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3.6 Conclusion 

A new test method that efficiently and accurately estimates the linearity and spectral 

characteristics of an ADC with noncoherent and overrange input was proposed. This method greatly 

reduces the data acquisition time and makes the full-code linearity test possible. It relaxes the 

requirement on precise control over frequency and amplitude of the input signal for spectral testing 

and makes it possible for the cotest of linearity and spectrum from one sequence of data. To identify 

the noncoherently sampled and overrange fundamental, a new and accurate fundamental 

identification method was proposed. The residue obtained after subtracting the estimated 

fundamental from the collected data was used to calculate the linearity characterization and 

interpolated to an ideal fundamental to obtain accurate spectral results. The accuracy and robustness 

of the proposed method was validated by both simulation results and measurement results. The 

proposed method is especially suitable for applications where it is challenging to obtain precise 

control over frequency and amplitude of test signal. Accordingly, the test cost and test time are 

reduced dramatically. 
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CHAPTER 4. ACCURATE AND EFFICIENT METHOD OF JITTER AND NOISE 

SEPARATION AND ITS APPLICATION TO ADC TESTING 

Jitter is a crucial factor in high-speed and high-performance ADC testing. This chapter 

proposes an efficient and accurate jitter estimation method based on one frequency measurement. 

Applying a simple mathematical processing to the ADC output in time domain, the RMS of jitter 

and noise power are obtained. Furthermore, prior information of harmonics need not be known 

before the processing. The algorithm is robust enough that nonharmonic spurs do not affect the 

estimation result. Using the proposed algorithm, specifications of the ADC under test can be 

obtained without the jitter effect. Simulation results of ADCs with different resolutions show the 

functionality and accuracy of the method. 

4.1 Introduction  

The ADC is one of the important categories of mixed-signal products. Accurate and efficient 

testing of high-performance ADCs is a challenging task in the modern industry as the speed and 

performance of the ADC are increased dramatically. Spectral testing, also known as AC test, is 

related to the ADC’s dynamic performance, including SNR, THD, SFDR, and so on. The challenges 

and test cost of spectral testing come from the following aspects [1]: (1) low-distortion stimulus, 

(2) coherency between input frequency and sampling frequency, (3) stationarity of reference, and 

(4) clean sampling clock. 

 Jitter, which is defined as the variation in the sampling instant, is an important specification 

in high-speed analog-mixed signal devices. Deterministic jitter (DJ) and random jitter are two 

categories of jitter [2]. As the increase of frequency and data rate, jitter can be the ultimate limit of 
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the performance in some applications. In ADC testing, jitter plays a crucial role as the SNR 

decreases as the sampling rates or input frequency increases with uncertainty in the sampling clock. 

Clock jitter, as well as the ADC’s intrinsic noise, increases the noise floor of the ADC output 

spectrum. It is necessary to accurately separate jitter from the ADC intrinsic noise to get the true 

ADC performance.  

Many researchers have proposed methodologies to test the ADC accurately and efficiently 

even under a nonideal testing environment. With a known impure source, high-resolution ADC 

spectral specifications were obtained under a noncoherent sampling condition [3]. An accurate 

ADC testing method with noncoherently sampled data was proposed in [4]. A testing method was 

introduced in [5] when the input amplitude is clipped. Conventional jitter measurement methods 

apply two inputs with sufficient separate frequencies with the ADC under test to calculate the jitter 

information [1,6,7]. The dual-frequency method increases the test cost as the requirement of the 

signal generator and synthesizers are high for the ATE test. And for the SoC test, the two frequency 

methods increase the test cost because the low-frequency on-chip test needs a large die area for 

capacitors. An FFT-based jitter separation method was proposed to separate random jitter and 

deterministic jitter [2]. An analytical method was proposed to extract the instantaneous and RMS 

sinusoidal jitter from phase-locked loops (PLL) output [8]. In ADC testing, the summation of 

quantization noise is the noise that needs to be estimated in calculating the specification SNR. 

Random jitter affects the ADC output as well as the noise, and it cannot be estimated from the 

methods listed above. A fast and accurate jitter and noise measurement method with one frequency 

test signal was proposed in [9]. By setting a certain number of harmonics of the ADC output to be 

zero in the frequency domain, the residue of the ADC output was separated to be two sets with 
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different jitter powers. The RMS of jitter was obtained by processing the two sets of data. This 

method is accurate and efficient in jitter estimation. However, it requires knowing the number of 

harmonics before setting them to be zero, and nonharmonic spurs affect the test result. 

This chapter proposes a new method to accurately measure jitter and noise power based on 

one frequency measurement, and it does not require prior knowledge of harmonics. Moreover, 

compared with [9], the accuracy of the proposed method is not affected by nonharmonic spurs. And 

this algorithm can separate jitter and noise through a simple mathematical processing, which is 

much more efficient than any other method. With this method, the correct spectral performance of 

the ADC under test can be obtained even using a sampling clock with random jitter. This method 

relaxes the requirement of the sampling clock and then reduces the test cost, making it possible to 

test an ADC using an imprecise instrument. 

This chapter is organized as follows: In Section II, the jitter effect on ADC spectral testing 

is introduced. Section III proposes the new method to estimate jitter noise. Section IV shows the 

simulation results and accuracy of the method. The last section concludes the result. 

4.2 Problem Statement 

The ADC spectral testing is usually implemented by applying a pure sine wave to the device 

under test (DUT) and using FFT to analyze the output codes. Parameters such as THD, SFDR, and 

SNR can be obtained from the FFT spectrum. The model of ADC spectral testing with a clock jitter 

is shown in Figure 4.1. A pure input sine wave is applied to the ADC, where the additive noise of 

the ADC is modeled as random voltage added to the input signal. Jitter is modeled as random clock  
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variation to the ideal clock instant. A data sequence of the ADC output xn is collected to analyze the 

spectral specifications. 

 

Figure 4.1 ADC test configuration 

Assume that the input signal of the ADC under test is a pure sine wave, which can be written 

as 

( ) sin(2 )inV t A ft                              (4.1)            

where A, f, and φ are amplitude, frequency, and phase of the input signal, respectively. One set of 

the ADC output with M sampling points are collected, and the analog representation of the output 

is 

( ) . 0,1.... 1n in s n nx V nT h d w n M                         (4.2) 

where h.d is high-order distortions, wn is the summation of additive and quantization noise, δn is the 

clock jitter at each sampling instant, and Ts is the sampling period. Here, both jitter and noise are 

modeled as random variables following the Gaussian distribution: δn ~N (0,σ2 

1) and wn~N (0,σ2 

2). 

This ADC output set is coherently sampled, meaning that it contains an integer number of cycles, 

and the phase of each sampling point is distinct. 

The jitter effect in ADC testing is shown in Figure 4.2. The input should be sampled at the 

rising edge of the sampling clock, but the uncertainty in clock instant δn causes uncertainty in the 

( ) sin(2 )inV t A ft  
ADC

noise

jitter

ideal clk

nx
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output ΔV. And the value of the uncertainty at the output is proportional to the input slope. In ADC 

spectral testing, if the clock jitter is random and white, the error induced by jitter varies with the 

input phase: it is larger near zero-crossing and smaller at the top and bottom of the sine wave, which 

is also validated by the simulation result in [9]. 

 

Figure 4.2 Jitter effect on ADC testing 

 
(a)Spectrum of a 16-bit ADC 

 
(b) Portion of the spectrum in (a) 

Figure 4.3 Spectra of ADC output with and without the jitter effect 

In the frequency domain, random jitter increases the noise floor as well as the additive noise 

in the ADC output spectrum, which can be seen in Figure 4.3 (a) shows spectra of a 16-bit ADC 
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with and without the jitter effect. Except for jitter information, the other conditions of the two 

spectra are the same. The blue curve is the spectrum when the ADC is sampled with a clean clock, 

and the red curve is the spectrum when the ADC is sampled with a clock jitter. Figure 4.3 (b) shows 

a portion of the spectra in (a), and it can be seen that the noise floor of the spectrum with jitter is 

higher than that without jitter. It can also be seen from the specification SNR that the SNR of the 

red curve is lower than that of the blue curve.  

The summation of the quantization error and additive noise is what we are interested in as 

it is important to get the specifications of SNR. For convenience, the summation of the quantization 

error and additive noise is called noise in the rest of the chapter. If one directly calculates SNR from 

the ADC output spectrum with jitter, it will be less than the true SNR as the jitter is also treated as 

noise, which is illustrated in Figure 4.3. Jitter cannot be separated from noise by a simple FFT 

method [6] as it has the same effect on the noise floor. The following section will discuss the 

property of jitter in ADC testing and separate jitter and noise information using the time domain 

ADC output.  

4.3 Proposed Method 

This section proposes a new method to separate jitter and noise using the time domain ADC 

output data. Two segments of the ADC output sampled under a coherent condition are collected. 

By subtracting the two data sets, the residue containing information of jitter and noise is obtained. 

Applying some mathematical processing to the residue according the characteristics of jitter and 

noise, the power of jitter and noise can be separated. The processing is based on assumptions that 

the two data sets have the same fundamental and harmonic information, the jitter effect on the 
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harmonics can be ignored, and the two data sets are collected coherently. These assumptions will 

be explained in the following paragraphs. 

The ADC output data sequence consisting of M points is described as equation (4.2) in 

Section II. As the RMS of jitter is usually small, we apply Taylor expansion to equation (4.2), and 

the expression of xn can be written as (4.3) 

sin(2 ) 2 cos(2 ) .n s s n nx A fnT fA fnT h d w                      (4.3)     

 It can be seen from equation (4.3) that the error of the ADC output caused by the jitter 

effect (2πfA(cos(2πfnTs+φ)δn) is proportional to the slope and frequency of the input signal. For the 

same clock jitter, the error caused by jitter is larger at a higher input frequency. So jitter is usually 

measured when the input frequency is a little bit less than half of the sampling frequency. 

Moreover, as shown in equation (4.3), we just consider the effect of jitter on the fundamental 

and neglect its effect on harmonics because the jitter effect on harmonics is very small. Taking an 

18-bit ADC, for example, the THD of an 18-bit ADC is at –110 dB, and jitter is usually at ps level. 

Then the error of harmonics caused by jitter is lower than –200 dB, which is far below the noise 

floor and obviously can be neglected.  

If we continuously collect another set of output of the ADC under test with the same data 

length of xn, we can have the expression of the new data sequence as (4.4): 

' ' ' 'sin(2 ) 2 cos(2 ) .n s s n nx A fnT fA fnT h d w                         (4.4) 

as x’ 

n is right following xn, and also coherently sampled, it has the same initial phase with that of xn. 

The fundamentals and high-order of harmonics of the two sets are identical. Then the values of xn  
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and x’ 

n are identical for each sampling instant, except for the influence of jitter and additive noise. 

That is why jitter and noise in equation (4.4) are δ’ 

n and w’ 

n rather than δn and wn.  

Subtracting (4.4) from (4.3), the residue can be written as equation (4.5): 

' ' '2 cos(2 )( ) ( )

2 cos(2 )
n n n s n n n n

s n n

e x x fA fnT w w

fA fnT N

    
  

      

   
            (4.5) 

where Δn= δn-δ’ 

n and Nn= wn-w’ 

n. As illustrated previously, the jitter effect on high-order harmonics 

can be neglected, and the result of (h.d-h.d’) is almost 0, which is not shown in equation (4.5). And 

if δn ~N (0,σ2 

1) and wn ~N (0,σ2 

2), then δ’ 

n and w’ 

n have the same distribution as δn and wn, respectively, 

as the two sets of data are collected continuously in the same environment. Based on basic statistics 

knowledge, the distribution of Δn and Nn can be obtained as 2
1~ (0, 2 )n N  and 2

2~ (0, 2 )nN N  .  

Under the conditions of coherent sampling and long data length, several mathematical 

processings are applied to the residue data described in equation (4.5) to separate jitter and ADC 

noise. We first get the summation of the squared residue: 

 
1 1 1 1

22 2 2 2

0 0 0 0

2 2 2
1 2

2 cos (2 ) 4 cos(2 )

4 ( ) 2

M M M M

n s n n s n n
n n n n

e fA fnT N fA fnT N

M fA M

     

  

   

   

      

 

              (4.6) 

Now one relationship between jitter and noise has been obtained as equation (4.6).  

Next, each value of the residue is multiplied by (2 )scos fnT , and we get equation (4.7): 

  
 

2cos(2 ) 2 cos (2 ) cos(2 )

1 1
2 cos 2 cos(2 )

2 2

n s s n s n

n s n

e fnT fA fnT fnT N

fA fnT fnT N

     

    

    

       
 

            (4.7) 

The total M points’ summation of (4.7) is 

   
1

2 2 2 2
1 2

0

cos(2 ) 3
M

n s
n

e fnT M fA M   




                  (4.8)      
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Another relationship between jitter and noise has been obtained as (4.8), and it is different 

from (4.7). Combining equations (4.7) and (4.8), the variance of jitter and noise can be estimated 

as 

 
1 1

2 2

2 0 0
1 2

2 cos(2 )

2 ( )

M M

n s n
n n

e fnT e

M fA

 




 

 

  


 
                 (4.9) 
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n n
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               (4.10) 

The RMS of jitter and the power of intrinsic noise then can be calculated as 

2
1jitterRMS                             (4.11) 

 
2
2noiseP                           (4.12)  

Now jitter and noise are separated. Then noiseP  can be used to calculate the ADC’s 

specification of SNR.  

The algorithm to accurately estimate jitter and noise in time domain using the proposed 

method for single-frequency testing is given as the following: 

1) Apply a pure sine input to the ADC under test 

2) Collect two sets of ADC output coherently with the same sample length: nx  and '
nx .  

3) Subtract the two sets; get the residue en. 

4) Apply the two processes to en as (4.6) and (4.8). 

5) Get the variance (RMS) of jitter and noise. 

6) Calculate the true ADC specifications. 
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4.4 Simulation Results 

In this section, the proposed jitter measurement method is validated by simulation data 

generated in MATLAB. An 18-bit ADC is modeled in MATLAB as a set of transition levels. The 

nonlinearity error is modeled as a set of Gaussian distributed variables with zero mean and a 

standard deviation of 0.003 LSB. The total sample points of each segment is 2^15. The sampling 

frequency is set to be 2 MHz. The amplitude of the input sine wave is selected to cover 99% of the 

full range of the ADC, and the input frequency is a little smaller than half of the sampling frequency, 

which is chosen carefully to satisfy the coherent sampling condition. The additive noise is 

introduced with the input. It is Gaussian distributed random noise with zero mean and a standard 

deviation of 1 LSB. The jitter is modeled as a random error added to the ideal sampling instant with 

zero mean and a standard deviation of 3 ps.  

 

Figure 4.4 Spectra of ADC output with and without jitter 

The true specifications of the ADC are obtained by sending a pure input sine wave to the 

ADC and sampling the input with an ideal clock to estimate the measurement error of the proposed 

method. This set of ADC output data without jitter was collected as reference. Then another two 

sets of ADC output were collected continuously and coherently with clock jitter. The jitter and 

additive noise added to the two input signal follow the same distribution. It can be seen from Figure 
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4.4 that the noise floors of spectra with jitter are at the same level as and higher than that of the 

reference spectrum. Although the jitter increases the noise floor, we select the number of total 

sampling points to be large enough that the noise floor is not that high to affect the harmonics.  

As shown in Figure 4.4 the harmonics value of the red (segment 1 with jitter), green 

(segment 2 with jitter), and red (reference) spectra are at the same height. It means that ADC 

specifications such as THD and SFDR are not affected by jitter, and we do not compare them in 

this chapter. However, SNR is decreased as jitter increases the noise power.  

Table 4.1 Testing result of the proposed method 

Jitter added 3 ps SNR true 99.01 dB 

Estimated 3.02 ps SNR estimated 99.09 dB 

The SNR obtained from the ADC output with jitter is 93 dB, whereas the true SNR of the 

reference output is 99.01 dB. As specifications of SFDR and THD are not affected by jitter, they 

are not compared here. The residue of the two sets of data collected with jitter is shown in Figure 

4.5. All information of fundamental and harmonics have been removed; only noise and jitter effect 

are left. After applying the proposed algorithm to the residue, the estimated jitter and SNR are 

shown in Table 4.1. It can be seen from the table that the estimation of jitter is almost identical to 

the jitter value added to the ADC, and the jitter effect on SNR has been thoroughly removed. It can 

be concluded that the proposed method can separate jitter and noise in ADC testing successfully. 

And after jitter and noise separation, correct ADC specifications can be obtained. Simulations of 

ADCs with different resolutions are performed to demonstrate the functionality and accuracy of the  
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proposed method, as shown in Table 4.2. It can be said that the proposed method estimates jitter 

and SNR accurately.  

 

Figure 4.5 Spectrum of residue en 

Table 4.2 Testing result of ADCs with different resolutions 

 12-bit 14-bit 16-bit 

Sampling frequency 10 MHz 5 MHz 2 MHz 

M 2^13 2^13 2^14 

THD –81.24 –91.1 dB –105 dB 

Jitter added 5 ps 5 ps 3 ps 

Jitter Estimated 5.0 ps 4.99 ps 3.01 

SNR true 72.22 dB 82.78 dB 94.81 dB 

SNR estimated 72.8 dB 82.62 dB 94.92 dB 

 

In the ADC output spectrum, except for harmonic distortions, there are usually nonharmonic 

spurs generated by periodic jitter, time interleaving, and other factors. All the nonharmonic spurs 

affect the jitter testing result if they are not set to be zero before the processing in reference [9]. 

This requires prior knowledge of those spurs. However, the proposed method in this chapter is 
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robust to nonharmonic spurs; testers do not need to know the number of harmonics and the locations 

of nonharmonic spurs of the ADC under test. 

A 16-bit ADC modeled in MATLAB is used to verify the functionality of the proposed 

method in dealing with nonharmonic spurs. The nonharmonic spurs in the spectra shown in Figure 

4.6 are modeled as periodic jitter added to the sampling clock. The reference ADC output is sampled 

with an ideal clock, and segment 1 and 2 are sampled with both random jitter and periodic jitter. 

The RMS of random jitter is 3 ps. The random jitter increases noise floor in the spectra, and periodic 

jitter generates nonharmonic spurs in the spectra. 

 

Figure 4.6 Spectra of a 16-bit ADC output without jitter (blue), with random and periodic 
jitter (red and green) 

 

 

Figure 4.7 Spectrum of residue en 

Figure 4.7 shows the spectrum of residue after the subtraction of the two segments of the 

ADC output with jitter. It can be seen that there is no information of harmonics and nonharmonic 
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spurs left. The jitter estimation results of different methods are shown in Table 4.3. The estimation 

result of the proposed method is 2.98 ps, and the method from Reference [9] is 2.97 ps when the 

nonharmonic spurs are excluded. But if the nonharmonic spurs are not excluded, the estimation 

result error is large. From the table, it can be concluded that if nonharmonic spurs are not set to be 

zero, they can affect the jitter estimation result. However, the proposed method is accurate whether 

there are nonharmonic spurs or none.  

Table 4.3 Jitter estimation results 

Method RMS of jitter 

Proposed method 2.98 ps 

Ref [9] with spurs exclusion 2.97 ps 

Ref [9] without spurs exclusion 3.63 ps 

 

4.5 Conclusion 

A simple, accurate, and efficient method that simultaneously extracts the clock jitter and the 

additive noise of ADC testing was presented. Compared with conventional standard jitter estimation 

methods, this new algorithm only needs one frequency input applied to the ADC test. So it decreases 

the test cost both in hardware and in testing time. Compared with the conventional one-frequency 

method, the method in this chapter does not need prior information of harmonics and nonharmonic 

spurs, which increases the accuracy of the estimation. Moreover, for jitter and noise separation, it 

does not require FFT in the calculation. Simulation results validated the functionality and accuracy 

of the proposed method. In future work, the method needs to be justified by measurement results, 

and the algorithm can be modified to work under a noncoherent sampling condition. 
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CHAPTER 5. AN SNR ESTIMATION METHOD FOR ADC SPECTRAL TESTING WITH 

CLOCK JITTER 

Spectral testing in an important category in ADC testing. The sampling clock quality is a 

crucial factor in ADC spectral testing. The accumulated clock jitter of the sampling clock generates 

power leakage in the fundamental component of the ADC output spectrum. The random clock jitter 

increases the noise floor of the ADC output spectrum. The two kinds of jitter thus decrease the SNR 

of the ADC under test. A new algorithm is proposed in this chapter to accurately estimate the SNR 

with sampling clock jitter. This method does not require precise a sampling clock and thus reduces 

the test cost. The ADC output sequence is separated into small segments. Segment pairs are found 

through initial phase matching. By analyzing the difference of the segments pairs, the noise power 

is estimated, and then SNR is obtained. Simulation and measurement results against the standard 

test methods collaborate to validate the accuracy and robustness of the new solution.  

5.1 Introduction  

With technological development, more complex circuits such as SoCs are designed. 

Although this approach decreases the design cost by embedding more circuits on a single chip, it 

increases the cost associated with testing such systems. The ADC is one of the important building 

blocks in modern mixed-signal products. It is one of the most widely used integrated circuits (IC) in 

SoCs. As speed and performance increase, the testing of the ADC is becoming challenging. Spectral 

testing, also called AC testing, includes testing of ADCs’ dynamic specifications, such as THD, 

SFDR, SNR, and so on [1]. Spectral performance is usually tested by the DFT method using a pure 
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sine wave as input. For SoCs, as all blocks are built in a single chip, the precision of the sampling 

clock is a crucial issue in the testing. 

Clock jitter, defined as the difference between the real sampling instant and the ideal 

sampling instant, is an important specification in high-speed analog-mixed signal devices. In ADC 

testing, jitter plays a crucial role. Jitter can be classified as random clock jitter and accumulated clock 

jitter in this chapter. 

Random clock jitter, usually Gaussian distributed, increases the noise floor of the ADC 

output spectrum, especially when the signal frequency is high. There is degradation in the estimated 

SNR due to the random clock jitter. If the sampling clock is on-chip, the stability cannot be 

guaranteed that it can generate an accumulated clock jitter except for random clock jitter.  

Accumulated jitter in sampling clock can also be called frequency drift as it causes the 

sampling frequency to deviate from the intended one. The accumulated clock jitter generates the 

power leakage in the fundamental component of the ADC output spectrum. This effect is similar to 

the power leakage caused by noncoherency. However, traditional methods that are effective in 

solving the noncoherency problem cannot remove the effect caused by accumulated jitter. These 

methods include windowing [1] and FIRE [2]. 

Many methods have been proposed to measure or characterize clock jitter, especially for 

high-speed application [3,4]. These methods use precise and expensive instruments to analyze the 

clock signal to obtain the jitter information. For ADC application, many methods have been 

proposed to test ADC in the presence of clock jitter. Dual-frequency methods are the conventional 

methods in ADC testing with a random clock jitter. It applies two inputs with sufficient separate 
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frequencies to the ADC under test to calculate the SNR degradation at a higher frequency [5,6]. This 

method increases the test cost as the requirement of the signal generator and synthesizers are high 

for the ATE test.  

Methods [7–9] are proposed to test the correct ADC SNR in the presence of a random clock 

jitter. These methods can estimate the correct SNR when the random clock jitter is not large. 

However, the major limitation of these methods is that they only consider random clock jitter; they 

model the clock jitter as a variable with zero mean Gaussian distribution. Accumulated clock jitter 

is not taken into consideration.  

The effect of sampling clock jitter on the acquired samples is analyzed in [9]. This paper 

proposed two methods to estimate jitter for superheterodyne receiver architectures and cognitive 

radio architectures at high sampling rates. A method to compensate for the jitter is also proposed. 

The methods are tested and validated through computer simulations and theoretical analysis. 

The effective impact of jitter on the SNR of the ADC process [10] is evaluated when the 

observation interval is limited to a finite number of samples. It will be shown that, in this case, the 

jitter constraints on the sampling clock can be more relaxed. 

The effect of sampling clock jitter on the acquired samples in the midst of quantization noise 

and random Gaussian noise is analyzed in [11]. The paper proposes a method for estimating jitter 

for cognitive radio architectures at high sampling rates. The paper also examines the fixed-point 

implementation of the algorithm and its theoretical performance. However, it only includes 

theoretical and simulation; there are no measurement results to verify the method. 
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A modified way of calculating timing jitter using phase modulation (PM) noise 

measurements of high-speed digital clocks is presented in [12], which considers the frequency 

response of the jitter analyzer, providing a more accurate map. 

Sampling clock jitter effects in digital-to-analog converters are described in [13]. A formula 

for the output error power because of the sampling clock jitter for a sinusoidal input is derived and 

verified by numerical simulations, and its spectrum characteristics are shown. Also, its effects on 

ADC SNR are clarified by numerical simulation as follows: (1) When the total noise power outside 

as well as inside the signal band is taken into account, the ADC SNR remains almost constant 

regardless of the sampling jitter. (2) However, when an analog low-pass filter follows the ADC and 

only the noise power inside the signal band is considered, the ADC SNR degrades as jitter increases 

and the input signal frequency becomes higher. Thus the sampling clock jitter is serious for the high-

speed ADC. 

The effect of accumulated jitter on the estimation of SNR is analyzed in frequency domain 

[14] and time domain [15]. Both theoretical analysis and simulation show the accumulated jitter on 

SNR estimation. However, none of the papers mentioned provide a validation of measurement 

results. 

It can be seen that many methods were proposed to investigate clock jitter and its effect on 

ADC testing. The methods in the literature mentioned above suffer from one or more of the following 

issues: (1) the model of clock jitter is not realistic; (2) only theoretical derivation and simulation 

were given, and none of those papers applied measurement results to verify their analysis; and (3) 

methods to estimate the correct SNR, which means to recover the correct SNR from the effect of 
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clock jitter, were not given. So it is required to develop a test method that can obtain the correct SNR 

in the presence of clock jitter. Moreover, the jitter model must be realistic, and the method should be 

verified by measurement results and can be applied for ADC testing in the industry. 

In this chapter, a test method that can estimate the SNR with clock jitter is presented. The 

model of the clock jitter is given as the presence of both accumulated jitter and random clock jitter. 

The jitter properties and their effect on ADC testing are investigated. For the first time, the 

restriction on the sampling clock is removed so that the sampling clock can be accumulated jitter 

or random jitter or the superposition of the two kinds of jitter. Both simulation results and 

measurement data from the industry validate the functionality of the proposed method. This makes 

the testing of ADC using a low quality of sampling clock possible.  

The remaining chapter is arranged as follows: Section 2 describes clock jitter and its effect 

on ADC testing. The new test method is presented in Section 3. Sections 4 and 5 provide simulation 

and measurement results. Section 6 concludes the chapter. 

5.2 Problem Statement 

In ADC spectral testing, a pure sine wave is fed into the ADC under test. DFT is performed 

to the ADC output, and then the spectrum is analyzed to obtain the spectral performance. 

 

Figure 5.1 ADC test setup 

ADC

noise

fs

Sampling clock  
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Figure 5.1 shows the test setup for the ideal spectral test method [16]. Here, ideal means the 

test setup satisfies the ADC spectral test requirements in IEEE standards [1]. Vin(t) is the input signal, 

and noise is the additive noise in Figure 5.1. 

The expression of the pure sine wave input with amplitude A, offset osV , frequency f, and 

initial phase   is shown in equation (5.1): 

 (t) Asin 2in osV V ft                             (5.1) 

Let us suppose that ADC under test is N bit and the sampling rate is fs=1/Ts. If the clock is 

ideal, the sampling instant at the nth sample is 

0,1,2... 1n st nT n M                      (5.2) 

Here, M is the number of sampled points that are usually collected for the spectral testing 

of an N-bit ADC. The analog interpretation of the ADC output can be expressed as 

 [n] sin 2 . [n]os sx V A fnT h d w                      (5.3) 

w[n] is the superposition of additive noise and quantization noise at the nth sample, and 

 
2

. cos 2
H

h s h
h

h d A hnT 


  is high-order harmonics where Ah and φh, respectively, contain the information 

of amplitude and phase of hth harmonic of ADC. 

 

Figure 5.2 Spectrum of a coherent ADC output 
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If the input signal is sampled coherently, which means that the data record length contains 

exactly an integer number of cycles, the spectrum of the ADC output is like the one shown in Figure 

5.2. 

In reality, the clock may be unstable or the sampling frequency can drift because of 

temperature fluctuation. Clock jitter is defined as the difference between the real clock edge and the 

ideal clock edge. As shown in Figure 5.3, the ideal clock period is Ts, and the sampling instant is at 

time 0, Ts, 2Ts, and so on. The clock is however affected by some amount of jitter. Then there are 

deviations between the real sampling edges and the ideal ones. Let δn be the clock jitter at time nTs, 

and the deviations δ0, δ1, and δ2 shown in Figure 5.3 are the jitter of the clock. Because of that jitter, 

the sampling instants are then shifted to 0+δ0, Ts+δ1, and 2Ts+δ2. 

Ts

δ0

2Ts0

δ2δ1

 

Figure 5.3 Clock jitter 

 

Figure 5.4 Clock jitter on ADC output 

  



77 

 

 

 

The jitter effect on the ADC sampled data will be shown in the following section. For ADC, 

the sample is taken when the ADC’s track and hold goes into the hold state. As shown in Figure 5.4, 

the input sine wave should be sampled at the rising edge of the sampling clock. Assuming that the 

sampling instant is nTs, the uncertainty in clock shifts the sampling instant to nTs+δn, causing 

uncertainty ΔV in the input. Thus, there is uncertainty in the ADC output, and the value of the 

uncertainty at the output is proportional to the input slope. 

 

Figure 5.5 Example of random clock jitter 

 

Figure 5.6 Histogram of the random clock jitter in Figure 5.5 

5.2.1. Random Clock Jitter  

Random clock jitter usually follows Gaussian distribution. In this chapter, random clock 

jitter is modeled as a variable with zero mean and a certain value variance. Figure 5.5 shows an 

example of random clock jitter generated in MATLAB: 16,384 points with a mean of zero and an 

RMS of 1.7 ps. Figure 5.6 shows the histogram of the clock jitter shown in Figure 5.6. It can be 
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seen from the histogram that the generated random clock jitter roughly follows Gaussian 

distribution. As the random clock jitter is Gaussian distributed, its spectrum is like the one of white 

noise, as shown in Figure 5.7. 

 

Figure 5.7 Spectrum of the random clock jitter shown in Figure 5.5 (relative to s2) 

 

Figure 5.8 Spectrum of an ADC output without random clock jitter (black) and spectrum 
of the ADC output with random clock jitter (red) 

If an ADC is tested using a clean sampling clock, the spectrum of the ADC output can be 

seen as the black spectrum in Figure 5.8. While there is random clock jitter in the sampling clock, 

the spectrum of the ADC output can be seen as the red one in Figure 5.8. Except for the clock jitter, 

the other settings of the red spectrum are the same as those of the black spectrum, such as input 

amplitude and frequency, sampling frequency, ADC performance, and so on. It can be seen that the 

harmonic values of the two spectra are the same. The only difference between them is that the noise 

floor of the red one is higher than that of the black one. One can also analyze the expression of DFT 

on ADC output data with clock jitter, and it can be proved that random clock jitter increases the 
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noise floor of the ADC output spectrum. If the SNR is calculated directly from the red spectrum, 

the value is smaller as jitter is treated as noise in this case. 

5.2.2. Accumulated Clock Jitter 

Accumulated clock jitter is an accumulation of random clock jitter. As it is an accumulation, 

it is much more difficult to analyze the property in the means of distribution. Figure 5.9 shows an 

example of accumulation clock jitter. It is the accumulation of random clock jitter shown in Figure 

5.5, which passes through a low-pass filter. It can be seen that the accumulated clock jitter is much 

larger than the random clock jitter as it accumulates in time domain. Figure 5.10 shows the 

histogram of the clock jitter shown in Figure 5.9. It cannot be concluded what kind of distribution 

an accumulated jitter follows. For another set of a given random clock jitter used for accumulation, 

the shape of accumulated clock jitter and its histogram will be totally different. In frequency domain, 

the spectrum of the accumulated jitter shown in Figure 5.9 is also shown in Figure 5.11. It can be 

seen that the spectrum is not white and there is power leakage caused by accumulation. The effect 

of accumulated clock jitter on the ADC output spectrum is shown in Figure 5.12. The black one is 

the spectrum of the ADC output with a clean clock, and the red one is that with accumulated clock 

jitter. It can be seen that there is power leakage in both the fundamental and the noise increasing in 

the noise floor. 

 

Figure 5.9 Example of accumulated clock jitter 
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Figure 5.10 Histogram of accumulated clock jitter in Figure 5.9 

5.2.3 Jitter Effect versus Noncoherency in ADC Output 

Because of the increasing frequency and data rate, jitter can be the ultimate limit of the 

performance in some applications. Random clock jitter increases the noise floor and then reduces 

the estimated SNR value. When accumulated jitter dominates the clock jitter, even the collected 

ADC output samples are set to be coherent, and there is still power leakage as shown in the red 

spectrum in Figure 5.12. The power leakage looks like the one generated as noncoherency. However, 

the leakage cannot be removed by traditional methods, which are effective in noncoherency.  

 

Figure 5.11 Spectrum of accumulated clock jitter in Figure 9 (relative to s2) 

FIRE [2], a state-of-the-art method used for dealing with the noncoherency problem, is 

applied to the ADC output with the spectrum shown as the red one in Figure 5.12. The new spectrum 
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conventional noncoherency method. Then the SNR calculated from this spectrum is not correct. A 

method needs to be developed to calculate an SNR without the jitter effect. 

 

Figure 5.12 Spectrum of an ADC output without accumulated clock jitter (black) and 
spectrum of an ADC output with accumulated clock jitter (red) 

 

Figure 5.13 Spectrum of an ADC output with accumulated clock jitter (red) and spectrum 
of an ADC output with accumulated clock jitter + FIRE 

5.2.4 Jitter Effect in Time-Domain ADC Output 

From the previous analysis, it can be seen that random clock jitter increases the noise floor 
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testing, one can tell that there is clock jitter through the SNR estimation results the data collected 

in the ADC output. This section briefly presents the jitter effect on the time-domain ADC output.  
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of points for the two segments, then the deterministic terms of the two segments, such as 

fundamental and harmonics, are the same. The only difference is the random terms, such as additive 

noise and clock jitter. If we take subtraction of the two segments point by point, the difference of 

the two segments can be shown as in Figure 5.14 and Figure 5.15. The identical deterministic terms 

are removed, leaving the noise and clock jitter effect.  

 

Figure 5.14 Difference of two segments with accumulated clock jitter 

 
(a) 

 
(b) 

Figure 5.15 Difference of two segments with accumulated clock jitter 

In Figure 5.14, as there is only random clock jitter, the difference of the two segments looks 

200 400 600 800 1000
-4

-2

0

2

4

6

Index

LS
B

s

200 400 600 800 1000
-200

0

200

index

LS
B

s

200 400 600 800 1000
-50

0

50

index

LS
B

s



83 

 

 

 

like white. The values of the difference are around several LSBs (least significant bits). Figure 5.15 

shows two cases of two segments’ difference with accumulated clock jitter. As jitter may 

accumulate in a different trend for two segments, the difference may grow up and down in different 

shapes. This will be explained in detail in Section 3. 

5.3 Proposed Method 

In the proposed method, the data record length of the ADC output is set to be M, where M 

is the number of points usually used to test the spectral performance for an N-bit ADC. Then the 

first half points of the ADC output are broken into small segments. Other sets of small segments 

are searched in the second half points to be matched best with segments in the first half points. 

Subtraction is applied between the matched pairs. The fundamental of the segments’ difference is 

identified and removed. Jitter and noise separation is applied to the residue, and noise power is 

calculated to compute the SNR. The detail of the proposed method is shown as follows: 

Equation (5.3) shows the expression of the ADC output when the clock is clean. When there 

is clock jitter, (5.3) can be modified as 

  [n] sin 2 . [n]os s nx V A f nT h d w                          (5.4) 

where δn is the clock jitter at time nTs. 

5.3.1 Jitter Model 

As accumulation jitter accumulates in an unpredictable trend, defining it quantitatively is 

hard. So RMS alone is not enough to describe accumulative jitter. In this chapter, we use 

segmentation to express the jitter model. It must be stated that, in reality, the jitter sequence cannot 

be observed from the clock. All we can see is the actual sampling instant, which is nTs+δn. In time 

domain, the jitter drifts as a fluctuation. We model the jitter as the superposition of accumulated 



84 

 

 

 

clock jitter and random clock jitter, as shown in equation (5.5): 

[n] [n] [n]c r                              (5.5) 

Here, δr[n] is the random jitter at sampling instance nTs, and δc[n] is the accumulated clock 

jitter at sampling instance nTs. Although the drifting of accumulated jitter cannot be predicted, we 

can model the accumulated jitter by small segments.  

 
(a) 

 
(b) 

Figure 5.16 Time domain clock jitter (a) and a portion of the curve in (a) 

Figure 5. 16(a) shows an example of δn. If we zoom a small segment of the curve, it can be 

shown in Figure 5. 16(b). It is a curve with an initial value, slope and some random terms. However, 

we do not know the exact value of these parameters. We can break the long jitter sequence into 

small segments. For each small segment, the expression of the accumulated jitter can be expressed 

as these three parameters as shown in equation (5.6). 

[n] [n]c cc cl crn                             (5.6) 
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In equation (5.6), the accumulated jitter is modeled as three terms: constant offset δcc, slope 

δcl, and local random term δcr[n]. The constant offset is the initial value of each segment. The slope 

is the slope of the endpoint line of the segment. The local random term is the distance of the 

accumulated jitter from the endpoint line. Simply, the small segmented accumulated jitter can be 

modeled as a straight line plus some random term.  

This chapter aims to estimate the correct spectral performance without the jitter effect, so 

these jitter parameters are not estimated here. This model helps remove the jitter effect from the 

ADC output, and then the correct noise power of the ADC under test can be calculated. 

5.3.2 Segmentation Pairs 

The first M/2 points in (5.4) are broken into small segments—x1[n], x2[n],…,xs[n]—each 

segment has m points, as shown in Figure 5.17. Here, m is a small number, and it can be set to 64 

or 128 in this chapter. For each segment xi[n], i=1,2,…,s, find another segment x’i[n] in the second 

M/2 points, letting the initial phase of x’i[n] match that of the xi[n] best. 

 

Figure 5.17 Time-domain ADC output 

The expression of xi[n] is shown in (5.7): 

  [n] sin 2 [n] . [n]i os sx V A f nT h d w           n=0,1,2,…m–1           (5.7) 

Compared with the value of sampling instance nTs, the value of clock jitter δ[n] is a 

relatively small value. We can apply Taylor expansion to the fundamental part in (5.7). Then 

equation (5.7) can be written as 

M/2

M

x1 x2 x3 xs x1’ x2’
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   [n] sin 2 2 cos 2 [n] . [n]i os s sx V A fnT fA fnT h d w                 (5.8) 

And x’i[n] can be written as 

   ' ' ' ' ' '[n] sin 2 2 cos 2 . [n]i os s s nx V A fnT fA fnT h d w                (5.9) 

If we subtract xi’[n] from x[n] point by point, it can be seen that the offset Vos is canceled. 

As the initial phases of the two segments are nearly identical, the fundamentals of the two segments 

are approximately equal to each other, and the harmonic difference of the two segments (h.d-h.d’) 

can be ignored. Even if the initial phases of the two segments are not the same, there is a small 

amount fundamental residue in the difference. The difference of the two segments can be expressed 

as 

  ' '[n] [n] 2 cos 2 [n] [n] [n]i i res sx x F fA fnT N                       (5.10) 

where Fres is the fundamental residue,    ' 'sin 2 sin 2s sA fnT A fnT      , and N[n] is the difference 

of the noise (N[n]=w[n]-w[n]’) with zero mean, and the variance is twice that of w[n]. 

5.3.3 Fundamental Removal for Segments 

With the jitter model shown in (5.5) and (5.6), equation (5.10) can be rewritten as  

    ' ' ' '[n] [n] 2 cos 2 [n] [n] [n]res s cc cl cr cc cl crx x F fA fnT n n N                          (5.11) 

As δcc is a constant value for each small segment, the difference of δcc and '
cc is also constant 

for each segment pair. This difference is modulated on the fundamental, making 

  '2 cos 2 s cc ccfA fnT       also a fundamental term. Working with Fres, it forms a new fundamental 

residue, F’res. Let '[n] [n] [n]cr cr cr     and '[n] [n] [n]cl cl cl    . Then (5.11) can be written as 

   ' '[n] [n] 2 cos 2 [n] 2 cos 2 [n] [n]res s cr s clx x F fA fnT fA fnT N                      (5.12) 

Then the fundamental in (5.12) is identified and removed, and the left residue ei[n] only 

contains jitter and noise information as shown in (5.13): 
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   [n] 2 cos 2 [n] 2 cos 2 [n] [n]i s cr s cle fA fnT fA fnT N                  (5.13) 

We know that the clock jitter is a slow drifted variable. If m is large, the clock jitter will 

accumulate. Taking m=1024, for example, the ei[n] is shown in Figure 5.15. The horn shape is 

mainly caused by the accumulated jitter, which is a slow drift term. However, if we set m to be a 

small number, the time for data acquisition of xi[n] is too small that the accumulation of the clock 

jitter is not serious. Taking M=1024 and m=64, for example, combining the s (s=M/m=16) segments 

and ei[n] (i=1,2,…,16) together, the new e[n] is shown in Figure 5.18.  

 

Figure 5.18 e[n] when m=64, M=1024 

5.3.4 Jitter and Noise Separation 

For this step, the residue only contains noise information of the ADC under test and some 

random clock jitter residue.  '[n] 2 cos 2 [n] [n]s clN fA fnT N       is a random term with variance 

proportional to the m length, and the residue of all the segment pairs can be written as 

  '[n] 2 cos 2 [n] [n]s cre fA fnT N         n=0,2,…M–1                (5.14) 

Now, the residue contains a random jitter modulated with fundamental and random noise. 

Then the jitter and noise separation method in [7] can be used to solve noise power and then 

calculate the value of SNR without the jitter effect. The variance of '[n]N  can be calculated as 
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Figure 5.19 Algorithm flowchart 

5.3.5 Noise Power Correction 

It must be stated that the variance of '[n]N  varies with the m value as the accumulated jitter 

is like a random walk, which is also called the Wiener process. Then the variance of '[n]N  

calculated in the equation is different when m is different. As segment size doubles，the variance 

of '[n]N  doubles. Another variance Pn2 is obtained when m is doubled. However, the variance of 

N[n] should be the same as it is twice that of the ADC’s noise, which should be constant. Then the 

noise power Pn, which is also the variance of N[n], can be calculated as 2Pn1–2Pn2. 

  

 

Acquire M points x[n]

Get the difference of the segments pairs

Identify and remove the fundamental of the difference

Calculate variance of noise 

Redo the last steps by setting m to be 2m

Separate the first M/2 points into s segments, each seg. 
with m points

Find  another s segments in x[n], let the initial phases 
match best 

Calculate the noise power through the 2 variances

Calculate signal power

Calculate SNR
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The SNR is calculated as 

2

10

/ 2
10log

n

A
SNR

P
                          (5.16) 

Now the correct SNR of the ADC under test in the presence of a clock jitter is obtained.  

The algorithm for this method is described in Figure 5.19. 

 

5.4 Simulation Results 

In this section, the proposed SNR estimation method is validated by the simulation data 

generated in MATLAB. A 14-bit ADC is modeled in MATLAB as a set of transition levels. The 

nonlinearity error is modeled as a set of Gaussian distributed variables with zero mean and a certain 

standard deviation. The additive noise is introduced with the input. It is Gaussian distributed 

random noise with zero mean and a standard deviation of 0.75 LSB. The ADC was first tested with 

a sine wave that was coherently sampled, and the sampling clock is modeled as ideal. The value of 

the SNR obtained is considered the reference value. The same ADC is later fed with the same input 

signal. However, the sampling clock is modeled as clock jitter added to the ideal sampling instant. 

The sampling clock jitter is modeled as the superposition of an accumulated Gaussian distributed 

term, and another Gaussian distributed term a random error. Table 5.1 shows the parameter setting. 

And the input amplitude is set around –0.05 dB to almost cover the full scale of the ADC under test. 

Table 5.1 Parameter setting of the simulation 

f 0.9 MHz M 2^15

fs 1 MHz m 128

 

The amount of jitter added to the clock is relative to the ADC’s quantization noise power. 
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The quantization noise power is calculated as 

2

12qu

q
P                                      (5.17) 

In equation (5.17), q is 1 LSB.  

For random clock jitter, let σr be the standard deviation, and the jitter-induced power for the 

ADC is calculated as 

 2
2

2
r

r

fA
P

 
                              (5.18) 

While the random clock jitter–induced power is given as (5.18), it is much more difficult to 

determine the accumulated jitter power. As the accumulated jitter is obtained through the 

accumulation of a Gaussian distributed random noise, we use the power of the Gaussian term to 

indicate the amount of accumulated jitter in this chapter. It must be pointed out that the actual 

accumulated jitter power is far more than the Gaussian term power. Let the RMS of the Gaussian 

noise used for accumulation be σc, and the accumulated jitter power is given as 

 2
2

2
c

c

fA
P

 
                       (5.19) 

5.4.1 Simulation Test Results 

We add both random clock jitter and accumulated clock jitter to the sampling clock. The 

simulation results of SNR estimation are shown in Figure 5.20. The horizontal axes are the variance 

of the random jitter 2
r  and the Gaussian term 2

c  used to accumulate. As the jitter can accumulate, 

the actual jitter power is far larger than the one shown in the horizontal axes.  

The red lines are the reference SNR of the ADC under test, and they are obtained when the 
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input signal is sampled coherently and there is no clock jitter. The black lines are the SNR values  

 

Figure 5.20 SNR simulation results in the presence of both types of jitter 

 

Figure 5.21 The reference SNR and the SNR using the proposed method in Figure 5.20 

obtained from direct FFT when there is clock jitter. The proposed method, the estimated SNR with 

clock jitter, is shown as blue lines in the figure. It can be seen from the figure that as jitter amount 

increases, the direct estimated SNR decreases as jitter amount affects the noise power calculation. 

The effect of accumulated jitter is much more than that of random jitter. The SNR using the 
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proposed method is close to the reference SNR. These two SNRs are shown in Figure 5.21. It can 

be seen that the reference SNR is around 77 dB, and the proposed SNR is 75 to 78 dB, which is 

much more accurate compared with the direct estimation. 

5.4.2 Compared with the VTS14’ Method 

We first include only random clock jitter in the sampling clock to verify the validity of the 

proposed method on random jitter and compare it with the VTS14’ method. And then both random 

jitter and accumulated jitter are added to compare the proposed methods with the VTS14’ method. 

 

Figure 5.22 SNR simulation results with random clock jitter 

 

Figure 5.23 SNR simulation results with both random jitter and accumulated jitter 

Figure 5.22 shows the simulation results when there is only random clock jitter. Twenty 
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simulations are run with different amounts of jitter added. The horizontal axis shows the ratio of 

the Gaussian jitter power to the quantization noise power. There is only random jitter in the clock 

and no accumulated clock jitter. The red dots in Figure 5.22 are SNR estimated using a clean clock, 

which can be treated as a reference. The black dots are the SNR estimated directly from DFT when 

there is random clock jitter. It can be seen that as jitter amount increases, the SNR value decreases. 

The green ones are obtained from the VTS14’ method, and the blue ones are obtained using the 

proposed method. It can be seen from the figure that both the VTS14’ method and the proposed 

method work when there is only random jitter. And the SNR estimation is accurate under different 

jitter amounts using the proposed method. It must be stated that the power ratio 100 is so large that 

is not realistic. The simulation here shows that the proposed method works even if the jitter is that 

large. 

Then the random jitter power is set to be 20 times that of the quantization power, and the 

accumulated jitter is increased from 0 to 20 times that of the quantization power to show the validity 

of the two methods. Figure 5.23 shows the simulation results: it can be seen that with clock jitter, 

the direct estimated SNR is far from accurate. When the jitter amount is small, the VTS14’ method 

works, but the results are bad when the accumulated jitter amount increases, whereas the proposed 

method is accurate regardless of jitter amount. 

 

5.5 Measurement Results 

In this section, silicon measurement results are presented to validate the effectiveness of the 

proposed SNR estimation method. A commercially available 14-bit 1 Msps SAR ADC with an 
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integrated 25 MHz RC oscillator is chosen for this experiment. The ADC input signal frequency is 

around 19 kHz, and it is fine-tuned to achieve coherent sampling. First, ADC SNR is measured with 

an “ideal” off-chip 25 MHz clock source. This is denoted as the “reference SNR.” Next, ADC SNR 

is measured with the on-chip jittery RC oscillator, which is denoted as the “direct estimated SNR.” 

Then the proposed method is applied to the ADC output with the on-chip RC oscillator and 

the true ADC SNR is estimated, which is denoted as the “proposed estimated SNR.” This experiment 

is repeated on four devices, and the measurement results are shown in Table 5.2. It is clearly evident 

from the results that the proposed method provides an accurate estimation of the true ADC SNR in 

the presence of clock jitter.  

Table 5.2 Measurement Results (unit: dBs) 

 Reference 
SNR 

Direct 
estimated 
SNR 

Proposed 
estimated 
SNR 

ADC_1 77.4 22.1 75.4 

ADC_2 77.7 13.5 76.5 

ADC_3 77.8 13.2 76.0 

ADC_4 78.2 13.6 76.7 

 

5.6 Conclusion 

A new test method that accurately estimates the SNR of an ADC with sampling clock jitter 

was proposed. This relaxed the requirement to have a precise sampling clock for spectral testing. A 

new segment matching method was proposed to remove the accumulated jitter and random clock 

jitter. Correct noise power can be calculated without the effect of jitter. A more realistic jitter model 
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was proposed and analyzed in this chapter. The collected ADC output was separated into small 

segments. By analyzing the difference of the matched segments pairs, correct noise information 

was calculated. Then the SNR was estimated without the jitter effect. The accurate functionality of 

the proposed method was presented using simulation results on 14-bit ADCs. This method was also 

compared with literature, proving that it also works even when there is only random clock jitter. 

The proposed method was also verified using commercially available ADC testing results. For the 

first time, there is a method working on accumulated clock jitter using industry data to prove the 

validation. This method can be readily used in applications where obtaining precise control over a 

sampling clock, such as BIST ADCs, is challenging.  
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CHAPTER 6. SUMMARY 

In this dissertation, challenges in standard high-performance ADC spectral testing were 

discussed. Algorithms of accurate spectral testing without accurate instrumentation were presented. 

The first method eliminated the requirements of coherent sampling and in-range control of input 

amplitude of ADC spectral testing. The second method relaxed the conditions of precise control 

over amplitude and frequency. Furthermore, it obtained linearity performance in the meantime 

without additional consumption. The third method allowed spectral testing with an imprecise 

sampling clock. The method provided noise and jitter separation, which can be used for low-cost 

jitter characterization. The fourth method was proposed to test ADC spectral performance when 

there is accumulated clock jitter. This method can be used in on-chip ADC testing and ADC testing 

with low-cost instrumentations. Both simulation and measurement results were used to verify these 

methods. All of the proposed algorithms aimed to relax the stringent requirements of spectral testing 

setup. Making the setup less stringent can reduce the requirements and the cost of the testing 

instruments. Furthermore, the algorithms can be used for BIST applications. 


