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Abstract: Different logic families have been proposed from several years to improve the performance of the high
speed circuits. Mostly used logic family is CMOS which requires equal humber of nMOS and pMOS transistor but
in some application it may be required to reduce the area. Pseudo nMOS logic is one of the alternative for that .In
this paper, NOR-XOR, NAND-XOR and other combinational circuit using pseudo NMOS logic is proposed. The
performance of the circuits is measured in terms of power consumption, delay and power delay product and the
results are compared with existing standard pseudo nMOS logic circuit for different logic functions. All the circuits
are simulated using TSpice on 180nm CMOS technology.
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l. Introduction

The rapid integration of VLSI circuit is due to the increased use of portable wireless systems with low power budget and
microprocessors with higher speed. To achieve high speed and lower power consumption transistor technology and power
supply must be scaled down simultaneously. In one hand, the ever increasing market segment of portable electronic devices
demands the availability of low-power building blocks that enable the implementation of long-lasting battery-operated
systems [1]. On the other hand, the general trend of increasing operating frequencies and circuit complexity, in order to
cope with the through put needed in modern high-performance processing applications, requires the design of very high-
speed circuits. At the circuit design level, considerable potential for power savings exists by means of proper choice of a
logic style for implementing combinational circuits. This is because all the important parameters governing power
dissipation, transition activity, and short-circuit currents are strongly influenced by the chosen logic style [2]. Depending on
the application, the kind of circuit to be implemented, and the design technique used, different performance aspects become
important, disallowing the formulation of universal rules for optimal logic styles. CMOS logic is providing the almost all
requirements of designing high speed and low power circuits. One of the essential features of the CMOS logic circuits is
that it employs equal number of nMOS and pMOS transistors. In addition, to balance the rise and fall times of the logic
circuit, the size of the pMOS transistor generally needs to be larger than that of nMOS transistor. In some applications, it
may be required to reduce the area of logic circuits in order to fit into specific area budget. There are many ways to solve
this problem. The most widely used approach is pseudo nMOS logic. In this paper, different combinational logic circuits
such as NAND-NOR, XOR etc are designed and simulated.

This paper has been segmented into three sections. Section | have introduction part while in section Il basics of pseudo
nMOS logic and previous work is discussed. Section Il and IV presents simulation results and conclusion respectively.

Il. Pseudo-NMOS Logic

Pseudo-NMOS logic is an example of ratio-ed logic which uses a grounded pMOS load and an nMOS pull-down network
that realizes the logic function [2]. Figure 1 shows a basic pseudo CMOS inverter circuit. In this pMOS is connected to Gnd
in place of a load [3] and each input is connected to gate of only one transistor [4]. Sreenivasa Rao, ljjada et al [5] design a
combinational logic using pseudo nMOS logic shown in figure 5. It consists of two inputs A and B and four outputs which
give AND, NAND, XOR and XNOR logic functions having low transistor count and high speed compared to the other
logic styles.

The main advantage of this logic is, it uses only N+1 transistor verses 2N transistors for static CMOS. This reduces the gate
complexity substantially at the cost of static power consumption. Transistor sizing is critical to maintain sufficient noise
margins. In this logic the high output voltage for any gate is Vdd but the low output voltage is not ‘0’ volt. This results in
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decreased noise margin. Thus, the main drawback of this logic is very high static power consumption as there exists a direct
path between Vdd and ground through the PMOS transistor. In order to make low output voltage as small as possible, the
pMOS device should be sized much smaller than the nMOS pull-down devices. Also, to increase the speed particularly
when driving many other gates the pMOS transistor size has to be made larger. Therefore there is always a trade-off
between the parameters noise margin, static power dissipation and propagation delay.
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Figure 1: Pseudo NMOS inverter

Il Proposed Circuit

The proposed circuit of NOR-XOR and NAND-XNOR gates in Pseudo-nMOS logic is shown in figure 2 & 3. Another
NAND-XNOR circuit shown in figure 4 having lesser number of transistor as compared to circuit proposed in figure 2.
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Figure.3 Proposed Pseudo NMOS Logic (NAND, XNOR)

Figure.2 Proposed Pseudo NMOS Logic (NOR, XOR)
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Figure.4 Proposed Pseudo NMOS Logic (NAND, XNOR)

In figure 6 and 7 to other circuits are proposed which gives output NOR, OR, XOR & XNOR and NOR, AND, AND, OR,
XOR & XNOR respectively. Each of the proposed circuits consists of only two inputs A and B and more than two outputs

depending on the design. The main design objectives for these circuits are low power consumption and higher speed at low
supply voltage.
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Figure 5. Pseudo nMOS Logic [5]. Figure 6. Proposed Pseudo nMOS Logic (NOR, OR, XNOR, XOR)

Figure.7 Proposed Pseudo nMOS Logic (NAND, AND, NOR, OR, XNOR, XOR)
(AVA Simulation Result
Simulation of all the designs presented in the paper is done on TSpice using 180nm technology. Performances of all

presented designs are measured in terms of rise, fall time, propagation delay and power consumption. Table 1 and table 2
show the rise time, fall time, propagation delay, power consumption and PDP for XOR and XNOR gates respectively.

Tablel: Rise, fall time, Propagation delay, power consumption and power delay product for XOR gate
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R_ise Fallin Rropaga Power _ PDP%

time | g tion consumptio

* iime delay* n#
Fig.2 | 60 9.6 34.80 15 52.2
Fig3 | 60 9.6 34.80 .048 1.67
Fig.4 | 60 9.8 34.90 .097 3.38
Fig.5 | 40 29 34.50 .69 23.80
Fig.6 | 60 9.3 34.65 .28 9.7

Units- *=ns,&=ns*ns,#=pw

Table2: Rise, fall time, Propagation delay, power consumption and power delay product for XNOR gate

Rise | Falling | Propagat | Power PDP%

time | time* | ion consumption

& delay* #
Fig. | 40 29 34.50 10.28 354.66
1
Fig | 40 29 34.50 15 51.75
4
Fig. | 60 9.7 34.85 .69 23.80
5
Fig. | .26 | .33 .29 .28 .081
6

Units- *=ns,&=ns * ns,#=pw

Comparison of rise, fall time, propagation delay, power consumption and power delay product for different proposed
circuits for XOR and XNOR are shown form figure 8 to figure 17.
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Figure. 8 Comparison of Rising Time delay for XOR gate Figure.9 Comparison of Falling Time delay for XOR gate
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Figure.10 Comparison of Propagation Delay for XOR gate Figure. 11 Comparison of Power Consumption for XOR gate
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Figure. 16 Comparison of Power Consumption for XNOR gate Figure.17 Comparison of PDP for XNOR gate
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Conclusion

In this paper, different combinational logic circuits are proposed using pseudo nMOS logic. Performances of all the circuits
are calculated by simulating the designs in TSpice environment using 180nm technology. The simulation result shows that
the proposed circuits consumes less power and have higher speed.
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