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Abstract: In the era of advanced microelectronics, rate of chip failure is increased with increased in chip density. A system must be fault
tolerant to decrease the failure rate. The presence of multiple faults can destroy the functionality of a full adder and there is a trade-off
between number of fault tolerated and area overhead. This paper presents an area efficient fault tolerant full adder design that can repair single
and double fault without interrupting the normal operation of a system. RTL synthesis has been done by using Xilinx 14.7 and simulation is
done by using Xilinx Isim. In this work we used to detect the fault based on internal functionality by using the self checking full adder and
pipeline concept. by the proposed work of fault tolerated we can get effective results in terms of Area, Delay, Power consumption aspects and
number of fault tolerated when compared to the existing designs.
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I.

INTRODUCTION

Fault tolerant designs are mainly used for variety of
operations such defense system, satellite and safety measures
etc. An error occurred in a system may cost several damages
or affect human life also. However, some systems are
reconfigurable, which repair it [1]. These system can’t be
dismantle and repair that error automatically. In the current
scenario, VLSI circuits become more complex as the CMOS
feature size is scaling in nanometer regime. This
downscaling makes the circuit more compact and sensitive to
the transient faults [2]. Transient fault occurred in the
integrated circuit due to electromagnetic noises, cosmic rays,
cross-talk and power supply noise. In addition to this,
technology scaling further increases the chances of the
presence of permanent fault also [3].The concept of self
checking and fault tolerant is introduced to deal with the
problem of fault. Self checking indicates the detection of
faults and overlooks the overhead associated with fault
recovery. Most of the self checking approaches re-execute
the instruction for the fault recovery. But, this process
decreases the performance of the system because all faulty

Sum  A  B  Cin
Cout  AB  BCin  Cin A
nodes are reelected. However, this process does not
guarantee fault recovery if the fault is permanent.
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Adder performs a variety of applications in digital system
and has great importance DSP operations. There are two
types of faults occur in full adder design i.e. single fault and
double fault. Single fault makes only one output faulty at a
time. However, double fault makes both the outputs faulty at
a time. It is very difficult to detect and repair the double
fault. This makes the design more complex and requires
more area overheads. It makes the fault tolerant full adder
design a matter of great importance [4]. In the past, many
approaches are introduced to design the self checking full
adder using hardware redundancy or time redundancy.
These approaches become successful in detecting the fault
but fails in indicating the exact location of that fault. Hence,
it makes the other module faulty due to the propagation of
the carry. In this paper, we propose a new fault tolerant
design which indicates the single and double fault with its
and automatic fault repairing is also possible in this design.
The rest of the paper is organized as follows. In Section 2,
some existing approaches used for fault checking and
repairing are discussed. In section 3, the proposed self
checking full adder is described. Proposed self repairing full
adder is described in section 4. The simulation results of the
entire referred self checking; self repairing and proposed
fault tolerant full adder are presented in section 5. The
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proposed fault tolerant design is compared with the existing
design in the section 6. Section 7 draws the conclusion.

II.

PREVIOUS DESIGN APPROACHES
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The second problem is that fault recovery is not possible
because it is not able to detect the faulty module. In addition
to this, stuck-at faults are not detectable in this approach and
a problem is creates when both the modules experience the
fault.

A. Time Redundancy
Redundancy is required in self checking system. Time
redundancy is a self checking approach and is used to detect
the transient fault. This approach used the duplicate hardware
in addition to the original hardware to perform the same
operation at different interval of time [6]. The delayed clock
is provided to the duplicate hardware. The fault is detected
by comparing the outputs of both original and duplicate
hardware. If the outputs of both the hardware are found to be
same, it represents fault-free condition. However, if the
outputs of both the hardware are different, it represents the
faulty condition. The main limitation of this approach is that
it does subsequent computation to reduce the propagation
delay before comparing the outputs. Hence, if the first
computation result is faulty and it is used for other
computations, also makes the subsequent modules faulty.
III.

A.

C. Self -checking CSA

B. HARDWARE REDUNDANCY:

The commonly used hardware redundancy approaches are
triple modular redundancy (TMR) and Double modular
redundancy (DMR) [7]. Triple modular redundancy
approach is used to detect the single fault. As indicates by its
name, it requires three identical modules in parallel to detect
the fault. A fault is detected if anyone output of the modules
are different. But this approach is not capable in indicating
the exact location of the fault. Therefore, this approach
provides the faulty outputs if two single full adder cells
become faulty at a time. This problem can be removed by
increasing the hardware but the resulting design requires
more
than
500%
hardware.
Double modular redundancy approach is used to detect the
single fault at a time by comparing the outputs of operation
performed by the original hardware and duplicate hardware
in parallel. This approach requires 200 % hardware cost
whereas the hardware requirement of TMR is 300%. Hence,
this approach becomes successful to increases the reliability
of the design at the minimum cost. But, fault correction is not
possible in this approach because the voting circuit cannot
detect the location of the faulty module. The major
drawbacks of the hardware redundancy approach are that it
requires more than 200% area overhead and can-not detect
double fault at a time.
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Figure.1. 2-bit self checking carry select adder

In self checking CSA, any single fault and single stuck-at
fault can be detected successfully by 2 pair-2-rail checker
during the online testing. Additionally, self-checking
multiplexers and XOR gates are also used to detect these
faults. This self checking adder is proposed by Vasudevan et
al and shown in figure. 1. The full adder used in figure.1 is
designed with 28 transistors. Faults are detected at the
primary outputs by the self checking multiplexers. The
checker has two outputs combinations 01 and 10 and
indicated by Z1 and Z2. The combination of the two outputs
indicates the presence of faults. 00 and 11 indicates the fault
in the full adder cells. However, 01 and 10 indicates that the
full adder cells are fault free the limitations of this design are
that it can detect single net fault without indicating its exact
location and also the problem of fault propagation through
carry. Therefore, fault recovery is not possible in this
approach.
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Figure.3. Self repairing adder.
Figure 2. Self checking full adder.

D. Self repairing adder
Self repairing adder removes the problem of fault
propagation through carry occurred in the previous self
checking design by indicating the exact location of fault.
This adder is proposed by Mohammad ali akbar et at and the
design of self checking full adder is shown in figure. 2. The
hardware requirements of self checking adder are full adder
cell, equivalent tester and two XOR gates for self testing the
fault.

The faults detected in self checking process are repaired
by replacing the faulty full adder cell with another
redundant full adder as shown in Fig.3. The working
behavior is that one adder is work as a normal adder while
the another adder is work as redundant adder. The hardware
requirements of this design are two self checking full adders
and two multiplexers. The limitation of this design is that it
fails when double faults occur at a time. In this case, the
fault indication output (Ef) of this design shows that there is
no fault and self repairing design will not work in this in
principle. Therefore, fault is not repaired by the self
repairing adder and full adder shows the faulty output.
IV.

Sum  A  B  Cin
Cout  AB  Cin ( A  B )
Eqt  NOT (( A.B.Cin )  ( ABCin ))

PROPOSED SELF CHECKING ADDER

The output expressions for the sum and carry outputs of
the full adder is shown in equations 1 and 2.

Sum  A  B  Cin
The XOR gate (X-1) is used for comparing the sum and
carry outputs generated by the full adder cell.It works on the
principle that sum and carry outputs will be equal when all
the input applied are equal and the sum and carry outputs
will be complement to each other when any of the three
inputs applied is different from remaining inputs. The XOR
gate (X-2) is used to compare the outputs of XOR gate (X1) and functional unit [(A’B’C’)+(ABC)]’.The fault is
represented in the form of Ef. If Ef is 0, it shows that there is
a fault and if Ef is 1 it shows the fault free condition. The
main problem of this design is that it fails, if double fault
occur in both sum and carry outputs at a time. In this case,
Ef shows the fault free condition and faulty output
propagates to the next unit through carry and makes them
faulty.
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Cout  AB  BCin  Cin A
Table.1.Truth Table of Self Checking full adder Design
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The proposed self checking full adder is based on the
principle given below.
1. The sum output is opposite to the carry output when
vectors of inputs A, B and C are not equal i.e.
(010,100). It shows that except (000) and (111) input
combinations of A, B and C sum output is opposite to
the carry outputs as shown in Table 1.
2. The sum output is equal to the carry output when input
vectors A, B and C is equal i.e. (000, 111). It shows that
for first (000) and last (111) input combinations of A, B
and C, sum output is equal to the carry outputs as
shown in Table 1.
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different, it shows that carry output is faulty and Fc will be
0. Multiplexers are designed through transmission gates.

G1  A  B
G 2  A.B
G 4  C1  Cout
To detect the fault in the sum output C1 is inverted using
an inverter. This output along with the output (ABC) is fed
to multiplexer under the control of (A’B’C’ +ABC) to
generate the S1. This output S1 generates the vectors
equivalent to the sum outputs. Then S1 and Sum output are
compared using XNOR gate G5 as given in equation 6. If
both are same, it shows the fault free condition and Fs will
be 1. If both are different, it shows that carry output is faulty
and Fs will be 0.
V.

PROPOSED SELF REPAIRING FULL ADDER
DESIGN

The proposed self repairing full adder requires negligible
area overhead than the existing designs. The operation of the
proposed design is performed using multiplexers under the
control of Fs and Fc. The output Fs and Fc are generated by
the proposed self checking full adder. The proposed self
repairing design does not need any stand by adder cell that
are used to replace the faulty adder as used in the previous
self repairing full adder [4]. In this approach, faults are
repaired by using inverter in place of the standby full adder
cell as shown in figure. 5.

Figure.4. Proposed self checking full adder design.

The complete design of the self checking full adder is
shown in figure. 4. The gates G1 and G2 are used to
generate the AND and OR operation of the input bits B and
C as given in 3 and 4. AND & OR gates are designed using
CMOS logic. Then the outputs gates G1 and G2 are selected
by the multiplexer under the control of input A to generate
the output C1. The output C1 generates the vectors
equivalent to the carry outputs. Then C1 and Carryout are
compared using XNOR gate G4 as given in equation 5.
XNOR gate is designed using DPL logic. If both are same, it
shows the fault free condition and Fc will be 1. If both are
RES Publication © 2012
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Figure.5. Proposed self repairing full adder design

The operation of the proposed design is based on the
control signals (Fs and Fc) provided by the self checking
full adder. If the control signal Fs is 0, it shows that there is
no fault in the sum output and the sum output coming from
the full adder cell will be selected by the multiplexer to
generate the final sum. Multiplexers are designed using
transmission gates. On the other hand, If the control signal is
Fs 1, it shows that there is a fault in the sum output. The
faulty sum output coming from the full adder cell is repaired
by using the inverter. The inverted sum output is further
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selected by the multiplexer to generate the final sum.
Similarly, if the control signal Fc is 0, it shows that there is
no fault in the carry output, and the carry output coming
from the full adder cell will be selected by the multiplexer to
generate the final carry.
2.
On the other hand, if the control signal is Fc 1, it shows
that carry output is faulty. The faulty carry output is repaired
by using the inverter. The inverted carry output is further
selected by the multiplexer to generate the final carry. In
this way, the faulty adder cell is repaired and converted into
the fault free adder. Therefore, this approach can repair
single and double fault occurs at the sum and carry outputs
at the cost of minimum hardware.
VI.

3.

RESULTS AND COMPARISION

The proposed fault tolerant full adder and some
popularly known self check and self repairing full adder
architectures have been implemented using UMC 55-nm
standard cell library in cadence virtuoso tool. Specter
simulator is used to perform the simulation. The hardware
overhead and fault detection capability of the proposed
design is found better in The hardware overhead is
computed on the basis of the transistor count. The proposed
fault tolerant full adder requires only one full adder cell with
an inverter and no redundant full adder is required which are
used in the previous designs. The hardware cost of the
proposed and self repairing adder can be calculated and
compared using the equation 7. 100% Area.

4.
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is free from the problem of fault propagation through
carry. However the TMR, DMR, self checking [10] and
self repairing full adders have the problem of fault
propagation through carry.
The proposed design is capable of detecting and
repairing the transient and stuck-at faults occur in
single and multinet. However, design proposed in,
TMR and DMR approaches can’t detect the stuck-at
fault.
The proposed fault tolerant full adder does not require
redundant full adder for repairing the faults. However,
the self repairing design [4] requires the redundant
adder for repairing the fault. Hence the area acquired
by the proposed design is less.
The proposed design requires an inverter to repair the
faults in place of the redundant adder used in the
existing design. Therefore, the proposed design has
minimum chances of common mode failure than the
existing designs.

A. Fault Coverage and Repairing:
In the proposed fault tolerant design, faults in sum and
carry outputs are indicated in the form of Fs and Fc
respectively. The logic high of Fs will indicate a fault in the
sum output while logic high of Fc will indicate a fault in the
carry output as shown in the output waveform of Figure.6.
and Figure.7. The proposed design has guaranteed to detect
and repair the faults (transient and permanent) online even if
the double fault occurs at the same time. The fault free
output of the proposed fault tolerant full adder is shown in
figure. 6. In this output Fc and Fs is at logic 1. The faulty
output waveform of the proposed fault tolerant full adder is
shown in figure. 7. In this output Fc and Fs is at logic 0 at
particular instance, it shows that the output is faulty. This
faulty output is repaired by the proposed design and final
sum and carry outputs are shown in the form of Sum F and
Carry F
VII.
1.

COMPARISION WITH EXISTING DESIGNS

The proposed fault tolerant full adder can detect single
and double fault at a time. Hence, the proposed design
RES Publication © 2012
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Figure .6. Simulation results of Proposed Self Repairing adder with
Pipelining.

Figure .7. Simulation results of Proposed Self Repairing adder with
Pipelining.

VII. CONCLUSION
In our design, A Carry select adder architecture is
presented aiming the multiple fault detection and correction
capability. The proposed design consume lesser area
because instead of replacing the faulty adder with redundant
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adder, faulty sum and carry output is inverted using an
inverter and multiplexer. Hence, proposed fault tolerant
design consumes 19.5 % lesser area than the self repairing
full adder. This design is capable in tolerating the double
fault in addition to the single fault whereas self repairing full
adder can’t detect the double fault. The comparison results
of the proposed pipe line concept technique are found better
that ensure their superior performance capability when
compared to the existing designs. We obtained more
effective results in proposed design of double fault tolerant
full adder in terms of Area, Delay, and power and speed
factors.
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