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Part I: 
_____________________________________

Characterisation of capacitively coupled 
assemblies for the CLIC vertex detector
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Å High-Voltage (HV) CMOS sensors:
Å All electronics are placed in a deep N-well, which is also the 

collecting electrode

Å Due to the reverse applied high-voltage bias, a depletion 
region with a depth of ͯρπ‘ά is created under the 
collection electrode, which leads to fast signal collection 
through drift

Å Capacitively coupled pixel detectors:
Å A thin layer of glue is applied between the sensor and the 

readout chip

Å The charge collected in the HV-CMOS pixel is amplified by 
an on-pixel Charge Sensitive Amplifier (CSA) and then 
transferred to the readout chip

Introduction to capacitively coupled pixel detectors

Å Two chips have been designed in the framework of the CLIC vertex detector studies
Å The CLICpix2 readout chip [1] (65 nm CMOS process)

Å Simultaneous time (8-bit ToA) and energy (5-bit ToT) measurements, 10 ns time tagging

Å The C3PD HV-CMOS sensor chip [2], (180 nm HV-CMOS process)

Å Produced on wafers with 20, 200 and 1000 ʍcm resistivity for the substrate

Å Both chips feature matrices with ρςψρςψsquare pixels, with ςυ‘άpitch

Å Successors of a 1st generation of chips that have been tested in capacitively coupled assemblies [3]

[1] /[L/ǇƛȄн ¦ǎŜǊΩǎ Manual (E. Santin, P. Valerio and A. Fiergolski): https://www.overleaf.com/4621916xdqqmb#/13998870/

[2] CLICDP-PUB-2017-001 (I. Kremastiotis et al.): https://arxiv.org/pdf/1706.04470.pdf

[3] CLICdp-Pub-2015-003 (N. AlipourTehrani et al.): https:// doi.org/10.1016/j.nima.2016.03.072

https://arxiv.org/pdf/1706.04470.pdf
https://arxiv.org/pdf/1706.04470.pdf
https://doi.org/10.1016/j.nima.2016.03.072
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Capacitively coupled assemblies

Å Capacitively coupled assemblies with the C3PD HV-CMOS 
sensor glued on the CLICpix2 readout chip have been 
produced at Geneva University with an SET Accura100 
flip-chip machine

Å The C3PD sensor chip has been produced in wafers with 
different values for the substrate resistivity
Å Standard resistivity (20 ʍcm): 

Å First (laboratory and/or beam) tests performed with 
assemblies with the standard substrate resistivity for C3PD 

Å Higher resistivity: 

Å 1 kʍcm: Two assemblies with 1 kʍcm C3PD chips have been 
produced and tested in the laboratory.
Assembly #10 tested in beam Ą analysis in progress

Å 200 ʍcm: C3PD samples from a 200 ʍcm wafer have been 
received.
First assembly is produced Ą testing in progress 

Å The collected signal is expected to be larger for higher 
substrate resistivity [4]

Å Laboratory and test-beam measurements of capacitively 
coupled assemblies were performed using the CaRIBOu
data acquisition system:

https://gitlab.cern.ch/Caribou  

Photo: M. Vicente

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

5 mm

[4] CLICdp-Note-2016-004 (M. Buckland): https:// cds.cern.ch/record/2159671/

https://gitlab.cern.ch/Caribou
https://cds.cern.ch/record/2159671/


5

Coupling capacitance
Å Test pulse injection in C3PD. Readout from CLICpix2

Å Variations in response across the matrix have been observed in some assemblies
Å Non-uniform glue deposition, flip-chip misalignment

C3PD test pulse, fixed amplitude, assembly 9 C3PD test pulse, fixed amplitude, assembly 10

20 ʍcm

1 kʍcm
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Assemblies with 200 ʍcm C3PD chips

Å Low yield has been observed for the assemblies with the C3PD chips from 
the 200 ʍcm wafer
Å Low statistics: 1 out of 4 produced assemblies is functional

Å Short from power to ground, problems in powering observed for other assemblies 
as well as for bare C3PD chips from the same wafer

Å No similar issues have been observed for the first C3PD production, with the 
standard substrate resistivity (20 ʍcm)

Å Preliminary results are available for the functional assembly (Assembly #17)
Å Test pulse injection in a single pixel in CLICpix2 (left) and C3PD (right)

Å For large signals, the ToTcounter saturates



7

Measurements on coupling (glue) capacitance

CLICpix2 + C3PD coupling simulation (M. Vicente)

Assembly #
C3PD Substrate 

Resistivity (ʍcm)
Cglue[fF]

1 20 3.66

6 20 1.43

7 20 2.95

9 1000 2.72

10 1000 2.63

17 200 3.20

Å Following destructive cross-section measurements on two 
mechanical samples, the pad-to-pad distance is ~3 m˃, 
largely dominated by passivation layers

Å The simulated value of the glue capacitance is ~3.5 fF [5]

Å ! άǎǇŜŎƛŀƭέ /оt5 ǇƛȄŜƭ ǿƘŜǊŜ ǘƘŜ ƛƴƧŜŎǘŜŘ ǘŜǎǘ ǇǳƭǎŜ ǎƛƎƴŀƭ ƛǎ 
connected directly to the coupling pad, was used  to 
measure the coupling capacitance between the two chips

Å Using the design value for the CLICpix2 test pulse injection 
capacitance (ὅ ρπὪὊ), the coupling capacitance 
(ὅ ) can be estimated:

[5] CLICdp-Note-2017-003 (M.Vicente): https://cds.cern.ch/record/2267848/

https://cds.cern.ch/record/2267848/
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Measurements with 90Sr source

Particles from a 90Sr source, 
read out from CLICpix2 

Assembly #10:
/[L/ǇƛȄн Ҍ Ψм ƪʍŎƳΩ /оt5
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Å The CLICpix2 and C3PD ASICs have been tested in capacitively coupled assemblies:
Å Assemblies with higher resistivity C3PD samples are being tested 

Å Higher resistivity C3PD chips show similar amplifier performance to the ones with standard resistivity (20 ʍcm)

Å Similar amplifier gain, noise, rise time

Å Larger and faster signal collection is expected for the capacitively coupled assemblies with higher resistivity C3PD

Å Variations in glue uniformity and alignment have been observed

Å CLICpix2 assemblies with planar sensors have been produced and tested.
tƭŜŀǎŜ ǊŜŦŜǊ ǘƻ aƻǊŀƎΩǎ ǘŀƭƪ ŦƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǇƭŀƴŀǊ ŀǎǎŜƳōƭƛŜǎ

Å Next steps:
Å Test beam analysis is on-going for the assembly with 1 kʍcm C3PD (#10)

Å Assembly with 200 ʍcm C3PD (#17) to be further tested in the laboratory

This work is a combined effort between CERN EP-LCD and EP-ESE-ME groups

Summary and conclusions
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Part II: 
_____________________________________

Design of a monolithic HR-CMOS sensor chip 
for the CLIC silicon tracker



Requirements

11

Å Requirements for a chip for the 
Compact Linear Collider (CLIC) silicon tracker [1]:
Å Single point resolution in one dimension Җт ˃m 

(transverse plane)

Å Length of short strip/long pixel: ρ ρπάά
(300 ˃ m for the prototype, based on the minimum area required 
for the functionality)

Å Energy measurement with 5-bit resolution 

Å Time measurement with 10 ns bin and 8-bit resolution

Å No multi-hit capability

Å Material budget 1-1.5% X0
(i.e. ͯ 200 ˃ m for silicon detector and readout)

Å Power consumption < 150 mW/cm2 

(Power pulsing, duty cycle 156 ns / 20 ms)

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

[1] CLICdp-Note-2017-002 (D. Dannheim, A. Nurnberg): https:// cds.cern.ch/record/2261066

https://cds.cern.ch/record/2261066

