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Overview of the CMS Detector
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What’s going on with CMS

» Major shutdowns around 2016 and after
2020 during which the CMS tracker will be
upgraded

» In preparation, research is currently being
done to upgrade the pixels and sensors
- Radiation hardness
> Good signal

» Effects of radiation damage

> Increased leakage current: more noise
> Increase in depletion voltage




What's going on with CMS

» Tests that are being done: CV (capacitance vs
voltage), IV (current vs voltage), source
measurements

» Tests will be done before and after irradiation
and annealing (heating to repair defects)




How a silicon detector works

» More expensive than
other methods, but L]
better resolution and
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How a silicon detector works

» Charged particle traveling through region creates
charge carriers (ionization) that can be detected
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Strip sensor properties
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Method of growing silicon
> Float Zone, magnetic Czochralski, epitaxial

N-type, two types of p-type: p-stop and p-spray
Different thicknesses

For testing: multi-strip sensors with different
pitches and widths in each region
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CV (Capacitance vs voltage)

» Separation of charges - can measure
capacitance

» After depletion voltage, the capacitance does
not change much

» Full depletion is when there are more or less

no charge carriers in the largest possible
region




SEHT9 Pixel: A2 LT-L3 CV
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IV (Current vs voltage)

» Reverse bias at different voltages
» Measure the leakage current
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Conditioning study
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Conditioning study

» Changing breakdown voltage

» Set a voltage for 16+ hours (conditioning),
track leakage current throughout

» Post-conditioning measurements usually
show regular IV behavior

» N-type tends to be less affected and more
stable

» P-spray is less stable and more easily
damaged

» P-stop is more stable than p-spray




Source Measurements

Source gun

» Sr-90 source

» Measurements
at both room Strip sensor
temperature
and -21°C

» Doing
measurements
cold reduces
current

Peltier cooling



Source Measurements

» Take measurements at full depletion, half
depletion, and twice depletion
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Adjacent Channel study
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Looked at the
effects of adding
different numbers

of adjacent
channels (0, 2, 4)

Found that adding
2 adjacent channels
adds signal, but
adding 4 adds a lot
of noise



Adjacent Channel study
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Methods of growing silicon

» Czochralski

> within magnetic field: take a seed crystal, put it into
molten silicon w/ dopants, and draw out to form
crystal

- most commercially grown silicon is Czochralski
- speed and low cost of production, radiation hardness

» Float zone

- seed crystal and high-purity silicon rod, partially
melted, draw crystal out

> currently used in detectors
» Epitaxial
- deposit silicon from compounds onto seed crystal




Timeline

» Research began around 2008

» Phase I: Pixel upgrade
- At the end of this now
- Research done by 2013, production done by 2016

» Phase II: Strip upgrade

» Short term: receive irradiated sensors from
CERN, test all, anneal half




