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Introduction

* Hybrid design allows independent optimization of sensor and ASIC
« Standard Sensor and ASIC interconnection:
- solder bump bonding
- lithography steps required
- expensive and complex for single dies, Multi-Project Wafer or
small quantities

- Are there alternatives to solder bump bonding that are suitable for
single dies?

Development of an in-house module hybridization technique in two
main steps:

1. Creation of bumps on the pads of sensor and ASIC with ENIG plating
2. Flip-chip assembly with an anisotropic conductive adhesive between

the chips
AdvantageS: Video link — Dexerial Cdrorétion
o Cost-effective e Low temperature process

« Adaptable to application <«  Scalable
. Sing|e die process o Maskless ENIG: E|eCtI‘O|eSS N|Cke| Immel’Sion GOId
ACA: Anisotropic Conductive Adhesive
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https://www.linkedin.com/posts/maria-elena-simeone-214542b2_acf-industrialization-solderfree-activity-6765930061011939328-j_4z/
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Many different chips
with different pitch

and chip sizes have
already been plated
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Process flow ENIG plating

ASICs / Sensors
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Focus for today

\_¥

mmersion Gold

* Microscope
- SEM
« Bump height

analysis
\ /

 Pad size

» Passivation
Opening

* Pitch

* Matrix size

» Passivation

- Affect Bump
geometry

© 5D etar Breveatment
- SD owfore Pravesiment

- Affect Bump
uniformity

More details

The deposition rate is
similar for different
chips

More details
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—> Detailed
iInvestigation

Not investigated yet

* Development of a
software for
determination of
bump height and

uniformity More details
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https://indico.cern.ch/event/1507215/contributions/6536927/attachments/3081924/5455260/DRD3_Week_Amsterdam_Lauser.pdf
https://indico.cern.ch/event/1507215/contributions/6536927/attachments/3081924/5455260/DRD3_Week_Amsterdam_Lauser.pdf
https://indico.cern.ch/event/1579256/

Analysis of the height and uniformity of ENIG bumps
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measurement

Bruker Contour
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Height data per area
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Calculation of heights for statistical comparison )
with custom-developed software

-

Display of height data from
the optical profilometer and
overlay with reference regions

Wyko OPD Data with ROIs
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Representation of the height values from the reference
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Illustration of the

.

- Determination of the median value and standard deviation
of the bump height as a measure for height and uniformity

84 positioning of the red
circles and blue boxes
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Nickel deposition with “standard parameters”
20 oir 2 J T E T YT YOy
85°C, pH=4.8, Stab.=200pl/|

“standard parameters” = Starting values of chemical supplier

« DC samples with 400x400
matrix and 25um pitch
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* Nickel growth at a constant
speed
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* Nickel growth is isotropic,
resulting in a corresponding
bump shape depending on the
pad geometry
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Influence of temperature
20 I S E = 1 = F & E &

18

Median Height (um) + SD

-
(o)}

on deposition-rate

80°C, pH=4.8, Stab.=200pl/l
85°C, pH=4.8, Stab.=200l/l
90°C, pH=4.8, Stab.=200l/l

* Higher temperature leads to a

- higher deposition rate

o 1 T B 1 °* Lower temperature leads to a
R2=0,99147 . lower deposition rate
11,41um/h

8,26pm/h } ‘

Linear fit:
y=0,08321x+1,50851
R2=0,99993

4,99um/h
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Influence of pH on deposition-rate
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Influence of stablllzer on deposmon -rate
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Influence of parameters on deposmon -rate
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 Parameters such as
temperature, pH and stabilizer
concentration have a direct
influence on plating

« Temperature and pH can be
Increased to achieve a higher
deposition rate

* The stabilizer concentration
should be around 200ul/l to
stabilize the plating but not
stop it

- Examination of the uniformity
of all samples to find a possible
correlation between the
parameters and uniformity
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Correlation between plating parameters and uniformity?

Graphic showing absolute uniformity Graphic showing uniformity in relation to height
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Absolute SD increases with plating time SD linked to plating height
or plating height. Tendency for lower SD at high deposition rate?
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Future ideas: € - N

» Achievable bump height limited by pitch and * A photoresist could be used to

surface layout create pillar or mushroom-like
- need to avoid shorts between pixels bumps.

» First test already demonstrated,
but suitable PR must be found.

cErn) _ .
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Summary

« We can grow nickel bumps on different chips.
These nickel bumps can be used as UBM or for our in-house hybridization.
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ASICs / Sensors

« The maximum achievable height is linked to the chip geometries.

* We can adjust the deposited height of the nickel bumps.

* The nickel bumps have a good uniformity of approximately 7-16% of their height across the
entire pixel matrix.

« Faster growth of nickel bumps leads to slightly better uniformity.
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