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Abstract 

This paper presents a low-voltage, low-power and fault-
tolerant implementation of Double Sideband Suppressed 
Carrier (DSB-SC) amplitude modulator-demodulator circuit 
for portable communication systems. Through the 
approximation proposed in this work, a CMOS four quadrant 
multiplier is used as a (de)modulator circuit to generate 
DSB-SC (de)modulated signals. Furthermore, the proposed 
fault-tolerant modem can be used to enhance the reliability 
of safety-critical communication systems since it is able to 
provide duplicated output using two path output 
computations. The proposed circuit occupies a small surface 
area and is functional at high frequencies even with a low 
supply voltage. SPICE simulations of the post-layout 
extracted CMOS multiplier in a full-custom 32 nm CMOS 
technology, which include all parasitic, are used to 
demonstrate the electrical behavior of the circuit. 
 
Keywords: DSB-SC, Modulator, Demodulator, Fault 
tolerance, Four Quadrant Multiplier, 32nm CMOS 
technology. 

1. Introduction 

 
Modulation is the process by which a high frequency 
sine wave signal (i.e., the carrier) is modified in 
accordance with a baseband voice, video, or digital 
message signal (i.e., the modulating signal) to be 
transmitted. The modified carrier signal is called the 
modulated signal. To be specific, the carrier can be 
modified through amplitude modulation, frequency 
modulation, or phase modulation. Many types in 
amplitude modulation, for example, Double-Sideband 
Suppressed Carrier Modulation (DSB-SC), have been 
proposed with different advantages, disadvantages, and  
practical applications [1-2]. A consequence of 
modulation is the translation of the message spectrum 
to a higher frequency band while the demodulation is 
the process which extracts the message signal from the 
modulated signal [1-2].  
 
 

 
In the modulation process, modulators have been used 
to generate modulated signals. Among modulators, the 
simplest modulator is the multiplier modulator. In 
literature, there are several approaches to design 
multipliers, each with different operating speed, power 
consumption, and circuit complexity. The simplest 
electronic multiplier circuits use logarithmic 
amplifiers. However, this type of multiplication has 
very limited bandwidth and single quadrant operation. 
A far better type of multiplier uses the Gilbert Cell 
which was invented by Barrie Gilbert in the late 1960s 
[3].  
 
Due to the increasing demand for portable electronics 
for communications and other applications, circuit 
systems are now required to have a longer battery life 
and a lower weight [4-5]. Thus, the need for portable 
electronic equipments has pushed the industry to 
produce high-speed circuit systems with a very low 
voltage power supply. In addition, the continuous 
growth of integration densities in Complementary 
Metal-Oxide-Semiconductor (CMOS) technology has 
driven the rapid growth of very large scale integrated 
(VLSI) circuits for today's electronics industries [6]. 
Thus, circuit systems with new CMOS process 
technologies can operate at higher frequencies with 
less power. For these reasons, the CMOS process has 
been considered as the most suitable process 
technology for communication circuits [5]. 
However, with the introduction of nano-scale CMOS 
technologies, analog and mixed designers are now 
faced with many new challenges at different phases of 
design. As technology advances to deep sub-micron 
levels and below, VLSI circuits increase in complexity 
and become more susceptible to process variations that 
induce parameter variations in VLSI circuits [7-8]. Due 
to these parameter variations in VLSI circuits, transient 
and permanent faults arise; and these problems can 
engender data corruption. Thus, for communication 
systems with safety-critical applications, fault-tolerant 
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designs are required so that the designed system can 
perform safety-critical functions accurately. [9]. 
 
In general, fault tolerance of circuit systems can be 
improved through hardware or software approaches. 
However, communication systems are usually real-time 
systems. In other words, in most cases, we cannot 
predict the nature of transmitted/received signals. 
Therefore, fault-tolerant hardware design approaches 
seem to be best suited in analog communication 
systems. For real-time applications, the correspondent 
safety level needs to detect and correct failures that 
arise during normal operation. Therefore, we can 
employ Concurrent Error Detection (CED) techniques. 
Among different CED techniques, the most basic 
method is hardware redundancy. In hardware 
redundancy, two copies of the hardware are used 
concurrently to perform the same computation on the 
same data. At the end of each computation, the results 
are compared and any discrepancy is reported as an 
error [10]. For example, in output duplication based 
CED technique the output of a circuit can be monitored 
by a checker. In other words, if an error causes 
violation of the property, the checker gives an error 
indication signal [11-12].  
 
In this paper, the implementation of a fault-tolerant 
DSB-SC Amplitude Modulator-Demodulator circuit 
with high speed, low voltage, low power and small-size 
capabilities is presented. Through the proposed design 
approximation presented in section 3, a CMOS four 
quadrant multiplier, which has two outputs, is used as a 
modem to generate DSB-SC modulated and 
demodulated signals [13]. Furthermore, the CMOS 
four-quadrant multiplier circuit is able to generate 
duplicated outputs using two path output computations 
which ensure its ability of fault tolerance. 
 
The multiplier is simulated in full-custom 32 nm 
CMOS technology. The circuit presented in this work 
occupies only a small surface area, which is ideal for 
portable communication systems. Furthermore, the 
circuit is functional at high frequencies even with a 
supply voltage VDD equal to 0.3V. Therefore, it can be 
used to reduce the power consumption and prolong a 
longer battery life for portable systems. 
The organization of this manuscript is as follows: the 
proposed (de)modulation technique is first presented in 
Section 2, followed by the DSB-SC (de)modulator 
CMOS four-quadrant circuit multiplier analysis in 
Section 3. Finally, the (de)modulator simulation results 
and the circuit’s fault analysis with all parasitic are 
respectively illustrated in Section 4 and section 5. 

2. The Fault-tolerant Double Sideband 
Amplitude Modulation-Demodulation 
Technique 

2.1 The Typical Analog Communication System 

The general block diagram of a typical analog 
communication system [2] is given by Fig. 1. 

 

Fig. 1 A typical Analog communication system block diagram. 

The typical communication system given by Fig. 1 
includes an input transducer that converts the input 
message produced by the information source into a 
signal that is encoded and transmitted over an adapted 
communication channel and converted (decoded) by 
the receiver into an output signal. Finally, the output 
transducer converts the reconstructed output signal into 
an output message which is the message received by 
the destination [1-2].  
 
To gain better understanding of the modulation-
demodulation process, an analog communication 
system from the modulation-demodulation point of 
view [2] is given by Fig. 2. But, we should note that a 
modulator is only one of the blocks in a transmitter and 
similarly, a demodulator is just one part of the blocks 
in a receiver. 

 

Fig. 2 Analog communication system from the modulation-
demodulation point of view. 

In AM modulation, transmission of carrier consumes a 
lot of power. Since, only the side bands contain the 
information about the message, carrier is suppressed 
and the result is the DSB-SC wave [2]. The DSB-SC 
signal or the modulated signal is obtained through 
multiplying the message signal to be transmitted (m(t)) 
with the carrier signal (c(t)) as shown in the modulator 
block diagram presented by Fig. 3. 
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Fig. 3 The ordinary DSB-SC modulator block diagram 

Hence, the baseband signal becomes a passband signal 
with frequency that is much larger than the maximum 
frequency in m(t) and can be easily transmitted using a 
relatively short antenna [2]. 

2.2 The Proposed Fault-Tolerant DSB-SC 
Amplitude Modulation Technique  

The proposed fault-tolerant DSB-SC amplitude 
modulation technique is presented by the block 
diagram of Fig. 4.   

      

 

Fig.4 The fault-tolerant modulator block diagram 

In the proposed DSB-SC modulation circuit, the fault-
tolerance property is ensured by using a duplicated 
output computation based concurrent error detection 
method. In fact, this CED method is based on 
generating duplicated outputs using two path output 
computations. The first path gives the first modulated 
signal which is the output Vout1 (m(t)*c(t)) and the 
second path gives the second modulated signal which 
is the output Vout2 (-m(t)*c(t)). In other words, instead 
of transmitting only the message m(t), we will transmit 
the considered message and its opposite (m(t), -m(t)). 
In that way, when errors caused by faults occur, they 
will affect, in most cases, only one of the two paths. 
Consequently, one of the two transmitted message m(t) 
and -m(t) will be fault-free which will prevent data 
corruption. 

 
In addition, by using duplicated calculation techniques 
we can perform the same function in two different 
ways. Thus, we can add a circuit checker that can 
detect the occurrence of errors by checking the 
properties of the outputs. In our case, for example, we 
can add a checker circuit to verify that Vout2=-Vout1. 
Hence, any violation of this property will immediately 
indicate a circuit malfunction. Therefore, in order to 

obtain the modulated signals Vout1 and Vout2 (m(t)*c(t), 
- m(t)*c(t)) we will use the message to be 
transmitted and its opposite (m(t), -m(t)) and similarly, 
the carrier signal and its opposite (c(t), -c(t)). 

2.3 Demodulation of DSB-SC Signals 

While modulation results in the baseband translation of 
the modulating signal spectrum to radio frequency 
band, the reverse process of translating the modulated 
signal spectrum back to the baseband to facilitate 
human perception is referred to as demodulation [2]. In 
Fig. 5, we show the schematic diagram of a DSB-SC 
demodulator.  

 

Fig.5 The ordinary DSB-SC demodulator block diagram 

As shown in the above figure, the received modulated 
signal (DSB-SC signal) is multiplied in the receiver by 
a locally-generated carrier wave which is synchronous 
with the transmitted carrier. In fact, the locally 
transmitted carrier is assumed to be in phase with the 
transmitted carrier and having the same frequency. In 
order to eliminate the undesired high frequency terms, 
the resulting signal m’(t) obtained using the DSB-SC 
product multiplier is passed through a lowpass filter 
which has a cutoff frequency equal to the modulating 
signal frequency. If the demodulation is successful, 
mR(t) the output of lowpass filter should be 
proportional to information message m(t).  In fact, we 
should note that before multiplying the modulated 
signal by the locally generated carrier, the received 
signal can be passed through a band-pass filter centred 
at the carrier frequency in order to pass the DSBSC 
signal and eliminate any out-of-band noise. 

2.4. The Proposed Fault-Tolerant DSB-SC 
Amplitude Demodulation Technique  

The fault-tolerant DSB-SC demodulation technique is 
presented by the block diagram of Fig. 6.  

 

Fig.6 The fault-tolerant demodulator block diagram 
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As shown in Fig. 6, the proposed fault-tolerant DSB-
SC demodulation technique is based on recuperating 
not only the original message signal m(t) but also its 
opposite  –m(t). Actually, the demodulation process of 
a DSB-SC signal involves obtaining the original 
information signal m(t) or its scaled version from the 
two modulated signals. In fact, the received DSB-SC 
modulated signals (m(t)*c(t), - m(t)*c(t)) are 
respectively multiplied in the receiver by the locally-
generated carrier wave and its opposite. The locally-
generated carrier must be synchronous with the 
transmitted carrier. The resulting signals m’(t) and –
m’(t) are then low-pass filtered to obtain the two 
information signals mR(t) and - mR(t). The multiplier 
circuit used to achieve the demodulation process could 
be similar to that used in the modulator.  

3. The Four Quadrant Multiplier Circuit 
Analysis  

“An analog multiplier is a device having two input 
ports and an output one. The signal at the output is the 
product of the two input signals. If both input and 
output signals are voltages, the transfer characteristic is 
the product of the two voltages divided by a scaling 
factor. Some of the circuits used to produce electronic 
multipliers are limited to signals of one polarity. If 
both signals are unipolar, we have a single quadrant 
multiplier, and the output will also be unipolar. If one 
of the signals is unipolar, but the other may have either 
polarity, the multiplier is a two-quadrant multiplier and 
the output may be bipolar. Finally, the four quadrant 
multiplication operation means that both inputs may be 
either positive or negative, as may be the output” [3]. 
 
In fact, there are several approaches to design CMOS 
multipliers, each with different operating speed, power 
consumption, and circuit complexity. Also, different 
multipliers based on different topologies such as V-I 
converters, differential amplifier, summing and 
squaring circuit, etc have been presented in literature 
[14]. This work presents a CMOS analog multiplier 
with low-voltage, low-power and small-size 
capabilities. The basic block diagram of four quadrant 
voltage mode multiplier [13] is shown in Fig. 7.  

 

Fig.7 Basic circuit schema of the four quadrant analog multiplier 

In the current four quadrant multiplier circuit, the 
PMOS transistors P1, and P2 operate in the saturation 
region, while the NMOS transistors N1, N2 N3 and N4 
operate in the triode region. The drain current ID of an 
NMOS transistor in the saturation and triode regions 
can be presented respectively as [15-16]: 
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K is the transconductance parameter that depends on 
the geometry of the transistor (the width/length ratio 
for the channel) and on K’ which is fixed for a given 
technology and cannot be changed by the circuit 
designer. µn is the electron mobility, COX is the gate 
oxide capacitance per unit area, W/L is the transistor 
aspect ratio. VTn is the threshold voltage of the NMOS 
transistor. VDS is the drain-to-source voltage and VGS is 
the gate-to-source voltage [16].  
 
Equation 1 presents the expression of the drain-source 
current for the NMOS transistor in its saturation region 
of operation. In this region, the current depends on the 
square of VGS-VTn but it is independent of the drain-to-
source voltage VDS. The most important parameter of a 
MOS transistor is the dynamic transconductance gm. In 
fact, gm relates the change in the drain current to the 
change in the gate-to-source voltage at a constant value 
of VDD.  gm is given by the next equation [16]: 

 
GS

D
m dV

dI
g =  at a constant value of VDD             (3) 

Thus, to find the expression of gm, we must find the 
derivative of the expression of the drain current ID with 
respect to the gate-to-source voltage.  Therefore, gm is 

given as:           
2

TnGS
m VV

K
g

−
=                            (4) 

The dynamic transconductance can be also expressed 
as follows: 

                         
2

TnGS

D
m VV

I
g

−
=                             (5) 

Therefore, the dynamic transconductances gmp1 and 
gmp2 respectively of the two PMOS transistors P1 and 
P2 are expressed as: 
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As from Equations 6 and 7, we can obtain the 
following useful equation: 

( ) ( )11223142 2

1
)( OUTmpOUTmpDDDD VgVgIIII −=+−+   (8) 

Equation 2 presents the expression of the drain-to-
source current for the NMOS transistor in its triode 
region of operation, in which a resistive channel 
directly connects the source and drain. This resistive 
connection will exist as long as the voltage across the 
oxide exceeds the threshold voltage at every point in 
the channel [16]. Thus Equation 2 is available only if 

0≥≥− DSTnGS VVV .  

For small drain-source voltages such that 

TnGS
DS VV

V
−<<

2
  Equation 2 can be reduced to [16]: 

( ) DSTnGSoxnD VVV
L

W
CµI −= '       (9) 

In equation 9, the current ID through the MOSFET is 
directly proportional to the voltage VDS across the 
MOSFET. Thus, the transistor behaves like a resistor 
connected between the drain and source terminals, but 
the resistor value can be controlled by the gate-to-
source voltage.  
 
From the basic circuit schema of the four quadrant 
analog multiplier presented in Fig. 7, we can extract 
the following expressions of the drain-to-source 
voltages and the gate-to-source voltages for the four 
NMOS transistors N1, N2, N3 and N4: 

 

XoutDS VVV −= 11                   XYGS VVV −=1  

XoutDS VVV −= 22      And      XYGS VVV −−=2  

XoutDS VVV += 13                   XYGS VVV +−=3  

XoutDS VVV += 24                  XYGS VVV +=4                                                

 
In Fig. 7, the Basic circuit schema of the four quadrant 
analog multiplier shows that the two gates of the N1 
and N4 NMOS transistors are connected to the input 
VY while two gates of the N2 and N3 NMOS transistors 
are connected to                                       the input (-
VY). In this work, for each NMOS transistor, we will 
add a DC component VDC to each gate-to-source 

voltage VGS. Consequently, Equation 9 can be 
expressed as: 
 

( ) DSTnDCGSoxnD VVVV
L

W
CµI −+= ' (10) 

In addition, if we choose the DC component VDC equal 
to the threshold voltage VTn, Equation 10 can be 
reduced to: 

     DSGSoxnD VV
L

W
CµI '=                 (11) 

As from Equation 11, the drain current of each NMOS 
transistor can be expressed as: 

111 ' GSDSD VVKI =  

222 ' GSDSD VVKI =  

333 ' GSDSD VVKI =  

444 ' GSDSD VVKI =  

Then we have: 

( )YXXDD VVVKII −=+ 2
31 '2  

  ( )YXXDD VVVKII +=+ 2
42 '2  

 
Finally, we obtain the second useful equation: 

YXDDDD VVKIIII '4)()( 3142 =+−+   (12) 

As from Equations 8 we have: 

( ) ( )11223142 2

1
)( OUTmpOUTmpDDDD VgVgIIII −=+−+  

We obtain the following equation relating the outputs 
of the four quadrant circuit to its inputs: 

 YXOUTmpOUTmp VVKVgVg '81122 =−          (13) 

 
Taking into consideration all the equations and 
approximations adopted in this section, the multiplier 
is designed and implemented in order to generate two 
opposite output signals Vout1 and Vout2 such as Vout2= -
Vout1. Thus, the equations and approximations 
described in this section are used to design the fault-
tolerant modulator-demodulator circuit in full custom 
32nm CMOS technology at 0.3 V supply voltage [17]. 
Fig. 8 presents the layout of the (de)modulator circuit. 
It occupies only an area of 0.96×0.93µm2. 
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Fig. 8 Layout of the four quadrant multiplier circuit in full-custom 

32 nm process technology 

SPICE simulations of the post-layout extracted CMOS 
multiplier, which includes all parasitic, are used to 
demonstrate the acceptable electrical behaviour of the 
proposed fault-tolerant modulator-demodulator circuit.  

4. The DSB-SC Modulator-
Demodulator Circuit Simulation Results    

4.1 The Modulator Simulation Results 

The modulator is implemented using the CMOS four 
quadrant multiplier circuit presented in Fig. 8. To do 
so, the message signal m(t) and its opposite –m(t) are 
respectively connected to VX and -VX the first inputs of 
the multiplier circuit. While the locally generated 
carrier c(t) and its opposite –c(t) are respectively 
connected to the inputs VY and -VY of the multiplier 
circuit. The simulation results presented in this work 
are obtained using a sinusoidal signal message m(t) of 
1000 MHz frequency and the locally generated carrier 
is a high frequency sinusoidal signal of 10 GHz. The 
time domain DSB-SC waveforms are illustrated in Fig. 
9. 

 

Fig.9 The fault-tolerant DSB-SC signals in the time domain 

Fig. 10 presents the superposition of the two 
modulated signals m(t)*c(t) and –m(t)*c(t) in the time 
domain. 

 

Fig.10 The two superposed DSB-SC modulated signals in the time 
domain 

As indicated in the  end of section 3, Fig. 10 shows that 
the four quadrant multiplier circuit implemented as a 
modulator product generates two opposite outputs 
which are the DSB-SC modulated signals m(t)*c(t) and 
-m(t)*c(t). In fact, the DSB-SC modulated signal is 
always accompanied by a phase-reversal. In Fig. 10, 
the two arrows indicate the points of carrier phase 
reversals for the two generated modulated signals. This 
phase reversal is typical of DSB-SC amplitude 
modulation. Carrier phase reversals in the DSB-SC 
signal occurs at the time instants where the modulating 
signal m(t) crosses zero [2].  
 
In order to understand how frequency translation of the 
modulating signal takes place, we use the Fast Fourier 
Transform. Fig. 11 shows the spectrum of the 
modulating signal while Fig. 12 shows the spectrum of 
the DSB-SC modulated signal. 
 

 

Fig.11 Spectrum of the message signal 
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Fig. 12 Spectrum of the DSB-SC modulated signal 

Fig. 12 presents the spectrum of the DSB-SC 
modulated signal. In fact, we notice that there is no 
pulse at the carrier frequency which is equal to 10 
GHz.  Thus, In DSB-SC modulation, the carrier signal 
is suppressed by the product modulator circuit and the 
modulated signal containing no carrier as shown in Fig. 
12. Hence, the term suppressed carrier is employed 
because the transmitted signal does not have a discrete 
component at the carrier frequency [2].  Consequently, 
a great percentage of power that is dedicated to it is 
distributed between the sidebands. Hence, compared to 
AM and for the same used power, DSBSC signal can 
be reliably received at greater distances. As illustrated 
in Fig. 12, the spectrum presents two pulses 
respectively at (fc-fm) and (fc+fm) frequencies, where fm 
is the frequency of the message signal and fc is the 
frequency of the carrier signal. Thus, the fact that the 
modulated signal contains both portions of the 
spectrum explains why the term, double-sideband, is 
used [2]. The bandwidth of the modulated signal is 
twice as large as the bandwidth of the modulating 
signal which is equal to fm. Thus, the bandwidth of the 
DSB-SC amplitude modulation is equal to 2 GHz. 

4.2 The Demodulator Simulation Results 

The demodulator is implemented using the same four 
quadrant multiplier circuit presented in Fig. 8. To 
achieve this, we connect the two received modulated 
signals m(t)*c(t) and -m(t)*c(t) respectively on VX and 
-VX the first inputs of the multiplier circuit. As for the 
modulator, the locally generated carrier c(t) and its 
opposite –c(t) are respectively connected to the inputs 
VY and -VY of the multiplier circuit. SPICE 
simulations of the post-layout extracted CMOS 
multiplier, which include all parasitic, are used to 
demonstrate the acceptable electrical behaviour of the 
proposed demodulator. The time domain of DSB-SC 
modulated and demodulated signals are illustrated in 
Fig. 13. 

   

Fig.13 The fault-tolerant DSB-SC signals in the time domain 

In Fig. 13, the two signals m’(t) and its opposite –m’(t) 
are the first and the second output of the demodulator 
product. Thus, m’(t) and –m’(t) must be low-pass 
filtered to obtain the desired transmitted information 
signals. Fig. 14 shows the spectrum of the DSB-SC 
demodulated signal resulting from the demodulator 
product. 

 

Fig. 14 Spectrum of the DSB-SC demodulated signals 

As shown in Fig. 14, the spectrum presents two 
components, the first is the desired message signal and 
the second is a DSB-SC signal centred at 20 GHz 
(2fC). By passing the signals resulting at the outputs of 
the demodulator product through a well-designed low 
pass filter, we will obtain two signals (mR(t) and –
mR(t)) which are proportional to the transmitted 
information message signal m(t) and its opposite –m(t).  
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5. The modulator-demodulator Circuit 
Fault Analysis 

Due to the diversity of VLSI defects, it is hard to 
generate complementary tests for real defects. 
Therefore, fault models are necessary to analyse any 
VLSI circuits in the presence of faults. In the following 
sub-section, we analyse the behaviour of our fault-
tolerant modulator-demodulator circuit with respect to 
the set of fault models including bridging and open 
faults. In fact, in analog CMOS technology, faults are 
further classified into catastrophic (open and bridging) 
and parametric faults. When a catastrophic defect 
occurs, the topology of the circuit is changed. In fact, a 
bridging defect is a short circuit between two or more 
nets on a die [18-19], while an open circuit defect can 
result from missing metal material in the transistor 
interconnects. To prove the efficiency of the proposed 
technique, the most likely faults of open and bridging 
circuit type are deliberately injected in the layout. In 
the following sections, we will inject some probable 
faults type single open defect in the layout of the 
modulator-demodulator circuit.  

• Fault 1 

The first fault injected and simulated is an open fault in 
the metal level connecting the two drains respectively 
of the two transistors P1 and N1 in the modulator 
product circuit. Fig. 15 gives the Electrical SPICE 
simulations results.  

  

Fig.15 The fault-tolerant DSB-SC modulator-demodulator signals 
with injection of fault 1 in the time domain 

From Fig. 15, we deduce that the injection of the open 
defect induces a faulty modulated signal m(t)*c(t) 
which is  completely distorted. On the other hand, the 
open defect injection has no effect on the second 
output of the modulator which is the opposite of the 
modulated signal (-m(t)*c(t)). Consequently, the 
second output computation of the modulated signal has 

given a fault-free signal which prevents data 
corruption. Accordingly, the fault tolerance property is 
ensured for the DSB-SC modulator circuit. 
 
Now, let us consider the effect of the injection of fault 
1 in the DSB-SC demodulator product circuit. Fig. 15 
shows that the injection of the considered fault in the 
transmitter (the modulator product circuit) has an effect 
on   -m’(t) the second output of the demodulator circuit 
which is distorted while m’(t) the first output of the 
demodulator circuit is fault-free and once filtered using 
a low pass filter we will obtain the adequate desired 
information signal. Consequently, simulation results 
prove that fault tolerance property is ensured for the 
DSB-SC modulator-demodulator circuit. 

• Fault 2 

The second fault consists of injecting the same fault 1 
in the circuit of the receiver. Thus, we will inject an 
open fault in the metal level connecting the two drains 
respectively of the two transistors P1 and N1 in the 
demodulator product circuit. Fig. 16 shows the 
simulation results the in presence of fault 2. 

 

Fig. 16 The fault-tolerant DSB-SC modulator-demodulator signals 
with injection of fault 2 in the time domain 

From Fig. 16, we notice that the two outputs of 
the modulator circuit are fault-free which is quite 
normal because the fault is injected into the 
demodulator circuit. On the other hand, m’(t) the first 
output of the demodulator circuit is distorted while its 
opposite –m’(t) is fault-free. Then, we prove again that 
the fault tolerance property is ensured for the 
considered DSB-SC modulator-demodulator circuit 
with respect to the open defect fault model. In the 
following sections, we will inject some probable faults 
type single short defect (bridging fault) in the layout of 
the modulator-demodulator circuit.  
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• Fault 3 

The third fault simulated is a bridge connecting the 
drain and the source of the NMOS transistor N2 in the 
modulator circuit. Fig. 17 gives the considered 
electrical SPICE simulations results. 

   

Fig.17 The fault-tolerant DSB-SC modulator-demodulator signals 
with injection of fault 3 in the time domain 

In Fig. 17, we show that the injection of fault 3 has no 
effect on m’(t) the first output of the demodulator 
product while –m’(t) the second output of the 
demodulator corresponds to the modulated signal 
m(t)*c(t). Thus the fault-tolerance property is also 
ensured for the modulator-demodulator circuit with 
respect to the bridging fault model.  

• Fault 4 

The last fault injected is a bridge connecting the gate 
and the source of the NMOS transistor N2 in the 
demodulator circuit. Due to fault 4, the second output 
of the demodulator is court-circuited with the common 
gate of the two transistors N2 and N3 on what we 
receive the opposite of the locally generated carrier.  
Fig. 18 gives the considered electrical SPICE 
simulations results. 

  

Fig.18 The fault-tolerant DSB-SC modulator-demodulator signals 
with injection of fault 2 in the time domain 

The simulation results presented in Fig. 18 show that 
circuit has also tolerated the current bridging fault 
since the first output m’(t) of the demodulator circuit is 
fault-free. Thus the fault tolerance property is ensured 
for the DSB-SC modulator-demodulator circuit with 
respect to the single bridging fault model. 

6. CONCLUSION 

The expansion of wireless services and other telecom 
applications increases the need for low-cost mobile 
VLSI solutions with very demanding requirements 
including high speed, low power supply voltage and 
low power consumption. In this paper, the 32 nm 
CMOS technology node is used to implement a four-
quadrant multiplier used as a fault-tolerant DSB-SC 
modulator-demodulator that can be used in high 
reliable communication systems. The implemented 
(de)modulator circuit that generates fault-tolerant 
DSB-SC signals can operate at high frequencies up to 
10 GHz with power consumption equal to 50µW. The 
circuit is functional for very low supply voltage. In 
fact, the simulation results show that the circuit is 
functional even with a power supply voltage equal to 
0.3V. Thus, simulation results show that the technique 
is effective and can easily be implemented in the 
System-on-Chip environment. 
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