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Motivation I
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Si strip detectors are already proved as
1-D detectors for X-ray diffraction

Detector “LynxEye”

Silicon strip and CMOS ASICs technology from Bruker AXS

Active area 14.4mm x 16mm,
192 Si strips of 75 um pitch

Suitable for wavelengths ranging from
Cr to Ag radiation (5.4 keV to 22.2 keV)

Energy resolution ~20% for 8.04 keV
Max. Count rate, global: >108 cps
Max. Count rate, local: >7x10° cps
Dynamic range > 7x10° cps per strip
Can withstand the primary beam

Angular resolution comparable to a
scintillation detector with 0.1 mm
receiving slit

E. Gerndt, et al., Nucl. Instr. and Meth. A 624 (2010) 350-359
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Motivation II

Possible X-ray spectrum in the detector
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M Motivation III
AGH X-ray spectrum in today’s XRD detectors
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Motivation - summary

e Reasons for improving energy resolution
» Suppression of fluorescence radiation
> Better peak/background ratio
» Optimum intensity without filter
» No analyzer crystal required
» Reduced relative noise level

e State-of-the art
» Energy resolution: 15 to 20% FWHM

» Fluorescence sample with Fe-containing material gives high
background

» Weak peaks cannot be detected
> Low energy tail costs intensity
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M Energy resolution - limitaion I

AGH Electronic noise
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How to reduce electronic
noise further?

Ciotal (detector granularity)
strips => pixels

Temperature
> effective for reducing
detector leakage current
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Energy resolution - limitation II

AGH Baseline fluctuations

Assuming ac coupling between the amplifier and teh discriminator
(for practical design reasons)

Assume: X-rays of 8 keV (2200 el in Si) and ENC of
80 el rms: S/N = 27.5 1,/7, = 10, 100

Sz\/zfac !
N T, Rrp
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Energy resolution — limitation I1I

AGH Charge division
A simulation package has been Single strip amplitude distribution
built and verified — helpful for
optimizing the strip geometry Depends on:
1 » X-ray energy
> detector bias
/\ \ > strip geometry (strip pitch, strip
0.8 width)
é@%\ > irradiation geometry (strip-side vs
'S 06 8 ohmic-side
:
5 § %& Clustering (summing) signals from
g 04 adjacent strips would result in
§ % increased noise by sqrt(2) in case of
0.2 / two strips.
% 2 4 5 6

Energy [keV]

P. Wiacek, W. Dabrowski, Nucl. Instr.and Meth. A 580 (2007) 1355-1362
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Requirements for Si strips

AGH Spatial resolution
» defined by the strip pitch assuming binary readout

Charge collection

> strip pitch / strip width => electric field distribution around
the strips to minimize charge sharing

> strip-side vs. ohmic-side irradiation

> high bias voltage to minimize charge sharing due to diffusion

Noise

> low leakage current => avoid strong electric field around the
strips => wide strips

> small strip capacitance => narrow strips

> high bias resistance => either FOXFET bias or DC-coupled
strips
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AGH
» Detector thickness 300 um
> Strip length 16.9 mm
> Strip pitch 75 pm
» Number of strips 192
> DC coupled strips p-in-n
> Strip capacitance to all neighbours 1.25 pF/cm
> Strip capacitance to backplane 0.15 pF/cm
> Total strip capacitance for 16.9 mm strips 2.4 pF
> Max leakage current per strip at 20°C 0.12 nA (10 nA/cmZ)
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Readout ASIC — requirements

» Binary readout with window discrimination
» Switchable shaping:
= "slow” (t,=1ps) for high resolution resolution applications
= "fast” (t,=200ns) for high count rate applications
> Noise, below 80 el rms for slow shaping at room temperature

» Uniformity of gain and discrimination thresholds > input
equivalent channel-to-channel spread should be negligible with
ENC

» Compensation of the detector leakage current
> Base line restorer

> Interstrip logic to allow rejection of events with significant charge
sharing between adjacent strips
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Readout ASIC design
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ASIC performance I

Measurement method
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Parameters extracted for each channel:
(gain, offset, ENC)
ASIC connected to the detector (C, ~3 pF)
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ASIC performance 11

ENC vs shaping and detector bias
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ASIC performance I11
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AGH Trimming of the discriminator thresholds

By an iterrative trimming procedure matching
at the level of 0.1 LSB rms of the threshold is
achieved (2 e rms input equivalent)

Threshold trimming on the channel basis is
essential for the window mode operation
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m Energy resolution I
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M Energy resolution 11
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Effectiveness of the interstrip logic

AGH Fe-55 source: 5.9 keV + 6.4 keV
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M Energy resolution III
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Energy resolution — uniformity

AGH Fe-55 source: 5.9 keV + 6.4 keV
2500
Summed spectrum
2000 ENC = 94.45 e rms; AE = 812 eV FWHM
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Detector performance I ("><)
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Baseline restorer is essential for fine energy discrimination
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Detector performance 11
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AGH Energy resolution vs count rate
25 Cu-Ka radiation : 8.04 keV
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M Detector performance III

Spatial resolution
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M D Detector performance IV

Fe fluorescence suppression

AGH
Energy spectrum of a Diffraction pattern for different
Fe,0; sample » discrimination settings
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> Silicon strip detector technology has been proved to
be suitable for X-ray detectors for 1-D diffraction

> Energy resolution at below 800 eV FWHM at room
temperature, which is sufficient for electronic
discrimination of Fe fluorescence (when using a Cu
anode tube) has been demonstrated

> Implementation of the interstrip logic allows
suppressing the charge sharing effects with
negligible effect on detection efficiency

> Uniformity of gain and discrimination thresholds is
essential; input equivalent channel-to-channel
spread should be negligible compared to ENC

> Optional fast shaping makes the detector suitable
for high count rate applications (up to 7x105 cps) at
expence of slightly worse energy resolution
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