
 
 

 

  
Abstract—Clock jitter and its effects on signal-to-noise ratio 

(SNR) were widely investigated in the published literatures. 
However, most of the issues mainly focused on 
white-Gaussian-noise-only clock jitter, based on the scenario 
(assumption) of ideal interference-free clock circuit design which 
never existed in reality. This paper presents a realistic analog to 
digital converter (ADC) performance analysis model based on 
better realistic circuit noise conditions, particularly investigated 
on the clock jitter error with the combination of Gaussian noise 
and circuit noise (interference). An analytical expression for the 
A/D conversion with such combined clock jitter error is developed. 
The computer simulations are presented, which showed excellent 
agreement with the developed expression. Also, a real experiment 
is carried out to bring forth a comprehensive evaluation in A/D 
system design. 

Keywords—analog-to-digital converter, clock jitter, 
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I. INTRODUCTION 
The encode source jitter error factor is a key concern in the 

high speed A/D conversion system design. Walden identified 
the aperture jitter as the dominating factor that limits the SNR 
of wideband ADCs[1]. As will be clarified clearly in this paper, 
clock jitter influences the achievable SNR in a similar way. 
Lohoning presented an explicit analysis of both the aperture 
jitter and the clock jitter effects for arbitrary stationary input 
signals [2]. Bartolome has researched the relationship between 
clock rising/falling transition time and SNR[3].  

However, all of these investigations were based on the 
assumption of ideal A/D converssion environment, the clock 
jitter is Gaussian-noise-only. Although it’s highly 
recommended to avoid this assumption, generally both the 
white Gaussian noise and the circuit noise (interference) 
present at the sampling clock simultaneously. Therefore, there 
is a need to determine the A/D converter output data spectrum 
when both types of noises present at its input clock. This is the 
main subject of this paper.  

This paper consists of six sections and an appendix. Firstly, 
The ADC circuit noise and interference model is investigated 
and a more realistic ADC model with mixture noise. Section III 
presented an investigation on the mixture noise interfered clock 
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error and its effects on A/D SNR and SFDR. Section IV 
presented a simulation on mixed clock error effects on A/D 
performance with different error distributions. Section V 
presented experimental results to illustrate the circuit noise 
effect on A/D performance, showing that this model is more 
realistic on A/D analysis than others published. The appendix 
contains some of the derivations used in this paper. 

II. CIRCUIT NOISE AND CLOCK ERROR 
Aperture jitter stands for the random sampling time variations 

in ADCs which are caused by broadband noise in the 
sample-and-hold circuit. It is commonly modeled as a 
stationary white Gaussian process[1][2], i.e. the corresponding 
sampling time variations are assumed to be independent 
identically distributed (i.i.d.) Gaussian random variables with 
zero mean value. 

Clock jitter is a property of the clock generator that feeds the 
ADC with the clock signal. It is caused by the phase noise of 
the oscillator and generates additional sampling time errors in 
the ADC. Demir declared that the phase noise of free running 
oscillators can be modeled as a Wiener process [4], i.e., a 
continuous-time nonstationary random process with 
independent Gaussian increments. Time-discretization of the 
Wiener process yields the model of accumulated timing-jitter 
commonly used for the clock jitter [5] [6], where the sampling 
time variations are modeled as zero mean value and variance 
independent.  
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Figure 1. A/D model with circuit noise 

The clock error model with Gauss distribution implied the 
scenario of ideal A/D circuit, while the real system is not 
always the same. In an actual A/D circuit, the clock circuit is 

Circuit Noise Interference on Sampling Clock 
and Its Effect on A/D Conversion  

Sun Lei, An Jianping and Wu Yanbo 

Proceedings of the World Congress on Engineering 2007 Vol I
WCE 2007, July 2 - 4, 2007, London, U.K.

ISBN:978-988-98671-5-7 WCE 2007



 
 

 

unable to run independently, without any interference from 
other circuit noise. It’s always affected by other on-board 
circuit, and this affection can more or less cause the uncertainty 
of the sampling clock cycle-to-cycle time, which can also be 
considered as clock jitter if the affection is tiny.  

This paper primarily focuses on the clock error and its effects 
on A/D performance, only one input sinusoid with white 
Gaussian noise(Fig.1) is considered. For the clock error, this 
model consists only one additive white Gaussian noise 
(NGauss) and a single colored circuit noise (Ncrosstalk ). The 
approach allows extension to multiple noises in clock error. 

Different A/D implementations render different circuit 
electrical and magnetic noises. Virtually every system includes 
at least the following noises[7]: power noise, signal cross 
talking and ground bounce noise. The power noise is caused by 
the dynamic system current which in return could feed back 
into the signal routines (paths) and generate noise. The signal 
crosstalk, which is also called signal serial interference which is 
mainly caused by the electrical magnetic coupling with parallel 
wiring. This interference is related to the driver signal 
frequency and amplitude. The higher signal frequency the 
higher signal transition speed, resulting in greater coupling 
amplitude. It is a colored noise. The ground bounce noise is 
caused by the circuit return current passing through the 
non-zero ground plane. Due to the complexity of interferences, 
it’s difficult to characterize all the circuit noise in an uniform 
mathematical analytical formulation. But generally it can be 
characterized by an expression including interference 
frequency and amplitude components [7]. 
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Figure 2.  Circuit noise and clock error 
Fig.2-(a) shows a driver signal interfering the adjacent signal 

(victim line) and resulting in the voltage ripple in Fig 2.-(c). If 
the interference ripple occurs during the clock rising/falling 
transition time, the jitter error took place with the interference, 
in Fig.2-(d).  

 

III. CLOCK JITTER AND ADC PERFORMANCE 
The clock jitter with white Gaussian distribution is a 

fundamental model and is widely discussed [1-3].  Fig.3 shows 
that the input signal is a sinusoid with amplitude A and 
frequency fin. The encode source clock is jitter ∆t, any error in 
this instant (∆t) will translate an error in voltage (∆A) 
dependent on the input signal slope. 

The total uncertainty in A/D conversion is the sum of all the 
uncertainties at each point of the sinusoid weighted by the 
probability of sampling each point [3]: 
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The theoretical limitation of the SNR due to this clock jitter 
is given by, 
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The ∆t in (2) presents the standard derivation jitter time. The 
expression (2) states that the SNR is only limited by the signal 
amplitude, frequency and the clock jitter error. 

Slope = dA/dt, 
ΔA = dA/dt .ΔtΔA

Δt : Clock Jitter

  A
  

 
 Figure 3. Clock jitter on sampling uncertainty 

As discussed in section II, generally both the white Gaussian 
noise and the colored circuit noise are present at the sampling 
clock simultaneously. The A/D conversion analytical 
expression with the combination clock error of Gauss 
distribution noise and circuit noise are appended in this paper in 
which the expression is derived. 
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In (3), Ts is the ideal clock cycle, ∆tGauss is Gaussian noise 
clock jitter component and ∆tCrosstalk is interfered clock error 
component, ω and A are the input signal’s radian frequency and 
amplitude respectively. ωi and ν present the interference driver 
signal’s frequency and amplitude. 

This analytical expression reveals that the circuit crosstalk 
noise in the clock error, resulting in A/D conversion data 
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comprising infinite driver signal’s harmonic components (kωi) 
with amplitude hk (ωi，ν) .    

IV.  SIMULATIONS 
 In order to verify the above model, series of simulations 

are presented. 
Fig.4 shows the A/D conversion data power spectrum 

simulated for a input sinusoid with frequency 14.99MHz, the 
input signal-to-noise ratio is 100dBc with white Gaussian noise. 
The converter clock frequency is 80MHz.  

 
Figure 4. A/D conversion simulations 

Fig.4-(a) presents the conversion power spectrum of ideal 
clock cycles. Fig.4 -(b) presents a result on clock jitter with an 
additive white Gaussian noise of standard derivation 2ps. 
Compared with (a), It’s clear that the added clock jitter raised 
the noise floor in (b), in another word, decreased the SNR. 

Fig.4 -(c) shows the simulation results of signal crosstalk 
effects on ADC performance. Interference driver signal is a 
70MHz sinusoidal noise. Suppose the ADC input clock slope is 
1V/ns(typical)[3] , and the interfered clock coupling amplitude 
is 1mv, which result in the maximum clock error offset with 
1ps(∆t=∆v/slope). This colored clock error result in the spur 
components at frequency bin 5MHz and 25MHz on the power 
spectrum figure, the amplitude is approximately -85dBc. This 
simulation shows that a tiny colored noise in clock error, can 
result in an un-negligible spur component. Fig.4-(d) is the 
result on clock error with the combination of white Gaussian 
noise and colored circuit noise. It’s obvious that the floor noise 
raised with the spur distortion occurred on the power spectrum 
figure.  

Fig.4-(e) presents the simulation of the crosstalk between the 

input signal and the sampling clock. Compare to Fig.4-(a), It is 
found that the harmonic components rise at the 2nd and 3rd 
signal frequency bin. Fig.4-(f) shows the result of clock error 
with several independent colored circuit noises.  

Fig.5 shows colored circuit noise effects on A/D conversion 
data spur distortion. (a) is to describe the relationship between 
the input signal frequency and spur distortions. The spur 
distortion rise from -105dBc to -80 dBc with the input signal 
frequency changed from 2MHz to 32MHz approximately. 
Fig.5 -(c)(d) describe the relationship between clock error 
caused by signal cross-talking into the clock section and the 
effect on harmonic distortion. 

 
 

Figure 5. clock error and A/D conversion performance 
  

V. EXPERIMENTS AND ANALYSIS 
Fig.4 -(e) brings out more realistic meanings but it is always 

deceptive to an ADC designers. In a real ADC system, a lot of 
possibilities can result in harmonic distortion in the A/D 
conversion. For example, the imperfect suppression of the 
anti-aliasing filter’s stopband before the ADCs, the 
non-linearity of the A/D conversion process, or both, could 
produce unwanted harmonics in the conversion. Those 
possibilities might mislead the designer to ignore the 
interference from the on board circuit noises, especially the 
conversion output digital data which could produce the input 
signal frequency correlated noise[8] and feed back into the 
clock circuit by power noise and ground plane coupling, or 
signal crosstalk. Thus, this sort of clock error is 
closely-correlated to with the input sampled signal’s frequency 
which can result in the harmonic distortions in the conversion, 
i.e., greatly upsetting the spur-free dynamic range (SFDR) 
performance of an ADC. 

In order to validate the above analysis, the following 
experiment is presented. Fig.6-(a) is the result of a real A/D 
conversion data power spectrum figure. The ADC is an Analog 
Device’s product AD6645[9]. The sampling clock frequency is 
80MHz, sampled signal is a sinusoid with the amplitude 650mv 
with frequency 14.99MHz.  Conversion power spectral 
Fig.6-(a) shows that all the harmonics and spurs are below 
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-90dB, and the SFDR is 78dBc, denote that it’s nearly in ideal 
working state. 

Nowadays, most ADC circuit is designed in such a way that 
the single-ended signal is coupled into differential form by 
transformers, in order to reduce the circuit common-mode 
interference. In order to prove the conceivable possibility of 
signal-clock crosstalking, we just put the signal transformer lie 
adjacent to the clock transformer, and remaining the other 
conditions unchanged. The result under this condition is Fig.6 
-(b). Compare with Fig.6-(a), the 2nd harmonic of the signal is 
raised up from -95dBc to -78dBc. It is believed that the 
electrical magnetic interference is coupled from the adjacent 
two transformers, the interference produced clock error results 
in changes of harmonic amplitude. This experiment is not 
particular, on the contrary, it can be found in other ADC 
designs. 

 
 
 

 Figure 6.  Real A/D experiment 
Compare the Fig.4-(f) and Fig.6-(a), shows the simulation 

result in Fig.4-(f) which  is very close to the real A/D running 
result. This implies that the derived analysis results are very 
close to the real A/D situations. 

VI. CONCLUSION 
This paper has investigated the clock error characteristics 

under circuit noise environment and its influences on ADC 
performance. The investigation reveals that the circuit noise 
contains more colored noise than white noise. And thus the 
clock jitter error consists of both white Gaussian noise and 
colored circuit noise. An analytical A/D conversion expression 
with combined clock jitter error is developed. This expression 
shows that the combined clock error can generate infinite 
harmonic components in converted digital signal. The 
computer simulations show excellent agreement with the 
developed expression. Also, a real experiment shown the 
evidence of the circuit noise influence on A/D performance and 
brings forth a comprehensive evaluation of analog-to-digital 
system design. This paper might offer A/D designers a rule of 
thumb to reduce the discrepancy between the actual circuit 
performance and the official figures imprinted on data sheet. 

APPENDIX 
This appendix is the A/D conversion expression with mixed 

clock error, result of composite effects of white Gaussian noise 
as well as colored circuit noise. 

Scenarios are,  
input signal is a sinusoid:  

)= )t tπ ω
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interference driver signal: ( , )i iN f V ω∆ =       (A2) 

where V is amplitude and ωi is frequency of interference 
driver signal. And the A/D conversions with interfered clock 
error is, 
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 The ∆tGauss in (4) is a Gaussian random variable and 
contribute to Gaussian error in conversion. Because the signal 
crosstalk can be modeled as [5]: 
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 Where K is a function related on driver signal’s amplitude 
and frequency. It’s a reasonable consumption, 
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 Substitute this term to ∆tcrosstalk into (4), get result 
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where In (9), Jk(ω,ν) is a k-order first class Bessel function. 
From (7-9), It’s clear that the ∆tcrosstalk component generate 
infinite harmonic components in the conversion data. By 
reasonable substitution, the expression (4) can be re-write as, 
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 (10) is the A/D conversion analytical expression with the 
combination clock error of Gauss distribution noise and circuit 
noise. 

In (10), Ts is the ideal clock cycle, ∆tGauss is Gaussian 
noise clock jitter component and ∆tCrosstalk is interfered clock 
error component, ω and A are the input signal’s radian 
frequency and amplitude respectively. ωi and ν present the 
interference driver signal’s frequency and amplitude 
respectively. 
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