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2k, 0.35 μm 22k, 0.35 μm

105k, 0.18 μm, self-triggering

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



The collecting anode/read-out VLSI chip

First ASIC First ASIC 
prototypeprototype

asynchronous, fast, low noiseasynchronous, fast, low noise

pixel electronics dimension:
80 μm x 80 μm in an 
hexagonal array,hexagonal array,
comprehensive of  
preamplifier/shaper, S/H and 
routing (serial read-out) for 

h i l

~3.5 μs shaping time
100 e- ENC

each pixel 
number of  pixels: 2101 

100 mv/fC input sensitivity
20 fC dynamic range



Last technological step:
a 0 18 μm CMOS VLSIa 0.18 μm CMOS VLSI

The chip integrates more than 
16 5 illi t i t16.5 million transistors.
It has a15mm x 15mm active area 
of  105’600 pixels 

i d i h b t iorganized in a honeycomb matrix

470 pixels/mm2

Matrix organization
300 (width=300x50μm=15mm) x 352 (height=352x43 3μm=15 24mm) pixels300 (width=300x50μm=15mm) x 352 (height=352x43.3μm=15.24mm) pixels

16 clusters of  300 x 22 = 6600 pixels each or 
8 clusters of  300 x 44 = 13200 pixels each



0.18 0.18 μμm ASIC featuresm ASIC features

• Peaking time: 3-10 μs, externally adjustable;
• Read-out clock: up to 10MHz;
• Frame rate: up to 10 kHz  in self-trigger mode

(event window);
Read t de a ch ch• Read-out mode: asynchronous or synchronous;

• Trigger mode: intenal, external or self-trigger;

• Pixel noise: 50 electrons ENC;• Pixel noise: 50 electrons ENC; 
• Self-trigger threshold: 2000 electrons;
• Full-scale linear range: 30000 electrons;
• Parallel analog output buffers: 1, 8 or 16;g p , ;
• 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%

Total power dissipation 
~ 0.5 Watt 0.5 Watt



Detector assemblyy
• GEM pitch: 50 μm
• GEM holes diameters: 33 μm, 15 μm
• Read out pitch: 50 μm
• Absorption gap thickness: 10 mmAbsorption gap thickness: 10 mm
• Collection gap thickness: 1 mm

2

1

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 μm pitch GEM)



pitch: 50 μm
GEM specsGEM specs

holes outer Ø: 33 μmholes inner Ø: 15 μm

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

55Fe source Ne(50%)-DME(50%)

Holes: 0.6 mm diameter, 2 mm apart.



Imaging and spectroscopic capability
Argon (50%)-DME(50%)

Signal from GEMtSignal from GEMtop

FWHM
ΔE/E ( @5.9 KeV) ~18% FWHM

Holes: 
Ø 0.5 mm             
pitch 1 mm



Track morphology and angle 
reconstruction



On-line monitoringg

Real time pedestal subtraction



The sealed deviceThe sealed device
Collaboration with 

Oxford Instruments Analytical Oy (Finland)

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



Sealed device
(only clean materials, baking & outgassing)

Collaboration with Oxford Instruments Analytical Oy (Finland)



LongLong--term gain stabilityterm gain stabilitygg g yg y

Irradiation with 55Fe has started on November 20th

Pulse height registration on 23rd at 7:30pm.



Semitransparent  PhotocathodeSemitransparent  Photocathode

Drift gap = 1 mm
T f 1

Cr coated 
Quartz 

Transfer gap = 1mm
GEM thickness = 50 μm
GEM pitch = 50 μm

Pros:

photocathode 
(CsI coating)

Pros:
• Simple
• High gain

Hi h t i l ffi i

GEM

• High geometrical efficiency

Cons:
• Low thickness → Low Q.E.
• Extra diffusion in the gas  
layer above the GEMPIXI VLSI chip y



Reflective PhotocathodeReflective Photocathode

Drift gap = 1 mm
Transfer gap = 1mm

Cr coated 
Quartz 

Transfer gap = 1mm
GEM thickness = 50 μm
GEM pitch = 50 μm

window Pros:
• Thick film → high Q.E. (10-20%)

GEM Cons:
• More complicated to build

Special gold coating on the GEM• Special gold coating on the GEM
• Low geometrical efficiency 
(in our case 50%)
L i

C I h t th d
PIXI  VLSI chip

• Lower gas gain

CsI photocathode



UV photo-detector with 
Pixel 
readout 
chip

single electron sensitivity

GEM

Brass frame

Vetronite frame

Ne-DME in

UV l d t

Ar in

UV lamp adapter

Package

C I t d iCsI coated  semi-
transparent
quartz window Ne-DME out

Ar out
UV lamp



Single photon operationSingle photon operation

Single photon event 
topology

Semitransparent  Photocathode





“Self-portrait” of  the GEM amplification structure



Intrinsic resolution Intrinsic resolution 
of the readof the read out systemout systemof  the readof  the read--out systemout system

σ ~ 4 μm
1 l t i h1 electron primary charge

Semitransparent  Photocathode



Reflective PhotocathodeReflective PhotocathodeReflective PhotocathodeReflective Photocathode



CIP
Th f X l d t l f Mi Ch lThe use of Xpol as readout plane of a Micro Channel 
Plate coupled to a suitable photocathode in vacuum



First test in collaboration with First test in collaboration with 
Space Science Laboratory, BerkeleySpace Science Laboratory, Berkeleyp y, yp y, y

V l

Xpol

R d tVacuum vessel Readout
board

Micro Channel Plate 
ith USAF1951 kwith USAF1951 mask



The eventsThe events A multi photon (18) event

A  single photon cluster

At low rate the detector records
single photon events in windowg p
mode (<1K channels/frame, frame
rate up to 10KHz).

Thanks to the high granularity, at high rate the 
d t t l t f h d d fdetector can resolve up to few hundreds of  

photons/frame in full frame readout mode (1KHz frame 
rate,  up to ~200KHz photon rate)



The USAF1951 3The USAF1951 3--Bar Resolving Power Test ChartBar Resolving Power Test Chart

m
m

m
Line pairs/mm = 2n+(m-1)/6

X (mm) = 2-n-(m-1)/6

Es. n=6, m=1, X=2-6=1/64=15.6μm
n=6, m=2, X=2-(6+1/6)=1/72=14μm

6 6 X 2 (6 5/6) 1/114 8

mm

Full detector image
n=6, m=6, X=2-(6+5/6)=1/114=8.7μm
n=7, m=1, X=2-7=1/128=7.8μm



MCP 12.5mm aperture 15mm pitchMCP 12.5mm aperture 15mm pitch

1mm2 flat field image



MCP 10MCP 10μμm aperture 12m aperture 12μμm pitchm pitch
150μm

In a 140μm square easilyIn a 140μm square easily 
resolved 150 spots.
The peak width includes 
the electron cloud width

0.9μm/bin

the electron cloud width.

σ=2μm



MCP 4MCP 4μμm aperture 5.5m aperture 5.5μμm pitchm pitch
150μm

50μm
S i 7 1Series 7-1
128 l/mm

S i 6 6

Series 6-1
64 l/mm

Series 6-6
114 l/mm



The MCP+ASIC as visible light single The MCP+ASIC as visible light single 
photon imaging photomultiplierphoton imaging photomultiplierphoton imaging photomultiplierphoton imaging photomultiplier

The existing electronic devices with the required pitch
and number of pixels are the CCDs (integrating, i.e do
not allow photon by photon processing)not allow photon by photon processing).
Photon → photo-electron → 104 gain → phosphor 
screen → intensified light → CCD

With the CMOS pixel ASIC the chain is
Photon → photo-electron → 104 gain → ASIC

The actual XpolThe actual Xpol chipchip is perfect for a detector withThe actual XpolThe actual Xpol chipchip is perfect for a detector with 
enormous potentialities:

• ultra high resolution (2μm), 
• 100ps timing capability100ps timing capability
• reasonably fast (10KHz), 
• single photon counting (noiseless)
• imaging (300 X 352 pixels, 15mmX15mm)imaging (300 X 352 pixels, 15mmX15mm)

Next step → Pixie counting chipPixie counting chip
• 600x800 Pixels at 40μm pitch (25X30mm2 area)
• parallel counting 1MHz/pixel several GHz/chip• parallel counting  1MHz/pixel, several GHz/chip
• 5KHz Frame rate
• lower threshold 



applicationsapplications
M l l I iMolecular Imaging

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

M t i thi th iMass spectroscopy: in this case there is no 
photocathode, the MCP is used directly as detector. The 
high Xpol spatial resolution allows very compact designhigh Xpol spatial resolution allows very compact design.

Adaptive Optics: there is the need of  a large detector 
(512X512 pixels) with μm resolution at high frame rate 
(>1KHz). SSL people propose 4 Medipix2 assembled 
together using the TOT function as ADC (pixeltogether using the TOT function as ADC (pixel 
interpolation)



TimePix with “analog” (TOT) interpolationTimePix with “analog” (TOT) interpolation
(John Vallerga(John Vallerga –– 99thth IWoRiD: Erlangen July 2007)IWoRiD: Erlangen July 2007)(John Vallerga (John Vallerga 99 IWoRiD: Erlangen July 2007)IWoRiD: Erlangen July 2007)

XPOL

MCP: 10MCP: 10μμm pores on 12m pores on 12μμm pitchm pitch



Xpol MEDIPIX2 PIXIE
Technology: CMOS 0.18 μm CMOS 0.25 μm CMOS 0.18 μm
Type: analog digital (counting) digital (counting+Type: analog digital (counting) digital (counting+ 

ToT+Time stamp)
Area: 15x15=225mm2(1.1X) 14x14=196mm2(1X) 24x28=672mm2(3.4X)
Pi l 105 600 (1 6X) 65 536 (1X) 480 000 (7 3X)Pixel no.: 105.600 (1.6X) 65.536 (1X) 480.000 (7.3X)
Pixel density: 470/mm2 (1.4X) 330/mm2 (1X) 720/mm2 (2.2X)
Pixel noise: 50 electrons ENC 110 electrons ENC 50 electrons ENC
Read-out 
scheme:

asynchronous, 
synchronous

synchronous synchronous

Read-out self-trigger, internal, internal, external internal, external
trigger:

gg , ,
external

, ,

Read-out 
mode:

single pixel, 
window,  full frame 

full frame (1 node) Full frame (up to 200 
nodes)

(8-16 nodes)
Global 
threshold:

2000 el. 
(unadjusted)

1000 el. (adjusted) 200 el. (auto-
adjusted)

Frame rate: 10 kHz 1 kHz 5 kHz
Event rate: ∼105/s (102 ev. / 

frame)
∼ 109/s > 109/s

)
Resolution: ~ 1μm (analog int.) ~15μm (55/√12) ~11μm (38/√12)

Metal fraction: 90% 13% 47%



ConclusionsConclusions
With devices like the ones presented the class of Gas Pixel Detectors has reached theWith devices like the ones presented the class of Gas Pixel Detectors has reached the
level of integration, compactness and resolving power typical of solid state detectors.
Depending on type of electron multiplier, pixel and die size, electronics shaping time,
analog vs. digital read-out, counting vs. integrating mode, many applications can be
envisaged for this class of detectors.

• A UV photo-detector with single electron sensitivity and excellent imaging capabilities
has been shown It is based on a semitransparent or reflective CsI photocathode followedhas been shown. It is based on a semitransparent or reflective CsI 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 μm resolution
the centroid of the single electron avalanche The detector position resolution is at thethe centroid of the single electron avalanche. The detector position resolution is at the
moment limited by the 50 μm 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 0.18μm CMOS Xpol ASIC (300 X 352 pixels, 15x15mm2). 4μm pores
of the MCP were resolved indicating a ~1μm spatial resolution capabilty of the device.
G d if it hi h i l/ i ti t bl ti diti hi d ithGood 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.


