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WP 6 / NA5 – Task 4
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Giovanni Darbo – INFN / Genova

WP6.4 deals with development of capacitive interconnections 

Perform basic R&D on capacitive interconnection for electrical test 
structures and using different adhesives and gluing techniques. Optimise 
gluing process for precise alignment, high and uniform capacitance and 

sufficient yield and reproducibility…
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Task 6.4 - Hybridization

Task 6.4 Beneficiaries and (INFN) interested groups: 

• INFN-GE, IFAE, UNILIV 

• Additional INFN groups involved: Milano.

Activities on HV/HR-CMOS hybridization funded by 3 year INFN project:

• 2015 – 2017 

• INFN Interested not only on hybridization but in the whole HV/HR-CMOS project: chip 
design, assembly with R/O, module test in the lab, at test beam and with irradiation

Preliminary studies and on-going activities reported in the next slides:

• Process studied is front-end to HV/HR-CMOS chip gluing (chip-to-chip)

• Test with dummies – achieved results and future plans

• Prototypes with available HV-CMOS chip and FE-I4 R/O chip
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Thin FE chip
R/O Architecture

Electrical Interconnection
Bump-bond

HV/HR-CMOS 
Amp/Disc layer

Drift layer

CCPD – Capacitively Coupled Pixel Detectors

New generation of Pixel detectors under development for the ATLAS Pixel 
detector at the HL-LHC

• Passive hybrid detectors use “resistive” coupling between sensor and R/O chip

• HV-CMOS detector use a High Voltage chip technology to make sensor and amplifier 
which is then coupled to the “usual” front-end chip…

 through a dielectric…

Why capacitive?
 Passive sensors need diode 

biasing from amplifier other 
than for collecting charge: 
AC coupling is (almost) not 
an option.

 Capacitive coupling it might 
be cheaper: glue and 
alignment looks easier.

Thin FE chip

Dielectric (glue)

HV/HR-CMOS 
Amp/Disc layer

Drift layer

© T. Hemperek, Bonn, DE



AIDA-2020 Kick-off – WP4 Task 4G. Darbo – INFN / Genova CERN, 4  June 2015 4

(Some) Requirements

Capacitance uniformity 

• Between pixels, from an assembly to another: ~10 %  thickness uniformity

• Most critical for analog coupling (no discriminator in the HV/HR-CMOS)

• RD-53 chips will have 50µm pitch, but also versions for very small pixels: 25µm pitches 
are considered

• X-Y alignment: better than few µm (cross talk / signal loss)

Glue requirements

• Low viscosity:  0.1 ÷ 0.5 Pas

• Radiation hard: epoxy

• Not degassing

• Low temperature curing, investigating UV/Temp curing glues

• Minimum thickness of glue to give for full adhesion (usual specs are 1-2 mil, but we 
want less!)

For chip-to-wafer and wafer to wafer TVS are needed on one or both facing chips

• For the moment we are looking at chip-to-chip processes
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Controlled Glue Thickness
Procedure for Controlled Glue Thickness

• Deposit uniform layer of SU8 photoresist on R/O chip 
wafer (or single chip) by spinning – tune for 5 µm layer 
by controlling RPM speed

• Pattern pillars using lithographic process . 

R/O CHIP

R/O CHIP

Spin SU-8 photoresist
Pattern pillars by mask

Glue deposition

R/O CHIP

DETECTOR CHIP

Align & pressure
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© V. Ceriale, A. Rovani, Genova, IT
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© A. Rovani & V. Ceriale - Genova
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Basic CCPD Process under Study

Pillars can be produced by standard lithographic processes:

• SU8 photoresist deposition (3 – 5 µm thickness) by spinning on 8 – 12-inch wafers (for 

testing we could use 6-inch wafers)

• Pillars are made by mask as for bump-bonding openings in the photoresist

• Chips need alignment after a glue is deposited (flip-chip machine)

• Glue polymerization by UV light (tacking) and complete process in an oven

• SU8 deposition 

by spinning

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

 Figure 1.a. SU-8 2000 Spin Speed vs. Thickness 
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Figure 1.b. SU- 8 2000 Spin Speed vs. Thickness 
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 Table 1. SU-8 2000 Viscosity 

SU-8 2000 % Solids Viscosity (cSt) Density (g/ml)

2000.5 14.3 2.49 1.070

2002 29.00 7.5 1.123

2005 45.00 45 1.164

2007 52.50 140 1.175

2010 58.00 380 1.187

2015 63.45 1250 1.200

THICKNESS SOFT BAKE            

TIME

microns minutes @ 95°C

0.5 - 2 1

3 - 5 2

6 - 15 2 - 3

16 - 25 3 - 4

26 - 40 4 - 5
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Plan for Hybridization – Dummy wafers

Test pillar and glue process on dummy wafers/chips

• Design a 6-inch wafer with FE-I4 size dummies

• Place 48 capacitors of 1 mm2 each on every dummy chip.

• Capacitance gives information of glue thickness uniformity

PROBING PADS

FLIP

Equivalent circuit 
after flip Ctot = ½ C
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Dummy Assembly

Credits: Alessandro Rovani – INFN / Genova
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Overlaid – Bottom metal + SU8 pillard + Top metal

Credits: Alessandro Rovani – INFN / Genova
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Stack-up:

5µm dielectric thickness

3D Simulation - HyperLynx® 3D EM 

Credits: Ettore Ruscino – INFN / Genova
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Dielectric 2.5um 3um 3.75um 5um 7.5um 15um

C(1,2) 6,7485 5,6125 4,4937 3,3829 2,2878 1,1613

C(3,4) 6,7267 5,5912 4,4731 3,363 2,268 1,1436

C(5,6) 6,8096 5,6761 4,5565 3,4424 2,3444 1,2124

C(7,8) 6,7485 5,6125 4,4937 3,3829 2,2878 1,1613

C(9,10) 6,7267 5,5912 4,4731 3,363 2,268 1,1436

C(11,12) 6,8096 5,6761 4,5565 3,4424 2,3444 1,2124

C3,4

C5,6

C9,1

0

C11,

12

C1,2 C7,8

Dielectric thickness (um)

C
a

p
a

c
it

a
n

c
e

(p
F

)

0

1

2

3

4

5

6

7

8

0 2 4 6 8 10 12 14 16

C(1,2)

C(3,4)

C(5,6)

C(7,8)

C(9,10)

C(11,12)

Credits: Ettore Ruscino – INFN / Genova

Dielectric thickness (µm)  Capacitance (pF)
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Dummy Wafers & Process Plan…

Dummy wafer layout completed

• 6-inch wafer will be produced by FBK – standard thickness, one metal layer on top of 
passivation (oxide)

SU8 process at Selex

Flip chip at Genova or at other sites

• Modified the flip-chip machine for UV curing

After qualification, process a full FE-I4 wafer.

We are also looking at full simulation of HV/HR-CMOS – FE chip coupling for 
optimal signal transfer

• Configuration data from R/O chip to HV/HR-CMOS can be transmitted capacitively… 
only power/ground need DC connection (laser soldering to flex hybrid as in ALICE 
proposal?)

Timeline: these initial test cover, approximately, the first year of AIDA-2020, we 
think to have partial answers before end of this year. 


