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The “Low-Gain Avalanche Detector” project

s it possible to manufacture a silicon detector that looks like a normal pixel

or sirip sensor, buf Low-Gain Avalanche Detectors (LGAD)
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| Elnctrical Charactarization

- 730 e/h pair per micron instead of 73 e/h
- Finely segmented
- Radiation hard

- No dead time

- Very low noise (low shot noise)
- No cross talk
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How can we progresse Need simulation

NN Weightfield2: a fast simulator for silicon tEHE[;L"y
“ and diamond detectors

We developed a full simulation
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Signals in no-gain diode and LGAD sensors

(Simplified model for pad detectors)




| Slew rate as a function of sensor thickness

Thickness Imicronl

Significant improvements in fime resolution require thin detectors

Large slew rate, good time resolutions Weightfield?2
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First Measurements and future plans

LGAD laboratory measurements
« Gain
« Time resolution measured with laser signals

LGAD Testbeam measurements
« Landau shape at different gains
 Time resolution measured with MIPs
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Laser Measurements on CNM LGAD

We use a 1064 nm picosecond laser to emulate the signal of a MIP
particle (without Landau Fluctuations)

The signal output is read out by either a Charge sensitive amplifier or
a Current Amplifier (Cividec)

l

S Measured Time resolution as a function of laser intensity
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In collaboration with Roma?2, we went
to Frascati for a testbeam using 500

MeV electrons
< : :
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Testbeam Measurements on CNM LGAD

Time difference between two LGAD detectors crossed by a MIP

Tested different types of electronics (Rome2 SiGe, Cividec),
Not yet optimized for these detectors

c; ~ 190 ps @ 800 Volts
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Present results and future productions

With WF2, we can reproduce very well the laser and testbeam resulfs.

Assuming the same electronics, and 1 mm? LGAD pad with gain 10, we
can predict the fiming capabilities of the next sets of sensors.
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Effect of Landau Fluctuations on the time resolution

The effect of Landau fluctuations in a MIP signal are degrading the time
resolution by roughly 30 % with respect of a laser signal

Current Test beam results and

simulations
1.6 7 Effect of Landau fluctuations on the time resolution
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Signal from a 50 micron-epi LGAD

WF2, 50 micron, 550V

Needs gain = 14!
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Splittfing gain and position measurements
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The ultimate time resolution will be obtained with a custom ASIC.
However we might split the position and the fime measurements
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UFSD — Summary

The internal gain makes them ideal for accurate fiming studies

We measured 140 ps resolution with laser and 190 ps with MIPS
(300 um sensors)

« We are manufacturing thin LGAD optimized for fime resolution.
With non-optimized electronics we predict <50 ps resolution for a
50 um thick, 1 mm? pad.

Ultimate time resolution (~10-20 ps) requires custom ASIC design.
Timescale:

300- and 200- micron sensors: Winter 2014
100- and 50- micron sensors: Summer 2015
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Noise

Real life Noise Model
Detector Bias Bias Series .
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This term, the detector current shot noise, depends on the gain
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Time walk and Time jitter

' Time walk: the voltage value Vy, is
~ reached at different times by
signals of different amplitude

et v _u
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threshold

4

discriminator signal for A

discriminator signal for B
4

Time walk effect

Due to the physics of signal formation

Due to Landau fluctuations

Jitter: the noise is summed fo the
signal, causing amplitude
variations

Jitter effect

Mostly due to electronic noise

Sum of noise sources
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Carrier velocities vs. electric field
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A key to good timing is the uniformity of signails:

Drift velocity and Weighting field need to be as uniform as possible
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Non-Uniform Energy deposition

Landau Fluctuations cause two major effects:

- Amplitude variations, that can be corrected with time walk
compensation

- For a given amplitude, the charge deposition is non uniform.

These are 3 examples of this effect:
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