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Abstract— This paper deals with design and performance 

analysis of single bit 1st order sigma-delta modulator in 90nm 

gpdk under cadence virtuoso design environment. Lower gain of 

the amplifier is low but it considerably saves the power. The 

sigma-delta modulator operates at a rate of 10MHz at 1.2 V 

power supply to achieve a power dissipation of just 26.56 µW 

and SNR of 43 dB. 

Index Terms— GPDK, low power, low voltage, SNR, sigma-

delta modulator, NTF, SNDR, analog-digital converter, OSR.  

I. INTRODUCTION 

HE oversampling ration ADC are widely used in many 

mixed signal processing applications. Fast downscaling of 

the technology and supply demands motivates the designer 

to come up with a new design rapidly [1]. As the 

technology downscales the power supply also scales down 

this result in lower output swing, which in turn places 

upper bound on the achievable or specified SNDR. The 

stability of the design is solely based on the process 

technology used. There is choice between 65nm to 180nm 

technology nodes as per the design requirements. If we 

need a low power design and low gain one can opt for as 

low as 65nm nodes but if greater output swing is required 

an 180nm technology node is a better option. In this design 

an intermediate technology node 90nm is chosen between 

65nm to 180nm in order to stay at par. In Section II, basic 

theory of modulator and the problems related to modulator 

order are investigated. In Section III, circuit design of each 

block of modulator is carried out. Section IV describes the 

physical implementation of a 1
st
 -order low oversampling 

modulator. Measured results and conclusions are presented 

in Sections IV and V, respectively. 

II. SIGMA DELTA MODULATOR 

In this work a single bit 1
st
 order sigma delta modulator is 

designed in 90nm technology with 1.2 V of supply voltage, 

it achieves a very less power dissipation of 26.56 µW. 

Sigma delta ADC comes under the category of 

oversampling ADC, which samples the signal at an over 

sampled frequency of fN=k2F where k is the oversampling 

ratio and is given by the following equation (1).  

 K=fn/F (1) Fig. (1) Shows the block diagram and 

description of sigma delta ADC. The modulator part 

samples the input signal at a much higher frequency set by 

the over sampling convert which converts the analog input 

signal to pulse density modulated signal followed by a 

decimation filter which contains the original input signal 

and out of band noise.  

 

 

 

 

 

 

Figure 1:-  1st order sigma delta ADC 

Both the modulator and the decimator are operated with the 

same over sampling clock. The modulator is of first order 

with a 1-bit quantize and it generates a 1-bit output. The 

output of the decimator is N-bit digital data, where N is the 

output resolution of the ADC and is dependent on the over 

sampling ratio of the converter.  

 The major building blocks of sigma delta 

modulator are a summing amplifier integrator latched 

comparator and a 1-bit DAC as shown in fig.2. 

 

Figure 2:- Block Diagram of sigma-delta modulator. 

III. MODULATOR DESIGN RELATED ISSUE 

As discussed on previous sections that scaling down of 

feature size give rise to many non-idealities and these non-
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idealities are due to MOS switches and capacitor involved 

in the Op-Amp.  Reducing the supply voltage in lower 

technology nodes also give rise to unmanageable noise 

effects and hence a degraded SNR results.   

Nonlinear capacitance which are voltage dependent 

capacitor contribute to overall nonlinearity of the 

modulator because of this the voltage reference must 

remain below permissible limit. The sampling at the 

reference voltage used in the modulator can cause ringing 

[2]. This mismatch is generally related to Op-Amp only. 

But DAC used in the feedback path is also a critical block 

in the design of modulators. DAC can introduce delay in 

the feedback path which directly adds up to input of the 

integrator. This results excess delay in the pulses at the 

output which in turn can cause jitter and due to finite slew 

rate of the op-amp this problem becomes more severe. 

In order to keep the circuit simple and to reduce no of 

devices, a binary modulator with class-A opamp is chosen 

to design a high resolution and high linearity sigma delta 

modulator.  

IV. CIRCUIT DESIGN FOR 1
ST

 ORDER SIGMA DELTA 

MODULATOR 

A step by step approach is adopted here to design the 

circuit of binary modulator. The design of circuit starts with 

the design of Op-Amp Integrator and its performance 

characterization. Further the design carries has been carried 

out for comparator and the DAC.  

A. Circuit and Block diagram of summing amplifier 

The summing amplifier of the sigma delta modulator serves 

as the summing point of the signal arriving from the 1-bit 

DAC with the input signal.  

 

Figure 3:- Summing amplifier Schematic diagram. 

The summing amplifier consists of a differential pair MOS 

transistor NM0-NM1 as an input to the output signal of 

DAC and the actual input sinusoidal signal. The signal 

from DAC is added to the input signal with help of this 

differential pair. 

B. Design of Op-Amp Integrator 

The first block in the design process of binary sigma delta 

modulator is integrator which acts as a low pass filter is 

integrator. The transfer function of the integrator is, 

𝐻(𝑠) =
1

𝑆+1
              (1) 

Op-Amp drives the capacitive load to filter the out of band 

noise. The Op-Amp schematic in cadence using gpdk90nm 

is shown in fig. 3 and the block diagram of integrator 

generated is shown in fig 4. 

 

Figure 4:- Schematic diagram of Op-amp. 

Circuit diagram shown in fig. 4 consists of conventional 

class-A opamp. The input differential pair here integrates 

the signal arriving from the summing amplifier. A 

MOSCAP from the gpdk is chosen for area efficient layout, 

also the capacitor here dynamic pole compensation to 

increase the bandwidth. One more nMOS NM10 is added 

to the output push-pull amplifier for gain enhancement.  

 

Figure 5:- AC response of the opamp. 

The AC response of the opamp shows that the gain of the 

op-amp is 30.61dB. The phase margin of the opamp is 80 

degrees and the unity gain frequency of is 1.28MHz. Input 

bandwidth of the amplifier is 20 MHz which is sufficient 

for the correct functioning of the modulator. 
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Figure 6:- Transient response of the Op-amp. 

The transient result of the opamp in fig. 6 shows that for 

an input signal of 200mVPP the output is 300mVPP. 

 

Figure 7:- Block diagram of the Integrator. 

Block diagram of in fig. 7 shows the test bench of 

integrator. The signal from the input and 1-bit DAC 

summed at summing amplifier is processed by integrator. 

The function of integrator here is to filter out sampling in-

band noise. 

 

Figure 8:- Transient simulation result of integrator. 

For the square wave input to the integrator gives a pulsed 

output at half and fourth of the Vref. The simulation 

performed for 100ns for the input signal of 1.25 VPP.   

C. Comparator design 

The role of comparator in sigma-delta converter is to 

convert the analog input into the 1-bit digital output with 

oversampling ratio of 250. The comparator used in this 

design is discrete comparator because it has least 

propagation delay.  

 

Figure 9:-Schematic of the latch. 

Comparator shown in fig. 9 consists of a preamplifier, 

latch, self-biased circuit and an output driver. Transistor 

Mn1 and Mn2 gates are driven by +Vref and the input 

sinusoid, drain terminal of these two transistor are 

connected to the inverter pair Mn4-Mn5 and Mp3-Mp4 

which acts as dynamic latch i.e. two inverter connected 

back to back. This type of latch is having advantage that it 

dissipates less power since no current is flowing in the reset 

mode. Transistor Mn4 and Mp7 acts as output driver which 

pulls up the signal from latch to supply, Mp5, Mp2, Mp1 

and Mp6 acts as clocking input.  

 

Figure 10:- Simulation result of comparator. 

The output of comparator trigger to 1.2 V when the input 

signal greater than the reference voltage which is equal to 

0.1 V while when the input signal lower than the reference 

voltage, the comparator will trigger the output to 0V. 

D. 1-Bit DAC 

Conversion from form digital to analog signal here is 

accomplished with the 1 bit digital to analog converter 

which is comprises of two inverter connected back to back 

i.e. one inverter output is fed to second inverter’s input. 

The length of the MOS transistor is kept large in order to 

introduce a comparable large delay because of the signal 

excursion takes a large time and signal varies slowly 

towards supply and back to ground thus signal can be 

converted to analog signal again. Fig 11 & 12 shows the 

schematic and simulation of DAC. 
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Figure 11:- Schematic of 1-bit DAC 

 

Figure 12:- simulation result of DAC 

E. 1
st
 Order sigma delta modulator 

A block level schematic of a first order sigma delta 

converter is shown in Fig13.The figure shows the block 

binary Delta-sigma Converter (Σ-Δ ADC). It consists of 

Integrator, a comparator, 1-bit DAC. In above circuitry a 1-

bit ADC (also known as a Comparator), drive it with the 

output of an integrator, and feed the integrator with an 

input differenced with the output a 1-bit DAC. The type of 

A/D converters discussed so far are nyquist converters in 

which sampling rate is twice the input signal frequency for 

error free signal approximation. Only solution to decrease 

the Quantization noise or better signal representation is 

oversampling the signal. This is the fundamental theory in 

sigma delta data converters. 

 Fig 13 shows the schematic of a sigma-delta ADC, the 

circuit is fed with a sinusoidal signal of 1.25 V and 

frequency of 35 MHz to the summing circuit whose other 

terminal is connected to the feedback output signal of one 

bit DAC. The output of this circuit is given to the integrator 

and the other terminal of integrator is connected to a 

ground. the output of the integrator is given to the latched-

comparator, whose other to terminals are connected to 

clock signals which helps the comparator to increase the 

speed and also the sensitivity of the circuit. The comparator 

compares the input signal from the integrator with the 

reference signal and gives the corresponding output as 

shown above. It will give a positive signal whenever the 

input signal crosses the reference signal above its value and 

a negative when it crosses the reference signal. The pulse 

of bit generated from the comparator is given as a input to 

the DAC which is connected as a feedback to the ADC 

circuit. This process is repeated several times to get a series 

of digital bit stream.  

 

Figure 13:- Schematic of 1st order sigma delta modulator. 

 

Figure 14:- Layout of the overall sigma delta modulator. 

 

Figure 15:- Post layout simulation of sigma delta 

modulator. 

 
Figure 14 shows the layout design of the overall sigma 

delta modulator. Each block of the design i.e. Integrator, 

comparator, summing amplifier and 1 bit DAC is 

connected using metal layer 1 in yellow color. The 

capacitor is a poly capacitor which takes a considerable 

larger implementation area. The post layout simulation 

performed which is shown in fig 15. The above layout 
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simulates an input analog signal and there by gives a 

corresponding digital stream of pulses at the output of the 

modulator circuits. This is achieved due to the continuous 

iteration of the input signal to the modulator. At the output 

of this a decimation filter is used to decimate the 

oversampled signal and gives a digital output. 

 

V. CONCLUSION 

First order sigma delta modulator is presented in this 

paper is designed in cadence virtuoso environment in gpdk 

90nm technology achieves low implementation area and 

power dissipation of 26µW with the 1.25 V voltage supply. 

This design is a single ended version to suite the simple 

application with moderate noise performance. Further as 

per requirement of the application such as Bluetooth or 

WLAN design can be converted in complex architecture 

and double ended form for increased noise immunity, but 

this can increase the supply current requirement form 

design and also the implementation area increases due to 

increase in number of transistor count. Design can be 

further enhanced by using new design techniques such as 

LTPS technique and order of the modulator can be 

increased to achieve the as per the stringent requirement of 

the design. 
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