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Abstract— In this paper Op-amp based integrator has been 

replaced by the flying switched capacitor based integrator. 

Starved current inverter is used to design the comparator for 

quantize. Cascading is done to increase the gain of 

comparator. Starved current inverter reduces the power 

consumption of comparator. Flying capacitor integrator 

samples the data and holds for some time and during next 

pulse it transfer the charge and integrates. Capacitor along 

with the CMOS switch forms equivalent RC integrator. 

Switch resistor can be selected by proper selection of the 

MOS size. The design is simulated at 1.8 V power supply at 

0.25 µm CMOS technology. Higher comparator gain of 2500 

is achieved. SNR of sigma delta ADC is 74.4 dB. The ADC 

consumes 6.42 µW power at 1.8 V DC power supply. 
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I. INTRODUCTION 

The digital signal processing has given better control over 

industrial automation. Although the signal generated by the 

sensors are mostly analog in nature, thus there is a 

requirement of a circuit that can convert the analog signals 

from the sensors to digital signal that can easily interfaced 

with the microprocessor or microcontroller for signal 

processing and generating control signals. The measurement 

is also a very important factor in the industry which required 

high accuracy such as temperature, speed, voltage or current 

etc. In such applications a high accuracy ADC is required. 

is high accuracy but slow speed ADC that is best fit to 

such application. 

 Over the few years the use of CMOS circuits in 

ASIC has improved the performance and reduces the power 

consumption. The scaling of the MOSFET size also enables 

the designer to integrate many blocks in a single chip. 

 Power consumption is very critical factor in 

designing analog circuits. Op-amps, comparators are basic 

building blocks of ADC circuits that consumes large amount 

of power further use of resistors increases the power loss and 

also increases the size of IC. Switch capacitor based circuits 

are most popular design technique to replace the resistors 

based circuit that reduces the power consumption and also 

reduces the size of chip. The capacitors can easily be formed 

in IC by using MOS transistors. 

 Following are the paper organization: Section II 

describes the concept of switched current integration, section 

III deals with the building blocks of ADC, section IV discuss 

the result of the design and section concludes the work. 

II. SWITCHED CURRENT INTEGRATION 

Passive and active integration depends on the elements used 

to design them the accuracy depends on the properties of the 

components used. Excess use of resistors in chip can increase 

the size of the chip and also increase the power consumption, 

variation in its values can cause error in the operation. The 

solution to this problem may be to use capacitors and 

switches. Switched integration integrates the signals in 

discrete time interval. The output of ADC is digital which is 

discrete in nature thus the switched integrator integrates the 

signal at same clock pulse at which ADC works. In this 

process conversion of analog signal into digital signal and the 

integration of the signal takes place simultaneously thus 

circuit components does not introduce any error [4]. The 

block diagram of switched integrators is shown in the figure 

1. 

 
Fig. 1: Discrete Time Integration [4] 

 Here x[n] is the input to be integrated and y[n] is the 

integrated output. It is evident from the figure 1 that the 

output y[n] can be expressed as 

 
And the transfer function can be derived as 

 
 The switched capacitor circuit stores and process the 

information in the form of charge at discrete time interval. 

The switch capacitor integration is shown in the figure 2. 

When switch is connected to Vin capacitor C2 charges to 

input voltage. When switch moves from position 1 to position 

2 capacitor 2 act as voltage source and the circuit act as shown 

in figure 3. 

 
Fig. 2: Switch Capacitor Integration [3] 

 
Fig. 3: Equivalent RC Integration 
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The current through the circuit is given by 

 

 in the circuit is equivalent to the charge 

transferred by the capacitor during clock pulse which can be 

given as 

 
 The current can be altered by changing the capacitor 

value smaller the value smaller the current. 

Flying capacitor integration technique is used in this paper 

that uses the fact that if the charge of one plate of capacitors 

changes the same change is amount of change occurs to the 

other plate. The flying capacitor integration is shown in figure 

4. 

 
Fig. 4: Flying Capacitor Integration 

The charge stored in the capacitor C2 can be given as 

 
And 

 
The equivalent current can be given as 

 

 
Fig. 5: Flying Capacitor Integration 

III. DESIGN OF BUILDING BLOCKS 

A. Comparator 

The schematic of self-referenced comparator is shown in the 

figure 6. It is based on the open loop buffer which uses 

starved current inverter. 

 
Fig. 6: Self-Reference Starved Current Inverter Based 

Comparator 

 Starved configuration inverter consumes less power 

multiple stages has be cascaded to increase the gain at the 

output stage a simple inverter is used that increases its gain 

significantly. 

 The bias voltage to starved current inverter is 

provided by external circuit that uses MOS transistor as a 

resistor the bias circuit provides three reference or bias 

voltages VHIGH, VMEDIUM and VLOW . 

B. D-flip flop 

The output generated by the comparator is normally return to 

zero (RZ) type signal that is converted to Non return to zero 

(NRZ) code by means of D-flip flop. It is connected just after 

the comparator output terminal. D- Flip flop used in this paper 

is shown in the figure 8. During high clock pulse transistor 

PMOS_2 and PMOS_5 are in cut-off region and NMOS_1 

and NMOS_3 are 

 
Fig. 7: DC Transfer Characteristics of Comparator 

 The DC transfer characteristics of comparator is 

shown in the figure 7. The comparator has DC gain of 2500. 

 
Fig. 8: Schematic of D Flip-Flop 
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 In saturation region. The gate voltage of transistor 

NMOS_4 is below threshold voltage that force the transistor 

to cut-off region. During this position the output is latched to 

the pervious value of the input. During low pulse the gate to 

source voltage of NMOS_4 transistor is greater than the 

threshold voltage that pulls the output voltage to ground. The 

schematic of is shown in figure 9. 

IV. SIMULATION RESULTS 

Figure 10 shows the transient response of the comparator for 

the sinusoidal signal. Comparator has integrated voltage 

reference the circuit is tested at 1.8 V supply voltage at 

sinusoidal signal of 0.5 V at 100 kHz. 

 
Fig. 9: Schematic of  Analog to Digital Converter 

 
Fig. 10: Transient Response of Comparator for 100 KHz 

Sinusoidal Signal 0.5 V Voltage 

 The power spectral density curve has been shown in 

figure 11 with respect to normalized frequency. 

 
Fig. 11: Power Spectral Density of Second Order ADC 

The SNR of the second order is calculated 74.4 dB. The curve 

of SNR/SNDR is shown in the figure 12. 

 The proposed second order ADC consumes 

6.42 µW power at 1.8 V power supply. The transient response 

of the ADC is shown in figure 13 for 100 kHz sinusoidal 

signal of 0.5 V. The performance summary of the design is 

shown in table I. 

 
Fig. 12: SNR/SNDR of Second Order  ADC 

 
Fig. 13: Transient Response of Sigma Delta ADC for 100 

kHz Sinusoidal Input of 0.5 V 

∑∆ ADC Order 2 nd 

Sampling Frequency 5 MHz 

Power supply 1.8 V 

Process 0.25 µm CMOS Technology 

SNR 74.4 dB 

Power Consumption 6.42 µW 

Table 1: Performance Summary of ADC 

V. CONCLUSION 

The proposed design uses self-reference comparator that is 

design by using cascaded starved current inverter. Cascading 

increases the gain and starved current technology reduces the 

power consumption. Further bulkier Op-amp integrator is 

replaced by flying switched capacitor based integrator. The 

analog to digital converter is design at 0.25 µm CMOS 

technology at 1.8 V supply voltage. Transient simulation is 

done on 0.5 V sinusoidal signal of 100 kHz. The ADC has 

higher comparator DC gain of 2500. 74.4 dB SNR is achieved 

in this design and the design consumes 6.42 µW power at 1.8 

V DC supply. 
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