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Diamond

....are a girl's best friend © Marilyn Monroe
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CERN/DRDC 94-21

- Diamond has been studied by RD42 DRDC/P56
. : May 511994
collaboration for 29 years(!) for tracking
] ] ) R & D Proposal
and beam-monltorlng devices. Development of Diamond Tracking Detectors for High

- Successfully deployed diamonds for beam Luminosity Experiments at the LHC
monitors in ATLAS, CMS

 Large-area tracking devices have not been RD42 Organization Chart

Harris Kagan, William Trischuk
Params E6
H. Kagan W. Trischuk
3D - - 1I-VI

Diamond: RD42 collaboration

- Could get new momentum due to
access to different tools and expertise B I R —
ATLAS Pix CMS Pixel ATLAS CMS CERN PSI LANL JSI/LU
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Diamond Properties

Property Diamond Silicon

band gap 5.47 1.12

mass density [g/cm?3] 3.5 2.33 i _
dielectric constant 5.7 11.9 b = :—‘{
resistivity [Qcm] >101 2.3e5 I y A |
breakdown [kV/cm] 1e3..20e3 300 | N\ I
e mobility [cm?/Vs] 1700 1400 : ~ .'
h mobility [cm?/Vs] 2100 440 | |
therm. conductivity [W / cm K] 10..20 1.5 L/ |
radiation length [cm] 12 9.4 %’ gl !
Energy to create an eh-pair [eV] 13 3.6 M T
ljonisation density MIP [eh/mm] 36 s’ ¥ Nes—omETT

ion. dens. of a MIP [eh/ 0.1 %0 X,] 450 840

— Low dielectric constant = low capacitance

- Low leakage current =» low noise

— Room temperature operation —MIP signal ~2 smaller at same X,
~ Fast signal collection time —Efficiency < 100% (pCVD)
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RD42 Development goals

Growth-Side

LN ) : ® @
m removal of surface defects A M A
m few percm? — <1 per cm? 4 i b et
CED DO OB O
. . . t /s0ecases0
= wafer charge collection distance (d) in pCVD bty
00 @ \
= 400 um — 500 um Mﬁi‘i*‘
; W :
m size of pol talline wafers = 15cm (6 inch) state of the art )
S1z€ Of polycrystatine ( ) Substrate-Side poly crystal 5 inch wafer, II-VI Inc.

m Fixed by microwave frequency (not expected to change)
m Today two main manufacturers of detector-grade diamond Number of Entries

= ElementSix Ltd Uk (also small single crystal diamonds) o; i
= [I-VlInc. USA S0 S S O FO I SN W SO A -
: = =
= wafer uniformity Relation between e S A A R g =
» 5% — 2% across whole wafer. CCD and schubweg A:  _F= o s S
. 5 =4
m price per cm? i = S5
= ~1500USD / cm?2 — 800USD /cm? ¥ N - =
os-/ CCD=2X1--(1-¢%)) =
0.4 t _ =
0.3 % z =
0.2 ég (é
01 =
0 I1 2 :Ii 4 5 5] —
A
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Radiation Hardness

m Scaling to 24 GeV protons

1 I 1 1 | LI 1 1 I I | | 1 I 1 I | L)
| RD42 e 024GeV proton |
= 0800 MeV proton
o T0 MeV proton
Fast neutron
* 0200 MeV pion

m Universal scaling for all particle types with fluence.

m Poly and single crystal diamond show consistent 10*
damage constants.

T T T TTTTT]
Lol

m Predictions are possible for any particle type and

fluence. g 103;‘ 3 E
® Traps reduce the life-time of charge carriers, or - - & -
“Schubweg” (A). il . E
"Back-of-an-envelope calculation, expect Schubweg of: B %4 i
A~ 16um at 1017 cm-2protons_24 GeV_eq i e
10 0T T e w0
m Affer large radiation fluence all detectors are trap limited $24GeV peq (P/cm®)  x10'°

® Mean free paths (Schubweg) A< 50um
®m Need to keep drift length (L) smaller than mfp(A)
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3D Diamond Detectors

| aser graphitiz ation : charged particle readout charged particle
13 H ” H . = h»
= Laser processing allows any burning” the diamond N TR i B
geometry, including horizontal wires. with a laser, creating a % L D D =
o o o thin layer of graphite, 41 l l bias l L -
m Exiting possibility fo opfimize the which is conductive. nre s

-

electric and weighting field.

m Small cell sizes realizable, wire diameter _

at about Tum.
m Simulation studies currently ongoing

m Future research in this areaq:
m Optimize geometry

m Resistivity: currently at (1 -0.1Qcm),
aim for <0.1Qcm.

® Processing speed: currently O(10um/s),
aim to speed up and/or parallel
processing of wires.

m Wire thickness / uniformity: Littfle data
available, needs more research effort.
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m TPA-TCT demonstrated

m PhD thesis Univ. Zurich [1]

[1] https://www.research-collection.ethz.ch/handle/20.500.11850/445547

®m More accurate ionization profiles possible using same beam
shaping techniques as in production of wires.

m Research is needed to fully exploit technique for
characterizations

Few radiation hardness data available, but

promising:

m Compare signal loss in 3D pixels to published results
from planar

= 3D sensors collect twice as much charge

Relative Signal
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Irradiation of pCVD diamond with 800 MeV protons: 3D vs Planar

RD42 Preliminary

= Planar pCWD

-

Fluence (1/cmf)



Silicon Carbide
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Interest In SIC: old and

- Material known in principle for 100 years
- Investigated as detector material within RD50
already 20 years ago
- |. Pintile [1], F. Moscatelli [2], F. Nava [3] and others
- Recently got attention because of European chip
industries’ interest in the renewable energy
revolution:
« Power-efficient transistors in power supplies

- Photovoltaic inverters
- Electric car drive train

- Higher quality material

- Re-gained interest
« SIC-CMOS process offered by Frauenhofer IIHS; two

o [1] 10.1063/1.3457906
MPW submissions per year [2] 10.1016/}.nima.2005.03.048

[3] 10.1109/TNS.2004.825095

(@nen :Sn;igéég Technologies AG @ e X

20 I 9 -2' @ Great news from our silicon carbide business for electric vehicles: ipl it

We are about to partner with Stellantis and have signed a
Memorandum of Understanding for multi-year delivery of CoolSiC™
chips. These chips will power more than 10 million battery electric
vehicles from European and American Stellantis brands.

new

(Source: Po )
@ <0V (man e "We firmly believe in electromobility and are excited to develop

partnerships with leading automotive companies like Stellantis that

Phatovolatics + s ; : h ;
o make it part of people’s everyday life," said Peter Schiefer, President of

our Automotive Division. ¢¢ 25
; 562M
® 3'”_' ) Silicon carbide (SiC) chips help to increase the range, efficiency and !
@ Motor drive performance of electric vehicles.
@ UPS L
@ Others (wind, ¢ We are already on our way to meet the growing demand for our leading k.
CoolSiC™ technology. In 2024, Infineon's new fab for SiC technologies ‘ll.

will start manufacturing in Kulim, Malaysia. It will complement existing
manufacturing capacities in Villach, Austria.

........
- .

To know more, visit = https://scom.ly/KNVx0aY i
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#Infineon #Stellantis #ElectricVehicles #SiliconCarbide #CoolSiC
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Silicon Carbide Properties

Property 4-H SiC Diamond Silicon .
band gap 3.26 5.47 1.12 ° 29 o
mass density [g/cm3] 3.21 3.5 2.33 osi o, |
dielectric constant 9.66 5.7 11.9 °C oo WP
breakdown [KV/cm] 1 4e3;3e3 1e3..20e3 300 oo o, "o g0
e mobility [cm?/Vs] 1 800; | 900 1700 1400 S || o®|°
h mobility [cm?/Vs] 115 2100 440 LA .B AL L* LAkl &
therm. conductivity [W / cm K] 4.9 10..20 1.5 0% ¢ 660 oS0
Energy to create an eh-pair [eV] 7.6 13 3.6

lonisation density MIP [eh/mm)] 57 36 89

— Many properties in between Silicon and Diamond
- Pros: I
— Commercially available 6” wafers o
- Cons:
— different polytypes, anisotropy
— Active volume limited by high-resistivity epi layer
— Epitaxial layer thickness is limited by increasing defect density (< 200 um) -> 3D, LGAD, etc...

-

150mm wafers
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Current work on Silicon Carbide

Isolation dielectric ~ p+implant Front metal Passivation
Si0z#Si0, CVD contact pad | Al Ti+AlTi+W

- Production runs by CNM, on 50um epi p-on-n wafers

- Runs on 4” wafers, new run on 6” substrate imminent (alSO  sceptay w0 L 5el4/cm® Bodk
100um) :

« Commercial wafers by Ascatron AB, now II-VI Inc. —

« Studied at CNM and HEPHY « — TN

- UV-TCT, Alpha & beam response, TCAD Simulations,...

« Graphene layer
p y https://indico.cern.ch/event/843258/contributions/3610707/att

achments/1929388/3195251/02 Petringa.pdf

- SICILIA project (INFN-LNS Catania) [1] %
« Processing at STMicroelectronics o 034m N0 g &
- characterization at INFN ﬂ 2

- Activities in China (IHEP Beiing, JLU, DLUT, B — _
ShanghaiTech) shown in recent RD50 meetings e A NPT T
- Sample production, characterization imp P :: aas
« Simulations (RASER: https://pypi.org/project/raser/) i aed HE
° FII’St SIC_LGAD 350um N+ 4H-SiC sub EE EEE
[1] 10.3390/518072289 T H | E H
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UV-TCT on Silicon Carbide

Trigger I

- “Top/Edge” TCT: UV laser needed to

overcome band-gap

« 370 nm PILAS Laser @ HEPHY and CNM
« Absorption coefficient in 4H-SIC: a=42.2 cm™
similar to 1060nm (IR) laser in Silicon

« custom UV beam optics, spot size < 20 ym. @

- Laser intensity calibration to MIP with Sr-90 E )
challenging due to very small signal ;

- Signals of samples distorted without
metallization due to low conductivity of implant

500 [EEEEE.

(RC-circuit)
- Recovered by graphene layer

Passivation

.0
335 330 325 320 315 31.0 305 300 295 2000 1500 1000 500 0 -500 -1000
¥ [mm] X position [um]

=% HEPHY

l. Lopez Paz
41st RD50 meeting

I Passivation
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TPA-TCT on Silicon Carbide

i A1 NL M
. C \__800
- CNM samples non metalized Lase 0 I I—\m ;
. r
- Depletion zone grows as expected M 2
I< I 400n Wideband current
m amplifier

Ref.

cividec ”
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https://indico.cern.ch/event/1223972/contributions/5262058/attachments/2603339/4495686/2023-03-02_TREDI18-
FINAL.pdf
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Silicon Carbide

- Recently studied under neutron
Irradiations
» 1E15 ng,,cm2 has CCE 30-40%
» 1E16 ng,ecm 2 shows CCE of <20%

- Not fully depleted

- Would need > 1100 V bias which is a
challenge for the current TCT boards

 Previous study shows higher CCE for
proton irradiation

- Earlier studies:

« Higher signal for p-irradiated rather
than n-irradiated shown

- Materials defect study needed!
« TID irradiation shown earlier

ECFA
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Radiation Hardness

UV-TCT and Alpha (HEPHY 2022

@ 1x10% ngg/cm?

-@- Alpha -

T
@ nonirradiated

TPA-TCT (TREDI2023 — C. Quintana, I. Vila):

1201 @ 5x 10 neglcm? -¥ uvTct 1

® 5 x10% neg/cm?
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DUT:
—J— 1MW2 (0.0e15 neq)
—J— KB6W1 (0.5e15 neq)
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J 5 i
[ F. Nava et al., NIM A 505 (2003) . ]
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0 40 80 120 160 200 240 280 320 4 T " . " T d . 4

REVERSE BIAS (V)

100 300

700

Reversa Bias (V)

WG 6 DRD3 Community Workshop, 22-23 March 2023, CERN




SiC charge amplification in forward PRD3

- Diode behavior vanishes for irradiated samples and material becomes “intrinsic”

- AlImost a X10 increase of the signal for 1e15 neqg/cm2
« Not visible in Alpha measurements hints to amplification effects on the backside

TPA-TCT UV-TCT Americium-241 Alpha
6' 200 C : : : HEPHY ¢ Measurement o FLl.ll:rr:::iated 30 HEPHY
= - : : interrupted by
— 100 500 1 compliance *
@« - 1E15
— ® 1E16
LI‘_'J 0F —— 100 % CCE 25
T = 400 . -
o -100 = S0
= - “ E
@ -200F ! 3001 . o
5 = : S 15
L 1S m
- * 200 Q
—400F ° 10
- °
- L]
-500 = 100 ] e®e e 5
e T e N P 1L R g
~600F HNORTLLL
= : : : : g : : : | ®ee®e0so0esseececee "A..QQQOQQO-ooooo-oo
_700 L L L i 1 1 1 i L L L l 1 1 L i ' L 1 | 1 1 L I L 1 1 | L L I I 1 0 0
0 20 40 60 80 100 120 140 160 -1000 -750 500 -250 0 250 500 750 1000 —400 —200 0 200 400 600
Z [um] Bias Voltage (V) bias_voltage (V)

- Work in progress: New effect opens the door to new ideas
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SiC-LGAD

- Implement a gain layer into Silicon Carbide ;3 205‘
to mitigate the small signals = 1o

1/C? [pF?)

- Technological challenges: ¢
- Only n-type substrates available> N-LGAD or— ShA
- Deep gain layer implant needs very high energy or epitaxy .
« Progress at Nanjing University (NJU): Collected charges spectrum for v2
- . Qi . . 100 -
. v?. verify the process for 4H-SiC LGAD, but no high gain % U200V Tao Yang
signals are observed. 80 P U =500V 40th RD50
- v3: gain <5 observed, with large signal spread. Early . t
breakdowns R "
. . . . . . . [&] igh Energy lon Imp Epi Growing
- TODO: optimized v4 optimizes production by NJU is in ;g ///
 Gainlayer
progress... 20 T
10 Silicon 4H-SiC
- Recently established a new RD50 common b 2"” ‘;"d :" 80 “:0 ‘;“ ;‘” |
. . olliected cnarges spectrum jor v.
project for SiC-LGAD (HEPHY, CNM, CERN, et 4 Doping
Perugia, Santander, NIKHEF) o =
. . e i 1017 _Silicoin
- 2 - 4H-SiC
] ] .. . T e 74| Wi I T A [ S S b
- TCAD simulation needed to optimize gain layer P A ,,Jsf’w ! 106 /\
structure CET Al e
- Lack of proper material description in Synopsis :: J‘ | P ———— i \ Depth
TUE200V
Wi N ORI st i o =

o “1-_-_9__99_._.3_59::_490.‘.:«550::1500 vana Tao. 39t RD50 workshon

ECFA 3 i > - Collected Charges [fC]
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Gallium Nitride
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Global GaN Industry

", Global deployment of GaN technology is significant

Communications — cell phone chips, 5G base stations, LEO satellites, VSAT, wireless chargers

« Automotive — LIDAR for autonomous vehicles, power switch for hybrids/Evs, power distribution
« Aerospace — power amplifiers, radiation-hardened RF electronics

« Military and defense — radar, military communications, electronic warfare

« Oil and gas, geothermal power generation

(@) (b) (d) (e)
|dentify industrial partnerships — industry is far ahead with GaN applications
Hﬁ%ﬁﬁﬁ GAN SEMICONDUCTOR DEVICES MARKET SIZE, 2021 T0 2030 (USD BILLION) r GAN SEMICONDUCTOR DEVICES MARKET SHARE, BY END USE, 2021 (%) ,
2 §193 3
il 2 | o | oo | oo | o s | 2o | PR JEARGHIE SN cLevhonCs comimeanon dcvice

E C F ;g TECHNOLOGY © PRECEDENCE RESEARCH

Source: www.precedenceresearch.com ‘

Fiironean Committee for




Gallium Nitride Properties

Property GaN 4-H SiC Diamond Silicon
band gap 3.39 3.26 5.47 1.12
mass density [g/cm?] 6.15 3.21 3.5 2.33
dielectric constant 8.9 9.66 5.7 11.9
breakdown [kV/cm] 5 143 1-20 0.3

e mobility [cm?/Vs] 1000 1 800; 11900 1700 1400
h mobility [cm?/Vs] 30 115 2100 440
Saturated e drift velocity [107 cm/s] 3 2 2.7 1
therm. conductivity [W / cm K] 1.3 4.9 6..20 1.5
Threshold displacement energy 18-22 20-35 35 13-20
Energy to create an eh-pair [eV] 8.9 7.6 13 3.6
lonization density MIP [eh/mm] 57 36 89

- Similar, but a bit higher bandgap compared to SiC
- High-Z material suitable for X-ray and gamma-ray detection
- GaN has higher electron mobility compared, e.g. to SIC

- Many GaN radiation damage issues still not understood
« Asymmetry in carrier removal rates in n- and p-type materials
« Poor understanding of interaction of radiation defects with dislocations, dopants, annealing

ECFA E Ox 2 72 ' il L WG 6 DRD3 Community Workshop, 22-23 March 2023, CERN
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Gallium Nitride

- GaN is grown on SiC or sapphire substrate
« high density of threading dislocations in the GaN epilayer,

Sapphire substrate

- Commercialization of GaN detectors for ionizing radiation final stage S0y Coslescorms bound
detection is still impeded by the lack of high-quality materials T s
- Dislocation defect density due to growth on lattice mismatch \N[‘—’/ o
substrates results to further deterioration 06 mm
- Loss of carriers due to capture by deep traps decorating dislocations
« Better GaN growth methods holds the key to the future: P —
- Better photoelectric performance will also improve radiation hardness https://doi.org/10.1016/j.nima.2013.04.019
- High-temperature operation will also improve radiation hardness 1.0
+ Allow large-scale production, 8"+ wafers, material development _ o8] o
E gg /i/ —o—cce (Pu)
- GaN as Alpha and Neutron detector demonstrated : 0 oot
- Sandwich structure grown on HVPE free-standing bulk GaN e /
« Schottky contact on Ga side by depositing circular Ni/Au pads ° o0

0 20 40 60 80 100 120

Bias(V)
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https://doi.org/10.1016/j.nima.2013.04.019

GaN Radiation Hardness

/ Guard King \ — Detector material Irradiation luence CCEpax
Plad conductive paint f %o )
. . . . ¥
- Studied within RD50 in 2007 (GlangW & I IE:imiaILaNl I GaN12 Unirradiated 54
V|In|us) [1] n - GaN buffer ~ 2um thick ‘ gdﬁi Ejzpcm ? ;g
2 a nem?
- wafers obtained from Tokushima University Japan, / GaN45 Unirradiated 97
and from LUMILOG, France il Galas 0% pom 13
. . ’ . . . 4 GaN45 10 nem 2 42
« 2 inch diameter, 12 mm thick epitaxial 25um epi Sin-type  Unirradiated 100
25pm epi Sin-type 6 x 107 pem 2 82
25um epi Si n-type  10'® nem—2 86

- Radiation-hard HEMT Fabrication
« High Electron Mobility Transistor: heterostructure
AlGaN/InAIN barrier on GaN

1E+00
== ]ds pre-neutrons, Lg=500nm chip2

= |ds post-neutrons, Lg=500nm chip2
1E-01

-=-=--pre abs(Jgs)
L. . . ====post abs(Jgs) I
- Mobility ~2000 cm?/V-s — high-speed devices derronse 19%
- Density ~103cm=2 — high-current devices
1E-04 Jds = 2.80 uA/mm

Jgs = 2.89 uA/mm

l

?

N\ -
S -
| ~—— ="

- GaN FETs still perfectly functional after
~10%8n,/cm? protons irradiation [2]
« Studied at RAL/Birmingham for ATLAS ITk

-

1E-05

1E-06

1E-07

‘Nucleation I AIN spécér. } rAlGaN | 1 GaNjeép j::;g:; Ef\;nm"m
[1] doi:10.1016/j.nima.2007.01.121 Ay
[2] 10.1088/1748-0221/15/05/C05003 Schottky fabrication on-going at NRC and CNM
ECFA "< B g i WG 6 DRD3 Community Workshop, 22-23 March 2023, CERN 22
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2D Materials
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2D materials

Graphene — the perfect atomic
lattice

- Incredibly rapid and surprising
developments, mainly in photonics:

« CMOS-compatible graphene
photodetector (Nature paper) [1]

« Graphene photodetector using FET
transistor modulated by light [2]

Graphite

Waveguide

[1] 10.1038/nphoton.2013.240
[2] 10.1021/acs.nanolett.6b03374
(https://www.graphenelabs.at)

/
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Biosensing, strain, blood pressure,...
- https://grolltex.com/graphene-sensors/
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https://www.graphenelabs.at/

Graphene properties:
« Ultra-thin, High mobility (x10 Si), good thermal conductor,
flexible, gain possible, integrable etc...

« Graphene (or other 2D materials) in radiation detection charge in the semiconductor substrate below
graphene, which produces a local change in the

* New ideas for direct detection of radiation are necessary.

 Radiation hardness not clear.

 Try to understand possible applications
— No clear/easy solution.
— Fun to look at new things (many 2D materials available).
— Low costs to get started.
— High potential.

K. Geim and K. S. Novoselov, The rise of graphene, nature materials VOL 6 MARCH 2007.

Si

s SLG flake

The resistance of graphene changes with induced

Ambipolar Field Effect (transistor)
(1)

NS

®

<—graphene

vgaw —
Back-gated GFET

M. Brener et al., Innovation in Radiation Detectors: New Designs, Improvements, and Applications, Transactions of the American Nuclear Society, Vol.
104, Hollywood, Florida, June 26-30, 2011.
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Summary: Synergies, differences, limitations
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- Beam Position/Intensity/Loss monitor
« Alternative to diamond

- Nuclear Fusion:

« High-temperature compatibility allows particle
detection in plasma and fusion

- Aerospace/satellites
« Sensors and electronics (e.g. SIC rectifier diodes)

« X-ray detectors
- Medical Applications (tissue equivalence of SiC)

- Medical imaging, FLASH radiotherapy
« Micro-dosimetry

Generate more funding than HEP

-3

Cividec

Therapeutic window

' ’
- Tumor control (TC) ¥,--F~, y/ / complication (NTC)

'
)
/ Normal tissue

"
/. TCwithout NTC
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= =
(=) (=)
© C
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S

HEPHY MedAustron
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WBG Challenges: Material

- Material engineering My wishes:
. - : « Strategic approach for
Larger wafers, thlc.ker epi Iaye_rs | collaboration with wafer
« Lower defect density, study microscopic defects industry (using “CERN-label
(TSC for WBG needs high temperatures) power”, similar to HPK
« High-resistivity substrates contracts for ATLAS/CMS or

TSMC contracts for CMOS

- Radiation hardness and annealing to be understood electronics)

- NIEL valid?, >1E16 not even understood for Silicon

« Common readout

: : _ electronics: high-bandwidth
- MIP detection by different concepts: amplifier electronics (readout

3D (diamond), impact ionization (SiC) boards for ultra-fast TCT)
. Rate capabilities similar to Caribou
- Study timing properties
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WBG Challenges: Simulation

- WBG Materials are poorly implemented in most material databases

« NOTHING can be taken for granted when simulating non-silicon material

- Parameters missing like bandgap narrowing, mobility models, permittivity, SRH, laser absorption
coefficient,.... 2 need to be determined experimentally if not “common knowledge”

« Synopsis TCAD mixes up different SiC polytypes and does not consider anisotropy

- Lack of Synopsis built-in models for pCVD diamond: traps, polarization, polycrystalline CVD diamond,
grain boundaries, graphitic wire simulation

- Silvaco includes existing GaN models — including process simulation

- Convergence issues for WBG due to low charge carrier densities
- Suffer from numeric precision of simulation

- Radiation damage models need a lot of input (trap and defect levels,...)
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Technology Readiness Level

Summary

Economic Wafer availability Current status
; — ; System Test, Launch m
Diamond Jewelry ©, Polycrystalline RD42: very mature 9 (planar) & Operations TRL9
power 1500% / cm? project; 5-7 (3D) —
electronics, New momentum System/Subsystem TRL 8
quantum by 3D laser milling Development —
computing (amorphisation) TRL7
Silicon Power 6” @ $2-7k depending Studied 20 years  4-7 .I;Tr::r?;ﬁ{inn
Carbide  electronics on epi-thickness (20-  ago; Now new — | —
(European 200um) momentum due to
industry!) large low-defect Eﬁ'&?ﬂﬁ%t
wafer availability
Gallium HF and opto $10k per 2” wafer Wafer diameter 3-5 Research to Prove
Nitide (LED) and substrate Feasibility
engineering
2D Opto- Monolayer graphene 1-2 E::;L“a‘r;“.f hnology
Materials electronics on 8-inch Si/SiO2:
$865
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Fin.

Backup slides follow
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- Characterization by different methods to understand
material properties
- ionization density MIP: 57 e/h pairs per um *
- lonization energy: €SiC=7.6 "

« Fano factor = 0.103 "
Y measured at HEPHY

Proton Beam at MedAustron:

— signal Landau fit measurement MPV charge |

signal with cuts applied

800 MeV protons
SNR=1.67

Charge |ke]
Abundance

Energy [MeV] Proton beam energ
WG 6 DRD3 Community Workshop, 22-23 March 2023, CERN
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Mixed Alpha Source (Am-241, Cm-244, Pu-239)
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SiC charge amplification in forward PRD3

- Diode behavior vanishes for irradiated samples and material becomes intrinsic
« CCE in “forward direction” >100% compared to reverse visible in TPA-TCT and UV-top TCT
« Not visible in Alpha measurements (charge deposition on surface)

F2W1 (1.0e15 neq/cm2) Forward-Reverse comparison Integrated Signal Area at Laser Tune 0%
LGAD12 5E14
o 200 E ¢ Measurement N E:?;;:iated peak_area [mV ns], average
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b2 F e 1E16
el oE | —— 100 % CCE
"y B 400 . 25 ot
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8 200|500 ’ g /|
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c .hnﬂ
—6003— """ :g o e00ctceccccscteses T seesessestestences ° —400 -200 0 200 400 600
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Z [Um] Forward Bias — s
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© Y N s Y W At I NI N o AN 0.008 S :0?
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E o5 of-the signal for|1el5 neq/cm2 et e
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Time [ns]
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Electrons

Resdance Tima Eictrons 2 90V ¢

m | ack of build-in models,
especially pCVD and traps /
polarisation in current TCAD tools
being addressed.

m Need effort to improve
simulations:

m polycrystalline CVD diamond,
grain boundaries.

Resstance Tme Electrons 3t 90V

Electrons
e e oo e e et ey

m graphitic wire simulation

® radiation damage

B new geometries

E pe | i
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TCAD

i
OAW ZE I
SCIENCES - HEPHY
INSTITUTE OF HIGH ENERGY PHYSICS
——

4HSiC parameter file, current status
— Searched and implemented literature values from >30 sources

— Mostly HEP publications + diploma theses
— Anisotropy considered as good as p0551ble (marked with ¥)

Band structure Recombination
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GaN as detector

https://doi.org/10.1016/j.nima.2013.04.019

- Alpha detector
« Sandwich structure grown on HVPE free-standing

bulk GaN
« Schottky contact on Ga side by depositing circular
Ni/Au pads
- Neutron Detector 10
_ _ 0.9
- Thin-film coated neutron converter (a) 3 0%
- Converter incorporated through doping (b) 2 oY
T 04!
§ 0.3
) (a) B In.direct-Convertsion1SGLi) n . 4. n\‘ 8 8?:
124 —— Direct-Conversion (' 'N) :::... .. .... 'I.I!.. ...... .. : . ‘*._ N : 00
10+ = @ -I!-‘_' o
: . cHac .
g 8- ® ® ® @
(é 67 (a)Thin-film-coated structure (b)Solid-form structure
1 Metal contact e Neutron converter
1 GaN e Charged particle
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https://doi.org/10.1016/j.nima.2013.04.019

SIC Timing Capabillities

Time Resolution vs. Bias Voltage for SiC 24 1 (no metalization), Bias Voltage 400.0

® Fit B
ol 4 UV-TCT @ HEPHY AT *
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