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Motivation

All ATLAS and CMS upgrade strip detectors are fabricated in Hamamatsu
Photonics HPK

Seems like large area strips only are fabricated in microelectronics foundries

Here we want to show that also CMOS foundries can fabricate strip detectors and
do not have any impact in the performance
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What changes regarding microelectronic foundries?
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https://en.wikipedia.org/wiki/Semiconductor_device_fabrication

Passive CMOS Strip

4

Fabrication in LFoundry with a 150 nm production
NO electronics included — therefore Passive
FZ 150 pm thick wafer
We fabricated 2.1 cm and 4.1 cm long strips:
1cm? reticle used (2 set of masks used)
The strips had to be stitched 3 or 5 times
We want to demonstrate that stitching does not affect the performance of the

strips
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Two designs of strips: Regular design and Low Dose design

Regular design Low dose design
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Using low dose implant and a MIM
Similar to the ATLAS strip design capacitor
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Electrical characterization: IV

1V comparison with and without nwell connected
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IV curve shows an improvement when biasing the bias and the nwell ring together
Probably the break down is happening to the edge of the detector
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Electrical characterization: CV

CV with the bias pad CV with the bias pad and nwell ring
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Decrease of capacitance when increasing the frequency (small discrepancy with
the results presented by S. Magdefessel)
The effect decreases biasing the nwell ring — some edge effect
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https://indico.cern.ch/event/1132520/contributions/5140043/

Charge in the ALiBaVa setup
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Signal of a long detect

T T T
Passive CMOS-Strips
12} CMOS Long Sensor: all designs

Signal [ke ™ ]

LD30-0 LD55-0 Regular-0
2+ #- D301 -~ LD55-1 Regular-1 -
—#- LD302 & LD552 —k— Regular2

—i—- LD30-3 4 LD553 —¥— Regular-3

L . . X . )

0 10 20 30 0 50 60
Voltage [V]

Overview of the Passive CMOS strips

Noise [ke "]

0.8

0.6

- CMOS Long Sensor: all designs b

CM(l)S-Stri;;s: PrelirminaryI

[12999T (2202) £€0T VININ]

LD30-0 LD55-0 Regular-0
- LD30-1 ~&- LD551 Regular-1
L -~ LD30-2 ~-&- LD552 @ Regular-2_]
~- LD30-3 ~-§- LD55-3 ~@~ Regular-3
I ! 1 I I 1
10 20 30 40 50 60
Voltage [V]

technische universitat
dortmund


https://www.sciencedirect.com/science/article/abs/pii/S0168900222002145

Transient Current Technique measurements
TCT and edge TCT with IR laser
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https://www.sciencedirect.com/science/article/abs/pii/S0168900222002145
https://www.sciencedirect.com/science/article/abs/pii/S0168900222002145
https://indico.cern.ch/event/1157463/contributions/4922779/attachments/2468430/4233949/Niels_Sorgenfrei_RD50_Talk.pdf
https://indico.cern.ch/event/1157463/contributions/4922779/attachments/2468430/4233949/Niels_Sorgenfrei_RD50_Talk.pdf

Two Photon Absorption Transient Current Technique measurements

TPA-TCT measurements were performed at CERN SSD
The charge in stitching and outside stitching does not show any difference

. TPA-TCT in the stitch area TPA-TCT outside the stitch

—100V —

e &

2.06
ge y [mm

Thanks to Sebastian Pape, Michael Moll, Marcos Fernandez Garcia, and Esteban Curras
for the TPA-TCT measurements (ask them the questions about TPA-TCT)

Check Sebastian’s talk about the setup and measurements I
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https://indico.cern.ch/event/1132520/contributions/5140040/

[rradiated: Vs and CVs

Irraidated with p ns at KIT
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Irraidated with protons at KIT (23 MeV and annealed)
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Data not calibrated
Regular design seems to
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stop working after irradiation

[weyBuiwig 1z0z ASd YIgT]

technische universitat
dortmund


https://indico.cern.ch/event/797047/contributions/4473298/

Irradiated: Charge in the ALiBaVa setup with Sr°

Signal of a short detector with Sr° source irradiated
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https://www.sciencedirect.com/science/article/pii/S0168900222004569

Irradiated: Charge in the ALiBaVa setup with Sr°

. . 90 . .
Signal of a detec r*" source irradiated
- T — =
| Passive CM trips Prelimi n Py T T T .
£ CMOSShonSensor;smfn /crs#mmary 's | Passive CMOS Strips Preliminary
5 12+ e B = CMOS Long Sensor: 1e15 neg/cm?, annealing 80min wn
g T 12[ 1 8
@ 5 03
@ [0)
s B S
10 10+ 1 =)
= o,
8 ] = 1
8 s === 3
v e 4 o
. M —= >
6 1 6 ' 1
.
o
s a1
ar 7 4l —¢— Regular-0 —4— LD55-0 | o
/ —4¢— Regular-1 —#— LD30-1 —4— LD55-1
—$— Regular0 —#— LD30-0 —4— LD55-0 4 Regular2 —# LD30-2 ¢+ LD552 9
or ‘ f Regular-t f LD30-1 +‘ LDS5-1 Al Regular-3 LD30-3 ss3 | -
50 100 150 200 250 300 350 400 100 200 300 200 =
Voltage [V] Voltage [V] —_
1 2
Neutrons 5 x 101% neq/cm? Neutrons 1 x 101% neq/cm
X X k technische universitat
14 Overview of the Passive CMOS strips

dortmund


https://indico.cern.ch/event/1157463/contributions/4922779/attachments/2468430/4233949/Niels_Sorgenfrei_RD50_Talk.pdf

o Several Testbeams were done at DESY

o Electrons between 3 GeV and 3.4 GeV
were used

o DAQ Wlth ALiBaVa
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Testbeam results

Unirradiated sensor data @ 100V bias voltage

All measurements are performed at 18° C
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The charge is similar as the lab tests

Low Dose 55 pm design shows lower charge related to the Beettle chip
configuration
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https://indico.cern.ch/event/1058977/contributions/4631225/

Testbeam Irradiated samples

Sensors irradiated with 23 MeV protons @KIT

All measurements are performed at -40° C All measurements are performed at -16° C
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Regular design does not show charge, still to be investigated <

The sensors are still working after irradiation with protons

Implementation of ALiBaVa data to Corryvreckan ongoing
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https://indico.cern.ch/event/1058977/contributions/4631225/

Conclusions and future work

Conclusions

So far, stitching does not have any impact in the performance of the strip
detectors before and after irradiation

Currently the implementation of ALiBaVa in Corryvreckan is ongoing (great work
from Fabian Lex)

Finishing some pending measurements (such as Corryvreckan reconstruction or
irradiation with high energy protons measurements)

Planning a new production with the electronics implemented in the strips is
ongoing — that would allow to avoid all the bondings of the strips to the chips

Production of a full wafer size strip detector with a CMQOS foundry
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Regular implant Low dose 50 ym  Low dose 30 ym

38th RD50 Workshop (On Line), June 2021
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https://indico.cern.ch/event/1029124/contributions/4411297/

TCAD simulations: Simulated device zoom
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https://indico.cern.ch/event/1029124/contributions/4411297/

Regular Low dose 55um Low dose 30um
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TCAD simulations: Electric field zoom
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https://indico.cern.ch/event/1029124/contributions/4411297/

TCAD simulation: Current voltage curve
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TCAD simulation compared with data: capacitance voltage curves
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https://indico.cern.ch/event/1029124/contributions/4411297/

TCAD simulation: Electric field 100V at the center of the strip

Electric field in the center of the strip
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Irradiated: Charge in the ALiBaVa setup with Sr°

Signal of a short detector with Sr% source irradiated
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https://indico.cern.ch/event/1157463/contributions/4922779/attachments/2468430/4233949/Niels_Sorgenfrei_RD50_Talk.pdf
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