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Study on silicon sensors
with high timing/position 

resolution
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(Kyushu University)
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• K/π/p separation is
difficult by shower shape

• Possible by dE/dx at TPC
and ToF at calorimeters
– 50 psec 3-4 GeV

• Requirements
– Fast detector  LGAD
– Electronics
– Calibration

Particle ID by ToF
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• Position resolution
of hits is only
important at
innermost layers

• Both position and
angular resolution
matters
– For angular: should

have similar 
resolution to
shower-max

Position resolution of hits

Inner layers
position reso
of hits more
important

Shower-max
Moriere radius

divided by
sqrt(N hits)

9 mm / sqrt(1000)
~ 0.3 mm
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“5-D calorimeter”

PSD

LGAD (tracker / preshower)
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1 mm collimator



Taikan Suehara, CALICE meeting at Utrecht, 11 Apr. 2019  page 8

Results with γ and β rays

133Ba (γ, 80 keV) with various V

voltage

gain

Gain curve with laser

90Sr MIP-like signal

• Confirmed to see MIP signal
with the APD

• Suffered from non-flatness
of the APD (with small φ)

• Active thickness: O(10 µm)
to be confirmed
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PSD: principles

sensitive area 
(n substrate)

bias pad

P+ cell
electrodes

charged particle

sensitive area 
(n substrate)

bias pad

P+ Pad

electrodes

charged particle

Ordinal silicon pad:
charge drift to one pad

PSD: charge drift to P+ pad, 
then resistively split to electrodes Meshed p+

Position distortion

• Multiple electrodes in one cell to obtain
hit position by charge sharing

• Surface resistivity is a key for
the dynamic range of ratio at 4 pads

• S/N ratio determines position resolution
 thicker sensor preferred

• Multiple hits  gravity center
 Hit density should not be high 
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Sensor configuration

4 x 4 cells
two surface R
(meshed P+,
additional R layer)

Electrodes not
at the corner to
check the response
at the corner
by laser injection

Ideas for
smaller
position
distortion

Connected
electrodes

Productions with
various ideas
implemented at
production
in March 2018
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Results

Laser injection at
center region

Normal structure Strip structure

1.6/5000µm

Strip structure: horizontal is OK
Reconstruction of vertical position has an issue

• Good DR with higher R
• Timing response

should be checked
• Issue on vertical reco

with striped R structure
• Other structures:

to be checked



Taikan Suehara, CALICE meeting at Utrecht, 11 Apr. 2019  page 12

• Study on APD/LGAD and PSD ongoing
for precise 5D calorimetry

• APD: success to see MIP and gamma
active thickness to be confirmed
– We obtained various structure: to be examined

• PSD: Various test structure produced and
being tested
– Good dynamic range obtained
– Striped R is not good in vertical reconstruction

Summary and plans
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