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Medipix TSV project description

I. TSV processing of Medipix 3 wafers
Adapt the CEA-LETI TSV process to Medipix 3 wafers
Process |0 Medipix3 wafers with TSVs

2. Hybridization of the TSV processed read out chips
Dicing the wafers

Develop handling and FC bonding procedures for thin chips
Prepare a number of functional assemblies

Edgeless or traditional sensors, depending on the availability
Electrical tests

3. Demonstrator module

Build a 3x3 or 4x4 size detector module
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Medipix TSV project description

» Participants (phase 1):
Medipix 3 collaboration, ALICE collaboration, CLIC, AIDA, ACEOLE

» Application of CEA-LETI’s TSV process to Medipix 3 wafers

The process has been developed by CEA-LETI and is currently applied
commercially in mobile phone camera chips

Via size 60 um, wafers are thinned to 120 um

» Expected results:

Receive 3-6 Medipix3 wafers processed with TSVs and solderable pads
on top and bottom side

Receive measured data of:
TSV yield
Electrical characteristics of the vias (resistance, isolation, breakdown voltage)
Electrical characteristics of the redistribution layer
Develop TSV design guidelines for future chips
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TSV process description

»

Under Bump Metallisation is deposited on the front side of the wafer. This
is identical to the step used normally by the bump bonding suppliers and
will permit the finished die to be flip chip assembled to sensors which have
been bumped with a solder bumps.

The front side of the wafer is bonded using a temporary adhesive to a
dummy support wafer. The wafer is then thinned to 120 um (2 times the
diameter of the TSV opening).

Vias are drilled in the wafer using deep reactive ion etching and the vias
are coated conformally with an insulating layer.

Contact holes are etched through the insulation in the bottom of the vias
and a 5um thick Cu layer is deposited on the side of the vias and on the
back side of the wafer.The Cu layer is then etched to form the
redistribution layer on the backside.

The back side of the wafer is passivated and the openings for the BGA
contacts etched. An UBM metallization is deposited on the BGA contact
pads the same way as on the front side.

The wafers are released from the support wafer and transferred onto a
dicing tape. Finally the wafers are shipped for subsequent dicing and flip
chip assembly.
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Medipix 3 TSV layout

» The TSVs are located on the top
and bottom of the chip

The TSVs at the top will be diced off

with the top wire bond extension
(dicing lane 2)

4 14100 pm

The TOP periphery will contain the via
and RDL characterization structures

» The bottom wire bond extensions
will we diced off
Resulting chip size 15.3 x [4.] mm

» The RDL will have 10x10 matrix of
BGA bonding pads

Pad size 750 um, pitch [.3mm
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Medipix 3 TSV layout
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Tests and monitoring capability

» Front side
»  Monitoring
UBM alignment
UBM pad size & thickness
»  Electrical tests
UBM metal resistance (thickness) seree T
UBM — Aluminum contact resistance

» Back side

» Monitoring

PSGRIAP 123

Alignment of features (all lithography 30um ' S—
steps) e v 518010 rcn o vl ot
Thickness control (All layers) o = v
»  Electrical tests v -m
Oxide capacitance (thickness, quality) | z.. S — )
Oxide breakdown voltage : - — —
RDL resistance 2o —
RDL — UBM contact resistance I ‘ , oo
UBM resistance =~ LSS o
TSV yield p—
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Medipix 3 TSV Project status 25.1.2012

» 7 Medipix 3 V1.0 wafers and 3 Medipix 3 V2.0 wafers have been sent to CAE-LETI for
processing

Process will be done in 3 lots of 3 wafers (+ | spare)

» Project timeline and layout was agreed on 8/201 |, processing of Lot | started 9/201 |

» Lot |:ready and tested
Few problems in UBM deposition:
A bug which resulted high contact resistance: fixed for lots 2 & 3
Some residues due to topology (normal): UBM mask was fine tuned for lots 2 and 3
Copper deposition problem in Wafer #2
The wafer was stripped of copper and dropped to Lot #2
Minor problems in backside passivation — affects only test structures
Passivation mask was changed for lots 2 and 3 to correct the problem
Waiting for additional measurement results from CEA-LETI, wafers sent toVTT
» Lot 2:in process (RDL deposition)
Some issues with the isolation deposition — process step reworked and process tuned

» Lot 3: waiting for thorough inspections of Lot | chips (electrical tests, cross sections, etc.)
Switch to a new and better metal deposition equipment
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Test structure |

Test structure 2

Resistance of TSV chain (Lot #1, 2 TSVs/chain)
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TSV resistance measurement issues

» Drastic drop in VIA yield in Final

measurements after passivation &
UBM

» Probable cause: misaligned dicing
lane on TOP periphery (fixed for
lots 2 and 3)

The UBM etch attacks the copper
inside the vias

» Only affects the test structures,
bottom periphery OK!

P01 P03

Final Test

MT03-CHVN by VDD

MTO05-CHXP by VSS
MTO05-CHVN by VDD
MTO7-CHST by AVSS
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Oxide isolation measurements (preliminary)

» A potential problem in via isolation
observed in wafer #3

Could be caused by test structure
and measurement method

Additional measurements have been
done — results still not analyzed

» Via isolation process has been
changed and fine tuned for lot 2
SEM cross sectional images are

needed to fine tune the process
further

Lot 3 will wait until this is completely
understood

12 Timo Tick - Status and outlook of the Medipix 3 TSV project 25.01.2012



Hybridization and testing

» Order soon in place withVTT

Dicing of 3 wafers, chip picking and
inspection

Flip chip assembly of 20 chips

» Availability of sensors currently a minor
problem

» Test board with a probe socket is being
designed
Allows testing bare chips and assemblies

Window in the lid to allow testing with
sources

Medipix3 chip board will be altered for the
socket in picture
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Conclusions
» Medipix 3 TSV Project started with |0 wafers sent to CEA-LETI

Process done in 3 lots of 3 wafers

» Expected delivery of wafers:
Lot |:Sent toVTT 23.1.2012
Lot 2: March 2012
Lot 3: May 2012

» Preliminary results from Lot #1| are encouraging — more
measurements and tests on the way

» FC bonding planned atVTT as soon as sensors are available

» Test board is currently being designed
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