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Additive manufacturing potential

High spatial resolution (=hundreds of pm) multi-material fabrication by 3D printing could allow intricate
structures for gaseous detectors. Insulating and conductive printed plastics could enable the fabrication of
fully 3D printed radiation detectors.
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Additive manutacturing techniques

Avallable 3D printing techniques o

material fabrication including elect

functional structures.

Fused deposition modeling (FDM)
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—used deposition modeling

3D printed ionisation chamber and strip anode



lonisation chamber

Gas volume with embedded plate electrodes with 2.4 cm separation was printed. Conductive structures were
used to electrically contact electrodes from outside of the gas volume.
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Strip anode

A strip anode with an active area of 10x10 cm2 was 3D printed wit
an insulating substrate. Electrical contact was made through the st
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nkjet printing
3D printed THGEM structure
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orinted THGEM

K Gaseous Electron Multiplier (THGEM) detector prototype was 3D printed with dual-material inkjet

ogy. The device features two sectors with different hole diameter and pitches and an active area of

approximately 5x5 cmz.
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3D printed THGEM hole quality
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3D printed THGEM electrical testing

he two conductive electrodes are electrically separated with high impedance.

Applying excessive voltage differences between the two electrodes leads to destructive discharges which
can have permanent etfects.
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3D printed THGEM optical images
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3D printed THGEM optical images
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3D printed THGEM electrical signals

Operating the 3D printed THGEM as preampfification stage above a double-GEM detector, pulse height

spectra of X-ray events from an %5Fe source were recorded.

The acquired spectra show that there is transmission of e

ectrons through the THGEM and a trend towards

higher signal amplitudes for higher voltage drops across the THGEM. However, both transparency and
charge gain are low for the achievable potential difference between the top and bottom electrodes of the

THGEM before discharges set it.
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Conclusions

Additive manufacturing technigues may enable novel detector geometries and approaches to detector
development. Resolution and multi-material capabilities are key requirements tfor 3D printing function
radiation detectors.

Fused deposition modeling permits composite conductive and insulating structures but the achievable
spatial resolution is low. A 2D readout strip anode was 3D printed and used in a GEM-based TPC.

Inkjet 3D printing with nanoparticle inks offers high spatial resolution and conductive inks enable printing
of low-impedance conductive structures. High-impedance insulation between separated electrodes was
achieved.

First functional radiation detector prototype was 3D printed and operated. Using an Ar/CF4 gas mixture,
a 3D printed THGEM prototype was optically read out.
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