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Base design

● Non conductive target + field
● A particle releases charge
● The charge is drifted

– Amplified and acquired

● Leakage is the current with no particle
– Leakage << signal



 

Interaction with matter
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Photon in matter
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Band structure

● Simple model with atoms 
connected by springs

● Periodicity implies the band 
structure
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For Silicon ?
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Semiconductors

● The band gap has to be 
compared with the kBT
– 1/40 eV at 300 K
– Si 1.1 eV
– Ge 0.6 eV
– Diamond 5.5 eV

● Typ. the band-gap  -T∝
– Increasing lattice spacing



 

Carriers for semi-conductors

● At T << Eg/kB all electrons are 
in the valence band
– No conduction at all

● For T < Eg/kB electrons can 
jump to the conduction band
– Creating a hole in the valence 

band ← hole
● For intrinsic semiconductors 

nh = ne := ni



 

Carriers for semiconductors

For intrinsic 
semiconductors

For Si ~ 1010 /cm3

For Ge ~ 1013 /cm3
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Dopants

?



 



 

R = 1/(e- µ Ni)→ For Si ?
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R = 1/(e- µ Ni)→ For Si ½ MΩ/cm 
commercially available Si ~ 10 kΩ/cm

1500 cm2/V/s



 

https://order.universitywafer.com/default.aspx?cat=Silicon&dopant=undoped



 

PN junction

● Majority carriers diffusing 
on the other side of the 
junction recombine
– Depletion layer

● Capacitance

 

–



 

Shockley equation

Is # minority carriers∝
∝exp(-1/T) * 1/doping 



 

Gamma spectroscopy

● For spectroscopy the gamma has to be fully 
contained in the detector
– Silicon density ~ 2.3 g/cm3

● Absorption length 10 cm ~ 1 MeV

– Germanium density ~ 5.5 g/cm3

● Absorption length 5 cm ~ 1 MeV

● Typically germanium junctions are used:
– Cryogenic temperature

● limit the leakage current
● Increase the carrier lifetime

–  High purity germanium is required



 



 

Detector response

● a ← electronic noise
● b ← Fano factor →
● c ← disuniformities (in gain, field, …)
● In poissonian approximation a=c=0, b=1
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Gap [eV] ev/couple Fano

Si 1.12 3.86 0.115
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Gap [eV] ev/couple Fano

Si 1.12 3.86 0.115

Ge 0.67 2.96 0.12

SiC 2.5-3.5 7.6 0.04

● How many couples for 30 keV x-ray in Ge?
– 30 keV / 3 eV = 10000 e/h

● Energy resolution?
– 2.355 * sqrt(0.12 / 10000) = 0.8 %  



 



 

And Silicon?

● Silicon is used for almost everything else
– Alpha detectors
– X-ray detectors
– Pixel and strip detectors

● Silicon requires no cooling
– Igen ~  O(nA / cm2) @ 300 K



 

X-ray imaging

https://tinyurl.com/ydkarju5



 

Integrated sensor



 



 



 

Detecting pulses



 

Charge[-sensitive] pre-amplifier

Signal = Q / Cf

Cf << Cd

Risetime C∝ d/(Cf GBP)



 

Charge[-sensitive] pre-amplifier

SNR

Signal = Q / Cf

Cf << Cd

Risetime C∝ d/(Cf GBP)



 

Charge amplifier



 

Electronic noise

● Intrinsic
– Thermal noise, shot noise
– 1/f noise

● External
– Pick-up
– Ground loops

Power 
increase x10 
per decade
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https://tinyurl.com/yflynbe7



 



 



 

1/f noise



 



 

Shot noise



 



 

Continuous reset Charge amplifier

https://www.amptek.com/



 

Pulsed reset Charge amplifier



 

DAMIC

https://damic.uchicago.edu/detector.php

15 x 15 x 500 um pixel
Fully depleted



 

DAMIC

https://damic.uchicago.edu/detector.php
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