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Diamond Physical Properties
Diamond Detectors - State of the Art

* Diamond Meterial
* Diamond Detectors

Radiation Hardness

NIEL - Non Ionizing Energy Loss

Radiation Damage in Diamond

Infuence on Detector Parameters

Recovery after Radiation Damage - Annealing, High Field Operation

Summary and Outlook
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DIAMOND PHYSICAL PROPERTIES

‘a wish list’
| property diamond | silicon | | 4H-5iC | detector operation |
band gap [eV] 548 1.12 3.26 + high T operation
dielectric strength [V /cm)| 107+ 3 x 10° 5 x 108 + high field operation
intrinsic resistivity [Q/cm] == 101 2.3 x 10° = 107 + low leakage current
electron mobility [em?/V s 1900 — 4500 1350 1000 + fast signal
hole mobility [em?®/V s 1800 — 3500 480 115 + fast signal
electron lifetime |[s| 10-10 — 105+ = 10-3 5x 107 | + full charge collection
hole lifetime [s] 10-10 _ Jp—6+ 10-3 7% 10-7 | + full charge collection
saturation velocity [cm/s| 1.2-27x10™ | 1x107 || 3.3 = 10° + fast signal
density |g/cm?) 3.52 2.33 321
average atomic number 6 14 10 + therapy - tissue equiv.
dielectric constant 572 11.9 0.7 + low capacitance
|| displacement energy el | 43 13 — 20 20 — 35 + radiation hardness ]

thermal conductivity [Wm—1K-!| 2000 150 120 + heat dissipation
energy to create e-h [e}] 11.6 — 16* 3.62 7.8 - lower signal
radiation length, X [om] 12.2 9.36 8.7 + low background
Energy loss for MIPs [MeV/em) 4.69 321 4.32
Aver. Signal Created / 100 pm 3602 5892 5100 + lower signal
e-h pairs/ Xy (105cm™!) 5.7 10 4.5

1 50 L T T T T T T T T ]
e
[ T
c .
=
£ 100}
= | v e Y
= -
z o "7 Sinoles
5 -
o
[
> 50
= g i _
= i o experimental data points - holes drift
o e ——fit Caughey-Thomas model
< © experimental data points - electrons drift
o ——fit Caughey-Thomas model
ol

2 3 2 5 68 7 8 80
E <100> [V/um]
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DIAMOND MATERIAL

Diamond
Materials

pcCVD o~
* Large area: Si wafer size (8 cm diam. Diamond Materials)
* Thickness: nm fo mm
° Price: few k€/ cm”™2 =\/ | ADVANCED MATERIALS
scCVD 1IV]
* Area: HPHT size ~5 x 5 mm (up to 2" R&D mosaic) >
* Thickness: few microns to mm N\

* Price: ~ 2k€/sample (5x5 mm) 003 :

DOTI - diamond on iridium

* Area: Sisize (2 x 2 cm samples already synthetized)

* Thickness: hundred of microns

* Price: start-up created
Natural scCVD

* Rare, not reproducible in any aspects
* Price: Not commercial
HPHT IIa - electronic grade (?)

* Area: up tocm (?)
* thickness: few microns to cm
* Price: few hundreds €/5x5 mm

NEW DIAMEND
TECHNOLOGY

.
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solid state ionization chamber

Incident Signal ;\_

radiation l
Front contact -

-1y

L" > Electron-hole

" pair generation

Back contact

pcCVD in 2001

0 10 20 30 40 50 60 70 80

90 100 110

Highly selected Ila type, Triniti (Russia) (200 pm)

Commercially available Ila type (200 pm) 7

Counts (a.u.)

CVD (CEA), (25 pm)

CVD (commercial-detector grade)
{300 pm - polished)

0 10 20 30 40 350 e 70 8 %0

100 110

Collection efficiency (%)
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DIAMOND DETECTORS BASICS

Energy [MeV]

S- 0.00 |
Vi = —p =
et
H>- 2 oo
) = g
| oL~ vy, qrn @ 005
Amplifier ot L
On @ :
—=-VI,—qr & :
Lot TS 010t
Al ;
scCVD in 2004
AE_, ,=14.7 +0.2 keV
grereont
E~1.5V/um
E e
g SC13BP
-f:t; 10°F
3 oeaey
v
10" |
i Al
53 5.4 55 56

{ — 585,5C
aver
— 55,P
— average, P(]
IR R S R R

e SC

COUNTS

400

300

200 |

100

DOT in 2010

DOI 724b,dot DOI 886-1,dot
d=12pum d =290 ym
Ep=3.5Vium Ep =2 Vipm
241Am E, =55
2009 MeV
CCE = 31%:
SE/E = 55% 2010
CCE = 96%
SE/E = 35% j
L - 1 L “QJ’/ L
1 2 3 4 5 6

MEASURED ENERGY [MeV]
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DIAMOND DETECTORS IN USE scCVD PSD for X-ray beam monitoring
SOLEIL

SYNCHROTRON
CMS beam condition monitors pcCV|

Start detectors scCVD

2x2 cm pcCVD strip ToF heavy ions
BIAS
THR g &

W. Koenig, J. Pietraszko, HADES Collaboration

High temp a-particles spectroscopy of SHE

PAUL SCEERRER INSTITUT

Consiglio
Nazionale delle
Ricerche
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DIAMOND DETECTORS COMMERCIAL SOLUTIONS

Some Commercial Solutions for Diamond Detectors:

- | (C) +a4 1903 755252
= - —"—"'-‘I MICRON SEMICONDUCTOR ltd

dire ctEmicron sem icornductor. souk

Beam Monitors
Diamond Detectors
- General Purpose
- Beam Loss
- Spectroscopic
« Neutron

Crystal type: both single and polyerysialline substrales ara
avalable, They possess different properties and are used

e A
i \\\ far diffarent purposes ;
s = Crystal size: various sizes are avallable, the most commen
i onas being 4.5 x 4.5 mm for single crystak and 5 x 5 mm

- i for polycrystalline substrates |

= - « Crystal thickness: the typical thicknesses we waork with

= are 500 pym and 100 pm

= Device contact; a single area or a patterned metal contact
pad can be deposited on tha substrate surfaces, Different

geomelnes can be incorporated on the frant and back

= surfaces, The nalure of the contact pad itsall depends

iAnovatiol essentially on the partickes to detect and the operating

First synthetic
diamond for

dosimetry lemperalure |
« Device packaging: custom=g
ceramic substrates, high freq

B INSTIT
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NEW DEVELOPMENTS S

— T
SWLEIL ESRF

scCVD membrane detectors s

l European

3D diamond detectors (laser 3D printing) T XFEL

MANCHESTER

1824

EE @@

Diamond on Irrdium DOI

Universitit
Augsburg
University

T R A

P STTA FETA TSN FRYSA FRTRY FY PYOVAR.
S g s

dieo 2
{1

Journée Thématique du réseau R&D semi-conducteurs 16/06/2016 | Pomorski Michal | 8 HaaLse




0

S

s

Vacancy £
+ @

. o
Interstitial 5
(PKA) S

5

m

- crystal lattice damage through NIEL

- PKA - damage cascades

- most damage caused by low energy

particles
Hardness factor

particle Energy Relative ky
p 24 GeV !
800 MeV .7
gw 70 MeV 27
&
25 MeV 472
L1 300 MeV/c 2.9
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NIEL — NON IONIZING ENERGY LOSS

NIEL/ioniz. for primary knock-on atom

Si (E4=15 eV, full cascade)

C (E=20 eV, full cascade)

C (E;=80 eV, full cascade) e
C (E,=40 eV, full cascade) g

-

only 10% in ionizing losses, rest mainly
displacements from nuclear recoils,
i.e. Non-Ionizing Energy Losses (NIEL)

NIEL (MeVem'/g)

2 4 6
1 10 10 10 10
Recoil Energy [eV]
—~ 204 20
E ~
- £ <
. E 15 © 15 E
NN _‘,"".‘- = -
107 i e @ 104 10 -8
. et Pt S i " o e
R A > @
107 '- . 2 0.5 05 (Ll?
Ll 430 keVH + 4MeVO 0C> ' -
10 1.4 MeV He 65MeVO I L
Sbr 215MeVLE  + 11MeV (L 00 ‘ ‘ ‘ ! — 0.0
10 e 5 e — 0 2000 4000 6000 8OO0 10000
3 3
0 ! - J 4 i 6 Depth (nm)
depth in S1 (um mINDIIIUL 7
P () CARNOT UV
1 ‘ PARIS-SACLAY



NIEL (Non-lonizing Energy Losses) in Siand C

NIEL — NON IONIZING ENERGY LOSS
Lower NIEL and higher atom displacement energy - more radiation hard ?

AT

g g PROTONS on C (SRIM)
- ; - MEUTRONS on C (SRIM)
2 ; Silicon 2 = === PROTONS on C (FLUKA}
=0y, =04 ==== NEUTRONS on C (FLUKA)
T N m - 5
= N Low energy p = Carbon
‘.‘{5. C and Si similar :
#_,_:-"'{‘-_\b_:\_
Utrgp o= : 3
s Te-- High energy p
C factor B bette)
10 10
PROTONS on Si (SRIM)
NEUTRONS on Si (SRIM) :
= === PROTONS on Si [FLUKA) - E
— === NEUTRONS on Si (FLUKA) Hardness factor
1 —Lrrr——rr— —— 1 —Lbrr——t—rim Tt ] —
10 10° 10 ? 10 10° 10° ¢
kinetic Energy [MeV] kinetic Energy [MeV]
particle Energy Relative ky
! P 24 GeV | wilation of beam induced lattice defect
( Xiv:1308.5419
n 800 MeV .7
—
oY 70 MeV 2.7
25 MeV 42
T 300 MeV/c 29
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r Hir Terrrdzohe

[> CPD(Ex) = 5 Ed{ NIEL)

16

214

(s ]

£ o).

:El]_n_.__._

=

S g

c .

g 6 | :

E 20 ".‘ _ { |---- Neutron|

' : : minim Piun+

0 : H .
107 10" 10° 100 10°

Particle momentum [GeV/c]

(f) DPA ratio: Silicon/Diamond
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A recent study (simulation) of primary defects
production in diamond

JOURNAL OF APPLIED PHY SICS 117, 245901 (2015)

The predominant insight to emerge from this study is that
radiation cascades in diamond are distinctive as compared (o
many other materials, in the sense that the properties of the
radiation damage process fall at the far end of the spectrum.

Similar to graphite, cascades in diamond generate isolated
point defects and a branched trajectory structure created by dis-
tinct heavy collisions. Statistical averaging over a uniformly

displacement energy (Fig. 10). All of these differences com-
bine to the high radiation hardness of diamond and contrib-
uie to the widespread interest in exploiting diamond as a
detector, dosimeter, and other radiation-hard situations.

RADIATION DAMAGE IN DIAMOND

Damage cascades in diamond (2keV)

a 1.8fs (b 8.3fs
Interstitials: 1 Interstitials: 3
Vacancies: 1 Vacancies: 3
C 95fs | d 10.0 fs
/‘iA—(‘ $
]
Interstitials: 6 Interstitials: 12
Vacancies: 6 Vacancies: 12
e 12.61fs | f 1.0 ps
°
s,
L]

Interstitials: 20
Vacancies: 20

Interstitials: 10
Vacancies: 10

@ Interstitials [ll Vacancies

50% of self-annealing

BINSTITUT =
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RADIATION DAMAGE IN DIAMOND

Secondary defects formation in diamond ?

At RT pr'imar'y defects in Si migraTe: A. Mainwood et al.
. % 2 Dose 30x 107 2MeV & cmi™
- Formation of secondary defects L e - P
. . E 20 }*:H £ ] 3‘
- change in time of detector parameters & w8
..Si needs cooling g 15 N . 1
= Dose 30 x 107 2Me\ e om } % &
8 " \
inverse lifetime 5" | 8™ I fextdan
oo f T T z g TOE ® Do €N \
£ o2 Hevepmmmn s LN V Y T T
. s - .
E 02f = . 1 N 0 20 %0 40 500 60 700 %00 H0 000110 | ¥a 20 300 460 0 50 700 B0 500 10001700
E % ) Anneal temperature (K) Anneal temperature: ()
£ o1 Eﬁiﬂ 3 ] . g . .
TR S [ 31! At RT VO and I are immobile in diamond
E . 1: . d.alaij'orellecn'ons P
’ 5 10! 5 10° 5 10°
annealing time at 60°C [min]
 Leakagecurrent ,___Space charge e - defects engineering
ER AL o J and NIEL violation in Si
3 at .\‘\\ 4 :E o M . rd | Y
= 3| = . .
=N e ) l - diamond should be more static
B( i s oxygen Enr_mhn?dsilicon[O]ZZ_l_U” cm™ E‘: sl } g2: D, i ) affe/" lrrad/.af/.o”
— parameterisation for standard silicon ¥ Ny
g S 1 ° {0700 1000 10000

annealing time at 60°C [minutes] annealing time at 60°C [min|
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RADIATION DAMAGE IN DIAMOND

UV-VIS absorption after 26 MeV p irrad.

40 T T T T 20 T T T T T T T T
——EBS3 after 6.11x 10™ 26 MeV p/cm’ : — BDS13 1.16 26MeV : ’
BDS14 EBS3 BDS13 ——— 5014-09 after 1.3 x 10" 20MeV n/cm’ e pfem
— john100 after 2x10'° 20MeV nicm’ f O, 7K R11
307 post3atter 118 x 10° 26Mev e’ RT /| ] = r \__\\ 1
— [ ——BDS13 before irradiation E \
' e .. =
g 20¢ ultraviolet continuum /// I }l 7 g 10F ’ . ]
lg T / I Yw.'"f
/ Y S /
6.39¢108  6.11e104  1.18e10% 1o} /o1 & e /
I.I‘I . - __,—.'-'.'l- - — pramrr—— III| z .IIJ.
[ p/sz ] / % il\.,.k/f
y 1 ! 0 L 1 1 1 L
4 5 2 3 4 5
energy [eV] energy [eV]
Photoluminescence after fast n irrad. 6R1 - monovacancy realted center
T e - ot R2, R11 - interstitial related centres
4l | =——1—514nm excitation light , '; 030+ | |
. -—— 552nm raman diamond i ©
= | o .y
| 2 025}
S 5l 1 g
: 0= ;r.—J Li‘ﬁ-M.m—-“-::_J—lt :“:L A\T'L"::—_-,—;——:———L— % 020 i
x £
@ ol $014-09 john100 | g 015
% O
E al E 0.10
2 i o g oo
I ] G
f}” N%‘ c D'DD[) I I 15 ' , 15
T R T T 550 600 850 700 750 x10 210

2
wavelength [nm] fluence [20MeV n/cm]

. . . - B g CARNOT X
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RADIATION DAMAGE IN DIAMOND

Radiation induced defects affect charge carriers transport in semiconductors

0.0 —— . ; 5 : Si is hot at RT
?‘M-‘, HUTE 5 i - trapping<->de-trapping
= 05 ; i s - Charged defects (Neff, Vdep)
E}' - high leakage current (limiting factor)
k= 1.0 =3 ns ranssen] lirmes
E of e-h .H'l'l.‘liﬂﬁlt:ll':jd ; .
i ] ! ! H
£ 15 1 Diamond is COLD at RT.....
= 25 - shaping tima ! ' - trapping (low CCE) —> space charge
% 20t of &3 glecironics 18 th 1d 1y . - Leads to: polarization and priming
@ i i - no leakage current at high fluxes..
e COLD —. ]
1" 0™ 1" 10° 10" 10t 1" 10® 10t 10" 10" 10"
re-trapping probability [s]
Short summary: - lower defects production (NIEL) rate for diamond compared to Si

- mainly point defects creation (VO + I)

- no secondary (complex) defects production after irrad. at RT

- charge trapping but no leakage currents

BINSTITUT .
. , . . . CARNOT 2
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INFLUENCE ON DETECTOR PARAMETERS - |-V

v DULK # BURFACE CURRENT =~
ecreaned bou, no light + M, flow H
26 MeV p irrad. 20 MeV n irrad.

] I l I L] I L I T I ¥ l T I L I T I
10° E —s— BDS14 non-imadiated electrodes i—BDS12 non-iradiate electrodes 1
| "~ EBSS non-inadiated Cr(50nm I—5014-06 non-iradiated Al(100nm)
i e BDS13 non-iradiated Lﬁ \aource . —_ ' 5014-00 non-imadiated
E lcoammeter

107 !' in red after irradiation J;’ od after irradiation 1
E E < 40 1
+— 1 ~ 10 7
c of C E
E 10 3 E } :
5 i ‘5 10 1
o ] 0 3
X 10"} X o0 '
T g 10 |
T} 3 | f
i 10" o ]
105k Jokohmme v :
F TR 3

F . ' 10 e :1 ﬁﬁﬁ.ﬂ.ﬂ!

-3 -2 -1 0 1 2 3

E [V/um]

No increase in leakage current for diamond detectors after irradiation
Actually dark current is getting better with fluence > passivation of already existing defects

BINSTITUT "
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Journée Thématique du réseau R&D semi-conducteurs 16/06/2016 | Pomorski Michal | 15 5 M B e



INFLUENCE ON DETECTOR PARAMETERS - CCE

Example: TCT measurements after 26 MeV proton irradiations

Short-range a-particles electrons drift holes drift
Signat _| | I—beforelinadiaﬂonl I I BDS14 —DETGIE irradialiﬂﬂl | IBDS14
| | > | — after irradiation - | ——afterimadiation _ |
Front confact — l Amplifier N = after iradiation corrected Eeﬂ_u'm Wmﬂ = after imadiation corrected Eext_ﬂ'81 Vium
Diamond — F| or| 107 9=6.3810" plem’ (=1ins (=160
vV Vo,
Back contact — L L > M
I:] T T T T T T T
= L $256-05-06 $256-05-06
15010710 plem E=1.32 Vium ] E=1.32 Vlum-

- defects homogenously distributed :=6.3ns

19=5.9 ns

- no space charge
created defects are neutral

induced current [L~y
=

©=6.11x10" plem’

- drift velocity not affected

- cross-sections for trapping e and h
very similar

0 2 ¥ 5 8 100 ; y 6 B0
.. . . .o drift time [ns
Similar behaviour for fast 20 MeV n irradiation e
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INFLUENCE ON DETECTOR PARAMETERS - CCE

Progressive filling of deep-traps, changes internal E - build-up of space charge

BDSM d—49ﬁ um after 6.39 x 10" 26 MeV proton/cm™

10 . |
electrons dnﬁ start | holes drift start | holes drift start
----1Dmin- - = = =45 min after 3h
8 30minT . 90 min Sr-90 on
E=0.5 V/um - v E=0.8 Vipm E=0.6 pm
8| | B |

induced current [pA]

10 0 5 10 15

drift time [ns]
Stopped a-particles Stopped a-particles traversing mips (e - Sr-90)
polarization polarization priming
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INFLUENCE ON DETECTOR PARAMETERS-POLARIZATION
6 microns scCVD membrane detector low energy C beam (damage and probe)

Cion Cion Cion
5 tm 5 um 5 tm

1.8MeVC,range=113pm  72MeVC,range=325um 12 MeV C, range = 5.36 ym

1000 +—

0 200 400 60 B0 1000 0 40 60 800 0 40 60 800
ADC channel ADC channel ADC channel

<—

<

0 200 40 60 80 1000
ADC channel

0 20 40 60 B0 1000
ADC channel

0 200 400 6 800 1000
ADC channel

polarization polarization stable N
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a mip pumping and a probe (Sr-90 e)

Counts [normalized]

‘Thick' 300 microns scCVD,

over hight priming @ OV

—_
i ! 14,
10 'EBS3 (6.11e14"p)
1 I -
08 . ' | === de-pumped
i b ——purmped af 4004
! | : pumped at 800
0.6 !
) i
G : E~ 2.3 Vum
0.4 L J | i after “purmping”
|I II | :
o2f j :
[ I
0.0 oo
0 a] 10 15 20 25

collected charge [ke]

30

collected charge [e]

collected charge [e]

18k

—
o
=

kb

INFLUENCE ON DETECTOR PARAMETERS - PRIMING

(d=490pm)

5256-05-0

BDS14@0.77V/ym

(d=380um)

.8Vium

EBS3@1.8Vium

ok (d=377um)
6k |-
e
. BDS13@2.2Vium
Kkl @ p"m?d “sr d=473um)
O unprimed TCT
[ electrodes Cr(50 nm)Au(100 nm) -
?013 — :I‘{;ﬂ — %.615 = 1-.1 016
1Bk LR | T T T L
% primed Al(100 nm) “Sr
— @ primed Cr(50 nmyAu(100 nm) *Sr
15k - . O unprimed Cr{50 nm)Au(100 nm) TCT -
BDS12@2Vium
12kE '-‘L
= e— -.__-_"]:"‘-—m_
9k - h s014-06@2 8Vium
-+ HH(d=327um)
Bk | N, "":\\ 014-09@2 5V
IR WS BVipm i
S o \5\ " (d=320um)
3k - J—
0 Ll L
10° 10" 107
‘DZ'DME"-" n [C
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INFLUENCE ON DETECTOR PARAMETERS- CCD
CCD = (_’u” r}: + #FIP )E -~ Qﬂ-l QMMWEJ[E]

Emeasured % thiclness =

stpmfre.d 3 G[E M”]
LENLEELELEL | ' T LA |
—8— 26 MeV p, sh-2us, primed

—0—26 MeV p, TCT, unprimed |_Protons 24 GeV_|
_._20 Mev n, 5h'2!.l5, primed b 'E' = ',TI' L L B s L DL B B R B
—0O—20 MeV n, TCT, unprimed = 800 | =
g g F L RD42 3
700~ |l —
— 1000 b ~ O~ peCVD 1MeV n sh~25ns - primed” 1 Gmf_ 3\ E
g ~(- scCVD 24GeV/c p sh~2us - primed” ] - \ ]
- - AL » 3
= 500~ & \. 2 —
D - a .'. .'.‘ 9. .
O s00- 7 N\ 3 =
O - "\ 3
300F- =
200F- E
100 | 7 - .
' 100 =

RT £

1 o1 v a1l ! M ooyl ‘l\\ M L \\l‘ raal flugnce + offset [1OISC|TT2]

1014 1015
-2 12 , : .
Cehtev p; 20 Hev [em’] et
S o8 E~ 2Vium |
no qukqge current = s a mip spectrum after 1.18x10"16 26 MeVp/cm2
no change in the noise 8 0af irradiation with a scCVD detector

collected charge [e] BINSTIT
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INFLUENCE ON DETECTOR PARAMETERS

Superior radiation hardness

Expected CCE vs. electrode distance and integral fluence Thr'ough device engineering:
(for 26 MeV p irradiation)

- 3D Diamond Detectors

g

2

g

3

- Membrane Detectors

3

distance between electrodes [microns]

o . A ey " N pp—y A A
Te+13 Te+14 1e+15 1e+16
intergral fluence [particle/cm-2] 3 pm thick
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QIaS\ diamond front surface
3D DIAMOND DETECTORS //
fs laser beam
webcam “_“"'--u__ 1.4 ST
3D geometry Si pi?rdiode _’_’_,_--—""’_: > ‘“j._um‘i
Pllcmc:r 3D . phoTolumilye"

| L translation
50pm
- ' o B i back surface (f entrance)
B
’

i -

500um

Large volume reduced drift distance: mips, fast n First (neutron) RadHard data from 3D diamond
'L'.'! hlﬂm -’leﬂ“ 5‘11“15 Bxlﬂ“

3D laser printing of diamond detectors L
a0 -28 GeV proton fluence |

® o 7]

* 3D 100x 160 n

| 3D 70x114 b

6x10° O RD42data _

00 simul,
== 30 100% 160 simul,
w30 70114 simul.

4x10°

lehchd"e

1 MeV neutron fluene T |
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MEMBRANE DETECTORS

Free standing scCVD down to 3 microns

Aréfocﬁ:ﬁ;ma (limited by a size of diamond slab) Analyhcal solution
Developed for l'ow E x-ray beam monitoring CCE(®)=1-}p-
and external microbeams.
CllSO 900d fOl" AE *CIQSCOPCS, Thel"mal n, HI D* - efective fluence
Traversing (both probe and damage)
50 Hm vs. 6 Hm scCVD Qsame trapping for e-h, moderate damage
T ' LB B I LA | ¥ LI | ¥ LI LR | T LR | T T LI AL LN T T L L LR
1D I—___,!_.__ - I — - 1']— .
0.94 6 um detector: \if . 0.9+ 1
_ 50V N NN Y B |
08 —m— 30V '\
w :::;3‘"Ir -‘ | L 081 various ions, energies, thicknesses |
Q 1 —a1ov N Q fit the model
O \\\ @ O
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1 SQum delector \\ ] ‘ ko=(8.8:0.2)x10"® cm™®
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=— 50V
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HEAVY IONS DAMAGE -1.23 AGeV AuBEAM

HADES (6SI) diamond start detector (TO, beam profile, counting 10°7/s ch)

60 pm scCVD strip detector post irrad. CCE map
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mke damage
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Preliminary observations:

Very stable detector behavior {::1‘h=.-hrFirr+=:u:!i+=:1iin::arii-b1IZI‘2 Au ions / mm?2):
- lLeakage current below 10 nA
- Time resolution below 60 ps

175 mV

Possible long term solution:
original signal amplitude: 150 mV
radiation damage: reduction by a factorof 6 2
additional ampilification x 10
- very long running period

&
<
1

J. Pietraszko, 4th ADAMAS Workshop. GSI. 2. —4 Radiation hardness definition depends on application
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CCE RECOVERY —= HIGH TEMP. ANNEALING

Annealing of electronic defects in diamond (TCT)

Annealing of I + VO in diamond (optical absorption) : : : : :
10k /A~ BDS14 @ Vium |
~350 C o ~650C _
£ ] Y ézo_ - é
:E‘;ﬁ’ %15- o E 6r 7
g0 5 10 : o
| i ey
g 3 'i- E ] & g 3r ——after 3h annealing
Y . T—— 5 l'g, E blue - elecirons drift
100 200 300 400 500 600 700 800 900 10001100 160 2(‘)0 360 460 560 6(‘]0 ?60 8(‘]0 960 10'0011‘00 red - holes drift
Anneal temperature (K) Anneal temperature (K) —J
0 2 4 6 8 10
. t'
- samples annealing @ 1000 C ime [s]
T_=300ns
100 | 460
- almost complete recovery for holes | €
— ] aQ
== 80 T J4g D@
E S g
- less recovery for e (secondary defects?) 3 | e o
60 = DAl ‘ 36 Q
>  3h annealing 3
T~ 11ns
- ok for bare diamond - difficult for detectors =222 . noles . S P
drift time [ns]
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CCE RECOVERY - HIGH FIELD OPERATION

RBI Zagr‘eb, microbeam fGClllTy, 18MeV O ions Sample; 4x4 mm 3.5 micron thick
) scCVD membrane eé (<1ppm N eb)
. object quadrupols triplet
ions its Lscanner tacusing lens
— 11—
- sample
ions: p, a, Li, C, O... T
5can
generator

T L.

=
Lol

Unpublished data was here, interested ? Please contact the author at:

michal.pomorski@cea.fr
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CCE RECOVERY - HIGH FIELD OPERATION

Unpublished data was here, interested ? Please contact the author at:

michal.pomorski@cea.fr
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list SUMMARY AND OUTLOOK

Ceatech

Diamond detectors are not forever ...

They degrade as other semiconductor materials do:
Creation of immobile primary defects (mainly VO+I) leads to:
charge trapping 2 reduced CCE
trapped charge - polarization(CCE!) and priming(CCET)
there is no leakage current after radiation damage

We can recover damaged diamond detectors by:

Thermal annealing (unpractical T > 600C)
High Electric field operation (very promising)
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LI SUMMARY AND OUTLOOK

Some hints if you are going to operate radiation damaged diamond detectors:
- use thin detectors if you can (or 3D)
- forget about 1 V/um operation filed - as high as possible, if no leakage current

- alternating detector bias fights polarization effect

T do not know if diamond detectors are radiation hard

it depends what is your criteria of RH

Il THANKS FOR YOUR ATTENTION lli
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