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Table 1 Physical characteristics and performances of the micro-pattern detector

LRI ARSI Present prototype (2-10keY) Improved configuretion (3.5-10 keV)
Drft/absorption gap &mm 30mm
Drit field 3,000V em™ 1,500V em™
(Gas filing and pressure (Me 80% -CME 20%): 1 atm (Me 20%-DME B0%): 4 2
(3as grain 5,000 2,500
Transverse dffusion in drift 80 wm <100um
GEM thickness kaptan fai
GEM hole geometry ) pitch
GEMvotege letters to nature
Detection efficizncy at 5.4 ke
Read-out pixel siz |

Track lengthvpixel size 16 kev)
Sensitivity to Her X1 Vi =10%
Senstivity to 3C-273

Sensitivity to MCG-6-30-15

Gain in the integration tme cver SXRP (strong sourcas) Drift plana
Gain in the integration tme cver SXRP (faint sources)

P =1%
Hh P =10

C(over Bragg)
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The MPGC requires integration periods that are about 100 times
shorter than those of the SXRP tod
bright sources. With integrations of the\grder of one day we could
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2k, 0.35 um
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105k, 0.18 um, self-triggering

Three ASIC generations of increasing size, reduced pitch
and improved functionality have been realized




The collecting anode/read-out VLSI chip
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pixel electronics dimension

80 um x 80 um in an

hexagonal array,

comprehensive of

preamplifier/shaper, S/H and ~3.5 us shaping time
routing serial read-out for 100 e- ENC

each pixel . e
number of pixels: 2101 ;gaénggf:aﬁipcu:::g:'t'V'ty




Last technologlcal step:
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The chip integrates more than

16.5 million transistors.

It has a15mm x 15mm active area
of 105’600 pixels
organized in a honeycomb matrix

470 pixels/mm?
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Matrix organization
300 (width=300x50um=15mm) x 352 (height=352x43.3um=15.24mm) pixels
16 clusters of 300 x 22 = 6600 pixels each or
8 clusters of 300 x 44 = 13200 pixels each




0.18 um ASIC features
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* Peaking time: 3-10 us, externally adjustable;
T« Read-out clock: up to-10MHz;
1l « Frame rate: up to 10 kHz in self-trigger mode
(event window);
=== * Read-out mode: asynchronous or synchronous;
* Trigger mode: intenal, external or self-trigger;

|« Pixel noise: 50 electrons ENC;
* Self-trigger threshold: 2000 electrons;
* Full-scale linear range: 30000 electrons;
" * Parallel analog output buffers: 1, 8 or 16;
* Access to pixel content: direct (single pixel) or serial
- (8-16 clusters, full matrix, region of interest);
-+ Fill fraction (ratio of metal area to active area): 92%
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Detector assembly

* GEM pitch: 50 um

* GEM holes diameters: 33 um, 15 um
* Read out pitch: 50 um

* Absorption gap thickness: 10 mm

* Collection gap thickness: 1 mm

1 - The GEM glued to the bottom of the gas-tight enclosure
2 - The large area ASIC mounted on the control motherboard

Large effective gas gain around 1000 @450V in Ne(50%)-DME(50%)
(at least 70 V less than in our standard 90 um pitch GEM)




, GEM specs
pitch: 50 um

holes owier @: 83 wm
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The matching of readout and gas amplification (GEM) pitch allows getting
optimal results and to fully exploit the very high granularity of the device




Imaging capability
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Imaging and spectroscopic capability
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The level of integration, compactness and operational simplicity
of this device is comparable to solid state detectors




Collaboration with Oxford Instruments Analytical Oy (Finland)




Long-term gain stability
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Pulse height (mV)
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Lab. Temperature (deg. C)

Source: “°Fe T
Gas mixture: Ne(50%)/DME(50%)
Rate = 450 Hz Chip temperature
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Irradiation with °°Fe has started on November 20t"
Pulse height registration on 23 at 7:30pm.




Semitransparent Photocathode

Drift gap = 1 mm
Transfer gap = 1mm
Cr coated GEM thickness = 50 um
Quartz GEM pitch = 50 um

photocathode
(Csl coating)

Pros:

« Simple

* High gain

» High geometrical efficiency

Cons:

* Low thickness — Low Q.E.

 Extra diffusion in the gas
layer above the GEM




Reflective Photocathode

Cr coated
Quartz
window

Drift gap = 1 mm
Transfer gap = 1mm
GEM thickness = 50 um
GEM pitch = 50 um

Pros:
* Thick film — high Q.E. (10-20%)

Cons:
* More complicated to build
» Special gold coating on the GEM
» Low geometrical efficiency
(in our case 50%)
» Lower gas gain

Csl photocathode




UV photo-detector with
Pixel single electron sensitivity

readout
chip

Vetronite frame

Ne-DME in
Brass frame /

UV lamp adapter
Arin

/

Package

Csl coated semi-
transparent

quartz window Ne-DME out




Single photon operation
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Semitransparent Photocathode
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“Self-portrait” of the GEM amplification structure
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CIP

The use of Xpol as readout plane of a Micro Channel
Plate coupled to a suitable photocathode in vacuum

visible photon
photocatode

Bia1

B MCP Gain Characteristics
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First test in collaboration with
Space Science Laboratory, Berkeley

Xpol

=

Vacuum vessel & Readout
‘ T \ _ board

Micro Channel Plate
with USAF1951 mask




The events A multi photon (18) event
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A single photon cluster
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Event Number: 1543
Number of Clusters: 18

Cluster Size (largest): 26
At low rate the detector records Pulse Height: 1662.7

single phOtOﬂ events in window Baricenter Coord.(mm): 0.32 1.28

mode (<1K channels/frame, frame Average Rate (D.T.included, Hz): inf
rate up to 10KHz).

el Reconstructed Baricenter

Thanks to the high granularity, at high rate the
detector can resolve up to few hundreds of
photons/frame in full frame readout mode (1KHz frame
rate, up to ~200KHz photon rate)




The USAF1951 3-Bar Resolving Power Test Chart
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MCP 12.5mm aperture 15mm pitch




MCP 10um aperture 12um pitch
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MCP 4um aperture 5.5um pitch
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The MCP+ASIC as visible light single
photon imaging photomultiplier

The actual Xpol chip

B MCP Gain Characteristics
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applications

Molecular imaging

Optical spectroscopy (prismatic). Actual devices use a
unimimensional delay line readout with photocathode
and MCP. Xpol can improve by orders of magnitude the
resolution.

Mass spectroscopy: in this case there is no
photocathode, the MCP is used directly as detector. The
high Xpol spatial resolution allows very compact design.

Adaptive Optics: there is the need of a large detector
(612X512 pixels) with um resolution at high frame rate
(>1KHz). SSL people propose 4 Medipix2 assembled
together using the TOT function as ADC (pixel
interpolation)
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Technology:

Pixel no.:
Pixel density:
Pixel noise:

Read-out
scheme:

Read-out
trigger:

Read-out
mode:

Global
threshold:

Frame rate:

Event rate:

Resolution:

Metal fraction:




Conclusions

* A UV photo-detector with single electron sensitivity and excellent imaging capabilities
has been shown. It is based on a semitransparent or reflective Csl photocathode followed
by a Gas Electron Multiplier foil and by a large area, custom, analog, VLSI ASIC.The high
granularity and low noise of the read-out plane allows to reconstruct with 4 um resolution
the centroid of the single electron avalanche. The detector position resolution is at the

moment limited by the 50 um pitch of the GEM foil.

Main problem ion is back-flow control; possible solutions exist and are under
development.

» Sealed operation has been demonstrated with very good gain stability after more than
40 days of irradiation. Stability of performance after 1 year.

* A Ultra High Spatial Resolution Single Photon Counting Imaging Detector based on a
MCP coupled to the 0.18um CMOS Xpol ASIC (300 X 352 pixels, 15x15mm2). 4um pores
of the MCP were resolved indicating a ~1um spatial resolution capabilty of the device.
Good uniformity, high signal/noise ratio, stable operation conditions were achieved with
different MCPs. Images in single photon readout mode (~10KHz) and multi-photon mode
(up to ~200KHz) were acquired. Around 100 line pairs/mm can be resolved.




