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.  INTRODUCTION - THE ,DIAMOND JRAS® O

Characteristics of CVDD Materials and Sensors Investigated

> NoRHDia (FPé) - Novel Radiation Hard CVD-Diamond Detectors
> CARAT (FP7) - Advanced Diamond Detectors
> ADAMAS (FP7) - Advanced Diamond Assemblies

. COMPARISON AND CLASSIFICATION OF CVDD SENSORS

» Homoepitaxial single crystal (SC CVDD)
» Heteroepitaxial single-crystal Diamond-on-Iridium (DOI)
» PolyCrystalline Diamond (PC CVDD)

. OUTLOOK
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Countries, 11 European and 1 African

\

CONTRACTORS OTHER INVOLVED INSTITUTIONS
(without support)

(receiving support)

8 (start) to 15 (end) academic

NORHDIA:  GSI, LUC, CEA List, netitutions + two SMES

IFIN-HH . : .
Austria, Belgium, Bulgaria,
CARAT: GSI, UA, IFIN-HH, Croatia, France, Germany, ltaly,
UGlasgow Romania, Russia, South Africa,
ADAMAS: GSI, UA >pain, and UK.

,Experts’ from Japan and USA

Diamond detector Users @ HADES, FOPI, FRS, AND AP, BIO COLLABORATIONS
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SC CVDD (E6), Limburg/Saclay

\

< Establishment of standard preparation and characterization

TASKS

procedures — contacts, materials, and detectors

<« QOptimization of HPHT growth substrates, growth processes, sensor
size, and thickness

< Study of bulk and surface defects

< Radiation hardness tests up to 10'¢/cm? p, n, and e

<+ Development of dedicated diomond detector FE electronics
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Dedicated BB and CS amplifiers

Single-channel amplifiers
o DBA, FEE-1 (GSlI) for ps-timing

o CSA (IFIN), CSTA2 (TUD) for ion
spectroscopy

BB - ASIC designs, e.g. PADI 8

o 8 channel fast PreAmplifier-Discriminators;

a 180 nm CMOS technology;

o diff. amplifier input and discriminator output;
o variable input impedance =40 - 400 Q

v
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SCD bulk and surface defects, contacts

S. H. Connel, R. Lovrincic, J. Mo

birefringence
" ”

<% Structural defects also in SC CVDD
‘isolated threading dislocations’,
structural defects, and stress.

< Improved surface quality by
ion-beam polishing,
rms roughness < Tnm.
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SCD bulk and surface defects
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Internal field protfile, transport parameters
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SCD - charge-collection properties
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SCD - charge-collection properties
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SCD - charge-collection properties
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SCD - charge-collection properties

Online 32Xe fragmentation spectra
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SCD - charge-collection properties

Online 32Xe fragmentation spectra
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SCD - charge-collection properties
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SCD - charge-collection properties
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Intrinsic time resolution (o,)
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Intrinsic time resolution (o,)
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SCD - Radiation Hardness

g == BDéM non-irradiated electrodes:
F —— EBS3 non-irradiated Cr (50nm) Au (100nm) 7}
: © BDS13 non-irradiated ]
_ 1 0.7 L in red after irradiation ]
< . )
= . electrons drift holes dnft
- F 3 ; : ; ; ; : ; : ' ;
E ] » Compensation Aa— oy P — —
E 1 1 by VO defects ol e E 0BIVpm R E 081 Vi
< vl ] (deep donors) 1t 8=5.3810° pion? =tns —
g E 1 EH
107 1 z I, : . . . . . . . ;
2 |a=107010" plcn’ 52560506 52560506
-3 3 E
E V/uml g
e 2MeVp,shaus,primed :
—~0-26MeV p, TCT, unprimed E
——20 MeV n, sh-2us, primed
—0~—20MeV n, TCT, unprimed
— 1000p - peCVD 1MeV n sh~25ns - primed”
E .\ (- SCCYD 24GeVic p sh-2u5 - primed” » Agreemen $
g with RD42
O .
100F LN
. N v f Indicating VO production,
10" 10* 10" Timing signal ‘harder' than CCD

-2
d)ZBMeV p; 20 MeV n [ m ]

EBe - Concluding NoRHDia, CARAT & ADAMAS 19 15/16 Dec 2016



Thickness dependence
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NIEL (MeV mb)

EBe -

SCD - Radiation Hardness

NIEL hypothesis: Signal loss oc NIEL oc Ny

1 *Sip — Si-p lotal
| =si-n ---- Si-p elastic
- Si-p/n inelastic
1ad of — Si-n total
| .‘t' --- Si-n elaslic
4 =

Huhtinen et al.

1 ey
2 3 4
10 10 10 10

kinetic energy (MeV)

Concluding NoRHDia, CARAT & ADAMAS

NIEL ( MeV mb)

]=cP
Y C-n

—— C-p total

---- C-p elastic
........ C-p/n inelastic
— C-n total

---- G-n elastic

21

kinetic energy (MeV)

SRIM
calculations

¥
E> 100 MeV =

Diamond > 10 x harder
than silicon

E< 100 MeV =
Diamond > ~ 3.5 x
harder than silicon
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SCD - Radiation Hardness

I

Disadvantage B NIEL hypothesis overestimates damage

« NEW MEASURE FOR RADIATION DAMAGE B DISPLACEMENT PER ATOM (DPA)

“how often a carbon atom is displaced (on average) by incident particles”

> DPAisindependent of the sample density and volume

> DPAis directly related to the production of Frenkel pairs
(interstitial atom + vacancy)

> DPA distributions follow the characteristic shape of the specific energy
loss along the path through the irradiated sample.

EBe - Concluding NoRHDia, CARAT & ADAMAS 15/16 Dec 2016
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SCD - Radiation Hardness

Disadvantage B NIEL hypothesis overestimates damage

« NEW MEASURE FOR RADIATION DAMAGE B DISPLACEMENT PER ATOM (DPA)
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SCD - Radiation Hardness

NEW NIEL SIMULATIONS for DPA SIMULATIONS for
DIAMOND & SILICON DIAMOND & SILICON
B 71 -
0.001 b “Sllicon, Pls —e— L B Silicon, Pis »-#-«
Diamond, proton —— | L i Diamond proton »-—o-—- ]
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g E » i = ‘““i* i = |
E a 100 - k. ‘-_- B bt I
2 00001
Q
0.01 ) oi.1 ) 1 1io 100 100
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NEW RESULTS FAVOUR DIAMOND > Dg(E)/Dpiy(E) ~15:1 at E = 24 GeV

. ~6.7:1 at E =20 MeV
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CVD Diamond-on-Iridium (DOI)

TASKS T

< Engineering of intrinsic DOI plates for detector applications
> crystal growth and post processing; defect characterization

< Characterization of the electronic properties of DOI materials and
sensors
< FEE developments
> broadband amplifiers and discriminators — single-channel and
ASICs - in particular, for fast MIP timing

Targetmp Large-area, advanced-diamond strip sensors for
tracking and ToF of HIs and MIPs
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DOI growth for detector applications

Wafer scale single-crystal diamond
detectors by heteroepitaxy = [

\ 4

on large-area multilayer
substrates of Iridium top layers

> ;a;e'»’r»‘%{.” ‘
A AYLHIYAP ey aAd

~1-10pm

TN ey }_
+ .|.
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DOI - Defect Spectroscopy

N and Si IMPURITIES

Photoluminescence of sample MFDIA886
two different positions on growth side
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DOI - Defect Spectroscopy

BORON IMPURITIES Cathodoluminescence of sample CSDIA018
40000
free exciton
T=80K

__ 290000 most likely
— radiative
< recombination no boron-bound exciton
2
2 20000 -
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DOI - Defect Spectroscopy
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DOI - Defect Spectroscopy

THERMALLY ACTIVATED
DARK CURRENTS AT
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DOI - Dark Conductivity
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DOI - Charge Collection Properties
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DOI - Charge Collection Properties

COLLECTION EFFICIENCY and
ENERGY RESOLUTION
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INTRINSIC TIME RESOLUTION AND
TOF RESOLUTION

DOI - Timing Propertie

15 f .
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extended calculations
and simulations

\

M. Ciobanu et al., IEEE TNS 58

no. 4, 2073 (2011)

B equal to PC and SC CVDD because limitation is due to the electronic noise
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Internal field protfile, transport parameters

24]Am_a_
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H. Pernegger, J. Appl. Phys. 97 073704 (2005)
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DOI- charge-collection properties

C. Stehl'etal., Applied

CCE and Energy Resolution DOI(2011) = CCEy = 93%
SE/E = 1.5%
T = Tt v ; :_//' e e e ey
Wt Ty | [DOIQY e
30 i holes § y i dD = 265um \ { .
i ‘pumped’ 1 & 100 E / -
% - 1 & : holes :
I— s — SC 15J-Q2 239Cm . ﬁ ‘.. ........... electrons
=z 20 5.804] :
5 [ — 1ov ] B y
O — 290V O T -‘.~=\',,_..,. el ook ..‘e‘"*"duk
O | — esov O 10 i le ”Wﬁwﬂ, AT A e -
A ~,’.’;§m |
0 1 PR S T T S N ST SRS S S 3% ‘.
0.0 0.5 3.0 4.0 5.0 3000 4000 5000 6000

MEASURED ENERGY [keV]

Measured Energy [keV]

EBe - Concluding NoRHDia, CARAT & ADAMAS 15/16 Dec 2016



DOI- charge-collection properties
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SC CVD Diamond-on-Iridium (DOI)
\

< Engineering of Dia-on-Ir plates for sensor applications

TASKS

> further reduction of the dislocation density (particularly by ELO);
> area enlargement

<+ Development of new pad assemblies with DLNBA

» analytical description, simulations, and test of electronic
and sensor design parameters

+» Development of microstrip assemblies with PADI-8

> double-sided strip mofifs for differential readout
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Status enlargement of the sample area
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2014+ 2013 2011
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Internal field protfile, transport parameters

DOI 2014 - TCT - ONLINE

es Help
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X i
'
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AL I\H*II
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o . H
Wi,
Measure Plrise2080(C1) P21alB020(C1)  PRwidihCl)  PdarealCl)  PSampl(Cl) Phi-- - T - P
value 152ps 222ps 2767 ns 318339 pVs MBATMY
mean =1B5E5ps  =391ddps 26343 ns 20001171 pvs = 1124725 mv
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maix 2325 ns «2732ns Ta2ns  32EWpvs = 19952mY
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NARROW SPECTRAL LINES

FULL CHARGE DRIFT
to the opposite electrode

15/16 Dec 2016



advanced strip/pad assemblies with PADI

DD for SPACE RESEARCH and THERAPY
R. Pleskac for the BIO Collaboration

attenuator &
fastamp output: LVDS time

Optical grade diamond:

Type Ib
Prototype test detector

8x input
>
»
» Single substitutional
»
»

(MMCX)

nitrogen
4.5mmx4.5mm
Cost: £210.00

52 mm

Max. rate capability: ~ 2 MHz (optimization ongoing!!!)
Max. data amount. 50 MB/s
Universal applications: read-out for: PMT, MAPD, diamond... 15/16 Dec 2016

Flectonic srade diamand: * 8 MMCX input channels - a least 24 TDC channels on TRBv3 needed
= Power supply: 5V
. ﬁ’ﬁf,;i impurities * Time Precision: ~ 50 ps (optimization ongoing!!!)
> 9x45mmx4Smm * Relative charge resolution: < 0.5 % (for pulser signals >1 V, PadiWa-AMPSv1)
> ERpeRt * Dynamic range: 250
43
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DARK CONDUCTIVITY

Dark Current [nA]

Dark Current [pA]
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DOI 886-2 (2010)
F d =324 ym

2 1 0 1 2
Electric Field [V/um]

-3
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Electric Field [V/pm]
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21Am - a - TCT
DOI —improving reproducibility of hole drift
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DOI - improving electron drift SCD - 100 um (left plofs)
and 480 um (right plots)
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counts

counts
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MIP Efficiency

DOI DUAL-CARRIER
DRIFT

« fo be confirmed*

new-data analysis
ongoing

(o, 1 GeV; 298r-f's)
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\
CONCLUSIONS —

HOMOSCDD BEST FOR BOTH
> Timing (incl. MIP) and Spectroscopy if SM areas acceptable

PCDD BEST FOR TIMING OF
» Swift lons Heavier than 2C

» No spectroscopy

< DOI DD BESTFORBOTHT & S

> Incl. large area detectors
>  Slightly worse than HomoSCDD in high-resolution spectroscopy
> Need still some more R&D

48
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\
OUTLOOK —

NEW DIAMOND DETECTOR TECHNOLOGIES with DOI DIAMOND

» Large Area Continuous Position-Sensitive DD (1SS, CEA, GSl)
» 3D Diamond Detectors (CEA, UManchester)

» Silicon-on-Diamond (SOD) devices (UFlorence, GSl)

Thank You for your Aftention !!
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