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Phase Noise Measurement with Sigma-Delta TDC
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Background

Conventional Phase Noise Measurement

B Spectrum analyzers are necessary

B Measurement for a long time

-

Very costly!!

In order to test many LSIs in parallel...

Many spectrum analyzers

Block Diagram of Sigma-Delta TDC
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Analytical Discussion
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CUT (CLK1) with phase noise ¢ (t)

CUT ~ sin(2nf,t + ¢(t))

The m-th zero-crossing rising edge timing
(Phase from the reference CLK2 without phase noise)

27tf in(mMT + ©(m)) + ¢p(mT) = 2mm
~ ¢(mT) = —2nf;,,T(m)
7(m) : the zero-crossing variation function and sinusoidal input wj
t(m) =T a; - sin(w; - mT)

¢(mT) = —2nq; - sin(w; - mT)

- O(w)) =%(2naj)2 Phase noise power spectrum

SPECTRE Simulation
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Research Objective

Measure the phase noise without a spectrum analyzer
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The phase noise power spectrum
can be obtained by FFT of ZA TDC output

Sigma-Delta TDC
Good linearity

Small circuitry

Fine time resolution

Simulation Conditions

Process 180nm CMOS

Delay of ZA TDC (7) 500ps

Input frequency 10.24MHz

Phase variation of CUT 10kHz

The number of 2A TDC data 4096

¥

Low Cost & High Quality Test

Operation of Sigma-Delta TDC
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B Good linearity
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The number of output pulse ‘1’

B Small circuitry
B Fine time resolution
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271
TDC output data

The longer measurement time, the finer the time resolution.

MATLAB Simulation
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Ideal PLL
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cause errors in communication systems

Various frequencies

Its measurement & testing is necessary

Principle of Phase Noise Measurement
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. P i Phase noise power spectrum
and noise-shaped quantization noise

Simulation Result
FFT Spectrum of Output Signal without Phase Noise
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Simulation Conditions

FFT Spectrum of Output Signal with Phase Noise
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Delay of ZA TDC (7) 200ns
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Input frequency 1MHz
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Phase variation of CUT 10kHz
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The number of 2A TDC data 4096
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Simulation Result

Spectrum of Input Signal with Phase Noise
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FFT Spectrum of Output Signal with Phase Noise
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Conclusion

B Proposal of phase noise measurement
using sigma-delta TDC.
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B Verification by MATLAB and SPECTRE simulations.

B A multi-bit sigma-deilta TDC
with linearization techniques
can further reduce the measurement time.

B L ow cost and high quality phase noise test
can be realized.




