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Part I:

Characterisation of capacitively coupled
assemblies for the CLIC vertex detector




&lb Introduction to capacitively coupled pixel detector )

A HighVoltage (HV) CMOS sensors:
A All electronics are placed in a deepall, which is also th Readout ASIC
collecting electrode Cout GLUE Scoupling pads
A Due to the reverse applied higloltage bias, a depletion e etos ASlC
region with a depth of p 1t & is created undethe Ceoupl Front-end
collection electrode, which leads to fast signal collection ., ., ... N-well

throughdrift -60 V ov  NMOs PMOS .1 75y 60V

—|— T transistors transistors ‘|— T

A Capacitively coupled pixel detectors:

A Athin layer of glue is applied between the sensor and tf
readout chip

A The charge collected in the HGMOS pixel is amplified by
an onpixel Charge Sensitive Amplifier (CSA) and then ;
transferred to the readout chip /- Poubstrate

/Charged particle

Depleted Region

A Two chips have been designed in the framework of the CLIC vertex detector studies
A The CLICpix2 readout cilj (65nm CMO$rocess)
A Simultaneousgime (8-bit ToA and energy (®it ToT) measurements10 ns timetagging
A The C3PD HEZMOS sensor chjf], (180 nm H\CMOS process)
A Produced on wafers witB0, 200and 1000mcm resistivity for the substrate
A Bothchips feature matrices with ¢ Yp ¢ sguarepixels,with ¢ U & pitch
A Successorsf a1stgenerationof chips that have been tested in capacitively coupled asseniBjes

[1]1/ [ L/ LJA BManual ¢ Sanip ®. Valerio and AiergolsKi: https://www.overleaf.com/4621916xdggmb#/13998870/
[2] CLICDPUB2017-001 (I Kremastiotis eél.): https://arxiv.org/pdf/1706.04470.pdf
[3] CLICd#Pub2015003 (N AlipourTehrani et a): https:// doi.org/10.1016/j.nima.2016.03.072
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Capacitively coupled assemblies

A Capacitively coupled assemblies with the C3PECNNDS
sensor glued on the CLICpix2 readout chip have been
produced at Geneva University with an $¥€ural00
flip-chip machine

A The C3PD sensor chip has been produced in wafers with
different values for the substrate resistivity
A Standard resistivity (20acm):
A First (laboratory and/obeam) testperformed with ; Ny S
assemblies with the standard substrate resistivity for C3PD Photo: M. Vicente
A Higher resistivity:
A 1 kmem: Two assemblies with kwem C3PD chips have been

produced and tested in the laboratory.
Assembly #10 tested in beafn analysis in progress

A 200mcm: C3PD samples from a 20@m wafer have been
received.
First assembly is produceyl testing in progress

A The collected signal is expected to be larger for higher
substrate resistivity4]

—10Qcm
— 80Qcm
— 200Qcm
—1000Qcm ]

Collected Charge [e]

A Laboratory and tesbeam measurements of capacitively
coupled assemblies were performed using @&RIBOu
data acquisition system:

https://gitlab.cern.ch/Caribou

8 10
Time [us]

Simulated collected charge for different values
for the substrate resistivity [4]

[4] CLICdiNote-2016:004 (M Buckland)https://cds.cern.ch/record/2159671/
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Coupling capacitance )

A Test pulse injection in C3PD. Readout from CLICpix2

A Variations in response across the matrix have been observed in some assemblies
A Nonuniform glue deposition, flighipmisalignment

C3PD test pulse, fixed amplitude, assembly 7

TOT

20mecm
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C3PD test pulse, fixed amplitude, assembly 9
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Assemblies with 20@Gxcm C3PD chips

A Low yield has been observed for the assemblies with the C3PD chips frot
the 200mcm wafer

A Low statistics: but of 4 produced assemblies is functional

A Short from power to ground, problems in powering observed for other assemblies
as well as for bare C3PD chips from the sarater

A No similar issues have been observed for the first C3PD production, with the
standard substrate resistivity (28cm)

A Preliminary results are available for the functional assembly (Assembly #:
A Test pulsénjection ina single pixel in CLICpix2 (left) and C3PD (right)
A Forlarge signals, th&oTcounter saturates

Injected amplitude [mV] Injected amplitude [mV]
49.5 121.5 193.5 265.5 337.5 409.5 481.5 553.5 0 108.5 217 325.5 434 5425 651 759.5 868
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test_cap_1_msb C3PD test pulse DAC code



Q!b Measurements on coupling (glue) capacitanges

A Following destructive crossection measurements on two C3PD / CLICpix2 test pulses
mechanical samples, the pad-pad distance is3>m, '
largely dominated by passivation layers

A The simulated value of the glue capacitance3ds fF[5]

A v aaLlSOArté /ot5 LAESE oKSNB
connected directly to the coupling pad, was used to

measure the coupling capacitance between the two chips _ . _ _
CLICpix2 + C3PD coupling simulation (M. Vicente)

A Using the design value for the CLICpix2 test pulse injection

Capacitance [fF]

capacitanced p TiQPthe coupling capacitance
(6 ) can be estimated |
C3PD Substrate , :/ :
Assembly # Resistivity facm) Cotuel1F] ==

1 20 3.66 10°

6 20 1.43 S —
0 100

7 20 2 ) 95 Pad-to-pad distance [um]

9 1000 2.72

10 1000 2.63

17 200 3.20

[5] CLICdNote-2017-003 (M.Vicentd: hitps://cds.cern.ch/record/2267848/
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Measurements with®°Sr source )
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d!b Summary and conclusions )

A The CLICpix2 and C3PD ASICs have been tested in capacitively coupled assemblies:
A Assemblies with higher resistivity C3PD samples are being tested
A Higher resistivity C3PD chips show sinalaplifier performance to the ones with standard resistivity (@6m)
A Similar amplifier gain, noise, rise time
A Larger and faster signal collection is expected for the capacitively coupled assemblies with higher resistivity C3PD
A Variations in glue uniformity and alignment have been observed
A

CLICpix2 assemblies with planar sensors have been produced and tested. A ]
tfSIFaAaS NBFSNI U2 az2Nlr3Qa ulfl F2NIYZ2NB AYF2NNYIUAZY 2V

A Next steps:
A Test beam analysis is @wing for the assembly with Iwem C3PD (#10)
A Assembly with 20@xcm C3PD (#17) to be further tested in fhboratory

This work is a combined effort between CERINEP and EBSEVIE groups
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Part Il

Designof a monolithic HRCMOS sensor chip
for the CLIC silicon tracker




d!b Requirements @

A Requirements for a chip for the
Compactinear Collider (CLIC) silidoacker[1]:

A Single point resolution in one dimensid>m
(transverse plang

A Length of short strip/long pixep p 1 &
(300>m for the prototype, based on the minimum area required
for the functionality)

Energy measurement with-Bit resolution
Time measurement with 10 ns bin ane& resolution
No multihit capability

Material budget 11.5% X
(i.ex 200>m for silicon detector and readout)

Power consumption < 15&W/cm?
(Power pulsing, duty cyclEs6 ns / 20ms)

o To Do Do P>

A CLIC Tracker Detector (CLICTD):
Monolithic detector chip, targeted at the CLIC silicon tracker

[1] CLICdiNote-2017-002 (D. Dannheim, A. Nurnbergjtps:// cds.cern.ch/record/2261066
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