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Introduction
Water is indispensable source of our life. According to Central 

Pollution Control Board, 90% of the water supplied in India to the town 
and cities is polluted, out of which only 1.6% gets treated. Therefore, 
water quality management is fundamental for the human welfare. The 
statistical regression analysis has been found to be a highly useful tool 
for correlating different parameters. Correlation analysis measures 
the closeness of the relationship between chosen independent and 
dependent variables. If the correlation coefficient is nearer to +1 or -1, it 
shows the probability of linear relationship between the variables x and 
y . This way analysis attempts to establish the nature of the relationship 
between the variables and thereby provides a mechanism for prediction 
or forecasting.

In the field of artificial waste water analysis and COD determination, 
TiO2 sensors have large number of potential applications due to their 
highly efficient photo activity, steadiness and least cost. From the earlier 
times TiO2 is used as white pigment which is safe for human use. The 
results achieved by the use of TiO2 Photo Catalytic Sensor are in good 
agreement with those from the conventional Dichromate method. Very 
complex and bulky set up is needed for the conventional method used 
for Photo Catalytic Sensor applications and consumes a plenty of time 
for computation. To provide a solution to these problems and make the 
application faster, Whig and Ahmad developed a Simulation Program 
with Integrated Circuit Emphasis (SPICE) model for Photo Catalytic 
Sensor [1]. With the advancement in semiconductor technology 
development of sensors has become easy due to advantages of low 
power, high speed signal processing capabilities. CAD tools are an 
added advantage as they provide a method for simulation and synthesis 
of semiconductor sensors. By using the SPICE model, the size and 
power of the overall system can be minimized thus increasing the 
reliability of the system. 

In the Modern electronics there is a great demand for low power 
and high performance digital system [2]. The Low power concept in 
semiconductor industries relies on a basic concept of power supply 
scaling. Since reduction in power supply below 3Vt will degrade 
the speed of circuit. Hence scaling of power supply should be done 
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along with threshold voltage reduction. The threshold voltage cannot 
be reduced by lower bound a certain lower limit. The lower limit of 
threshold voltage can be set by keeping the value of offset leakage 
current that can be withstand by the circuit. To increase the flexibility 
of operation of device to work efficiently below lower bound of power 
supply a new technique DTPCS with highest Vt at zero bias and lower 
limit at Vgs = Vdd is proposed in the rest of the paper.

Photocatalysis Process
The process of photocatalysis is a proficient method for degrading 

organic compounds. Various literatures are available on the different 
mechanisms and equations involved in the process for gaining a better 
knowledge [3]. The semiconductor material consists of two bands 
which are valence band and conduction band. The energy gap between 
these two bands is known as band gap given by Eg. The electrons from 
the valence band jump to conduction band which may be empty when a 
light of energy higher than band gap energy falls on the semiconductor 
material. Holes are left behind in the valence band due to excitation of 
electrons to higher energy band. These holes on reaching the surface 
of the organic molecule reacts with water to give OH- radicals for 
oxidizing the organic pollutants. The dissolved oxygen in the molecular 
form acts as a scavenger of the photogenerated electrons and forms a 
superoxide radical ion. Titanium oxide has the ability to cause photo-
oxidative destruction of the organic pollutants and is non-corrosive in 
nature due to which it is used as a catalyst in the process [4]. The oxygen 
content in any given sample can be determined by observing the change 
in dissolved oxygen concentration during the process of photocatalysis.
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The Photo Catalytic Sensor (PCS) senses the changes in the oxygen 
concentration and its voltage levels change as an indication. The cross 
section of the PCS is shown in Figure 1.

PCS (Photo catalytic sensor)

The SPICE model for PCS is given in [5]. It is basically a MOSFET 
having structural difference in which the gate terminal is kept inside the 
solution and diffusion and quantum capacitances are added to explain 
the effect of Helmholtz and diffusion layer [6]. The cross section of PCS 
is shown in Figure 2.

The threshold voltage equation for the PCS model is given in 
equation 1:

Ref(PCS) E 2sol s ox ss B
th sol f

ox

Q Q QV
q C

χ −Φ + +
= − Ψ + + − + Φ    (1) 

Where Ψsol is an input parameter of the equation which is dependent 
on the concentration of O2 in the solution and surface dipole potential 
(χsol). Here ERef is the constant reference electrode potential. For different 
concentrations of O2, different V-I curves for PCS can be plotted. Ψsol 
is a function of O2 and as the saturation cut-off current Ids increases the 
value of the oxygen concentration level decreases. The circuit for PCS 
as given in is shown in Figure 3.

Here CM is the resultant of Cox and Cq which are oxide and quantum 
capacitances respectively. The equivalent capacitance CM is given in 
equation 2.

1 1 1

M q oxC C C
= +                                                                                                                                         (2)

The drain current equation in non-saturation mode for PCS is 
given in equation 3.

( ) 21
2ds ox gs t ds ds

WI C V V V V
L

µ  = − −  
                                               (3)

where 

Cox = Oxide capacitance per unit area,

 µ = Electron mobility of the channel, 

W = Channel width 

L = Length of the Channel

The curves between Ids and Vds is shown in Figure 4 for different 
values of oxygen contet.

Device Description and Analysis
The PCS generates potential proportional to activity of detected 

oxygen ion. Potential in PCS is measured against the reference electrode. 
The Potentiometric method previously used had a serious limitation 
that for multiple sensors network multiple reference electrodes are 
needed [7] also the system is suffer from body bias effect. To measure 
the change in the concentration of dissolved oxygen through a 
corresponding shift in the device threshold voltage independent of 
substrate bias effect using DTMOS PCS is shown in Figure 5.

The threshold voltage of DTMOS transistor is given as:

( )2 2th to F SB F DSV V V Vγ φ φ η= − + − −                                              (4)

Figure 1: Photo catalysis process.

Figure 2: Cross-section of PCS.

Figure 3: Circuit for PCS.

Figure 4: Characteristic curve for PCS.
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Where toV  threshold voltage is when substrate bias voltage is zero 
γ is a body bias coefficient

Fφ  is surface potential.

SBV  is source to body voltage.

DSVη  represent the effect of drain induced barrier lowering (DIBL)

η  is DIBL coefficient and has a typical value 0.02-0.1

When forward bias is applied to the junction then the depletion 
region decrease which in turn reduces the threshold voltage. On the 
other hand when reverse bias is applied this will increase the depletion 
width and hence increases body charges which in turn increases the 
threshold voltage. Hence during the Forward Bias mode the DTMOS 

PCS have higher driving capabilities and during reverse bias mode it 
will have low leakage current hence the threshold voltage of the DTMOS 
PCS can be change dynamically according to the inputs applied at the 
gate. Also, DTMOS PCS have larger effective gate capacitance which 
causes the system to operate with less delay then regular MOS Circuit.

We know that saturation current equation in a MOSFET is given as:

( )2

2
gs th

d

k V V
I

−
=

      
                                                                                            (5)

Where K is constant and its value depends upon  
 
 

W
L

 ratio and W 
is channel width and L is Channel Length.

In a given circuit the two PCS are connected to the Vgs1 and Vgs2 as 
shown in Figure 6. 

Figure 5: Multiple sensor network using single reference electrode.

Figure 6: Circuit diagram of DTMOS PCS. 
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The sum of the gate source voltage is kept constant i.e.

Vg = Vgs1 + Vgs2                              (6)

And using eq. 1 and eq. 2 two drain current can be given by 

( )
2

1 1 2 2d gs to F SB F DSI V V V Vα γ φ φ η  − − + − −    
             (7)

Similarly

( )
2

2 2 2 2d gs to F SB F DSI V V V Vα γ φ φ η  − − + − −    
                  (8)

It is observed that the difference Id1-Id2 in the drain currents will 
depends upon Vgs1 or Vgs2 only, i.e. the device is free from substrate bias 
effect.

Transient analysis
The transient analysis of the device is done on Tanner Tool version 

15 and shown in Figure 7 and it is observed that the response is highly 
linear indicating that the device is stable. On plotting a linear trend line 
between Vout and Vin the coefficient of determination R2 is found to be 
99.7% with standard error of 0.02. The coefficient of determination R2 is 
useful because it gives the proportion of the variance (fluctuation) of one 
variable that is predictable from the other variable. It is a measure that 
allows us to determine how, certain one, can be in making predictions 
from a certain model. The coefficient of determination is a measure of 
how well the regression line represents the data. If the regression line 
passes exactly through every point on the scatter plot, it would be easy 
to explain all the variations.

Noise analysis

Noise is electrical or electromagnetic energy that reduces the 
quality of a signal. Noise affects digital, analog and all communications 
systems. For noise analysis a noise model of the circuit, using noise 
models of each resistor and semiconductor device is obtained. It 
calculates the noise contribution of each component and propagates 
it to the output of the circuit sweeping through the frequency range 
specified in the analysis dialog box. Noise analysis calculates the 
noise contribution from each resistor and semiconductor device at 
the specified output node. Each resistor and semiconductor device is 
considered a noise generator. Each noise generator’s contribution is 
calculated and propagated by the appropriate transfer function to the 
output of the circuit. The total output noise” at the output node is the 
root mean square (RMS) sum of the individual noise contribution. The 
result is then divided by the gain from input source to the output source 
to get the equivalent input noise”. This is the amount of noise which, 
if injected at the input source into a noiseless circuit, would cause the 
previously calculated amount of noise at the output. The total output 
noise” voltage can be referenced to ground or it may be referenced to 
another node in the circuit. In this case, the total output noise is taken 
across these two nodes. The onoise and inoise for the given device is 
shown in Table 1.

The noise figure is used to specify exactly how noisy a device is. For 
a transistor, noise figure is simply a measure of how much noise the 
transistor adds to the signal during the amplification process. In a circuit 
network, the noise figure is used as a “Figure-of-merit” to compare the 
noise in a network with the noise in an ideal or noiseless network. It is a 
measure of the degradation in signal-to-noise ratio (SNR) between the 
input and output ports of a network. When calculating the noise figure 
of a circuit design, Noise Factor (F) must also be determined. This is 
the numerical ratio of noise figure, where noise figure is expressed in 
dB. Thus, 

 
Figure 7: Transient analysis of the device.

Potentiometric Circuit  Integrated Noise Analysis
Onoise_total 0.00876p
Inoise_total 0.00880p

Table 1: Integrated Noise Analysis.



Citation: Whig P, Ahmad SN (2014) Development of Low Power Dynamic Threshold PCS System. J Electr Electron Syst 3: 131. doi:10.4172/2332-
0796.1000131

Page 5 of 6

Volume 3 • Issue 3 • 1000131
J Electr Electron Syst
ISSN: 2332-0796 JEES an open access journal

Noise Figure = 10log10F 
Input SNRF

Output SNR
=

The noise figure analysis of the device is observed to be 0.0399db.

Fourier analysis

Fourier analysis is a method of analysing complex periodic 
waveforms. It permits any non-sinusoidal period function to be 
resolved into sine or cosine waves and a DC component. This permits 
further analysis and allows you to determine the effect of combining 
the waveform with other signals. Each frequency component of the 
response is produced by the corresponding harmonic of the periodic 
waveform. Each term is considered a separate source. According to the 
principle of superposition, the total response is the sum of the responses 

produced by each term. It is observed that, amplitude of the harmonics 
decreases progressively as the order of the harmonics increases. This 
indicates that comparatively few terms yield a good approximation. 
Fourier analysis of the device is shown in Figure 8. 

The comparison between Spice Model and the FIA analysis readings 
has been shown in Table 2.

Inference from Table 2:

a. The value of R2 in case of Spice Model which shows the direction 
of a linear relationship between peak height decrease in current 
(ΔI) and dissolved oxygen concentration decrease (ΔO2) is 
greater compared to FIA model.

b. The value of standard error in Spice Model is found to be 
smaller which shows better accuracy of the spice model.

c. Spice Model is designed on CAD tools hence it is less complex, 
inexpensive, fairly linear and more accurate as compared to FIA 
Model.

Result and Conclusion
Various analyses on the given device reveal that the device has 

fairly good performance. Power analysis on Tanner Tool shows that the 
device consumes very low power in order of 7.1 mW. The slew rate of 
the device is good. The output observed in Figure 7 is highly linear, 
indicating that the device is stable. Coefficient of determination R2 is 
found to be 99.7% with standard error of 0.02. A significant advantage of 

 
Figure 8: Fourier analysis of the device.

→
↓  Parameters

Results obtained
from Spice Model

Results obtained
from FIA analysis

Multiple R 0.983 0.958
R2 0.966 0.918

Standard Error 0.026 0.040
Complexities Less complex More complex

Cost Inexpensive Expensive
Accuracy More accurate Less accurate
Behavior Fairly linear Non linear

Table 2: Result comparison.
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the proposed design is that with the use of only few active components 
and using grounded reference electrode can overcome the problem of 
using multiple reference electrodes as inputs in an array of sensors. The 
device has a simple architecture, and hence it is very suitable for water 
quality monitoring applications. This study may be extended for further 
improvements in terms of power and size, besides the wiring and layout 
characteristics level. 
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