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ABSTRACT
Dynamic logic style is used in high performance circuit designs because of its faster speed and lesser transistor
requirement as compared to static CMOS logic styles. Many design logics are used within dynamic logic itself.
This paper presents an analysis of Multiplexers using three different logic styles.
Multiplexers are used frequently while designing many complicated digital circuits like analog to digital
converters, Digital to analog converters, shifters etc. Multiplexers can be designed using basic gates or using
simple exor gates also.
This paper uses the exor based design for the multiplexers and compares the design performance based on speed
and delay.
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I. INTRODUCTION
The advancement in the VLSI technology has lead to the integration of billions of transistors into a single chip.
This in turn demands for more sophisticated, low power and high speed designs. The increasing demand for low
power, large scale integration can be addressed at various levels of designing like architectural level, gate level,
layout and the process technology level.
At the gate or circuit design level, reduction in power is possible by selecting a proper logic style for the design
implementation as parameters like power dissipation, delay, switching capacitance, transition activities are
influenced strongly by the selected logic. 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 [1].
This paper presents an analysis of 2-to-1 multiplexer using CMOS transmission gate logic, pseudo nMOS logic,
dynamic logic and footed diode domino logic and the implementations are compared based on transistor count,
delay and power consumption.

II. MULTIPLEXER
A multiplexer is a digital circuit that selects or routes one of the inputs based on the select lines. The numbers of
input lines are decided by the number of select lines. A multiplexer having n select lines can accommodate 2n
input lines. A multiplexer is also called as a digital switch or many to one circuit that generates an output that
exactly reflects state of one of a number of data inputs, based on value of one or more inputs.
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A multiplexer with two data inputs is referred as “2-to-1 or 2:1” multiplexer. Commonly used circuit and
graphical symbol for 2:1 multiplexer is represented in Fig.2a. The logical expression of 2:1 multiplexer is shown
in equation 1.
Y=AS‟ + BS

(1)

where A, B are inputs and S is the select line.

Fig 2a: circuit and symbol of multiplexer.
*The author RoopaNandini is a Research Scholars, Dr P Mor is working as a Senior Scientific Officer, and Dr
J.M. Keller is working as a professor, at RDVV Jabalpur.

2.1 Multiplexer Based on Transmission Gate
A transmission gate is a switch that has both nMOS and pMOS transistors in parallel. The switch turns on when
the control signal is „1‟ and the logic levels are passed without any degradation. nMOS passes strong „0‟ and
pMOS passes a strong „1‟. Fig 2.1a shows the circuit of a transmission gate (TG). A simple 2:1 multiplexer can
be constructed using transmission gates. Fig 2.1b shows the circuit and schematic of the same.

Fig 2.1a: Generalised Transmission Gate, Circuit And Schematic Of Multiplexer.
2.2. MULTIPLEXER BASED ON PSEUDO nMOS LOGIC
Pseudo nMOS logics gates are the most common form of CMOS ratioed logic. The pull down network is same
as that of static gate, but the pull up network has been replaced by a single pMOS that is grounded so that it is
always ON [2]. Fig 2.2a shows the circuit and schematic of multiplexer using pseudo nMOS logic. The logic is
a ratioed logic hence the transistor widths must be chosen properly especially, the pull-up transistor must be
chosen wide enough to conduct a multiple of the n-block's leakage and narrow enough so that the n-block can
still pull down the output safely as shown in equation 2.2.
(2.2)
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The advantage of pseudo-NMOS logic are its high speed (especially, in large-fan-in NOR gates) and low
transistor count. Fig 2.2a shows the circuit and schematic of the pseudo nMOS logic and multiplexer using the
same logic.

Fig 2.2a: Generalised Pseudo Nmos Logic Circuit And Schematic of Multiplexer.

2.3 Multiplexer Based on Dynamic Logic
In high density, high performance digital implementations where reduction of circuit delay and silicon area is a
major objective, dynamic logic circuits offer several significant advantages over static logic circuits [2-4]
Dynamic circuit uses a clocked pull up transistor rather than a pMOS that is always ON . Fig2.3a shows a
generalised CMOS dynamic logic [5] and multiplexer using the same logic.

Fig 2.3 A : Generalised Dynamic Circuit And Schematic of Multiplexer.

2.4 Multiplexer Based on Footed Diode Domino Logic
Domino circuits are widely used in high-speed applications for the implementation of high fan-in circuits [6].
However, domino circuits are vulnerable to noise. The substantial increase in deep-submicron noise with
technology scaling severely impacts the usefulness of domino circuits [7-8]. With technology scaling, the supply
voltage is scaled down to decrease the power consumption. In order to improve performance, the transistor
threshold voltage has to be commensurately scaled to maintain a high drive current. However, the threshold
voltage scaling results in the substantial increase of the sub threshold leakage current [9]. The main source of
noise in deep-submicron circuits is mainly due to the high leakage current, crosstalk noise, supply noise, and
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charge-sharing [10-11]. As the technology scales down, the leakage of the evaluation transistors exponentially
increases due to lower threshold voltage, while the noise at the input of the evaluation transistors may increase
due to increased crosstalk.
Performance degraded in a domino circuit is due to propagation of pre-charge pulse from dynamic node to the
output node. The Pseudo Domino Buffer based design for domino logic compensates this problem up to some
extent [12]. In the Footed Diode Domino logic an NMOS transistor which is working as a diode in between
GND and M2 clock transistor [13]. This transistor reduces the discharging time furthermore which in turn
reduces the delay. Fig2.4a shows a generalised CMOS footed diode domino logic and multiplexer using the
same logic.

Fig 2.4 A: Generalised Fdd Circuit and Schematic of Multiplexer.

III. RESULTS AND ANALYSIS
The multiplexer designs using different logics are tested on cadence tool using 180nm and 90nm technology
files. Table 3.1a, 3.1c shows the results of 180nm and 90 nm technology and fig 3.1b, 3.1d graphically shows
the same. Fig 3.1e and 3.1f shows the analysis results of all the logics.
Logic

Delay

Power

PDP

Transistor Count

Transmission Gate Logic

19.95E-6

422.6E-9

8.431E-12

6

Pseudo nMOS Logic

22.33E-6

411.8E-6

9.195E-9

9

Dynamic Logic

62.219E-6

952.8E-9

59.27E-12

8

Footed Diode Domino Logic

34.72E-6

249.7E-9

8.67E-12

11

Table 3.1a: Results Using 180nm Technology.

Fig 3.1b: PDP results using 180nm technology.
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Logic

Delay

Power

PDP

Transistor Count

Transmission Gate Logic

33.39E-6

29.46E-9

.9E-12

6

Pseudo nMOS Logic

33.4E-6

63.62E-6

2.118E-9

9

Dynamic Logic

62.21E-6

459.2E-9

28.09E-12

8

Footed Diode Domino Logic

34.72E-6

189.8E-9

6.566E-12

11

Table 3.1c: results using 90nm technology.

Fig 3.1d: PDP results using 90nm technology

Fig 3.1e: analysis of tg logic and pseudo logic multiplexer.

Fig 3.1f: analysis of Dynamic and FDD logic multiplexer
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IV. APPLICATIONS
Multiplexers are used to send data from one location to another location. Many tasks in communication control
and computer systems can be performed by multiplexers. Multiplexer are used to design digital combinational
logic circuit.
Multiplexers are used in many applications such as:
 Shifters and adders
 Logic function generator
 Look up tables
 A to D converters.

V. CONCLUSIONS AND FUTURE WORK
Footed Diode Domino logic uses less power to implement a particular logic within the dynamic family.
Depending upon the system requirements and application these logics may be used to design ultra low power
circuits. This work shall be further carried out further to design circuits like barrel shifter for further
optimisation of power, delay and area.
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