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X-ray fluorescence method )

Many new pixel CMOS sensors to evaluate
Method to calibrate and study the linearity of response of new sensors in the lab

9 X_ray ﬂuorescence method L.-D. Pohl et al., Obtaining spectroscopic

information with the ATLAS FE-I14 pixel
readout chip, Nuclear Instrum. Meth.
A788 (2015), 49

D. Maneuski, Flourescence X-ray
measurements

» X-ray from tube induces K,- and K; emission
lines of target materials and gives access to
a dense set of monochromatic lines in the
keV-100 keV range measurements

X-ray
tube

Interaction type

coherent scattering
------- incoherent scattering
»»»»»»»»»»»»» photoelectroc absorption
total with coherent
------- total without coherent
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> Plus allows measurements of charge spectra and Couttesy: E. Jr. Schioppa
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X-ray fluorescence setup at CERN )

4 mm thick copper wall box with interlock system and x-y-z source mount / W

Interlock switches

Chicane for
cables

Chicane
for cables
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3 Interlocked
safety
button

Interlock
box

Power supply
=\ for
fan/cooling

Interlocked
eccentric clips

Target mount ~ X-ray generator in
with target mount, movable in x,z,y

With support from L. Tluosos, J. Alozy,
M. Abbas and CERN EP-DT-EO
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X-ray fluorescence setup at CERN ctd’

* Portable X-ray source: AMPTEK Mini-X with
Ag transmission target

Max. 4 W (HV:10 kV to 50 kV, current: 5 pAto 200 pA),
controlled via USB

108 counts per s/mm? (30 cm distance)

Mini-X Silver(Ag) Output Spectrum at 10, 20, 30, 40, 50 kV

« Target materials: potentially two calibration )
energies per target —o

Periodic Table of the Elements
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CMOS Sensor: Towerdazz 180nm technology Q

» The modified process with high efficiency after irradiation

n-well NMOS PMOS NMOS n-well * Low input capacitance (~fF) at the collection
» = - e e . =
A" electrode
p-well n-well p-well

Deep p-well * Large S/N ratio can be achieved

* Fast signals

4
ﬁ /L\ j /} /L\ /} > Aplanar junction extends across the

v ___________________________________________ .
| @ @ @ @ @ @ @ @ > gjrllaprgeelc?)lljlref?;feed in depleted volume

' H. Pernegger et al., First tests of a novel radiation
Courtesy: E. Jr. Schioppa hard cmos sensor process for depleted monolithic
active pixel sensors, JINST 12 (2017) P06008

25 um
>
—>

« TowerJazz Investigator 1 chip

0.50 cm

Dummy pixels

7 "' | ° « Many different mini-matrices differing
= in geometry & front-end

| | | Dimmypixels |

R « 4 matrices measured with pixel size
***** of 28 x 28 ym? and 30 x 30 um?and
different depth of p-well

o1 1 Dummy pixgls |

0.57 cm
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Measurements

« Test of 4 matrices with 3 target materials

Pk-Pk_[CH1]

416.2 mV 10.000: 586.700 - 213,114 '146.4881 : 5000

(unirradiated)
« Bias voltage 6 V

« Single pixel read out with Cividec C2HV
amplifier, pulse amplitude proportional to
charge

« 60000 events for each of the matrices for each
of the target materials and wave-forms fitted

- Charge spectra from X-ray emission

W3R19 Matrix 80 C ar Materials | Ko[keV] | KglkeV]
_ Titanium (Ti) | 4.512 4.933
g Gl Iron (Fe) 6.405 | 7.059
200 Entries 60000
Mean 226.5 Copper (Cu) 8.046 8.904
Sid Dew 166.9
324 ndf 1858 / 40
Fai i i] acals 1. 84 3e+04d + 3. G530e+02
mu_alpha 4535 + 0.2
sigma B.263 + 0,133
1500 T _beta O 091 03 . :
2378 + 8.0 —> High resolution allows to see
1000 Ky~ and Kg lines separately
mf—

m Noise about 3.6 mV
Maximum deep PW, 28 x 28 um?2
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Results of unirradiated chip

« Gamma peak positions versus literature values

2

< 600
" gl Calralen o ot maticos * Matrix 80 (maximum deep PW),
500~ «  Matrix 95 (minimum deep PW) and
asof * Matrix 98 (medium deep PW) with 28 x
aof 28 ym?
ss0f- » Matrix 106 (maximum deep PW) with 30
300l x 30 ym?
25°§/: > Linearity of gain
= > Slightly higher gain for matrix 80 and
- | N also matrix 108 with maximum deep

100

1 | 1 L L 1 ‘ L L L L L 1 1 1 | 1 1 1 L
5000 6000 7000 8000 9000
Peak position from literature [eV] P'Wel I

* Energy resolution for K -energies

. ; —+— 95 min deep PW
03— —+— 98 medium deep PW
C —+— 80 max deep PW
0_25:_ —t — — 106 max deep PW
D_zi — » Matrix 106 with larger pixel size has
- —— a better energy resolution (around
°'15;_ — 0.05 £ 0.04)
01f- » Matrix 80 with maximum deep PW
- around 0.25 + 0.08
0.05 %‘% . I
- } —t—
[ | | | |

1| | T | 1 11 | I | I | T | | T | | I ‘ 1
4500 5000 5500 6000 6500 7000 7500 8000 8503
e

22.11.2017 Flourescence setup and measurements - Susanne Kuehn



Summary

« X-ray flourescence setup installed and commissioned at CERN

* Ready to be used with new sensors

* Unirradiated CMOS Sensor Matrices from TowerJdazz Investigator1 chip
characterized with three target materials

. Linear gain and good energy resolution measured
. Matrix 80 has a higher gain (0.065 + 0.002)
. Matrix 106 has a better energy resolution (0.05 = 0.04)

. Low noise in the setup

« More measurements with several target materials ongoing

« Upgrade of setup for irradiated sensors in preparation

X-ray
tube
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Thanky you!

Thank you to Enrico and the Summer students Felipe and Michael!
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Spare
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Towerdazz 180nm CMOS technology

* The standard process

n-well NMOS PMOS NMOS n-well

[ ] - —
p-well n-well
Deep p-well ':-':
1 ,:: \ ‘\/ <’ 15
o g T < o
h-'.... ‘.0’ '\/J
R ' “DIFFUSION

Difficult to obtain full lateral depletion
Not radiation hard
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