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Introduction AE-E detector ToF — eBIC experiments Conclusions

PhD thesis main goals

Solid state ionization chamber Monolithic diamond AE-E telescope

Charged particle

Charged particle Charged particle

1
1
H Read-out
E . I —— Metallization
XA @ i @ | electronics p- layer (electrical contacts)
d_'_ - —-—V AE layer
o -T - +| -
+-T
+ | -
+¥ - ! -
1 Cl+|-| | E
1
BEE
1 Intrinsic diamond
0___ i +| - v _0 E layer
i v [ 3 T
1
1
~ N2 /\,2
/77 AE~ Q ZV

400 -

Charge particle in the medium:
* lonization: electron — hole pairs creation
* Electric field = charge carriers drift 2 Induce a current

'
200 A

Energy Loss AE (Channels

Two different situations:
1. Particles that stop in the detector ; i e .
0 200 400 600 800

2. Particles that pass through the detector Residual Energy E (Chamnels) [~ A /2
Gunzert-Marx et al., New Journal of Physics 10 (2008) )
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Introduction AE-E detector ToF — eBIC experiments Conclusions

PhD thesis main goals

ToF — eBIC setup development Monolithic diamond AE-E telescope

Charged particle

Time of Flight — electron Beam Induced Current

[ 1

Metallization

p- layer (electrical contacts)

Gnd AE layer
O ~1-5 pum
~500 pm Intrinsic diamond
E layer
Fast current
2l ream | 7 I
~100 nm P P
AE ~ Q2/v?
Vbias -
400

Study low range charged particles which stop in
the detector

200 |l ®

Energy Loss AE (Channels

Beam =@ allow to control the charge injection &
s

Not the case for radioactive sources O e =00 300
Residual Energy E (Channels) E~A V2

Gunzert-Marx et al., New Journal of Physics 10 (2008)
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Diamond properties

Physical properties compared at 300 K

Diamond Silicon SiC
Undoped material resistivity (Q.cm) > 1013 2.3:10° > 10°
Bandgap (eV) 5.5 1.1 3.26
Pair creation energy e/h* (eV) 13.1 3.6 7.8
Displacement energy (eV) 43 25 20-35
Carrier mobility (cm2.V-1.s1) > 2000 800 — 1400 115 - 1000
Thermal conductivity (W.cm1.K 1) 20 1.5 1.2
/Diamond as a detector : \
v’ Very low leakage current
v Low noise
v' Good radiation hardness
v’ Very fast
\\/ No need of cryogenic /
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From synthetic diamond to diamond detector ]
Diamond holder at LPSC

single crystal Chemical Vapor Deposition (scCVD) PCB

diamond — electronic grade from Element 6 (E6). Spacer {
Impurities: [B] <5 ppb , \: I W
[N] <1 ppb : B s, G—— I

Diamond

Metallization Read out electronic and acquisition

= Large bandwidth
. . cividec .
Packaging with sosssomarsirse | current preamplifier
connectors Gain >40dB
Bandwidth 2 GHz

Pream

Diamond :

SAVEHNG Fast numerical

RS oscilloscope

Electrodes - 500V

N

| Pream
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[ e S

Metallization
(electrical contacts)

p- layer
AE layer

SRIM simulations — Requirement

Simulate the energy deposition in the AE-E detector for different ions, ion energies and
detector architectures.

Substrate (Intrinsic diamond)
E layer

=>» Determine the thickness of the AE (p-) layer of the first sample

Layers Parameters Consideration & criteria Requirements Growth method
Thickness Energy deposition needs to be measurable 1 MeV<AE<E,./2
o- layer Resistivity and leakage current lieak < 1 NA Aol
Dopin Non intentionally doped (Avoid defaults) As low as possible Microwave Plasma
_ y eop P enhanced Chemical
Thickness Dead area of detection As thin as possible Vapor Deposition
p++ layer Growth layer feasibility > 200 nm =» 500 nm
Doping Could be considered as a conductor [B] > 102°cm™3
Subetrate Thickness Enough thick to stop the particle 550 um single crystal MPCVD
Doping Non intentionally doped (Avoid defaults) As low as possible elementsix.

Simulation software =» SRIM: The Stopping and Range of lons in Matter

Adapted for light charged particles, trustworthy and user friendly and Ranod

¥:

Many architectures, ions and energies tested = pysrim python package
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SRIM simulations

Simulate the energy deposition in the AE-E detector for different ions, ion energies and detector architectures.

=>» Determine the thickness of the AE (p-) layer of the first sample

SRIM Simulation scheme SRIM simulation results for light ions

AE layer thickness: 3 um

AE layer p++ E layer 1750
(p-) layer

1500 -

1250 +

E .
deposited 1000

750 A

500 +

Energy lost in the DE-layer [keV]

250

Particles E.

ini

4>+

l;:l l|5 EID 2|5 30 35
Energy lost in the E-layer [MeV]
thae 0.5 um 500 um & Y

A J
=]
L
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From simulations to first sample

SRIM simulations for a particles First simple design scheme
- 1 —— th= 100 nm
3 = 10 um
x th= 400 nm
- 3500 th= 500 nm
o Cwewoom | NCNON T : \Metallization
E 30001 fh=2000 nm 5 um o- layer, [B] = ~1 x 10% cm? (electrical contacts)
L [~ th= 3000 nm
< 2500 2z > osum §
£ mat-al-< N S N NG NG Ny N S S A . .
= 20001 <+ = 6000 nm : :
.E == th= 7000 nm 1 |
» 1500+ == v saso 500 pum : Substrate :
o —+ = 10000 : scCVD diamond :
| |
% 100 : :
6 - — T T 7 | ¥______ | |
—_— | T T r'3 T \
£ 500 ! | : :
0- 0.1 um E ) 2.5 mm (max) i E
0 2 4 6 8 10 4.5 mm
Initial energy of the ion [MeV]
Alpha particle range
Requirements: (For E;;, = 5MeV) Solution chosen: in diamond : 11.8 um
Energy deposited: Leakage current: H ] bis in ch ¢
Ere> 1 MeV lieak < 1 NA Thickness: 5 pm The steyrt-gp DiamFab is in charge o
Epe> Ei/2 Schottky Contact the epitaxial growth.
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Etching process

Lithography Evaporation DRIE
1 1 1 1 1 1 + lift-off
Resist Al Al
p- p- p- p-
P++ P++ P++ P++
o Diamond * Diamond * Diamond * Diamond -
| | |
Diamond growths done by the start-up DiamFab | Laser lithography | Metal deposition | PTA: Plateforme Technologique Amont
DiamFab reactor: | at NanoFab: I device at NanoFab: | DRIE: Deep Reactive-lon Etching

—_—— - ———— ,

I : l l : :
Diamond Growths I Lithography + I| Alevaporation + Lift-off || Etching (DRIE) + Acid
I development I treatment
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AE-E detector

ToF — eBIC experiments

Conclusions

First sample — etching checking

Microscope picture of the sample
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Introduction AE-E detector ToF — eBIC experiments Conclusions

Progress and future developments Electronic & instrumental developments

AE-E samples
Sample p++ p- Etching | Metallization | Test in
number | growth | growth lab.
1 v v v X X
2 v Workin Will be done soon
progress
1st Sample: Not planed to be used as a detector Sample electrical connection to the PCB will be

done thanks to wire bonding.
=» Etching tests done at PTA &

The FE electronic will consist in charge

: d
=>» Processing of 2"¥ sample can start oreamplifiers.

2" Sample: 15t AE-E detector developed in this PhD
=» Photocurrent experiments planed to study defaults

=>» Future experiments planed with radioactive sources
(LPSC) and under a micro-beam (AIFIRA)

11
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AE-E detector

Conclusions

Electron Beam advantages

ToF — eBIC experiments

Radioactive alpha source UV Light Electron Beam
Gnd ‘ Alpha particle Gnd ‘ \ UV light Gnd ‘ Electron beam
| I~14 um l~3 um -jj_']|~1-5 um
~500 pm ~500 pm ~500 pm
Fast current Fast current Fast current
‘ ~1[330 nm preamp ‘ "‘10#0 nm preamp ‘ “‘1030 nm preamp
Vbias {> Vbias v Vbias {>
Properties Tunable? Properties Tunable? Properties Tunable?
Energy of 1 particle Difficult Laser wavelength No Energy of 1 particle Yes
Nb of particles / pulse No Nb of particles / pulse Yes Nb of particles / pulse Yes
Injection rate <= Activity Difficult Injection rate Yes Injection rate Yes
Lateral particle position Limited Lateral beam position Good Lateral beam position Excellent
[mm] [um] [nm]
12
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Introduction AE-E detector ToF — eBIC experiments Conclusions

Standard eBIC setup

Scanning Electron Microscope (SEM) setup electron Beam Induced current (eBIC) setup
L
lgic Electron
{ beam
T ‘
§
A
| - .
NS— ) I
Ground
sample ,
® Goal: do time resolved eBIC measurements

13
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Innovative ToF — eBIC setup

Scanning Electron Microscope (SEM) setup Time of Flight (ToF) — eBIC setup
ON OFF ON
SNE 1ns 1ns
L e /A > "
3
Beam Blanker I I* e / >le t
[l
| Electron beam
Gnd *
BeamBlanker | ‘
I X £ Y J l"'l-S Lm
[\ ~500 pm
Fast current
4 preamp
sample ‘ ‘ 100 nm
. e V ias
Helium O ° v

| !

)

14
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Introduction AE-E detector ToF — eBIC experiments

Solid state ionization chamber

Charged particle
Read-out

X A | electronics

 ——
+++

| I B |
bl

Charge particle in the medium:
* |onization: electron — hole pairs creation
* Electric field = charge carriers drift

30 keV electrons =» penetration depth ~5 um << 500 pm
Study low range particles which stop in the detector
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Solid state ionization chamber

Signal shape for low penetration rate particles (like alpha ions or electrons)

Ih N
Charged particle IinducedT
x N |
d+ —{~ vV
vl T - R
hT +¥ = l‘pe E ¢
Ie A
0+ - ()
"t
"t
(b) (c)

Shockley-Ramo Theorem

[ linducea = 4 v_q) Ew ]

Charge movement induces a current on detector electrodes

16
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Solid state ionization chamber

Signal shape for low penetration rate particles (like alpha ions or electrons)

Ih N
Charged particle IinducedT
x N |
d___ [ - -1 V . .
. T S Read-out electronic bandwidth
h + = lve E‘) - t
Ie A
04— — 1y /
J7 "t
"t
(b) (c)

Shockley-Ramo Theorem

[ linducea = 4 v_q) Ew ]

Charge movement induces a current on detector electrodes

17
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Solid state ionization chamber

Signal shape for low penetration rate particles (like alpha ions or electrons)

Ih < 35
Charged particle %
'g 3
X a | =
d-— +1- —V qE: 25
th I i 1 > 2
- (v, = t
L FIWHM —e—Fit GND
I A 15 tdnﬂ
e —e—Ampl/2
0 T — 0 1
0.5
0
o 14 16 18 20 22 24 26 28
t Time [ns]
(b) )
Shockley-Ramo Theorem
Drift velocity calculation:
[ linducea = 4 Vg - Ey ] d d

Varift = =
. v FWHM
Charge movement induces a current on detector electrodes drift

18
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Conclusions

ToF — eBIC experiments

Introduction AE-E detector

Traces on a scCVD diamond at 300 K for holes

Z 20 S SO SES
[ .
'g "
= Vbias = -500 V
E 15 Vbias =-300v. |
Vbias =-150 V
Vbias = -30 V
10 o~ ~ ------------------------ Breermrrennsssnesnenen
oY NN | ST N R e rererrameee e urassesrnmsnnnna e asermssniimaniiinnns
0
I 1 1 | 1 i 1 1 1 1
10 50 60 70
Time [ns]
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Introduction AE-E detector

Traces on a scCVD diamond at 300 K

ToF — eBIC experiments

Conclusions
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Conclusions

ToF — eBIC experiments

Drift velocity and mobility

Holes

Sample Technique | uy [cm?/ (V.s)] | vsqe [10° cm/s]
E6 scCVD ToF —eBIC 2334 + 10 13.1+0.1
(this work) o source 2380 £ 20 12.1+0.1
( CESASEICS\_/F?* a source 2349 £ 28 14.1+0.3

Electrons

Sample Technique | uo [cm?/ (V.s)] | vsqr [10° cm/s]
(this work) oL source 2020 £ 20 8.2+0.1

E VD
(CE6ASEICST) " oL source 2053 £ 87 9.2+0.8

* F. Marsolat, PhD Thesis, 2014, Université Paris 6
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Drift velocity [cm/s]

N W R O ~N
|

Drift velocity for holes
Sample: E6 scCVD 4.5x4.5x0.55 mm?3

..........................................................................

x10°

Electric field [V/cm]

Fit function: UoE

Caughey & Thomas, Proc. IEEE. 33, Vari ft (E ) - —HOE
p. 1765-1766 (1965) 1 +
VUsat

1o  Low field moblity
Vsqr Saturation drift velocity

E  Electric field

21
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2D charge mapping of the detector response

Picture of a pixelated diamond

= L

Aluminium Metallization different
on the two: « Fully metallized side

e Pixelated side
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ToF — eBIC experiments
Mapping of the detector response

SEM mapping picture Mapping of detector charge response (10 h acquisition — Pixels size: 70x80 pum)

3.20 mm

0.35

Charge [pC]

0.3
Micrometric spatial

025 resolution

02 =2 Powerful
technique to study
0.15 detector homogeneity

0.1 Ongoing:
Time resolved

0.05 transient current
measurement
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Mapping of the detector response

SEM mapping picture Decrease in charge collection when moving away from the edge of the pixel
3.20 mm
L'_)' ....E ................................................. . l
& 04 P ‘ * Section 1
R | — 2 R S — - Section 2
® i i i :
S :
DL- 03 S R
O]
=
©
09_330_25 T 1 S - S AP
S 2
E ®) 02 - S SIS SN
LN
N
< 015 - S SN
0.1 A SRS S
T = S R N IR S— S S—
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Position [mm]
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Introduction AE-E detector

Conclusions and perspectives

Work done

AE-E detector

» SRIM simulations done =» 15t detector design
based on light ions (*He)

» Growth of the p++ and p- layer: done for 1%t and
2" sample

» Etching tests : done (1%t sample)

» Manufacture of the 2"9 sample : work in progress

ToF — eBIC experiments:
» First ToF — eBIC setup
» Beam parameters optimization: work in progress
» Study the transport properties of charge carriers
at different temperatures
» Fundamental outcomes obtained
» Charge mapping of the detector

Journées de Rencontre des Jeunes Chercheurs 2021

ToF — eBIC experiments

Perspectives

AE-E detector
» Manufacture of the 2"9 sample + detector tests
(LPSC setup, AIFIRA, eBIC...)

ToF — eBIC experiments:

» Make the test bench technologically accessible
(write technological instructions) =» experimental
platform open to other experiments in diamond
international community

Alexandre Portier alexandre.portier@Ipsc.in2p3.fr

Conclusions
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AE-E detector

Scientific output

April 2021

June 2021

Sept. 2021

Oral Presentation in Conferences

A. Portier, J. Pernot, M.-L. Gallin-Martel, F. Donatini, D.
Dauvergne, Time of Flight measurement using electron Beam
Induced Current on a single crystal diamond detector, 2021
Virtual MRS Spring Meeting & Exhibit

A. Portier, J. Pernot, M.-L. Gallin-Martel, F. Donatini, D.
Dauvergne, Time of Flight measurement using electron Beam
Induced Current on a single crystal diamond detector,
International Conference on New Diamond and Nano
Carbons 2020-2021

A. Portier, F. Donatini, D. Dauvergne, M.-L. Gallin-Martel, J.
Pernot, Transient time measurement using electron Beam
Induced Current on a single crystal diamond, 31t
International Conference on Diamond and Carbon Materials

June 2021

Awards in Conferences

Silver Oral Award received at the International Conference on
New Diamond and Nano Carbons 2020-2021

Journées de Rencontre des Jeunes Chercheurs 2021

ToF — eBIC experiments

Conclusions

April 2021 C. Hoarau, G. Bosson, J.-L. Bouly, S. Curtoni, D. Dauvergne, P.

Sept. 2021

Oct. 2021

Articles

Everaere, M.-L. Gallin-Martel, S. Marcatili, J.-F. Muraz, A.
Portier, “RF pulse amplifier for CVD-diamond particle
detectors”, JINST 16 TO4005, 2021

M.-L. Gallin-Martel, [...], A. Portier et al., “Characterization of
diamond and silicon carbide detectors with fission fragments”,
Front. Phys. Vol. 9, p. 732 -730

A. Portier et al., “Development of a time resolved electron
Beam Induced Current setup and characterization of single
crystal diamond using transient time technic”, will be
submitted in APL
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https://doi.org/10.1088/1748-0221/16/04/T04005
https://doi.org/10.3389/fphy.2021.732730

Thank you for your attention!
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Diamond growth by Microwave Plasma enhanced Chemical Vapor Deposition (MPCVD)

Antenna REACTANTS
2.45 GHz : ml ]
microwaves : ] H, + CH,
Vacuum window i i
[ ACTIVATION
Gas in ———> H e, heat | H
Plasma 2 Microwave
Observation Substrate
window > | FLOW AND REACTION
- S . A g
To vacuum 5' P .~ | R-Finduction A 2 A .‘;Diffusions.;.}..:?i..:} .......
pump i heat coill |
L1 | SUBSTRATE
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Stopping power vs particle energy

[a—
-
-

Stopping power [MeV cm?/g]

=J IIIIII|

Anderson-

H;‘:\

Ziegler
Bk Radiative .
23 cffects Eye
—= O =y 0 N L. —
10 = e reach 1% 7 Radiative -
- Inimum losses ]
B lonization { ___________ i
- Nuclear _“_f ________ t ......... ’
,l losses o= Without &
1 | | | | | |- | |
0.001 0.0l 0.1 1 10 100 1000  10% 10°
By
| | | | | | | | | |
0.1 1 10 100 1 10 100 1 10
[MeV/c] [GeV/c] [TeV/c]
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Muon momentum
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Drift time calculation using Generalized Normal Distribution to fit the Waveforms

0.6

B=0.5 — Wikipéda picture

-
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o
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Density
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of:
g_,_

Time [ns]

Variable: Fit parameters:

8 t Time const
/'l ‘

V(t) = const - exp {— (lt_”l

a

p

Maximum amplitude

Scale parameter ‘ [tdn-ft — 2q -1n21/B ]

Shape parameter

Position parameter
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https://fr.wikipedia.org/wiki/Loi_normale_g%C3%A9n%C3%A9ralis%C3%A9e

