximum
obtained with the output open. recommended value shown in this table, tgac will increase by the amount
3. Aninitial pause of 100us is required after power-up followed by an 8 RAS that tycp exceeds the value shown.
or RFSH cycles before proper device operation is achieved. If refresh 9. Assumes that tycp = trcp (max)-
counter is to be effective a minimum of 64 active RFSH initializationcycles  10.  RFSH = V|4 or Vy, but is allowed to make an active to inactive transition

is required. The internal refresh counter must be activated a minimum of during the RAS active time of RAS - only refreshcycle.

128 times every 2ms if the RFSH refresh function is used. WRITE = don't care. Data out depends on the state of CAS. If CAS = V|,
4. AC characteristics assume tT = 5ns. data output is high impedance. If CAS = Vi(. the data output will contain
5. Vi min and V|_ max are reference levels for measuring timing of input data from the last valid read cycle.

signals. Transition times are measured between V| and V|| . 11. RAS =V)|y. CAS = Vi or V|, but is allowed to make an active to inactive
6. The minimum specifications are used only to indicate cycle time at which transition during the Pin 1 refresh cycle, ADDRESSES and WRITE = don’t

proper operation over the full temperature range (0°C < Tp < 70°C} is care. Data out depends on the state of CAS. If CAS = V|, data output is

assured. high impedance. If CAS = V|, the data output will contain data from the
7. Load = 2 TTL loads and 50 pF. last valid read cycle.
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NOTES Continued:

12.

13

14,

15

torF max defines the time at which the output achieves the open circuit
condition and is not referenced to Voi or VQL.

Operation within the tgep (max) limit insuresthat tga¢ (max) can be met.
trcp (max) is specified as a reference pointonly; if trop is greater than the
specrtied tgep tmax) limit, then access time is controlled exclusively by
IcAC

Either tgpy or tgCH Must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in early write cycles
and to WRITE leading edge in delayed wirte or read-modify-write cycles.

17.
18.

tWes. tcwp. and trwp are restrictive operating parameters in
READ/WRITE and READ/MODIFY/WRITE cycles only. If tyes 2 twes
{min) the cycle is an EARLY WRITE cycle and the data output will remain
open circuit throughout the entire cycle. If tocywp = towp (min} and trwp
= tgwp (min)the cycle is a READ/WRITE and the data output will contain
data read from the selected cell. If neither of the above conditions are met
the condition of the data out {at access time and until CAS goes back to
V|H) is indeterminate.

If the RFSH function is not used, pin 1 may be left open (no connect).
The transition time specification appties for all inputs signals. In addition
to meeting the transition rate specification, all input signals must transit
between V| and V|_(or between V||_and V|4) in a monotonic manner

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(3.4,6,10,11,17,18) (0°C = Tp < 70°C), Vg = 5.0V + 10%

MK4164-12 | MK4164-15
SYM PARAMETER MIN | MAX [MIN | MAX | MIN | MAX [UNITS|NOTES
trC Random read or write cycle time 265 3256 ns 6,7
tRMW Read modify write cycle time 310 380 ns 6,7
tpe Page mode cycle time 140 165 ns 6,7
tRAC Access time from RAS 120 150 ns 7.8
tcAC Access time from CAS 60 75 ns 7.9
tOFF Output buffer turn-off delay 0 35 0 40 ns 12
tr Transition time (rise and fall) 3 50 3 50 ns 5,18
tRp RAS precharge time 135 165 ns
tRAS RAS pulse width 120 {10,000 150 [10,000| ns
tASH RAS hold time 60 75 ns
tCSH CAS hold time 120 150 ns
tcAS CAS pulse width 60 o 75 o0 ns
tRCD RAS to CAS delay time 20 | 60 20 75 ns 13
tRRH Read command hold time 25 30 ns 14
referenced to RAS
tASR Row address set-up time 0 0 ns
tRAH Row address hold time 15 20 ns
tASC Column address set-up time 0 0 ns
tCAH Column address hold time 20 45 ns
tAR Column address hold time 80 120 ns
referenced to RAS
tRCS Read command set-up time 0 0 ns
tRCH Read command hold time 0 0 ns 14
referenced to CAS
tWCH Write command hold time 40 50 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)
(3,4,6,10,11,17,18) (0°C < Tp < 70°C), V¢ = 5.0V £ 10%

MK4164-12| MK4164-15
SYM PARAMETER MIN | MAX ! MIN [ MAX| MIN | MAX |UNITS |NOTES
twCR Write command hold time 100 125 ns
referenced to RAS
twe Write command pulse width 35 45 ns
tRWL Write command to RAS lead time 40 50 ns
tcwiL Write command to CAS lead time 40 50 ns
tps Data-in set-up time [¢] 0 ns 15
tDH Data-in hold time 40 45 ns 15
tIDHR Data-in hold time_ 100 125 ns
referenced to RAS
tep CAS precharge time 70 80 ns
(for page-mode cycle only)
tREF Refresh Period 2 2 ms
twces WRITE command set-up time 0 0 ns 16
tcwD CAS to WRITE delay 60 75 ns 16
tRWD RAS to WRITE delay 120 1560 ns 16
tFSR RFSH set-up time_ 135 165 ns
referenced to RAS
tRED RAS to RFSH delay 135 165 ns
tec RFSH cycle time 265 325 ns
tep RFSH active time 120 160 ns
tF| RFSH inactive time 135 165 ns
tCPN CAS precharge time 30 40 ns
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OPERATION

The 16 address bits required to decode 1 of the 65,536
cell locations within the MK4164 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 into the chip.
The high-to-low transition of the second clock, Column
Address Strobe (CAS), subsequently latches the 8
column addresses into the chip. Each of these signals,
RAS and CAS, triggers a sequence of events which are
controlled by different delayed internal clocks. The two
clock chains are linked together logically in such a way
that the address multiplexing cperation is done outside
of the critical timing path for read data access. The later
eventsinthe CAS clock sequence are inhibited until the
occurence of a delayed signal derived from the RAS
clock chain. The "“gated CAS’ feature allows the CAS
clock to be externally activated as soon as the Row
Address Hold specification {tga) has been satisfied
and the address inputs have been changed from Row
address to Column address information.

The ""gated CAS" feature permits CAS to be activated at
any time after tgapH and it will have no effect on the
worst case data access time (trac) up to the pointin
time when the delayed row clock no longer inhibits the
remaining sequence of column clocks. Two timing
endpoints result from the internal gating of CAS which
arecalledtpcp (min)andtgcp (max). No data storage or
reading errors will result if CAS is applied to the
MK4164 at a point in time beyond the tgcp (max) limit.
However, access time will then be determined
exclusively by the access time from CAS (tcag) rather
than from RAS (tgag). and RAS access time will be
lengthened by the amount that tgcp exceeds the tgcp
{max) limit.

DATA INPUT/OUTPUT

Data to be written into a selected celi is latched into an
on-chip register by a combination of WRITE and CAS
while RAS is active. The latter of WRITE or CAS to make
its negative transition is the strobe for the Data In (D))
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 being brought low (active), the Dy
is strobed by CAS, and the Input Data set-up and hold
times are referenced to CAS. If the input data is not
available at CAS time (late write) or if it is desired that
the cycle be a read-write or read-modify-write cycle the
WRITE signal should 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.

Data is retrieved from the memory in a read cycle by
maintaining WRITE in the inactive or high state
throughout the portion of the memory cycle in which
both the RAS and CAS are low (active). Data read from
the selected cell is available at the output port within the
specified access time. The output data is the same
polarity {not inverted) as the input data.

DATA OUTPUT CONTROL

The normal condition of the Data Output (DoyT) of the
MK4164 is the high impedance (open-circuit) state;
anytime CAS is high (inactive) the Doyt pin will be
floating. Once the output data port has gone active, it
will remain valid until CAS is taken to the precharge
(inactive high) state. Note that CAS can be left active
(low) indefinitely. This permits either RAS-only or RFSH
refresh cycles to occur without invalidating DoyT.

PAGE MODE OPERATION

The Page Mode feature of the MK4164 allows for
successive memory operations at multiple column
locations within the same row address. This is done by
strobing the row address into the chip and maintaining
the RAS signal low {active) throughout all successive
memory cycles in which the row address is common.
The first access within a page mode operation will be
available attgac ortcac time, whichever is the limiting
parameter. However, all successive accesses within the
page mode operation will be available at tcac time
(referenced to CAS). With the MK4164, thisresultsin as
much as a 50% improvement in access times! Effective
memory cycle times are also reduced when using page
mode.

The page mode boundary of a single MK4164 is limited
to the 256 column locations determined by all
combinations of the 8 column address bits. Operations
within the page boundary need not be sequentially
addressed and any combination of read, write, andread-
modify-write cycles are permitted within the page mode
operation

REFRESH

Refresh of the dynamic cell matrix is accomplished by
performing a memory cycle at each of the 128 row
addresses within each 2ms interval. Although any
normal memory cycle will perform the required
refreshing, this function is easily accomplished by using
either RAS-only or RFSH type refreshing.

RAS-ONLY REFRESH

The RAS-only refresh cycle supported by the MK4164
requires that a 7 bit refresh address be valid at the
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device address inputs when RAS goes low (active). The
state of the output data portduring a RAS-only refreshis
controlied by CAS. If CAS is high (inactive) during the
entire time that RAS is asserted, the output will remain
in the high impedance state. If CAS is low (active) the
entire time that RAS is asserted, the output port will
remain in the same state that it was prior to the
issuance of the RAS signal. This is useful for single step
operation. If CAS makes a low-to-high transition during
the RAS-only refresh cycle, the output data buffer will
assume the high impedance state.

PIN 1 REFRESH

RFSH type refreshing available on the MK4164 offers
an attractive alternate refresh method. When the signal
onpin1, RFSH, isbrought low during RAS inactive time
(RAS high), an on-chip refresh counter is enabled and
aninternal refresh operation takes place. When RFSH is
brought high (inactive) the internal refresh address
counter is automatically incremented in preparation for
the next refresh cycle. Data can be held valid from a
previous cycle using CAS control during a RFSH type
refresh cycle.

The internal refresh counter is a dynamic counter and
requires refreshing. The 128 RFSH cycles every 2
milliseconds required to refresh the memory cells is
adequate for this purpose. Only RFSH activated cycles
affect the internat counter

The use of RFSH mode for refreshing eliminates the
needto generate refresh addresses externally. Further-
more, when using RFSH refreshing, the address drivers,
the CAS drivers, and WRITE drivers can be powered
down during battery backup standby operation.

HIDDEN REFRESH

Either a RAS-only or RFSH type refresh cycle may take
place while maintaining valid output data by extending
the CAS active time from a previous memory read cycle.

This feature is referred to as a hidden refresh. (See
figures below.)

HIDDEN RAS—ONLY REFRESH CYCLE (SEE NOTE 10)
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RFSH (PIN 1) TEST CYCLE

A special timing sequence using the PIN 1 counter test
cycle provides a convenient method of verifying the
functionality of the RFSH activated circuitry.

This special test sequence will be announced at a later
date

V-—-77

RAMS

e
b
<
=4
>
(@]



