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[ Higher time resolution than sampling clock period ]
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Waveform Missing Condition

Repetitive Wave
Repetitive Wave

Sampling Clock
Sampling Clock

Reconstructed Waveform

Toothless waveform is appeared

Waveform Missing Conditions Proposed Optimal Condition
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¢ : Golden ratio (= 1.6180339887... )
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Sampling points move little =% Requires long time ] [ Sampling points disperse uniformly through measurement ]
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Fibonacci Number
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Golden Section Search

Finds the extreme value of a unimodal function by narrowing the range

Distances of separation points are golden ratio

Unimodal extreme
Function value

STEP1
Judge : Left

STEP2
Judge : Right

STEP3
Judge : Left
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Golden Section Search (5/5) Outline
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Range is narrowed x 1/® in every steps

Proposed Optimal Condition Golden Ratio Sampling (8pt.)
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Golden Ratio Sampling (3/8) Golden Ratio Sampling (4/8)
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Distance

All sections are divided by golden ratio

= Longer and shorter range does not exist

Time Resolution

10' 10°
TOTAL NUMBER OF DATA

Max. & min. distances decreases x 1/® every Fibonacci numbers

= Time resolution improves about 1 / Total Number of data 23
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Max. / Min. distances = ¢ or ¢? const.

=  Sampling points disperse uniformly through measurement
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DNL Transition

Standard Deviation

DNL standard deviation from the approximate curve is SMALL

= Sampling phases are NOT appeared in the same bin successive%




Accumulated Histogram (1,000 pt.)

Normalized Count
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Normalized Phase

Uniform Distribution

INL Transition (Waveform Missing)

Probability Density Function

Sinusoidal Wave

A: Amplitude of Sinusoidal Wave

V:Voltage

INL Transition

5309910 -

INL standard deviation from the approximate curve is SMALL

= Sampling phases disperse uniformly through measurement38

Application

Wideband Waveform Sampling Systems
ADC Testing with Histogram Method
Time-to-Digital Converter Calibration

Integral-type Time-to-Digital Converter

|deal Probability of Each Bin

[ pr = s (B2 _ (0= 12270) ]

Histogram

B: Full Scale Range (V)
N: Resolution of ADC (bit)

n: Code Bin Number (nth)
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Golden Ratio Sampling Histogram (Golden Ratio Sampling)
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0.1 LSB DNL error 7 2
3.14 x 27 x (1.96
95% confidence level . Ng = %
8 bit ADC 0.1)

= 154480 samples
&1

Conclusion Appendix

Our proposed golden ratio sampling rate
In waveform equivalent-time sampling system
Sampling clock frequency x Input signal period

= golden ratio
= Can avoid waveform missing.

= Sampling points are dispersed uniformly
through the measurement.




P, Q: integers and

Condition Fixed Number of Data e

Repetitive Wave

Sampling Clock

P: Maximum number of total measurable sampling points

Distances of INL standard deviation i . .
from the approximate curve (RMS) Golden-ratio vs. Real-time Sampllng
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