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BINARY DIGITAL LATCHES NOT USING
ONLY NAND OR NOR CIRCUITS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/688,996, filed Jun. 9, 2005, which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

This invention relates to the retention of digital informa-
tion in logic devices which can be applied digital memory
elements. More specifically it relates to applying binary
logical functions and their configurations to achieve digital
information retaining effects.

Latches are well known digital memory devices. They are
binary circuits applying feedback (which is also called
cross-connection) and usually apply one of two classes of
binary functions: the NAND and the NOR function. These
sequential devices are generally called static latches and are
important memory components and building blocks for
flip-flop memories for instance. The NAND and NOR
functions are commutative logic functions. Non-commuta-
tive binary function based static latches broaden the avail-
ability of available static latch solutions with potentially
faster or less complicated devices. Consequently, apparatus
and methods to realize non-commutative binary latches are
required.

SUMMARY OF THE INVENTION

In view of the more limited possibilities of the prior art in
creating binary sequential devices, the current invention
offers a broadening of the design and creation of memory
and sequential devices by using non-commutative binary
logic functions.

The general purpose of the present invention, which will
be described subsequently in greater detail, is to provide
novel binary latches, which can be applied in binary infor-
mation retaining applications, including memory elements
such as flip-flops. Before explaining at least one embodi-
ment of the invention in detail, it is to be understood that the
invention is not limited in its application to the details of
construction and to the arrangements of the components set
forth in the following description or illustrated in the draw-
ings. The invention is capable of other embodiments and of
being practiced and carried out in various ways. The
described information retaining devices are enabled by any
switching mechanism that realizes the truth tables that are
part of the invention. These switching mechanisms can be
electronic, optical, electro-optical, mechanical, quantum-
mechanical, molecular or of any other physical switching
nature. Also, it is to be understood that the phraseology and
terminology employed herein are for the purpose of the
description and should not be regarded as limiting.

Binary in the context of this application means 2-valued
representing 2 different states. Binary logic functions are
assumed to have two inputs and one output each able to
assume one of two states. The states are reflected in a truth
table, usually presented in a 2x2 matrix form, with input
values shown in an additional row on top of the matrix and
one column to the left of the matrix. The realizing circuitry
can be extended to additional inputs and outputs which will
make the truth table multi-dimensional. Due to the commu-
tative and associative nature of some binary logic functions
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some multi-input binary logic devices are often shown as
being input order independent.

One object of the present invention is to provide new
methods and apparatus to create binary latches different
from known NAND and NOR technology.

Another object of the present invention is to create static
binary latches by using non-commutative functions with
feedback.

A further object of the present invention is to create static
binary latches by using two different logic functions with
feedback.

Another object of the present invention is to provide
non-commutative sequential devices based on individually
enabled gates and inverters.

A further object of the present invention is to provide
optical binary latches.

Another object of the present invention is to provide
electro-optical binary latches.

Another object of the present invention is to create static
latches applying transmission gates.

BRIEF DESCRIPTION OF THE DRAWINGS

Various other objects, features and attendant advantages
of the present invention will become fully appreciated as the
same becomes better understood when considered in con-
junction with the accompanying drawings, and wherein:

FIG. 1 is a block diagram of a digital latch comprised of
two binary functions with feedback.

FIG. 2 shows a diagram of a latch comprised of two
inverters and two individually controlled gates.

FIG. 3 shows another diagram of a latch comprised of two
inverters and two individually controlled gates.

FIG. 4 is a diagram of an individually controlled gate that
is conducting for control signal having state O.

FIG. 5 is a diagram of an individually controlled gate that
is conducting for control signal having state 1.

FIG. 6 is a diagram of an individually controlled gate that
is conducting for control signal not having state 0.

FIG. 7 is a diagram of an individually controlled gate that
is conducting for control signal not having state 1.

FIG. 8 shows a switching model for the device shown in
the diagram FIG. 1.

FIG. 9 shows a truth table of a non-commutative binary
logic function.

FIG. 10 shows a representation of a device realizing the
truth table of FIG. 9 using an AND function and an inverter
at one of its inputs.

FIG. 11 shows a representation of a device realizing the
truth table of FIG. 9 using an NOR function and an inverter
at one of its inputs.

FIG. 12 shows a realization of the truth table of FIG. 9.

FIG. 13 shows another realization of the truth table of
FIG. 9.

FIG. 14 shows a diagram of a static latch comprised of
individually controlled gates.

FIG. 15 shows another diagram of a static latch comprised
of individually controlled gates.

FIG. 16 shows a diagram of a latch realized by using an
AND and an OR function.

FIG. 17 shows the known symbol for a NAND function.

FIG. 18 shows the truth table for the NAND function.
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FIG. 19 shows the realizations of the NAND function by
an individually controlled gate with an inverter.

FIG. 20 shows the known diagram of a static latch from
NAND functions.

FIG. 21 shows a realization of a NAND latch by indi-
vidually controlled gates with inverters.

FIG. 22 shows another realization of a NAND latch by
individually controlled gates with inverters.

FIG. 23 shows the truth table for a non-commutative
binary function.

FIG. 24 shows the realization of the truth table of FIG. 23
by an individually controlled gate with no inverters.

FIG. 25 shows a realization of the truth table of FIG. 23
by an individually controlled gate with an inverter.

FIG. 26 shows a diagram of a transmission gate.

FIG. 27 shows another configuration of a transmission
gate.

FIG. 28 shows a diagram of a static latch using transmis-
sion gates and two inverters.

FIG. 29 shows other configurations of a static latch using
transmission gates and inverters.

FIG. 30 shows a diagram of a gate.

FIG. 31 shows another diagram of a gate.

FIG. 32 shows a diagram of a static latch.

FIG. 33 shows another diagram of a static latch.

FIG. 34 shows another diagram of a static latch.

DETAILED DESCRIPTION OF THE
INVENTION

One aspect according to the present invention provides
novel ways to create binary static latches by using logic
functions different from NOR and NAND functions in
known art.

The Related Art

FIG. 1 shows a configuration of a binary latch. In this
configuration the devices 107 and 108 both have one inde-
pendent input and a second input which is connected with
the output (103 or 105) of the other device. This cross-
connection or feedback configuration creates a memory
effect when devices 107 and 108 both execute a certain
binary logic function. The known logic functions which will
enable the latch are the binary NOR function and the binary
NAND function.

The logic diagram of FIG. 1 may not be readily recog-
nized as static latch realizations in integrated CMOS cir-
cuitry. However the common element of the “holding”
circuit in such diagrams is in general a feedback circuit of
two inverters. This is shown in FIG. 2 wherein 203 and 204
are binary inverters.

N-valued inverters and gates have been applied by the
inventor in other Patent Applications: U.S. Non-Provisional
patent application No. Ser. 10/935,960, filed on Sep. 8, 2004,
entitted TERNARY AND MULTI-VALUE DIGITAL
SCRAMBLERS, DESCRAMBLERS AND SEQUENCE
GENERATORS; U.S. Non-Provisional patent application
Ser. No. 11/000,218, filed Nov. 30, 2004, entitled SINGLE
AND COMPOSITE BINARY AND MULTI-VALUED
LOGIC FUNCTIONS FROM GATES AND INVERTERS,
both of which are incorporated herein by reference. To stay
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consistent with the approach of the cited Patent Applications
the inverters and gates will be drawn as shown in FIGS. 3,
4,5, 6 and 7. An inverter is drawn as a circle such as 208 and
209 in FIG. 3. Their operations in this circuit may be
direction sensitive. The applied binary inverters in the
present invention are considered to be self reversing invert-
ers: applying these inverters twice on a binary signal will
create the original signal. The symbols and elements in the
drawings are intended to represent binary logic operations
and are not necessarily strictly electronic circuits.

Diagrams of binary individually controlled gates are also
shown in FIGS. 4, 5, 6 and 7. FIG. 4 shows the diagram of
a binary individually controlled gate in further detail. The
gate 210 has a control input 216 which provides a binary
control signal that will determine if the gate is conducting or
non-conducting. The gate has an input 214 which provides
a signal to the gate and an output 215. Depending on the
control signal provided by 216 the gate is conducting and the
signal on output 215 is identical to the signal provided by
input 214; or the gate is non-conducting and the output does
not provide a signal, which in general may be considered
being equal to logic state O.

The logic operation of an individually controlled gate is
indicated by designations inside the circle. For instance gate
210 of FIG. 4 shows a 0 on top of a horizontal line. This
means that the gate 210 is conducting for control signal 0.
Consequently gate 211 in FIG. 5 is conducting for control
signal is 1 and non-conducting for all other signals (in the
binary case 0).

A vertical line means the gate is non-conducting for the
state indicated by the number inside the circle. Gate 212 in
FIG. 6 is non-conducting for control signal is 0 and con-
ducting for all other states of the control signal (which is 1
in the binary case). Gate 213 in FIG. 7 is non-conducting for
state 1 and conducting for all other states (which is O in the
binary case).

One should keep in mind that the diagrams of FIGS. 3, 4,
5, 6 and 7 represent logical circuits and not necessarily
electronic circuits. In electronic form the “absence of signal”
and disconnected output may be different states. A discon-
nected state of an output may create an uncertain potential
or a floating node. One solution may be to force the output
to ground level or make the impedance of the output
infinitely large.

One embodiment of an appropriate realization of the
“absence of signal” approach as a logic state is to use a
switch which is an optical gate. An n-level signal may then
be represented as an optical signal which can assume n
different levels of intensity. An inverter modifies the inputted
optical intensity according to the inverter. “Absence of
signal” then means “no light” which may then represent a
logical state.

One way to prevent problems with uncertainty in potential
levels is to have no “absence of signal”. A logical signal 0
herein is always represented by a non-zero actual signal.

The fundamentals of a latch circuit as in FIG. 1 include
the following:

1. At least 2 combinations of binary input signals to a 2-input
latch circuit will create a combination of stable and
consistent output signals to the 2 outputs, independent of
the initial conditions of the circuit.
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2. Each combination of stable output signals is uniquely
related to a combination of input signals and forms the
initial conditions for the next status of a latch circuit.

. When the input signals are changed to a third combina-
tion, depending on its initial condition the latching circuit
will maintain its previous output combination.

This behavior of a latch circuit is considered to be
attractive because it works as a memory device. The down-
side is that there are usually undesirable, unstable states
depending on inputs and initial conditions. The initial con-
ditions leading to these undesirable states are usually called
“forbidden” or “invalid” states.

Usually measures will be taken to prevent actual circuits
from going into these “forbidden™ states.

The Switching Model

It is often difficult to visualize the performance of a two
device latch with feedback on a strict logic basis. To assist
with analyzing the behavior of these devices the inventor has
created a switching model. This switching model is
explained by the inventor in U.S. Non-Provisional patent
application Ser. No. 11/139,835 filed May 27, 2005, entitled
MULTI-VALUED DIGITAL INFORMATION RETAIN-
ING ELEMENTS AND MEMORY DEVICES and incor-
porated herein by reference. The switching model for binary
realization of the configuration of FIG. 1 is shown in FIG.
8. FIG. 1 is a generic configuration of the latch with two
independent inputs 101 and 102 and binary logic devices
107 and 108. Its switching behavior is shown symbolically
in table 300 and in timelines in graph 301 of FIG. 8. It is
assumed that the circuit is in a stable situation with signal
In_1_old provided on input 101 and In_2_old provided on
102 in the latch of FIG. 1. A signal b0 will be generated on
output 103 according to b0=(In_1_old 6 a0). And a signal a0
will be generated on output 105 according to a0=(In_2_old
0 b0). The symbol 6 indicates the binary logic function that
is executed. It should be clear that this model holds for any
logic function and does not depend on the actual function.

Assume the signal provided by 101 is changed to In_1 and
the signal provided by 102 is changed to In_2. There is a
finite time required for devices 107 and 108 to complete the
generation of a new output value as the result of a new input
value. Consequently, during a finite period, the devices still
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see the old initial values a0 and b0 on the inputs 104 and
106. The devices will first generate a new output as a result
of'the new input values and the initial condition, followed by
the result of the new input value and the newly generated
output values. Because the switching is causal (a new result
can not be generated before a new input signal is available)
one output result can not “surpass” the other one in speed,
and after two switching cycles (also called a complete cycle)
a complete cycle starts again. One may then conclude that
when two consecutive results on an output are identical the
device has achieved stability. So when b3-b220 and
a3-a2=0 and b4-b3=0 and a4-a3=0 then the configuration
of FIG. 1 achieved stability after the third switching cycle
(or 1¥2 complete cycle). In general the stability condition
achieved in switching cycle (n-1) is in formula: b,=b, _, and
a,=a, ;.

In practice it would be difficult to change the signals on
101 and 102 at exactly the same time. For that reason it is
preferable that just one of the input signals is required to
change at a certain time while the other remains the same.
The only time where this restriction is not required is when
a combination of input signals will generate a stable and
unique combination of output signals, no matter what the
initial conditions are.

There are conditions in the switching model of FIG. 8
related to the configuration of FIG. 1 to make the device of
FIG. 1 work as a binary latch. The first condition is that a
signal provided by at least one of the outputs of the con-
figuration has to be uniquely related to an input signal. The
second condition is that each function realized in a device
has a finite switching time. A third condition is that the
output signal has to be stable after a finite time. Further more
a latch configuration has to be stable and correct for its initial
conditions. A certain settling time is allowed and will be
expressed in switching cycles.

Validation of the Switching Model on the Binary Latch

One can apply the switching model shown in FIG. 8 to
known binary functions that realizes a static latch such as the
NAND function.

A switching table based on the NAND latch and applying
the model of FIG. 8 is shown in the following table.

In_ 1 In_2

101

102

bl
103

b2
103

b3
103

b4
103

bO
103

a2
105

a3
105

a4
105

a0
105

al
105

e e i i e B o B e B e B e B e B e R )

[ i el e B B e B Bl I o I ]

O = O O O e e e e e
== OO O OO O e
O RO, O OO O R R
== OO O OO O e
O ORI R R R, OO, R e e
—_ O OO OO O
OO, R R R O OO O
—_ O s e O O OO e
_ R, OO, RFO O, P00 R, RO O
—OR O ORO—RORO—RORO
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The top row identifies the specific signals during switch-
ing. The numerals in the top row relate to the inputs and
outputs of FIG. 1. The last two columns provide the initial
conditions for the circuit. All output signals are determined
for 4 consecutive switching cycles for all possible input
signals and all possible initial conditions.

The table shows that for input signals (In_1, In_2)=(0,1)
no matter the initial condition the output signals will be
(1,0). It also shows that for (In_1, In_2)=(1,0) no matter the

8

created from another by applying inverters does not make
the functions equivalent. This is shown by the truth table of
B2, shown in FIG. 9, which is different from the truth table
of the NOR function.

An issue addressed as an aspect of the present invention
is to create a latch with as few (and as simple) functions as
possible. One of the simplest functions, in terms of indi-
vidually controlled gates, is the binary logic AND function.
Its realization is a single individually controlled gate which

initial condition the output will be (0,1). 10 . . . . c1s
When the input combination is (In_1, In_2)=(1,1) and the s gogductlng when the contro! nput .has l.oglc value “1'.
initial condition is (1,0) then the output signals remain (1,0). This is shown in .FIG' 5, which 1s.1dentlca1 lo FIG. 6.
When (In_1, In_2)=(1,1) and the initial condition is (0,1) Unfortunately the simplest configuration according to FIG.
then the ou t;)ut gignals’ will remain (0,1) ’ 1 with the functions AND for 107 and 108 in FIG. 1 would
The switching table also shows that (0,0) is “forbidden” 15 hot create a Yahd 1nf0r1.nat1.0n retaining lat.ch. .
because it drives the output to (1,1) and when the input ~ Another simple realization of a function by a single
signal is changed to (1,1) then the circuit with (In_1, 1nd1V1dually controlle.:d gate is the.: binary function B2. Its
In_2)~(1,1) and initial state (1,1) will logically not achieve ~truth table is shown in the following table.
stability.
Other Latch Functions 20
One can run the switching model as shown in FIG. 8 and B2 0 1
apply all known 16 binary (commutative and non-commu- 0 0 0
tative) logic functions to the configuration of FIG. 1. The 1 1 0
following table shows the functions (with devices 107 and
108 having identical functions) that will enable a latch.
NOR 0 1 B2 0 1 B3 0 1 NAND 1
0 1 0 0 0 0 0 1 0 0 1

The NOR function and the NAND function are of course
known to enable a binary latch. Binary latches formed by the
non-commutative binary functions B2 and B3 are novel.

The latch with function B2 can be created from the
configuration of FIG. 1 with binary functions 107 and 108
being NOR functions in which the signals inputted on 101
and 102 are inverted by an inverter. It is assumed that the top
input of a device determines the row, and the bottom input
the column of a device’s truth table. The symbol for such a
device is shown in FIG. 11. Because the function B2 is
non-commutative it is important to put the inverter at the
correct input. One can achieve the same function of FIG. 11
by using an AND device and putting the inverter in the
bottom input, as is shown in FIG. 10. It should be realized
that function B2 is a valid logic function, although it is not
an often used function. Logic functions in general can be
derived from each other by, what is known as a set of
adequate connectives. The fact that one logic function can be
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If input ‘a’ determines the columns of the truth table B2 and
‘b’ determines the rows of B2 and the output of B2 is ‘¢’ then
one can represent the function by: c—b>a or “b is grater than
a”. This is an arithmetical representation. In essence B2
represents a switching function, which does not have inher-
ent meaning for its states. However in imagining what the
function may signify one may use “b is greater than a”.

FIG. 12 shows a realization of the truth table B2 of FIG.
9. FIG. 13 shows another realization of the truth table B2 of
FIG. 9. The novelty of the new latching solution is best
demonstrated in its realization by gates and inverters as well
as in its switching table.

The following table shows the switching table for a binary
configuration according to the diagram of FIG. 1 with the
devices 107 and 108 both executing the non-commutative
binary function B2.

In 1 In_2

101

102

bl
103

b2
103

b3
103

b4
103

bO
103

a2
105

a3
105

a4
105

a0
105

al
105
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O R H R =P, OO OO

— OO OO0 O OO
— OO OO0 O OO
— OO OO0 O OO
— OO OO0 O OO
OO OHR P, OO OO
O R H R =P, OO OO
O R H R =P, OO OO
O R H R =P, OO OO
O == OO~ OO
OO, ORORO





















