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Abstract: Improving performance with reduced power consumption and chip area are the main constraint for designing VLSI
CMOS circuits. The high performance low power ONOFIC approach for VLSI CMOS circuits reduces the power dissipation
and improves the speed of a VLSI circuit design. In this paper, high performance and low power full adder based on ONOFIC
approach have been implemented. The proposed method reduces the power dissipation and improves the speed of full adder
circuit . The On/Off logic (ONOFIC) approach reduces the leakage current and leakage power with simple and single threshold
voltage circuit level approach. This approach efficiently reduces the leakage current in both active and standby mode of logic
circuit. The tool used for implementing the design is EDA TANNER 13.0 tool. The ONOFIC approach results have been
compared with LECTOR technique and observed that the ONOFIC approach shows the improved performance and reduced
power dissipation.
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I. INTRODUCTION

Power dissipation is a key consideration in the design of nano-scale CMOS VLSI circuits. The main sources of power dissipation
are: 1) Dynamic power dissipation due to the charging and discharging of the load capacitance. 2) Short-circuit current due to the
existence of a conducting path between the voltage supply and ground for the brief period during which a logic gate makes a
transition. 3) Leakage current. The leakage current consists of reverse-bias diode currents and sub threshold current. The former is
due to the stored charge between the drain and bulk of active transistors while the latter is due to the carrier diffusion between the
source and drain of the OFF transistors. Also, gate induced drain leakage and gate direct tunneling leakage have become the
significant sources of leakage power. In deep submicron CMOS technologies, the role of sub threshold leakage power dissipation
becomes dominant among other leakage power components.

Modern portable electronic devices such as mobile phones, laptops, PDA’s (personal digital assistant) etc are affected by high
power consumption which reduces the battery backup time. The device density of these devices has been increased to improve the
performance of the circuit. So there is a need for low power design methodology to limit the power consumption in high density
VLSI chips. Voltage scaling is one of the effective techniques to reduce the power consumption in electronic devices. In electronic
devices, to control the power consumption a supply voltage plays an important role. Supply voltage scaling without scaling of
threshold voltage degrades the performance of the device. By reduction of threshold voltage and supply voltages proportionally
retains the performance. The threshold voltage reduction leads to the five times higher leakage current. Adopting new lower level
technologies leads to the increase in power dissipation in integrated circuits. A perfect designer concentrates mostly for efficient
techniques for leakage current reduction in deep sub micron regime. For high performance and low power CMOS circuits On/Off
logic (ONOFIC) approach can be implemented in VVLSI circuits. It reduces the power dissipation and improves the speed of a VLSI
circuit design. The ONOFIC approach efficiently reduces the leakage current in both active and stand by mode of logic circuit. It
introduced the extra logic between pull-up and pull-down networks for leakage reduction. This additional introduced logic circuit is
known as On/Off logic (ONOFIC) circuit. The ONOFIC logic circuit contains one PMOS and one NMOS transistor. Due to
maintaining on or off condition for any output logic level this circuit is called as ONOFIC. In this paper to design a low power full
adder, the ONOFIC approach is implemented in it and then compared with LECTOR logic. The results show that the propagation
delay and power dissipation is low for ONOFIC when compared with LECTOR.

Il. LITERATURE REVIEW
The active and standby mode of device may arise the leakage power dissipation, thus in deep sub micron regime every logic circuits

should built up with leakage reduction techniques. There are so many techniques exist to reduce the leakage current in VVLSI circuits.
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Multi-Threshold CMOS (MTCMOS) which has emerged as a very popular technique for standby mode leakage power reduction[4].
It employs both high and low threshold voltage transistor with in the same integrated circuits. In this technique, a high-threshold
voltage transistor is inserted in series with the power supply and the existing design and ground. This technique is also referred to as
Power Gating[3]. One of the efficient methods to reduce power consumption is to use low supply voltage and low threshold voltage
without loosing speed performance. But increase in the lower threshold voltage devices leads to increased sub threshold leakage and
hence more standby power consumption.

Variable Threshold CMOS (VTCMOS) devices are one solution to this problem. Variable threshold CMOS (VTCMOS) is a body-
biasing design technique[3] .To achieve different threshold voltages, a self-substrate bias circuit is used to control the body bias. In
SCCMOS technique a PMOS transistor (sleep PMOS transistor) having the same threshold voltage as that of PMOS transistors of
the logic circuit is inserted between the logic circuit and the power supply voltage (VDD) and an nMOS transistor (sleep nMOS
transistor) having the same threshold voltage as that of nMOS transistors of the logic circuit is inserted between the logic circuit and
ground.

LECTOR technique utilizes two leakage control transistors (LCT) which are inserted between PUN (Pull Up Network) and PDN
(Pull Down Network) circuit within the logic gate for which the gate terminal of each leakage control transistor is controlled by
source of other[4] .This arrangement ensures that one of the leakage control transistor always operate near it’s cut off region.
Leakage control transistors causes increase in the resistance of the path from Vdd to ground, since one of the LCT’s always near its
cut-OFF region, therefore decreasing the leakage current[7]. The basic idea behind LECTOR approach is that a state with more than
one transistor OFF in a path from supply voltage to ground is far less leaky than a state with only one transistor OFF in any supply
to ground path[6]. In case of near cut off operation of transistors the resistance of the transistor is high as an OFF transistor’s
resistance but the available resistance is sufficient to increase the supply voltage to ground path resistance and so to reduce the
leakage power dissipation. This technique is good for leakage reduction but this technique is not capable of reducing propagation
delay.

111.LONOFIC APPROACH
The On/Off logic (ONOFIC) approach reduces the leakage current and leakage power with simple and single threshold voltage
circuit level approach. This approach efficiently reduces the leakage current in both active and standby mode of logic circuit. It
introduces an extra logic between pull-up and pull-down networks for leakage reduction as shown in Fig.1. This additional
introduced logic circuit is called as On/Off logic (ONOFIC) circuit. The ONOFIC logic circuit contains one PMOS and one NMOS
transistor. The connection of ONOFIC transistors is as shown in Fig. 2.
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v

Fig.1 Schematic diagram of ONOFIC approach.
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Fig.2 .Connection of ONOFIC transistors.

Due to maintaining on or off condition for any output logic level this circuit is called as ONOFIC. This logic directly affects the
power dissipation and propagation delay of the logic circuit. ONOFIC circuit uses the logic of force stacking for controlling the
leakage current by providing the maximum resistance to the ONOFIC block when it is in off state and minimum resistance when it
is in on state. In ONOFIC block the operation of NMOS transistor is controlled by a PMOS transistor. Depending on the output
logic ONOFIC NMOS or PMOS transistors must be in cut-off or in linear mode.

In ONOFIC block, the drain of PMOS transistor is connected to the gate of NMOS transistor and the output is connected to the gate
of PMOS transistor. The drain of the pull down network is connected to the source of NMOS transistor and PMOS source terminal
is connected to VDD of the circuit. The NMOS transistor drain is connected to the output of the circuit and the substrate of NMOS
transistor is connected to the ground while the substrate of PMOS transistor is connected to the VDD. The main concept of this
technique is the property of on/off. The both ONOFIC transistors are in linear region when ONOFIC logic is in on condition while
both transistors are in cut-off mode if ONOFIC logic is in off state. This reduces the leakage current at both active and standby
mode with accurate logic level at the output. The good conducting path is obtained by turning on the ONOFIC block and it acts as a
good resistance to control the leakage current when it is in off state.

IV.IMPLEMENTATION CIRCUIT AND METHODOLOGY

The addition is a basic arithmetic operation and act as the core of other arithmetic operations like multiplication, division,
subtraction, address generation etc. Adders are the key element in many VLSI systems such as microprocessors, ALU’s,
multiplexers, comparators, parity checkers, digital signal processing (DSP) architectures, code converters etc. The most required
feature of modern electronics is low power energy efficient building block that enables the implementation of long lasting battery
operated systems. Full adders are the fundamental circuit elements of VLSI systems. For performance analysis of various full adders
different parameters are measured like power dissipation, delay, number of transistors used and power delay product of circuit. In a
low power design it is optimized and desired that the circuit consume less power, have very less delay, low supply voltage and avoid
degradation in output voltage . There is no ideal full adder circuit which can be single handily used in all types of applications. It is
very important for circuit design to have good drivability under different load conditions and also balanced output to avoid glitches.
The time delay depends on size of transistors, number of transistors used, logic depth, parasitic capacitance and capacitance due to
intercell and intracell routing and also on number of inversion levels . A full-adder is a logic circuit having three inputs A,B and C
(which is the carry from the previous stage) and two outputs (Sum and Carry). The full-adder can handle three binary digits at a
time and can therefore be used to add binary numbers in general. The simplest way to construct a full adder is to connect two half-
adder and an OR gate.

Fig.3 shows the implementation of full adder using two half adder, the circuit which is considered for the project. The circuit
consists of two XOR gates, two AND gates and an OR gate. So by implementing the circuit using ONOFIC and LECTOR
separately ,and compare the parameters power dissipation and propagation delay to know the performance of the circuit.
Considering the first half adder module and apply the ONOFIC approach to the CMOS implementation of the XOR gate and AND
gate. Similarly, implement the gates in the second half adder module and combine these two modules along with ONOFIC
implementation of the OR gate. By simulating the circuits the power dissipation and propagation delay parameters can be obtained.
Also consider the above method by implementing the LECTOR logic. Then compare the results for performance analysis. The
ONOFIC technique uses the same threshold voltage throughout the entire block which can improve the performance of the logic
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circuits. From the literature survey the LECTOR technique is also used a same threshold voltage throughout the circuit block.
Comparing the ONOFIC approach of full adder with the conventional design method LECTOR and estimate the power dissipation
and propagation delay for verifying the performance of the circuit. The tool used for implementing the design is EDA TANNER
13.0 tool.

Halfadder | | Haf adder
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Fig.3. Circuit diagram of full adder.

V. RESULTS
Fig.4 shows the circuit diagram of full adder using two half adder . Each half adder module consist of an XOR and AND gate. The
input bits A and B are applied to an XOR gate and an AND gate respectively. The output obtained from the XOR gate and the input
bit C is given to the XOR gate and the AND gate in the second half adder module . The output thus obtained from the XOR gate in
the second half adder module is the sum. The output of the AND gates from both the module is then given to an OR gate and
obtained the carry. Figure 5 shows the implementation of the circuit using EDA TANNER tool.

Fig.4. Implementation of Full adder Circuit

In this paper each component (logic gate ) in the circuit implemented in two ways. One for ONOFIC approach and the other for
LECTOR logic respectively. The main components in the circuit are XOR , AND and OR gates. In ONOFIC block, the drain of
PMOS transistor is connected to the gate of NMOS transistor and the output is connected to the gate of PMOS transistor. The drain
of the pull down network is connected to the source of NMOS transistor and PMOS source terminal is connected to VDD of the
circuit. The NMOS transistor drain is connected to the output of the circuit and the substrate of NMOS transistor is connected to the
ground while the substrate of PMOS transistor is connected to the VDD. LECTOR technique utilizes two leakage control transistors
(LCT) which are inserted between PUN (Pull Up Network) and PDN (Pull Down Network) circuit within the logic gate for which
the gate terminal of each leakage control transistor is controlled by source of other. The implementation of the XOR Gate Using
ONOFIC logic and LECTOR logic is shown in the Fig 5.1(a) and 5.1(b) respectively. Likewise implementing each logic gate and
combined for the complete circuit.
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Fig 5.1(a) XOR Gate Using ONOFIC logic Fig 5.1(b) XOR Gate Using LECTOR logic

The simulation results shows the propagation delay and the power dissipation obtained while implementing the ONOFIC (Fig. 5.2
(a) and Fig.5.2(c) ) and the LECTOR logic (Fig.5.2 (b) and Fig.5.2(d) ).

Parsing 0.01 seconds Parsing 0.00 seconds
Setup 0.03 seconds Setup 0.03 seconds
DC operating point 0.14 seconds DC operating point 0.17 seconds
Transient Analy=is 0.07 =seconds Tran=ient Analysis 0.70 seconds
Crverhead 1.44 zeconds Cverhead 1.26 seconds
Total 1.68 seconds Total 2.17 seconds
Fig.5.2 (a) Propagation delay in ONOFIC Fig.5.2 (b) Propagation delay in LECTOR

Power Results i
Power Results
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el E'EQS?SZE'DOZ e '?'63??3'009 Max power 2.054946e-004 at time 6.06322e-008
A0 BERRR aAdadnlie e e B 15008 Min power 4.185237e-008 at time 2.92726e-008
Fig.5.2 (c) Power dissipation in ONOFIC Fig.5.2 (d) Power dissipation in LECTOR

Table.1 Comparison Between Onofic And Lector

Parameter
Power Dissipation Propogation Delay
Logic
ONOFIC 2.295¢ "W 1.68 seconds
LECTOR 3.8125¢ %W 2.17 seconds

From the Table 1 it is observed that the power dissipation and propogation delay obtained in ONOFIC approach is lower when
compared to the LECTOR technique, The simulation results gave the propogation delay and the power dissipation obtained while
implementing the ONOFIC and the LECTOR logic . Comparison between ONOFIC and LECTOR is shown in the Table 1.

VI.CONCLUSIONS
Improving performance with reduced power consumption and chip area are the major constraints in VVLSI design. The design of a

low power circuits mainly focus on a problem occurred due to the performance, power dissipation and chip area. To improve the
reliability of a logic circuit in deep sub micron regime, the supply voltage is reduced. By reduction of threshold voltage and supply
voltages proportionally retains the performance. The On/Off logic (ONOFIC) approach reduces the leakage current and leakage
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power with simple and single threshold voltage circuit level approach. The ONOFIC approach efficiently reduces the leakage
current in both active and standby mode of logic circuit. This logic directly affects the power dissipation and propagation delay of
the logic circuit. The ONOFIC technique uses the same threshold voltage throughout the entire block which can improve the
performance of the logic circuits. The LECTOR technique is also used a same threshold voltage throughout the circuit block.
Compared to LECTOR technique ONOFIC technique has less propagation delay and power dissipation. Also the lower propagation
delay gives the quicker response at the output while applying the input combinations and become more efficient.
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