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Motivation
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Equivalent-Time Sampling

Repetitive Wave

Sampling Clock

Reconstructed Waveform

%

[ Higher time resolution than sampling clock period J
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Waveform Missing

Repetitive Wave

Sampling Clock

Reconstructed Waveform /

[ Toothless waveform is appeared




Condition

Repetitive Wave

Sampling Clock BEREREREEERERERERERERREREER




Waveform Missing Conditions

fCLK >> fsin

) fek = fsin
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[ Sampling points move little =% Requires long time ]
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Proposed Optimal Condition

4 )
fcik = @ X fsig

¢ : Golden ratio ( = 1.6180339887...)
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[ Sampling points disperse uniformly through measurement ]
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Golden Ratio
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Fibonaccli Number
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Golden Section Search

Unimodal
Function

STEP1
Judge : Left

STEP2
Judge : Right
STEP3
Judge : Left

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

Distances of separation points are golden ratio

extreme

¢ : Golden
Ratio
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Golden Section Search (1/5)

Compare




Golden Section Search (2/5)

N _

Smaller




Golden Section Search (3/5)

Value Reusable




Golden Section Search (4/5)

Smaller




Golden Section Search (5/5)
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Range is narrowed x 1/® in every steps
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Proposed Optimal Condition

4 )
fcik = @ X fsig
¢ . Golden ratio ( = 1.6180339887... )
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Golden Ratio Sampling (8pt.)
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Golden Ratio Sampling (1/8)
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Golden Ratio Sampling (2/8)
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Golden Ratio Sampling (3/8)
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Golden Ratio Sampling (4/8)
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Golden Ratio Sampling (5/8)
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Golden Ratio Sampling (6/8)
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Golden Ratio Sampling (7/8)
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Golden Ratio Sampling (8/8)
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Distance

All sections are divided by golden ratio

= Longer and shorter range does not exist
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Max. & Min. Distance

zm/l

\_

=

Max. / Min. distances = ¢ or ¢?* const.

Sampling points disperse uniformly through measurement

J
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Time Resolution

TOTAL NUMBER OF DATA

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

= Time resolution improves about 1 / Total Number of data
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Histogram (1,000 pt.)
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DNL Transition
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y = 0.3446019 x * -0.9211881

DNL standard deviation from the approximate curve is SMALL

= Sampling phases are NOT appeared in the same bin succ:essivelsy6



Accumulated Histogram (1,000 pt.)
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INL Transition
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INL standard deviation from the approximate curve is SMALL

= Sampling phases disperse uniformly through measurement38



INL Transition (Waveform Missing)




Application

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

Integral-type Time-to-Digital Converter
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Probability Density Function

Sinusoidal Wave

(V) =
P VA2 — V2
\_ J

A: Amplitude of Sinusoidal Wave

V:Voltage
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P(n) = %[sin‘l (B(nA_;vN_l)

. _(B(n—1-2""1
) ()

\

J

Histogram

100
DIGITAL OUTPUT CODE

n: Code Bin Number (n

B: Full Scale Range (V)

N: Resolution of ADC (bit)

th)
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Differential Non-Linearity

Data Recard: 154480 Pdints DHL(min.) = -0.0095418 L.SB |

008 4 - -folk =-1.6180339 MHz - .| ... DNL(max.). = 0.0070568 LSB . - N\
DNL(RMS) = 0.0025350 LSB |
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IP,

J

AP: Measured Histgram

IP: Ideal Histgram
DIGITAL OUTPUT CODE
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Integral Non-Linearity

Data Recard: 154480 Pdints INL(min.) =-0.0083460 LSB |
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Required Number of Samples
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Waveform Missing (Case: 1)
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Waveform Missing (Case: 2)
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Waveform Missing (Case: 3)
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Golden Ratio Sampling
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Histogram (Golden Ratio Sampling)
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Golden-ratio vs. Random Sampling

Golden-ratio Sampling Sampling at rand()

Data Recold: 154480 Pdints DHL(min ) = -0.0096418 LSB | Data Recafd: 154480 Points

o= 1.6 1bu33q MHz Sampling Phase: Random

Dwupmm 0. [|£|2535[| LSB

JrW w |r] :
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1 i W Wi’ w’” 'I”H

100 150
DIGITAL OUTPUT CODE

100 150
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95% confidence level » Np = — 01)2 ' = 154480 samples
8 bit ADC Q5
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Conclusion

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.
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Appendix
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Condition

Repetitive Wave

Sampling Clock
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. P, Q:in rs and
Fixed Number of Data S

Tcig =

v

X Tsig J

Q: determines phase distance for each sampling

F Tsig E"’,’

Y
1\\/

F X Tsig

\ J
I

P: Maximum number of total measurable sampling points 56




Distances of INL standard deviation
from the approximate curve (RMS)

Q
— _ X .
Tax = Toza * Tsia
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min. 57




Golden-ratio vs. Real-time Sampling

Golden-ratio Sampling Real-time Sampling
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