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Resources (Books) 
• Silicon Solid State Devices and Radiation Detection, 

Leroy & Rancoita, 2012 
• Pixel Detectors, Rossi, Fisher, Rohe & Wermes, 

2006 
• Semiconductor Detector Systems, Spieler, 2005 
• Semiconductor Radiation Detectors, Lutz, 1999 

 
Resources (Conferences) 

See the proceedings (recent ones on Indico) of the Vertex 
20XX and the Pixel 20XX conferences for example. 
 
Vertex 2016: https://indico.cern.ch/event/452781/overview 
Pixel 2016: 
https://agenda.infn.it/conferenceDisplay.py?ovw=True&confId=10190 

https://indico.cern.ch/event/452781/overview
https://agenda.infn.it/conferenceDisplay.py?ovw=True&confId=10190
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What is a silicon detector? 
• It is a member of a large family of ionisation 

detectors. 
• Related to the gaseous or liquid argon detectors but 

based on a solid material. 
• Nearly all silicon detectors are based on a junction 

diode. The diodes are reversed biassed until fully 
depleted. 

• A MIP particle passing through silicon creates about 
8000 electron/hole pairs per 0.1mm. A typical 
detector element is about 0.3 mm thick. 
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Basic types 
• Silicon strips 

– Implanted p on n gives a single sided detector 
– Adding an n+ implant on the other side makes a 

double sided detector 
– Typical strips have a pitch of order 0.1 mm 

• Pads 
– On single sided detectors. Pads are typically 

0.1×0.1 mm2 
• Pixels 

– Smaller than pads. The CCD is a special (and 
important) example of a pixel detector e.g. SLD 
vertex detector at SLAC. 
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Silicon diodes as position detectors 

+V bias

~25µm

~3
00

µm

~1pF/cm

~0.1pF/cm

• Spatial measurement 
precision defined by strip 
dimensions 
– ultimately limited by 

charge diffusion 
σ ~ 5-10µm  

 
 

Prof G Hall, ICST&M 
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Examples 

• In 1983 NA11 pioneered the use of silicon for 
track reconstruction in a fixed target 
experiment to measure charmed particle 
lifetimes. A readout pitch of 60µm (3 times 
the actual pitch) was used and a spatial 
resolution of 5 µm achieved. 

• At this time CCD detectors were also being 
developed for tracking detectors 
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Examples - LEP 

• “Complete” 4π coverage of silicon detectors for tracking at colliders 
was a feature of LEP experiements in the 1990’s. 

• Major challenge is to package the readout electronics 

• ALEPH was first to use double sided vertex detector.  
– Two cylinders with a total of 27 faces each with 4 detectors of 50x50 

mm2. 
– Readout at 50 µm in r-φ and 100 µm in z. 
– Multiple scattering reduced the intrinsic resolution of 12 µm  and 17 µm  

to 20 µm  and 40 µm. 

• All 4 LEP experiments upgraded to silicon vertex 
detectors during their operational lifetime. 

 

Dr P R Hobson, Brunel 



Dr C Da Via, Brunel 

Aleph 

• The silicon vertex detector, 1995 version 

Aleph WWW site publicity picture 
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H1 at DESY 
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HERA B 

Hera B figures Diode characteristic 
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SLD 

bb event from 
SLD WWW site 

Figure from talk by H Wieman at Vertex 2000 



Double-sided strip 

Principle of the double-
sided strip detector. 
 
Picture from MPI-HLL 
(2007) 



Resolution 

From a lecture by Robert Klanner, Univ. Hamburg 



Silicon Drift Detector 

SDD for ALICE 
Pictures taken from G.Contin “The Silicon Strip Detector (SSD) 
for the ALICE experiment at LHC: construction, characterization and 
charged particles multiplicity studies.” PhD thesis, Trieste, 2008 

The Inner Tracking System of 
the ALICE experiment at LHC 
uses Silicon Drift Detectors in 
two cylindrical layers  located 
at radial distance of ≈ 15 and     
≈ 24 cm from the beam axis. 



Silicon Drift - examples 

From a lecture by Robert Klanner, Univ. Hamburg 



Evolution of scale 



Growth with time 



“Hybrid” Pixels 

From a lecture by Robert Klanner, Univ. Hamburg 



“Monolithic” Pixels 

From a lecture by Robert Klanner, Univ. Hamburg 
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Most probable  
Higgs channel  

p p 
b 

b 
H 

•MOMENTUM RESOLUTION 
•TRACK RECONSTRUCTION 
•b-TAGGING EFFICIENCY 

PHYSICS REQUIREMENTS at the LHC and  
SLHC (1035cm-2s-1) 

•ACCURACY OF STANDARD MODEL PARAMETERS 
•ACCURACY OF NEW PHYSICS PARAMETERS 
•SUPERSYMMETRIC PARTICLES 
•EXTRA DIMENSIONS 
•RARE PROCESSES (TOP DECAYS, HIGGS 
PAIRS ETC) 

REQUIRED PRECISE  
MEASUREMENTS OF 

HIGHER STATISTICS NEEDED FOR 

GOOD 
TRACKER 
ESSENTIAL! 

Aleph 
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RADIATION INDUCED BULK DAMAGE IN SILICON 

Van Lint 1980 

Primary Knock on Atom 

Displacement threshold in Si: 
Frenkel pair    E~25eV 
Defect cluster E~5keV 

Vacancy 

Interstitial 
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Ec 

Ev 

Ei 
V2(-/0)+Vn   Ec-0.40eV  
V2(=/-)+Vn   Ec-0.22eV  
VO-              Ec - 0.17eV 
V6 

CIOI
(0/+)

  EV+0.36eV  

V2O 

DLTS 
spectrum 

From RD48/rose 

RADIATION INDUCED DEFECTS IN SILICON 

Neutron irradiated V,I  MIGRATE UNTIL THEY MEET 
IMPURITIES AND DOPANTS TO 
FORM STABLE DEFECTS 

CHARGED DEFECTS
 ==>NEFF, VBIAS 
 
DEEP TRAPS, RECOMBINATION 
CENTERS     ==>CHARGE LOSS 
 
GENERATION 
CENTERS==>LEAKAGE CURRENT 

VO effective e and h trap 
V2 and V2O deep acceptors contribute to Neff 
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MAIN DETECTOR STRATEGIES AVAILABLE 
FOR LIFE ABOVE 1015 n/cm2 

MORE TO GAIN BY COMBINING TECHNIQUES! 

COLLECTION DISTANCE 
CCE (trapping) 
  
SPEED 

 
SPACE CHARGE 
REVERSE ANNEALLING 
CCE (underdepletion) 

 
CHARGE SHARING 
 
LEAKAGE CURRENT 

DEVICE GEOMETRY 
           3D, THIN 
 
DETECTOR BULK             
 O, O2 P-TYPE 
 
MODE OF OPERATION 
  Temperature, 
 Forward bias 

OPTIMIZATION OF: 

BY IMPROVING: 
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SHORT DRIFT LENGTH USING 3D 
DETECTORS 

p 
n 

p 
n 

S. Parker, C. Kenney 
1995 

IEEE Trans Nucl Scie 46 4 (1999) 1224 
IEEE Trans Nucl Scie 48 2 (2001) 189 
IEEE Trans Nucl Scie 48 6 (2001) 2405 
IEEE Trans Nucl Scie 48 5 (2001) 1629 

FZ silicon 
p-type substrate  
High resistivity kΩ−cm 
<100> orientation 

electrodes 
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n+ p+ 

depletion 

50 µm  

Same 
Generated  
Charge!!! 

p+ 

300 µm 
thick 

C=0.2pF 

n+ 

COLLECTION PATHS      ~50 µm    300 µm 
DEPLETION VOLTAGES     < 10 V    70 V 
CHARGE COLLECTION      1-2 ns  10-20 ns 
EDGE SENSITIVITY     < 10 µm        300 µm  
AREA COVERAGE        active edges  other 

3D VERSUS PLANAR 

 3D   planar 

- 

+ 

- - 
- 

+ 
+ 

+ 
+ 

- 
- - 
- 

+ 
+ 

+ 
+ 

- - 

+ 

particle particle 

300 µm  
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DETECTOR THICKNESS 121µm 
 282e noise  PREAMP - SHAPING TIME 1 µs 
200 µm PITCH µSTRIP TYPE DETECTOR 

SPEED 
1.5ns rise 
AT 130K 
3.5ns rise 
AT 300K 

3D DETECTOR RESULTS before 
irradiation 

GAUSSIAN  
RESPONSE 

350 e rms , fast electronic designed at CERN-  
microelectronics group 
200µm pitch detector , Berunel, Cern, Hawaii, TO BE PUBLISHED 



Upgrades are in progress or planned for the 
LHC experiments 





Future trend example 

From talk at ECFA 2014 meeting by W Snoeys 



From talk at ECFA 2014 meeting by W Snoeys 
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