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Design of a Diamond Camera for TCV
DIAMOND DETECTORS FOR UV-SX DETECTION

Layer size:
3x3 mm?

I-V characteristics
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CVD diamond photodetectors for FTU plasma diagnostics, S. Cesaroni, M. Angelone, G. Apruzzese, F. Bombarda, L. Gabellieri, M. Marinelli, E. Milani, S. Palomba, G. Pucella, A.
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Vacuum interface

15 diamond
photodetectors

Chassis

Dlamond Camera Protective box

Marginal ray

Front-end electronics:
8-channel CAEN amplifier

+ single FEMTO modules
62mm
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THE DIAMOND CAMERA FOR TCV

Single solid angle:
Chief ray 0.08 x 0.14 sr
Marginal ray 0.06 x 0.14 sr

Etendue:
Chief ray 0.021 mm?sr
Marginal ray ~0.016 mm?sr

Total field of ~52,3 deg
view (a)

Slit — Detector | 62 mm
plane

Slit aperture 7,7 mm?

Detector area | 10,8 mm?2

Toroidal Geometry
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THERMAL ANALYSIS - BAKING @250 °C
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B: Load
Temperature
Type: Temperature
Unit: °C

Maximum Over Time s
Max: 91.47
Min: 25
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THERMAL ANALYSIS - NBI+ECRH

70.00

B: Load
Temperature 2
Type: Temperature

Calculations performed with oo Sl Tivet
Max: 39.496
a thermal load of 0.17 W/mm? win: 25
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B: Load
Temperature 3
Type: Temperature
Unit: °C
Time: 1200 s
Max: 26.037
Min: 25.473
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CONCLUSIONS |

» Studies have suggested the use of diamond photodetectors in diagnostic systems
located close to the plasma as replacements for other semiconductors, particularly Si
diodes, owing to their material properties and extremely fast response.

» An array of 15 diamond photodetectors has been designed, and its manufacturing is
nearing completion. Installation is planned for 2027, in line with the TCV machine
timeline.

» Data from the TCV Diamond Camera will be benchmarked against measurements from
other diagnostics available on the machine to exploit the capability of diamond
photodetectors of providing complementary information on the observed plasma
phenomena.
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= ‘ ‘ Number of detectors 15

=—"1: |l [ - Poloidal field of view single ' ¢ Chief ray:~ 4,5 deg
| i * Marginal ray:~ 3,6 deg

il | S Toroidal field of view single |~ 8,0 deg

it | e T Total poloidal field of view  ~52,3 deg
Slit — Detector plane 62 mm
Slit aperture 7,7 mm?

i [ Detector area 10,8 mm?2

i ' . Solid angle slit 2 E-3 srd

1 i 7 | , Etendue * Chiefray: 0,021 mm?2sr
| : ¥ * Marginal ray:~ 0,016 mm?sr
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THERMAL ANALYSIS — NBI+ECRH

m

Labit, B et al (2019). Dependence on plasma shape and
plasma fueling for small edge-localized mode regimes in
1350 TCV and ASDEX Upgrade. Nuclear Fusion, 59(8), 086020.
https://doi.org/10.1088/1741-4326/ab2211

Above the equatorial
line the load is between

50-100 kW/m?
250
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Area:
50 NBI — 1 MW LFS = 11218592 mm?
ECRH —-14+0,9=23MW HFS = 5802720 mm?
— 4 MW Top = Bottom = 3094784mm?
R@[cm] Area = 23210880 m?2 = 23,2 m?

Nespoli, F. et al(2015). Heat loads in inboard limited L-mode Q =P/A = 4MW/23,2m? = 0,17 MW/m?

plasmas in TCV. Journal of Nuclear Materials, 463, 393-396. _ 5 _ 2
https://doi.org/10.1016/i.inucmat.2014.11.137 Q =170 kW/m#= 0,17 W/mm
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