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Abstract  

In present day, digital signal processing (DSP) is a popular technology and widely used in 

many fields. There have increasing number of applications that need high resolution 

converters. Therefore, analog-to-digital converters play a major role in DSP, and a well-

performed ADC will enhance the performance of a certain system. Different types of ADCs 

are available for various functions. Delta-sigma (  )  converters are famous for high 

resolution. Dynamic parameters can be used to judge the performance of an ADC, this paper 

will focus on the critical parameters of spectrum analysis, which contains Signal-to-Noise-

and-Distortion Ratio (SINAD), Effective Number of Bits (ENOB) and Spurious-free 

Dynamic Range (SFDR). The theory and test method of these critical parameters are proposed 

in this paper using the Evaluation Module and Matlab. The results we acquired from the 

Evaluation Module are SINAD=86.15dB, SFDR=109.2dB, ENOB=14.177bits; and the results 

we calculated from MATLAB are: SINAD=86.14dB, SFDR=108.8dB, ENOB=14bits.  

 

Key words: DSP, Delta-sigma converter, Dynamic parameters, Evaluation Module, Matlab. 
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1 Introduction 

1.1 Background 

As the development of modern technologies, especially the rapid evolution of very large 

scale integrated circuits (VLSI), digital signal processing (DSP) technologies as well as 

computer technologies, the integration level and operational capability of the digital 

systems have become more and more advanced [1]. Digital systems are stable, accurate, 

anti-interference, highly integrated, lower power consumption and relatively cheaper in 

comparison to the analog systems [1]. These advantages of digital systems have made 

digital technologies play a major role in electronic products in present day, the digital age 

has come. However, analog signal processing technologies are also significant and cannot 

be ignored. Generally speaking, signals from the natural world are analog signals or 

continuous-time signals, which include sound, images, temperature, thermal radiation, 

instrumentation, telecommunication systems, etc [2]. It means that real-world signals must 

be converted into digital domain. Therefore, analog-to-digital conversion is of crucial 

importance. 

 

Analog to digital converters (ADCs), which convert the continuous-time signals to 

discrete-time binary-coded system, have become extremely important in DSP in recent 

years. ADCs are at the heart of basic instruments like digital voltmeters, even more 

complex instruments like spectrum analyzers and oscilloscopes. As a result, the 

specifications of electronic instruments will be depending on the performance of internal 

ADCs [3]. The development of high-performance integrated circuit (IC) technology call 

for higher-resolution and higher-speed ADCs to be designed and produced. 

 

Most of ADCs can be classified into two groups according to the sampling rate: Nyquist-

rate ADCs and Over-sampling ADCs [4]. Two important ADCs factors: resolution and 

sampling rate (speed), which divided ADCs into different types for different application 

as shown in Figure 1-1 [4]. From Figure 1-1 we can see that different ADC architectures 

have varying specifications.  
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Figure 1-1, Resolutions and sampling rates of Different ADCs [4] 

 

Overall, the different types of ADCs shown above are useful and important to the 

development of electronic technology. The performance of different applications is 

limited by certain parameters [5] see in Chapter 4. For example, if Delta-sigma ADC is 

used in spectrum analysis applications, the performance of the system could not be 

satisfied because a kind of high speed ADC such as Flash ADC which will be more 

suitable for spectrum analysis. In this thesis work, we are going to use Delta-Sigma ADC 

testing the critical parameter of spectrum analysis. Although the application of ADC and 

critical parameters are not exactly matched, we still want to finish the measurement by 

using Delta-Sigma ADC. In next Chapter, ADCs architecture and their specifications will 

be discussed in detail. 
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1.2 Research aims 

The research aim is to measure the critical parameters of applications for Spectrum 

analysis by using delta-sigma ADC, of which the working principle is also described. 

Different architectures of ADC will be investigated on the basis of the theory. The critical 

parameters of ADC, including Signal-to-Noise-And-Distortion ratio, Spurious-free 

Dynamic Range as well as Effective number of bits will be defined. Then the paper will 

show the methods to measure these parameters. In the end, the results of measurement 

will be compared on the basis of theory. 
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2 ADC Architectures 

Nowadays, most of the signal processing performed in electronic system is digital, and the 

performance of the analog-to-digital converters come up with the borders of the digital 

domain become quite important. The applications of ADC can be classified into five market 

segments: 1) data acquisition, 2) precision industrial measurement, 3) voice band and audio, 4) 

high speed, and 5) control loop applications [4]. Generally, the sampling rate and resolution 

are two important factors for choosing the suitable ADC. The following Section contains the 

description of seven common ADCs. Finally, due to the current situation, the Delta-Sigma 

ADC is chosen to use for measurement of critical parameters of spectral analysis through 

exploring these description. 

2.1 Integrating ADCs 

The integrating ADC provides high resolution. Meanwhile, the integrating architecture can 

reject both line frequency and noise and converse the quasi-static analog signal into its digital 

representation.  

 

The amplitude of the sample is as proportional as the output of counter. The Figure 2-1 shows 

that how a dual-slope integrating converter works. The advantage of the integrating ADC is 

that reduced the accuracy of the single slope version can be cancelled out due to the same 

circuit is used for reference voltage and sample voltage. The disadvantage is that it can 

require the 2
N+1

 clock pulses to reach to the N-bit resolution [5]. This kind of the ADC is 

usually applied in digital panel meter and multi-meter. 
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Figure 2-1 Dual-slope ADC architecture [5] 

 

2.2 Flash ADCs 

Flash ADCs are the fastest ADC, which have the operating range from numbers of mega 

samples per second (MS/s) to gig samples per second (GS/s). The stringent analog design is 

required to ensure that they can perform their conversion directly. The Figure 2-2 shows an 

N-bit resolution Flash convertor with 2
N
-1 comparators connected in parallel [5].  

 

Figure 2-2 Flash ADC converter example architecture [5] 
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The output is generated from the parallel comparator with the input voltage changes.  It is also 

combined in a decoder-logic unit. Due to the repetitive structure of its resolution, it demands 

precise matching between the parallel comparators parts. The Flash ADC is usually applied in 

data acquisition, satellite communication and high-density disk drivers [4].  

 

2.3 Pipelined and Sub ranging ADCs 

Pipelined and Sub ranging ADCs are the most popular ADC for high sampling rate. Its 

particular resolution is 8 bits to 16 bits. The origins are in the sub ranging architecture. Figure 

2-3 shows how a simple two-stage sub ranging ADC works [5]. This architecture is also 

helpful for resolutions up to 8 bits with no specific demand for equal number of each stage in 

sub ranging architecture. 

 

 

Figure 2-3 sub-ranging ADC [5] 

 

The Pipelined architecture shows in Figure 2-4 becomes significant to speed up the basic sub 

ranging ADC. This Pipelined ADC with a corrected sub ranging architecture can accept more 

settling time and operate at a much higher sampling rate than a non-pipelined one[4]. The 

design of the pipelined ADC depends on the number of stage, the number of the correction 

bits and the timing. Meanwhile, the appropriate number of shift register must be added to 

each output stage to reject the error. This is also the disadvantage of it [5]. 
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Figure 2-4 example of pipelined ADC [5] 

 

The pipelined ADC and sub ranging ADC are different. In general, the pipelined sub ranging 

architecture is predominant due to requirement for the high sampling rate. They provide 

resolution and sample rate to cover a wide range of applications. For instance: coupled device 

imaging, HDTV, cable modem and so on [4].  

 

2.4 SAR ADCs 

SAR ADCs operate their conversion depend on a comparator. It will weigh the input voltage 

against the output voltage. Through using the DAC output as a reference, the final result can 

be a sum of N weighting step. The SAR ADC is illustrated in Figure 2-5, which includes a 

shift register, a comparator and a DAC [5]. 

 

  

Figure 2-5 block of SAR ADC [5] 
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The SAR ADC is the best choice for the applications which demands medium to high 

resolution from 8 bits to 18 bits with sample rate less than 5 MS/s. it also acts as a small 

factor to offer low power consumption [4].  

 

2.5 Time-Interleaved ADCs 

Time-Interleaved ADCs are usually performed to fulfill the desired sample rate, linearity and 

ac requirements of such application for no off-the-shelf ADCs. The simplified block diagram 

in Figure 2-6 shows two ADCs to increase the system’s sample rate as double times [5]. The 

half of the sample rate is operated at each converter, and then an overall sample rate can be 

generated to equal the frequency of the system clock.  

 

 

Figure 2-6 Time-interleaved data acquisition system [5] 

 

Channel-to-channel offset and gain are the parameters of a time-interleaved system. The 

digitized signal can recognize as input signal and undesired error in output. For interleaved 

design, the integrated offset, gain and mismatches correction is necessary to achieve the 

requirement. Most of the error can be overcome in time domain, but this approach is too 

complex to follow [5]. 
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2.6 Folding and Interpolating ADCs 

Folding and interpolation are the two approaches to increase the resolution of flash converters 

through employing analog pre-processing. The interpolation and folding architecture can 

reduce the input capacitance and the number of the comparators respectively. For multiple 

output pairs, a linear signal is folded into different sectors in order to offer the last significant 

bits (LSBs). Meanwhile, some most significant bits (MSBs) will lose, this can be recovered 

by the coarse quantize. The number of the comparator is cut to 2
N
/M, and then it will be 

further reduced by the interpolation principle. This is different from the Flash architecture 

which has been introduced in Section 2.2 [5].  

 

The Figure 2-7 shows a complete system diagram of a folding and interpolating ADC. The 

number of preamplifiers at the input in Figure can be reduced by interpolation technique. 

With the exception of the reference inaccuracy, the folding amplifier input offset, the gain 

error of segment and interpolation error, the other kind of the common error sources are 

existed as usual [5]. 

 

 

Figure 2-7 an 8-bits folding and interpolating ADCs [5] 
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2.7 Delta-Sigma ADCs 

Delta-Sigma ADCs have a simple structure. They are based on the oversampling and noise 

shaping. Hence, they are also recognized as the oversampling converter. There is a delta-

sigma modulator related to a digital decimation filter in it. Its structure is as similar as the 

dual-slope ADC, contains an integrator and a comparator with a feedback loop DAC. The 

comparator input can be connected to the reference voltage by its DAC. Meanwhile, the delta-

sigma ADCs also have a clock unit to provide proper timing for the modulator and filter. 

Figure 2-8 shows how the delta-sigma ADC works. When it is digitized, a decimator removes 

the oversampled data after the oversampled signal deletes the frequency component at or 

above the Nyquist frequency [5]. 

 

 

Figure 2-8 Delta-Sigma ADC architecture [5] 

 

In today’s ADC market, the delta-sigma ADC has became more and more important in digital 

processing, Compare to the other ADCs, the delta-sigma ADC have the advantage of low cost, 

low power, and high resolution conversion. Therefore, we choose the Delta-Sigma as our 

explored target to use for spectral analysis.  
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3 Delta-Sigma ADC 

The delta-sigma ADC consists of two major components: a modulator and a digital filter. The 

modulator part contains an analog filter and a quantizer, which is enclosed in a feedback loop 

[6]. The input signal is sampled at many times the Nyquist rate and the coarse A/D conversion 

is executed on narrow-band sequence. This processing can be recognized as oversampling [7]. 

The feedback loop and filter can reduce the quantization noise at low-frequency level when 

the high frequency noise is magnified. The quantization error effects in the band of interest 

can be attenuated with the noise shaping. This processing can be named noise shaping [6]. 

The decimation filter removes out-of-band noise, at the same time; output frequency goes 

close to Nyquist frequency after reducing [7]. 

 

3.1 Oversampling technology 

The difference between the equivalent value of input and output is called quantization error. It 

is defined as y (n) = x (n) + e (n), where y (n) represents output signal, x (n) represents the 

input signal, e (n) represents the quantization error, and n means n
th

 sampling. Oversampling 

can be used to maintain high signal to noise ratio (SNR) in order to increase the resolution. To 

maintain high SNR must reduce the quantization noise in effective bandwidth [8]. According 

to the sample theory, if the range of the input signal is greater than the quantization level, the 

range of the input signal should be randomly distributed. The quantization error is distributed 

within half of the quantization level. The quantization noise power density can be calculated 

as in equation (3-1): 

  ( )  
  

  
 

 

    
       (3-1) 

Where 

          is the Nyquist frequency 

M        is the oversampling rate 

δ          is the quantization step size 

 

Obviously, if the low pass filter eliminates the out-of-band noise and reduces the sampled 

frequency to the Nyquist frequency, the quantization noise of the system can change to 1/M. 
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Hence, the distribution of the quantization noise in frequency band is diluted through the 

oversampling technique.   

3.2 Noise shaping technology 

The structure of noise-shaped delta-sigma ADC shows as Figure 3-1. Its linear model which 

is often used is shown in Figure 3-2. The linear model contains input signal, output signal, 

quantization noise and analog filter. The structure of the noise-shape modulator is based on 

the involved integrator numbers [8, 9]. 

 

Figure 3-1 the structure of the noise-shaped converter [8] 

 

 

Figure 3-2 linear model of converter [9] 

 

The delta-sigma modulator acts as a low pass filter for the input signal, on the other hand, it 

treats the noise signal as a high pass filter. The quantization error will return input signal 

through feedback converter. Hence, the analog filter works as similar as shaping filter which 

is shown in Figure 3-3. 
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Figure 3-3 Noise shaping technology [9] 

 

As we can see, fa stands for the input frequency. The modulator oversamples the signal based 

on its oversampling rate is greater than Nyquist frequency, in this approach, the structure of 

the noise spectrum changes. The modulator reduces the in band noise to increase out of band 

noise. In the other word, the power of the noise is changed from low-frequency stage to high-

frequency stage. The signal is not shaped. The out-of-band quantization noise will be 

eliminated effectively through the low pass filter. Therefore, this processing can reach the 

high resolution as sampling frequency.   
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4 ADC Parameters and test methods 

There are two kinds of parameters of ADC: Dynamic parameters and static parameters. Static 

parameters that used commonly including differential nonlinearity (DNL), integral 

nonlinearity (INL), offset and gain error. Dynamic parameters are used to measure the 

accuracy of ADCs when input signals are varying (in dynamic condition), of which include 

signal to noise ratio (SNR), signal to noise and distortion ratio (SINAD), effective number of 

bits (ENOB), total harmonic distortion (THD), spurious-free dynamic range (SFDR) [10]. 

Distortion and noise of the output signal can be caused as a result of dynamic error. And 

Table 4-1 shows the critical parameters of different applications [5]. 

 

Typical applications Critical ADC parameters 

Audio SINAD, THD, noise 

Digital  

oscilloscope/ waveform  

recorder 

SINAD, ENOB, noise, Bandwidth 

Out-of-range recovery 

Word error rate 

Imaging DNL, INL, SINAD, ENOB, noise 

Out-of-range recovery 

Full-scale step response 

Spectrum analysis SINAD, ENOB 

SFDR, noise 

Radar and sonar SINAD, IMD, ENOB 

SFDR 

Out-of-range recovery, noise 

Video DNL, SINAD, SFDR, DG, DP, noise 

Table 4-1 Critical ADC parameters of typical applications [5] 

 

Since we are looking for an ADC for spectrum analysis, SINAD, SFDR as well as ENOB  

will be chosen and measured in following Chapter. ENOB has very close relationship to 

SINAD so that it can be determined by mathematical calculations. SINAD and SFDR are 

usually measured in frequency domain by using Fast Fourier Transform (FFT) [10]. Simply 

speaking, FFT will transfer the signal x (n) to X (f), that is, from time domain to frequency 

domain.  
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In following subchapters, an important technique named coherent sampling and the test 

methods of SINAD, SFDR and ENOB will be introduced. 

4.1 Coherent sampling 

Coherent sampling is a useful technique for evaluating the dynamic performance of ADCs. 

This technique enhances the spectral resolution of a Fast Fourier Transform and reduces the 

spectral leakage. Coherent sampling describes that when sampling a periodic signal an integer 

number of cycles can fit into a predefined sampling window [11]. Mathematically, it can be 

expressed by the Equation (4-1): 

   

  
 = 

      

       
       (4-1) 

Where  

                   is the frequency of the input signal 

                    is sampling frequency 

                 is the integer number of cycles within sampling window 

                is the number of samples in data record 

 

4.2 Signal-to-noise-and distortion ratio  

In frequency domain, SINAD can be determined equivalently by computing the Discrete 

Fourier Transform (DFT) of the measured waveform. As a result, NAD can be found from the 

sum of all Fourier components excluding the two values at dc and the fundamental 

frequencies [5]. Therefore is given by Equation (4-2): 

 

NAD= 
 

√ (   )
√∑              

       (4-2) 

Where  

                    is the set of all integers between 1 and M-1, excluding the two values that 

correspond to the fundamental frequency and the zero-frequency term. 

                      is the averaged spectral magnitude, as defined in Equation (4-3) 
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The averaged K records of DFT,        , is calculated in Equation (4-3).  

 

        
 

 
∑ |     | 

   ,   m=0, 1, 2,…, N-1       (4-3) 

 

Where the DFT is defined in Equation (4-4) for a record of data x[n] that is N samples long: 

 

     ∑        
        ( 

     

 
)     for               (4-4) 

Where 

      N         is the number of sequential samples in the data record 

 

Therefore SINAD is calculated using NAD and      by the Equation (4-5) shown below. 

Notice: here      is the rms value of input sine wave. 

  

SINAD = 
    

   
       (4-5) 

 

Where       
 

 
√(    (  ))   (    (    ))       (4-6) 

 

Where 

      N         is the number of sequential samples in the data record 

                is the bin number of the input frequency,    =        

 

4.3 Spurious-Free Dynamic Range  

SFDR is important because the data convert’s dynamic range (DR) will be limited by noise 

and harmonics. In spectrum analysis it can detect problems being generated. For a large, 

pure sine-wave input signal, in frequency domain, SFDR is the difference between the 

fundamental frequency level and the level of the highest or spurious spur in decibels as can 

be seen in Figure 4-1 [5, 10, 12].  
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Figure 4-1, Spurious-free dynamic range [10] 

 

For a pure sine-wave input of specified amplitude and frequency, SFDR specifies the ratio of 

the amplitude of the averaged spectral component at input frequency to the amplitude of 

largest spurious spectral component that existed over the whole Nyquist band. SFDR is 

determined using coherent sampling test method [5]. The magnitude of the DFT of each 

record,      , is computed by Equation (4-4). The averaged K records of DFT,        , is 

calculated in Equation (4-3).  

 

Compute SFDR using Equation (4-7) as below: 

 

SFDR (dB) =        (
|    (  )|

      

   {|    (  )|  |    (  )|}
)       (4-7) 

 

Where  

                 is the averaged spectrum of the ADC output 

                      is the input signal frequency 

                    are the frequencies of the set of harmonic and spurious spectral components 
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4.4 Effective Number of Bits  

Effective number of bits (ENOB) is used to compare the actual analog-to-digital converter 

performance to an ideal ADC [5]. Moreover, ENOB is used as a quality measure of a 

digitized signal and the number of bits is commonly used to represent the resolution of 

analog-to-digital or digital-to-analog converters, given that an N-bit signal has    signal 

levels [13]. It is close related to SINAD by Equation (4-8): 

 

     
            

    
       (4-8) 

 

Where all values are given in dB, and 

SINAD             is the signal-to-noise-and distortion ratio as discussed above 

6.02                  is to convert decibels (log10) to bits (log2) 

1.76                  is the quantization error in an ideal ADC 

 

To sum up, Chapter 4 has described the critical dynamic parameters and their test methods. 

Sine-wave fitting method is useful when testing SINAD in time domain. Almost all the tests 

use coherent sampling to decide their sampling frequency in order to avoid spectral leakage. 

Matlab functions may not be fulfilled without understanding the theory above. Next Chapter 

the hardware and software that being used in our thesis work will be discussed. 
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5 Test device and software 

This Chapter will measure the parameters in Matlab and a group of reference values can be 

required from Evaluation Software, which can be considered as a standard values. The 

Evaluation Module (EVM) is known as Delta-Sigma ADC, to connect the EVM to computers, 

usb plug-in cable is required. The EVM  and device under test will be introduced as well. 

 

5.1 The Evaluation Module 

EVM is 16-bit delta-sigma analog-to-digital converter that is highly-integrated and precision, 

the block diagram is shown in Figure 5-1. It has a high-impedance, low-noise programmable 

gain amplifier (PGA), and the internal delta-sigma (  ) ADC has an oscillator [14].  

 

 

Figure 5-1, an overview of EVM 

 

As we can see in the block diagram of EVM there is a 3
rd

 order delta-sigma modulator used. 

The PGA will buffer the inputs, then the modulator will convert the inputs voltage to a pulse 

code modulated (PCM) data stream. 

 

 



Niu Hao & Zhao Yixiang Measurement of Dynamic Parameters of Delta-Sigma ADC 

 

20 

5.2 Device under test 

The EVM can be connected to any modular EVM system. It is easy to interface the EVM to 

multiple control platforms. Both analog input source and digital control signals can be applied 

directly to the relevant pins in EVM so that it is a very well-designed board built by Texas 

Instrument [13]. In this paper, it will be interfaced into the motherboard for the measurements 

like Figure 5-2 shown below: 

 

 

Figure 5-2, Connect the EVM 

 

The motherboard acts as a base board from the Figure above, strictly, it is a Modular EVM 

system motherboard [13]. It has a 20-bit digital-to-analog converter (DAC) which can be used 

as a signal source for testing an ADC. Overall, the kit contains the EVM and the motherboard, 

and further work could be when these two parts are connected. For data analysis and 

evaluation, the Evaluation Module will be used. This program uses an usb plug-in to 

communicate with the EVM. 
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5.3 Evaluation software 

As it mentioned before, ADCpro is a program for evaluating the EVM in an easy way without 

extra logic analyzers and complex analysis routines. It is also suitable for analyzing and 

testing data captured from an ADC. In the paper, this software is used to analyzing the 

SINAD, SFDR and ENOB by itself. Moreover, the data for Matlab testing will be captured 

from it as well. Figure 5-3 shows the generator and FFT display on the screen [13]. 

 

 

Figure 5-3, measurement screen of ADCpro  

 

The Evaluation Software has the ability to save and recall data sets, and additional EVM 

could be cascaded. The software includes the time, histogram, and frequency domain testing 

[13]. 
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6 Methods and Evaluation 

6.1 Data collection and analysis 

The PC gives the input analog signal to EVM. Then the digital output signal sends back to PC 

after analyzing. The Figure 6-1 shows the initial control panel of Evaluation Software. 

 

 

Figure 6-1 Configuration setting 

 

The Figure 6-2 shows that when sample frequency is adjusted to 300k Hz, we can calculate 

the coherent frequency follow the coherent sampling test theory which is introduced in 

Section 4.2. The coherent frequency is equal to 9.924316k Hz.  
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Figure 6-2 Generator setting  

 

We continue constructing a recording file to save the calculated data in order to measure the 

parameter through using Matlab. The signal is in frequency domain. The software also offers 

the calculated result of the SINAD, SFDR and ENOB. The result will be displayed in Chapter 

7.  

 

6.2 Parameters test function based on Matlab 

We go continue testing the SINAD and SFDR based on Matlab.  The data is processed and 

calculated by the formula which has been introduced before. The calculation of parameters 

has been defined in Chapter 4. 

 

To test SINAD, apply an appropriate sine wave and then compute the DFT of the recorded 

data. Therefore, SINAD is the ratio of rms value of input signal, to the RMS value of NAD 

according to equation (4-2). The ENOB is calculated by equation (4-8). 

 

To test the SFDR, we apply a sine wave with a pure and specify the sample frequency as well 

as the input frequency and amplitude. Then we need to find the amplitude of the averaged 

DFT value at fundamental frequency and the largest harmonic respectively. Then, we 

calculate the radio of them by Matlab function.  

 

The Matlab function code will be shown in Appendix A. 
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7 Results 

In this Chapter, we have two result due to there are two approaches to test the parameters. We 

also evaluate and compare these two results after obtaining the results. The Figure of the 

signal which is in frequency domain is shown in Figure 7-1. Through using the Evaluation 

Software, we find that SINAD is equal to 86.15dB, SFDR is equal to 109.2 dB, and ENOB is 

equal to 14.177 bits, which is shown in Figure 7-2. 

 

 

Figure 7-1 MultiFFT Screen 

 

 

 Figure 7-1 Parameter value window 

 

We import the data from the Evaluation Software, after processing by Matlab functions. We 

obtain a Figure of power spectrum density graphic which is shown in Figure 7-3. 
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Figure 7-3 power spectrum density graphic 

 

The results from the Matlab are: SINAD = 86.14dB; SFDR = 108.8dBc; ENOB = 14 bits. 

However, we did not do the averaging in the thesis work. If we use the averaged spectral 

magnitude Xavm as mentioned in Chapter 4, the variance will be smaller and the deviation 

errors will be less. 

 

The values of these two results we obtained are almost same and closed to the theoretical 

value. The low distortion and noise result in this thesis work is based on the signal processing. 

The enough pure digital signals are given by computer to the Evaluation Module and then 

they can be converted by the DAC module to analog signals as the input of the ADC. When 

we use the Evaluation Module to test the parameters, although we use the same record length 

and sample frequency; we still obtain the different result. We believe the error source is based 

on the sensitive character of the EVM. The external factor can influence the result. Different 

formulas could have various results as well. 
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8 Conclusion and Discussion 

This paper introduced the background of analog to digital converters, different architectures 

and working principles of ADCs were discussed. After the comparisons between ADCs were 

made we conclude that delta-sigma (  ) ADC is the best choice for systems require high 

resolution as a result of oversampling and noise shaping, which are two significant 

technologies of delta-sigma ADC. Dynamic parameters are very important in high-speed 

analog-to-digital converters and the performance of an ADC could be affected by it. In this 

paper, the dynamic parameters such as SINAD, SFDR, ENOB were measured by using 

Matlab in frequency domain. The theoretical values that obtained from the Evaluation 

Software act as a group of standard values, so we can compare them for better understanding 

of ADC parameters and characteristics. 

 

The very first method is straightforward. It was done by Evaluation Software. To test the 

parameters, apply an appropriate sine-wave to satisfy the criteria for coherent sampling. 

Therefore, SINAD is equal to 86.15dB, ENOB is equal to 14.3 bits, SFDR is equal to 

109.2dB.  

 

The second method is using Matlab. Compute the DFT of the recorded data. Calculate the 

amplitude of the sine wave can be calculated in equation (4-6), together with coherent 

sampling theorem, SINAD is equal to 86.14dB, ENOB is equal to 14 bits. SFDR is the 

difference between the fundamental frequency and the largest spur observed over the whole 

frequency band, therefore, it is equal to 108.8dB. 

 

As we can see, there have small errors between two groups of measured values. The results 

are acceptable. The error source could come from the EVM itself because it is sensitive and 

the performance of the components on it could be influenced by temperature or any other 

uncertain factors.  

 

During the period of thesis work plenty of frustrations and difficulties were resolved by our 

unremitting efforts. The measurements are based on the theory so that before measuring with 

the EVM, one must understand the use of different technologies, such as coherent sampling, 

FFT, parameters of ADCs, etc. Testing with EVM is a little bit easier compared with Matlab, 
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because it will show the measurement results only in few seconds. When dealing with Matlab, 

one must input the data record from Evaluation Software repetitively, which was very time-

consuming and no mistake allowed.  

 

To sum up, these two methods are good for testing the performance of ADCs. However, this 

paper only discussed the basic techniques regarding ADCs and DSP, etc. In the future, one 

step further, designing and realizing a certain ADC to meet the demand of various 

applications, we can do the averaging in order to get more precise results as well. 
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Appendix A  Matlab Code 

N=8192;  % data length 

fs=300e3; % sampling frequency 

f=9924.316; % input frequency 

t=(0:N-1)/fs; % time vector 

 

spec=abs(fft(data,N)); %spectrum magnitude 

freq=fs*(0:N/2-1)/N; % frequency vector 

plot(freq,db(spec(1:N/2)))  

title('power spectrum density graphic'); 

xlabel('frequency(Hz)'); 

ylabel('|H(f)|(dB)'); 

 

tolerance=7; 

ind_fund=find(abs(freq-f<tolerance)) %find fundamental frequency 

spec_second=max(spec(spec<max(spec(:)))) %find second large frequency 

SFDR=20*log10(abs(spec(ind_fund))/spec_second) 

 

Arms= sqrt(spec(ind_fund)^2-spec(N-ind_fund)^2)/N 

Xk=sum(abs(spec(2:N/2+1)).^2)-abs(spec(ind_fund).^2) 

NAD=1/sqrt(N*(N-3))*sqrt(Xk) 

SINAD=20*log10(Arms/NAD) 


