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

1 
 

A 50 MHz Bandwidth Delta-Sigma Modulator with SNDR of 120 dB 
 

Shahifq-ur-Rehman, Arshad Hussain 
Department of Electronics, Faculty of Natural Sciences 

Quaid-i-Azam University, Islamabad 45320-Pakistan 
 shafiqureshi212@gmail.com,  arshad@qau.edu.pk  

 

ABSTRACT 

This paper discusses a fifth-order multi-bit quantizer delta-sigma modulator analog-digital 
converter (ADC) for wideband applications. A high-resolution delta-sigma modulator 
analog-to-digital converter is design for wide bandwidth applications. The power of the 
modulator reduced by selecting cascade of integrator with multiple feedforward 
architecture. Two different techniques employed to achieve high-resolution with wide 
bandwidth. First, the order of the modulator increased for higher order to achieve higher 
order of noise shaping. While the number of quantizer level increased to meet the 
challenge of desired performance. The low oversampling ratio used to target for wide 
bandwidth. The NTF zero optimization employed to achieve higher performance. Two 
zeroes are implemented to reduce the quantization at such a higher frequency. Ideally, 
modulator can achieve signal to noise ratio (SNR) of 125 dB for signal bandwidth of 50 MHz 
with corresponding sampling frequency of 8 GHz. The out-of-the-band gain of the 
modulator increased to meet the challenge of the higher signal to noise ratio in higher 
bandwidth. The proposed modulator architecture further investigated for circuit 
implementation by simulating circuit non-idealities. The thermal noise switch non-linearity 
and digital-to-analog converter (DAC) mismatched considered for accurate estimation of 
the performance of the modulator. Finally, wideband modulator model can achieve 120 dB 
SNR for signal bandwidth of 50 MHz.   

Keywords: Wideband Delta-Sigma Modulator, Analog-to-Digital Converter, Multi-bit 

quantizer, NTF zero, Integrator. 

 

1. INTRODUCTION  

Rapid development in the portable 

systems for wireless and wireline 

application demands specification of 

Analog-to-digital converter (ADC) getting 

higher. The Long-Term-Evolution Advance 

(LTE-A) communication standard, 

demands ADC with signal bandwidth of 50 

MHz and resolution of 15-bit. It is also 

important to reduce the power 

consumption at the same time, especially 

to enhance the battery lifetimes in 

cellular mobile receivers.  Delta-sigma 

modulator uses oversampling technique 

to enhance the resolution with noise 

shaping to shape the in-band 

quantization noise. The discreate-time 

(DT) delta-sigma modulator uses only 

switches and capacitor with operational 

amplifier (op-amp) to implement 

integrator in the modulator. Th 

continuous-time (CT) modulator relaxes 

the anti-aliasing filtering requirement by 

implementing integrator using capacitors 

and resistor with op-amp. Due to large 

variation in the values of the resistor of 

the CT modulator the performance of the 

modulator drops and as a result difficult 

to achieve higher performance. There are 

many efforts to achieve high resolution in 

CT modulator for wireless 

communication. The higher sampling 

frequencies greater than 2GHz and the 

number of bits of the quantizer are 

greater than 2-bit. It is difficult to 

suppress the quantization noise further; 
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it is not power efficient to increase the 

OSR or the number of bit more. Instead 

of increasing the order of the loop filter 

causes stability and complexity issue [1]-

[5]. It is also known that aggressive noise 

transfer function (NTF) will provide 

better stability. The in-band quantization 

noise is higher, and the implementation 

of these NTF increases circuit complexity 

because of additional coefficient paths. A 

multi-stage noise shaping (MASH) 

architecture can also be employed. The 

MASH architecture increases the order of 

the NTF with cascaded local delta-sigma 

modulator. As this results in local delta-

sigma modulator has its own feedback 

and low-order loop filter, the stability 

issues are alleviated [6]. A SAR assisted 

delta-sigma modulator proposed with 

second-order noise coupling, it can 

achieve SNDR of 75.3 dB for signal 

bandwidth of 45 MHz. It uses 

asynchronous successive approximation 

register (ASAR) incorporates excess-loop-

delay with noise coupling, integrated as 

switched-capacitor digital-to-analog 

converter (DAC). The modulator power 

efficiency is among the best for reported 

CT modulator. The modulator achieves 

sixth-order noise shaping with a low 

oversampling ratio enabling a wideband 

delta-sigma modulator performance 

highly depends on the number of bits in 

the SAR [7]. Another high-performance 

modulator that also apply digital domain 

noise coupling technique taking 

structural advantages of the SAR ADC, 

that makes the implementation of 

second-order noise coupling very simple. 

Due to the digital domain 

implementation as well as the SAR ADC, 

where the key building blocks are 

embedded for the proposed digital noise 

coupling, it has compact size and 

efficient power consumption. For the low 

circuit noise. A feedback DAC is 

implemented with a tri-level current-

steering DAC. Tri-level data-weight 

averaging improves the linearity of the 

DAC.  Even the signal bandwidth is quite 

small, but the circuit techniques are 

using tri-level data-weight averaging 

improves the linearity of the DAC. A 

hybrid feedforward amplifier for the first 

integrator utilized for fourth order 

modulator, and SAR as quantizer. The 

first integrator is the most power hungry 

in the modulator, so amplifier structure 

that utilizes feedforward and Miller 

compensation used for the first 

integrator to maximize the gain-

bandwidth. The topology of the amplifier 

is like the two-stage but differs in that 

the direct input path through output 

stage added transistors for feedforward. 

The propose structure of the delta-sigma 

modulator can achieve SNDR of 74.4-dB 

and an 80.8-dB dynamic range for signal 

bandwidth of 10-MHz with oversampling 

ratio of 16 with power consumption of 

only 4.2 mW in 28 nm CMOS technology 

[8].  A modulator with signal bandwidth 

 

 

Figure 1: Modulator block diagram 
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of 465 MHz for dynamic range of 72 

proposed in 28-nm CMOS technology. The 

structure of the modulator again MASH 

delta-sigma modulator ADC.  It uses first-

order front-end stage to digitize the 

input signal and a second order back-end 

stage to digitize the quantization noise of 

the coarse flash ADC inside the front-end. 

An RC lattice filter and a current-steering 

DAC are utilized to extract the front-end 

coarse quantization residue.  A fifth-

order feedforward amplifier adopted. 

The front-end capacitive loading at 

summing nodes is around 2.3 pF, where 

capacitive DAC for the first stage account 

for about 1.3pF. The unit gain frequency 

is 6.7 GHz with a phase margin of 56 

degree. The first amplifier consumes a 

total of 135 mW. Also, second and third 

amplifier also adopts the similar topology 

with reduced power consumption of 

around 80-90 mW. The power 

consumption shows that amplifier 

consumes 37 percent, quantizer 

consumes 24 percent, clocking about 22 

percent, while current DAC and other 

power sum up to 17 percent. The 

modulator can achieve peak 72 dB of 

dynamic range, while the peak SNR is 68 

dB and peak SNDR of 67 dB. The total 

power consumption of the modulator is 

890mW supply voltage of 1.8/1.0/-1.0 

[9]. 

This paper discusses the design of 

Cascade of integrator with multiple 

feedback (CIFB) fifth-order five-bit 

quantizer delta-sigma modulator with 

signal bandwidth of 50 MHz can achieve 

SNDR of 120 dB without circuit non-

idealities. The modulator implements 

NTF zero optimization technique twice in 

the modulator to boost the performance 

of the modulator. The architecture of 

CIFB modulator with higher out-of-band 

gain (OBG) of adopted and NTF zero 

optimization implemented.  

The modulator can achieve SNDR of 120 

dB for signal bandwidth of 50 MHz. After 

the introduction, the second section 

discuss the design of the modulator with 

CIFB structure, while the third section 

describes the modeling and simulation of 

the modulator and explain the non-ideal 

circuit simulation for integrators for the 

fifth-order five-bit quantizer modulator 

for switched-capacitor implementation. 

Finally, the section four concludes the 

paper. 

   

2. MODULATOR DESIGN 

 

Figure 2: STF and NTF plot 

Figure 3: Out-of-Band Gain (OBG) 
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The first step is to model the delta-sigma 

modulator for high bandwidth about 50 

MHz applications for targeted SNR using 

the Delta-Sigma Toolbox [10]-[11]. This 

toolbox requires order of the modulator, 

the number of bit in the quantizer, 

oversampling ratio (OSR), the full scale of 

the modulator, architecture like CIFB and 

CIFF and out-of-band gain (OBG) of the 

modulator. The Delta-Sigma toolbox 

output all the required coefficients of the 

selected CIFB architecture of the 

modulator as shown in Figure 1. This 

information is just startup information to 

start the design of the modulator, still 

requires changing a little the coefficient 

for better performance. These 

coefficients represent the ratio of 

capacitors at the switched-capacitor 

implementation. MATLAB simulations 

results like dynamic range plot to 

estimate the dynamic range of the 

modulator for required dynamic range. 

The noise transfer function poles and 

zero plot to check zero location of the 

modulator for accurate noise shaping. 

The integrators states inside the loop 

filter should be, bounded for stability of 

the modulator. The noise transfer 

function zero optimization plot for higher 

performance as shown in Figure 2. Figure 

3 shows the effect of OBG on the 

modulator performance. While the 

output power spectral density (PSD) plot 

shown to check any nonlinearity in the 

modulator. It is also useful to study the 

signal transfer function and noise transfer 

function plot as shown in Figure 2. After 

the ideal modeling to get the complete 

coefficient of the proposed modulator 

architecture. Figure 3 shows the OBG 

effect of the modulator. The Figure 4 

shows the detailed investigation of the 

order of the modulator versus SNR as a 

function of number of quantizer bit. 

Finally, five-bit quantizer adopted for the 

proposed modulator structure.  Figure 5 

shows the transient simulation result of 

the modulator. The output states of each 

integrator in the modulator shown in 

Figure 6.  The output power spectral 

 

Figure 5: Transient Output  

 

Figure 6: Integrator output swings   

 

 

Figure 7: Output PSD plot 

Figure 8: Output PSD with thermal noise  

 

 

Figure 4: SNR versus Modulator order 
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density (PSD) of the modulator show in 

Figure 7.    

3. MODELING AND SIMULATION   

The SDToolbox [12] used to model the 

non-idealities of the real circuit 

switched-capacitor implementation. This 

toolbox allows configuring the DC gain, 

Slew-Rate and Gain-Bandwidth of the 

operational amplifier inside the 

integrator. It also allows thermal noise or 

kT/C noise, White noise or switch non-

linearity, and for multi-bit quantizer 

mismatch simulation. The DC gain 

simulation for all the integrators need to 

perform to get an estimate the range of 

DC gain required for signal-to-noise (SNR) 

of the modulator. This DC gain simulation 

will be helpful at the circuit level 

simulation so that we can design 

operational amplifier. With this required 

DC gain. In addition, Slew-Rate and Gain-

Bandwidth simulation also performed for 

the accurate estimate of operational 

amplifier design. As these parameters 

like the DC gain, Slew-Rate, and Gain-

bandwidth already found by several 

simulation. The next step is to perform 

simulation for the thermal noise, 

operational amplifier noise or white 

noise, and front-end sampling switch 

non-linearity.  This value is very close to 

the final signal to noise ratio of the 

proposed modulator after fabrication at 

the measurement/testing of the chip. 

There is also need to study and proposed 

circuit level power reduction technique. 

At this stage, designer will model the 

proposed modulator circuit with the ideal 

components and perform the simulation 

in Cadence Specter circuit simulator. 

Complete circuit design with ideal circuit 

components, like model the operational 

amplifier as voltage control voltage 

source (VCVS) model, resistor, capacitor, 

and switches ideal. Make switched-

capacitor circuit working to get an 

estimate of SNR for the required 

bandwidth. Also, make a comparison of 

the performance of the modulator at 

MATLAB and ideal circuit level 

modulator. Sometimes it is even get 

better performance at the ideal circuit 

level simulation. It is recommended at 

this stage for the designer to vary 

different coefficient like value of 

capacitors for different stages to get an 

estimate of the stability. Any source of 

non-linearity needs to be considered here 

like limited DC gain of the modulator, 

also required to vary the size of the 

sampling and integration capacitors. 

There is need of comparison of 

theoretical formula of SNR with the ideal 

circuit model. 

Once all these simulations performed, 

the designer can get the value of 

expected signal to noise ratio.   

The simulation results of the modeling 

shown in Figure 8 as output Power 

Spectral Density (PSD) for fifth order CIFB 

modulator with all coefficient updated. 

Table-I shows the simulation results of 

the proposed modulator for 50 MHz signal 

bandwidth, modulator can achieve 

dynamic range of 100 dB with SNR of 100 

dB. 

4. CONCLUSION 

Low power delta-sigma modulator 

modeled and analyzed for wideband 

applications. Modeling and simulation 

results are provided for non-idealities of 

the complete modulator. A fifth-order 

five-bit CIFB modulator proposed and 

modeling and simulation results 

 

Table I : Modulator Performance 

Signal Bandwidth 50 MHz 

Accuracy >16-bits 

Dynamic Range > 100 dB 
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presented with an estimated 

performance.  The modulator can 

achieve SNR of 125 dB SNR without 

thermal noise simulation while 

considering all circuit non-idealities it 

can achieve SNR of 120 dB for signal 

bandwidth of 50MHz. 
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