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Semiconductor Detectors
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Sophisticated integration ...
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- positive (fixed) charge at
SiO2 - Si interface attracts
electrons to n-side. n+-si/

- Electron accumulation
shorts n-side electrodes

- p* “isolation” required
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Radiation Damage

Three main macroscopic effects are seen in high=

resistivity diodes following energetic hadron irradiation:

- Change of the doping concentration with severe
consequences for the operating voltage needed for total
depletion.

- Fluence proportional increase in the leakage current,
caused by creation of recombination/generation centres

- Deterioration of charge collection efficiency due to

charge carrier trapping leading eventually to a reduction
in the signal height produced by mip’s.
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Effect of Temperature

24 GeV/c proton irradiation

« 10310" plem® v 1.2110" piem?

s 62107 piem’ & 5.910" piem?

o 4210"plem® o 2.910" p/em?

e 3410"p/em’ = 1.610" p/em®
2.010* p/em?

AN [1/cm?]

annealing time at 60°C [min]
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Hybrid Pixel Detectors

Y guard ring ATLAS Pixel Module

Type0 connector
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Integrated Pixel Detectors - MAPS

diverse NMOS electronic cells sensing cell

Sio,

Y orionising particle
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Silicon Drift Detectors

p+ drift strips on bias potential

segmented
anodes —

n+ P+ p+ @ P+ |
000 e geholes drift
O @Y top+ stips

p+ O p+

p+ drift strips on bias potential
F. Hartmann, Springer, 2009
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Integrated Pixel Detectors - DEPFET

depleted
n-Si bulk

P*+back contact

source drain clear

&-poteni al non-depleted zone
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p+

aluminium backplane bias contact
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Thinning of silicon detectors

a) oxidation and back side implant of top wafer

/ Top Wafer

Handle <100> Wafer

Custom made SOI Wafer

b) wafer bonding and grinding/polishing of top wafer

c) process = passivation

——

open backside passivation

etch stop S107

d) anisotropic deep etching opens "windows" in
handle wafer
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Integrated Pixel Detectors: HV-CMOS and HR-CMOS
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Integration Possibilities, HV-CMOS/HV-CMOS
Hybrid Pixel Development

> | D {}F or Fd 1}

Diode + FE chip Diode + full Digital only FE chip
preamp analog .
processing

{1

Diode + Amp + Digitak

F.Hugging, Bonn - AIDA-2 15/4/2014
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ATLAS Diamond Beam Condition
Monitor and Beam Loss Monitor
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Diamond Beam Monitor

- radiation hardness
- fast signal response
- simple processing 1
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Diamond Detectors

Diamond Beam Monitor
IBL Pixel Layer
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Si/Diamond as Cryogenic BLM

6 p*-n-n* silicon detectors of 4.5,
200, 500 and 10k Qcm resistivity
with Al metallisation (The thickness
of the samples was of 300 um.)

2 scCVD diamond detectors with a

double layer metallisation of gold
and titanium and a thickness of 500

um.

DC current generated by the beam
was measured.
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FE-l4 Pixel Chip (26880 channels)

19 x 20 mm? 130 nm CMOS process, based on an
array of 80 by 336 pixels (each 50 x 250 pym?

Planar Sensor

- “classic” sensor design
oxygenated n-in-n
200um thick

3D Sensor

- Minimize inactive edge — ¢ o F W E Both electrode
byshifting guard-ring s K0y H T4 ¢ types are
under pixels (215 pm) \d 1], [ : ¢ processed inside
- Radiation hardness for * i ¢ [ ! | ¢ | the detector bulk
IBL to 5x10°% n,Jcm?, | { fl o ' " R Max driftand
tested up to ‘ ' - depletion distance
2.4x10'¢ p/cm? Pacve odae Nl . JS B set by electrode
spacing
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voltage

3D

Planar
Module: R From talk, J. Lange, ATLAS 3D Group
Sensor + Ix or 2)( FEM N RD50 Workshop 22-24 June, 2015
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“Forward” Physics Detectors

Good spatial resolution (~10um)
Sensitivity close to edge.

Good radiation intolerance.

3D detectors very promising.

EXISTING COLLIMATORS AFP 210 | |TCL6:NEW?
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T. Naito, A. Akiyama, S. Sasaki
‘ - D12

D9

Abort trigger system for SuperKEKB
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Belle Il PXD Beam Abort

6 + 6 sensors
close to SVD L3

SUpport rings 4 . 4 sensors

PXD-beam pipe

3+15m (3+40 m) cables
Voltage sources (150+500 V)
picoAmmeters

diamond
sensors
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— Based on experience from Belle, BaBar, CDF,
L HC
— scCVD diamond sensors, measurement of
currents:
- typical pCVD sensor @ 500V:

1nA =7 mrad/s = 70 uGy/s
- Noise a few pA, in current measurements

—
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« e e °
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uminosit

_HC) L "

. Si and Diamond capable of cryogenic operation

- HR-CMOS, HV-CMOS offer future technology for
significant integration options.
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