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Introduction

The HVR-CCPD (High Voltage and Resistivity - Capacitively Coupled Pixel
Detector) INFN project develops innovative pixel detector for ATLAS next
upgrade in BCD (Bipolar-CMOS-DMOS) technology. BCD8sP technology is
provided by STMicroelectronics (Agrate Brianza).

Targeting the 2024 High Luminosity LHC upgrade:

instantaneous luminosity 5×1034 cm−2s−1 (five times original ATLAS design)

Radiation hardness up to 1 Grad (10 MGy) for the detectors nearest to the
beam line (3 cm)
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Why BCD technology?

Hybrid pixel sensors Monolithic pixel sensors

7expensive (Bump-Bonding)

3charge collection → drift

radiation hardness
high readout speed

3effective cost (IC standard
technology)

7charge collection → diffusion

radiation damage
small readout speed
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Why BCD technology?

HV-CMOS Hybrid pixel in BCD technology

3cheap (BCD technology + Capacitive Coupling + IC standard technology)

3charge collection → drift
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Hybridization at INFN Genova

Capacitative Coupling: cheaper and easier alignment than Resistive Coupling.

Pillars:
- used to separate uniformly the two wafers
- obtained with photoresist using lithography
process

www.microchem.com

Substrate Preparation
To obtain maximum process reliability, substrates should be 
clean and dry prior to applying SU-8 2000 resist. For best 
results, substrates should be cleaned with a piranha wet etch 
(using H2SO4 & H2O2) followed by a de-ionized water rinse.  
Substrates may also be cleaned using reactive ion etching 
(RIE) or any barrel asher supplied with oxygen.  Adhesion 
promoters are typically not required. For applications that 
include electroplating, a pre-treatment of the substrate with 
MCC Primer 80/20 (HMDS) is recommended.

Coat
SU-8 2000 resists are available in twelve standard viscosities. 
This processing guideline document addresses six products: 
SU-8 2000.5, SU-8 2002, SU-8 2005, SU-8 2007, SU-8 2010 
and SU-8 2015. Figures 1.a. and 1.b. provide the information 
required to select the appropriate SU-8 2000 resist and spin 
conditions to achieve the desired film thickness.

Recommended Program
1.) Dispense 1ml of resist for each inch (25mm) of substrate 
diameter.
2.) Spin at 500 rpm for 5-10 seconds with acceleration of 100 
rpm/second.
3.) Spin at 2000 rpm for 30 seconds with acceleration of 300 
rpm/second.

Edge Bead Removal (EBR)
During the spin coat process step, a build up of photoresist 
may occur on the edge of the substrate. In order to 
minimize contamination of the hotplate, this thick bead 
should be removed. This can be accomplished by using a 
small stream of solvent (MicroChem’s EBR PG) at the edge 
of the wafer either at the top or from the bottom.  Most 
automated spin coaters now have this feature and can be 
programmed to do this automatically.

By removing any edge bead, the photomask can be placed 
into close contact with the wafer, resulting in improved 
resolution and aspect ratio.

Soft Bake
A level hotplate with good thermal control and uniformity is 
recommended for use during the Soft Bake step of the 
process. Convection ovens are not recommended. During 
convection oven baking, a skin may form on the resist. This 
skin can inhibit the evolution of solvent, resulting in 
incomplete drying of the film and/or extended bake times. 
Table 2. shows the recommended Soft Bake temperatures 
and times for the various SU-8 2000 products at selected 
film thicknesses.

Note: To optimize the baking times/conditions, remove the 
wafer from the hotplate after the prescribed time and allow 
it to cool to room temperature. Then, return the wafer to the 
hotplate. If the film ‘wrinkles’, leave the wafer on the 
hotplate for a few more minutes.  Repeat the cool-down 
and heat-up cycle until ‘wrinkles’ are no longer seen in the 
film.

Table 2. Soft Bake Times
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Photoresist thickness depends
on the spin speed of the wafer
in the deposition process
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Hybridization at INFN Genova

Pixel R&D Projects Meeting – HVR_CCPD: HybridizationG. Darbo – INFN / Genova  Milano, 8  June 2015 
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BCD Technology

Targets for validation of BCD
technology:

MOSFET performance does NOT depend on substrate
voltage

RADIATION HARDNESS
electronic devices
sensor
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BCD Technology

KC01 is a standard test chip provided by STMicroelectronics.

Each row contains MOS transistors with
different working voltage (1.8 V/5 V), type
(NMOS/PMOS), geometry (linear/ELT)
and size (W /L=10 µm/10 µm,
10 µm/1 µm, 20 µm/1 µm, 40 µm/1 µm,
100 µm/1 µm)

KC01 is a standard test chip provided by STMicroelectronics

Linear Transistor
Enclosed Layout Transistor (ELT)
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Test chip

All pads of 1.8 V transistors are bonded on the JLCC68 package
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No radiation

The measurement instrument is a Semiconductor Parameter Analyzer

Pch; ELT; W /L=100 µm/1 µm;
VGS = −1.8 V,−1.44 V,−1.08 V,−0.72 V,−0.36 V, 0 V

Vsub = –1.8 V Vsub = –25 V

3MOSFET performance does NOT depend on substrate voltage
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Board in radiation environment

Simplified measurement setup has been used in the radiation hall (oscilloscope +
wave generator)

Transistor characterization is made through a NOT-gate circuit

PMOS

Vgate

VDD

RD

Vdrain

NMOS

Vgate

RD

Vdrain

VDD

During irradiations, all transistors were biased and switched on.
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Test in radiation environment

At Laboratorio Energia
Nucleare Applicata (LENA) in
Pavia:

Irradiation with γ-rays (60Co):

48 krad

128 krad

224 krad

488 krad

861 krad

2.0 Mrad

2.8 Mrad

3.5 Mrad

6.2 Mrad
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Test in radiation environment

At Laboratori Nazionali del Sud (LNS) in Catania:

Irradiation with 62 MeV proton beam up to 32 Mrad
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Data Collection
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Analysis
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Results

T1: PMOS linear transistor; T2: NMOS linear transistor
D1, ... , D6 : size of transistor
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Results

T3: PMOS ELT transistor; T4: NMOS ELT transistor
D1, ... , D6 : size of transistor

During proton beam irradiation, most of ELTs looked like switched off
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Conclusions

Hybridization:

3detector and front-end chip separation is uniform at few microns level
in progress

Transistors in standard test chip KC01:

3No difference of channel current at different substrate voltages

3Linear transistors (both PMOS and NMOS) can be considered
radiation hard up to 32 Mrad

7During and after irradiation, ELT performance is worse than linear
transistors

Tests of the sensor:

devices delivered in July
tests in progress
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Conclusions

Thank you
Particular thanks to:

- dott. Daniele Dondi (Università
degli Studi di Pavia)

- Laboratorio Energia Nucleare
Applicata

- prof. Daniele Alloni

- dott. Gabriele Chiodini
(INFN-Lecce)

- Laboratori Nazionali del Sud
- dott. Marzio de Napoli
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Test chip KC01

Teg1− 1V 8CMOS
WEL (µm) L (µm) Notes

T1D1 1V8Pch 10 10 NG=2
T1D2 1V8Pch 10 1 NG=2
T1D3 1V8Pch 20 1 NG=2
T1D4 1V8Pch 40 1 NG=2
T1D5 1V8Pch 100 1 NG=2
T1D6 1V8Pch 100 1 NG=20

Teg2− 1V 8CMOS
WEL (µm) L (µm) Notes

T2D1 1V8Nch 10 10 NG=2
T2D2 1V8Nch 10 1 NG=2
T2D3 1V8Nch 20 1 NG=2
T2D4 1V8Nch 40 1 NG=2
T2D5 1V8Nch 100 1 NG=2
T2D6 1V8Nch 100 1 NG=20
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Test chip KC01

Teg3− 1V 8CMOS − Closed
WEL (µm) L (µm) Notes

T3D2 1V8Pch 10 1 NG=2
T3D3 1V8Pch 20 1 NG=2
T3D4 1V8Pch 40 1 NG=2
T3D5 1V8Pch 100 1 NG=2
T3D6 1V8Pch 100 1 NG=20

Teg4− 1V 8CMOS − Closed
WEL (µm) L (µm) Notes

T4D2 1V8Nch 10 1 NG=2
T4D3 1V8Nch 20 1 NG=2
T4D4 1V8Nch 40 1 NG=2
T4D5 1V8Nch 100 1 NG=2
T4D6 1V8Nch 100 1 NG=20
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Fit Comparison
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Fit Comparison: first case

T1D2
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Fit Comparison: second case
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Fit Comparison: second case

T3D4
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