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ITT4116

16384-Bit Dynamic Random Access Memory
Features

— Industry standard 16 pin DIP
— 150 ns access time (ITT 4116-2)
— 200 ns access time (ITT 4116-3)
— 250 ns access time (ITT 4116—4)
— Allinputs including clocks are TTL compatible
— Standard power supplies, +12V, +5V,
-5V with £ 10 % tolerance
— Three state TTL compatible output, Data
out is not latched
— Page mode capability
— Addresses and data in have on-chip latches
— Pin and function compatible with Mostek MK 4116

General

The ITT 4116 is a 16384 word by one bit random access
memory fabricated with ITT’s N-channel double-poly coplanar
silicon gate process for high performance and high functional
density. A single transistor dynamic storage cell and dynamic
balanced sense amplifiers as used inthe ITT 4116 achieve high
speed with low power dissipation.

Packaging of the ITT 4116 in the industry standard 16 pin
package is made possible by multiplexing the 14 address bits
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(required to address 1 of 16384 bits) into the ITT 4116 on 7
address input pins (Ag-Ag). Two TTL clocks, row address
strobe (RAS) and column address strobe (CAS), latch the two
7 bitaddress words into the ITT 4116. The 16 pin DIP gives the
highest system bit densities and can be handled with widely
available automatic testing and insertion equipment.

Several operating modes are incorporated in the ITT 4116 in
addition to the usual read and write cycles; read modify write,
page mode and RAS only refresh cycles are available.

The ITT 4116 16384 bit memory has the same pin layout as
the industry standard ITT 4027 4096 bit memory with the
exception of chip select which is replaced by an additional
address input needed to accommodate 16384 bits.

Absolute Maximum Ratings*

Voltage on any pinrelative to Vgg . —-0.5Vto +20V
Voltage on Vpp, Ve relative to Vgg —-1.0Vto +15V
Vee—Ves(Vop—Ves>0) . . . . . . . . . . 0oV
0°Cto +70°C

Operating temperature, T, (Ambient)

Storage temperature (Ambient) ~65°Cto +150°C
Short Circuit Output Current 50mA
Power dissipation 1 Watt

* Exposure to absolute maximum conditions for extended
periods may affect device reliability.
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Package Description

The ITT 4116 is available in two different package versions:

— in a cerdip 16 pin glass sealed ceramic package, weight
approx. 2 g, suffix D to the type number

— in a 16 pin plastic package, weight approx. 1.2 g, suffix N
to the type number
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Fig. 2a: Cerdip Package (Suffix D)
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Fig. 2b: Plastic Package (Suffix N)

All Dimensions in inches

Pin Connections

1  Supply Voltage Vgg 9 Supply voltage Vcc
2 Input Datain 10 Address input Ag

3 WRITE input 11 Address input A4
4 RAS input 12 Address input A

5  Address input Ag 13 Address input Ag

6  Address input A, 14 Output Data out

7  Address input A, 15 CAS input

8  Supply voltage Vpp 16 Supply voltage Vs
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Recommended DC Operating Conditions® (0 °C < T, < 70 °C)’

Parameter Symbol Min. Typ. Max. Units Notes
Supply Voltage Voo 10.8 12.0 13.2 volts 2
Supply Voltage Vee 4.5V 5.0 55 volts 23
Supply Voltage Vss 0 0 0 volts 2
Supply Voltage Vig —4.5 5.0 5.7 volts 2
Logic 1 Voltage, RAS,CAS WRITE Vine 27 - 7.0 volts 2
Logic 1 Voltage, all inputs except ViH 2.4 — 7.0 volts 2
RAS, CAS,WRITE

Logic 0 Voltage, all inputs Vi -1.0 - 0.8 volts 2

DC Electrical Characteristics® (0°C < T, < 70 °C)' (Vpp = 12V £10%; Vec =5V £10%; Vss =0 V:

Vg =—-4.5Vt0-5.7 V)

Parameter Symbol Min. Typ. Max. Units Notes

Operating Current

Average power supply operating current loos - - 35 mA 5

RAS, CAS cycling: tgc = tac (Min) lce - - - - 6
lgs+ - - 200 HA -

Standby current

Power supply standby current Ipp2 -~ - 1.5 mA 18

(RAS = VIHC) ICCZ "10 - 10 [.LA -
IBBZ b - 100 ,LLA -

Refresh Current

Average power supply current, Ibps - — 27 mA 5,18

refresh mode lcca -10 - 10 A -

(RAS cycling, tre = tre (Min) le3 - - 200 A -

Page Mode Current

Average power supply current, lbpa - - 27 mA 5

page mode operation lcca - - - - 6

(RAS = V|L, CAS cycling, tec = tpc (mln) lBB4 - - 200 /J.A -

Input Leakage Current

any input (VBB =-5V,0V< V|N$ +7.0V, h]_ -10 - 10 /J.A —

all other pins not under test = 0 volts)

Output Leakage Current loL -10 - 10 HA 18, 19

Output Levels

Output high (Logic 1) voltage Von 2.4 - - volts 3

(lour = =5 mA)

Output low {Logic 0) voltage VoL - - 04 volts -

(IOUT =42 mA)
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AC Electrical Characteristics (0°C < T, < 70°C) (Vpp = 12.0V + 10%; Vgs = OV; Vgg = 4.5V 10 -5.7V)

Parameter Symbol Typ. Max. Units Notes
Input Capacitance (A—As), Din Cii 4 5 pF 17
Input Capacitance RAS, CAS, WRITE Ciz 8 10 pF 17
Output Capacitance (Doyr) Co 5 7 pF 17,18
Electrical Characteristics and Recommended AC Operating Conditions (Notes 4, 7, 11)
(0°C < To<70°C)" (Vpp = 12.0V £ 10%; Ve = 5.0V £ 10%; Vgs = OV, Vgg = —4.5V10-5.7V)

Parameter Symbol|{ ITT 4116-2 | ITT 4116-3 | ITT 4116-4

Min. | Max. | Min. | Max. | Min. | Max. |Units |Notes
Random read or write cycle time tre 320 |- 375 |- 410 | — ns 8
Read write cycle time trwe 320 | - 375 | - 425 | — ns 8
Read modify write cycle time trmw 320 | - 405 | — 500 |- - -
Page mode cycle time tre 170 | - 225 | — 275 | — ns -
Access time from RAS trac - 150 | — 200 |- 250 | ns 9,12
Access time from CAS teac - 100 | — 135 | - 165 | ns |10,12
Output buffer turn-off delay torr 0 40 0 50 0 60 ns 13
Transition time (rise and fall) tr 3 35 3 50 3 50 ns 7
RAS precharge time tre 100 | - 120 | - 150 | — ns -
RAS pulse width tras 150 [10,000| 200 [10,000| 250 {10,000| ns -
RAS hold time tash 100 | - 135 | - 165 | — ns -
CAS hold time tesn 150 | — 200 | - 250 |- ns -
CAS pulse width tcas 100 |- 135 |- 165 | - ns -
RAS to CAS delay time trco 20 |50 |25 |65 |35 |8 |ns 14
CAS to RAS precharge time tere —-20 | - -20 | - -20 | - ns -
Row Address set-up time tasr 0 - 0 - 0 - ns -
Row Address hold time traAH 20 - 25 - 35 — ns -
Column Address set-up time tasc -10 | - -10 | - -10 | - ns -
Column Address hold time tcan 45 - 55 - 75 — ns -
Column Address hold time referenced to RAS tar 95 - 120 | - 160 | — ns —
Read command set-up time tres 0 - 0 - 0 - ns -
Read command hold time trcH 0 - 0 — 0 — ns -
Write command hoid time twen 45 - 55 - 75 - ns -
Write command hold time referenced to RAS twer 95 — 120 | - 160 | — ns -
Write command pulse width twe 45 - 55 - 75 - ns —
Write command to RAS lead time tawL 50 — 70 - 85 - ns -
Write command to CAS lead time towe 50 - 70 - 85 - ns -
Data-in set-up time tos 0 - 0 - 0 - ns 15
Data-in hold time toH 45 - 55 - 75 — ns 15
Date-in hold time referenced to RAS tonr 95 - 120 | - 160 | — ns -
CAS precharge time (for page-mode cycle only) tcp 60 - 80 - 100 | - ns -
Refresh period tRer - 2 - 2 - 2 ms -
WRITE command set-up time twes -20 |- -20 |- -20 |- ns 16
CAS to WRITE delay town 60 - 80 - 90 - ns 16
RAS to WRITE delay trwD 110 | - 145 | - 175 | - ns 16
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Notes

1.

Tais specified for operation at frequencies tgc = tre (min).
Operation at higher cycle rates with reduced ambient
temperatures and higher power dissipation is permissible
provided that all AC parameters are met.

All voltages referenced to Vgs.

. Output Voltage will swing from Vg to Ve when enabled,

with no current loading. For purposes of maintaining data
in standby mode, Vcc may be reduced to Vgg without
affecting refresh operations or data retention. However,
the Voy (min) specification is not guaranteed in this mode.

. Several cycles are required after power-up before proper

device operation is achieved. Any 8 cycles which perform
refresh are adequate for this purpose.

Current is proportional to cycle rate. Ipp (max), Ipps (Max)
and Ipps are measured at the cycle rate specified by trc
(min).

lcc depends on output loading. During readout of high
level data Vcc is connected through a low impedance
(135 ) typ) to Data out. At all other times lcc consists of
leakage currents only.

. Vi (min) or Viy (min) and V,. (max) are reference levels

for measuring timing of input signals. Also, transition
times are measured between V¢ or Viyand V..

. The specifications for tgc (min) and tgwe (Min) and tauw

(min) are used only to indicate cycle time at which proper
operation over the full temperature range (0 °C < Tp <
70 °C) is assured.

Assumes that tgep < trep (Max). If trep is greater than the
maximum recommended value shown in this table, tgac
will increase by the amount that tpop exceeds the value
shown.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

Assumes that treo = trep (maX).
AC measurements assume tr = 5 ns.

Measured with a load equivalent to 2 TTL loads and
100 pF.

torr (Max) defines the time at which the output achieves
the open circuit condition and is not referenced to output
voltage levels.

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

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

twes, twep and tawp are restrictive operating parameters in
R-Wand RMW cycles only. If twcs = twes (min), the cycle is
an early write cycle and the Data Out pin will remain open
circuit (high impedance) throughout the entire cycle; if
towp = towo (mln) and trwo = trwo (min), the CyCIe is a
read-write cycle and the Data Out will contain data read
from the selected cell; if neither of the above sets of condi-
tions is satisfied the condition of the Data Out (at access
time) is indeterminate.

Effective capacitance calculated from the equation
c-lat
T AV

with AV = 3 volts and power supplies at nominal levels.

CAS = VIHC to disable Dour.

OV<sVgyrs+55V.
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Addressing

Fourteen address bits are necessary to decode 1 of the 16384
cell locations and these are multipiexed on to the seven
address inputs of the ITT 4116. Two externally applied
negative going TTL clock pulses latch these inputs into on-chip
address latches. Row Address Strobe (RAS), the first clock,
latches the 7 row address bits, and then Column Address
Strobe (CAS), the 7 column address bits. An internal clock
chain is triggered by RAS and another by CAS; these two
logically linked clock chains control the address multiplexing
operation so that it occurs outside the critical path timing
sequence for read data access. The ‘‘gated CAS " feature,
that is the internal inhibition of the CAS clock chain until the
occurrence of a delayed signal from the RAS clock chain,
allows the CAS clock pulse to be applied immediately the
Row address information has been changed to Column
address information provided the Row Address Hold Time
(tran) specification has been met. Any delay in applying CAS
after tgar will not affect the worst case data access time (trac)
provided CAS occurs before the delayed signal fromthe RAS
clock chain. This window for CAS with no delay in tgac is
delineated by two timing endpoints trep (Min) and trep (Max).
It CAS is applied after trcp (max), no data storage or reading
errors will result; however, the access time will be determined
from CAS access time teac and therefore trac will be in-
creased by the amount that the actual tgcp exceeds the end-
point tgcp (Max).

Data Input/Output

Input data for an addressed cell is latched into an on-chip
register when the three negative clocks RAS, CAS and
WRITE are active. The strobe for the Data In (D\y) register is
the negative edge of either CAS or WRITE, whicheveristhe
later, thus permitting various write cycle timing options. If the
WRITE edge occurs first, Dy is strobed by CAS and set-up
and hold times are referenced to CAS . In the case of a read-
write cycle or if the data is not available at CAS | thenthe Dy is
strobed by the delayed WRITE edge and set-up and hold
times are referenced to WRITE . "‘Delayed write”’ is depicted in
the read-write and page mode write cycle timing diagrams and
“early write”” in the write cycle diagram.

Output of data from an addressed cell is achieved within the
specified access time whilst WRITE is held inactive or high
during the period CAS is active.

Data Output Control

Data Output (Doyr) of the ITT 4116 is tri-state TTL compatible
and is normally high impedance (i.e. open-circuit and floating).
During a read cycle, the output will turn on to either logic 1 or
logic O at the access time when CAS is activated (Jow level).
The valid output data will remain until CAS is taken high.

Inthe case of aread, read-modify-write, or delayed write cycle,
Dour contains the data read from the addressed cell after the
access time; this data is the same polarity (not inverted) as the
input data. Having gone active the validity of data until CAS
goes high is unaffected by the subsequent state of RAS.

if the cycle is “early write” (WRITE active before CAS) then
Dour remains in the high impedance state throughout the
cycle. The effect of this mode of operation is that the user can
control the data output by the position of the WRITE edge
during a write cycle and the pulse width of CA'S during read.

Output control of this nature results in important system
operations:

Common 1/0 operation:
Dy can be connected directly to Doyt giving a common I/0 data
bus, provided all write operations are in the “early write”’ mode.

Data Output Control:

Dour contains valid data during a read cycle from teac until
CAS goes inactive, this allows data to remain valid until the
beginning of a subsequent cycle without increasing overall
memory cycle time. Thus flexible RAS / CAS timing relation-
ships are possible.

Chip Selection:

As Doyt is not latched, CAS is not required to turn off the
outputs of unselected devices. Two methods of chip select are
possible by decoding CAS and/or RAS. If both are decoded
then a two dimensional chip select array is possible.

Extended Page Boundary:

in page mode operation, multiple column locations are
accessed using the same row address in successive memory
cycles. If CAS is decoded as a page cycle select signal, the
page boundary can be extended beyond the 128 column
locations of an individual chip.

Output Interfacing

The data output buffer has a low impedance to Ve, 420 Q
maximum (135 ( typically), for logic state ‘1"’ and a low
impedance to Vgg, 95 ) maximum (35 ) typically), for logic
state “0". Power to the output buffer can be supplied at the
supply voltage of interfacing chips using the separate V¢ pin.
In standby battery operation, refresh operation of the ITT 4116
is unaffected by removal of power to this separate Vg, thus all
system logic except RAS timing circuitry and the refresh
address logic may be turned off, minimising power require-
ments.

Page Mode Operation

Multiple column locations may be accessed using the same
row address in successive memory cycles; this page mode of
operation of the ITT 4116 gives increased speed without
increased power. Power is reduced as the RAS is kept active
(logic 0"’} after the initial strobe on the first cycle so eliminating
the power required on the negative edge of RAS . Additionally,
access and cycle times are reduced by the elimination of time
required for strobing the new row.

Assingle ITT 41186 limits the page boundary to the 128 columns
available; however, when more than 16K words are used in a
system, the use of CAS as a chip select signal extends the
page boundary. RAS is applied to all devices and CAS is
decoded as a page cycle select signal: only those devices
receiving both RAS and CAS will perform memory cycles.

10
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Refresh

The dynamic cell matrix requires refresh within every 2 milli-
seconds at each of the 128 row addresses. Although any
memory cycle will achieve this refresh, substantial power
savings can easily be made by using RAS -only cycles as can
be seen from the Ipp; specification.

Power Considerations

The ITT 4116 consists mainly of dynamic circuitry and most
power is consumed on address strobe edges. Power, there-
fore, is a function of operating frequency rather than active
duty cycle (see Fig. 5). Additionally destruction of the device
will not result from the clock inputs accidentally becoming
grounded.

Provided supply voltages are within specification, no special
power noise restrictions are necessary, although adequate
decoupling should be provided to suppress high frequency
transients to ensure optimum reliability and system perfor-
mance. As the ITT 4116 draws very little DC power there is
minimal need for large capacitors.

For systems requiring low power dissipation, it is necessary to
reduce the operation frequency. For example, if the cycle time
is 1 microsecond, the operating current will be 20 mA maxi-
mum rather than the 35 mA for 375 ns cycle time. Conversely it
may be possible for some ITT 4116 to operate with shorter
cycle times than 375 ns, provided all AC requirements are met;
however, the increased power dissipation will require a reduc-
tion in ambient temperature.

Minimum overali system power requirements are achieved if
RAS asopposedto CAS is used to chip select as unselected
devices then are in low power (standby) mode regardless of
CAS.

Power Up

The ITT 4116 requires no particular power supply sequencing
so long as the Absolute Maximum Rating Conditions are
observed. However, in order to ensure compliance with the
Absolute Maximum Ratings, ITT recommends sequencing of
power supplies such that Vgg is applied first and removed last.
Vge should never be more positive than Vgs when power is
applied to Vpp.

Under system failure conditions in which one or more supplies
exceed the specified limits significant additional margin
against catastrophic device failure may be achieved by forcing
RAS and Data Out to the inactive state.

After power is applied to the device, the ITT 4116 requires
several cycles before proper device operation is achieved. Any
8 cycles which perform refresh are adequate for this purpose.
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