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Current challenges

Current material sets and associated assembly processes have been at their limits

New generation of polymers dielectrics is required

Y UBM layer
] ficial la W ROLlayer
Direct high-resolution litho Dielectric loss = K x fx “/Dk x Df

and low stress materials
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Current challenges
Polymer designs

Challenge Material properties
Low CTE

Low cure temperature

Low stress Good interface adhesion

High elongation at break

Low shrinkage

Fine feature size Direct photo-patternability
(L/S and via) Good planarization
5G+ Low and stable Dk and Df through varied humidity conditions

Novel dielectric insulating materials and approach to their application
procedures are required to address these properties.
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performance, yield,
and reliabllity

Advanced packaging and heterogeneous Our new low-stress, low-Dk, low loss
integration require dielectric materials dielectric, PD-L for photo-patterning
with cutting edge electrical and thermo- and non-patterning processes
mechanical properties, that will provide enables you to design and build
competitive manufacturing conditions, advanced packages with reduced
higher process yield, and improved warpage yield loss and improved
reliability on large scale substrates reliability through an NMP-free solution
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Material concept

Single chemical entity is
not enough to make the

product!
Formulation is a must-have
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Reliability: Adhesion, no ionic
impurities

Additives for process fine-tuning

Photosensitivity for lithography and
UV cure with no shrinkage

Main resin: provide basis for
thermomechanical properties

Main resin: low level of highly
polarizable groups

001170



Device Packaging Conference 2021 - April 12-15, 2021

Material concept — low stress by design

No shrinkage during curing

CTE of Si wafer is lower
than polymer
How to manage CTE with

other aspects to mitigate it?
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Curing
process

Low
stress
film on
wafer

Young
Modulus
and
elongation

)
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Coefficient
of Thermal
Expansion

Concept of ‘stress-free state’

Lower Modulus (<2GPa)
can help in managing
stress at the interface

with rigid Si wafer
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Material concept — low stress by design

No shrinkage during curing = Selection of chemistry g 9 norcec;r;(éliir;satmn

Curing = a change of soluble state ->

non soluble state
Concept of ‘stress-free state’ m—) Curing = ‘freezing of stress-free state’ UV cure

Curing temperature = ‘stress-free’
temperature

CTE of Si wafer is always

lower than polymer Additives to modify CTE : .

other aspects to mitigate it?

Lower Modulus polymer

(<2GPa) can help in managing Selection of chemical motifs with lower ‘stiffness’
stress at the interface
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Low stress by design
Polymer architecture perspective

 Low MW precursor with UV-sensitive groups for photolithography and hard cure

* Proprietary design of flexible and rigid elements into the material to achieve unique thermomechanical
properties

* Design of composition for balancing film properties

-

X linking point
Soft element

Rigid element
@® Linking group
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Material properties — CTE of cured film
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Material properties — CTE of cured film

0.2 Chemical motifs designed into our PD-L
material create unusual thermal
0.15 expansion behavior:
Standard polymer -> PD-L's CTE is not impacted by T, it
0.1 remains around 100ppm/K for CTE,,
(below T;) and CTE,, (above T,;)

dL/L,

Example of PD-L
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Material properties — CTE of cured film

0.2 Chemical motifs designed into our PD-L

material create unusual thermal

0.15 . .
expansion behavior:

Standard polymer -> PD-L's CTE is not impacted by T, it

0.1

dL/L,

remains around 100ppm/K for CTE,;
Example of PD-L  (below T;) and CTE,, (above Tj)

0.05 /

0 / R Tg
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Relative change of dimension

Temperature [degC]

PD-L enables stress mitigation at elevated temperatures through
unique elastic properties
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Suitable for 5G applications
Low dielectric constant and loss factor

Measured by Fabry-Pérot Open Resonator method

Low Dk & low loss for a range of formulations from PDL family

3.5 0.005
= 3 0.004
1]
‘g c
S 9:.50.003
W25 sz FESSSSSsssSesssss O
= «
S 20,002  swseswenepesenss’”
9 5 -
= 0.001

1.5 0

20 40 60 80 100 20 40 60 80 100
Frequency (GHz) Frequency (GHz)

Very low Dk and Df up to frequencies above 100GHz
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Process flow for PD-L

A rapid low thermal stress exposure and curing process

UV-only curing and
solvent based rework 10pm 9pm

7pm 6pm

=

-_— 4@ -
- e
- -
- -
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Negative tone, CPN developer

Standard non-NMP organic * Photolith resolution

8um film: 7 ym via
solvent rework possible

Exposure energy window <140- 240 mJ]/cm?

= Curing
UV Hard cure alternatively:

UV @ RT or thermal @ 175°C
at 25°C Thermal cure at 175°C k

o

Standard tools can be used to process this advanced material
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Reliability — a must have for any polymer in the package

Chemical resistance for processing chemicals Various tests according to JEDEC standards
UV cured film tested against: UHAST

acids bHAST

bases TC-B

common organic solvents HTS

Cu plating and etching MSL1 (wafer level)

Ti plating and etching Multi-reflow simulation

Photoresist strippers (AZ Kwik Strip and Remover

910)
Pass Pass

Compatible with all process chemicals used in WLP,
except TMAH in organic strippers
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Full compatibility with industry standard tests



Low warpage, rapid processing, high photolithography resolution
PD-L’'s unique processing and mechanical properties

Low stress though processing

UV curing at room temperature while
retaining full reworkability

(alternative: 175°C, 30')

* Negative tone litho:
7Mm vias @ AR ~1
* <5% shrinkage during curing

5G compatible

e Dk 2.4-2.6 for 2.5-110GHz

« Df: 0.002-0.005 for 2.5-110GHz
* <0.3% water absorption

Low stress by material design

Reliability  Very stable CTE over temperature range

* bHAST 900hrs+ (130°C, 85%) passed - Mechanical stability above Tg

* Thermal shock (-55°C - 125°C) passed 10 - 30% adjustable e2b combined with
1000 cycles Young’s modulus < 2GPa

* HTS (150°C) 1000hrs passed e Thermal stability >390°C

 UBHAST 96hr (130°C, 96hr) passed

HSL 20 passed
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Advanced
dielectric

PD-L demonstrates
dielectric properties
suitable for high

frequency 5G-type
applications

Our development
continues and we want
to invite you to join us
in further work towards
your specific needs
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substrate

PD-

) 4
your benefits

Exceptional no-shrinkage UV-curing at room
temperature enables stress free films on the Q

to flow

Unique CTE behavior independent of T,
dissipating stress above T, without starting Q

Dk and Df suitable for mmWave 5G+
applications without using fluoro-chemistry Q
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Disclaimer

Products are warranted to meet the specifications set forth on their label/packaging and/or certificate
of analysis at the time of shipment or for the expressly stated duration. EMD Electronics provides
information and advice on application technologies and relevant regulations based upon its current
knowledge and opinion. EMD ELECTRONICS MAKES NO REPRESENTATION OR WARRANTY OF ANY
KIND, EXPRESS OR IMPLIED, INCLUDING MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE
REGARDING OUR PRODUCTS, THEIR APPLICATION OR ANY INFORMATION PROVIDED IN CONNECTION
THEREWITH. EMD Electronics shall not in any event be liable for incidental, consequential, indirect,
exemplary or special damages of any kind resulting from any use or failure of the products. Customer
is responsible for and must independently determine the suitability of EMD Electronics * products for its
products, intended use and processes. The foregoing information and suggestions are also provided
without warranty of non-infringement as to intellectual property rights of third parties and shall not be
construed as any inducement to infringe the rights of third parties. Customer shall be responsible for
obtaining any applicable third party intellectual property licenses. All sales are subject to EMD
Electronics’ complete Terms and Conditions of Sale. Prices are subject to change without notice. EMD
Electronics reserves the right to discontinue products without prior notice.

© 2021 Merck KGaA, Darmstadt, Germany and/or its affiliates. EMD Electronics and the vibrant M, are
trademarks of Merck KGaA, Darmstadt, Germany or its affiliates. All other trademarks are the property
of their respective owners. Detailed information on trademarks is available via publicly assessable
resources.
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Discover our end-to-end solutions covering the entire value chain:
bit.ly/EMDSolutionsALD.

© 2021 Merck KGaA, Darmstadt, Germany and/or its affiliates. All rights reserved.
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