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Overall Goals

* Develop a convincing benchmark to compare previous timing card to
the High Resolution timing card

* Explore other tuning options to improve timing card performance



Jitter and Phase Noise

What is Phase Noise?

Ideal versus real-world signals

Ideal sinusoidal signal Real sinusoidal signal
VI(t) = Agsin(2rTf ot) V(1) = [A*+E(O)]sin[2mTf t+ ¢ (D)]
where where
A, = nominal amplitude E(t) = random amplitude fluctuations
fo = nominal frequency ¢(t) = random phase fluctuations
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AN KEYSIGHT
Phase Noise 101: Basics, Applications, and Measurements - Keysight



https://indico.ihep.ac.cn/event/22089/contributions/168539/attachments/83428/105838/02 Phase Noise and its Measurement Solutions-20241025.pdf

Jitter and Phase Noise

Jitter is a time domain term

Typically measured with an oscilloscope
Directly measures peak-to-peak and cycle-to-cycle jitter

Time domain equipment generally has a higher noise floor than frequency

domain equipment

Phase noise is a frequency domain term

Typically measured with a spectrum analyzer in phase noise mode or a phase

noise analyzer
Cannot directly measure peak-to-peak or cycle-to-cycle jitter
Random jitter vs. deterministic jitter (spurs) are easily recognized

Spectrum analyzers and phase noise analyzers generally have lower noise

floors than time domain equipment

Can be integrated over different frequency bands to provide RMS phase jitter

Native
Measurements

Advantages

Time Domain Equipment

Peak-to-Peak Jitter
Cycle-to-Cycle Jitter
Period Jitter

Good with Low-
Frequency Clocks
Good with Data-
Dependent Jitter

Timing Jitter Tutorial & Measurement Guide — Silicon Labs

Frequency Domain
Equipment

RMS Phase Jitter
Phase Noise
Jitter Frequency
Information

Lower Noise Floor
Easy Detection of Spurs vs.
Random Jitter



https://www.fccdecastro.com.br/pdf/TimingJitter.pdf

Jitter and Phase Noise

Jitter and Phase Noise

Jitter definition

» Time-domain RMS phase deviation is called jitter

» Those concerned about jitter frequently deal with clock
signals, which are usually the measurements of square
wave-type signals rather than sinusoids

» The following relates RMS phase deviation to jitter:

» 1) ®
{ jitter(seconds) = ;;:S[Tperiod(seconds)] = 2;";‘:

Percentage of total angular period
affected by RMS phase deviation

* f¢ is the clock frequency and when viewed in the frequency domain, is

equal to the spacing between the spectral lines

AV KEYSIGHT

At = jitter

Tperiod

Clock signal period
(time); same as 1/f,

Phase Noise 101: Basics, Applications, and Measurements - Keysight



https://indico.ihep.ac.cn/event/22089/contributions/168539/attachments/83428/105838/02 Phase Noise and its Measurement Solutions-20241025.pdf

Jitter and Phase Noise

* Takeaway — Measuring phase noise gives us a different view of our
clock jitter

* Able to use a different tool to compare evaluations



Phase Noise Measurement With Spectrum
Analyzers

Spectral Density of Phase Fluctuations

Mean-square Phase Deviation & Phase Noise

* If we can measure phase deviation (A¢) , we can convert mean-square phase
deviation measurement (i.e., ¢%,5) into a spectral density by dividing by the

noise bandwidth and normalizing it to 1 Hz BW: N
. . 1 d? F
Spectral Density of Phase Fluctuations: $,(f) = q),zws(ﬁ) (rzz ) s.,,(n,.-"'; $58 (£01)

+ In case of small angle PM (where m = § = ¢, < 0.2 rad ), which ikewe | ihaow
mentioned above in the case of small noise modulates the carrier with small .
angle deviation in the phase noise situation: ot omsetten)

P 1 1 1
> =G Dpi)? = (V2¢rus)? = 5 Pkus (rad?)

e AR

AN KEYSIGHT Phase Noise 101: Basics, Applications, and Measurements - Keysight .



https://indico.ihep.ac.cn/event/22089/contributions/168539/attachments/83428/105838/02 Phase Noise and its Measurement Solutions-20241025.pdf

Phase Noise Measurement With Spectrum
Analyzers
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Phase Noise Measurement With Spectrum
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Timing Card Modification

* Already have a timing card with a turns marker output
* Want as pure a clock output as possible for testing
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Results from Phase Noise Measurement
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Aside — Timing Card Clock Generation
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Aside — Timing Card Clock Generation
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Transition to Module Testing

* Use the clock output as our signal

10000

* AFE is AC coupled so waveform is
distorted

o]
* Able to find a decent slope for our  -sooo
experiment ~10000

e Currently only using 1 AFE, but
looking at both channels

—25000 +

* Only clock difference between the
two are independent delay devices
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Results from Module Testing
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Results from Module Testing

e Pseudo-Random phase data on timing signal?
* Turned on the DTT, no observed change

* Cross-talk through the timing taps?



Results from Module Testing

* Original calculation assumes a zero crossing, therefore we need to

adjust due to the offset

* |dea is to convert peak avg to delta of peak and “zero” avg

“zero” rms calculated by subtractlng out the zero” avg first

* Basically the standard deviation

* Looking for better ideas here
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Results and Closing Thoughts

* Long story short — High Res card gets around 2ps calculated jitter
* Original gets 4-5ps
* Original with delay gets closer to 4
* All using the same method of calculation for comparison purposes

* Once we have confidence that we are in the neighborhood of reality,
we can start to modify the card for A/B comparisons



