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Abstract— The adder is most commonly used arithmetic block of CPU (central processing unit) and DSP (digital signal
processing); therefore its power and performance optimization is very important. With the scaling of technology to deep
submicron, the speed of the circuit increases rapidly. At the same time, the power consumption per chip also increases
significantly due to increasing density of the chip. Therefore, in realizing modern VLSI circuits, low power and high speed
are the two predominant factors which need to be considered. In this work, there is try to determine the best solution to this
problem by improving the performance of adders.

In this work, we improve and compare the power consumption of the three adders. The conventional full adder is built by 28
transistors. So, the transistor count is very high. The average power consumption and delay are very high. In this work, we
consider three types of adders and try to improve their performance by varying width and length of substrate. For this
purpose, we use tanner tool.

Keywords— CSL, CPL, DPL, Low power design.

l. INTRODUCTION

The adder is the most commonly used arithmetic block of the central processing unit and digital signal processing, therefore
its performance and power optimization is of utmost importance. With the technology scaling to deep sub-micron, the speed
of the circuit increases rapidly. At the same time, the power consumption per chip also increases significantly due to the
increasing density of the chip. Therefore, in realizing modern very large scale integration (VLSI) circuits, low power and
high speed are the two predominant factors which need to be considered. Like any other circuit’s design, the design of high
performance and low power adders can be addressed at different level, such as architecture, logic style, layout and the
process technology. As a result, there always exists a trade-off between the design parameters such as speed, power,
consumption and area.

Arithmetic circuits like adders are one of the basic components in the design of communication circuits. Recently, an
overwhelming interest has been seen in the problems of designing digital systems for communication systems and digital
signal processing with low power at no performance penalty. Designing low power, high speed arithmetic circuits requires a
combination of techniques at four levels; algorithm, architecture, circuit and system levels. The remainder of this paper is
organized as follows; section 2 describes the theoretical background. Section 3 describes the circuit designing and
implementation of CSL, CPL and DPL adders. While corresponding experimental results and comparison of CSL, CPL and
DPL adders are presented in section 4. Conclusion is described in section 5. Finally, future scope is given in section 6.

1. THEORETICAL BACKGROUND

The research efforts of the past years in the field of digital electronics have been directed towards the low power of digital
systems. Recently, the requirement of probability and the moderate improvement in battery performance indicate power
dissipation is one of the most critical design parameters. Day by day the demand of probability and mobility is increasing.
Also the area of chip design is taken into consideration while talking about probability. Hence three most widely accepted
parameters to measure the quality of a circuit or to compare various circuit styles are area, delay and power dissipation.

The reduction of the power dissipation and the improvement of the speed require optimization at all levels of the design
procedure. Since most digital circuitry is composed of simple AND/OR complex gates, the best way is to implement logic
and arithmetic functions in order to achieve low power dissipation and high speed. Several circuit design techniques are
compressed in order to find their efficiency in terms of speed and power dissipation. In these days, transistors are used for
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designing logic gates, same transistors are used to design other blocks such as flip-flops or memories. Ideally, a transistor
behaves like a switch. For NMOS transistors, if the input is a 1 the switch is ON, otherwise it is OFF. On the other hand, for
PMOQOS, if input is O the transistor is ON, Otherwise the transistor is off [2].

There are three major sources of power consumption in digital CMQOS circuits, which are summarized in the following
equation [1].

Ptotul = Pswitrhiﬂg + Pshort—firruit + Plsukugg

— (ao—d X C X Vddz X fc.!k) + (Isc X Vdd) + (Ileakage X Vdd) (1)

The first term represents the switching component of power, where C is the load capacitance; f. is the clock frequency and
gy IS the node transition activity factor. The second term is due to the direct path short circuit current, Isc, which arises

when both the NMOS and PMOS transistors are simultaneously active, conducting current directly from supply to ground.
Finally, leakage current, liaage, Which can arise from substrate injection and substrate threshold effects, is primarily
determined by fabrication technology considerations. However, while supply voltage reduction is the most effective way to
reduce the power consumption, such a reduction require new design methods for low-voltage and low power integrated
circuits. Since an average of 15-20% of the total power is dissipated in flitching, low power can also be achieved by reducing
the glitches of the circuit [1].

1. CIRCUIT DESIGN AND IMPLEMENTATION

This section contains the circuit designing and implementation of CSL, CPL and DPL adders.
3.1 CONVENTIONAL STATIC CMOS LOGIC (CSL)

Conventional static CMOS logic is used in most chip designs in VVLSI applications. It consists of complementary NMOS
pull-down and PMOS pull-up networks to drive ‘0’ and ‘1° outputs. The features of this logic style are ;

1) good noise margin 2) fast speed 3) low power
4) Easy to design 5) robustness against voltage scaling ~ 6) arbitrary transistor sizes

The schematic diagram of a conventional static CMOS AND gate and full adder cell is illustrated in figure 1 and figure 2

respectively [3].
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F1G.1 SCHEMATIC DIAGRAM OF CSL AND GATE
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FI1G. 2 SCHEMATIC DIAGRAM OF CSL FULL ADDER

3.2 COMPLEMENTARY PASS TRANSISTOR (CPL)
CPL consists of complementary inputs, outputs, an NMOS pass transistor logic network, and CMOS output inverters as

shown in figure 3.
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F1G.3 BASIC CONCEPT OF CPL

As inverted and non-inverted inputs are needed to drive the gates of the pass transistors, the complement of the logic also
needs to exist. The pass-transistor network and inverse pass-transistor network is generate F and F. The schematic diagram of

the CPL AND gate and full adder circuit is shown in figure 3. The equations for figure 3 are given as [4]:
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FIG. 4 SCHEMATIC DIAGRAM OF CPL AND GATE
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3.3 DOUBLE PASS TRANSISTOR LOGIC (DPL)

The DPL is a modified version of CPL. The DPL also has complementary inputs and outputs and thus it is implemented
using dual-rails. In DPL circuits, full voltage swing is achieved at outputs by adding a PMOS transistor in parallel with
NMOS transistors. Although the addition of PMOS transistors results in increased capacitance compared to CPL style but
this does not limit the performance of DPL because DPL gates have balanced input capacitance, thus reducing the
dependence of delay on input data.

The problems of noise margin and speed degradation in CPL circuits due to high reduced voltage level are solved out in DPL
design style. The output buffers are not necessary, since the full swing is achieved by the addition of PMOS transistor. The
schematic diagram of the DPL AND gate & full adder circuit is shown in figure 5 [5].
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FI1G. 5 SCHEMATIC DIAGRAM OF DPL AND GATE

V. RESULTS & COMPARISON
4.1 WAVEFORMS OF CSL FULL ADDER

The waveforms of CSL adders using 90nm, 130nm & 180nm technologies are shown below in figure 6

F1G.6 WAVEFORMS OF 32-BIT 90NM, 130NM AND 180NM CSL BASED ADDER
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4.2 WAVEFORMS OF CPL FULL ADDER

The waveform of CPL full adder using 90nm, 130nm & 180nm technologies are shown below in figure 7. In this there are
three inputs A, B and C & two outputs sum and carry.

FI1G. 7 WAVEFORMS OF 32-BIT 90NM, 130NM AND 180NM CPL BASED ADDER

4.3 WAVEFORMS OF DPL FULL ADDER

The waveforms of DPL full adder using 90nm, 130nm & 180nm technologies are shown in figure 8. In this there are three
inputs A, B, C and two outputs sum & carry.
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Fi1G. 8 WAVEFORMS OF 32-BIT 90NM, 130NM AND 180NM DPL BASED ADDER
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In this design process, all simulations are done using 90nm, 130nm and 180nm technology process models with typical n-
channel and p-channel drive, 0.9v,1.3v and 1.8v power supply. In the schematics, all logics are designed using a minimum
gate length of 90nm, 130nm, 180nm and a minimum width of 135nm, 195nm, 270nm for NMOS and for PMOS 405nm,
585nm & 810nm gate width. According to the power dissipation, area and delay, CSL adder is better as compared to CPL
and DPL adder.

TABLE 1
PERFORMANCE PARAMETERS OF 32-BIT ADDERS

7.931099%- | 0.91872- 25.1407¢-
90nm 135nm 405m 3.1699¢-009 | 7.2864e-013
004 009 013
10.30134e- | 1.5208e- 15.6662¢- 49.5669-
130nm 195nm 585nm 4.8117e-009
004 009 013 013
CPL
7.118788e- | 0.57957e-
704 180nm 270nm 810nm 1.0603e-009 | 4.1258e-013 | 7.5480e-013
004 009
4.884417e- | 5.6882e- 27.7835¢-
90nm 135nm 405nm 1.1010e-009 5.3777e-013
004 009 013
5.806107e- | 1.1228e- 0.83978e-
130nm 195nm 585nm 6.6201e-013 | 4.9514e-013
004 009 009
csL 896
3.56903le- | 1.8018e- 0.36474¢-
180nm 270nm 810nm 6.4306e-013 | 1.3017e-013
004 009 009
10.90084e- | 0.56735e- 18.5423¢-
90nm 135nm 405nm 1.7010e-009 | 6.1845¢-013
004 009 013
14.49421e- | 0.28186e- 21.5572¢-
130nm 195nm 585nm 1.4873e-009 | 4.0853e-013
004 009 013
DPL 1088
9.54535le- | 0.37761e- 13.2098¢-
180nm 270nm 810nm 1.3839e-009 3.6044e-013
004 009 013
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TABLE 2
COMPARISON OF PDP IMPROVED RESULTS VS PDP BASE PAPER RESULTS OF 32-BIT ADDERS

CPL
7.2864e-013 9.316484e-013 25.1407e-013 33.3627729¢-013
90nm
CPL
15.6662e-013 19.233869e-013 49.5669e-013 63.59298e-013
130nm
CPL
4,1258e-013 5.818062e-013 7.5480e-013 14.142438e-013
180nm
CSL
27.7835e-013 37.043473e-013 5.3777e-013 9.344539¢-013
90nm
CSL
6.6201e-013 10.872886e-013 4.9514e-013 11.832008e-013
130nm
CSL
6.4306e-013 21.645596e-013 1.3017e-013 7.473910e-013
180nm
DPL
6.1845e-013 11.012256e-013 18.5423e-013 31.946377e-013
90nm
DPL
4.0853e-013 8.772943e-013 21.5572e-013 49.205634e-013
130nm
DPL
3.6044e-013 6.389029¢e-013 13.2098e-013 21.830666e-013
180nm

V. CONCLUSION

Focus of this paper was mainly on high performance and low power adder. The adder designed in this work provides the low
power requirement. It also presents an area efficient approach to low power, less number of transistors for any design.

32-bit adders were designed in tanner (Evaluation version) tool using 90nm, 130nm and 180nm and analysis of dynamic
power dissipation, delay and area was done. Table 1 above shows the power and delay comparison among CSL, CPL & DPL

adders. The table 2 above shows comparison between enhanced PDP results and base paper PDP results.
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VI. FUTURE ScoPE

CSL, CPL, DPL based advanced full adder circuit reduces the transistor count, power consumption and delay of the circuit.
The work of this paper may be further extended by various ways as:

>

>
>
>

(1]
(2]
(3]
(4]
(5]
(6]
[7]
(8]

The work can be extended to 64-bit adders.
The research steps may be taken further to optimize the parameters like using frequency, capacitance, length, width etc.
The work can be extended to change the technology file.

The efforts can be made to decrease the transistor count further power, area and delay can be minimized by changing
the parameters.

Research steps can be taken by using the other types of adders like ripple carry adder, hybrid adder etc.
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