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FEATURES 

 On-chip measurement of 
complex phase noise 
frequency-domain 
characteristics on analog/IF 
signals 

 Delivers a digital signature 
related to the phase noise 
level present in the analog/IF 
signal at a given frequency 
offset 

 Parametrizable for 
evaluation of phase noise 
spectrum  

 Low silicon area digital 
implementation 

 

TEST INTERFACE 

 Register read/write needed 

 I2C or JTAG bus 

 

IO REQUIREMENTS 

 INPUTS 

o Analogue input for test 

o Clock signal 

o Reset/Activate signal 

o Configuration values 
(stored in configuration 
registers) 

 OUTPUTS 

o Digital signature (stored 
in a register) 

 

PARAMETERS 

 INPUTS 

o Signal frequency 

o Sampling frequency 

o Measurement frequency 
offset 

o Acquisition length 

 OUTPUTS 

o Phase Noise Spectrum 
(dBc/Hz) 

 
OVERVIEW 
The IP PN-ETI2 is a low area module for on-chip evaluation of complex 
phase noise frequency-domain characteristics on analog/IF signals. It relies 
on oversampled 1-bit conversion of the analog signal and a dedicated on-
the-fly processing of the resulting binary vector. It delivers a digital signature 
related to the phase noise level present in the analog signal at a given 
frequency offset. The module is parametrizable to different values of the 
measurement frequency offset, allowing evaluation of phase noise spectrum. 
 

DESCRIPTION OF THE IP ARCHITECTURE 
A global overview of the embedded test instrument is given in the figure 
below. A comparator (or input buffer) performs 1-bit conversion of the analog 
Signal Under Test. The resulting binary vector is then treated by a digital 

processing unit which permits to compute a digital signature 𝑆𝐼𝐺 based on 
the Allan deviation of reconstructed and filtered phase fluctuation 
increments. This digital signature is related to the phase noise level �̂�𝑓 at a 

given frequency offset with:  
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Conversion into a phase noise value 𝑃�̂� in dBc/Hz is then achieved with: 

    𝑃�̂�|𝑑𝐵𝑐/𝐻𝑧 = max (𝑃𝑁1, 𝑃𝑁2)  

    with    {
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where 𝑓𝑜𝑓𝑓𝑠𝑒𝑡 = 𝑓0/𝐾 = 𝑓0/𝑊 is the measurement frequency offset.  

 

 
 
A block diagram of the processing algorithm is given in the figure below. It 
involves: 

 Estimation of instantaneous phase �̂�[𝑚] 
 Reconstruction of phase fluctuation �̂�[𝑚] 
 Filtering with moving average �̃�[𝑚] 
 Undersampling and computation of phase fluctuation increments 𝛥𝐾�̃� 

 Computation of Allan deviation 𝐴𝐷𝐸𝑉(𝛥𝐾�̃�) 
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DELIVERABLES 

 Verilog description 

 Analytical expression for 
conversion of the digital 
signature into phase noise 
value in dBc/Hz 

 Analytical expressions for 
the minimum/maximum 
measurable phase noise 
levels  

 

LIMITATIONS 

 Measurement relies on 
oversampled acquisition of 
the analog signal; it is only 
dedicated to the analysis of 
signals in the MHz up to few 
tens of MHz range  

 

 

 
 
In order to minimize the required hardware resources, algorithmic 
optimizations have been implemented together with the use of modular 
arithmetic and semi-pipeline architecture.  
 

IP CONTROL INSTRUCTIONS 
The IP control instructions include: 

 Write configuration values: write values in the configuration registers 
that control the size of moving average filtering and the distance 
between undersamples.  

 Read signature: read the value stored in the output register of the 
processing unit. This value is the digital signature.  

 

VALIDATION RESULTS 
The IP has been synthesized in a CMOS 65nm technology; it occupies less 
than 34,000µm2, which corresponds to an overhead of 0.3% for a typical 
device of about 9mm2. It has also been implemented implemented in a 
digital Xilinx Spartan 6® FPGA using a Digilent Nexys 3® board. Hardware 
measurements were performed on a synthesized 1MHz signal affected with 
phase noise; correct operation of the prototype has been demonstrated 
down to -100dBc/Hz. The prototype was also used to perform 
measurements on an industrial device, a DA18260 silicon tuner; its ability to 
discriminate faulty devices from good ones was demonstrated.  
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