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MICRO PORE OPTICS     «BACKGROUND»

� Actual technology for X-ray astronomy
� Metallic cylinders or foil mirrors are used to focus X-Rays on to 
a detector.

Mirrors for XMM : 350 kg
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MICRO PORE OPTICS  « BACKGROUND »

THE CHALLENGE FOR X-RAY ASTRONOMY

Low mass compact X-Ray optics

OUR ANSWER

Square Pore Glass Micro Channel Plates.

HOW DOES IT WORK ?

S.W.WILKINS et al., Rev.Sci.Instrum. 60 (1989) 1026 -1036
G.W.FRASER et al., Proc.SPIE 1546 (1992)
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MICRO PORE OPTICS X     « BACKGROUND »

� X-Rays (0.1 to 10 keV) are reflected at near-grazin g 
incidence (<2°) from the inside surfaces of the squ are pore 
walls.

� With high photon energies or very short wavelength (lll l ), 
scattering from surface roughness is an important s ource 
of losses.

� INTEREST IN ETCHING TECHNOLOGY TO ACHIEVE LOW SURFA CE 
ROUGHNESS OF THE PORE WALLS.

� At very small grazing angles of incidence (<2°), th e 
reflecting surfaces have to be sufficiently long to  allow the 
rays to strike the pore walls.

� REQUIRES HIGH LENGTH (L) TO SIDE (D)  L/D RATIO  (5 0 TO >500).
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� Square Pore Glass Micro Channel Plates.

� Square Pores 10µm x 10µm up to 100µm x 100µm
� Length to side: D (L/D) 50 up to 500
� Square pack or Radial packing geometry

MICRO PORE OPTICS    «BACKGROUND»

�

�
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MICRO PORE OPTICS  « BACKGROUND »

� For flat plates, the image from a point source is f ormed at the same 
distance from the plate as the source …… the source  of the X-Rays 
is deep space the rays are effectively focused at i nfinity… 

MPOs NEED TO BE SPHERICALLY CURVED
� For a slumped square pore square pack plate, the X- rays are 

focused to a detector at ½ radius of curvature.

MPO  FLAT
Iimage = Isource

MPO SLUMPED
Iimage = 1/2Rslump
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MICRO PORE OPTICS    « BACKGROUND »

Micro-pore optics technology versus nickel shell 
mirror technology

10 Kg/m 2910 Kg/m 2

60mm700mmDIAMETER

30g350kgWEIGHT

MPOXMMTYPE

� HIGH INTEREST FOR SPACE APPLICATIONS
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Square stacking
(Square-pore square-pack)

Radial stacking
(Square-pore radial-pack)

THE MPO «PRODUCTION PROCESS»
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MICRO PORE OPTICS X    « BACKGROUND »

THE MPO’s RESOLUTION WILL BE AFFECTED MAINLY BY:

� Size of the holes (pore size, length, L/D)
� Geometry of the channels (fibers, multi-fibers)
� Geometric arrangement: Channel alignment
� Stacking geometry used 
� Roughness of the reflective walls
� Material reflectivity (special glass, Nickel or Iri dium      

coatings)
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� OFF-LINE: AUTOMATIC FIBRE AND 
MULTI-FIBRE CONTROLS: BEND, 
TWIST, END FACE GEOMETRY

Fibres and multi-fibres produced 
with perfectly square geometry 
to guaranty the final resolution 
of the optics 

� ON-LINE MEASUREMENTS : SIZE, 
SYMMETRY, TAPER, ANGLE AND 
SQUARENESS

THE MPO «PRODUCTION PROCESS»
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� Stacking with video  
and software for 
quality control

� FIBRE AND MULTI-FIBRE 
ALIGNMENT- CONTROLLED 
DURING STACKING

� square multi-fibres radially 
packed

THE MPO «PRODUCTION PROCESS»

Stacking inspection software installed by Cosine Re search
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The reflectivity of X-rays is highly dependent on t he 
roughness of the pore walls

� Need to cleanly etch away the soluble core glass

� Continuous monitoring of etching parameters: 
Temperature, PH, conductivity of rinse water…

RESULTS ACHIEVED

� Surface roughness of the reflecting pores better th an 15     
Angstroms.

� No detectable contamination observed by SEM of the pore 
wall surfaces.

� Plates with length/size ratio up to 500 with parall el pore walls
(No funneling the pore entrances).

THE MPO «PRODUCTION PROCES»
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� Slumping process consists of placing the plates 
between a pair of form tools at high temperature.

� Continuous monitoring of slumping parameters : 
Temperature, descent rate of tool, pressure applied  …

RESULTS ACHIEVED

� Radii from 0.700m to 4.000m with accuracy 
<0.001%

THE MPO «PRODUCTION PROCESS»
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Coatings : To enhanced X-ray reflectivity,  Nickel and Iridium coatings 
have been made

Percentage of reflectivity versus angle of incidenc e at E = 2.5 keV 

THE MPO «PRODUCTION PROCESS»
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MICRO PORE OPTICS     « STATE OF THE ART »

Square pore square packed flat MPO : resolution 2,5  arc minutes 
measured by Leicester University

Ref: G.W. Fraser paper in preparation
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MICRO PORE OPTICS     « STATE OF THE ART »

Square pore radially pack MPO

� Transmission of the straight through beam was 70% o f the 
intensity of the direct beam.

� Reflectivity was measured to be 28% (Without Coatin gs)

� For a flat radial sector: 2,5mm thick with 20µm por es, Half 
Energy Width (HEW) of 53” 

Ref: K. Wallace et al. Proc. SPIE 6266-47 Orlando 2 006
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� Space 
� LOBSTER ALL SKY MONITOR
� BEPI-COLOMBO 
� XNAV
� EUV AURAL IMAGER

� Industrial
� Imaging X-Ray fluorescence
� X-Ray lithography
� … Yours

(image visible light)
10:1 ratio 100µm pores 
35mm focal length

MICRO PORE OPTICS     «Application»
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Mission Bepi-Colombo (ESA) Launch in ~2011

TARGET: Analysis of the surface of Mercury (X-ray f luorescence/spectroscopy)
* Why so close to the sun ? 
* Why the core is big (80% of the mass) ? 

* Why Mercury has a magnetic field ? 
* Ice on the pole of Mercury ?

Mercury

MICRO PORE OPTICS     «Space application»
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MIXS-T

MIXS-C
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XNAV    (COLLABORATION WITH LOS ALAMOS // DARPA-NASA PROJECT )

X-RAY PULSAR-BASED NAVIGATION SYSTEMS FOR 
AUTONOMOUS TERRESTRIAL AND SPACE NAVIGATION

� Detection of X-rays emitted by Pulsars (0.1 to 20ke V)

� Each pulsar has a unique frequency and location in space

� Satellite could use these “X-ray clocks” as basis f or a 
positioning system independent of the earth.

� An array of MPOs is intended to focus x-rays onto an  array of 
detectors

MICRO PORE OPTICS     «Space application»
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IXRFS: Imaging X-Ray Fluorescence Spectrometer 

1) The sample is uniformly illuminated by a primary X -ray 
beam

2) The resulting fluorescent flux focused, using a p lanar MPO 
onto a CCD detector.

G.W. Fraser et al., Spectroscopy Europe 15/5, (2003 ), 8-13

MICRO PORE OPTICS     «Indusrial application»
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THE IMPROVEMENTS IN MANUFACTURING PROCESS
� New drawing metrology
� Fibre and multi-fibre stacking metrology
� Monitoring of etching Process
� New slumping technology

RESOLUTION OF 2,5 ARC MIN DEMONSTRATED WITH 
LARGE AREA SQUARE PORE SQUARE PACK MPO 
(POINT TO POINT FOCUSING)

THE PROCESSES SET UP FOR SPACE - OPEN THE 
DOOR FOR VIABLE MPOs IN INDUSTRY TO THE SAME 
HIGH SPECIFICATIONS

MICRO PORE OPTICS  «CONCLUSION»
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KEY PARTNERS FOR THE DEVELOPMENTS OF MPO 

� University of Leicester with Prof.G.W.Fraser
� LOBSTER 

� European Space Agency ESA: development contracts
� BEPI-COLOMBO

� Cosine research BV
� METROLOGY installations 

� Los Alamos 
� XNAV 

MICRO PORE OPTICS     « KEY PARTNERS » 
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THANK YOU for your attention !

Questions ?

Brochures are available in booth 221.

Marketing : e.schyns@photonis.com


