
Update on the development of UV-MCP detectors at IAAT
Lauro Conti, NUVA eMeeting, October 27th, 2021

Faculty of Science

Institute for Astronomy and Astrophysics



|  2Lauro Conti | © 2021 University of Tübingen | Update on the development of UV-MCP detectors at IAAT | NUVA eMeeting October 27th, 2021

Outline

1. Introduction

2. Detector Design

3. Detector-head production

4. ESBO DS - balloon mission



|  3Lauro Conti | © 2021 University of Tübingen | Update on the development of UV-MCP detectors at IAAT | NUVA eMeeting October 27th, 2021

Space Heritage

ORFEUS-SPAS Missions (1993 + 1996)

Photon-counting microchannel-plate (MCP) detector

- Resolution: 1k × 1k pixels

- Mass: 9.5 kg

- Count rate: 30000 /s

- Spectral range: 90 – 140 nm

- QE: ≈ 20 % at 103 nm
ORFEUS detector

Echelle spectrum of 

HD 49798 gained during 

the ORFEUS II mission
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Development specifications

Next-generation IAAT UV detector

• Detector for imaging or spectroscopy in the UV

• Photon-counting (→ jitter correction)

• space-qualified

• noise dominated only by photon statistics

Resolution 2k × 2k pixels, 39 × 39 mm sensitive area

Wavelength range 92 – 400 nm for open detector possible

Read-out electronics FPGA based design, new version with European NanoXplore FPGA planned

Weight 3 kg (detector head, high-voltage supply, and read-out electronics)

MCP lifetime > 7 C/cm2 (Incom ALD-MCPs) → at least 10 years



|  5Lauro Conti | © 2021 University of Tübingen | Update on the development of UV-MCP detectors at IAAT | NUVA eMeeting October 27th, 2021

Applications

ESBO DS project: European consortium led by Institute of Space 

Systems, Stuttgart (IRS)

• Stratospheric balloon-based platform (38 – 40 km altitude)

• 50 cm telescope for imaging, details see Pahler+ (2020)

- UV channel 188 – 330 nm

- VIS channel 330 – 1000 nm

TINI project: led by Indian Institute of Astrophysics (IIA) 

• Open detector, small instrument (580 x 300 mm), 100 mm mirror

• 92 – 180 nm, spectroscopy, spectral resolution 0.1 nm

CAFE project: led by Purple Mountain Observatory, China

• Narrow band imager for O VI (102 – 108 nm) and H I (124 – 130 nm) 

• Scientific objectives: observe the spatial distribution and kinematics 

of the IGM to understand its effect on galaxy evolution

• For details see Ji+ (2020)
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CAD model of the detector head in cross-sectional view
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Detector Design

Photocathode

One UV photon photoelectron

Microchannel plates

Photoelectron charge cloud

Cross-strip anode

Position-sensitive, detects the charge

Center of each electron cloud is 

correlated to position of incident photon

1/QE

1/OAR

Detection chain in an MCP detector with

cross-strip anode
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Photocathode

Closed detector design

➢ lightweight but window cut-off

➢ Wavelength range (with MgF2 window): 

120 – 400 nm

Window

Photocathode

Reflection

Absorption 
loss

Transmittance losses

Actual 
photoelectron

UV light

e- transport loss

Surface escape loss

Semi-transparent mode

Prototype of a lightweight-door mechanism for the TINI mission 

Open detector design

➢ additional door mechanism needed

➢ Wavelength range: 92 – 400 nm

Version 1 Version 2
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Detector sealing

Detector body for sealing test in vacuum with 

molten In-Bi alloy. This spreads evenly over the 

entire area within hours.

2 cm

Cesium-telluride photocathode does not 

degrade at all in sealed diode body within 

weeks. Details in Conti+ (2020)
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Detector sealing

Left: VIS-camera image

Right: IR-camera image

An MgF2 detector window with 

photocathode is heated slowly (time 

format in [hh:mm]!) and then placed 

on the detector head.
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GaN growth & characterisation

Molecular beam epitaxy (MBE) system for GaN 

growth and the vacuum system for Cs activation 

at the TU Clausthal (AG Schaadt). 

Details see Meyer+ (2020)

SEM

Atomic force 

microscope
RHEED

High-resolution x-ray diffraction

reciprocal space map

Credit: Meyer+ (2019) and 

(soon) Meyer+ (2021)
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HV supply

UV read-out 

electronics

UV detector head 

& filter wheel 

(mass dummy)

M3 tower with ISS

VIS camera (pco) 

and filter wheel

Telescope instrument platform
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Mission Overview

Simulation of the transmittance of 

Earth’s atmosphere at 40 km altitude. 

Observation windows in the UV 

188 – 220 nm and 280 – 400 nm.

CAD drawing of gondola 

(mass 743 kg, balloon size 

600,000 m³).

50 cm UV telescope in the IRS 

clean room (telescope 

assembly in ISO 5 clean room)



|  15Lauro Conti | © 2021 University of Tübingen | Update on the development of UV-MCP detectors at IAAT | NUVA eMeeting October 27th, 2021

Telescope instrument platform (TIP)

during vibration tests at IABG (Otto-

brunn). Position of measurement point

1 (MP1) on top of the black structure in

the center of the TIP: the M3 tower.
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Measured acceleration of sensor MP1 (on M3 tower)

over excitation frequency.

Vibration Tests
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Summary and outlook

IAAT FUV detector

• Photon-counting UV detector (e.g. allows for jitter correction), noise dominated by photon

statistics, solar blind by design

• ESBO DS: first balloon-borne test flight of the detector. Assembly, integration and verification

phase ongong; flight in 2022 or 2023 possible

UV detector details for ESBO DS

UV channel: 180 nm – 330 nm

Mass: 3 kg (including cables)

Resolution: 2k × 2k pixels

Count rate: max. 300000 /s

Photocathode: p-doped GaN on MgF2

QE (GaN): 20 % expected

Anode: 64 × 64 coplanar 

cross-strip

HV supply

UV read-out 

electronics

UV detector head 

& filter wheel 

(mass dummy)

Image stabilization 

system

VIS camera (pco) 

and filter wheel
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Schematic diagram of the detector electronics

Detector head

GaN-/CsTe-photocathode

Micro channel plates

Coplanar cross-strip anode

Sealed detector body

∙ ∙ ∙   128 channels ∙ ∙ ∙ 

BEETLE hybrid board

carrying the BEETLE chip

Charge preamplifiers and shapers

Storage pipeline

On trigger event: up to 16 samples are 

multiplexed to 4 outputs

Read-out electronics

Power board

FPGA board 
(Virtex-5XC/QV)

Incoming signal

1. Centroiding

2. Integration to image, storing

3. Output

Communication protocols

Control of Beetle Chip (I2C)

4 ADCs
Interfaces to back-end 

and high voltage

SRAM board

Image integration, lookup tables 

Two 50-pin d-sub connectors

High voltage 

supply (HV)
For balloon flight HV: 

molded electronics

Back-end (PC)
Data storage

Control software

Connection to ground 

station

37 pin d-sub

Balloon: USB

Detector head box

4 HV cables


