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Abstract
The design methods and optimization of the 32nm
CMOS EIS (Efficient Inverter scheme) comparator
circuit for an N bit flash A/D converter are presented in
this paper. Flash A/D converter requires 2n-1
comparators. Each one different from all others depends
on the particular design. The used analog power supply
in this comparator is only 1V. Low voltage analog
design is necessary to compile so As to get decreasing
digital supply voltage used for the complete mixedsignal chip. Supply voltages in deep submicron CMOS
technologies decrease due to the short channel effects
and decrease with the technology length. Optimal design
method of the EIS comparator presented in this paper
significantly improves the linearity of the A/D converter
against the CMOS process variation.
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1-Introduction
A flash Analog to Digital Converter (ADC) architecture
is mainly used for its high-speed conversion rate
application. Flash A/D consumes more power and
occupies larger chip area in comparison to the other
types of A/DCs, such as pipelined and Successive
Approximation ADCs. The latest VLSI design trend for
signal processing system demands high-speed and low
power consumption. In this paper, the authors present an
optimal design method of the CMOS EIS comparators.
The resulting flash ADC features higher speed, lower
power consumption, smaller size, and more readiness for
the SOC integration.

2-CMOS EIS Comparator
CMOS EIS Comparator is also known as
Complementary Metal Oxide Semiconductor FET
Efficient Inverter Scheme (EIS) Comparator. These
comparators are very efficient in power consumption and
dissipate the power in micro watt range.

Comparator is a circuit that detect whether a signal is
greater or smaller than reference signal.

Figure-1 Comparator operation
The block diagram of comparator is shown in figure-1. If
the +ve, VP, the input of the comparator is at a greater
potential than the -ve, VN, input, the output of the
comparator is a logic 1, where as if the + input is at a
potential less than the –input, the output of the
comparator is at logic 0. Below figure-2 shows the
efficient inverter scheme based TIQ CMOS comparator.
2.1-CMOS Inverter as a Comparator
The inverter threshold voltage Vm is defined as the Vin
= Vout point in the VTC of an inverter. Mathematically,

where VTp and VTn represent the threshold voltages of
the PMOS and NMOS devices, respectively.
2.2-TIQ Comparator
Commonly used comparator structures in CMOS ADC
design are the fully differential latch comparator and the
dynamic comparator. The former is sometimes called a
clocked comparator, and the latter is called an auto-zero
comparator or chopper comparator. To achieve high
speed, such comparators are usually implemented with
bipolar transistor technology. For SoC implementation
in this case, BiCMOS technology would be necessary to
integrate both a high-speed ADC and a digital signal
process on the same substrate. The TIQ(Threshold

Divya Jyoti College of Engineering & Technology, Modinagar, Ghaziabad (U.P.), India

International Journal of Scientific Research Engineering & Technology (IJSRET) ISSN: 2278–0882 68
ICRTIET-2014 Conference Proceeding, 30-31 August, 2014

Inverter Quantization) comparator used two cascaded
Complementary MOS inverters as a comparator for high
speed conversion application and low-power dissipation.
The proposed TIQ comparator that is described in this
paper has been developed not only for higher speed but
also for higher resolution. Implemented flash Analog to
digital converter based on the Threshold Inverter
Quantization (TIQ) technique for its high speed and low
power using standard CMOS technology. Some of the
basic problems of the conventional comparators circuit
used in Analog to digital converter designs are:
i) Large transistor area,
ii) Charge injection errors,
iii) DC bias requirement,
iv) Metastability errors,
v) High power consumption,
vi) capacitor or Resistor array requirement.
Such type of problems can be reduced by using
Threshold Inverter Quantization. The TIQ technique has
many advantages, viz;
i)Less complecated simpler voltage comparator circuit,
ii) fastest voltage comparison speed,
iii) eliminates of resistor ladder circuit,
iv) does not require clock signal, switches, or coupling
Capacitors for the voltage comparison. This design
technique is done such that the comparator consumes
minimum power even at a very high speed conversion
rate.

Figure-2 The schematic of the TIQ comparator
Figure-2 shows the schematic of the TIQ comparator and
figure-3 it‟s VTC from the simulation. At the first
inverter, the analog input signal quantization level is set
by Vm, depending on the W/L ratios of PMOS and
NMOS. The second inverter is used to increase voltage
gain and to prevent an unbalanced propagation delay. In

Figure 3, the slope of Vout is shown larger than that of
Vout1. The inverter threshold depends on the transistor
sizes. The C1 and C2 curves show the difference in the
VTC of Vout.

Figure-3 VTC of the TIQ comparator
With a fixed length of the PMOS and NMOS devices,
we can get desired values of C1 and C2 by increasing
only the width of the PMOS and NMOS transistors,
respectively. This result can be confirmed by the
following equation of the inverter threshold.

where 𝞵p and 𝞵n are the electron and hole mobility,
respectively. To derive this Equation
we assume that both transistors are in the active region,
the gate oxide thickness (Cox) for both transistors is the
same, and the lengths of both transistors (Lp and Ln) are
also the same. From this Equation we know that Vm is
shifted, depending on the transistor width ratio
(Wp/Wn). That is, increasing Wp makes Vm larger, and
increasing Wn makes Vm smaller on the VTC. This
changing of the widths of the PMOS and NMOS devices
with a fixed transistor length is the idea of the TIQ
comparator. We can use the inverter threshold
voltage as an internal reference voltage to compare the
input voltage. However, to use the CMOS inverter as a
voltage comparator, we should check the sensitivity of
Vm to other parameters, which are ignored in Equation
this, for correct operation of the TIQ flash ADC. In a
mixed-signal design, the ignored parameters - threshold
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voltages of both transistors, electron and hole mobility,
and power supply voltage - are not fixed at a constant
value. The following sections will discuss the TIQ flash
ADC sensitivity to process, temperature, and power
supply voltage.
i.
Sensitivity to Process
For implementing the TIQ comparator,PTM Low Power
32nm Metal Gate / High-K / Strained-Si, is used. We
cannot be sure that the
simulation results with this MOS transistor model will
be exactly matched with the measurement results.
Therefore, we need a more complete transistor model for
the inverter threshold sensitivity to reduce the gap
between the simulation results and the measurement
results. Moreover, if we apply another transistor model
that was not used in our ADC design, the inverter
threshold sensitivity will be critical in the TIQ
comparator. Since process parameters change from one
fabrication to another, the inverter threshold voltage will
change. This situation is one of major problems for
linearity errors of the TIQ comparator which uses Vm as
a reference voltage.
ii.
Sensitivity to Temperature
The inverter threshold voltage also depends on
temperature according to the following partial
differential equation.

If the temperature is changed, then the effective
mobility, channel length, and threshold voltage of the
PMOS (VTp) and NMOS (VTn) devices will be affected.
Therefore, the inverter threshold will also be changed.
So the results show that the large ratio of Wp/Wn is
more sensitive to temperature variation.
iii.
Sensitivity to Power Supply
Voltage
Since the CMOS inverter has a single-ended input, it is
more susceptible to power supply voltage noise than the
differential comparator. The partial differential equation
for power supply voltage can be expressed by

The lengths of PMOS and NMOS devices are assumed
to be equal. This equation also shows that the larger ratio
of the Wp/Wn the more sensitive Vm is to power supply
voltage variation. Generally, a ±5% power supply range
is used in a commercial chip. This rejection ratio will be
used in the power supply voltage variation simulation.

3-CONCLUSION
In design of the TIQ Comparator circuits are with
different Wp and Wn values and simulated in LT-Spice
by using PTM Low Power 32nm Metal Gate / High-K /
Strained-Si,CMOS technology with 1V power supply.
The static power consumption in TIQ comparator is
found to be negligible and so the total power
consumption is reduced to its minimum level thereby
making this CMOS EIS TIQ comparator acceptable for
low power consumption and high speed flash ADC.
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