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Abstract—This paper explains the designs of various
CMOS circuit families including Static CMOS circuit,
Pseudo NMOS circuit, Domino logic circuit and Dual-Rail
Domino logic circuit by using VLSI software: LT Spice
XVIIl with layout tools at 45 nm, 90 nm and 180nm
technology node. The working of these circuits is done
through VLSI due to its high noise immunity and low static
power. This gives us the comparative studies between
various circuits and further calculated their delays,
average energy. We will calculate the Total power
dissipated using Static Power and Dynamic Power. Power
Delay Product and Propagation Delay is further measured.
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. INTRODUCTION

A multiplexer is a device that takes one of many analog
or digital input signals and transfers the selected input
information into a single output line. The select lines
determine which input is connected to the output, and also
increase the amount of information that can be sent over a
network within certain time. Its is also called a data selector.
They are used to increase the amount of information that can
be sent over a network within a determined value of
frequency. The input lines as Do and D; with a select line S
and an output line Y is taken for MUX design. The truth
table is shown below table 1;

The logic output function is:
Y=S-D0+S -D1
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Fig 1-Structure of 2:1 MUX

TABLEL  TRUTH TABLE OF 2:1 MUX
SELECT I
LINE INPUT ouTPUT
~S/S D1 DO Y
10 X 0 0
10 > < 1 1
01 0 X 0
01 [ X 1

On studying several journals and articles on our topic
through CMOS VLSI Design: A Circuits and System
Perspective, Design of multiplexer in multiple logic styles for
low power VLSI" International Journal of Computer Trends
and Technology and Design of Power efficient MUX using
dual gate FinFET technology,” IEEE Conference, 2016.

We gather information about the best circuit that is to be used
among Static, Dynamic, Domino logic, Dual-Rail Domino
logic to give us minimum Power Delay.

The various types of CMOS Logic families on which we
will perform our design will be:

e Static CMOS

e Dynamic CMOS

e Domino Logic CMOS

e Dual Rail Domino Logic
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2.1 Static CMOS:
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Fig 2: Structure of Static CMOS

Static CMOS is a circuit gates are implemented by building
the two switch networks i.e. Pull up network (PUN) and Pull
down network (PDN). In this circuit, NMOS has k inputs
i.e. k number of NMOS and k inputs for PMOS also. Due
to PMOS, overall size of this circuit is more. Due to PMOS,
capacitive loading will be more.

Due to the large size of PMOS and slower switching
capability, power dissipation will be more.
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Fig 3- CMOS Static Logic
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Basic features of Static CMOS logic are:

oNo cascading issues

o Noise margins are relatively high

e Output impedance is low and input impedance is high
o The path between VVdd and ground is steady and zero

2.1.1 Designing 2:1 MUX using Static CMOS
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Fig 4- 2:1 MUX using Static CMOS

For construction of the PUN and PDN circuits, the
observations that we can conclude are:

» A gate signal is given to CMOS logic due to which
the

nMOS and pMOS behaves as a switch controlling
device. When the gate signal (controlled) is high then
an nMOS switch gives output asl i.e. ON and is O i.e.
OFF when the gate signal (controlled) is low. An
inverse switch is generated by the pMOS device in
which it is on due to the low voltage signal and off due
to the high voltage signal.

e The construction of PDN is done using
nMOSdevices, while for PUN circuits pMOS devices
are used. The main reason for this construction is that
nNMOS devices makes the ground to pass through
output and pMOS devices allows passing Vdd.

A major advantage of static design is that they have
very low power dissipation, where either PUN or PDN
is off for any given input signal. The major drawback
with this kind of circuit is that larger cross-sectional
area is'needed for.implementation.

2.1.2 Problems associated with Static Circuits:

The number of transistors required are 2N which is
quite large.

The static Power loss is more.

It shows slower switching capability because of no
load capacitance between Vdd and output.

2.1.3  Solution for this circuit:

Hence, we shift our analysis to a better circuit than
static circuits which are Dynamic logic circuits.

2.2 Dynamic Circuit:

Dynamic logic is a transient circuit which is done with
charging and selectively discharging of the capacitance.
Static circuits maintain its output level throughout as long
as power is applied to it. It depends on the temporary
accumulation of electrons and holes in the parasitic
capacitance of the node.

Silicon area for the dynamic circuits is made small which
give better performance than conventional ones. Thus they
are used widely in many areas. It also uses the Precharge
and Evaluation processes that control the charging and
discharging by the clock depending on input gates.
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Fig 4- Structure of Dynamic CMOS

2.2.1_Designing 2:1 MUX using Dynamic CMOS logic
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Fig 5- 2:1 MUX using Dynamic CMOS

Precharge Phase(clock to charge the capacitance):

It is the first phase When CLK = 0, the output node is
driven at a very high rate to output voltage when precharge
transistor is open. During that phase, evaluation transistor
at the bottom is turned off so it is impossible to be driven
low in this phase. The period. The power that is consumed
statically during the precharged period is removed at the
FET evaluation.

Evaluation phase _(clock to discharge the capacitance
counting on the condition of logic inputs):

It is the second phase When @ = 1, the nMOS below PDN
is turned on and the nMOS attached to VDD is turned off.
Depending on the values on the inputs, output is bring
down to zero. If not then the precharge state will remain at
output capacitance.

So we can say that these two logic circuits possess distinct
logic families. Static CMOS logic which are decided from
static circuits and domino ones and pseudo NMOS logics
which are decided from Dual Rail logic and dynamic
circuits for the working of MUX.

2.3 Domino logic:

Domino Logic circuits solves the problem of cascading in
Dynamic CMOS logic by adding Static CMOS inverter stage.

The addition of inverter allows us to operate a number of such

structures in cascade. Reducing the number of transistors at
the same time keeps a check on the static Power consumption.

The problem of monotonicity is removed by making first
block of logic implemented in domino while the other one is
built with static CMOS gates. The result goes to a latch after
end of

the half cycle, and domino logic may resume at the
beginning of next half-cycle.
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Fig 6- Domino Logic

3.1 Designing 2:1 MUX using Domino Logic:
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Fig 7- 2:1 MUX using Domino Logic
Operation of this circuit can be explained in two ways:
Precharge Mode: When clock(CLK) =0, The output
node of Dynamic CMOS is at logic high and output of

inverter becomes low. TheStatic power consumption
between supply and ground will be zero.

it

Evaluation Mode: When CLK=1, at its beginning phase
of evaluation, there are two possibilities:

e The output node of dynamic CMOS either
discharged or remains high.

e Similarly, the inverter output voltage can also
make transition from 0 to 1.

2.3.1 Problems associated with Domino CMOS L ogic:

The drawback is that the inverting logic (static) should be
an even multiple even so that next buffer stage shows
transition from 0 to 1 transitions during evaluation phase.

The other limitations associated are the charge leakage
between output nodes of dynamic and intermediate nodes
of PDN logic block during when CLK=1 may give wrong
output and signal information.
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2.3.2 Solution and Improvement in the Circuit:

One possible solution to eliminate the problem is to
feature weak pull up device(PMOS) with small (W/L)
ratio which forces a high output level is one of the
possible measures to avoid the output signals based on
wrong information.

The weak PMOS will turned on during precharge,
otherwise it will be turned off as Vout becomes high.

2.4 Dual-Rail Domino:

Fig 8- Structure of Dual-Rail Domino Logic
So far we working with single rails. In dual rail, we have:

e Non-inverted and inverted components exist
simultaneously.

e It works on difference.
e  Provides increased switching speed.

However, the complementing factor is increasing
complexity and area overhead.

It is also called as Differential Cascade Voltage Switch
Logic. These circuits possess latching characteristics

The first and second discharge areas, respectively
connected to the same first and second members. The first
and second static states each have a separate input location
connected separately from the first and second nodes,
respectively and each has a different output.

Each pre-charge and second pre-charge transistor are
individually connected to obtain a single clock sequence
of consecutive pre-charge and test phases, individually
connected to output the first and second output nodes,
respectively.

2.4.1 Designing 2:1 Multiplexer using Domino(Dual-Rail)
Logic:

Stafic CMOS Inverter

Fig 9- 2:1 MUX using Dual-Rail Domino Logic

Dual rail domino CMOS logic arises in the construction of
domino CMOS circuits. Firstly, you must already be knowing
that domino CMOS logic is used in order to avoid the clock
skew problem where (in multi-stage CMOS circuits), if the
clock for stage i+1 arrives earlier than the clock for stage i,
stage i+1 is in evaluation whereas stage i is still in pre-charge.
The "pre-charged" output of stage i when fed to the gate
terminal of the NMOS transistors used in stage i+1 turns the
aforementioned NMOS transistors ON and thus the output of
the NMOS Block discharges and remains permanently at logic
low, thus preventing the NMOS block from simulating the
required functionality.

I11. Technology and Performance Metrics Used

3.1 Working Tool for Simulation:

The whole work is implemented over a simulation tool
CADANCE Virtuoso, this tool is assisted by variety of UNIX
and PC based systems. It is used over 90nm and 180nm at an
operating frequency of 2.8 GHz.

3.2 Evaluation based on Performance Matrices:

The experiments and observations are done to compare the
different performance metrics for the optimal design of the
MUX. Some of them are:

Power(Average) and Propagation Delay.

Components to find out the consumption of power in
Complimentary MOS circuits are:

« Static Power

* Dynamic Power

3.2.1 Power Dissipation (Average): It is characterized as
the aggregation of the Power(static) and the Power(dynamic).
When input POWER is reduced then power dissipation or
consumption will also get reduced.

The Unit of average power is Watt.

Average Power= Power(STATIC) +
Power(DYNAMIC)
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3.2.1.1 Dynamic Power:
Dynamic Dissipation is due to:

e  “Short-circuit current” while both PMOS and NMOS
stacks are partially ON.

e Charging and discharging load capacitances as gate
switches.

3.2.1.2 Static Power:
It is due to the following reasons:
e Contention Current in ratioed circuits
e  Gate Leakage through gate dielectric
e  Sub-Threshold leakage through off transistors.
e Junction Leakage from source/drain diffusions.
Pdynamic = Pswitching Pshort-circuit
Pstatic = (Isubt lgate™ ljun*lcont) Vdd
Prtotal= Pstatict Pdynamic

3.2.2 Propagation Delay: It is explained as the interval
of time required for input signal to be propagated to the
output switches. It is the transitioning of the input-output
signal when it reaches 50% of its final value and vice-
versa.

Unit of Propagation delay-Seconds (s).

{T(rf)+T(fr)}
y= 2

Dela

Where, T (rf)- RISE TIMET(fr) - FALL TIME

3.2.3 Area: It is the multiplication of the length and
breadth (dimensions of MUX taken) multiplied with total
no. of transistors necessary to perform the implementation
of the logical circuits.

Unit of the area is sq. meter(m2).

Area=L*W*(No. of Transistors Required)

Where L is length, B is breadth and N is no. of transistors
required.

3.2.4 Power delay product (PDP) is given by the
multiplication ~of  power(average) dissipation &
propagation delay of circuit.

Unit of Power delay product is joules(J).

PDP=Average Power*Delay
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