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[57) ABSTRACT

A low power digital memory comprised of a matrix of
memory cells suitable for fabrication by large scale
integrated circuit techniques. Each memory cell is com-
prised of field effect transistors, preferably metal oxide
semiconductors. A plurality of cells are fabricated on a
single monolithic chip and are interconnected for coin-
cident signal addressing. Power is conserved by periodi-
cally pulsing load transistors rather than biasing them
continuously on.

28 Claims, 14 Drawing Figures
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1

DIGITAL MEMORY APPARATUS

Matter enclosed in heavy brackets [ } appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

ORIGIN OF THE INVENTION

The invention herein described was made in the
course of or under a contract or subcontract thereun-
der, with United States Air Force Systems Command,
Wright-Patterson Air Force Base.

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates generally to digital memory
apparatus and more particularly to a low power semi-
conductor memory suitable for fabrication by large
scale integrated circuit techntques. |

The continuing evolution in integrated circuit tech-
nology has progressed to the point of making it feasible
to fabricate active memory circuits, as for example the
type disclosed in U.S. patent application Ser. No.
455,546, filed May 13, 1965 (now Pat. No. 3,447,137) by
Robert Feuer and assigned to the same assignee as the
present application, by large scale integration tech-
niques. Integrated memories are presently being devel-
oped with various degrees of emphasis on those charac-
teristics which make them competitive with the more
conventional forms of memories. Advantages offered
by integrated circuit memories include high speed, min-
ilaturization, low power, nondestructive readout, and
reduced peripheral complexity in small scale memories.
A noteworthy disadvantage of active circuit memories,
of course, is their volatility.

The present invention is directed to a digital memory
employing active nondestructive readout memory cells
and organized in a manner particularly suiting the mem-
ory to fabrication by large scale integration techniques
on a monolithic chip.

SUMMARY OF THE INVENTION
Briefly, the present invention is directed to a coinci-
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dent signal addressing low power memory comprised of 47

improved active memory cells, which memory 15 well
suited for fabrication by large scale integration tech-
niques. In a preferred embodiment of the invention, the
cells are fabricated in a matrix array on a monolithic
chip.

Normally the complexity of circuitry formed on
monolithic chips is limited by the number of available
connecting pins. In accordance with a significant fea-
ture of the present invention, cell decoding means are
provided on the chip and coincident signal addressing is
employed to thus increase the number of cells which
can be individually addressed on a single monolithic
chip having a limited pin capacity.

In accordance with a further feature of the present
invention, power dissipation of the memory cell is mini-
mized by using load transistors (in lieu of convention-
ally employed resistors) and by periodically pulsing the
load transistors rather than continuously biasing them
on.
In accordance with alternate embodiments of the
invention, means are respectively incorporated in each
memory cell to increase the readout current and reduce
the required amplitude of the addressing signals used for
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coincident selection. By increasing readout signal am-
plitude, the sense amplifier requirements can be relaxed.
By reducing addressing signal amplitudes, crosstalk is
minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1(a) is a diagram illustrating the symbol used to
represent a metal oxide semiconductor;

FIG. 1(b) comprises a chart illustrating characteris-
tics of a typical enhancement mode metal oxide semi-
conductor:

FIG. 2 is a preferred embodiment of a memory cell in
accordance with the present invention;

FIGS. [3a-b] 3a-fillustrate typical waveforms used
in the operation of the cell of FIG. 2.

FIG. 4 1s an alternate memory cell embodiment in
accordance with the invention;

FIG. § is a still further memory cell embodiment in
accordance with the invention.

FIG. 6 is a schematic tllustration of a memory cell
matrix indicating the manner in which a plurality of
memory cells can be organized on a monolithic chip;

FIG. 7 schematically illustrates in greater detail the
manner in which memory cells in accordance with the
invention are interconnected; and

FI1G. 8 schematically illustrates the monolithic chip
of FIG. 6 mounted in a flat pack.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Attention is imitially called to FIGS. 1(a) and 1(b)
which symbolically respectively illustrate a field effect
transistor, such as a metal oxide semiconductor, and its
operational characteristics. A semiconductor of this
type is discussed in detail in “IEEE Transactions on
Electronic Devices,” July 1964, pages 324-345. Its
characteristics will only be briefly considered herein.

The metal oxide semiconductor shown in FIG. 1(a)
includes a control terminal or gate 10, a first current
conducting terminal or source 12, and a second current
conducting terminal or drain 14. The illustrated semi-
conductor is a bilateral device and as a matter of fact 1s
usually substantially symmetric so that the source and
drain terminals are effectively interchangeable. FIG.
1(b) is a chart plotting the current (Isp) through the
source and drain terminals as a function of the source-
drain potential (Vsp) and illustrates a family of opera-
tional curves for different values of source-gate poten-
tial (Vsg). It can be seen that for the semiconductor
illustrated, a five volt threshold level from source to
gate has been assumed. Note that for any value of Vg,
the current Isp increases rapidly for low values of Vgp
prior to a knee 18 in the characteristic curves. After the
voltage Vsp is increased to beyond the knee 18, the
current Isp increases only very slightly as Vsp 1s 1n-
creased. |

With the foregoing operational characteristics de-
scribed by FIG. 1(b) in mind, attention is now called to
FIG. 2 which schematically illustrates a preferred em-
bodiment of binary memory cell 20 which preferably
employs metal oxide semiconductors of the type illus-
trated in FIG. 1. The memory cell 20 includes first and
second metal oxide semiconductors Q1 and Q2 each of
which includes a gate, a source, and a drain. As will be
seen hereinafter, the semiconductors Q1 and Q2 are
interconnected to form a bistable circuit such that when
semiconductor Q2 is forward biased, semiconductor Q1
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18 off biased and conversely when semiconductor Q1 1s
forward biased, semiconductor Q2 i1s off biased. The
saurce terminals of semiconductors Q1 and Q2 are con-
nected together and to a first source of reference poten-
ttal, herein illustrated as + 12 volts. The drain terminal
of semiconductor Q2 is connected to the gate terminal
of semiconductor Q1 and the drain terminal of semicon-
ductor Q1 1s connected to the gate terminal of semicon-
ductor Q2.

The drain terminals of sermconductors Q1 and Q2 are
respectively connected through capacitive loads to a
second source of reference potential, herein illustrated
as ground. More particularly, the drain terminal of
semiconductor Q1 1s connected to the source terminal
of semiconductor Q3 whose drain terminal 1s connected
to ground. Similarly, the drain terminal of semiconduc-
tor Q2 1s connected to the source terminal of semicon-
ductor Q4 whose drain terminal 1s connected to ground.
The semiconductor elements common to nodes 33 and
34 provide inherent capacitance at these nodes. Any
voltage built up on these capacitances (due to leakage
current) 1s discharged by the forward biasing of semi-
conductors Q3 and Q4. The gate terminals of the load
semiconductors Q3 and Q4 are connected together and
to a source of restore pulses 22. As will be shown here-
inafter, the restore pulse source 22 periodically applies
pulses to the gates of semiconductors Q3 and Q4 to
intermittently forward bias them in order to conserve
power, as contrasted with having the semiconductors
Q3 and Q4 continually btased on.

The drain terminals of semiconductors Q1 and Q2 are
respectively connected to semiconductor switches Q3
and Q6, also preferably metal oxide semiconductors
each having a gate, a source, and a drain. More particu-
larly, the drain of semiconductor Q1 is connected to the
corresponding terminal of semiconductor QS5. The
source of semiconductor Q3 1s connected to a digit line
23 connected to the output of a first data signal source
24. Similarly, the drain of semiconductor Q2 1s con-
nected to the drain of semiconductor (6 and the source
of semiconductor Q6 is connected to digit line 25 which
is connected to the output of a complement data signal
source 26. Additionally, the source terminals of semi-
conductors Q5 and Q6 are connected across the input of
a differential sense amplifier 28.

The semiconductor switches Q8 and Q6 are both
controlled by a switch control or decoding means com-
prised of semiconductor Q7. More particularly, the
output lead of the decoding means, i.e. the drain of
semiconductor Q7 is connected to the gate terminals of
semiconductors Q5 and Q6. The gate and source termi-
nals of semiconductor Q7 are respectively connected to
address signal sources; namely, the X address signal
source 30 and the Y address signal source 32.

Semiconductors Q1 and Q2 form a bistable or flip-
flop circuit constituting the basic storage element of the
cell 20. Operation of the fhip-flop is such that when one
semiconductor (e.g. Q1) is biased on, the other semicon-
ductor (e.g. Q2) is biased beyond cut off. As noted,
semiconductors Q3 and Q4 respectively serve as loads
for semiconductors Q1 and Q2. Semiconductors Q5 and
Q6 function as switches to permit data signals to be
applied to the basic flip-flop circuit in order to change
1is state.

In order to demonstrate that the memory cell 20 of
FIG. 2 is bistable, initially assume semiconductor Q1 to
be biased on with semiconductor Q2 being biased off.
Under these conditions, the voltage at node 33, 1.e. at

10

15

20

235

30

35

45

50

35

60

635

4

the drain of semiconductor 1, will be approximately
+ 12 wvolts. The voltage at node 34, i.e. at the drain of
semiconductor Q2, will be near ground potential. Dur-
Ing quiescent operation, the capacitance of the node 34
will begin to charge toward + 12 volts because of the
leakage current through the PN junctions common (o
this node. These PN junctions are constituted by the
drains of semiconductors Q2 and Q6 and the source of
semiconductor Q4. The voltage buildup on the capaci-
tance at node 34 by leakage would eventuaily cause
semiconductor Q1 to turn off thus causing loss of the
logic state stored by the flip-flop circuit. To prevent
this, source 22 periodically applies a restore pulse 1o the
gate terminals of semiconductors Q3 and Q4. This re-
sults in the discharging of the capacitance at node 34.
During the application of the restore pulse when semi-
conductor Q1 is on, the voltage at node 33 is not appre-
ciably affected since semiconductor Q1 preferably has a
much greater transconductance than semiconductor
Q3. The worst case design situation requires that perto-
dicity of the restore pulse be sutficient to keep the drain
node of the off semiconductor (Q1 or Q2) properly
discharged under conditions ot worst case leakage cur-
rent.

In order to either read from or write into the memory
cell 20, the semiconductor switches Q8 and Q6 are
forward biased in response to the control or decoding
means Q7 being forward biased. More particularly, 1n
order to either read from or write into a particular cell,
the X and Y address signal sources 30 and 32 associated
with that cell are energized to apply signals [lines (a)
and (b), FIG. 3] to the gate and source of semiconduc-
tor Q7 thereof. For example, the X and Y address sig-
nals respectively applied to the source and gate of semi-
conductor Q7 can each be on the order of —26 volts
(e.g. +12 v. to — 14 v.). Coincidence of the X and Y
address pulses on semiconductor Q7 causes it to con-
duct (conventional current into X address signal source
30) thereby forward biasing the gates of semiconductors
Q5 and Q6.

Writing is accomplished by applying a write pulse
through one of the switch semiconductors to the appro-
priate semiconductor Q5 or (Q6 simultaneously with the
coincident address pulses applied to the semiconductor
Q7. Let the *“1” state be defined by semiconductor Q1
conducting and semiconductor Q2 off. If a **0” 1s to be
written into the cell 20, the write pulse [line (c¢), FIG. 3],
which for example rises from ground to + 12 volts, 18
applied from the complement data signal source 26 to
the source of semiconductor Q6 substantially simulta-
neously with the application of the address signals to
semiconductor Q7. During this write time, the source
terminal of semiconductor Q3 1s held at ground poten-
tial by source 24. As a consequence, semiconductor Q6
conducts current into the capacitance at node 34, thus
turning off semiconductor Q1. The semtconductor Q1
drain node 33 is then discharged toward ground
through semiconductor switch QS, resulting in the turn
on of semiconductor Q2. The removal of the address
signals [lines (a) and (b), FIG. 3] applied to semiconduc-
tor Q7 and the write signals [line (¢}, FIG. 3] applied to
semiconductors Q5 and Q6 then maintain the cell 20 1n
the “0” state.

Readout of the cell 20 is accomplished by addressing
the cell in the same manner as for writing. The digit
lines 23 and 25 coupled to the data signal sources 24 and
26 respectively are held near ground potential for read.
When addressing takes place, current from the “on”
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semiconductor in the flip-flop circuit, i.e. either semi-
conductor Q1 or Q2, will flow through either semicon-
ductor Q3 or Q6 [line (d), FIG. 3]. The drain node of
the "off"” semiconductor Q1 or Q2 will be near ground
polential and hence will not cause a current flow
through the corresponding semiconductor switch Q5 or
Q6. The differential sense amplifier 28 is strobed [line
(¢), FIG. 3] and responds to the current on either one of
the digit lines to provide the output signal shown in line
(f) of FIG. 3.

As shown in lines (a) and (b) of FIG. 3, the Y address
pulse applied to the gate of semiconductor Q7 by source
32 has a slightly longer duration than the X address
pulse provided by source 30 because the gates of semi-
conductors Q5 and Q6 must be maintained near a -+ 12
volt potential to keep the cell in the non-addressed state.
During coincidence of the negative address pulses on
semiconductor Q7 which go from a + 12 volt level to
approximately — 14 volis, the gates of semiconductors
Q5 and Q6 reach approximately a —9 volt level. If the
trailing edges of the X and Y address pulses provided by
the sources 30 and 32 were coincident, semiconductor
Q7 would be turned off leaving the gates of semicon-
ductors Q5 and Q6 biased on, thereby unintentionally
leaving the cell in an addressed state. By making the X
address pulse trailing edge revert back to the + 12 volt
level ahead of the Y address pulse, the gates of semicon-
ductors Q5 and Q6 are forced to + 12 volts by the re-
versal of current through semiconductor Q7 and the
cell 1s left in the non-addressed state. Since the leakage
current through semiconductor Q7 tends to charge the
drain node capacitance thereof with a positive voltage,
the non-addressed state for the cell is maintained during
quiescent operation.

It 18 to be noted that in the circuit of FIG. 2, the
voltage amplitude appearing at the drain terminal of
semiconductor Q7 during addressing is equal to the
amplitude of the Y address signal applied to the gate of
semiconductor Q7 minus a threshold voltage (V)
which has been assumed to be five volts. Inasmuch as
the voltage at the drain of semiconductor Q7 is applied
to the gates of semiconductors QS and Q6, the minimum
voltage level which can be attained at the drains of
semiconductors QS and Q6 applied to the nodes 33 and
34 i1s equal to the amplitude of the Y address signal
minus the sum of two threshold voltages (i.e. the volt-
age at the node 34 during addressing will be equal to the
Y address signal voltage minus the sum of the threshold
voltages of semiconductors Q7 and Q6). Since it is nec-
essary that the voltage at the node to be discharged
reach ground potential, it follows that relatively large
amplitude Y address voltage pulses have to be em-
ployed in the operation of the circuit of FIG. 2. In
certain applications, the utilization of large amplitude
address pulses has resulted in crosstalk disturbance be-
tween digit lines in proximity to one another. In order
{0 reduce the amplitude requirements of the address
pulses required by the circuit of FIG. 2, an alternative
embodiment of the invention is illustrated in FIG. 4. In
the circuit of FIG. 4, the semiconductors Q5 and Q6'
are intended to correspond to the semiconductors QS
and Q6 of FIG. 2. In lieu of utilizing the semiconductor
Q7 of FIG. 2 to control the biasing of both semiconduc-
tors Q5" and Q6’, semiconductors Q8 and Q9 are pro-
vided which are respectively connected in series with
the semiconductors Q5’ and Q6. More particularly, the
source of semiconductor Q8 is connected to the digit
lme 23 connected to the data signal source 24. The drain
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of semiconductor Q8 is connected to the source of semi-
conductor Q5. Similarly, the source of semiconductor
Q9 is connected to digit line 25 connected to the com-
plement data signal source 26 and the drain of semicon-
ductor Q9 is connected to the source of semiconductor
Q6.

The gates of semiconductors Q5 and Q6 are con-
nected together and to the output of the X address
signal source 30. Similarly, the gates of semiconductors
Q8 and Q9 are connected together and to the output of
the Y address signal source 32. The digit lines 23 and 25
are connected to the input terminals of the differential
sense amplifier 28. By employing the configuration
illustrated in FIG. 4, the minimum voltage levels which
the drains of semiconductors Q1 and Q2 can each are
equal to the amplitudes of the address signals provided
by sources 30 and 32 minus only one threshold voltage
(V7) instead of two threshold voltages as was the situa-
tion in the circuit of FIG. 2. More particularly, since it
18 necessary to pull the voltage at the drain of either
semiconductor Q1 and Q2 to ground during addressing,
the amplitude of the X address pulse must be more
negative than one threshold voltage. Similarly, the volt-
age level appearing at the drain of semiconductor Q8 or
Q9 and applied to the source of semiconductor Q5’ or
Q6’ must also be pulled to ground potential. Thus the Y
address pulse level must also be more negative than one
threshold voltage. Thus, whereas an embodiment of the
circuit of FIG. 2 may require address pulses of 26 volt
amplitude, an embodiment of the circuit of FIG. 3 can
employ address pulses of approximately 18 to 20 volts.
By reducing the address pulse amplitude, the incident of
crosstalk 1s considerably reduced.

Attention 1s now called to FIG. 5 which illustrates a
further memory cell embodiment, similar to the em-
bodiment of FIG. 2, but however capable of delivering
a higher readout current and thereby reducing the sensi-
tivity required of the sense amplifier 28. In accordance
with the embodiment of FIG. 5, a first auxiliary current
source, comprised of semiconductors Q10 and Q11 in
series, is connected to the left terminal of amplifier 28 to
add to the current supplied thereto by semiconductor
Q5 on readout. Similarly, a second auxiliary current
source including semiconductors Q12 and Q13 con-
nected in series, adds to the current passed by semicon-
ductor Q6 on readout.

More particularly, the source of semiconductor Q10
1s connected to a source of reference potential, herein
illustrated as + 12 volts. The gate of semiconductor Q10
1s connected to the drain of semiconductor Q2. The
drain of semiconductor Q10 is connected to the source
of semiconductor Q11. The gate of semiconductor Q11
1s connected to the drain of semiconductor Q7. The
drain of semiconductor Q11 is connected to the same
input terminal of differential sense amplifier 28 as is the
source of semiconductor QS. The semiconductors Q12
and Q13 are also connected in series and provide cur-
rent to the same input terminal of amplifier 28 as does
the semiconductor Q6.

In the operation of the embodiment of FIG. 5, assume
that the cell stores a “1.” As a consequence, semicon-
ductor Q1 will be conducting and node 33 will be at
approxmmately +12 volts. The drain (i.e. node 34) of
semiconductor Q2 will be at substantially ground poten-
tial. When the cell is addressed to forward bias semicon-
ductor Q7, semiconductor switch Q5 will conduct cur-
rent to the left input terminal of sense amplifier 28.
Inasmuch as node 34 will be at substantially ground
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potential, the semiconductor Q6 will not conduct any
appreciable current 1o the right input terminal of ampli-
fier 28. However, semicondutors Q10 and Q11 will
conduct current to the left input terminal of amphfier 28
aiding the current provided thereto by the semiconduc-
tor Q5. More particularly, the ground potential applied
to the gate of semiconductor Q10 will forward bias
semiconductor Q10 and provide a sufficient potential to
the source of semiconductor Q11 to cause conduction
therethrough for so long as semiconductor Q7 1s con-
ducting.

From the foregoing, it should be appreciated that
several memory cell embodiments have been disclosed
herein each of which is capable of being addressed by
the coincident application of X and Y address signals to
first and second electrodes of a decoding means such as
semiconductor Q7. The memory cells thus far disclosed
comprise active circuits employing field effect transis-
tors such as metal oxide semiconductors. As is now well
known in the art, such circuits can be fabricated on
monolithic chips by large scale integration techniques.
Such large scale integration techniques are discussed at
length in a special report appearing In the issue of
“Electronics,” Feb. 20, 1967. The circuit complexity
that can be attained on monolithic chips is not usually
limited by fabrication techniques but rather 1s normally
limited by the number of terminals which can be dis-
cretely defined along the edge of the chip. As will be
seen hereinafter, the chips are normally used in flat pack
or similar structural packages in which the package
connecting pins must be physically and electrically
connected to the monolithic chip terminals.

Because of the limited number of terminals which can
be provided on a monolithic chip, it has 1n the past been
common practice to organize digital memories on a chip
in a word oriented fashion. Thus, for example, eight
words could be provided on a chip and eight word lines
could be connected to eight terminals on the chip. The
provision of coincident selection memory cells of the
type shown in FIGS. 2, 4, and § herein enables a digital
memory to be constructed in accordance with the in-
vention which permits greater complexity on a single
chip with the result that an entire memory can be more
simply fabricated. More particularly, a monolithic chip
can be provided in accordance with the invention, as s
shown in F1G. 6, in which a plurality of memory cells,
e.g. 64, can be provided with each defining one bit of a
different word. Thus, utilizing eight memory chips
identical to that shown in FIG. 5, a 64 word digitai
memory having a word length of eight bits can be pro-
vided. The connection of the address signal sources 30
and 32 will be identical to all eight chips.

FIG. 6 schematically illustrates the physical organi-
zation of a memory matrix employing memory cells of
the type illustrated in FIGS. 2, 4, and 5 on a monolithic
chip 30 assumed to have a twenty-two terminal or pin
capacity. As can be noted in F1G. 6, the pins are consec-
utively numbered in a counterclockwise direction.
Ground potential is applied to pin 1. Pins 2 and 3 respec-
tively are intended to respectively connect the digit
lines 34 and 33 to the complement data signal source 26
and the data signal source 24. Pins 4-11 are respectively
intended to be connected to eight different X address
signal sources X1-X8. Pins 13-20 are intended to be
connected to eight different Y address signal sources
Y8-Y1. The output of the restore pulse source 22 is
intended to be connected to pin 21 and the + 12 volt
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potential utilized in each of the embodiments of FIGS.
2. 4, and 5 is intended to be applied to pin 22.

The cells are arranged in a rectangular matrix of first
and second groups (i.e. rows and columns). All of the
cells common to a single row or column are connected
to the same X or Y selection line. It is desirable that the
number of crossover interconnections s minimized. In
view of this, the memory cells of FIG. 6 have been
arranged so that alternate rows are alternately inverted.
Thus, the memory cells of row 1 are ortented as shown
in FIGS. 2, 4, and 5. On the other hand, the memory
cells of row 2 are physically oriented in an inveried
manner. Similarly, the cells of rows 3, §, and 7 are Ori-
ented as shown in FIGS. 2, 4, and 5§ and the cells of rows

15 4, 6, and 8 are oriented oppositely. The row or Y selec-
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tion lines Y1 and Y2 are carried by the chip between
rows 1 and 2. The data signal and data signal comple-
ment lines extending from pins 2 and 3 also extend be-
tween rows 1 and 2, between rows 3 and 4, between
rows 5 and 6, and between rows 7 and 8. On the other
hand, as illustrated in FIG. 6, the conductors from pins
1, 22, and 21 respectively carrying ground potential,
positive potential, and the restore pulses are disposed
along the top and bottom edges of the chip and between
rows 2 and 3, 4 and 5, and 6 and 7. The X or column
conductors run vertically through the matrix as shown
in FIG. 6.

Attention is now called to FIG. 7 which illustrates in
greater detail than is shown in FIG. 6, the manner n
which four typical cells, i.e. the cells of rows 1 and 2
and columns 1 and 2 of the matrix, are interconnected.

A monolithic chip of the type schematically illus-
trated in FI1G. 6 has been fabricated by large scale inte-
gration techniques. Utilizing the circuit configurations
shown herein, 64 memory cells interconnected for coin-
cident addressing were formed on a monolithic chip 80
mils by 100 mils. Such a chip can be packaged in a
substantially conventional flat pack package as shown
in FIG. 8 with the connecting pins extending horizon-
tally therefrom. Alternatively, of course, other packag-
ing configurations such as in-line packages can be em-
ployed.

From the foregoing, it should be recognized that
improved active circuit nondestructive readout mem-
ory cells have been provided herein which can be pack-
aged very densely and which consume relatively small
amounts of power. Increased packaging density 1S
achieved as a conseguence of including decoding means
on the chip and using coincident addressing to enable a
maximum number of active circuits to be operationally
carried by a monolithic chip having a particular termi-
nal capacity. It is pointed out that although a particular
decoding means {e.g. semiconductor Q7) has been tllus-
trated herein as being carried by the chip, other more
complex decoding circuits could be mounted on the
chip in accordance with the invention. It 1s also pointed
out that the teachings of the invention can be extended
to include the read (i.e. sense amplifier), write (1.e. data
signal source) and restore circuitry on the chip.

Reduction of power dissipation is achieved 1n accor-
dance with the invention as a consequence of periodi-
cally forward biasing load semiconductors 1o discharge
capacitance, rather than continuously on biasing the
load semiconductors.

Although particular embodiments of the invention
have been illustrated and described herein, it 1S TECOE-
nized that modifications and varnations will occur to
those skilled in the art and consequently, it is intended
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that the scope of the invention be determined only by a
just interpretation of the appended claims.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows: |

1. A binary memory cell comprising:

first and second semiconductors each capable of

being either forward biased or off biased;

means interconnecting said first and second semicon-

ductors for holding said first semiconductor off
btased in response to said second semiconductor
being forward biased and for holding said second
semiconductor off biased in response to said first
semiconductor being forward biased:

data control means for selectively applying forward

and off biasing binary data signals to said first and
second semiconductors, said data control means
including first and second complementary data
signal sources and normally open first and second
switches for respectively connecting said first and
second semiconductors to said first and second data
signal sources, each of said switches comprising a
field effect transistor having a gate, a source, and a
drain; and |

a switch control means coupled to the gates of said

first and second switches having at least first and
second electrodes and responsive to first and sec-
ond signals respectively concurrently applied
thereto for closing said normally open switches.

2. The memory cell of claim 1 wherein said switch
control means comprises a field effect transistor having
a gate, a source, and a drain and wherein said first and
second electrodes respectively comprise the source and
the gate thereof; and

means coupling said switch control means drain to

said first and second switch gates.

3. A binary memory cell comprising:

[a] first and second semiconductors:

means for selectively forward biasing said first and

second semiconductors; |

means interconnecting said first and second semicon-

ductors for holding said first semiconductor off

biased in response to said second semiconductor
being forward biased and for holding said second
semiconductor off biased in response to said first
semiconductor being forward biased;
first and second capacitive loads respectively coupled
to said first and second semiconductors; and

means for periodically [discharging] restoring the
voltage across said first and second capacitive loads
at times independent of the frequency of read or write
operations performed on said cells.

4. The memory cell of claim 3 wherein said means for
selectively forward biasing said first and second semi-
conductors includes a source of data signals and first
and second normally open switches respectively con-
necting said source of data signals to said first and sec-
ond semiconductors. ; and

a switch control means having at least first and sec-

ond electrodes and responsive to first and second
signals respectively concurrently applied thereto
for closing said normally open switches.

3. A binary memory cell comprising:

first and second semiconductors each including a

control terminal and first and second current con-
ducting [terminls] terminals;

a first source of reference potential;

3

10

13

20

25

30

35

435

30

55

65

10

means connecting each of said first current conduct-
ing terminals to said first source of reference poten-
tial; |

a second source of reference potential;

a first capacitive load means connecting said first
semiconductor second current conducting terminal
to said second source of reference potential;

a second capacitive load means connecting said sec-
ond semiconductor second current conducting
terminal to said second source of reference poten-
tial; |

means connecting said first semiconductor second
current conducting terminal to said second semi-
conductor control terminal for holding said second
semiconductor cut off when said first semiconduc-
tor 1s conducting;

means connecting said second semiconductor second
current conducting terminal to said first semicon-
ductor control terminal for holding said first semi-
conductor cut off when said second semiconductor
is conducting;

data control means for selectively applving forward
biasing binary data signals to said first and second
semiconductors; and

means for periodically [discharging] restoring the
voitage across said first and second capacitive loads
at times independent of the frequency of read or write
operations performed on said cells.

6. The memory cell of claim § wherein each of said
first and second semiconductors comprises a metal
oxide semiconductor and wherein said control and first
and second current conducting terminals thereof re-
spectively constitutes the gate, source, and drain of said
metal oxide semiconductor.

7. The memory cell of claim 5 wherein said first and
second capacitive loads respectively include first and
second metal oxide semiconductors each having a gate,
a source, and a drain;

means respectively connecting said first capacitive
load means [drain and source} source and drain to
said first semiconductor second current conducting
terminal and said second source of reference poten-
tial:

means respectively connecting said second capacitive
load means [drain and source] source and drain to
said second semiductor second current conducting
terminal and said second source of reference poten-
tial.

8. The memory cell to claim 5 wherein said data
control means includes a source of data signals and first
and second switches respectively coupling said data
signal source to said first and second semiconductors.

9. The memory cell of claim 8 wherein each of said
first and second switches comprises a field effect transis-
tor having a gate, a source, and a drain;

a switch control means having at least first and sec-
ond electrodes and responsive to first and second
signals respectively concurrently applied thereto
for closing said first and second switches; and
means coupling said switch control means to the
gates of said first and second switches.

10. A binary memory cell comprising:

first and second semiconductors each including a
control terminal and first and second current con-
ducting terminals;

a first source of reference potential;
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means connecting each of said first current conduct-
ing terminals to said first source of reference poten-
tial:

a second source of reference potential;

a first capacitive load means connecting said first
semiconductor second current conducting terminal
to saxd second source of reference potential;

a second capacitive load means connecting said sec-
ond semiconductor second current conducting
terminal to said second source of reference poten-
tial;

means connecting said first semtconductor second
current conducting terminal to said second semi-
conductor control terminal for holding said second
semiconductor cut off when said first semiconduc-
tor is conducting;

means connecting said second semiconductor second
current conducting terminal to said first semicon-
ductor control terminal for holding said first semi-
conductor cut off when said semiconductor 1s con-
ducting;

a source of data signals;

first and second switches respectively coupling said
data signal source to said first and second semicon-
ductors: and

a switch control means having at least first and sec-
ond electrodes and responsive to first and second
address signals respectively concurrently applied
thereto for closing said first and second switches.

£11. The memory cell of claim 10 wherein said

switch control means includes third and fourth semi-
conductors each having a gate, a source and a drain;

a source of first address signals;

a source of second address signals; and

means respectively coupling said sources of first and
second address signals to said gates of said third
and fourth semiconductors.}

12. A binary memory cell comprising:

first and second semiconductors each including a
control terminal and first and second current con-
ducting terminals;

a first source of reference potential;

means connecting each of said first current conduct-
ing terminals to said first source of reference poten-
tial:

a second source of reference potential;

a first capacitive load means connecting said first
semiconductor second current conducting terminal
to said second source of reference potential;

a second capacitive load means connecting said sec-
ond semiconductor second current conducting
terminal to said second source of reference poten-
tial;

means connecting said first semiconductor second
current conducting terminal to said second semi-
conductor control terminal for holding said second
semiconductor cut off when said first semiconduc-
tor is conducting;

means connecting said second semiconductor second
current conducting terminal to said first semicon-
ductor control terminal for holding said first semi-
conductor cut off when said second semiconductor
is conducting;

Sense means;

first and second switches respectively coupling said
sense means to said first and second semiconduc-
tors second current conducting terminals; and
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a switch control means having at lcast first and sec-
ond electrodes and responsive to first and second
address signals respectively concurrently apphed
thereto for closing satd first and second switches.

13. The memory cell of claim 12 including first and

second auxiliary current source means each having a
current output terminal; [and]}

means respectively connecting said first and second
auxiliary current source means output terminals to
said [ first and second semiconductor second cur-
rent conducting terminals ] sense means, and

means responsive to the state of said first and second
semiconductors for respectively controlling said first
and second auxiliary current source means.

14. In a storage cell having a pair of cross-coupled semi-

conductor devices with internal capacitance connected
through a load to a source of power so as to form a bistable
circuit which with one of said semiconductor devices biased
conductive and the other of said semiconductor devices
biased substantially nonconductive stores a bit of data, the
improvemen! which comprises:

a first semiconductor load device having two terminals
connected in series with the source of power and said
one semiconductor device and having a third controf
terminal for regulating the current between the other
two terminals of the first semiconductor load device;

a second semiconductor load device having two termi-
nals connected in series with the source of power and
said other semiconductor device and having a third
control terminal for regulating the current between
the other two terminals of the second semiconductor
load device; and

pulse means coupled to said control terminals of said
first and second semiconductor load devices to nor-
mally maintain said current turned off to reduce the
power supplied through the load devices to the cross-
coupled semiconductor devices below the level neces-
sary to retain a bit of data stored in the bistable circuit
while the voltage across said internal capacitance
maintains said one cross-coupled semiconductor de-
vice biased conductive and said other cross-coupled
semiconductor device biascd substantially nonconduc-
tive and for periodically rendering said current on to
restore the voltage across said internal capacitances at
intervals sufficiently short to prevent the loss of stored
data.

15. The storage cell of claim 14 wherein said cross-cou-

pled semiconductor devices and said first and second load
devices are metal oxide semiconductors.

16. The storage cell of ciaim 14 including:

a first additional semiconductor load device in shunt
with the first of said semiconductor load device, said
first additional semiconductor load device having a
control terminal which can be biased to render the
Jirst additional semiconductor load device conductive
and nonconductive;

a second additional semiconductor load device in shunt
with the second of said semiconductor load device,
said second additional semiconductor load device
having a control terminal which can be biased 1o
render the second additional semiconductor load de-
vice conductive and nonconductive;

differential sense means in series with the first and sec-
ond additional semiconductor load devices for sensing
the state of the storage cell when the first and second
additional semiconductor devices are biased conduc-
tive whereby the information in the storage cell can be
sensed without destroying the information stored in
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the cell when the first and second load transistors are
biased on nonconducting

1 7. The storage cell of claim 16 wherein said cross-cou-
pled semiconductor devices and said first and second load
devices are metal oxide semiconductors.

18. In a storage cell having a pair of cross-coupled semi-
conductor devices with internal capacitance which are
connected through a load to a source of power so as to form
a bistable circuit which with one of said semiconductor
devices biased conductive and the other of said semicon-
duclor devices biased substantially nonconductive stores a
bit of data, the improvement comprising:

semiconductor means in said load for controlling the

current between the source of power and the pair of

1

semiconductor devices, said semiconductor means {5

having a control terminal which can be biased to turn
the current on to supply power through said load to the
pair of semiconductor devices or off to reduce the

power supplied through said load to the semiconductor

devices below the level necessary to retain a bit of data
stored in the bistable circuit:

puilse means coupled to said control terminal for nor-
mally biasing said current off while charge stored in
said internal capacitance maintains said one semicon-
ductor device biased conductive and said other semi-
conductor device biased substantially nonconductive
and for periodically rendering said current on to re-
store the voltages across said internal capacitances at
Intervals sufficiently short to preserve the bit of data
stored in said cell.

19. 4 pulse-powered monolithic memory cell comprising:

a bistable circuit means having internal storage charge
means,

a power supply connected to said bistable circuit means:

20

25

30

restore means for turning the current from said power 35

supply to an on and to an off or nonsustaining condi-
tion with respect to said bistable circuit means, the on
condition being of a sufficient level to maintain a datg
bit stored in said bistable circuit means, and the off or
nonsustaining condition being below the necessary
level to maintain a data bit stored in said bistable
CIrcuIt means,

semiconductor switch means connected to said restore
means and to said power supply for selecting a con-
trolled high-impedance discharge path for said storage
charge means when said power supply current is in an
off or non-sustaining condition with respect to said
bistable circuit means; and

said power supply current being turned on before the said

storage charge means becomes ineffective to return
said bistable circuit means to the said same predeter-
mined data bit state as that predetermined data bi
state which existed prior to said power supply current
being turned to an off or nonsustaining condition.

20. A pulse-powered monolithic memory cell as in claim
19 wherein said semiconductor switch means comprises
conduction means connected between said power supply
oulput and said bistable circuit and which is in an off state
when said power supply current is in an off or nonsustain-
ing condition. |

21. A pulse-powered monolithic memory cell as de-
scribed in claim 19 further including means connected to
said bistable circuit for reading information Jrom and
writing information into said bistable circuit.
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22. A memory cell as described in claim 21 wherein the
frequency with which said power supply current is turned
on and off is independent of said reading and Writing.

23. A pulse-powered monolithic memory cell comprising:

a bistable circuit having internal storage charge means;

a power supply means having an output for supplying a

current to said bistable circuit

restore means for switching said current to said bistable

circuit between an on and an off or nonsustaining
condition;

load means connected between said power supply output

and said bistable circuit for providing predetermined
operating voltages and power supply currents to said
bistable circuit and said storage charge means so that
said bistable circuit is maintained in either one of two
data bit predetermined states;

semiconductor switch means connected to said restore

means and between said power supply and said bista-
ble circuit;
said semiconductor switch means being turned off when
said power supply current is in an off or nonsustaining
condition so as to select a controlled high impedance
discharge path for said storage charge means; and

said power supply current being turned on before the said
storage charge means becomes ineffective to return
said bistable circuit to the same data bit predeter-
mined state as that predetermined state which existed
prior to said power supply current being turned to an
off or nonsustaining condition.

24. A pulse-powered monolithic memory cell as de-
scribed in claim 23 wherein said high-impedance discharge
path for said storage charge means includes a non-linear
impedance which is increasing in value when said storage
charge means is in a state of change while said power
supply current is off

25. A pulse-powered monolithic memory cell as de-
scribed in claim 24 wherein said bistable circuit further
includes a pair of cross-coupled transistors.

26. A pulse-powered monolithic memory cell as de-
scribed in claim 24 wherein said bistable circuit further
includes a pair of cross-coupled field-effect transistors.

27. A pulse-powered monolithic memory cell as de-
scribed in claim 23 wherein:

said semiconductor switch means is connected in series

between said power supply and said bistable circuit:
and

said semiconductor switch means is responsive to said

means controlling power supply current so as to sub-
stantially remove said load means from high impe-
dance discharge path when said power supply current
Is in an off or nonsustaining condition.

28. A pulse powered monolithic memory cell as described
in claim 23 further including:

differential sense means connected to said bistable cir-

cuit means;

said differential sense means being responsive to an

energization pulse for reading information from said
bistable circuit; and

means connected to said differential sense means for

writing information into said bistable circuir.

29. A memory cell as described in claim 28 wherein the
frequency with which said power supply current is turned

on and off is independent of said reading and writing.
L X % x K
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