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BUMP-BONDING OVERVIEW

= Expensive process, requires full wafers for processing

®  Good yields for pixel pitch > 50 pum

Timepix3 ROC bump-bonded to a 50 ym active edge silicon sensor Solder bumps on the Timepix3 pixel matrix Bump cross-section

R

m R&D with IZM to develop single die bonding process for 25 um pixel pitch
(thesis of Morag Williams)

m  CLICpix2 readout ASIC, 128x128 pixels

Cross-section of some failed connections

®  Process using SnAg bumps

= FBK active edge sensors from AIDA2020 production — ongoing tests
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https://cds.cern.ch/record/2766510

= New batch of CLICpix2 and FBK active edge sensor assemblies bonded
at IZM

m  Different guard-ring configurations
= 50 um, 100 pm and 130 um

m Testbeam and lab measurements ongoing, preliminary results indicate
excellent yield, more detailed analysis soon!

IV curves at FBK IV curves after bonding
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ANISOTROPIC CONDUCTIVE FILM (ACF)
INTERCONNECT
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FINE PITCH BONDING

= Bump-bonding is expensive and requires long turn-around time for detector R&D

= Need of an alternative process with better availability
®  Epoxy film with small conductive particles

m  ACF widely used in industry (chip-on-flex, display manufacture, ...)

®  ACF connection done at Geneva University using semi-automatic flip-chip bonder

Sr% response for Timepix3 assembly

® |8 um film, 3 um particles, different particle density available . pee o it 30% AGF coverage

m  Pressure 300-800 kgf/cm?

m  Requires precise temperature, pressure
and alignment control

Flip-chip bonder

ACF lamination Main bonding
A

Top cover layer ACF
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OPTIMISATIONS

. . . . Unplated (left) vs  Plated (right)
m  Under Bump Metallisation (UBM) needed to achieve connection
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m  Electroless Nickel (Electroless Palladium) Immersion Gold — EN(EP)IG

®  In-house chemical ENIG deposition for single dies developed at CERN
(Rui de Oliveira, Micro Pattern Technologies workshop)

m  Good interconnect yield for 55 um pitch and areas up to |cm?

Timepix3 chip ENEPIG pad Tlmep|x3 sensor after re- work PIG Tlmep|x3 assembly w/ re-worked pad

Timepix3 a

Old chain device
used for resistance
measurements

® Plans to produce dummy devices for quick electrical tests
of the interconnect quality (LPNHE, FBK)
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DETECTOR MODULE INTEGRATION

= ACF for connection of hybrid / monolithic detectors and PCB / flex

®  Alternative to wire-bonding — robust connection

m  Simpler compared to full pixel matrix bonding
®  Smaller amount of much larger pads

m | ower bonding force required

ALPIDE flexible printed circuit

m  Monolithic pixel detectors MALTA and ALPIDE
= MALTA — bridge connecting 1O in multi-chip modules

m  Discussed in detail in Florian’s talk

m  ALPIDE — detector connection to flexible printed circuit
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CONCLUSIONS

= Small pitch bump bonding

®  Single die process developed for 25 um pitch CLICpix2 hybrid assemblies

®  Preliminary test results show excellent yield

= ACF interconnect
" In-house UBM plating and in-house ASIC-sensor connection
m  Good yield achieved for 55 um pitch and areas up to | cm?
m  Ongoing improvements of the bonding parameters and ACF materials

m  Extended the ACF project to target module integration

®  Both monolithic and hybrid devices
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