Irradiated hybrid timing performance
measurements at JSI
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HGTD irradiated hybrid *°Sr timing measurements

Hybrid timing measurement setup at JSI
 Irradiated hybrids mounted on test boards

* Measurement using 2 plane configuration
e Top plane is hybrid DUT

* Bottom plane is reference LGAD sensor (calibrated using 3 plane
method with two additional sensors - 36 ps)

e Data readout with AlVin and 4 GHz 20 GSal/s oscilloscope
(reference pulse and clock signals)
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Monitoring during measurements
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During measurements environmental data (3x Pt100 + temp./rh.) and sensor voltage/current are monitored.
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Data capture and processing

* Data from FPGA is processed in chunks rather than performing
ordinary source scan

— This speeds up capture/transfer as invalid events (outside 0-127

ToA range are discarded before waveforms are downloaded form

oscilloscope)

* Analysis performed on pixels with sufficient number of events

Using different ToA LSB processing methods (1LSB, 4L.SB)
Perform time walk corrections

Timing resolution extracted using different fitting methods (full
normal, limited normal, double sided crystal ball (normal with
exponential tails))

Output in ROOT files
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Test board cutout window limitations

Occupancy Map
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1000 due to thermal grease blob on the
bottom side.
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Measurement procedure

Mount sample on test board (with HV bias modification to resolve ToA
flatness issue)

Mount test board inside measurement setup
Test digital connectivity with ASIC
Cool down climate chamber to operating temperature (-40 °C)

Perform GDAC tune, 3 TDAC tunes and threshold scan to confirm tuning

~ If indications of noisy pixels are present, perform additional noise scan and
use result to mask noisy pixels

Tune ToT LSB to 1.0 (AlVIn)

Tune ToA LSB to 20 ps

Start source scan until ~5k/events pixel in central region (~16 h runtime)
Extract timing information with analysis software
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S12 - 2.5 103 neqlcmz’ U=550V ToA distribution (all pixels)
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during data taking 00
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* Good ToA correlation with trigger, minimum number of
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S12 - 2.5 10* neg/lcm? - ToT, TOA LSB
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Shape of ToT distribution is consistent across pixels.
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Probe PA integral [Vs]
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S12 - 2.5 10" ng/lcm? - time walk correction

Timewalk (7, 6) 1LSB toa=(0, 128)
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Dataset contains enough
events to perform good

time walk correction.
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S12 - 2.5 10*° neg/cm? - timing resolution
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S12 - 2.5 10*° ng/lcm? - timing resolution (pixel example)
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mean, while events in tails are following another distribution.
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S12 - 2.5 10" ng/lcm? - TOA observations
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Some pixels have missing ToA codes (software bug or something else?)
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S12 - 2.5 10*° neg/cm? - timing method comparison

DSCB Normal Normal (with limits)
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S12 - 2.5 10" nc/cm? - waveforms

Clock Trigger
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Some events are not well correlated
(random clock position relative to trigger;
expected within acquisition window -
majority of events)
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813 = 2.5 1015 neqlcmz, U = 530 V
DscbFitter results_ 4LSB_tw timing_resolution
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S13 - 2.5 10" neg/lecm?, U =530 V
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Hybrid timing measurements

107"

Flat ToA distribution, peak values
of analog waveforms on probe PA
follow landau distribution
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S13 - 2.5 10" neg/lcm? comparison 530 V and 400 V
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Unirradiated reference at 95 V (-40 °C)
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Probe PA integral [Vs]

Pulse shape evolution

S13530V

Probe PA vs. ToT correlation
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Probe PA integral [Vs]
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