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ABSTRACT  

This paper presents a low-power second-order and third-order modulator for the open loop 

amplifier for single-bit and tri-level quantizer. The architecture of the second order 

modulator for the cascade of integrator for multiple feedforward (CIFF) structure studied 

to only two amplifiers inside the loop filter and only single feedback digital to analog (DAC) 

required for the stability of the modulator. While for the third-order modulator structure of 

the modulator a cascade of integrator with multiple feedback (CIFB) structure preferred 

due to higher stability to multiple feedback DAC and the higher number of integrators inside 

the loop filter.  The noise transfer function (NTF) of the second-order and third-order 

modulator optimized for higher performance. The shift of NTF zero on the unit circle in z-

domain studied for the higher performance for second-order and thirdorder modulator. The 

modeling of the modulator shows higher performance with ideal integrators. The circuit 

non-idealities of the modulators are also performance to estimate the actual performance, 

the thermal noise, finite DC gain, limited gain-bandwidth product (GBW) will cause 

performance degradation. The effect of finite DC gain of the amplifier limits the 

performance as lower DC gain results in lower performance. While the higher DC gain results 

in higher performance. Finally, an open loop amplifier will be used for integrators in the 

proposed delta-sigma modulators and results will be presented.    

Keywords: Open-loop amplifier, analog-to-digital converter, Noise transfer function,  

Thermal noise, DC gain.  

  

1. INTRODUCTION   

The trends towards increased portability 

as well as scaled CMOS technology that 

favor to digital design, while the analog 

design getting more challenging. In 

addition to low growing demands in 

bandwidth, low power constraints 

dissipation, and compatibility with 

submicron technology have emerged as 

important metrics in state-of-the-art 

designs.  Low power circuit building blocks 

are getting popular due to application in 

portable systems. The sensors are 

integrated part of the portable 

smartphone, circuit techniques that 

simplifies system architecture as well as 

consumes much less power as compared to 

traditional approach. The operational 

amplifier (op-amp) an important key 

circuit block for CMOS technology in 

switched-capacitor oversampling or delta-

sigma modulator.  In the low power analog-

to-digital converter (ADC) design, gain 

elements of these elements to meet very 

stringent speed, noise and linearity 

requirements and tend to dominate overall 

power dissipation.  Due to the portability, 

recent efforts in system-on-chip (SoC) 

integration implementation, ADC are 

embedded on the same chip with powerful 

fine-line digital signal processing, that 

results in cheaper with power dissipation 

[1]. The delta-sigma modulator is popular 

for low bandwidth application, but from 

last few year the innovative circuit design 

techniques allows to design wideband 

oversampling ADC. The delta-sigma 

modulator reduces the in-band 
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quantization noise with noise shaping to 

share more quantization noise with 

oversampling technique. The wideband 

ADCs have applications either in 

communication, imaging, consumer 

portables systems.   

A high-speed ADC requires stringent 

requirement on the op-amp design with 

challenge of higher DC gain. It becomes 

more challenging, where the triplecascode 

op-amp structure, that is the simplest way 

to increase gain while maintaining high 

speed. It cannot be used due to limited 

output swing. While folded cascode op-

amp can be useful, its folded 

implementation requires a low PMOS 

transistor in the signal path and degrades 

achievable DC gain due to reduced output 

resistance at the folding node compared to 

straightforward cascode. Also, to improves 

the DC-gain multi-stage configuration with 

pole-split compensation are attractive, 

just because of the nondominated pole 

resulting from the load capacitance and 

the necessity of driving a compensation 

capacitor, as a result substantial 

degradation in achievable bandwidth and 

settling time at a given power dissipation 

can result [2].  The power minimization in 

pipelined ADC requires approaches that 

are dependent on the target resolution. 

Low resolution pipelines tend to favor 

modest capacitor scaling, low per stage 

resolution and single stage opamp. A 

combination of cascading, a cascading 

used in order to achieve high open loop 

gain and high output swing. By cascading 

the first stage of the op-amp, the gain 

requirement can be met with smaller 

number of cascaded stages. The proposed 

op-amp has few low frequency poles 

making compensation easier. Also, 

common mode feedback provided by 

capacitor which couple the common mode 

output signal back to the current source in 

the input stage [3]-[4].    A two stage 

amplifier is designed for the pipeline ADC 

to achieve SNDR of 81 dB with power 

consumption of 235mW at supply voltage 

of 5V [5]. The op-amp sharing technique 

introduced to overcome the problem of 

power reduction.  To minimize the 

capacitive load of the op-amp, the op-amp 

sharing technique minimizes power by 

reducing the effective number of op-amps 

used in complete ADC. Also, the first stage 

of the op-amp as preamplifier of the 

comparator to amplify the weak signal [6]. 

Delta-sigma modulators are high 

performance noise tolerant ADC, and 

popular for low bandwidth applications.   

The paper proposes a low power openloop 

amplifier for the CIFF second-order single-

bit and CIFB third-order tri-level quantizer 

switched-capacitor delta-sigma modulator 

for sensor applications. The modulator 

noise transfer function (NTF) and signal 

transfer function (STF) also investigated 

for ideal and open-loop amplifier-based 

delta-sigma modulator.  The stability of 

the single-bit modulator also discussed to 

meet the stable CIFF and CIFB third order 

modulator.  The performance comparison 

shows that the modulator with ideal 

modeling and real switched-capacitor 

implementation have more than 10 dB 

performance difference.  

The effect of the performance degradation 

due to the lower DC gain of the op-amp 

and limited GBW also investigated. To 

reduce the power of the ADC, passive 

switched-capacitor integrator also 

employed with the openloop amplifier for 

integrator  

implementation. The complete 

switchedcapacitor implementation with 

ideal switches and capacitor simulated in 

Cadence to shows the performance.    

After the introduction, the second section 

discuss the design of the modeling for the 

second-order and thirdorder modulator 

with CIFF modulator, while the third 

section describes the amplifier and 

switched-capacitor circuit 

implementation, and simulation of the 

modulator. Finally, the section four 

concludes the paper.  



 MDSRC - 2019, 26-27 November, 2019 Wah/Pakistan   

3  

  

    

2. MODELING MODULATOR  

The second-order single-bit modulator 

modeled for sensor applications in 

DeltaSigma Toolbox [9]. To investigate the 

performance of the modulator an analysis 

of the oversampling ratio and signal-

tnoise-ratio (SNR) compared. The NTF of 

the modulator has high pass filter 

response, while STF has low pass response. 

Table-I shows the performance comparison 

for the second-order modulator for SNR 

and OSR.  Due to the NTF zero optimization 

technique, the SNR enhancement shown in 

the Table: I. The NTF poles lies inside the 

unit circle, while the zeros lie at the DC 

for maximum suppression of quantization 

noise. To further reduce the quantization 

noise, NTF zero optimization technique 

applied. The Figure 1 shows the output PSD 

plot for the modulator with OSR of 128.  

Due to the ideal integrator adopted, the 

quantization noise suppression inside the 

loop filter is too accurate. The modulator 

performance enhanced with zero 

optimization as it suppresses more 

quantization noise in the signal band. The 

performance of the modulator provides an 

estimated performance with ideal model. 

Figure 2 shows the NTF shifted zeros on the 

DC on the unit circle for the suppression of 

quantization noise. While poles of the NTF 

are zero of the loop filters. These poles of 

the NTF must lies inside the unit circle for 

higher stability.  The thirdorder tri-level 

quantizer modulator modeled using Delta-

Sigma Toolbox [9]. Due to the reason of 

third-order single bit modulator 

considered to be unstable, a tri-level 

quantizer adopted. The tri-level quantizer 

is much easier to implement and allows 

higher linearity and results in higher 

stability in the third order system.  A 

higher OSR selected considering smaller 

bandwidth of sensor applications.  The 

Figure. 3 shows the output PSD plot of the 

modulator. The SNR performance  

 
without NTF zero optimization technique is 

113 dB. While using NTF zero optimization 

technique, the modulator has SNR 

performance of 125 dB. There is  

12  dB  SNR  enhancement  for  the  

  

Figure  1   : Output PSD  with OSR =  128   

  

Figure  2   : NTF zeros and poles plot   

  

Table  I:   Performance comparison   

OSR   SNR (without  
Zero )   

SNR ( w ith  
Zero)   

8   24   28   

16   41   44   

32   55   59   

128   85   89   
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modulator. The NTF zero optimization 

technique shows sharp suppression with 

SNR enhancement. Figure 4 shows the NTF 

poles and zeros on the unit circle in the z-

domain. The poles of the loop filter are the 

zeros of the NTF. While the poles of the 

NTF are zeros of the loop filter. The loop 

filter poles or NTF zeros play key role in 

the quantization noise suppression.           

3. AMPLIFIER AND SWITCHED-CAPCITOR 

CIRCUIT  

A current mirror two-stage amplifier 

designed for the proposed modulator. The 

input of the amplifier is PMOS, while the 

second stage is common source stage. The 

first stage use diodeconnected current 

mirror as load. While the second-stage 

have ratio of more than 30 times higher 

than the first stage diode connected 

current mirror.  The modulator 

implements open loop DC gain of 19 dB 

with GBW of 3.9 MHz.  The first stage or 

differential pair consumes 99 nW of power, 

while the second stage consumes total of 

1.1uW of the power. Hence the total 

power consumed by current mirror 

amplifier is about 1.2uW at supply voltage 

of 1 V. The secondorder single-bit 

modulator implemented as switched-

capacitor with open loop amplifier and 

with passive switchedcapacitor integrator, 

gain-boosted switched-capacitor 

integrator to meet the challenge of low 

power consumption. The complete 

modulator consumes 2.4 uW at supply 

voltage of 1V at the sampling frequency of 

256 kHz and signal bandwidth of 1 kHz.   

4. CONCLUSION  

A second-order single-bit modulator and 

third-order tri-level modulator with open 

loop amplifier investigated. To reduce the 

power of the modulator passive switched-

capacitor integrator and gainboosted 

integrator utilized to implement loop 

filter. The open loop filter provides the DC 

gain requirement. The secondorder single-

bit modulator with bandwidth of 1 kHz and 

sampling frequency of 256 kHz 

implemented and with OSR of 128, 

modulator can achieve SNR of 41 dB. The 

achieved SNR is much lower than the ideal 

values of the modulator. The modulator 

consumes total power of 2.4uW at the 

Figure  3 :   Output PSD with OSR = 128   

Figure  4 :   NTF zeros and poles plot   

Figure  5 :   Transient output   
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supply voltage of 1V in submicron 

Technology.   
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