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Energy Resolving Detectors at STFC
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HEXITEC

 Development of High Energy X-ray Imaging Technology over
last 6 years based on Cd(Zn)Te detectors

e Detector to measure energy and position of every photon

 Now in translation phase — applying detector to applications
In medical/security/material science/astrophysics...

 Not directly used in a synchrotron at present...potentially big
Impact and a major STFC priority
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Cd(Zn)Te Detectors

e Cd(Zn)Teis high-Z and dense gy
— Absorption (e!) @100keV = 1mm

 Room temperature operation

* Relatively easy to form pixels
o ~4.5eV per e-h pair

e Charge induces signal on pixel

— Shockley-Ramo Theorem oV
« HEXITEC has 250um pixels V(1)
— Small pixel effect to detect e- only >—V(t)

e Charge Sharing has to be
considered for best performance
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HEXITEC ASIC

o 80x80 pixels with identical
circuitry

e Charge sensitive preamp with -
slew-rate limited feedback |D1

— | eakage<100pA/pixel optimum :

e 2us shaper stage : ) )
o Peak hold circuit > V=KkE | ||[le=

* Rolling row readout with —
20MHz master clock

* Analogue voltages multiplexed
off the chip
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HEXITEC Detector

e Measure position (<250um) and
energy of every photon (<1keV).

o 4-200keV operating range
10k frames/sec

e 10M photons/80x80/sec to enable
charge sharing to be seen.

* 1/O along one edge for 3 side butting

o Full DAQ system
— ADC
— FPGA for control/data processing
— Temperature stabilisation
— Base Camera Link to PC
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HEXITEC Detector

 Redlen Cd(Zn)Te on 20x20
prototype.
— High Resistivity 2 LOW |jg54aqe
— Good Energy Resolution
— Large Volumes Available

« Acrorad Al-Schottky CdTe
— Schottky 2Low ligauage
— Excellent Energy Resolution _ _ :
— Polarisation = Bias Refresh > e
— Limited to 1mm thick

« STFC have a program to use
Cd(Zn)Te for thicker detectors.
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Spectral Performance
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Energy and Angular Dispersive Diffraction

Diffracted X-ray beam Raster pencil beam or use
collimation to combine imaging

Sample

Incident X-ray beam
Detector Use white beam.
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Energy and Angular Dispersive Diffraction

 Measure energy and position of 'ﬁ
every photon during collection :
e Bragg’s Law dictates that white
beam gives multiple diffraction
patterns at different angles

e Use energy dispersive information
to view each pattern

e Can combine to increase statistics
and speed

» Larger areas would increase speed
and statistics further
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XRE diamond
Experiments at B16 @ Diamond. yereal Objec
Measure elemental composition and spatial White X-ray t
distribution of materials from the X-ray seam — — Pinhole
fluorescence.
HEXITEC used for high energy spectral N HEXITE

Imaging capabilities. .

Good energy resolution needed to separate

elements. _ _
Pd ingress into

alumina catalyst .
Mapping Nd distribution bodies A
In Nickel superalloys
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(TEDDI Ez{khﬁ;ﬁ&

 Tomographic energy s 5 o
dispersive diffraction imaging A “n/
|S a power tOOI — , : 2 straight !

= — + through
i [::I " beam ! ]
e Traditional 0-1D B
configurations are slow

* Using HEXITEC gives array
of pixels for rapid-TEDDI '

e Collimation of array detector
difficult but achievable

e One of the aims of HEXITEC

Translation phase 80x80 collimator for
rTEDDI with HEXITEC
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Tiled Array

« Single modules for three-side 9
butting = 2xN potential CdTe
ASIC

e Built a 2x2 array utilising
. Al block
single 80x80 module DAQ
system with switches

 Debug mechanical design,
manufacturing procedure,
signal routing, HV bias

supply...
e Ease progression to tiled
arrays for future projects
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Tiled Array

e 150um gap between modules
o 3 pixels total inactive space

« Active-Edge detector (larger outer pixels)
could improve the imaging

« dE = 2keV due to switching electronics.

L ST,

Am-241 Sealed Source
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TSVs for 4 Side Butting

. AI bond pad

Currently testing Thru Si Vias from

T Micro (Japan):

- Thinned Wafers.

- Etched to back of Al pads

- SIO,, passivation.

- Cu deposition into via

- Bond pad metallisation on back

Cu Via

| Al bond pad

Metal
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4 Side Buttable

 First modules built and tested
« ASIC has same performance as when bonded from the top
pads

* More detailed tests and cutting trials to be conducted before
bonding detectors
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Further Improvements

 Moving to active edge sensors to
reduce dead space along edges

— Efficient 2xN detector design.

 Remanufacturing 80x80
HEXITEC ASIC with reduced
circuitry along I/O pads

— This will enable full 4 side
buttable devices in 2013

250 pum 3 1 Pixel
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Summary

« STFC has a number of energy dispersive detector
technologies

« HEXITEC is an 80x80 250um Cd(Zn)Te based detector that
measures the energy and position of every photon 4-200keV

« HEXITEC has excellent energy resolution on every pixel
 Used in XRF, energy/angular dispersive diffraction, rTEDDI
« 80x80 detectors available and can be used in collaboration
* Tiled array development in progress

 ENnd of line TSVs give solution for 4 side butted flat panel
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Energy Resolving Detector Materials

Material Si Ge Cd,¢Zn,,Te | CdTe TIBr
Availability Widely 2-3 Commercial | 1 Commercial 1 Commercial 0 Commercial
Available

1/e Absorption 0.127mm 0.05mm 0.01mm 0.01mm 0.01mm

Depth @ 10keV | 23.30mm 3.51mm 1.01lmm 1.01lmm 0.32mm

100keV

Available 700um ~several cm <2cm from 1mm - Schottky | 1-2cmin

Thickness Redlen research (RMD)

Pixelation Yes Difficult Yes Schottly Not stable

required

Energy 400eV 300eV 1keV with 800eV with ~several keV

Resolution HEXITEC HEXITEC

(@60keV) (600eV best)

Operating Room Liquid N Room Room Room

Temperature

Suitable Low energy Low-Mid energy | Low- Very High | Low-High Very High

Applications imaging and dE | spectroscopy Energy energy Energy
spectroscopic spectroscopic Spectroscopy
imaging imaging
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Efficiency

X-ray photon detection efficiency
100 L‘AA« Calculated for 500um thick material [
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