
May, 2nd  2017

CARATTERIZZAZIONE DI UN RIVELATORE 
A DIAMANTE SINTETICO POLICRISTALLINO

G. Chiodini, S. Spagnolo

INFN Lecce e Dip. di Matematica e Fisica “Ennio De Giorgi”, Università del Salento



RIVELATORI A DIAMANTE A DISPOSIZIONE

Dispositivi planari, 5x5 mm2, 500 μm di spessore

elettrodi: 


una singola pad metallica che copre tutta la superficie di una faccia (5x5 
mm2) e 4 strips sull’altra faccia


leggiamo il segnale sul lato del singolo elettrodo


1 rivelatore single crystal 

efficienza ideale 

prestazioni note 

utilizzato per calibrazione assoluta 


2 rivelatori in diamante poly-crystal - da utilizzare per ottenere un segnale di 
trigger

1 rivelatore poly-crystal da testare DUT (Devise Under Test)
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GOAL OF THE EXPERIENCE

1) Measurement of the CCD of the DUT (poly-crystalline CVD diamond)

2) Comparison of the spectrum of a mip with a spectrum of highly ionising 
charge charged radiation 


Distribution of Q(measured) for mip and non-mip charged particles


CCD Definition: 

Charge Collection Distance: 


CCD = track_length x Q(measured)/Q(generated)

track_length = DUT thickness for normally incident ionization radiation 

Q(generated) = |e| x N(ionizations)

Q(measured) = induced signal calibrated in charge
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SYNTHETIC DIAMOND (SINGLE CRYSTAL)
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for a mip, average n. of ion pairs 
produce in 100 micron
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for a mip, average n. of ion pairs 
produce in 1 micron



HOW CONCEPTUALLY
let’s assume to have mono-energetic ionising particles (E > Emip) traversing the 
ideal diamond normally 

one can estimate, using data from literature, the <ΔE> lost in a 500 μm path in 
diamond (3600 ionizations/100um) 

the measured Eloss will fluctuate with a Landau-Vavilov distribution: m.p.Eloss  
(mpv = [1]) and FWHM (related to the second parameter [2]) will parameterize the 
shape of the distribution (in TMath::Landau)
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[0][1][2] = 1,4.,1.
[0][1][2] = 1,4.,1.5
[0][1][2] = 1,4.,2.

<ΔE> or mpv can be related to the  
average or mpv of the signal charge 
integral or signal pulse height distributions 
(amplifier gain and noise and readout input 
impedence define how the energy loss and 
the signal parameter are related)

the signal parameter distribution can be 
measured on the DUT with the same 
readout chain (same calibration) => the 
known Eloss in the ideal detector, provides 
the absolute calibration.
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HOW TO EMULATE A M.I.P. ?
One step back: 


how to select a sample 
of ionizing particles 
releasing (in average) 
always the same 
amount of energy ?  

no need of 
monoenergetic 
particles, a mip is 
enough 


for E > Emip average 
Eloss is very stable


muons from cosmic 
rays ? 


too low rate

a not too well defined 
sample (E distribution )
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E(kinetic) > 800KeV => e- is a m.i.p. in Carbon/Diamond/Graphyte

Energy loss of electrons in C

https://www.nist.gov/pml/productsservices/physical-reference-data

https://www.nist.gov/pml/productsservices/physical-reference-data
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ELECTRON ENERGY LOSS IN CARBON

zoom on the region 800 KeV - 2 MeV 

no appreciable variation of the mean ELoss
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HOW TO EMULATE A M.I.P. ?
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Energy loss of electrons in Chttps://www.nist.gov/pml/
productsservices/physical-

reference-data

- radiation/dosimetry data


https://www.nist.gov/pml/stopping-power-range-tables-electrons-protons-and-helium-ions

E(kinetic) > 800KeV => e- is a m.i.p. in Carbon/Diamond/Graphyte

https://www.nist.gov/pml/productsservices/physical-reference-data
https://www.nist.gov/pml/productsservices/physical-reference-data
https://www.nist.gov/pml/productsservices/physical-reference-data
https://www.nist.gov/pml/stopping-power-range-tables-electrons-protons-and-helium-ions
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ELECTRON SOURCES: RADIOACTIVE SOURCE

90Sr is a product of nuclear fission. It is present in 
significant amount in spent nuclear fuel and in 
radioactive waste from nuclear reactors and in 
nuclear fallout from nuclear tests. For thermal 
neutron fission as in today's nuclear power 
plants, the fission product yield from U-235 is 
5.7%, from U-233 6.6%, but from Pu-239 only 
2.0%.

90Sr undergoes β− decay with a half-life of 28.79 
years and a decay energy of 0.546 MeV 
distributed to an electron, an anti-neutrino, and 
the yttrium isotope 90Y, which in turn undergoes 
β− decay with half-life of 64 hours and decay 
energy 2.28 MeV distributed to an electron, an 
anti-neutrino, and 90Zr (zirconium), which is 
stable. Note that 90Sr/Y is almost a pure beta 
particle source; the gamma photon emission 
from the decay of 90Y is so infrequent that it can 
normally be ignored.
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SPECTRUM OF ELECTRONS FROM BETA DECAYS

max Eelectron given by the Q value of 
the decay

neutrino E is Q-Eelectron
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ELECTRONS FROM A 90SR SOURCE

The decay energy Q is the mass 
difference dm between the parent and 
the daughter atom and particles


beta- decay: 

n -> p e- anti-ve


Q = 939.565 - 938.272 - 0.511 = 
0.782 MeV


90Sr -> 90Y e- anti-ve

Q=546 MeV -> the maximum 
energy of electrons from a 90Sr 
decay is 0.546 MeV smaller than 
Emip; 

the <E> of e- is 196 KeV


90Y -> 90Zr e- anti-ve


Q = 2.28 MeV

the <E> of e- is 1 MeV
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Z=39, N=51

Z=40, N=50

Zirconium 
stable



ELECTRON SPECTRUM IN 90SR

after cutting electrons with energies < 0.8 MeV in the e- spectrum of a 90Sr 
source, we are left with a m.i.p. sample 
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90Sr

90Y

90Y

90Sr

m.i.p.



0.546 MeV
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ELECTRON SPECTRUM IN 90SR

E(kinetic) > 800KeV => e- is a m.i.p. in Carbon/Diamond/Graphyte
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1 MeV

E(max)   
0.546 MeV

1.5 MeV 2 MeV

E(max)   
2.282 MeV



https://groups.lal.in2p3.fr/atf2/files/2015/05/Chapter6_v3.pdf
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https://groups.lal.in2p3.fr/atf2/files/2015/05/Chapter6_v3.pdf
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SETUP: MEASUREMENT MODE
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Shielding case

Radioactive source

Aluminum plate

90Sr

input

trgmip e-

DUT pCVD diamond
calibration sCVD diamond

triggering diamond
collimator
energy filter 
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SETUP: CALIBRATION MODE

19

90Sr
Shielding case

Radioactive source

Aluminum plate

DUT pCVD diamond
calibration sCVD diamond

triggering diamond
collimator

Brass energy filter 

input

trgmip e-
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DIAMOND

from ESTAR db 
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Brass (60% Cu 40% Zn); 

density = 8.5 g/cm3; 

http://physics.nist.gov/PhysRefData/Star/Text/ESTAR-u.html
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BRASS
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http://physics.nist.gov/PhysRefData/Star/Text/ESTAR-u.html
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WITH BRASS 0.05CM Diamond
Density:
3.5 (g/cm3)
Mean Excitation Energy:
81.0 (eV)
Atomic Constituents:
C
1. 
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2.3 MeV

Initial E 1 MeV
1.1 MeV

1.2 MeV

1MeV e are absorbed in brass, no trigger

 Estart 2.3 MeV … very good m.i.p. 

 Elost in DUT 0.27925 MeV

 in Calib Diamond 0.277849 MeV

 in Brass 0.560274 MeV Brass thickness = 0.05 cm

 in Triggering Diamond 0.278285 MeV


elecron survives the materials of the setup; final energy = 0.90 MeV

DUT Calibration 

Diamond

Triggering 

DiamondBrass

CAL. DIAMOND & DUT

StoppingPowerIntegrateIdEdx.C
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NO BRASS, CAL. DIAMOND & DUT
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2.3 MeV

Initial E 1 MeV 1.1 MeV

1.2 MeV

DUT

Spread of  
<Eloss> 
in DUT  

< 3.5% for  
initial E>1MeV

Calibration 

Diamond

Triggering 

Diamond

 Estart 1 MeV

 Elost in DUT 0.27925 MeV

 in Calib Diamond 0.277849 MeV

 in Brass 0. MeV Brass thickness = 0 cm

 in Triggering Diamond 0.459445 MeV

Effective track length in triggering Diamond = 0.044 cm

 Estart                                                                1 MeV

 Estart - ElostinDUT                                           0.721 MeV

Estart - ElostinDUT - ElostinCD                        0.443 MeV 

 Estart 2.3 MeV

 Elost in DUT 0.27925 MeV

 in Calib Diamond 0 MeV

 in Brass 0.277849 MeV Brass thickness = 0 cm

 in Triggering Diamond 0.275586 MeV

Energy after triggering Diamond = 1.46732 MeV
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NO BRASS, CAL. DIAMOND & DUT
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2.3 MeV

0.9 MeV

1.1

1.2

DUT

Spread of  
<Eloss> 
in DUT  

< 2.3% for  
triggering e-

Energy Filter

Brass

Triggering 

Diamond

Trg

Brass
DUT or Cal.Diamond

1.3

1.4

1.5

1.1

1.2

1.0

Initial 

Energ

y

MeV

E  lost

in DUT

E lost 

in Brass

E lost 

in Trg 

Diamond

Dept in 
Trg 

Diamond

Eloss 
spread in 

DUT

MeV KeV μm %

2.3 280 568 277 500 0.56

2 278 560 280 500 0.44

1.5 278 555 310 500 0.24

1.3 279 565 421 500 0.93

1.2 280 577 359 335 1.5

1.1 282 603 235 165 2.3

1 285 718 - - 3.5

0.9 289 all - - 5.3

0.8 296 all - - 8.2
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IL SETUP IN LABORATORIO

Sorgente: codice prodotto: SIFB10088

90 Sr VZ-2931-001 attività 3,7 MBq 

ago del diametro di 2mm protetto in un contenitore che lo scherma e ne 
consente la movimentazione 
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Setup sperimentale – Misura con sorgente β

2 case esagonali in 
ottone sovrapposti che 
contengono ciascuno i 
rivelatori a diamante e 

garantiscono la 
connessione elettrica 

attraverso i 6 
connettori - uno per 
l’alimentazione di alta 
tensione e, gli altri per 
estrarre i segnali sulle 4 
strip (+2 guard rings)

collimatore 
in ottone 

(1cm)

schermo

connessione diretta 
con un amplificatore 

di carica Cividec

alloggiamento della 
sorgente
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Strumentazione – Misura con sorgente β

Oscilloscopio ad ampia 
banda passante 

(500MHz) per 
l’acquisizione delle 
forme d’onda dei 

segnali dal diamante 

Alimentatore di alta 
tensione per applicare il 

campo elettrico nel 
diamante 

Generatore di bassa 
tensione per alimentare 

gli amplificatori

Cavo GPIB per la 
comunicazione del 

programma di DAQ con 
gli strumenti 

(alimentazioni e 
controlli)
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Amplificatore e’ 
alimentato a 12 V e  
distribuisce l’alta 

tensione

HV input

segnale in output, 
inviato 

all’oscilloscopio

LV 

connettore wire-bonded 
alle strip

connettore wire-bonded 
al back-plane
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Data acquisition e Detector control system
GUI del 

programma di 
DAQ, 

comunicazione 
via GPIB con 

l’oscilloscopio. 


Il DAQ legge la 
forma d’onda del 

segnale in 
ingresso ad ogni 

trigger 
dell’oscilloscopio

(proveniente dal 

segnale sul 
sensore di 

trigger)

PC di gestione 
del DAQ 

Controlli di HV e 
LV, 


comunicazione 
via GPIB

LabView
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DATI E SW
http://www.dmf.unisalento.it/~spagnolo/LabFNSN/macro/


analizewaveforms.C - processa le forme d’onda del segnale e produce una 
ntupla in cui sono salvati per ogni evento l’integrale del segnale in una 
finestra temporale definita, l’integrale del background (della baseline)


SpectrumFitSC.C       

SpectrumFitPoly.C      

 fit dello spettro dell’integrale del segnale in una finestra fissata con una 
Landau convoluta con una gaussiana (risoluzioni di elettronica e misura)
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http://www.dmf.unisalento.it/~spagnolo/LabFNSN/macro/
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analizewaveforms.C - processa le forme d’onda del segnale e produce una 
ntupla in cui sono salvati per ogni evento l’integrale del segnale in una finestra 
temporale definita, l’integrale del background (della baseline)


512 parole (campionamenti per forma d’onda) - unita’ Volt - scansione 
temporale dipende dal setting dell’oscilloscopio (scala orizzontale) 


setting oscilloscopio 1Jun2017 20ns/div (scala orizzontale) - scansione 
temporale 2ns / bin

scale verticale: 2mV/div => le tensioni nel files sono scritte in Volt sempre 
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