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Abstract – 

This project presents the simulation of a 16-Bit Counter using CMOS logic and GDI 

technique.Gate diffusion input logic is a technique to design low power digital circuits that is used to 

reduce transistor count and power delay product of the digital circuits. The 16-bit counter is designed 

by using master-slave flip-flop based on GDI technique. In this approach conventional CMOS 

counter and GDI based counter has been analyzed in terms of delay, power consumption and power 

delay product. All these parametric analyses had been carried out using Tanner CAD tool with 

varying supply voltage from 0.8V to 1.8V. The analysis showed that GDI based counter is more 

suitable for low power application as a counter. 

 

I. INTRODUCTION 

A Flip-Flop itself a circuit that gives either zero or one as a stable state of the Flip-Flop. It is 

widely used for storing the information. In sequential logic, Flip-Flop is used as a basic storage 

element. Scaling circuit is an electronic device that stores the number of times that the process or 

event has occurred in relation with the clock signal. It is used for counting the number of pulses 

coming at the input line in a specific time period. The design which consumes lesser power with 

maximum reliability is almost important especially when it uses clock. Thus, the power of the circuit 

is minimized by decreasing the dissipation of power in the clock. In Complementary Metal-Oxide 

Semiconductor VLSI design, the basic classification of counters is synchronous and asynchronous 

counter and this classification depends on clock triggering.  

Counting is the most commonly used operation in real time DSP applications. The counter is 

designed with the help of flip flop circuits. The energy consumption of flip flops plays an important 

role in sequential design. The important factors for designing sequential circuits are energy 

consumption and delay. The energy consumption of counter is improved by using GDI technique. In 

this chapter the design of low power counter using GDI technique is focused. GDI based counter 

circuits are analyzed and compared to select the suitable sequential circuits for low power 

applications. The GDI technique is based on the use of a simple cell as shown in figure. The GDI cell 

contains three inputs- G (gate input is common for both PMOS and NMOS, P (Input to the 

source/drain of PMOS), and N (Input to the source/drain of NMOS). Bulks of both NMOS and 

PMOS are connected to N or P, so it can be arbitrarily biased in contrast to CMOS inverter. 

 

II. DESIGN METHODOLOGY 

The Flip-Flop is designed using the method of True Single Phase Clock. The main objective 

of using TSPCL is to perform the operation of the required Flip-Flop that consumes minimum power 

and also operates with maximum speed. 
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Figure: D Flip-Flop Design using TSPCL 

Fig gives the design of D Flip-Flop with TSPCL. Consider when D is 0 and CLK is low, the 

transistor P1 andP2 is active which in turn activates the transistor N2 of the next stage. Here P3 of 

this stage is active and gives 1 which is inverted and gives 0. Similarly the given input of D gets 

inverted in every stage and it produces the output same as the input. 

 
Figure: Upper SVL Design 

The upper SVL consists of two NMOS connected in series with a parallel PMOS. The gate of 

the two NMOS connected to the supply and the input clock bar is given to PMOS. When the clk is 1, 

clkb becomes 0 and PMOS gets ON. Thus the PMOS starts conducting and the supply voltage 1 can 

pass through hit. When the clk is 0, clk b becomes 1 then the two NMOS starts conducting and are 

connected to the ground. By connecting the NMOS in series the leakage power can be reduced while 

the circuit is in off condition Figure gives the design of Upper SVL. 

 
Figure: Lower SVL Design. 

The lower SVL consists of two PMOS connected in series with a parallel NMOS. The gate of 

the two PMOS connected to the ground and the gate of the NMOS is connected to the input clock. 

When the clk becomes 1 and NMOS gets OFF. Thus the PMOS starts conducting and they are 

connected to the ground. When the clk becomes 0the two NMOS starts conducting and the supply 

voltage 1can pass through it. When PMOS are connected in series it makes the circuit to reverse bias 

that causes the standby mode leakage current to be reduced. Figure gives the design of Lower SVL. 

A recital CMOS D Flip-Flop circuit which is comprehensively used in analog and digital systems. In 

CMOS technology leakage power is primary significance. To reduce power dissipation and to 

increase the battery lifetime, the supply voltage should be reduced when the circuit is in off state. 

Modified SVL technique is applied to CMOS D Flip-Flop circuit, which suppresses the signals and 

reduces power dissipation because of leakage currents. The consumption of dynamic power is also 

reduced as minimum number of transistors is used in the modified design. 
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Figure: Design of D Flip-Flop with Modified SVL. 

P1 is ON, N2 is ON, P2, P3 are OFF, N1 and N2 are inactive. In order to perform the normal 

D Flip-Flop operation, it is connected to supply and GND. When a is inactive, P1, N1, N3 are active 

and P2, N2 are inactive so that out becomes inactive. When a is 1, which makes P1, N3to in active 

state while makes N1, N2 and P2 active state, that is out becomes one. P1, N3 are in OFF state i.e. 

open circuits. N1, N2 are active but as the supply voltage it gives Vdd-Vth because they acts as a 

pull-up network. When the NMOS transistors reconnected in series it reduces the static power. P2, 

P3 are active but they gives finite positive voltage as a replacement of GND because they acts as a 

pull down network. As the NMOS transistors are used in series it reduces supply voltage and also 

reduces leakage current during standby mode. The reduction of leakage power is very much 

concerned as it is proportional to the current and supply voltage. This designal so has an advantage 

of increasing the operational speed of the circuit and also reduces the consumption of dynamic. 

 
Figure: Block diagram of 4-Bit Existing Binary Up Counter 

This design is applicable for wide range of bits. The Flip-Flop receives the clock signal from 

the clock network. This network consists of repeaters in series and eliminates clock skew. The circuit 

has a benefit of minimum power consumption in the clock network by introducing a combinational 

logic that mastery the clock based on the Flip-Flop activity. So, by avoiding the unwanted activity of 

clock at the inactive Flip-Flop, the power could be optimized. Fig gives the design of 4-Bit Existing 

Binary Up Counter. 
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Research Method of Flip-Flop and Counter Design 

The proposed design uses the positive edge triggered Flip-Flop. In comparison with the 

conventional Flip-Flop this TSPCL combined with SVL technique consumes less power. 

 
Figure: Design of Proposed T Flip-Flop with Combined SVL. 

 

Fig represents the design of projected T Flip-Flop design with combined SVL. P1 is ON, N2 

is ON, P2, P3 are OFF, N1 and N2 are inactive. In order to perform the normal D Flip-Flop 

operation, it is connected to supply and GND. When a is inactive, P1, N1, N3 are active and P2, N2 

are inactive so that out becomes inactive. When a is1, which makes P1, N3to inactive state while 

makes N1, N2and P2 active state, that is out becomes one. P1, N3 are in OFF state i.e. open circuits. 

N1, N2 are active but as thesupply voltage it gives Vdd-Vth because they acts as a pull-up network. 

When the NMOS transistors re connected in series it reduces the static power. P2, P3 are active but 

they gives finite positive voltage as are placement of GND because they acts as a pull down network. 

As the NMOS transistors are used in series it reduces supply voltage and also reduces leakage 

current during standby mode. TSPCL consists off our stages of inverter. The input gets inverted in 

each stage and the final output of the TSPCL is same as that of the input. The operation of the 

TSPCL functions according to the clock signal. 

 

 
Figure: Proposed Counter Design using modified Flip-Flop. 

 

A cascade T Flip-Flop structure is used in this system. The reason for using T Flip-Flop is it 

concerns for the changing activity of next state. It eliminates the clock transition when the input of T 

Flip-Flop is zero. When the clock is zero it does not affect the output of the circuit and in turn 

maintains the previous state output whereas the output gets toggled when the clock is one. So, it is 

evident that the clock acts as a control signal for the counter. The block diagram of proposed counter 

is shown in Figure. 
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III. RESULTS 

All the designs are simulated using 250nm CMOS technology library in Tanner EDA TOOL 

at various supply level voltages. 

Existing waveforms: 
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Proposed waveforms: 
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CONCLUSION 

The consumption of power in the counter is minimized by using the proposed T Flip-Flop 

with clock gating technique. The T Flip-Flop is proposed by combining TSPCL and 

SVLtechnique.TheproposedTFlip-Flopusesonly0.34microwatt power which is 30% less than the 

existing T Flip-Flop design. The proposed counter design consumes 27%less power compared to the 

existing counter design. The projected T Flip-Flop and counter is designed and simulated using the 

Tanner Tool which employs 250nm CMOS technology. The proposed counter reduces power 

consumption and chip area which maximizes the battery life and performance of the system. Thus, it 

is witnessed that the combination of TSPCL, Upper and Lower SVL can be used to design the low 

power consuming Flip-Flop used in the construction of counters. The design is proposed only for 

4bit up-counter, the work can also be extended for the design of low power consumed wide bit 

counters. This project gives only the power comparison result of Flip-Flop and counter design, area 

analysis and delay analysis of Flip-Flop and counter design at different Supply Voltage can also be 

done. Comparing to existing counter, the projected counter design utilizes 27% less power. The 

future work is to further minimize the power consumption of counter comparing to the proposed 

power of counter design. 
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