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Abstract:- The design for testability is increased by constructing flip flops using transmission gates. The multiplexer serves as the 

switching circuit between the normal mode and the testing mode. The normal mode depicts the exact condition of the circuit when 

the primary inputs are given; the primary outputs are derived from the circuit. The testing mode is based on the switching activity 

of the circuit and its response is analyzed. The switching activity is based on the transitions produced by the test pattern given 

during the test mode. The proposed method provides a reduced power due to the usage of transmission gates. This shows a wide 

range of improvements through the optimization of the basic multiplexer logic along with the flip flops. The circuit was simulated 

and synthesized using Tanner EDA tool and the power analysis was done. There was a significant reduction in the power 

consumption.   
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I. INTRODUCTION    

  

Transmission gate (TG) is a complementary switch 

constructed by CMOS pair. CMOS pair serves as a switch 

in case of transmission gates. There are two types of 

transistor in TG. They are nmos transistor and pmos 

transistor connected back to back. Both the transistors are 

either ON or OFF simultaneously. The NMOS switch 

passes a good active low signal „0‟ but a poor active high 

signal „1‟. The PMOS switch passes a good active high „1‟ 

but a poor active low signal „0‟. The cmos  TG is given in 

figure 1. [10][5] 

 
(a)  (b)        (c) 

Fig. 1. (a) CMOS Transmission gate and working of a (b) 

pmos and (c) nmos transistor. The current flow path is 

shown in (b) and (c). The current flows only when the 

transistor is switched ON. 

 
Fig. 2. Circuit symbol and the internal connection of the 

nmos and pmos to make complementary MOSFET. The 

transmission gate symbol is simple mos transistor kept 

back to back to form a complex structure. The bulk of 

nmos is connected to VSS and bulk of pmos connected to 

VDD to overcome the channel effects. 

 

PMOS and NMOS are in parallel and are controlled by 

complementary signals. Combining an nmos and pmos back 

to back will make the resulting transmission gates to pass a 

good active low „0‟ and also a good active high „1‟ signal. 

The circuit symbols are given in figure 2. [18]  

 

Table 1. Levels of Transmission Gates 
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In CMOS logic each gate contains both an NMOS and a 

PMOS circuitry and every primary input is connected to 

one NMOS and one PMOS transistor (Fig. 1). The high and 

low output voltage is VDD and VSS and therefore the noise 

margins are at maximum level. [14] The NAND gates, 

NOR gates and complex CMOS logic gates can all be 

designed using the NMOS circuitry. The NMOS and the 

PMOS switching networks are designed as behavioral or 

structural. CMOS power dissipation is determined by the 

energy required to charge and discharge the load 

capacitance at the desired switch over frequency from nmos 

to pmos or vice versa. The static power dissipation is nearly 

disappearing. [15] During switching of the CMOS gate a 

pulse of current occurs between the positive and negative 

power supplies. This current causes an additional 

component of the power dissipation in CMOS gates that 

can be as much as 20 to 30 percent of the dissipation 

resulting from charging and discharging the load 

capacitance. A new bidirectional circuit element, the 

CMOS transmission gate that utilizes the parallel 

connection of an NMOS and a PMOS transistor was 

introduced. [17][6] In the transmission gates there exists a 

bidirectional resistive connection between the input and 

output terminals namely Vin Vout respectively. These 

circuits are useful in both analog and in digital design. The 

transmission gates play a major role in designing a 

multiplexer for high speed applications.[2]. 

 

II. POWER ANALYSIS 

 

If fck denotes the clock frequency then instantaneous 

power consumed in the circuit after application of vectors 

(Vk−1,Vk) is given by,     

Pinst(Vk) = Evk fck   (1) 

 

This is because, by definition, the instantaneous power is 

the consumed power during one clock period. The peak 

power consumption relates to the full rapid power 

consumed during the test period is given in equation (3). It 

therefore, corresponds to the highest energy consumed 

during one clock period, multiplied by clock frequency. 

[7][1] 

Also, the average power as in equation (4) consumed 

during the test session is the total energy multiplied by the 

test time is given by 

Pavg = Etotal *  fck/(Length,L)           (2) 

 

For circuits that have BIST circuitry incorporated within 

them, switching activity during test session is a major 

concern. Therefore, many low power or low transition 

based BIST techniques, especially for scan BIST have been 

proposed by researchers. Low transitions in test vectors, on 

the other hand, tends to increase the test length resulting in 

increased test time that is required to apply the longer test 

sequence. [19][2] Therefore proposed work has a test 

scheme for controlled transition based test application that 

will improve test span and speed up test without surpassing 

the power economy of the circuit. Fig. 3 shows the on 

resistance of the circuit in figure 2. 

 

 
Fig 3. On resistance of a transmission gates. The behavior 

of the transmission gates varies with the level of input 

given to it and the control input. In both the cycles, the 

resistance is offered by the pmos and nmos respectively. 

 

 
Fig 4. Multiplexer using TG and N-EXOR using TG. They 

are connected back to back to produce a wide range of 

gates. The select lines is defined by input lines. 

 

 
 

Fig 5. (a) Latch using TG and (b) equivalent circuit of a 

TG 

MUX 
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III. MULTIPLEXER USING TG 

 

 
Fig 6. Multiplexer implemented using a nmos and 

Transmission Gates. The line Vslct acts as a select line for 

the transmission gates based multiplexer. 

 

Table. 1 Truth table of Multiplexer implemented using a 

Transmission Gates 
Vslct A B Q1 Q2 C 

0 0 0 Off On B 

0 0 1 Off On B 
0 1 0 Off On B 

0 1 1 Off On B 

1 0 0 On Off A 
1 0 1 On Off A 

1 1 0 On Off A 
1 1 1 On Off A 

The inverter in the figure 1 (a) acts as a switching circuit 

and it depicts the multiplexer behavior between inputs A 

and B. The inverter was connected to give the single select 

line between two transistors.[9] The transistors are 

switched ON alternatively. Any one of the transistor paves 

the way for current flow through the output C. Hence it 

works as a multiplexer circuit. The truth table in Table 1 

shows the various combinations of inputs and 

 
Fig. 7. Various FFT analysis of the proposed DFT (a) 

Rectangular (b) Barlett  (c) Blackmann (d) Blackmann-

harris (e) Gaussian (f) Hamming (g) Hanning (h) Kaiser-

Bessel (i) Welch functions at interpolation order = 2 

 
Fig. 8. Output waveform of Transmission gate based 

Multiplexer 
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Power Consumption of the DFT Multiplexer: 

Power Results time range  = 0 to 5x10
-8

  

Average Power consumed  = 1.499237 watts 

Max. Power at 4.08893x10
-8

s = 2.854177x10
-2 

watts 

Min. Power at 1.63522x10
-8

s = 7.023429x10
-7 

watts 

IV. RESULTS AND MEASUREMENTS 

 

The multiplexer used for the DFT design is drawn using the 

Tanner EDA tool. The power output of the circuit is 

analyzed. A CMOS inverter followed by a transmission 

gate is an important circuit structure that is used as a 

building block in many crucial circuits, such as static 

latches, tri-state inverters, and multiplexers. Fig. 8 shows 

the transient waveforms at the TG - MUX nodes for a 65-

nm technology, obtained using Tanner EDA simulations of 

the test structure shown in Fig. 6. The figure 7 shows the 

various FFT window functions applied over to the design 

of multiplexer. The rectangular window function for 

various interpolation factors is given in the figure 10, 11 

and 12. The netlist is created as per the multiplexer circuit 

connections given to s-edit tool of Tanner EDA (Fig. 9). 

For SCAN BIST testing [8-12], it is important to note that 

both test power and test time makes quality of the test. This 

work suggests  to lessen test power as much as without 

reducing the fault coverage. The main concept forwarded in 

Low Power DFT is creating low cost testing equipment to 

generate test with shorter length. [13] Fault coverage for 

low power DFT circuit, timing and power calculations is 

evaluated. [16] There had a subsequent reduction in the 

testing time and the power dissipated during the test mode. 

The proposed method had low power than the existing 

method. 

 

 

Fig. 9. Netlist of DFT Multiplexer for scan chain flip flop 

using Tanner EDA tool. The 

A.FFT Analysisof low power multiplexer 

 
Fig.10. FFT function Rectangular Window : Interpolation 

Value = 1 

 
Fig.11. FFT function Rectangular Window : Interpolation Value = 2 
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The FFT of the multiplexer for various window functions 

were calculated using the equation 

The DFT is defined by the formula 

 

  (3) 

 

Evaluating this definition directly requires O(N2) 

operations: there are N outputs Xk, and each output 

requires a sum of N terms. An FFT is any method to 

compute the same results in     O(N log N) operations. All 

known FFT algorithms require O(N log N) operations, 

although there is no known proof (Equation 3) that a lower 

complexity score is impossible.[8] In many applications, 

the input data for the DFT are purely real, in which case the 

outputs satisfy the symmetry 

                        (4) 

and efficient FFT algorithms have been designed for this 

situation. (Equation 4) One approach consists of taking an 

ordinary algorithm and removing the redundant parts of the 

computation, saving roughly a factor of two in time and 

memory. Alternatively, it is possible to express an even-

length real-input DFT as a complex DFT of half the length 

(whose real and imaginary parts are the even/odd elements 

of the original real data), followed by O(N) post-processing 

operations. [11][12] 

 
Fig.12. FFT function Rectangular Window : 

Interpolation Value = 3 

 

V. CONCLUSION 

 

It is important to note that both testing power and testing 

time add to the cost of the test as well as quality of the test 

for scan testing. This paper suggests to poise equilibrium 

between these two factors and mainly to reduce testing 

power as much as possible. The main concept forwarded in 

Low Power DFT is creating test patterns to generate test 

with smaller test length. Fault coverage for low power DFT 

circuit, timing and power calculations is calculated. There 

had a subsequent reduction in the testing time and the power 

dissipated during the test mode. The FFT analysis for 

various window functions is also analyzed effectively. The 

low power DFT Multiplexer is designed using various 

parameters. The power analysis was done for various time 

frames and it shows subsequent reductions. 
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