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ABSTRACT 

This paper discusses a rail to rail swing, mixed logic style 1-

bit 28-transistor (28T) full-adder, based on a novel 

architecture. The performance metrics: power, delay, and 

power delay product (PDP) of the proposed 1-bit adder is 

compared with other two high performance 1-bit adder 

architectures reported, till date. The proposed 1-bit adder has 

a 50% improvement in delay, and 49% improvement in 

power-delay-product, over the two reported architectures, 

verified at 90nm technology. The power performance of 

proposed 1-bit adder and that of the two reported architecture 

are comparable, within 8%. This analysis has been done at 

supply voltage VDD = 1.2V, load capacitance CL=150fF, and 

at a maximum input signal frequency fMAX=200MHz. Also, 

the worst case performance metrics of the proposed 1-bit 

adder circuit is seen to be less sensitive to variations in VDD 

and CL, over a wide range from 0.6V to 1.8V, and from 0fF to 

200fF, respectively.   
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1. INTRODUCTION 
Modern embedded devices are characterized by the 

integration of variety of functionalities augmented by 

advancements in architecture, design, manufacturing, etc., 

technologies. Some of the leading edge functionality 

implementation includes Digital Signal Processing (DSP). 

The DSP functionalities are an integral part of real-time 

multimedia processors, high speed digital Transceivers, data 

acquisition systems, etc., of modern Internet technology. The 

most fundamental of all digital operations is the addition. 

Thus the performance of Arithmetic Logic Unit (ALU) plays 

major role in characterizing the performance of all the DSP 

systems. The design of an efficient full adder is the most basic 

need for high speed real time DSP at given process 

technology node.  The focus of this paper is to develop an 

efficient (i.e. high speed, low power, small area, low cost, 

etc.) 1-bit adder circuit for integration in DSP requirements.  

In the design of an efficient digital circuit, for e.g., an n-bit 

adder, the most important design metrics of concern are 

power, speed, size, and cost [1, 2]. The design metrics 

compete with each other while optimizing; for e.g., reduced 

delay results in increased power dissipation due to either 

increased leakage current (i.e. small VT) or faster clocking. 
The simultaneous optimization of power, speed, size, and cost 

design metrics needs proper knowledge about each of these 

design metrics in terms of relationship among each other. This 

relationship finds its root in process-voltage-temperature 

(PVT) space. Modelling these design metrics in terms of PVT 

parameters is a very complex problem of statistical design of 

experiment (DoE) and response surface modelling (RSM) 

techniques followed by optimization [3, 4]. This approach 

becomes very complex due to the large number of the PVT 

parameters significantly influencing each of the design 

metrics. To reduce this complexity, simple heuristics, 

involving design and optimization of sub-circuits, and then 

integrate each sub-circuit to obtain next level circuit modules, 

are followed. For e.g. design optimization of a 64-bit adder 

circuit involves design optimization of 1-bit adder sub-circuit. 

We take the product of competing design metrics and 

minimize this product resulting in simultaneous optimization 

of each design metrics in the product; for e.g. “power delay” 

product (PDP) [5]. If the PDP is minimized, both the power 

and delay get minimized simultaneously. 

In this paper we have achieved minimum PDP for the 

proposed 1-bit adder circuit through its architectural 

innovation. Accordingly, we designed and implemented a 

novel 1-bit, 28T ‘carry dependent sum’ adder circuit based on 

mixed logic style using 90nm generic process design kits 

(PDKs). The simulation of this circuit is done using 

Cadences’ Spectre simulator. This architecture is referred 

herein as ‘alternative logic-3’ (AL-3) as an alternative to 1-bit 

adder circuits, recently reported in [6, 7], called herein as 

‘alternative logic – 1’ (AL-1) and ‘alternative logic-2’ (AL-2), 

discussed in subsequent sections. We simulated and compared 

the performance metrics, such as worst case delay, and worst 

case power, and worst case PDP for AL-1, AL-2, and AL-3 

circuits. We also simulated these 3 circuits to determine their 

worst case performance metric as a function of VDD and CL. In 

this comparison AL-3 has performed remarkably, with 

minimum worst case: delay, and PDP. Rest of this paper is 

organized as follows: Section 2 reviews fundamentals of 

existing 1-bit full adder circuits, which includes AL-1 and 

AL-2. Section 3 presents the proposed 1-bit AL-3 adder 

circuit, highlighting its salient features. Section 4 discusses 

methodology used in comparing AL-1, AL-2, and AL-3 adder 

circuits. Section 5 discusses all the performance metrics as a 

function of VDD and CL. Finally conclusions are drawn in 

section 6. 
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2. CLASSIFICATION OF FULL ADDER 

CELL ARCHITECTURES 
The full adder architectures have been broadly classified into 

three main categories viz. XOR-XOR based, XNOR-XNOR 

based, and XOR-XNOR based [1, 2] depending upon the 

circuit approach to realize the two outputs: sum-Si, and carry-

Ci+1. The mixed logic style architectures AL-1 and AL-2 

reported in [6, 7], and AL-3 proposed in this paper, together 

classified as another (4th) category, herein. The AL-1 and AL-

2 architectures have been realized based on double pass logic 

(DPL) and CMOS transmission gate logic, resulting in mixed 

logic style implementation, whose block diagram and circuits 

are given in Fig. 1 and discussed in subsequent subsection. A 

variant of AL-1 and AL-2 architectures called AL-3 is 

proposed in this paper and discussed in section 3. The 

performances of all the 3 architectures are compared with 

respect to the delay, power, and PDP performance metrics and 

discussed later section 4 and 5. 

2.1 XOR-XOR, XNOR-XNOR and XOR-

XNOR based full adder Architecture 
In the general architecture with XOR-XOR based full adder, 

ith adder output bits Si and Ci+1 are given by the following 

equations: 

                  
       (1A) 

          
           (1B) 

                                                                            
Whereas the output bits of XNOR-XNOR based full adder 

is given by the following equations:  

                      
          (2A) 

              
          (2B) 

Equation 1(B) and 2(B) shows Ci+1 is a multiplexing of Ai and 

Ci inputs, with H as the select signal. 

In XOR-XNOR based full adder the output bits are expressed 

by the following equations: 

  
                          

         (3A) 

         
                     (3B) 

Equation 3(A) shows   
  is a multiplexing of H and    with Ci 

as the select signal. Equation 3(B) shows Ci+1 is a 

multiplexing of Ai and Ci with H as the select signal. 

2.2 Alternative Logic AL-1 and AL-2 based 

Full Adder Architectures. 
 

 
(a) 

 

 
(b) 

 
(c) 

 

 
(d) 

Fig. 1: Alternative Logic of 1-bit adder in [6, 7],  (a) and 

(b) General block diagram form of AL-1 and AL-2 

respectively, (c) and (d) are circuit representations of AL-

1 and AL-2, respectively. 
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The block diagrams of Fig. 1(a) and (b) shows the general 

architecture of 1-bit adders: AL-1 and AL-2; and Fig. 1 (c) 

and (d) show the circuit implementation of AL-1 and AL-2 

architectures using the DPL logic, and they are 28T and 26T 

implementations, respectively. In AL-1 the XOR, XNOR, 

AND, and OR gates were implemented independently. In AL-

2 the XOR and XNOR are implemented together, which saves 

2 transistors, whereas the AND and OR gates implemented 

independently, as shown in the Fig. 1(b), whereas the gates 

XOR and XNOR are integrated together. In Fig. 1, for better 

correlation between the block diagram and circuits, we have 

circled and labelled the corresponding sub-blocks. 

In the Fig. 1, the output bits are expressed by the following 

equations. 

            
     

       (4A) 

               
              (4B) 

In equation 4(A), the signals H and H' are multiplexed by the 

select signal Ci; in equation 4(B), the AND and OR of Ai and 

Bi inputs are multiplexed, with Ci select signal. In the circuits 

of Fig. 1, the numbers next to transistor indicates the W/Lg 

(with gate length Lg=2λ=90nm) ratios. The W/Lg ratios of 

PMOS transistors are considered twice that of NMOS 

transistors to compensate for their carrier mobility.  Transistor 

sizing is discussed in section 4. 

3. PROPOSED 1-BIT FULL ADDER AL-3 

ARCHITECTURE AND ITS MIXED 

LOGIC STYLE IMPLEMENTATION  
The proposed adder architectures are based on the truth table 

shown in Table l; examining the truth table it can be observed 

that carry out (Ci+1) is equal to (Ai.Bi) value when carry in (Ci) 

equal to ‘0’ and (Ai+Bi) when carry in (Ci) is equal to ‘1’. 

Thus carry out (Ci+1) can be generated by multiplexing 

Boolean functions (Ai.Bi) and (Ai+Bi) [6, 7]. In addition to 

evaluating Ci+1 in this approach, we propose the generation of 

sum (Si) also by multiplexing Ai.Bi.Ci and Ai+Bi+Ci using Ci+1 

as the select signal, i.e., sum Si is equal to Ai .Bi .Ci value when 

carry output Ci+1 is equal to ‘1’, and to Ai+Bi+Ci value when 

Ci+1 is equal to ‘0’. This approach leads to carry (Ci+1) 

dependant sum (Si) AL-3 architecture. Thus the Boolean 

expressions for the sum and carry output bits are expressed by 

the following logic expressions; 

                                  
  5(A) 

               
                 5(B) 

 

Table 1. Truth Table for the implementation of 1-bit AL-3 

Full Adder 

Inputs Outputs 

Ai Bi Ci Si Ci+1 

0 0 0 0 0 

0 0 1 1 0 

0 1 0 1 0 

0 1 1 0 1 

1 0 0 1 0 

1 0 1 0 1 

1 1 0 0 1 

1 1 1 1 1 

 

 
(a) 

 

(b) 

Fig 2: The proposed alternative logic-3(AL-3) (a) Block 

diagram, and (b) Mixed logic style circuit implementation 

Fig. 2(a) is the block schematic derived using the Equation 

5(A) and 5(B); and the Fig. 2(b) is the circuit schematic of 

Fig. 2(a), implemented using mixed logic style. In the block 

schematic Fig. 2(a) the NAND-NOR gates are implemented 

using static CMOS logic and multiplexers are implemented 

using CMOS transmission gate logic hence we call Mixed 

Logic style. For better correlation with Fig. 2(a), and Fig. 2(b), 

the transistors in Fig. 2(b) forming the corresponding gates of 

Fig. 2(a) are circled together. This circuit of Fig. 2(b) involves 

28 transistors (28T), same as that of AL-1 implementation 

(Fig. 1(c)); but AL-3 circuit proves to be better in terms of 

power, delay and PDP parameters, over both AL-1 (28T) and 

AL-2 (26T), presented and discussed in section 5. 

4. SIMULATION ENVIRONMENT  

4.1 Simulation Setup 
To generate standard test signals at each input of circuit under 

test (CUT), a chain of buffers are used. The transistors of 

these buffers are sized such that their output resembles 

standard CMOS signal [1, 2]. For functionality verification, 

and measurement of worst case delay and worst case power, 

we have used the standard input vectors as suggested in [8, 9], 

and discussed in section 5. 

The AL-1, AL-2 and AL-3 are the CUTs, simulated under 

identical PVT conditions to compare their power, delay, and 

PDP performance metrics. The performance metrics for the 3 

circuits are compared through parameterization of the VDD 

and CL, discussed in next section. 
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4.2 Transistor Sizing 
The W/Lg ratios, of the N/PMOS transistors are indicated next 

to each transistor, in Fig. 1(c), 1(d), and Fig. 2(b). We have 

adopted the transistor sizing methodology as suggested in [6, 

8, 9]. The steps of this methodology are given as follows; 

a) Set all the NMOS transistors to the minimum size. If 

there were n transistors connected in series, then size (W) 

of each transistor within the chain to n times the original 

NMOS transistor size. 

b) Set all the PMOS transistors to double the minimum size 

(to compensate for the mobility difference between 

NMOS and PMOS transistors). If there are p transistors 

connected in series, then size each of these transistor in 

the chain to p times the original PMOS transistor size. 
c) Simulate the circuit with an input pattern to cover all 

input combinations, as discussed later. 

d) Figure out the switching transition in Si and Ci+1 output 

variables with the highest propagation delay, and resize 

the transistor (widths) in this critical path. 

Repeat the steps (c) and (d) until no longer improvement is 

attained for the propagation delay.  

5. SIMULATION RESULTS AND 

DISCUSSION 
In this section, simulation result of 1-bit full adder circuits is 

presented under the common PVT conditions. All the 3, 1-bit 

adder circuits: AL-1, AL-2, and AL-3 are simulated with 

Cadences’ Spectre using generic 90nm PDKs to determine 

their worst-case delay, worst-case average power, and worst-

case PDP. Study is performed in 2 steps. In the first step, the 

study of the performance metrics are compared for the 3 adder 

circuits as a function of supply voltage VDD variation from 

0.6V to 1.8V, at 20fF load capacitance CL, and a maximum 

input speed of 200MHz [6, 7]. Frequency of the input signals 

is the reciprocal of smallest pulse width (5ns) = 200MHz, is 

common to all 3 full adder circuits. The actual maximum 

operating frequencies of AL-1, AL-2, and AL-3 circuits are 

well beyond 1GHz, which is verified through simulations. In 

the second step the performance metrics are again studied as a 

function of the load capacitance CL, varied from 0fF to 200fF, 

at VDD=1.2V, and maximum input speed at 200MHz. The 

(propagation) delay tpd is calculated as the time since a 50% 

change in input signal while transitioning either from a 0 to 1 

or from a 1 to 0 logic levels, till a corresponding 50% change 

in output signals, again either from 0 to 1 or 1 to 0 logic 

levels. 

For a 1-bit adder with 3 inputs Ai, Bi, and Ci, there are 23=8 

possible input vectors. For an exhaustive delay analysis for Si 

or Ci+1, we need to consider all possible input vector 

transitions. There are 2k×2k-1=56 numbers of input vector 

transitions for k=3. All the 56 input vector transitions are 

defined as standard input test patterns [8, 9], to determine the 

worst case delay in Si or Ci+1 as shown in waveforms of Fig. 

3. For a better visualization a transition matrix which records 

the delay in Si and Ci+1 is prepared as shown in Fig. 4(a)-(c) 

for the 3 circuits: AL-1, AL-2, and AL-3, respectively. Each 

delay matrix consists a total of 64 cells; the 8 cells of which 

along diagonal corresponds to the transitions within the same 

input vector states, i.e., 000   000, 001  001,   111  

111, are insignificant. Further, for 24 input vector transitions, 

there will be no corresponding transitions in the outputs, 

labelled ‘Not Applicable’ (NA) in Fig. 4(a)-(c). Each of the 

remaining 64-8=56 non-diagonal cells are partitioned into two 

sub-cells viz., sub-cell Si (first, in a cell), and sub-cell Ci+1 

(second, in a cell). Further, 56-24=32-delays in Si and, 

corresponding 32 delays in Ci+1 have been simulated, 

measured, and tabulated in the respective sub-cells, in a cell in 

Fig. 4. The worst case delay during any of the 56 ‘input 

vector’ transitions on Ai, Bi, Ci inputs is the MAX (Si, Ci+1) 

propagation delays (Fig.4).  

The worst-case delay of AL-1 circuit occurs for the carry Ci+1 

output for the input vector transition ‘010’ to ‘101’ and the 

corresponding delay is 283.9ps (Fig. 4(a)). The worst-case 

delay value of 309.2ps in Si output occurs for AL-2 circuit 

when the input vector transitions from ‘100’ to ‘011’ (Fig. 

4(b)); whereas the worst-case delay of AL-3 is 245.2ps in Si 

output signal for ‘110’ to ‘100’ transition (Fig. 4(c)). In Fig. 4, 

MAX (Si, Ci+1) delay is considered as worst case delay with 

corresponding value in the sub-cell, highlighted. In this paper, 

the worst case power is determined as the average power 

dissipated, over 9 input frequency patterns (Table 2),  applied 

to the inputs Ai, Bi, and Ci resulting in a valid logic levels at 

sum Si and carry Ci+1 [8, 9]. 

 
Fig. 3: Waveforms corresponding to 56 input vector 

transitions at the inputs Ai, Bi, and Ci and at the outputs 

of Si and Ci+1 for the 3, 1-bit adder circuits AL-1, AL-2, 

and AL-3. 

 
The frequencies for the inputs Ai, Bi, and Ci, are labelled as 

fAi, fBi, and fCi. The first 6 frequency patterns are equivalent to 

applying 56 different input vector transitions of Fig. 4 for the 

input vectors AiBiCi. Average power Pavg, is the sum of 3 

components, given as; 

 
 

(a) 
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(b) 

 

 
 

(c) 

Fig. 4: Simulated delay matrices for Si (first sub-cell in a 

cell) and Ci+1 (second sub-cell in cell) for (a) AL-1, (b) AL-

2, and (c) AL-3, circuits. 

Pavg = Pdynamic + Pstatic + Psc  (6) 

where Pdynamic is the average dynamic power loss, Pstatic is the 

average static power loss, and Psc is the average short circuit 

power lost in each of the 3 circuits: AL-1, AL-2, and AL-3. 

The static power is the power dissipated due to steady state 

leakage currents, while the dynamic power is power loss due 

to switching of the node capacitances over all the nodes in the 

circuit, and the short circuit power is the power lost over the 

entire circuit due to simultaneous conduction of series NMOS 

and PMOS transistors connected between the power rails. 

In equation 6, the Pavg is computed, over 9 frequency pattern 

assignments at the inputs Ai, Bi, and Ci (Table 2). The 6 out of 

9 frequency patterns are combinations of 3 frequencies, viz., 

fH=200MHz, fM=fH/2=100MHz, and fL=fH/4=50MHz, taken in 

3! (3 factorial) ways and constitute the first 6 rows in the 

Table 2. This power analysis is done with VDD=1.2V, and 

CL=20fF. In the last 3 rows of this table, fMD assignment to Bi 

is the fM which is delayed by 50% of its pulse width. The 

frequency patterns in the last 3 rows will simulate the worst-

case power loss due to glitches. This worst-case glitch is 

evident in the waveform of Fig. 5. The waveform of Fig. 5 

conveys all the 9 frequency patterns in Table 2, graphically. 

The 3 frequencies fAi, fBi, and fCi (i.e., a row in Table 2) 

corresponding to each sub-pattern are labelled in this figure. 

To determine the worst case PDP, we take the product of 

worst case power and worst case delay (Fig. 4), both 

determined as said above. Historically, the PDP is considered 

to be a suitable performance metric for simultaneous 

optimization of power and delay [5]. The power dissipation is 

mainly due to switching of the nodes capacitances in the 

circuits in long channel transistors, where the leakage power 

dissipation was relatively insignificant. However in sub-90nm 

gate length, the total leakage power dissipation due to all the 

leakage mechanism, viz., subthreshold, junction, and carrier 

tunnelling through oxide, becomes comparable with dynamic 

power dissipation. 

In this paper it is the worst case delay in the outputs, Si or 

Ci+1, and the worst case average power are considered to 

determine the worst case PDP. The worst case PDP provides a 

trade off between worst case power and worst case delay 

performance metrics. Traditionally, minimum PDP implies 

prolonged battery life, a desirable feature for portable 

application. 

Table 2.  Power Measurement Input Sub-Patterns 

# 
Input Sub-pattern 

fAi fBi fCi 

1 fH fM fL 

2 fH fL fM 

3 fM fL fH 

4 fM fH fL 

5 fL fH fM 

6 fL fM fH 

7 fM fMD fH 

8 fM fMD fM 

9 fM fMD fL 

 

 

Fig. 5: The waveforms of the 9 possible frequency patterns 

(Table 3) at the inputs Ai, Bi, and Ci and their 

corresponding outputs at Si and Ci+1 for AL-1, AL-2, and 

AL-3 adder circuits. 

5.1 Worst case delay as a function of 

supply voltage and load capacitance  
Fig. 6(a) shows the worst-case delay characteristics of three 1-

bit adder circuits as a function of supply voltage VDD varied 
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from 0.6V to 1.8V. It was noticed that the proposed 1-bit 

adder AL-3 is having less delay compared to AL-1 and AL-2 

circuit when VDD is increased beyond ~0.7V. This 

improvement in delay for AL-3 is attributed to relatively 

smaller intermediate node and output node parasitic 

capacitances (Fig. 1 and Fig. 2). For VDD below 0.6V, the 

functionality of the 3 adders becomes indeterminate.  

For the proposed AL-3 circuit, Si is critical output, since it’s 

evaluated using its Ci+1 (Fig. 2). Due to buffer action by 

CMOS NAND1 followed by CMOS NOR2, yielding minterm 

AiBiCi at one input of MUX2, and CMOS NOR1 followed by 

CMOS NAND2 in the other input of MUX2, yielding 

maxterm Ai+Bi+Ci, the speed of the AL-3 is better than AL-1 

and AL-2 circuits. The minterm and maxterm are selected by 

MUX2 with Ci+1 select signal. The expression for Si is given 

by Equation 5(A) as discussed earlier, which simplifies to 

Si=Ai Bi Ci, realizing the sum operation. The worst-case 

delay for Si is observed during 110 to 100 transitions 

(highlighted in Fig. 4(c)) for this circuit. The worst-case delay 

for AL-1 and AL-2 remains higher in comparison with that of 

AL-3, particularly at higher VDD, above 0.7V. 

 

(a) 

  

(b) 

Fig. 6: Plots of delay as a function of (a) supply voltage 

VDD, and (b) load capacitance, CL 

Fig. 6(b) indicates the worst-case delay characteristics as a 

function of load capacitance CL, varied from 0fF to 200fF. 

The CMOS NAND1 and NOR2 gates produce the minterm, 

AiBiCi, while CMOS NOR1 and NAND2 gates generate the 

maxterm, Ai+Bi+Ci. Due to buffering action by these CMOS 

gates, the output delay for AL-3 is small, compared to AL-1 

and AL-2 circuits, over the entire range of CL. This implies 

higher fan-out capacity for AL-3 in comparison with AL-1 

and AL-2 circuits. The improvement in the delay for AL-3 

circuit is pronounced over other 2 circuits for CL value greater 

than 10fF. 

5.2 Worst-case power as a function of 

supply voltage and load capacitance 

The power analysis is done using the technique discussed 

earlier to estimate the worst-case power. Accordingly, the 

speeds of the input signals Ai, Bi, and Ci are chosen as a 

sequence of frequency sub-patterns, i.e. the rows in the Table 

2. The power analysis is done at maximum speed of 200MHz 

at the adder input with VDD=1.2V and CL at 20fF. The 9 

frequency patterns applied at the 3 inputs Ai, Bi, and Ci will 

yield average worst-case power dissipated.  

Fig. 7(a) shows the simulated average power over 9 frequency 

sub-patterns as a function of supply voltage VDD. The 

difference in the power dissipated by AL-3 and that of AL-1 

and AL-2 circuits is not significant. The marginal difference 

in power in AL-3 is attributed to presence of CMOS, 

NAND1-NOR2 and NOR1-NAND2 gates. 

In figure 7(b), we are plotting average worst case power as a 

function of load capacitance CL for AL-1, AL-2, and AL-3 1-

bit adders. The CL is varied from 0fF to 200fF, while the 

VDD=1.2V, and maximum frequency, fMAX = 200MHz. Again, 

over the entire range of CL, the difference in power dissipation 

in AL-1, AL-2, and AL-3 circuits is not significant. This 

means that the AL-3 circuit has comparable power dissipation 

with AL-1 and AL-2 circuits. 

 
(a) 

 
(b) 

Fig. 7: Power dissipation as a function of (a) supply 

voltage VDD, (b) load capacitance CL. 

5.3 Worst-case PDP as a function of supply 

voltage and load capacitance 

 
 

(a) 
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(b) 

Fig. 8: The PDP as a function of (a) supply voltage VDD, 

(b) load capacitance CL 

The worst case PDPs of AL-1, AL-2, and AL-3 1-bit adder 

circuits are studied as a function of supply voltage VDD and 

the load capacitance CL. In this analysis, VDD is varied from 

0.6V to 1.8V, and the CL from 0fF to 200fF. 

Fig. 8(a) shows the worst case PDP as a function of supply 

voltage VDD for the 3 adder circuits: AL-1, AL-2, and AL-3. 

The AL-3 adder is having better worst case PDP, among all 

the 3 circuits, when VDD exceeds 0.8V. Fig. 8(b) shows the 

variation of worst case PDP as a function CL, which is varied 

from 0fF to 200fF. Initially, from 0fF to 20fF, the worst case 

PDP dependence on CL is comparable for all the 3 adders. 

When CL exceeds 20fF, the AL-3 circuit is having minimum 

PDP variation among the 3 circuits, which implies AL-3 

circuit to be better for portable applications. 

Table 3 shows percentage (Δ) improvement in power, delay 

and PDP for AL-3 1-bit adder circuit with respect to AL-1 and 

AL-2 architectures. The minus sign in the percentage change 

in power indicates, increase in power dissipation; but this 

increase in not significant, compared to improvement in delay 

and PDP performance parameters. 

Table 2.  Percentage Improvement in Worst-Case: Power, 

Delay, and PDP for AL-3 with respect to (w.r.t) AL-1 and 

AL-2, 1-bit Adder Circuits, at Vdd=1.2 V, CL=150ff, and 

fmax=200 MHz. 

Improvement in 

Performance Metric of: 

ΔPower 

(%) 

ΔDelay 

(%) 

ΔPDP 

(%) 

AL-3 w.r.t AL-1 -8.1 45.1 40.6 

AL-3 w.r.t AL-2 -2.72 50.1 48.7 

 

6. CONCLUSION 
In this paper, a novel 1-bit 28T adder circuit designated 

‘alternative logic-3’ (AL-3) is proposed, and analyzed to 

determine its worst case: delay, power, and PDP performance 

metrics in comparison with two high performance adder 

circuits designated as AL-1 and AL-2, reported in [6, 7]. 

There is a significant improvement of, ~45% in worst case 

delay parameter and ~41% in worst case PDP parameter for 

AL-3 over AL-1 circuit; and ~50% in worst case delay 

parameter and ~49% in worst case PDP parameter for AL-3 

over AL-2 circuit. The analysis and comparison among 3 

adder circuits, under identical PVT conditions, is done in two 

steps. In the first step, the worst case: delay, power, and PDP 

are studied as a function of supply voltage VDD, which is 

varied from 0.6V to 1.8V; over the entire range of VDD, the 

performance of AL-3 circuit has minimum delay, comparable 

power, and minimum PDP, over other 2 architectures: AL-1 

and AL-2. In the second step the worst case: delay, power, 

and PDP are studied as a function of load capacitance CL 

which is varied from 0fF to 200fF; over the entire range of CL, 

the performance of AL-3 circuit has minimum delay, 

comparable power, and minimum PDD, over other 2 

architectures: AL-1 and AL-2. Thus the AL-3, 1-bit adder 

circuit is a suitable choice for portable applications. 
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