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The demand for performance and precision in HEP has driven
Requirements of next-generation lepton collider experiments:

: < 0.05% X/X,
: ~ 3um
:~1-10 ns
: 1 MHz particle rate
1<25 umx 25 um

ANANENE NN

&% The ( ) began in 2020 to
e develop detectors for next generation lepton colliders.

» Development of (monolithic active pixel detectors)in a (Complementary
Metal-Oxide-Semiconductor) Imagin technology.



MOTIVATION — MAPS vs. Hybrid detectors

Hybrid detectors

Sensor  and readout
electronics produced
separately and connected
using bump bonding.

a Pixel sizes are
constrained by the
bump bonding pitch.
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MAPS

Sensing element and the readout circuitry
integrated in a single silicon layer.

0 Lighter, thinner, and capable of higher
granularity.

PMOS NMOS v Collection electrode

Monolithic pixel sensor profile, DESY Chip V2, J. Dilg
Master’s Thesis




MAPS R&D

PMOS NMOS v Collection electrode * Adding an n-layer extends the depletion zone to
the pixel edges.

* Introducing a gap in the n-layer increases the
lateral electric field near the edges, leading to a
faster response.

When a particle passes through the detector, it causes
C ionization, generating free electron-hole pairs.

Drift under the influence of an electric field
established by an external voltage.

Detection as electrical signal in the collection
electrodes.

Monolithic pixel sensor profile, DESY Chip V2 and Electric field simulation
(generic doping profile, electronics not included), J. Dilg Master’s thesis



DESY CH IP V2 Pixel Arrangement

DESY CHIP V2

OR DESY ER1

* Designed at DESY
* 2 X 2 pixel matrix
* 35 X 25 um? pitch

* In-pixel  amplifier
and analog output

Study the performance of two n-gap layouts with different n-gap sizes:
*4 um
*2.5um

A larger n-gap enhances the lateral electric field near the pixel edges,
which leads to a faster response .



Record waveforms
using EUDAQ data
acquisition framework

Iron-55 PIXEL 00 CH1
55 @ PIXEL 01 s> CH 2 > >
26Fe® -_— PIXEL 10 s CH 3 » >
e PIXEL 11 > CHa > Convert waveforms >
and save them in
Radioactive Source DESY Chip V2 Oscilloscope ROOT fles with Corry C++ Analysis

*Fe decays by electron capture of an inner-Shell electron (usually K shell):

© Neutron
@ Proton
@ Electron 55Fe + e — 55Mn + Ve
2 Vacancy
Vacancy in the K shell filled by other e™ releasing energy:
. - a photon is emitted.
. Ejected K-shell
Incifjept electron )
radiation ° . : the energy is transferred to another

electron, which gets ejected from the atom.



LAB measurements

Record waveforms
using EUDAQ data
acquisition framework

A PIXEL 00 CH1
& 1 PIXEL 01 s CH 2
: PXEL 10 s CH 3
PXEL 11 s CH 4

Convert waveforms
and save them in
ROQT files with Corry

L 2R 2R /
VYV

C++ Analysis

Radioactive Source DESY Chip V2 Oscilloscope

The emission lines of X-rays are used for calibration, knowing that the
© Neutron energy required to create an electron—hole pair in silicon is 3.66 eV, via

© Proton

© Electron the photoelectric effect.
() Vacancy

*K, lines: transitions from L — K shell
* K, =5.89875keV (16.2%)
Ejected K-shell s K, =5.88765 keV (8.2%)

::mn — As a single K, 5.895 keV X-ray ~ 1617 eh-pairs (25 %).

Incident
radiation

K line: transition from M — K shell
* 6.491 keV ~1778 eh-pairs (2.85%)

Auger electrons: ~5.19 keV (60.1%) — not detected



Record waveforms
using EUDAQ data
acquisition framework

Convert waveforms
and save themin
ROQT files with Corry

54.9382912(3)u
Ty = 2.744 years

Iron-55 | PXELO0O CH 1
55F @ PIXEL 01 s CH 2 > >
26 e@ I PIXEL 10 s CH 3 > >
> >
> >

B PXEL 11— CH4

Radioactive Source DESY Chip V2 Oscilloscope C++ Analysis

(charge sensitive amplifier) converts —  Signal is procesed and recorded with the
induced current into a

In-pixel frontend: The ( ) The strength of the lkrum
2bit DAG y returns the CSA output to baseline after can be tuned individually for
lkrum | _T each hit. each pixel through a
% Zi 1 Increasing ikrum
— <
8

e



LAB measurements

| PXELOO CH1
PIXEL 01 s CH 2
]  PXEL 10 s CH 3
| PXEL 11 e CH4

Iron-55

55F @)

6 €&

54.9382912(3)u
Ty = 2.744 years

Radioactive Source DESY Chip V2 Oscilloscope

The signal is procesed and recorded with the oscilloscope. ——  Digitalized with Corryvreckan.

Measurable quantities:

» Pedestal (Baseline)

» Amplitude

» Time over Threshold (scope thr.)
» Rise Time (10-90%)

» Fall Time (10-90%)

» RMS of the noise

The amplitude is calculated as the maximum of
the waveform minus the baseline.

The amplitude of the pulse is directly
proportional to the collected charge.

Record waveforms
using EUDAQ data

acquisition framework O

Convert waveforms
and save them in
ROQT files with Corry

vVvVvyyvYy
vV VvYy

EUpAQ

Waveform example

0.65
0.6y LA —> | — Pixel 2 (A1)
' & I\S -
L =
0.55 W.....H g 2
o ~
N E 3
k= £ “/
05— S = \6\
£ [ () “Virtual” Threshold
= 2 % . .
0.45 [-4 5. = Oscilloscope Trigger (pedestal+20mV)
oo
0.4 X
Baseline
calculation
0.35 ‘range
P T N PR PR I | | ] |

03 =400 =200 L] 200 400  BDO 8OO 10DO 1200 1400

time [ns]

C++ Analysis
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LAB measurements

Record waveforms
using EUDAQ data

{ PXEL 01 ==—> CH 2
PIXEL 10 s CH 3
. PIXEL 11 s CH 4

acquisition framework
Iron-55 HITERS P 00 cH1 = - 0‘\
T

55 ()
sF

€@

54.9382912(3)u
Ty = 2.744 years

vVvVvyyvYy
vV VvYy

Convert waveforms
and save them in
ROQT files with Corry

C++ Analysis

Radioactive Source DESY Chip V2 Oscilloscope E u DA'Q'

—p  Data analysis in C++

» Calculate the 4 ym n-gap layout detector » Compare the performance of the two n-gap
gain factor ¢ using a *Fe source fitting layouts (2.5 pm and 4 pm) to evaluate the
K, and Kz peaks with the calibration impact of gap size on detector response.
constrained such that 0 V corresponds to 0
electron—hole pairs.

waveform amplitude (V)

~ number of deposited charges (e)
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ANALYSIS - Layout comparison

Peaks of the spectrum of **Fe for4 ym and 2.5 ym.

4 ym 2.5um
Amplitude distribution for run 726, pixel 00 (lkrum = 5.53 nA) Amplitude distribution for run 1048, pixel 00 (Ikrum = 5.53 nA)
@ F N @ E
= e 1| E F
0.008 0.0081
E g K a E r <« Ka
5 0.007F 1 4—7 = 0.007— /I
= 0.006F 1 T :
€ o.00s] ’r £
o . E o
b= g l-J =z
0.004f ] [
0.003}; H1
0.002 !
B Kﬁ Kﬁ
0.001F b
:I 111 | - | - | I ] | hl?‘*h—-‘ e 11| l. P |
(9.13 014 015 0.6 0417 018 0.19 0.2 0.14 0.15 0.16 0.17 0.18 0.19 0.2

Amplitude (V) Amplitude (V)

» The K, peak appears doubled due to the rectangular geometry of the detector, which
causes a non-uniform detector response.
> The Kg peak is comparatively very small (2.85%)



ANALYSIS - Layout comparison

Risetime distributions for runs 726 and 1048

Pixel 00 (Ikrum = 5.53 nA) » Rectangular geometry of the pixels causes
o 0.04F a non-uniform charge collection
qC) E Run 726 (4 um gap)
o 0-035- Run 1048 (2.5 um gap) Average time to reach 1600 electrons
E 0.03 ; ﬁ Ei 0.4 ¢
g 0.025F F % 0.3 10
2 0.02- L B
T \-J'J §
0.015F ! 8 o
] el e i,
[L -0.1
0.005 ELIHJJ]-HI Lblnhw -0.2

4 6 8 10 12 14 16 18 20 os
Risetime (ns)

> Faster response for the 4 um n-gap 4 o3 oz o1 o o1 o2

0.4
pixel row / pitch (35 pum)
Simulation by Hakan Wennléf, 2024

Solution: Cut based on the signal rise time to do the calibration of the 4 um n-gap layout.

(su) swiy
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Apply a cut by selecting only the

Normalized events

, followed by a

Gaussian fit to the first peak.

Gaussian fit to the risetime distribution

0.04—
0.035
0.03
0.025
0.02
0.015

0.01

THFFTTTTT TTTT]TTTT]TTT TTTT[TTT
| [ \ | | |

0.005

Ealnn

Run 726, pixel 00 (Ikrum = 5.53 nA)

Mean = 6.357 + 0.005 ns
Sigma = 0.285+ 0.007 ns
¥&/ndf = 25.495 /2

FANN T T T Y YT SN YT TS S YT S N B 1

Ll
6 8 10 12 14 16 18 20
Risetime (ns)

Cut on the amplitude using the mean of the rise time fit £ no¢y
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Cut on the amplitude using the mean of the rise time fit £ no¢y

Amplitude distribution for run 726, pixel 00

Apply a cut by selecting only the

Normalized events

nse 2 followed by a ¢ _F —
Gaussian fit to the first peak. “ = Ater o cu
400
. I e 3001~ 16cut
Gaussian fit to the risetime distribution :
Run 726, pixel 00 (Ikrum = 5.53 nA) 200
0.04 i E
£ 1 100
00350 Peut Mean = 6.357 + 0.005 ns g .
' : Sigma=0.285:0.007 ns 8.1 O.I11 lIJ.I12 0.113 0.I14 0.1:5l IOl.l1éiI I(JI.I1.7"I I(i.1;3 0.‘19 0.2
0.03— ¥%/ndf = 25.495/ 2 Amplitude (V)
0.025
002
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0.01"
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ANALYSIS - Charge calibration

Apply a cut by selecting only the fastest-
response events, followed by a
Gaussian fit to the first peak.

Gaussian fit to the risetime distribution
Run 726, pixel 00 (Ikrum = 5.53 nA)

on 0.04— ‘
= E 1
] B ™ 19eum Mean = 6.357 + 0.005 ns
30035 | Sigma = 0.285 + 0.007 ns
3 - 2Indf = 25.495 / 2
qu) 003:_ ......................................................... ¥2/nd 5495/2 |
© E
£0025
o F
Z 0'02? ................ 7 SR SRS SIS SRR ST S S
- I |
0.015 R
= - |
0.01- il - :
5 ! IJ:LI '“ﬁf-"l’é\l
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4 6 8 10 12 14 16 18

Risetime (ns)

20

Cut on the amplitude using the mean of the rise time fit £ no;

Events

Amplitude distribution for run 726, pixel 00

500
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Before cut
- | = Adter 1o cut
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J 10'fcut y
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Amplitude (V)

Events

Amplitude distribution for run 726, pixel 00

500

400
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200

100

)
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E LglH il 7
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C J[ ; 1
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ANALYSIS - Charge calibration

Cut on the amplitude using the mean of the rise time fit £ no;
Apply a CUt by SeleCting Only the faSteSt- Amplitude distribution for run 726, pixel 00

Amplitude distribution for run 726, pixel 00

response events, followed by a ¢ _F fy [C £ o i o
Gaussian fit to the first peak. S ol | [ : HUJ{ jy LB enerzoon
400 e 400~ b 7
; ), | : | Yo
. . . T 3001 1ocut | 300F -
Gaussian fit to the risetime distribution : :
Run 726, pixel 00 (Ikrum = 5.53 nA) 200F~ 20f- - S
w 004 ‘ : t E C
—— C 1 1{}0_— [ 0] ESKSHNE-WNSNE SSG—— VS S WG——.——————
5 s Peout Mean = 6.357 + 0.005 ns g . :
3 0035 20cut Sigma = 0.285 + 0.007 C i 2 i
et B 30t gma = 0.5 = 0051 ns 87017 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.2 80,17 0127013 0.14 0.15 016 .17 018 0.19 0.2
® 003 wndf=25495/2 | Amplitude (V) Amplitude (V)
% i Amplitude distribution for run 726, pixel 00
B = E 500 - 1 e Beforecut |-
= 0'02; S S S S S N S S 4 r = After 3¢ cut
E -Ll 400:_ .....................................................................
0.015 | | | g L el
E 300 ; i
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£l i 100F
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ANALYSIS - Charge calibration

Cut on the amplitude using the mean of the rise time fit £ no;

Apply a cut by selecting only the fastest-

response

events,

followed by a

Gaussian fit to the first peak.

Gaussian fit to the risetime distribution

Normalized events

Run 726, pixel 00 (Ikrum = 5.53 nA)

0.04 ‘ 16
E cz“(; Mean = 6.357 + 0.005 ns
0.035 %‘;; Sigma = 0.285 + 0.007 ns
— cut
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Events

Skewed gaussian fit for

for K, for the case of
Fits for Ko and K peaks after the cut
200 -
C : Fit for K peak:
180 — J_%ﬂ Mean =0.15733 +0.00047 V
- - Sigma = 0.01001  0.00072 V
L ¥2ndf = 27.99 / 41
160
C lﬂ[ hb' Fit for K peak:
140 Mean =0.17213 £0.00110V
E M“ Sigma = 0.00582 + 0.00081 V
120 Jkﬂ *%/ndf = 46.02/35
100
80 ’\n‘\rr
60 DJ”U"U L‘|1
a0F W L
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and gaussian fit
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Linear calibration fit (Charge vs Amplitude)
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012 014 016 0.18 0.2
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Repeating the procedure for every pixel and each run, applying a size cut of 3o for the n-gap
layout:

_——

Ve

S—

Calibration factor

0.105
0.104
0.103
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0.101

0.1
0.099
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0.096

Calibration factor vs lkrum

x107° _

= ~Pixel 00

- k ~Pixel 01

- ~Pixel 10

; E\\\ ~Pixel 11

= N

- \ \\N

- s

- \?R\wp\

= nt TN

- \w\ \b\

- SN

- T

1 I2\ L1 \3\ 1 I4I [ I5\ L1 \6I L1 I7\ [ I8\ L1 \gl [ I10\ |
Ikrum (nA)

The in V/e
decreases with the

Large uncertainties observed for this
method.
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Comparison between the
n-gap layouts.

The were
obtained for different values of the Ikrum and
their dependence was studied for the
n-gap layout.

» Calibration can be improved using the
to the fit.

> Perform the

» Apply this calibration to the

The layout shows a
)
Calibration factor
)
obtained for and adding more points

to complete the comparison between both layouts.

and allow comparison with other chips.
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Backup— MAPS different layouts

PMOS NMOS + Collection electrode

PMOS NMOS < Collection electrode PMOS NMOS < Collection electrode

‘Depletion zone:
Epitaxial layer ip-i

Standard layout n-blanket layout n-gap layout

Epitaxial layer

» Adding an n-layer extends the depletion zone to the pixel edges.

* Introducing a gap in the n-layer increases the lateral electric field
near the edges.




Backup — Slope vs. Cut size

Repeat for each cut size to study the slope as a function of the cut size.

DR

10500

10400

10300

10200

10100

10000

Slope vs. Cut size ( ©)

»—//.

/

L

Cut size {a)

The slope increases with the cut
size.

We propose using the mean of the
slopes for each cut size, and
combining the standard deviation
with the mean of the slope errors.
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