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1. A method for avoiding latent errors in a logic network for 
majority selection of binary signals in a triplicated system, in 
which the logic network includes a plurality of separate logic 

devices for performing logic operations, e.g. NAND- and/or NOR­

operations, and in which each of the separate logic devices in­
cludes parallel-connected semi-conductor components, each of 
which receives a respective logic input signal, and further 
includes series-connected semi-conductor components, each of 
which receives a respective logic input signal, characte- 
terizedby repeatedly switching each of said logic devices 

(21-24, 31-34, 71-74, 81-84, 91-94, 101-104) in a manner such that 
those semi-conductor components which were parallel-connected are 
switched so as to be series-connected and vice versa, whereby each 
of said logic devices will perform alternately logic operations 

which are dual correspondences of one another, e.g. NAND- and NOR­
operations, with the aid of the same semi-conductor components 
(41-46, 51-56) in respective devices in both instances, and
whereby, in practice, majority selection will be effected alterna­

tely with the aid of two mutually different logic networks, each 
being the dual correspondence of the other.
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A method for avoiding latent errors in a logic network for majority selection of binary signals in a triplicated system. Er­
rors which result from errors or faults in one of two or more parallel-connected transistors of one or more separate logic devices 
included in the logic network are avoided by repeatedly switching each of the separate logic deNces in a manner such that transis­
tors which were parallel-connected become series-connected, and vice versa. As a result, these devices will perform alternately 
logic operations which are the dual correspondence of one another, e.g. NAND- and NOR-operations with the aid of the same 
transistors (61-66) in both instances. Thus, in practice, majority selection will be performed alternately with two mutually differ­
ent logic networks, which are the dual correspondence of each other.
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A METHOD FOR AVOIDING LATENT ERRORS IN A LOGIC NETWORK FOR 
MAJORITY SELECTION OF BINARY SIGNALS

TECHNICAL FIELD

The invention relates to a method for avoiding latent errors in a 
logic network for majority selection of binary signals in a 
tripled system, in which the logic network includes a plurality of 
separate logic devices for carrying-out logic operations, for 
instance NAND- and/or NOR-operations, and in which each of the 
separate logic devices includes parallel-connected semi-conductor 
components, each of which receives a respective logic input 
signal, and also series-connected semi-conductor components, each 
of which receives a respective logic input signal.

BACKGROUND ART

Triplicated digital systems are sometimes used in, for instance, 
telecommunication systems for safety reasons. In this respect, 
there are used three parallel branches in which identical 
operations are carried out. Downstream of given function blocks 
incorporated in said branches, a majority selection is made 
between mutually corresponding output signals from the three 
function blocks. Consequently, the malfunction of one of said 
three function blocks will have no significance. Tne system is 
thus tolerant to single errors and to multiple errors which do not 
overlap one another in time and space.

In order for a faulty or erroneous system function to be dis­
covered, it is necessary to use the function concerned. System 
functions which remain unused over long periods of time can be 
encumbered with one or several latent errors which are not dis­
covered and reported. Majority selection functions are addition­
ally prone to this drawback, since this function is not tested 
until an error has occurred. In normal cases, i.e. when the 
function blocks are error-free, the output signals from the 
function blocks which correspond to one another in the three 
branches are equal. Consequently, latent errors may be present in
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the devices which carry out majority selection, these errors 
remaining undiscovered for as long as the function blocks are 
error-free and produce mutually identical output signals.

The devices which carry out majority selection comprise, for 
instance, logic networks composed of separate logic devices, e.g. 
NAND and/or NOR-gates, which contain, inter alia, two or more 
parallel-connected and series-connected transistors. A fault in 
such a transistor will normally remain undiscovered until a 
particular type of error occurs in a separate function block, 
which may not occur for a very long time, wherewith overlapping 
errors resulting in system malfunction may occur.

DISCLOSURE OF THE INVENTION .

The problem of latent errors due to errors or faults in one of two 
or more series-connected or parallel-connected transistors in the 
separate logic devices of the logic networks for majority 
selection is avoided by repetitive switching in each of said logic 
devices. Switching is effected such that transistors which were 
parallel-connected become series-connected, and vice versa. 
Consequently, the logic devices will carry-out alternately logic 
operations which have respective dual correspondence, e.g. NAND- 
and NOR-operations, with the aid of the same transistors in both 
cases. In this way, a switch is made between two logic networks 
which are the dual correspondence of one another, and in practice 
the majority selection will be effected alternately with two 
mutually different logic networks. Because transistors which were 
connected in parallel become connected in series, and vice versa, 
an interruption or a short circuit in one of the transistors or its 
control line will be discovered when the transistor is connected
in series instead of in parallel, or .vice versa.

The invention is characterized by the features set forth in the 
following Claims.
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BRIEF DESCRIPTION OF DRAWINGS

The invention will now be described in more detail with reference 
to the accompanying drawings, in which Figure 1 illustrates part 
of a triplicated system; Figures 2 and 3 illustrate two different

5 exemplifying embodiments of a device for majority selection incor­
porated in the system shown in Figure 1; Figure 4 illustrates an 
example of realizing a NAND-gate included in the device il­
lustrated in Figure 2; Figure 5 illustrates an example of reali­
zing a NOR-gate included in the device illustrated in Figure 2;

3.0 Figure 6 illustrates an example of a controllable logic device 
which can be included in a device for majority selection; and 
Figures 7-10 illustrates four further examples of a device for 
majority selection.

BEST MODES OF CARRYING OUT THE INVENTION

15 Figure 1 illustrates a part of a triplicated system. The reference 
signs lla-llc identify three mutually identical function blocks, 
each located in a respective branch of three mutually identical 
branches. Each function block may, for instance, consist of a 
circuit board having a plurality of components, although, as will

20 be understood, the block may consist of units which are larger or 
smaller than a circuit board. In normal circumstances, each of the 
blocks lla-llc will receive mutually similar input signals and 
produce mutually similar output signals, a-c. Each of the output 
signals a-c is applied to a respective one of three devices I2,a-

25 12c for majority selection. Each of these devices produces an
output signal equal to the value occurring on the majority, i.e. 
at least two, of the outputs from the blocks lla-llc. Consequent­
ly, the output signals from the majority selection devices 12a- 
12c will be mutually similar, even if one of the blocks lla-llc is

30 faulty. The output signals from the majority selection devices 
12a-12c is applied to a respective one of three new function 
blocks 13a-13c, the output signals of which are, in turn, applied 
to three new majority selection devices I4a-14c. It will be
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understood that the number of function blocks between two majority 
selection devices can vary.

It should be mentioned that a report to the effect that an error 
has occurred in one of the function blocks can be readily reported 
automatically, by comparing each of the output signals from the 
three function blocks of mutual correspondence with the output 
signal from the device which has carried out the majority selec­
tion between the signals. This comparison can be effected, for 
instance, with the aid of EXOR-gates. The error, however, may have 
occurred in the majority selection device concerned.

Figure 2 illustrates a first example of realizing a majority 
selection device. This device consists of three NAND-gates 21­
23, which obtain the signals a and b, b and c, and a and c respec­
tively on the inputs thereof. Thus, with these references, the 
majority selection device corresponds to one of the devices 12a- 
12c in Figure 1. The gates 21-23 produce output signals d-f, which 
are applied to a NAND-gate 24, which in turn produces an output 
signal g.

Figure 3 illustrates another example of realizing a majority 
selection device. In this case, the NAND-gates in the device 
illustrated in Figure 2 have been replaced with NOR-gates 31-34. 
The output signals produced by said gates are referenced h-k.

It can be mentioned that, the logic networks shown in Figures 2 and 
3 are the dual correspondence of one another.

It will be seen from the following truth table that both the output 
signals g and k coincide with the majority of the input signals a­
c for different values thereof.
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a b c d e f S h i j k

000 111 0 111 0
001 111 0 100 0
010 111 0 001 0
Oil 101 1 000 1
100 111 0 010 0
101 110 1 000 1
110 Oil 1 000 1
111 000 1 000 1

Figure 4 illustrates an exemplifying

15

20

25

This gate corresponds to the gate 24 in Figure 2 and thus has three 
inputs, which receive the signals d-f. The gate includes three 
parallel-connected P-type CMOS-transistors 41-43 and three 
series-connected N-type CMOS-transistors 44-46. A high and a low 
supply-voltage is applied to conductors 47 and 48 respectively. 
The gate output consists of a conductor. Each of the P-transis- 
tors 41-43 conducts for low control-voltage, i.e. for a zero, 
whereas each of the N-transistors 44-46 conduct for high control- 
voltage, i.e. for a one. Consequently, the output signal will be 
low, i.e. zero, only when all input signals d-f are high, i.e. 
ones. In other cases, the output signal will be high, i.e. a one. 
This is in agreement with a logic NAND-condition.

Each of the gates 21-23, which have only two inputs, can also be 
realized as the gate shown in Figure 4, although with the modifi­
cation that two inputs are connected together.

As before mentioned, the latent error can be present in a majority 
selection device of said kind, due to the fact that one or two of 
the parallel-connected transistors are faulty and that the fault 
has not been discovered. Provided that the input signals are the

3 0 same, a permanent break-down in one or two of the parallel- 
connected transistors will go undiscovered. An error or fault 
which occurs as a permanent short-circuit in one of the series- 
connected transistors will also go undiscovered. The input signals 
to a majority selection device will be mutually the same when the
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As will be understood from the aforegoing, the majority selection 
can also be effected with a NOR-gate network according to Figure
3. Figure 5 illustrates an embodiment of a NOR-gate. This gate 
corresponds to the gate 34 of the Figure 3 embodiment and has three 
inputs. The gate is constructed of transistors similar to those of 
the NAND-gate 24 according to Figure 4. The transistors connected 
in parallel in the Figure 4 embodiment are, however, connected in 
series in the Figure 5 embodiment and are referenced 51-53, 
whereas the transistors connected in series in Figure 4 are 
connected in parallel in Figure 5 and are referenced 54-56. High 
and low supply-voltage and the output of the gate are connected to 
conductors 57-59. When all input signals h-j have the value zero, 
each of the series-connected P-transistors 51-53 become conductive 
and none of the parallel-connected N-transistors 54-56. The gate 
output-signal will then be a one. In other cases, the output 
signal is a zero, which agrees with a logic NOR-condition.

This gate may also have a latent fault, due to the fact that one or 
two of the parallel-connected or series-connected transistors is 
faulty, without this fault being detected while the input signals 
are mutually the same.

It can be mentioned that NAND- and NOR-functions are the dual 
correspondence of one another.

Figure 6 illustrates an example of a controllable logic device 
which can be included in a majority selection device. The logic 
device includes ten CMOS transistors, of which five, 61-63 and 67­
68, are P-type transistors, and five, 64-66 and 69-70, are N-type 
transistors. The transistors 61-63 and 64-66 receive input signals 
d-f which correspond to the same signals in the NAND-gate 2 4 
according to Figures 2 and 4. The transistors 67-70 receive a 
control signal m, which alternates between a zero and a one. High
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supply-voltage, low-supply voltage and the output of the logic 
device are applied to conductors 71, 72 and 73 respectively.

The transistors 57-68 are conductive when the control signal m is 
a zero, under which condition the transistors 69-70 will be non­
conductive. Consequently, in practice, the transistors 61-63 will 
be connected in parallel between the high supply-voltage and the 
output 73. The lower half of the Figure is, in practice, reduced 
at the same time to a series-connection of the transistor 64-66 
between the output and the low supply-voltage. The logic device 
thus corresponds in this case to the NAND-gate illustrated in 
Figure 4.

When the control signal m is a one, the transistors 67-68 will, 
instead, be non-conducting, whereas the transistors 69-70 are 
conducting. In this way, the upper half of the Figure is reduced 
to a series-connection of the transistors 61-63, whereas the tran­
sistors 64-66 are connected in parallel. Thus, the logic device 
will in this case correspond to the NOR-gate shown in Figure 5.

By permitting the control signal m to assume the values zero and 
one alternately, the controllable logic device according to Figure 
6 will function alternately as a NAND-gate and as a NOR-gate. Four 
controllable logic devices of this kind can be used as separate 
NAND-gates in a majority selection device according to Figure 2 or
3. The gates which have only two inputs are therewith realized 
advantageously as a three-input gate, although with two inputs 
connected together. By using four controllable logic devices of 
the kind illustrated as a majority selection device according to 
Figure 2 or 3 , majority selection will at times be carried out with 
four NAND-gates and at times with four NOR-gates. Thus, in 
practice, majority selection is effected alternately with two 
mutually different logic networks, each of which is the dual 
correspondence of the other. Since the same transistors are used 
in both instances and since the transistors which were parallel- 
connected in the one instance are series-connected in the other 
instance, and vice versa, a fault in one of the transistors or the 
connections thereto will no longer be latent. This is explained by
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the fact that any interruption in one of the transistors will be 
discovered when it is switched to a series-connection, while any 
short circuit will be discovered when it is switched to a paral­
lel-connection. Naturally, some form of arrangement is required 
for reporting the fault or error automatically, for example an 
arrangement which includes EXOR-gates in accordance with the 
aforegoing.

When the controllable logic device according to Figure 6 functions 
as a NAND-gate, current will pass through respective transistors 
62 and 65 in a first direction, whereas when the logic device 
functions as a NOR-gate, the currents will, instead, pass in the 
opposite direction. This makes CMOS-transistors suitable for in­
clusion in a device of this kind. Such transistors namely have 
good current conductivity in both directions.

The majority selection devices need not necessarily be comprised 
of solely NAND-gates or solely NOR-gates . A study of the majority 
selection device illustrated in Figure 2 will show that the output 
signal g with logic algebra can be designated g = ( (a x b) 1 x (b x
c) ' x (a x c) ') ' , where the primes signify inversion. The expres­
sion can be converted, with the aid of de Morgan's theorems, to g 
= axb + bxc + axc, which corresponds to a logic network of 
the kind illustrated in Figure 7. This network comprises three 
AND-gates 71-73 and one OR-gate 74.

In practice, NAND and NOR-gates are preferred to AND- OR-gates 
respectively. Consequently, a network according to Figure 7 is 
often realized in practice instead of a network according to 
Figure 8. In this network, the AND-gates 71-73 of the Figure 7 
embodiment have been replaced with NAND-gates 81-83, each having 
a respective inverter 85-87, and the OR-gate 74 has been replaced 
with a NOR-gate 84, having an inverter 88. Each of the gates 81­
84 can consist of a controllable logic device according to Figure
6. In this case, the control signal m applied to the logic devices 
which are intended to function as NAND-gates shall be a zero, 
whereas the control signal applied to the logic device intended to 
function as a NOR-gate shall be a one.

Γ
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By simultaneously switching the control signals from zero to one, 
and vice versa, there is obtained a logic network which is the dual 
correspondence of the network illustrated in Figure 8. One such 
dual network is illustrated in Figure 9. Compared with the Figure 
8 embodiment, the NAND-gates 81-83 have thus been replaced with 
NOR-gates 91-93 and the NOR-gate 84 has been replaced with a NAND- 
gate 94. The output signal of the network is referenced n. It will 
be seen that each NOR-gate, e.g. 91, with its inverter, e.g. 85, 
can be replaced by an OR-gate, and that the NAND-gate 94, with its 
inverter 88, can be replaced with an AND-gate. This corresponds to 
a logic network illustrated in Figure 10, where the gates are 
referenced 101-104. The output signal can be designated: 
n = (a + b) x (b + c) x (a + c) , which with the aid of de Morgan's 
theorems can be converted to n = ( (a + b) ' + (b + c) 1 + (a + c) ') .
This expression coincides with the expression obtained with a 
logic network having four NOR-gates in accordance with
Figure 3, which has the same function as the logic network 
according to Figure 2. Thus, the majority selection function can 
also be carried out with logic networks according to Figures 8 and 
9, for instance, each of these logic networks consisting of both 
NAND and NOR gates.

The logic networks illustrated in Figures 7 and 10 are also the 
dual correspondence of one another.

When the transistors 61-63 of the logic device according to Figure 
6 are N-type transistors instead of P-type transistors, and when 
the transistors 64-66 are P-type transistors instead of N-type 
transistors, said device will effect logic AND- or OR-operations 
instead of NAND- or NOR-operations. More specifically, the logic 
device will function as an OR-gate when the transistors 61-63 are 
connected in parallel and the transistors 64-66 are connected in 
series and as an AND-gate in the converse case. This enables the 
logic device to be used to switch between the AND-OR-networks 
according to Figures 7 and 10. These types of network, however, 
must be provided with amplifiers in order to be used in practice.



WO 90/13869 10 PCT/SE90/00290

As will be understood, the logic device illustrated in Figure 6 
can be modified to include two plus two transistors having control 
electrodes connected to the inputs of the logic device. In this 
way, there is obtained logic gates having two inputs instead of

5 three. As will be understood from the aforegoing, however, this is 
not necessary, since two of the three inputs can, instead, be 
mutually connected with the intention of obtaining a gate having 
two inputs.

The gates and the logic device according to Figures 4-6 are made 
10 up of CMOS-transistors. However, other semiconductor components

may be used instead of CMOS-transistors.
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CLAIMS

1. A method for avoiding latent errors in a logic network for 
majority selection of binary signals in a triplicated system, in 
which the logic network includes a plurality of separate logic

5 devices for performing logic operations, e.g. NAND- and/or NOR­
operations, and in which each of the separate logic devices in­
cludes parallel-connected semi-conductor components, each of 
which receives a respective logic input signal, and further 
includes series-connected semi-conductor components, each of

10 which receives a respective logic input signal, characte- 
terizedby repeatedly switching each of said logic devices 
(21-24, 31-34, 71-74, 81-84, 91-94, 101-104) in a manner such that 
those semi-conductor components which were parallel-connected are 
switched so as to be series-connected and vice versa, whereby each

15 of said logic devices will perform alternately logic operations 
which are dual correspondences of one another, e.g. NAND- and NOR­
operations, with the aid of the same semi-conductor components 
(41-46, 51-56) in respective devices in both instances, and
whereby, in practice, majority selection will be effected alterna-

20 tely with the aid of two mutually different logic networks, each 
being the dual correspondence of the other.

2. A method according to Claim 1, characteri zed by 
effecting majority selection alternately with four logic NAND- 
devices (21-24) and four logic NOR-devices (31-34) .

25 3. A method according to Claim 1, characterized by
effecting said majority selection in the one instance with three 
logic NAND-devices (81-83), each having a respective following 
inverter (85-87) and a logic NOR-device (85) with a following 
inverter (88) , and in the second instance with three logic NOR-

30 devices (91-93) , each having a respective following inverter (85­
87) , and a logic NAND-device (94) with a following inverter (88) .

4. A method according to Claim lf characterized by 
effecting said majority selection alternately with the aid, in the
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one instance, of three logic AND-devices (71-73) and a logic OR- 
device (74) , and in the other instance with the-aid of three logic 
OR-devices (101-103) and a logic AND-device (104) .
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