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MULTI-STATE LATCHES FROM N-STATE 
REVERSIBLE INVERTERS 

STATEMENT OF RELATED CASES 

This patent application is a continuation and claims the 
bene?t of US. patent application Ser. No. 12/061,286 ?led on 
Apr. 2, 2008, entitled Multi-State Latches From n-State 
Reversible Inverters, Which is a continuation-in-part and 
claims the bene?t of US. patent application Ser. No. 1 1/ 139, 
835, ?led on May 27, 2005, entitled Multi-Valued Digital 
Information Retaining Elements and Memory Devices, now 
US. Pat. No. 7,397,690 issued on Jul. 8, 2008, all ofWhich are 
incorporated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

This invention relates to digital n-state memory latches. 
More speci?cally it relates to n-state memory latches com 
prising n-state reversible inverters. 

Multi-valued or n-state digital memory elements can be 
applied in digital circuit applications Where the temporary 
storage of n-state digital information is required. 

There are knoWn and different Ways to retain binary digital 
information. There are knoWn physical effects that put a 
material in one of tWo different physical states. A capacitor 
holding an electrical charge may represent a binary 1 state, 
While the capacitor Without a certain electrical charge may 
represent a binary 0. Different magnetic states (such as 
applied in magnetic disk drives) are another example. 
Another example is the optical re?ective state of a material 
such as applied in optical disks (such as CD-ROMs). 

Other binary devices use logical effects. By applying 
binary logical functions in feedback con?gurations, the 
resulting (usually electronic) circuit retains information 
about its previous sWitching state or states. Binary ?ip-?ops 
and latches are Well knoWn examples. The memory effect 
depends mainly on the applied logical functions. 
One Way to implement binary latches is by using inverters 

in feedback. These latches may be called re-circulating binary 
latches. 

N-state or n-valued memory devices using tWo 2 input/ 
single output n-state logic functions are disclosed by the 
inventor in US. patent application Ser. No. 1 1/ 139,835, ?led 
on May 27, 2005. 
An n-valued digit (With n an integer greater than 2) has 

inherently more information content than a binary digit. 
Accordingly, a memory device that can retain an n-valued 
digit retains more information than a binary memory device. 
Multi-valued sequential digital (memory) devices can also 
facilitate the usefulness of other multi-valued logic circuits. 
An n-state or n-valued datum or symbol is a single element 

or signal representing one of n states. It is knoWn that an 
n-state symbol can be represented by 2 or more loWer valued 
symbols. HoWever, an n-state or n-valued symbol herein is 
intended to mean a single symbol that is represented by a 
single signal and Wherein a plurality of signals represent a 
plurality of symbols, unless explicitly identi?ed as meaning 
something else. An n- state latch in general Will mean herein to 
be a device that Will store an n-state symbol in its n-state 
symbol form and not as a plurality of loWer valued or loWer 
state symbols. 

In some situations, it may be bene?cial to have n-state 
latches Which can be implemented With n-state inverters, 
Which may be easier to use than the tWo 2-input/ single output 
n-state logic functions With feedback. N-state latches from 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
n-state inverters using signals Which are independent 
instances of a physical phenomenon are unknoWn. 

Accordingly, neW and improved devices and methods to 
realiZe n-state latches from n-state inverters are required. 
Latches With n-state inverters using signals Which are inde 
pendent instances of a physical phenomenon are also 
required. 

SUMMARY OF THE INVENTION 

In vieW of the more limited possibilities of the prior art in 
creating non-binary sequential devices, the current invention 
offers an improvement of the design and creation of n-valued 
devices including n-valued memory and sequential devices. 
The general purpose of the present invention, Which Will be 

described subsequently in greater detail, is to provide meth 
ods of designing and testing of ternary, 4-valued and other 
multi-valued digital sequential devices as Well as the devices 
themselves. Before explaining at least one embodiment 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 fol 
loWing description or illustrated in the draWings. The inven 
tion 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, 
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. 

Multi-valued, n-state, multi-state and n-valued in the con 
text of this application mean a number n, With n being an 
integer greater than tWo. N-valued logic functions are 
assumed to have tWo input values and one output value deter 
mined by a truth table, usually presented in an n><n matrix 
form, With input values shoWn in an additional roW on top of 
the matrix and one column to the left of the matrix. N-state 
inverters are, in principle, single input/ single output devices, 
unless stated otherwise. The truth table of an n-state inverter 
can be represented as a 1><n vector. An n-state signal can be 
represented and implemented in a plurality of p-state symbols 
With p<n. An n-state symbol, hoWever, is a single symbol 
Which can assume one of n states. An n-state symbol is rep 
resented by a single signal unless stated differently. 

In accordance With an aspect of the present invention, an 
n-state re-circulating latch for storing an n-state symbol With 
n>3 is provided, comprising, an input enabled to receive a 
signal representing one of n states, an output enabled to 
provide a signal representing one of n states, a forWard path 
betWeen the input and the output and a feedback path different 
from the forWard path betWeen the output and the input, the 
forWard path and feedback path being part of a loop, and at 
least tWo reversible n-state inverters in the loop. 

In accordance With another aspect of the present invention, 
an n-state re-circulating latch for storing an n-state symbol 
With n>3 is provided, further comprising, at least tWo revers 
ible n-state inverters in a loop establishing an identity inverter. 

In accordance With a further aspect of the present inven 
tion, an n-state re-circulating latch for storing an n-state sym 
bol With n>3 is provided, further comprising a ?rst individu 
ally controlled n-state gate having an input enabled to receive 
a signal having one of n states, a control input enabled to 
receive a signal that can be in a ?rst state or not a ?rst state, 
and an output being connected to the input of the re-circulat 
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ing latch enabled to provide a signal that represents the one of 
n states of the signal at the input of the gate, and a second 
individually controlled n-state gate being in the feedback 
path, having an input enabled to receive a signal having one of 
n states, a control input enabled to receive a signal that can be 
in a second state or not a second state, and an output enabled 
to provide a signal that represents the one of n states of the 
signal at the input of the gate. 

In accordance With another aspect of the present invention, 
an n-state re-circulating latch for storing an n-state symbol 
With n>3 is provided, Wherein n:2P With p>2. 

In accordance With a further aspect of the present inven 
tion, an n-state re-circulating latch for storing an n-state sym 
bol With n>3 is provided, Wherein an n-valued signal is an 
independent instance of a physical phenomenon. 

In accordance With another aspect of the present invention, 
an n-state re-circulating latch for storing an n-state symbol 
With n>3 is provided, Wherein the phenomenon is light and an 
independent instance is determined by a Wavelength. 

In accordance With a further aspect of the present inven 
tion, an n-state re-circulating latch for storing an n-state sym 
bol With n>3 is provided, Wherein an n-state reversible 
inverter is a self-reversing inverter. 

In accordance With another aspect of the present invention, 
an n-state re-circulating latch for storing an n-state symbol 
With n>3 is provided, Wherein an n-state reversible inverter is 
a universal inverter. 

In accordance With a further aspect of the present inven 
tion, an n-state re-circulating latch for storing an n-state sym 
bol With n>3 is provided, further comprising at least 3 n-state 
reversible inverters. 

In accordance With another aspect of the present invention, 
an n-state re-circulating latch for storing an n-state symbol 
With n>3 is provided, Wherein not all inverters are standard 
n-state inverters. 

In accordance With a further aspect of the present inven 
tion, an n-state re-circulating latch for storing an n-state sym 
bol With n>3 is provided, Wherein the control inputs of a ?rst 
and a second individually controlled gate receive the same 
signal. 

In accordance With another aspect of the present invention, 
an n-state latch for storing a signal representing one of n states 
is provided, comprising, n22, a circuit having an input 
enabled to receive a signal representing one of n states and an 
output enabled to provide a signal representing one of n 
states, the circuit having a loop including a forWard path 
betWeen the input and the output and a feedback path betWeen 
the output and the input, at least tWo n- state reversible invert 
ers being contained in the loop, and a signal at the input being 
an independent instance of a physical phenomenon, the signal 
representing one of n states. 

In accordance With yet another aspect of the present inven 
tion, an n-state latch for storing a signal representing one of n 
states is provided, Wherein absence of signal does not repre 
sent a state. 

In accordance With yet another aspect of the present inven 
tion, an n-state latch for storing a signal representing one of n 
states is provided, Wherein n>2. 

In accordance With yet another aspect of the present inven 
tion, an n-state latch for storing a signal representing one of n 
states is provided, Wherein at least one n-state reversible 
inverter is not a standard n-state inverter. 

In accordance With yet another aspect of the present inven 
tion, an n-state latch for storing a signal representing one of n 
states is provided, Wherein the latch is part of a device that 
processes digital symbols. 
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4 
In accordance With a further aspect of the present inven 

tion, a latch is provided for storing an n-state symbol having 
one of n states With n22, comprising: an input enabled to 
receive a signal being an independent instance of a physical 
phenomenon and representing one of n states, an output 
enabled to provide a signal being an independent instance of 
a physical phenomenon and representing one of n states, at 
least tWo n-state reversible inverters, the latch being in a ?rst 
condition When the input is provided With a signal not being 
absence of signal or absence of state and representing one of 
n states and the output providing a signal representing the 
state of the signal at the input, and the latch being in a second 
condition Whenever the input is provided With a signal being 
absence of signal or absence of state and the output providing 
a signal equivalent to the signal of the output When the latch 
Was in the ?rst condition. 

In accordance With another aspect of the present invention, 
a latch is provided for storing an n-state symbol having one of 
n states With n22, further comprising: at least tWo n-state 
inverters establishing identity. 

In accordance With yet another aspect of the present inven 
tion, a latch is provided for storing an n-state symbol having 
one of n states With n22, Wherein the latch is part of a 
computing device. 

In accordance With yet another aspect of the present inven 
tion, a latch is provided for storing an n-state symbol having 
one of n states With n22, Wherein the latch is part of a 
communication system. 

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 diagram of an n-valued reversible inverter in 
accordance With an aspect of the present invention; 

FIG. 2 is a diagram of an individually controlled gate in 
accordance With an aspect of the present invention; 

FIG. 3 is another diagram of an individually controlled gate 
in accordance With an aspect of the present invention; 

FIG. 4 is a diagram of a 4-valued reversible inverter in 
accordance With an aspect of the present invention; 

FIG. 5 is a diagram of an n-valued re-circulating informa 
tion retaining device using inverters and a feedback path in 
accordance With an aspect of the present invention; 

FIG. 6 is another diagram of an n-valued re-circulating 
information retaining device using inverters and a feedback 
path in accordance With an aspect of the present invention; 

FIG. 7 is yet another diagram of an n-valued re-circulating 
information retaining device using inverters and a feedback 
path in accordance With an aspect of the present invention; 

FIG. 8 is a diagram of an n-valued information retaining 
device With a feedback path using a multiplexer and an n-val 
ued inverter in accordance With an aspect of the present inven 
tion; 

FIG. 9 is another diagram of an n-valued information 
retaining device With a feedback path using a multiplexer and 
an n-valued inverter in accordance With an aspect of the 
present invention; 

FIG. 10 is yet another diagram of an n-valued information 
retaining device With a feedback path using a multiplexer and 
an n-valued inverter in accordance With an aspect of the 
present invention; 

FIG. 11 is a diagram of an n-valued multiplexer; 
FIG. 12 is a diagram of an n-valued information retaining 

device With feedback; 
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FIG. 13 is another diagram of an n-valued multiplexer; 
FIG. 14 is another diagram of an n-valued information 

retaining device With feedback; 
FIG. 15 is a timing diagram; 
FIG. 16 is a diagram of an n-valued gating device in accor 

dance With an aspect of the present invention; 
FIG. 17 is a diagram of an n-valued inverter in accordance 

With an aspect of the present invention; 
FIG. 18 is a diagram of an n-valued inverter in accordance 

With another aspect of the present invention; 
FIG. 19 is a diagram representing an n-valued inverter in 

accordance With an aspect of the present invention; 
FIG. 20 is a diagram of an n-valued re-circulating latch in 

accordance With an aspect of the present invention; 
FIG. 21 is a diagram of an n-valued re-circulating latch in 

accordance With another aspect of the present invention; 
FIG. 22 is a diagram of an n-valued re-circulating latch in 

accordance With yet another aspect of the present invention; 
FIG. 23 is a diagram of an n-valued re-circulating latch in 

accordance With yet another aspect of the present invention; 
FIG. 24 shoWs a diagram of a combination of n-valued 

inverters in accordance With an aspect of the present inven 
tion; and 

FIG. 25 shoWs a diagram of another combination of n-val 
ued inverters in accordance With an aspect of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance With one aspect of the present invention, 
n-state inverters Will be used to implement an n-state latch. A 
diagram of a 4-state inverter is provided in FIG. 1. The 
inverter 100 has an input 101 and an output 102. An n-state 
inverter transforms an inputted n-state signal, Which can 
assume one of n states, into an outputted n-state signal at the 
output. A special class of inverters is formed by the reversible 
inverters. TWo or more reversible n- state inverters Which indi 
vidually are not identity combined can be identity. 

The transformation of states by an inverter in a 4-state 
example is shoWn in FIG. 1. The input states can assume state 
0, 1, 2 and 3 as shoWn by the column vector 103. The output 
can assume, according to the column vector the states 1, 3, 0, 
and 2. The transformation that the inverter 100 performs is 
then [state OQstate 1]; [state lQstate 3]; [state 2Qstate 0]; 
and [state 3Qstate 2]. Herein, the convention Will be that n 
possible states at an input Will be presented as [0 1 2 3 . . .n-1]. 
That is: in an input vector position 0 has state 0, position 1 has 
state 1, . . . and position n-1 has state n-1. The output vector 
shoWs the result from the transformation by the inverter. 
Because an input vector is already determined as being [0 1 2 
3 . . . n-l] one may thus represent an inverter by its output 

vector. 

Accordingly, the inverter in FIG. 1 is [1 3 0 2]. The inverter 
that Will reverse the inverter 100 is then [2 0 3 1]. This is 
merely an example. Other examples Will be provided later. 
Inverters are explained in detail in patent application Ser. No. 
10/ 935,960. It should be pointed out that in the literature for 
MVL each n-state logic has just one inverter Which is de?ned 
as: y:(n—1)—x. Herein, n is the number of states, x is the 
original state and y is the inverted state. According, to this rule 
a 3-state logic has inverter [2 1 0]. A 4-state logic has inverter 
[3 2 1 0]. Such an n-state inverter may be called a standard 
n-state inverter. HoWever, this inverter is just one of n! pos 
sible reversible inverters in an n-state logic. 

For convenience for the designation of states numbers are 
used. This may lead to confusion as sometimes signi?cance is 
attributed to a signal corresponding to a state. The mo st often 
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6 
occurring confusion is around the state 0, as sometimes it is 
assumed that a state 0 is equivalent to absence of signal. Such 
equivalence is not assumed herein automatically, though it is 
not excluded. 

Another n-state element that Will be used is an n-state 
sWitch of Which an example is shoWn in FIG. 2. The sWitch 
200 has an input 201, an output 202 and a control input 203. 
The signals at the input and the output can assume one of n 
states. The signal at the control input must be able to assume 
at least one of 2 states and may assume one of n states. The 
circle 200 has inside a horiZontal line With a p on top of it. The 
sWitch has the folloWing functionality. A signal in a ?rst of n 
states is provided at the input 201. When the control input 203 
has the state p of n states then the output 202 provides a signal 
representing the state of the signal at the input 201. Whenever 
the state of the control input is not p, then the output 202 
provides a signal representing absence of signal at the input 
201. 

FIG. 3 shoWs a different n-state sWitch 300. The circle has 
a vertical line, next to a p. When this sWitch has a signal in a 
certain state at the input 3 01, then the output 3 02 Will generate 
a signal representing the state of the signal at the input When 
the control input 303 does not have the state p. When 303 has 
the state p, then the output Will have a signal representing 
absence of signal at the input 301, 

FIG. 4 shoWs a diagram of one embodiment of a 4-state 
inverter. The inverter has an input 401 and an output 402. The 
inverter has 4 4-state sWitches each sWitch being enabled by 
a different state of the control input. TWo sWitches are iden 
ti?ed With numerals in FIG. 4; sWitch 405 is enabled When the 
control input is in state 0, and sWitch 406 is enabled When the 
control input is in state 1.All control inputs of the 4 sWitches 
are provided With the signal on the inverter input 401. Each 
sWitch has a signal source at its input. Each signal source 
represents a different state of 4 states in this example. TWo 
signal sources are identi?ed With numerals; signal source 403 
connected to the input of sWitch 405 provides a signal repre 
senting state 1, and signal source 404 connected to the input 
of sWitch 406, provides a signal representing state 3. 

It is easy to see that if input 401 has state 0, then sWitch 405 
is enabled and a signal representing state 3 is provided at the 
output 402. Based on the diagram, one may conclude that the 
inverter of FIG. 4 represents inverter [1 3 0 2]. 

Generally, multi-state signals are presented as multi-level 
signals. For instance, in US. Pat. No. 6,133,754, issued on 
Oct. 17, 2000 to Olson, discloses using a voltage to imple 
ment a state. An n-state sWitching system then Would apply at 
least n different levels of a voltage (including the 0, or absence 
of signal). 

Such a limitation of embodiment of signals is not applied 
herein. As one aspect of the present invention latches Will be 
provided using signals that may be independent instances of 
a physical phenomenon. The aspect of using independent 
instances of a physical phenomenon to represent a plurality of 
states Was disclosed by the inventor in earlier mentioned US. 
patent application Ser. No. 11/964,507. A ?rst independent 
instance of a signal in a device is a signal that When combined 
With a second independent instance of a signal Will not create 
a third independent instance of a signal. One example of this 
may be a device that is an optical ?ber that can transmit light 
of different Wavelengths. In general, inputting light of a ?rst 
Wavelength and light of a second Wavelength into the ?ber at 
the same time Will not create light of a third Wavelength in the 
?ber. 

In another embodiment of the present invention, a state 
may be represented by the presence of a material as an inde 
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pendent instance (the presence of a speci?c material) of a 
physical phenomenon (the presence of a material). 

In the usage of light With different Wavelengths as different 
states one may modify for instance a connecting ?ber by 
using non-linear means that may create cross products of tWo 
or more Wavelengths. However, in such a non-linear device 
the signals are not independent instances (Wavelength) of a 
physical phenomenon (light, or e.m. radiation). 

Furthermore, the use of absence of signal as a logic state 
may sometimes create problems, especially in n-state sWitch 
ing. The advantage of using absence of signal as a logic state 
is that it comes seemingly for free. HoWever, in some cases it 
may be advantageous to assign only the presence of a signal 
not equal to absence of signal to a logic state. 

The use of inverters for memory latches is knoWn in binary 
and in ternary cases as discussed, for instance, in cited U.S. 
Pat. No. 6,133,754. In those cases, the absence of signal is 
used as a state and states are represented by magnitude based 
or level dependent signals. U.S. Pat. No. 6,133,754 further 
limits disclosure and details to ternary latches and provides no 
details of 4-valued inverters. 

The use of inverters is usually in a re-circulating con?gu 
ration as shoWn in FIGS. 5, 6 and 7. In FIG. 5 a signal 
representing a state is entered at input 501, goes through 
branch 505 of the circuit through inverters 503 and 504. An 
inverter as shoWn in FIGS. 5, 6, 7 and 8 such as 503 and 504 
may be tWo or more inverters. Accordingly, 503 may be tWo 
inverters that Will form one identity inverter. The same applies 
to 504. This alloWs providing an not inverted signal at the 
output 502. 

The signal is outputted on output 502. HoWever, part of it is 
also fed back through branch 506. This is achieved by a signal 
splitter 508. The feedback signal is combined by a signal 
combiner 507 With the signal at the input 501. Assuming that 
all inverters are causal systems and have a ?nite delay for 
processing a signal, clearly the signal going through both 
branches 505 and 506 Will have a measurable delay. 
Assume that at a certain point no signal is available on the 

input. The previous state of the signal still circulates inside the 
circuit. One Would prefer in most cases that the signal on 502 
is the same as it Was at the input 501 and not an inverted 
version. The inverters 503 and 504 thus in most cases Will 
form an identity inverter. This is not absolutely required. One 
may put an inverter at the output to recover the original signal 
if it is inverted. 

The circuit of FIG. 5 shoWs the principle of a re-circulating 
latch, but is not complete. In case of a signal being not absence 
of signal the re-circulated signal Will be added to the input 
signal. One may install a signal limiter, so that a 1 and a 1 Will 
never exceed the signal equivalent With a 1. HoWever, if the 
input signal goes to 0 and Zero is represented by absence of 
signal then absence of signal Will be added to the previous 
state (Which is still re-circulating) and the signal in the latch 
Will still represent a 1. 

Accordingly, sWitches or gates are required, for instance 
Working under a clock signal, to make sure that input signal 
and re-circulated signal Will not be added. 

FIG. 6 shoWs a re-circulating latch Without required gates 
Wherein the forWard branch from input to output has at least 
tWo inverters 603 forming identity though only one symbol is 
shoWn and the feedback branch has also at least 2 inverters 
604 forming identity represented by a single symbol. The 
con?guration of FIG. 6 alloWs the signal outputted on output 
602 to be identical to the signal on 601. It also makes sure that 
the feedback signal has the correct state to enable re-circula 
tion. Inverters 603 and 604 may also be single inverters 
Wherein 603 and 604 combined establish identity. 
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8 
FIG. 7 shoWs a re-circulating latch Without the required 

gates Wherein the inverters 703 and 704 are placed in the 
feedback branch. 

It is again pointed out that FIGS. 5, 6 and 7 shoW only part 
of the n-state latches, as required sWitches are missing. One 
may conclude that an n-state latch contains a loop betWeen an 
input and an output, Whereby the loop contains a forWard path 
and a feedback path. Furthermore, the loop contains at least 
tWo n-state reversible inverters, Wherein the at least tWo 
reversible inverters preferably create identity betWeen the 
input of the ?rst inverter and output of the at least second 
inverter. The folloWing con?gurations are among the possible 
con?gurations: 
1.A ?rst inverter in the forWard path and a second inverter in 

the feedback path; 
2. TWo inverters in the forWard path, and no inverters in the 

feedback path; 
3. TWo inverters in the feedback path and no inverters in the 

forWard path; 
4. It may be required, for instance, because more delay is 

required in the total loop, that more inverters are used. One 
may do that by adding sets of tWo inverters either in the 
forWard loop or in the feedback loop or in both Wherein 
each set of inverters establishes identity. All inverters are 
reversible. 
It is also possible to establish identity With an odd number 

of n-state inverters. For instance, in the ternary case applying 
[1 2 0] three times Will create [0 1 2]. Applying in the 8-state 
casetheinverter[67 012 3 4 5] once and[1 23 4 5 6 70] tWice 
Will create [0 1 2 3 4 5 6 7]. 

In general, magnitude based inverters having one state that 
Will not be inverted, for instance in [2 1 0] the state 1, Will not 
create a delay or a buffer and may make the latch unstable. 

Further possible con?gurations are: 
5. Three or more inverters in the forWard path, and no invert 

ers in the feedback path; 
6. Three or more inverters in the forWard path, and one 

inverter in the feedback path; 
7. Three or more inverters in the forWard path, and tWo or 
more inverters in the feedback path; 

8. No inverter in the forWard path and three or more inverters 
in the feedback path; 

9. One inverter in the forWard path and three or more inverters 
in the feedback path; 

10. TWo or more inverters in the forWard path and three or 
more inverters in the feedback path; 

All inverters in the above con?gurations are reversible. 
Preferably, the output of the feedback path, Which is con 

nected as Will be shoWn later, preferably via a sWitch to the 
input of the forWard path, has the same state as the input of the 
forWard path. This is not absolutely required if sWitches are 
fast enough and the loop is sloW enough, but it Will make the 
design easier to realiZe. 

FIGS. 8, 9 and 10 shoW illustrative embodiments of n-state 
latches using a multiplexer to select either an input signal or 
a feedback signal. The gating device is a multiplexer 801 With 
three inputs 802, 803 and 806 and an output 804. A binary or 
n-state signal is provided on input 802. A control signal, 
Which may be a clock signal, is provided on input 806. The 
signal on 804, depending on the state of a signal on 806, 
represents either the state of input 802 or the state of input 
803. The signal on the output 804 is processed by an inverter 
device 805, Which may be an identity inverter. An identity 
inverter provides, at its output, a signal With the same state as 
at its input. While such a device 805 may not cause a change 
of state betWeen input and output, it Will create transforma 
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tions internally, as it has in accordance With an aspect of the 
present invention at least tWo reversible inverters. Accord 
ingly, it Will create a ?nite delay betWeen input and output 
signal. The device 805 outputs a signal on output 807 and has 
a feedback to input 803. 
One may create embodiments Which are variants of the 

con?guration of FIG. 8. For instance, FIG. 9 is almost iden 
tical to FIG. 8 With the difference that the delaying inverter or 
inverter set is noW 905 in the feedback loop. Another variation 
is shoWn in FIG. 10 Wherein that both the output of the 
multiplexer and the feedback loop have an inverter or inverter 
set, 1004 and 1005 respectively, Whereby each inverter set has 
at least one reversible inverter. 

There is a fundamental issue in the general multiplexer 
With-feedback description. FIG. 11 shoWs a diagram of a 
multiplexer 1100 as generally used in explanations of multi 
plexers. This multiplexer has tWo inputs 1101 and 1102. More 
inputs are also possible. The output is 1103. A sWitch 1104, 
possibly under control of a clock or other signal inputted on 
1105, sWitches an input to the output 1103. HoWever, such a 
description is mechanical in nature and is usually not hoW an 
electronic multiplexer Works in a re-circulating latch. 
An illustrative example of an implementation of a re-cir 

culating latch is shoWn in FIG. 12. This latch has an input 
1200 on Which to be stored signal is inputted and an output 
1201, tWo inverters (1203 and 1204), and tWo sWitches or 
gates (1205 and 1206). Furthermore, the gates are controlled 
by a signal inputted on 1202. Gate 1206 is conducting When 
the signal on 1202 has state 1 and gate 1205 is conducting 
When the signal on 1202 has not state 1. A feedback path 
connects to the forWard path via a combining connection 
1208. 
Assume that the latch as shoWn in FIG. 12 is a 4-state latch 

Wherein a state is represented by a magnitude based signal. 
Assume that absence of signal also represents a state. The 
inverters 1203 and 1204 can be the pair [3 0 l 2] and [l 2 3 0]. 
The inverters can also be self reversing and thus identical, for 
instance [3 2 l 0] . Another combination that Will create iden 
tity is [2 0 3 l] and [l 3 0 2]. Furthermore, an inverter 1203 and 
1204 can be more than 2 inverters as long as the combination 
of inverters creates identity. For instance, 1203 can be tWo 
inverters [2 0 3 l]. Inver‘ting [0 l 2 3] tWice With [2 0 3 1] Will 
result in [3 2 l 0]. The state [3 2 l 0] can be inverted to [0 l 2 
3] by applying inverter 1204 being [3 2 l 0]. 

In the earlier cited U.S. patent application Ser. No. 10/ 935, 
960 it Was shoWn by the inventor that an n-valued or n-state 
logic has l><2><3>< . . . ><n:n! reversible inverters including 

identity. Accordingly, a 4-state logic has 24 reversible invert 
ers. A reversible inverter may be de?ned as an inverter With a 
signal in one of n states at its input and Which is folloWed by 
its reversing inverter Will alWays generate a signal at the 
output of the reversing inverter With a state identical to the 
state at the input of the reversible inverter. Or in other Words: 
an inverter in serial With its reversing inverter Will act as 
identity. Strictly speaking, an identity inverter is also a revers 
ible inverter. Reversible inverters are used in latches to create 
a ?nite delay to alloW the feedback mechanism to Work. 

The con?guration of FIG. 12 has as result that in the ideal 
situation the neW signal presented at 1208 through feedback 
loop 1207 has the same state as a just interrupted signal from 
input 1200 by gate 1206 at gate output 1209. 

In fact the multiplexer as used in FIG. 12 really should be 
shoWn in diagram as multiplexer 1300 FIG. 13 Which 
sWitches either input 1301 or 1302 to output 1303 depending 
on the state of the control input 1306 Which controls if gate 
1304 or 1305 is conducting. Other con?gurations, for 
instance, using constant state signal generators Which Will be 
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10 
enabled based on input signals and control signals are also 
fully contemplated. While examples of gates may shoW state 
1 as a conducting or non-conducting state, it is to be under 
stood that this state is used as an illustrative example and that 
any other of n states may be used, particularly in the case 
Wherein a signal is an independent instance of a physical 
phenomenon. 

While examples have been shoWn of 4-state inverters 
latches With n-state inverters and feedback and gates as shoWn 
in FIG. 12 can be realiZed for n>4 also. 
As an example of a 5-valued reversible inverter one may 

use [1 2 3 4 0] With its reversing inverter [4 0 l 2 3] . A 5-valued 
self reversing inverter is [4 l 3 2 0]. Another 5-valued revers 
ible inverter is [3 4 l 2 0] With reversing inverter [4 2 3 0 1]. 
An 8-valued reversible inverter may be [3 4 5 6 7 0 l 2] With 

reversing inverter [5 6 7 0 l 2 3 4]. A self-reversing 8-valued 
inverter is [6 7 4 5 2 3 01]. 

Another type of reversible inverter is a universal inverter, 
Which Will create identity after being applied more than 2 
times in the 8-state case. One such universal inverter is [l 2 3 
4 5 6 7 0]. Each time this inverter is applied to the result of a 
previous inversion all elements in the inverter appear to shift 
one position, until identity is achieved. 
The above shoWs that one may achieve identity as required 

in a latch such as an 8-state latch by using 2 or more reversible 
inverters. Such a latch may have a con?guration as in FIG. 14. 
Herein, 1403 may be an inverter being identity from at least 2 
reversible inverters. The same applies to 1404. One may also 
have a con?guration Wherein either 1403 or 1404 is a straight 
connection. The above assures that the same state is provided 
on the output 1401 as on the input 1400 of the latch With gate 
1406 enabled; but also that the output 1401 has the ‘saved’ 
state provided through the feedback branch When gate 1405 is 
enabled. 
One may actually use reversible inverters so that an output 

of the latch provides an inverted state of an input. In that case, 
an inverter has to be connected to the output to invert a state 
back to an input state. 
A potential source of problems may be the sWitching delay 

of the gates. Using the con?guration of FIG. 12 one may draW 
a diagram of the signal amplitude as a function of time When 
the signals representing states are magnitude based. Assume 
for simplicity sake that gates 1206 and 1205 have the same 
sWitching behavior, but reversed in phase. The gate 1206 has 
as output 1209 and gate 125 has as output 1207. Both outputs 
are combined at 1208. A clock signal is provided on 1202 
Which is shoWn in FIG. 15 curve 1500. The input signal at 
1200 that has to be latched and is available at 1209 after gate 
1205 is shoWn in the curve 1501 in FIG. 15 designated input 
signal. One can see that the signal becomes available at 1209 
after gate 1206 is enabled by the clock signal on 1202. When 
the clock signal becomes loW the gate 1206 is disabled With 
some delay Which is also shoWn in the curve 1501. 
When the clock signal at 1202 becomes loW gate 1205 is 

enabled and a signal becomes available With delay at 1209 in 
the feedback loop. This is shoWn in FIG. 15 curve 1502. It also 
shoWs the delay in gate 1205 becoming disabled. 
The curve 1503 in FIG. 15 shoWs What happens at 1201. 

Because of the identical behavior of gates 1205 and 1206 the 
delay effects are canceled out. 

This canceling effect may exist for any n-valued latch. In 
that case, using absence of signal for representing a state may 
not be a problem in the n- state latch With inverters in feedback 
con?guration. HoWever, a problem may exist When gate 1205 
and 1206 open and close With different delays. In that case, 
the addition of the remainder of the diminishing signal at 
1209 combined With the rising signal from 1207 may be 
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added at 1208 to be different from the original input signal. In 
that case the input of 1203 sees a different signal than it had a 
moment before and it thus may start for instance an unstable 
situation in the latch Which is undesirable. 

In accordance With an aspect of the present invention, a 
state Will be represented by an independent instance of a 
physical phenomenon. One illustrative example of such a 
physical phenomenon is light, and an independent instant of 
light is light of a speci?c Wavelength. If one uses one linear 
independent connection and circuitry, then light of a ?rst 
Wavelength and light of a second Wavelength may be added 
Without creating light of a third Wavelength. Adding of light 
of a ?rst Wavelength and light of a second Wavelength Will not 
change the signals of the ?rst or the second Wavelength, 
Which Will continue to exist independently of each other. 
These and other aspects of non-magnitude based representa 
tions of states are explained in Us. patent application Ser. 
No. l l/ 964,507 Which is incorporated herein by reference in 
its entirety. 

Non-magnitude based signal herein does not mean that a 
signal does not have a magnitude, level, intensity or energy. In 
practice, for a signal to be detected a certain minimum level is 
of course required. In logic circuits the purpose is to distin 
guish betWeen states of a signal. Commonly in binary signals 
this is based on distinguishing betWeen magnitudes of signal. 
Coding using phase angle or pulse position are Without fur 
ther measures in essence level based or magnitude based as 
any linear addition of a signal may affect the correct detec 
tion. Assume one has, for instance, tWo signals, a signal of red 
light and a signal of green light Within very Well de?ned 
bandWidths and detectors that essentially only detects either 
red light or green light. Clearly, one has to have a suf?cient 
amount of red light to be detected. HoWever, above a certain 
level the level or intensity of red light does not matter for 
detection. Furthermore, no matter hoW intense the green light 
is a red light detector Will not detect green light. 

Another example may be Wherein a state is represented by 
the presence of a material. It is Well knoWn that sensors or 
detectors exist that are very speci?c in detecting a certain 
material and Will not react to the presence of a different 
material, no matter hoW concentrated that different material 
1s. 

Using the enablement from patent application Ser. No. 
11/964,507 one may then apply the non-magnitude sWitch 
1600 as shoWn in FIG. 16. It has an input 1601 and output 
1602 and a control input 1603. The meaning of this sWitch is 
the folloWing: a signal being an independent instance of a 
physical phenomenon representing a ?rst on n states may be 
inputted on input 1 601. Whenever an independent instance of 
a physical phenomenon representing a second of n states is 
provided on control input 1603 the output 1602 Will present 
an independent instance of a physical phenomenon represent 
ing the state of the signal provided on input 1601. Whenever 
an independent instance of a physical phenomenon not rep 
resenting a second of n states is provided on control input 
1603 the output 1602 Will provide a signal equivalent to 
absence of signal at input 1601. N may be greater than 1, 
covering the binary and higher cases. N may also be greater 
than 2, covering the ternary and higher cases. A variation of 
1600 is 1607 Wherein the gate is enabled When the control 
input is not in a state 1. It should be clear that the control state 
in the gates of FIG. 16 can be any of n states and that the state 
1 is merely provided as an illustrative example. It should also 
be clear that the control signal may be a binary signal, having 
tWo states. The control signal may be tWo independent signals 
not including absence of signal it may also be a single signal 
that includes absence of signal as a state. 
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For illustrative purposes, the physical phenomenon may be 

considered to be light With as independent instance the Wave 
length of light. Other phenomena may be electrical signals of 
a certain frequency, or presence of a material or any other 
physical phenomenon that can appear in at least tWo indepen 
dent instances. 
The sWitch in FIG. 16 has at least tWo embodiments. The 

?rst embodiment is Wherein absence of signal represents a 
state. The second embodiment is Wherein absence of signal 
does not represent a state. 

FIG. 17 shoWs an illustrative example in diagram of a 
4-valued inverter, using non-magnitude based signals. The 
Working of an element of an inverter Will be brie?y explained. 
The inverter of FIG. 17 has 4 channels betWeen input 1701 
and output 1702, Wherein each channel handles one of 4 
possible input states. It is fairly easy to see that the inverter is 
the 4-valued inverter [2 3 0 l]. The bottom channel of the 
inverter converts input state 3 to an output state l.Assume, for 
illustrative purposes, that the signals are light signals With 
different Wavelengths. The bottom channel has a light detec 
tor 1703, for instance With a narroW ?lter that Will pass light 
representing state 3, but Will stop light that represents states 0, 
l and 2. Assume that a light signal representing state 3 is 
available on input 1701. Only detector 1703 Will detect the 
presence of this signal. In one embodiment the detector 1703 
may generate a detection signal on 1704. This detection sig 
nal may enable a signal generator 1705, Which may be a light 
source generating a light signal With a Wavelength that rep 
resents a state 1. Accordingly one may thus create any n-val 
ued inverter. Furthermore, the state 0 is also represented by a 
signal not being absence-of-signal. Absence-of signal in this 
embodiment does not represent a logic state. 

FIG. 18 shoWs an inverter With the same functionality as 
FIG. 17 and using non-magnitude based signals, but With 
using absence-of-signal as a sWitching or logic state (0 in the 
example). This means that a circuit alWays generates a state. 
Accordingly, absence-of-signal has to be alWays detected. 
FIG. 18 shoWs an inverter With input 1801 and output 1802. A 
signal With state 3 Will be detected by detector 1805 Which 
Will enable signal generator 1806 to generate a signal repre 
senting state 1. One may install a detector Which detects 
absence-of-signal. As an illustrative example, such a detector 
is 1803. Detector 1803 gets a detection signal from detectors 
for states 1, 2 and 3. If none of these states are detected then 
1803 generates a signal that Will enable signal generator to 
generate a signal representing state 2, Which Will be outputted 
on output 1802. 

It should be apparent that con?gurations of FIG. 17 and 
FIG. 18 can also be used for generating magnitude based 
signals and those con?gurations are fully contemplated. 

FIG. 19 shoWs a diagram for a binary and n-valued inverter 
Which can apply non-magnitude based signals. It is to be 
understood that non-magnitude signals are meant to be dis 
tinguished from other non-magnitude based signals. Accord 
ingly, these signals Will have a certain minimum magnitude to 
be detected. HoWever, the magnitude beyond some measure 
to be detected above a potential noise level has no signi?cance 
of differentiating betWeen tWo different signals. A signal x 
Will be detected no matter if it has a magnitude a.x or b.x, as 
long the magnitude is above a detectable minimum. That may 
have as a consequence that a signal a.x may be detected as a 
state p, a signal b.x may also be detected as a state p, and also 
(a.x+b.x) or (a.x—b.x) Will be detected as a state p, as long as 
the signals are above a detectable minimum. 
The last property is important in the multiplexer based 

latches Wherein ?nite sWitching times play a role. An n-val 
ued latch using gates and inverters Which may be based on 








