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Abstract: In this paper, we have proposed a modified Carry Look ahead adder using multi-threshold CMOS 

technique. Here we use forward body biased Stacking Power Gating technique to evaluate standby leakage current, 

power and ground bounce noise. All the simulation in this paper has been carried out using empyrean anther at 180 

nm technologies at various voltage and temperatures. The forward body biased (FBB) Stacking Power Gating 

technique has been implemented on conventional Carry Look ahead adder circuit with 180 nm technology 

parameters for simulations. By using this technique the standby leakage current reduction can be improved by 42 % 

and leakage power to 69 % as compared to base Carry Look ahead adder. Ground bounce noise can be reduced to 58 

% as compared to the conventional adder. 

Keywords: Ground bounce noise, Leakage power, Multi-threshold CMOS, Full adder, Pass transistor logic, Sleep 

transistor. 

I. INTRODUCTION 

One of the most important issues in VLSI design is standby leakage current with continuous down scaling in 

advanced CMOS technology. The leakage current contributes 35-42% in active power [1] of digital circuit. It affects 

active power; standby power and performance of digital circuits because leakage strongly depends on process 

variations, increase in number of transistor and technology scaling[2]. In this paper, we have proposed new Carry 

Look Ahead Adder Adder with low power and reduce ground bounce noise. [3]. For the application of electronic 

devices, designers have many objects to work with very low leakage power and to meet specification of product 

battery life and package cost[4]. The main idea behind this paper aims at design, analysis and improvement of power 

efficiency and ground bounce noise reduction of the Carry Look Ahead Adder at 180nm technology [5]. In this 

paper, we have proposed to develop design techniques with Carry Look Ahead Adder to reduce standby power 

dissipation and reduce ground bounce noise. The power reduction in any logic circuit cannot be achieved with 

trading off performance because it can make harder to reduce to leakage during run time operation [6].We have seen 

several techniques proposed to reduce leakage power [7]. One of the most important technique Stacking Power 
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Gating also known as power gating technique is used for reducing the leakage current and standby leakage power 

when device is in idle mode and to improve the performance of device in active mode. The main idea behind this 

technique is to turnoff device in sleep mode and cut off leakage path provides a reduced leakage with improved 

power performance and reduction in ground bounce noise with proposed novel technique with improved stacking 

and power gating[8]. 

 

Figure1. Schematic diagram of proposed methodology 

II. PROPOSED METHODOLOGY 

We have proposed a modified Carry look Ahead Adder based on using forward body biased (FBB) Stacking Power 

Gating technique CMOS technique .Here we use forward body biased (FBB) Stacking Power Gating technique to 

evaluate standby leakage current, power and ground bounce noise. 

A. Carry Look Ahead Adder: 

A Carry Look ahead adder is a fast parallel adder as it reduces the propagation delay by more complex hardware; 

there are faster ways to add two binary numbers by using carry look ahead adders[7]. They work by creating two 

signals P and G known to be Carry Propagator and Carry Generator. The signal from input carry Cin to output 

carry Cout requires an AND gate and an OR gate. Carry Look Ahead Adder Generate two Signals P (Carry 

Propagator) and other G (Carry Generate) The corresponding Boolean expressions are given here to construct a carry 

look ahead adder. In the carry-look ahead circuit we need to generate the two signals carry propagator (P) and carry 

generator (G). 

𝑃𝑖 = 𝐴𝑖⨁𝐵𝑖 … … … … … … … … … (1) 

𝐺𝑖 = 𝐴𝑖 ∙ 𝐵𝑖 … … … … … … … … … (2)  

The output sum and carry can be expressed as 

𝑆𝑢𝑚 = 𝑃𝑖 ⊕ 𝐶𝑖 … … … … … … … . . (3) 

Carrylook Adhead Adder

Component Of Carry Look Ahead Adder

MTCMOS Technique

Modified Carry Look Ahead Adder

Result And Analysis 
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𝐶𝑖 + 1 = 𝐺𝑖 + (𝑃𝑖 ∙ 𝐶𝑖) … … … … … … … … … (4) 

Having these we could design the circuit. We can now write the Boolean function for the carry output of each stage 

and substitute for each Ci its value from the previous equations: 

𝐶1 = 𝐺0 + 𝑃0 ∙ 𝐶0 … … … … … … … … … … . (5) 

𝐶2 = 𝐺1 + 𝑃1 ∙ 𝐶1 = 𝐺1 + 𝑃1 ∙ 𝐺0 + 𝑃1 ∙ 𝑃0 ∙ 𝐶0 … … … … … … … . (6) 

𝐶3 = 𝐺2 + 𝑃2 ∙ 𝐶2 = 𝐺2𝑃2 ∙ 𝐺1 + 𝑃2 ∙ 𝑃1 ∙ 𝐺0 + 𝑃2 ∙ 𝑃1 ∙ 𝐶0 … … … (7) 

𝐶4 = 𝐺3 + 𝑃3 ∙ 𝐶3 = 𝐺3𝑃3 ∙ 𝐺2𝑃3 ∙ 𝑃2 ∙ 𝐺1 + 𝑃3 ∙ 𝑃2 ∙ 𝑃1 ∙ 𝐺0 + 𝑃3 ∙ 𝑃2 ∙ 𝑃1 ∙ 𝐶0 … … … . (8) 

 

Figure1. Carry Look Ahead Adder 

 

B. COMPONENT OF CARRY LOOK AHEAD ADDER 

 10T FULL ADDER 

We use the pass transistor 10T full adder as our base structure. The structure shown in Fig (1), adopt 3- module 

implementation, sum, carry and XOR module [13][14]. Here Full Adder uses pass transistor logic for standby 

leakage and area reduction. However still having less number of transistors and reduced leakage, 

 

 

Figure  2. 10 T Full Adder 
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 AND GATE: Conventional AND Gate is the combination of PMOS and NMOS [14]. The circuit shows 

the realization of CMOS AND gate.  

 

 

Figure 3  Conventional AND Gate 

 

 OR GATE: Conventional OR Gate is the combination of PMOS and NMOS. The circuit shows the 

realization of CMOS OR gate. 

 

Figure 4 Conventional OR Gate 

C. MTCMOS TECHNIQUE 

The power gating circuit could work in three different modes:  

 Active mode, in which the sleep transistor is on and the circuit function normally. 

 Sleep mode, in which the sleep transistor is shut-off and the leakage current of entire circuit is suppressed. 

The sleep transistor is switched ‘off’ to block leakage paths between the power and ground rails which could 

otherwise steadily draw power even during standby. 

 Transition mode, in which the sleep transistor is turned on and the circuit goes from sleep to active [15]. 

Ground Bounce effect usually occurs in transition mode.  

 In the active mode, sleep transistors are turned on and the logic consisting of low VT transistors can operate 

with high speed and low switching power dissipation. When the circuit is in sleep mode the high VT 

transistors are turned off cause nag isolation of low VT transistor from supply voltage and ground thereby 

reducing sub-threshold leakage current. 
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D. MODIFIED CARRY LOOK AHEAD ADDER 

A carry-look ahead adder system solves this problem, by computing whether a carry will be generated before it 

actually computes the sum. There are multiple schemes of doing this, so there is no "one" circuit that constitutes a 

look-ahead adder [15]. The idea is something like this: To decrease the ground bounce noise and leakage power, so 

we will proposed a modified design with the stacking power gating technique in Fig. (3) and (4). In this technique 

stack sleep transistor is connected to the virtual ground of the circuits to reduce the magnitude of voltage glitches and 

current and reduction of leakage power by stacking effect, when both the sleep transistor ST1 and ST2 is turn off 

(sleep mode ). Here with help of select input we have reduced ground bounce noise and this is achieved by the 

adjusting both the transistor with help of ∆T (delay between the both sleep transistor) (sleep to active mode) [16] 

 

Figure.5. Modified Carry look ahead adder with Power Gating and ground bounce Noise 

III. EXPERIMENTAL SETUP & SOFTWARE 

We have used Empyrean Aether” tool at 180nm technology at various voltage and temperatures 

 

IV. RESULTS AND ANALYSIS 

In this section, we have performed simulation of our base structure  Carry look ahead Adder and modified  Carry 

ahead  Adder    ( FBB Power Gating) on Empyrean Aether Tool at 180 nm Technology. 

 ACTIVE POWER 

The Active power is dissipated by the circuit when the circuit is operation state. Here we will calculate the 

active power of circuit on the basis of voltage and temperature at 180 nm technology. The Active power 

includes both dynamics and static power. The Active power consumption of CMOS circuit [17] [18] is 

described by the following equation. 

𝑃𝑎𝑐𝑡𝑖𝑣𝑒 =  𝑃𝑑𝑦𝑛𝑎𝑚𝑖𝑐 + 𝑃𝑠𝑡𝑎𝑡𝑖𝑐  … … … … … … … … … (9) 

𝑃𝑎𝑐𝑡𝑖𝑣𝑒 = 𝑃𝑠𝑤𝑖𝑡𝑐ℎ + 𝑃𝑠ℎ𝑜𝑟𝑡 + 𝑃𝑙𝑒𝑎𝑘 … … … … … … … … (10) 

𝑃 = 𝛼0→1 × 𝐶1 × 𝐹𝑐𝑙𝑜𝑐𝑘 × 𝑉𝑑𝑑
2 + 𝐼𝑠ℎ𝑜𝑟𝑡−𝑐𝑖𝑟𝑐𝑢𝑖𝑡 ×  𝑉𝑑𝑑 + 𝐼𝑙𝑒𝑎𝑘𝑎𝑔𝑒 × 𝑉𝑑𝑑 … … . . (11) 
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Where, α 0−ӏ Probability, Cӏ=Load capacitance, Fc=Clock frequency, Vdd=Power supply, Ishort=Short 

circuit current, I Leak Leakage current. As shown the table 4.3.in case of modified Carry look ahead adder 

with forward body biased Stacking Power Gating active power is reduced compared to base Carry look 

ahead adder. The reduction is almost 57.92 % at voltage 1.8 V and temperature 27 oC. 

 

TABLE 1 ACTIVE POWER DISSIPATION OF CARRY LOOK AHEAD ADDER 

 

 

Circuit 

 

Con. Carry Look Ahead Adder 

 

Modified Carry Look 

Ahead Adder Supply and 

Temperature 

 

1.8 V 

 

27 oC 

 

1.8 V 

 

27 oC 

Active power  

(nW) 

 

3.58 

 

3.58 

 

1.35 

 

1.35 

 

 

Figure 7 (a) Active power of conventional Carry Look Ahead Adder 

 

Figure 7 (b) Active power of modified Carry Look Ahead Adder 

 

 STANDBY LEAKAGE CURRENT 
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The stand by leakage is obtained when the circuit in idle mode. Here we connect the sleep transistor to the pull down 

network of Carry look ahead adder circuit and ground of the circuit. When we measuring the leakage current in 

MTCMOS Power gating then the both transistors are off [18]. The basic equation of stand by leakage is  

𝐿eak = 𝐼𝑠𝑢𝑏 + 𝐼𝑜𝑥 … … … … … … … … . . (14) 

Where, I sub = Sub threshold leakage current, I ox = Gate oxide current. Stand by leakage current is measured by at 

1.8V and 27oC. It is greatly reduced almost 69% in modified Carry look ahead adder with Stacking Power Gating. 

The table 2 shows the leakage current at various voltages and various temperatures [20]. 

TABLE 2 (A ) STANDBY LEAKAGE CURRENT AND LEAKAGE POWER DUE TO VARIOUS VOLTAGES 

 

Volt. 

(V) 

Leakage current Leakage power 

Conventional Carry 

look ahead  (nA) 

Modified  

Carry look 

ahead  (pA)  

Conventional  

Carry look 

ahead  (mW) 

Modified  Carry 

look ahead (nW) 

1.6 0.92 1.31 4.99 4.15 

1.8 4.38     1.86 16.68 11.61 

2.0 10.37 4.87 32.39 17.76 

2.2 17.6 11.59 56.75 34.85 

2.4 25.8 19.34 84.73 45.98 

 

TABLE 2 (B) STANDBY LEAKAGE CURRENT AND LEAKAGE POWER DUE TO VARIOUS TEMPERATURES 

 

 

Temp. 

 

0C 

Leakage current Leakage power 

Conventional  Carry 

look ahead adder   

(nA) 

Modified  

Carry look 

ahead  adder 

(pA) 

Conventiona

l Carry look 

ahead adder   

(m W) 

Modified Carry 

look ahead  

adder (n W) 

27 4.38 1.86 16.68 11.61 

47 4.46 1.92 17.43 12.68 

67 4.60 2.02 18.19 13.77 

87 4.84 2.16 18.91 14.09 

107 4.91 2.30 19.63 14.56 
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Figure 8 (a) Leakage current of conventional Carry Look Ahead Adder 

 

Figure 8 (b) Leakage current of modified Carry Look Ahead Adder 

 LEAKAGE POWER 

The stand by leakage power is measured at the time of idle mode. Here measured the leakage power when the sleep 

transistor is off. Basically the stand by leakage power is the product of the leakage current and supply voltage 

[19].The basic equation of leakage power is  

𝑃𝑙𝑒𝑎𝑘 = 𝐼𝑙𝑒𝑎𝑘 ∙ 𝑉𝑑𝑑 … … … … … … … … … … . (15) 

The Table 2 (a) and Table 2 (b) shows leakage power is reduced in various voltages and temperatures after applying 

stacking power gating. 

 

 GROUND BOUNCE NOISE  

During the active mode of the circuit an instant current pass from sleep transistor, which is saturation region and 

causes a sudden rush of the current. Elsewhere , because of self inductance of the off- chip bonding wires and 

parasitic  inductance  on chip power rails, result voltage function in the circuit depends on input/ output buffers and 

internal circuitry. The noise depends on the voltage. The ground bounce noise mode is in Fig 10. [20][21]. 
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Figure.10: DIP-40 Package Pin Ground Bounce Noise mode 

• Inductance L = 8.18 nH 

• Resistance R = 0.217 Ω 

• Capacitance C = 5.32 pF 

The following wave form is showing ground bounce noise of conventional Carry look ahead Adder and 

modified Carry look ahead Adder. 

TABLE 3.GROUND BOUNCE NOISE FOR CARRY LOOK AHEAD ADDER 

 

 

 

 

 

 

 

 

 

 

Figure 11 (a) Ground Bounce Noise of Conventional Carry look ahead Adder 

Voltage (V) Ground Bounce Noise (nV) Temp 
0C 

Ground Bounce Noise 

(nV) 

Conv. Modified Conv Modified 

1.6 65.30 18.34 27 63.63 41.85 

1.8 63.80 40.75 47 66.42 33.26 

2.0 96.40 64.41 67 69.33 44.31 

2.2 125.90 89.23 87 74.66 53.32 

2.4 157.14 115.90 107 80.40 63.92 
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Figure 11.(b) Ground Bounce Noise of modified Carry look ahead Adder 

 

Figure 12. (a) Ground Bounce Noise graph of Carry look ahead Adder at various voltages 

 

Figure 12 (b): Ground Bounce Noise graph of Carry look ahead Adder at various Temperatures 

As shown in the table, the ground bounce noise is reduced up to 58% in to various voltage and temperature.[24] 

 

V. CONCLUSION 
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In this paper we proposed a modified pass transistor based carry look ahead for microprocessor and arithmetic logic 

circuit with low ground bounce noise and reduced standby leakage current and leakage power[25]. Here we have 

used high performance power gating technique (forward body biased Stacking Power Gating Technique.) to reduced 

active power, leakage power, standby leakage current and ground bounce noise [26]. The leakage current is up to 

42% and leakage power up to 69 %. The ground bounce noise is reduced to up to 58% and active power is reduced 

up to 37 %. The proposed modified Carry Look Ahead adder is operated at various voltages and various 

temperatures. 
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