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Development of the pulse counting type pixel detector for
X-ray structural analysis.

- Small angle X-ray scattering experiment for functional thin films.
- X-ray diffraction experiment for functional materials such as

ferroelectrics.
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The Silicon-On-Insulator (SOI) technology plays a very important roll

on our detector.
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Introduction
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Double-SOI wafer (p-type substrate)

Back plane : negative bias

Another S1 layer (middle S1) 1s in BOX layer
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Requests for detectors from experiments
" high spatial resolution
— pixel size 1s less than 50 um square
"high sensitivity
— detecting low energy X-ray ~2 keV
"high frame rate
— more than 1 kHz

:> Realizing by counting type pixel

Current status
X-ray test for Test-Element-Group (TEG) chip including pixel TEG.

In this talk, the experimental results of the evaluation for the counting
type pixel TEG will be shown.
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Collaborative research between IHEP and KEK.

Development of the pulse-counting-type fine pixelated X-ray detector
based on Double-SOI technology.

Chip

CPIXTEG3b : 50 um square pixel
64 X 64 array

6 mm

v

6 mm
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Evaluation of the pulse counting type pixel

Pixel layout

Simple view of the analog &
digital circuit in pixel
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@KEK/PF BL-14A
10 ume beam mode

CPIXTEG3b chip

Ionization chamber

KEK IMSS R. Hashimoto Evaluation of a pulse counting type SOI pixel using synchrotron radiation X-rays



International Workshop on

EXp eriment al S etup Semiconductor Pixel Detectors

for Particles and Imaging
2016/9/5-9

@KEK/PF BL-14A
Flat field X-ray mode

Scattering target
(Glassy carbon)
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CSR adjustment by test pulse
The discriminator can be calibrated by 4-bit CSR on each pixels.

S-curve before/after CSR adjustment

Before calibration After calibration
20000 x2 I ndf 5339/24 20000 xz / ndf 23.34/24
Prob 0 Prob 0.4997
p0 79.56 +0.04323 p0 80.81+0.02784
15000 | P 8.699 + 0.02395 15000 | P1 4.503 + 0.02617
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Calibration of the discriminator

Mean distribution of S-curves
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After
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Entries 4032
Mean 80.16
RMS 1.01
x2 I ndf 164 /60
Prob 1.345e-011
po 159.8 + 3.5
p1 80.34 + 0.02
p2 0.9535 £ 0.0142
p3 0.1084 £ 0.0177

o

o value became better to about 5 times.
Before : 4.57 mV — After : 0.95 mV (@ input pulse height
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Mean Vin (mV)
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Check by the flat field X-ray
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Calibration of the discriminator
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In the test of threshold level scan with flat field X-ray, threshold

dispersion became half by CSR adjustment.
Before : 26 nA — After : 14 nA @threshold level
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1-dimensional pixel array scan by 10 um¢ beam
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Evaluation of pixel size and charge sharing effect
Fitting by f(x) as below

f(x) =p0 * Freq( ( x-pl )/p3 ) * ( I-Freq( (x-(pl+p2))/p3))

p3 = charge sharing effect declared by ¢
of convoluted Gaussian

Beam size effect 1s not clearly contained in f(x).
(implicitly included in p3)
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1-dimentional pixel array scan
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p2 : size of a pixel (um)

~ 45 um

— 5 um smaller
due to low detection
efficiency in peripheral
area of the pixel.

? shortage of the charge collection
efficiency

? thickness of the depletion layer
1s thinner in pixel edge

p3 : degree of the charge
sharing effect @ (um)
~ 6 um
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2-dimensional pixel array scan by 10 um¢e beam
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X-ray tests for evaluating the pulse counting type pixel were done
in KEK/PF BL-14A.
- Improving the degree of threshold dispersion was succeeded by
discriminator calibration.

 The peripheral part of the pixel had low sensitivity.
Especially in the corners of the pixel, sensitivity was very low
because of the effect of charge sharing among 4 pixels.
about 1/4 counts compared with the center area.

Outlook
The next pixel 1s designed to resolve charge sharing effect.
It 1s equipped with a new charge comparing circuit which can
determine a true hit pixel in multi-pixel-hit event.
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Thank you for your attention !
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