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ABSTRACT

A novel design of CMOS dynamic latch comparator with dual input single output with the
differential amplifier stage is presented. The designed dynamic latch comparator is required for
high-speed analog-to-digital converters to get faster signal conversion and to reduce the power
dissipation, which is immune to noise than the previous works. The design and analysis of a
latch comparator using charge sharing circuit topology is illustrated to achieve low power and
high-speed operation. The proposed circuit is designed using 0.18um CMOS process. The
simulated results shows that 100 MHz clock frequency with the power supply voltage (VDD)
3.3V and input range 3.3V produce the desired output signal. The topology of the proposed
design is able to minimize the propagation delay and power consumption with the improved
performances than other research works.

Moreover, the different capacitor value and the transistor lengths produced the faster output,
which is suitable for the successful operation of the ADC.
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INTRODUCTION

A comparator becomes the great electronic device, which widely used in the analog to digital
converters and plays important role in high speed ADC. An important circuit that is used for
transition the analog to digital signal is the comparator. In general, a comparator is a device,
which compares two currents or voltages and produces the digital output based on the
comparison. Many applications, such as analog to digital converters (ADCs), memory sensing
circuits and recently also on chip transceivers are widely using comparators . In the last years,
most of the researches focus on the comparator with low power consumption,simple thermal
management and high efficiency. The growth of the portable electronic devices makes the power
consumption is critical issue to circuit designers because the low power and high speed
comparators are the main building block in the front end of the radio frequency receiver in the
most of the modern telecommunications system .

Recently, most of the researchers have proposed the dynamic latch comparators based on the
cross coupled inverters to provide the latching in order to force a fast decision due to the positive
feedback commonly used in flash analog digital converters (ADCs) due to their high decision
Speed.
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Fig.1.1 Conventional latch-type comparator.
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Fig. 1.1 shows a widely used standard conventional latch type comparator circuit with the high
impedance input, rail to rail output swing and no static power consumption .Robustness against
noise and mismatch are the main advantages of the conventional latch type comparator .




However,it suffers from high sufficient power supply, which is caused by many stacked
transistors in circuit design.

Goll and Zimmermann proposed a comparator with reduced delay time in 65nm CMOS using
0.65 V as the supply voltages as shown in Fig. 2 [1]. The proposed design is different from the
conventional circuit by replacing a new latch for low power supply voltage operation, which
offersthe great advantages of high impedance input, a rail to rail output swing, no static power
dissipation and indirect influence of the parasitic capacitances of the input transistors to the

output nodes.
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Fig.1.2. Comparator with modified latch.

A new CMOS dynamic latch comparator is presented. The fully dynamic charge sharing
topology employed latch circuit with high input impedance. Moreover, a rail to rail output swing
is produced with no static power dissipation. In addition, the proposed designed comparator is
free from indirect influence of the parasitic capacitances of the input transistors to the output
nodes. The design is optimized by choosing the right W/L ratio of the transistors in the circuit.
The new design exhibits latched MOS transistors with faster output.
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PROBLEM IDENTIFICATION

The problem is identified by this papers which are arranged in chapter 2 and the problem is
given below:

PROBLEM:

The growth of the portable electronic devices makes the power consumption is critical issue to
circuit designers because the low power and high speed comparators are the main building

block in the front end of the radio frequency receiver in the most of the modern
telecommunications system .
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METHODOLOGY

The technology of scaling of MOS transistors improves the high speed and low power operation,
the offset of the comparator in increased owing to transistor mismatch. Jungetal. proposed the
low power and low offset comparator using latch load as shown in Fig.4.1, which using the
dynamic offset cancellation and latch load is to reduce the power consumption and offset voltage
of the comparator [1]-[3].
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Fig.4.1. Low power and low offset comparator using latch load
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Fig. 4.2. Proposed design of comparator circuit.




The topology of the proposed comparator circuit as shown in Fig.4.2 describes about the charge
sharing comparator combines the positive features of the previously designed dynamic latch
comparator, which can be used in pipeline A/D converter. The proposed designed dynamic latch
comparator is the combination of resistive dividing comparator and differential current sensing
comparator. The complete layout of proposed designed comparator circuit is shown in Fig.4.3
using the CEDEC 0.18 um CMOS process. The layout area of the circuit is minimized by

sharing the drain and source connection between the MOSFETS. The capacitors are not located in
layout because to reduce the cost of the whole chip. Moreover, the capacitor is put in the test
bench of the circuit.

Fig.4.3. Layout of the proposed design.
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SIMULATION RESULTS AND DISCUSSION

CEDEC 0.18-um CMOS process is used to measure the output results of the proposed dynamic
latch comparator circuit with the ELDONET simulator. The input voltage Vin is set to 3.3 V and
the reference voltage Vref is set to 1.65 V for simulating the outputs. 270C operating condition is
used for the proposed dynamic latch comparator circuit. The critical design parameters for
designing the proposed CP circuit are listed in Table 5.1.

TABLE 5.1: MAIN DESIGN PARAMETERS

Parameters Value
Voltage input (Vin) 3.3V
Voltage reference (Vref) 1.65V
All MOS Transistor length 0.18 um
PMOS width 6 um
NMOS width 3 um

The basic comparison between the comparator waveforms should be functional. If the input of
the comparator is greater than the reference voltage, Vref, then the output results will be a “1”
and if the input voltage is less than reference voltage then the output voltage of the comparators
produces output of “0.” The waveform as shown at Figure 5.1 is the required function, which is
efficiently be produced by the comparator. The most important dynamic parameters that
determine the speed of a comparator are the propagation delay and the settling time.
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Fig.5.1.Comparator waveform in vin,vout and vref.

The simulated waveform, which is produced by the proposed dynamic latch comparator, is shown
in Fig.5.2 and the width and the length of the transistor used in the design process of the
comparator circuit is shown in Table I1.
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Fig.5.2. Simulation results of proposed design comparator.




TABLE 5.2. TRANSISTORS PARAMETERS FOR PMOS AND NMOS

Transistors Length Width
PMOS 0.18 pm 6 pm
NMOS 0.18 pm 3pum

The operation process of the dynamic latch comparator to produce the output waveform is shown
in Fig.5.3. The output voltage is changing from logic ‘0’ to logic ‘1’ when the input voltage Vin+

larger than reference voltage Vref+.
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On the other hand, when Vref+=Vref-=1.65V and Vin+=Vin-=3.3V are twice the Vref produced
the waveform of the Vout+ along with the Vout- in square waveform is shown in Fig.5.4.
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The load capacitor significantly reduces the noise at the output voltage because it acts to remove
the ripple from the power supplies and to store energy or electrical charge. Moreover, capacitor is
used to resist any change of voltage across due to capability to store a charge and gives the output
voltages waveform smoother. Fig.5.5. shows the faster output waveform with small value of the
capacitor, which is produced when the value of the capacitor is decreased. Hence, the proposed
designed dynamic latch comparator uses 0.5pF capacitor as load.
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Fig.5.5.1. Output waveform with different capacitor value.
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The length of the MOS transistors also influences the capability of the comparator to generate the
faster output. The waveform output with different length of transistors is shown in Fig.5.6. The
smaller length 0.18 um will produces the faster output with higher speed due to less propagation
delay compared to the 0.20 um, 0.22 um and 0.24 um. All the PMOS and NMOS transistors used
in the proposed designed is 0.18um. Although the smaller width of transistors will reduce
comparator operation speed but the area can be reduced to more compact and low cost.
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CONCLUSION AND SCOPE OF FURTHER WORK

A new dynamic charge sharing topology is used to optimize the parameters for high speed
applications.Designing dynamic latch comparator has its own pros and cons where optimization
of one or more parameters may easily result in degradation of others. The main challenge lies on
the constant speed, which makes more critical. In this paper the faster speed has been gained by
the proposed designed dynamic latch comparator with the combination of resistive dividing
comparator and differential current sensing comparator. The simulated output showed that the
proposed designed dynamic latch comparator is able to produce higher speed with the power
supply voltage 3.3 V. The proper scaling of MOS transistors provides the high speed and low
power dissipation. Moreover, the smaller value of the capacitors and length of MOS transistors
makes the novel designed dynamic latch comparator compatible for higher speed ADC
applications.

In future , the scope of this comparator is that in this we add the ADC(analog to digital convertor)
for betterment in this high speed comparator.
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