
MCP Detector Principle
There are two basic types of MCP detectors: open-face or sealed tube. An open-
face detector has no entrance window, the photocathode is coated on top of the first 
MCP (opaque mode). Since most types of photocathodes degrade rapidly under 
atmospheric conditions, a shutter mechanism is necessary. This type is the only 
possibility if the detection of photons below 110nm is crucial. For longer wave-
lengths transparent window materials exist, and therefore sealed tube MCP detec-
tors are possible. In this case a thin photocathode is coated on the inside of a MgF2- 
or Sapphire- (Al2O3) window (semitransparent mode, Fig. 1). This window is sealed 
under vacuum conditions on top of a leak tight tube, which houses the MCPs and 
the anode.

For the UV band we develop a sealed tube design, whereas the design for the VUV 
band is not yet fixed. An open face detector with a cesium iodide (CsI) photocathode 
is state of the art, but the quantum efficiency (QE) would be only moderate.

GaN Photocathode
Cesium-activated gallium nitride (GaN(Cs)) seems to be a promising material for 
photocathodes with high QE for a large part of the UV wavelength range (cf. Fig. 2). 
Although the deposition of GaN on sapphire is relatively simple, it is still problematic 
to deposit it directly on commonly available MCPs, because substrate temperatures 
above 400°C are needed.
The deposition of a semitransparent polycrystalline GaN film on MgF2 is a possible 
workaround for the VUV band. The disadvantage of losing the shortest wavelengths 
in the VUV band is bearable, regarding the gain in QE together with the possibility of 
using the same detector for the VUV and the UV bands. A collaboration between 
IAAT and KIT for the development of GaN films on MgF2  has been formed, and 
good progress has been made. The REM measurement of a probe manufactured at 
KIT is shown in Figure 3.

Cross Strip Anode
The lifetime of MCP detectors is usually limited by the degradation of the MCPs. As 
this process is dependent on the extracted total charge, the best way of slowing it 
down is to operate the MCPs with lower gain. Comparing the different anode types at 
the same gain, the cross strip (XS) anode provides the best resolution. We are 
therefore developing a XS anode with 64 x 64 stripes on 33mm x 44mm. The goal for 
the resolution is 15µm in main dispersion direction of the spectrograph, that means a 
sub-sampling factor of 32, but half would also fulfill the requirements.

Front-end Electronics 
The read-out of a XS anode makes great demands on the front-end electronics, since 
128 channels are needed. For combining a fast read-out with a power dissipation 
below 10W we study the feasibility to use the Beetle chip. This chip was developed 
by the MPI for Nuclear Physics, Heidelberg, for the LHCb experiment at CERN. It 
provides 128 input channels, each equipped with a preamplifier and a shaper. Every 
channel has an analog pipeline with 187 storage cells. For the output 32 channels 
are multiplexed, so only four low power ADCs are needed.
A radiation hard FPGA will control the Beetle chip and process the digitized data. 
This FPGA is connected to the satellite bus via space-wire. The read-out scheme is 
shown in Figure 4.

Status and Outlook
We have set up a UHV facility where we can deposit and activate photocathodes and 
seal detector tubes (cf. Fig. 5). A vacuum box for the transfer of GaN photocathodes 
from Karlsruhe to Tübingen has been built and successfully tested. Currently we start 
to test all the process steps by manufacturing CsTe photodiodes (Ø 2cm).
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We develop microchannel plate (MCP) UV detectors for the wavelength 
range 102-174nm (VUV band) and 172-310nm (UV band). Our efforts are 
driven by the possible use on board the World Space Observatory – 
Ultraviolet (WSO-UV), where solar blind photon counting detectors for the 
high resolution double echelle spectrograph are necessary. This spectro-
graph with a resolution exceeding 50,000 will be the main instrument of 
WSO-UV. It was developed at IAAT in collaboration with ISAS, Berlin under 
the name HIRDES. 
One objective of WSO-UV is the spectroscopy of dim stars. Therefore, the

Fig. 4: Scheme of the detector read-out with Beetle chip
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Fig. 1: Principle of operation of a MCP detector with semitransparent photocathode

Fig. 6: CAD model of the detector (Ø 8cm)

spectrograph together with the associated detectors need to provide a high 
efficiency, to obtain high quality spectra in acceptable time.
Since the minimal mission lifetime will be five years, the long term stability 
of the detectors, in particular of the MCPs, is a critical issue. The only 
possible solution is to reduce the needed gain of the MCPs while, at the 
same time, avoid a degradation of the spatial resolution.
Further, a low power dissipation of the detectors including the front-end 
electronics is required to avoid thermal distortion of the spectrograph 
structure.
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Fig. 2: Expected QE by Siegmund et al., 
2008, Proc. of SPIE Vol. 7021, 70211B-1  

Fig. 3: REM of a polycrystalline
GaN film on a MgF2 window

Fig. 5: UHV facility 
at IAAT, consisting 
of two UHV vessels 
for deposition and 
activation of photo-
cathodes (right 
vessel) and indium 
sealing (left vessel). 

At the same time, we develop the read-out 
electronics. The interior of a vacuum cham-
ber for scrubbing the MCPs and to test the 
XS anode together with the front-end elec-
tronics is almost finished.
We plan to start the production of fully 
functional UV MCP detectors within one year. 
The cross-sectional view of a CAD model of 
our detector is shown in Figure 6.
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