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How did it all start?
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Digitizationc Waveform Sampling
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A Possibility to implement completely dednne free system.
I Better ability to tag decay electrons that occur at short decay times and high muon

energies.

I E61 case ability to disentangle i¥bunch pileup
A Pulse processing etme-fly (i.e. send only time/chargemost of the time)
A Can subtract off periodic EMI by digital filters implemented in FPGA firmware
A There is a price to papower consumptioncost,data rate.

I We need to reducall without affecting physics performance




LoweringPowerConsumptiorg
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Avoiding dead time in capacitor arrays:

A Use chip with segmented memory
I Latch only part of array, keep other parts active
(DRSS solution T not yet available)

A Use multiple arrays for single waveform
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Study of Sampling Systems
High resolution Low resolution
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Optimizing Signal Chal
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Type of shaper/antaliasing filter?
Speed and resolution of the ADC?

Signal processing methods and sharing of signal processing between FPGA

DAQ

Interconnects

Power
supplies

DAQ

Optimizationof resource usage within the FPGAtalk by M.Suchenek

Quality of time & charge estimates
i Waveform compression in case this quality is unsatisfactoryialk by G. Pastuszak

Treatment of pulse pileip
Model of the full signal chain

I Will allow exploration of various variants of shaper/ADC combinations without the need for
many prototypes




Timing Resolution of Sampling Digitize
PURPOSE OF THE STUDY: Agilent 33600A (1 GSPS/80 MH:

Determine how fast and how precise does a system
needs to be to achieve given performance specs?
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A Sharedoroject WUT/TRIUMF

Use AWG instead of PMT.

Use large reference pulse (timing
accuracys © 10ps) and small,
shapedsignal pulse (1 m¥

100 mV)

Apply signal processing methods
and calculate time difference {
between ref. and sig. channels.

Repeat multiple times and compute
RMS of iralues.

Two shapers:

I 15 ns and 30 ns rise time
(10% to 90%),-th order
Besseltype low-pass filters.

Commercial ADCs (CAL
DT5724 V1720 (250 MSPS/12b)
(100 MSPS/14b) R




Signal Processing Methods
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Signal Processing-IR DPLMS
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Voltage [mV]

Signal ProcessindrIR Filters

FIR response (event 1)
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accuracy of estimation 10



Signhal ProcessimgContinued

Matched FIR Filter and Cro€Xrrelation Processing:

A Much more complex processing Misaligned pulses
T Works well with filter orders of92 Pulses Crosscorrelation
A Assumes that shape is invariant
A Similar timing performance to zero A ‘ { S
average FIR filter
A Relatively easy to disentangle pilag
pulses

Aligned pulses
Pulses Crosscorrelation

Subsample shifts done using windowed

sincinterpolation (Blackmanwindow). FFT ‘ ‘
interpolation also possible if shifting

Impulseresponse
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Results; Digital CFD SNFe 20 dB

Good match of

Simulation vs Data, Method = 'Digital CFD'
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Resultg FIR DPLMS

Simulation vs Data, Method = 'FIR DPLMS'
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ExampleHistograms, FIR Timing

LargeSNRcase

Timing Histogram (run 781) Timing Histogram (run 784)
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Digital CFD / FIR DPLiM$ormalized

A s52yQli ySSR SEGNBYSfe KAIK &l YL Ay3 NI
long as SNR is sufficient
A It seems that it is better to maintain sharpedget 2 3A0Ff = | & ¢S R

bandwidth of the signal that still has valid information
i Sharp edges help in pilg resolution

A Oversampling help only in case of Bi&ed algorithms SNR gets better



