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e Conventional Flip Chip Assembly Process

* One Step Chip Attach Process ( OSCA)
* Materials for reflow processing ( OSCA-R )
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« OSCA-R Material Design
» Dispense
* Die placement
e Fluxing & cure kinetics
* Successful assemblies
 OSCA-R material properties
 OSCA-R reliability
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Presenter
Presentation Notes
Quick introduction to our company Kester and ITW
Followed by a review of conventional reflow processing for flip chip assembly
Discussion of the One Step Chip Attach process as applied to conventional reflow processing and the OSCA-R materials that enable it
Next we will present the design considerations for OSCA-R materials following their role and requirements in the OSCA process, looking at each step involved
Finally wrap up with a summary and questions
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Presenter
Presentation Notes
ITW or Illinois Tool Works is a global diversified company composed of many small companies
The decentralized nature of ITW creates a unique entrepreneurial business culture
ITW is headquartered in Chicago IL and is over 100 years old
As you can see here ITW has numerous divisions, electronic assembly and materials is one of them
Kester is part of this electronics division


ITW Electronics Group Overview

Kester (materials)

mOm : ‘E Kester can leverage relationships with sister

HEC] B oo o .

mOm ITW divisions to produce collaborative
kESter” solutions for customers

Speedline (equipment)

() Speed!.l pe | Knowledge in Process
technologies

» Highly engineered
electronic components and

Vitronics — Soltec (equipment) assembly systems for the
electronics industry

Vitronies Soitec . o :
* Major applications in
consumer electronics,
medical, automotive and
q‘}mms TAPES defense markets
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Presentation Notes
Kester and our sister companies in the ITW electronics division supply a range of materials and manufacturing equipment to the electronics assembly market
Kester specializes in materials,  Speedline specializes in dispensing equipment and Vitronics in reflow processing equipment
Kester can leverage the relationships with our sister companies to offer material and processing solutions


Kester’'s Product Lines

/Liquid Fluxes

Tacky Fluxes
S

o

)

Fluxing Underfills ¢

/Solder Pastes \

Solder Wire

Solderforms

\Bar Solder

)

One Step Chip Attach
( OSCA)
Process & Materials

Built on Kester’s 100+ years
of experience in flux and

solder chemistry

‘,_\ y
e\ .

[Thermal Interface Materials
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Presentation Notes
Kester is a leading supplier of materials to the micro electronics assembly market
We offer a full product line of materials including …
The product line that is subject of todays talk is our Fluxing Underfill materials
{activate animation}
Kester has over 100 year of experience with fluxing and soldering chemistries that are being used for development of our One Step Chip Attach OSCA materials


Overview

» Conventional Flip Chip Assembly Process

* One Step Chip Attach Process & Materials ( OSCA)
* Materials for reflow processing ( OSCA-R )
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Presentation Notes
First thing first, review the conventional assembly process, the drivers behind the OSCA process along with the design requirements for such materials


Conventional Flip Chip Assembly Process

P n I
RsmmaiflifieaxsgillGljasyi
Flux / Chip Place  Reflow De-flux Underfill Post Cure
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Presentation Notes
{animation will be running}
Conventional processing involves the following steps.
Application of flux to a die using a pick and place machine. 
Placement of the fluxed die onto a PCB
Reflow processing of the PCB to form interconnections.
Often, but not always flux residues are removed
Finally a capillary underfill is dispensed
And the underfill is cured in a “post-cure” step.

This process is widely adopted
There is a great desire to simplify the process in order to increase throughput and eliminate complexity


Why a One Step Chip Attach (OSCA-R) Solution?

» OSCA-R Materials - Enable OSCA Process
* Process Simplification + Throughput
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Flux / Chip Plac Ref Underfill Post Cur derfill

6+ Process steps 4 Process Steps
3 Materials - Flux, Cleaner, Capillary Underfill 1 Material — OSCA-R
GSCA-R Process \
Dispensing Die Placement Reflow Processing Post Cure

L e

OSCA-R Materials
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Presentation Notes
The One Step Chip Attach process or OSCA process dispenses the underfill before die placement
The OSCA material acts as the flux and the underfill in the process
Materials that are cured using conventional reflow processing are referred to here as OSCA-R materials
The use of OSCA-R materials significantly simplifies the assembly process
Eliminating materials and processing steps
However, the design of OSCA-R materials to accomplish this is not trivial


One Step Chip Attach Process & Materials

1/ Rheological Profile designed for Assembly

Die Placement

Dispensing

Controlled Flow &
Wetting

Filet Formation

Ny, ...

2/ Fluxing & Cure Kinetics balanced for appropriate sequencing

Solder Wetting &
Assembled Device OSCA Curing Interconnection

Reflow
Processing

Fluxing

« Key formulation design considerations for OSCA-R materials
* Rheology/flow for dispensing and die placement
» Balance of fluxing & cure chemistry during reflow processing
* Final cured properties, interconnection and reliability
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Presentation Notes
Here we are looking at the OSCA-R process in a bit more detail
The design of OSCA-R performance can be broken down into two conceptual steps
Rheology and Flow design for Assembly
Fluxing and cure kinetics
{talk through the cartoons in the diagram}

To get OSCA-R materials to work we have to strike a careful balance between the flow requirements in assembly and the cure requirements 


.

OSCA-R Material Design

» Full life cycle and thermal requirements are implicit considerations for OSCA-R design
» Thermal requirements are application specific

. 4
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Presentation Notes
Lets start thinking about the cure requirements and the thermal history that the OSCA-R materials will experience

Step 1 shipping and storage, shelf life at typical temperatures of -40C
OSCA-R must be chemically and physically stable at these temperatures

Step 2 pot life, OSCA-R must be usable at ambient temperatures for at least a shift, 8 to 12 hours.

Step 3 a possible pre-stage, as some customers may wish to batch dispense and then procede to placement or place and stage prior to reflow

Step 4 the material needs to refrain from gelling until interconnection has occurred

Each application is going to have a slightly different set of processing parameters
OSCA-R cure chemistry needs to be tunable to adapt to the huge range of potential application variations
The figure here illustrates a set of OSCA materials and the range of curing kinetics that can be achieved
Picing the right chemistry and fine tuning it to the application is critical for making OSCA materials work


OSCA-R Material Design

« OSCA-R materials are multi functional reactive mixtures that thermally cure to a high
performance thermoset polymer composite during reflow processing

» Selection of components key for fluxing, cure kinetics, final composite performance

1k Liquid Material High Tg Polymer Composite

A

- Thermal Cure
T\ Fquing a

Hardeners
Activators Viscosity
Fluxing Flow, tack
Adhesion Wetting
Cure Chemistry
Fillers Catalyst Fillers Monomers Hardeners & Activators
Rheology Cure Kinetics CTE Cross Links Cross Links
Color Monomers Modulus Tg, CTE Thermal Stability
Density W Hardness Modulus Tg, CTE
Flow, tack Toughness . Adhesion Modul'us
Wetting Thermal Qonductlvny Adhesion
Reliability

Cure Chemistry Moisture Resistance
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Presentation Notes
This figure illustrates what the OSCA-R material has to do from a chemical point of view
It begins as a 1k multifunctional reactive mixture
{activate the animations on the LHS of the arrow}
The mixture has fluxing action when heated, cleaning the solder and pads
Then the material cures to a high performance thermoset after the solder bumps have melted.
{activate the animations on the RHS}

The components of the material are selected and designed to balance the flow properties, curing kinetics, fluxing chemistry and also to enable a high Tg thermoset.

Proceeding through the material design in a rational manner is what we did to develop OSCA-R materials


Overview

EOm
R0

| gmp |

kester

OSCA-R Material Design
» Dispense
* Die placement
* Fluxing & cure kinetics
» Successful assemblies
 OSCA-R material properties
 OSCA-R reliability
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Next we are going to walk through the OSCA-R material design


OSCA-R Rheology Design - Dispensing

. OSCA R materlals deS|gned for compatibility with different dlspense processes

r»\-nr«-qu-.,-«'uhn Gomy bl

Di .
Zispensing Controlled Flow &

Wetting

: SmartStream™ NanoShot™
Finetech Asymtek Speedline
\ R&D Equipment /\ Assembly Equipment /\Partnership with Sister Compary
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Presentation Notes
The first thing to discuss is dispense, if the material cant be dispensed it is essentially useless
A good deal of work was put into understanding the rheology characteristics that present limitation to OSCA dispensing.
Recommended dispense parameters were generated for a set of typical dispense tools. Including time-pressure systems, auger systems (PDPs) and jet dispensing.
The figure illustrates two key dispensing criteria; clean release from the needle or jet and controlled weting after dispense. 


OSCA-R Rheology Design - Die Placement

 OSCA-R materials designed to overcome key placement difficulties

Placement
Voids

Air Escapes

Traps voids

Rebound

(viscoelasticity)

Finetech

Kester

\ R&D Equipment

Pick & Place

' -

Juki

Kester
Pilot Equipment
KE 1080 (+50 micron)

Universal

Production Equipment
Advantis (25-50um)
Genesis SC (+ 5-10um)

/
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Presentation Notes
The rheology of OSCA materials has a good deal to do with successful die placement.
Two key aspects of the rheology are shown here.
Controlled shape of the dispensed material, flattening out into a thin drop is a sure way to trap voids. However by enabling a drop to adopt a non-equilibrium shape and present with a smaller radius of curvature voids can be forced out by flow during placement.
Rebound. Yes, polymer viscoelasticity. Basically the die will bounce off of the dispensed liquid before it has time to flow unless the OSCA rheology has been designed properly. When the die strikes the fluid at rapid speeds such as a pick and place machine does the polymer can respond as an elastic solid. Warning. Even fluids that appear thin and easily flowable can become elastic when sheared at high rates.


OSCA-R Rheology Design — Dispense/Placement

« OSCA rheology design to build shear thinning, viscosity and yield stresses
« CSAM images illustrate impact of yield stress on void entrapment

Dispensin
Jispensing Controlled Flow &
Wetting

Increasing Yield Stress
& Shear Thinning

Dispense Patterning
& Fillet Formation
(a) >

Shear Rate (Hz)

-~ kester
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Presentation Notes
Here are a set of viscosity curves to illustrate the design of one OSCA-R formulation. Note that the low shear viscosity of the formula is increased to build the materials shear thinning behavior. In addition a formulation is selected that has a small but finite yield stress. The yield stress keeps the formulation from flowing too much after dispense and the shear thinning lets it thin and flow during die placement.
The figure in the center illustrates the effect of the yield stress, it causes the center of the dispense pattern to remain standing and help eliminate placement voids.
The RHS figure shows composite CSAM images of placed die where formulations with and without yield stress were used. Looking at voids in a statistical manner allows for patterns to be identified. 
Placement voids tend to appear in predictable locations.
Rheology design can clearly help to eliminate placement voids.


OSCA-R Design — Fluxing & Cure Kinetics

e Balancing Fluxing and Cure Chemistries with Flow
e Sequencing, timing of events is critical

Q 8\9\ Solder Wetting &
] Interconnection
> on
-\/\ 250
M\ =
200 +
g 1
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9
>
=)
o
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g 100 T -
2@ Fluxing
E Assembled Device
0
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mOm Time ( seconds)

==, kester

16


Presenter
Presentation Notes
The next step is designing OSCA-R to balance fluxing, cure and flow during reflow processing.
{walk through the cartoons}
During the initial temperature ramp OSCA-R has to flux and clean the bumps and pads.
However, the OSCA must not cure and in fact must remain low viscosity to enable fillet formation and solder reflow.
When the temperature rises above liquidus OSCA-R flows and allows interconnection.
Finally in the final portion of the reflow profile, after interconnection OSCA-R cures. 
The chemical design of OSCA-R materials ensures that these events occurs in the right sequence and at the right rates with respect to the temperature profile.


OSCA-R Design — Cure Kinetics & Flow

 Temperature dependence of OSCA-R rheology critical for fillet formation and solder

interconnection Solder Wetting &
Interconnection
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Here is an example of the temperature-viscosity behavior for OSCA-R materials. 
Materials with insufficient flow do not enable interconnection.
Materials with too much flow can also be problematic and bleed into no-go areas interfering with subsequent processing steps. 
The viscosity curves in the diagram represent boundaries for OSCA-R temperature dependent behaviors.


OSCA-R Design - Curing Kinetics

* The curing kinetics of OSCA formulations depend on the reflow profile
« Curing kinetics tuned to match a particular reflow profile

(@) Tuned to Match Profile

(b) For Fast Profiles (TCB)

(c) For Longer Profiles

.= kester
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Once the temperature-viscosity behavior has been established it is time to fine tune the curing kinetics. 
The figure shown here shows a reflow profile and the degree of conversion for 3 materials that are processed using that profile. 
Material (a) is designed to gel after the profile is well above liquidus.
Material (b) illustrates the situation where OSCA-R cures before the profile reaches liquidus. The curing kinetics are too fast. Interconnection is not likely to happen because it is blocked by the cured polymer. 
Material (c) illustrates the opposite case where OSCA does not gel once the entire reflow process is completed. Interconnection occurs but materials like this are not desirable because they do not achieve sufficient mechanical properties after reflow. 

However, the curing kinetics of OSCA materials can be tuned to match the reflow process. 
A range of materials can be created between curves (a) and (c) to ensure interconnection and also achieve a sufficient level of cure after reflow processing. 



OSCA-R Performance Window

o Customers prefer different reflow profiles
e Manufacturing equipment
* Application specific optimized for yield
* Die stress and substrate warping
e Substrate type, component configuration

Range of reflow profiles

300 -
Specific to customer application

250 - '

0 \

150 -

Tunable OSCA-R formulations
Match application processing

Temperature (oC)

100 +

50 -

0 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Time (sec)
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This figure illustrates a range of reflow profiles that OSCA-R materials need to be designed to handle. 
Faster profiles represented by the red curve (left most) with shorter times to peak temperatures.
Medium length profiles that peak later and have higher TAL. 
And finally long profiles with soak zones below liquidus, long times to peak temperature and long TAL.

From a chemical design point of view the long profiles are the most technically challenging. 
A reactive mixture must remain between 150C and 250C for several minutes with out advancing and then polymerize as the profile drops below liquidus at the end of the profile.

The profile used is a function of what types of devices the users are building, and their application. 
The capability to design the chemical curing kinetics of OSCA materials allows the technology to adapt to profiles used in a wide range of applications.


Formulation Design & Process Window

e Current OSCA-R Formulation Capabilities (pilot production scale)
» Designed for fast to moderate length reflow profiles to enable high throughput
* Next Generation OSCA-R Chemistries & Materials (R&D scale)

250 N =

|

" — \ "
AAEAEE Q200 7// AP N
2 !
’
g peaan \\
=1 \
® 150 / N ™
o |
&
€
& 100
|
Current OSCA : Next Generation
>0 1 Chemistries & ] L Research Materials J
Formulations J |
0 | | | | | .

0O 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
- Time (sec)

==, kester

20



Presenter
Presentation Notes
This slide summarizes the OSCA-R process window.
In the development of OSCA-R materials initial work was focused on applications that utilize relatively fast and moderate profiles. A typical test vehicle with active used for material development is shown along with cross sections of an interconnected device. Both filed and unfilled OSCA-R materials have been developed to work using the faster and moderate profiles. 

The most recent development work has focused on OSCA-R materials for applications that use longer reflow profiles. Cross sections, x-ray are shown for research test vehicles used to screen and understand OSCA-R performance. 
Materials have been identified that enable long reflow profiles. 
Filled systems are being developed.
Evaluation on active parts is ongoing. 



OSCA Application Testing Overview

o Successful use of OSCA-R materials on different devices and applications

Specifications

Substrate 2 Flex

Die = Silicon, 2x6x0.5mm, Bump Count ~ 120

Cu pads, SAC Bumps- 80 micron, pitch 150 micron
OSCA-R Unfilled, 40% filled

Short Reflow Profile

Voids < 10%

Substrate = FR4 (thin)

Die = Silicon, SAC, 6x6x1mm, Bump Count ~ 1000
Cu Pads and Bumps, 130 micron, pitch 170 micron
OSCA-R Unfilled + 40% filled

Medium, Long Reflow Profiles

Voids < 10%

Substrate = FR4 (thick)

Die - Silicon, 5x5x1mm, Bump count ~500

SAC bumps, OSP Cu pads, 80 micron, pitch 254 micron
OSCA-R Unfilled, 40%, 60% Filled

Short Reflow Profiles

Voids < 10%

| gy |
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A review of some of the successful applications and uses of OSCA-R materials. 
OSCA-R materials and processing was developed for silicon die on flex substrates.
Successful builds were also made on thin and thick FR4 substrates.


OSCA Application Testing Overview

» Successful use of OSCA-R materials on different devices and applications

Specifications

Substrate - FR4, solder mask
Die =5x5x1mm, Daisy chained, full array, SAC bumps
OSP Cu pads, diameter 80 micron, pitch 254 micron

OSCA-R Unfilled ——
Short Reflow Profiles R
Voids

Air Release From Substrate

20000000000

Substrate - Silicon
Die - Silicon, 10x10x0.5mm
SnAg Bumps, Cu Pads, 80 micron, pitch 150 micron

OSCA-R Unfilled, 40%, 60%
Short Reflow Profiles
Voids < 2%

-~ kester
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Two additional cases where OSCA-R materials were used sucessfully. 
The active FR4 case shown here was frustrated by substrate outgassing. 
However, successful interconnection could be achieved via processing.


OSCA-R Final Properties & Reliabllity

e Preliminary Thermal Shock Testing

 Large 10 full array devices assembled with OSCA-R materials
* Pass 500 Cycles, -55C to 125CPost 500x T-Shock

e OSCA-R materials pass 50hr. HAST testing

Layout

TP3B TP2B

TP3A TP2A

TP4 TP1B

TP5 TP1A

10x12x0.3mm
80 micron bumps/pads
150 micron pitch
~5000 bumps
3 test circuits

| gy |
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CSAM
No defect propagation at
500 cycles

Final Properties & Reliability

Assembled Device

Die shear before and after HAST testing
(Autoclave, T = 121°C, 19 psig).

Time 0 Hr. 50 Hr.
Formula | (kg-force) (kg-force)
OACA-1 | 39 (z10) 24 (£8)
OSCA-2 34 (+10) 31 (x10)
OSCA-3 35 (210) 32 (x10)
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Preliminary reliability studies are ongoing using OSCA-R materials.
A functional test vehicle was build using 60% filled OSCA-R material. 
The test vehicles were subject to T-shock testing. 
So far the devices have passed 500 cycles. 
HAST or pressure cooker testing of OSCA-R materials shows that materials retain mechanical strength and adhesion. 


OSCA-R Final Properties & Reliabllity

Final Properties & Reliability

Assembled Device

» OSCA-R materials can be formulated
with a range of properties
» Filler Loading & Size
« CTE, Tg
* Viscosity
e Cure kinetics
 Thermal Conductivity

» Materials can be adapted to
application needs
» Every application is different
* Properties, Parts, Preferred
Process

:=. kester

Property uUnits Range
Filler Loading Wit% 0to 60
Average Filler Size Micron 0.5
Max. Filler Size Micron 5
Weight Loss, T < 300°C W1t% 4t0 16
Tg oC 150 +/-10
CTE-1 ppm/K 30to 70
CTE-2 ppm/K 8510 210
Thermal Conductivity W/m-K 0.2t00.5
Modulus at 25°C Gpa 3t08
Ultimate Strength at 25°C Mpa 50 to 95
Strain to Break at 25°C % 14t025
Fracture Toughness, K1c MPa-m?/2 1t0 2
Adhesion Kg-force 18 to 30
Adhesion 50 Hr. HAST Kg-force 5to 10
AH, Heat of Reaction J/g 120 to 360
T,, Onset Temperature oC 110 to 130
T*, Peak Temperature oC 160 to 200
% Cure After Reflow % > 80%
Reaction Order Integer 09to1.3
Half Life at 180°C Min. 4105
Viscosity, 25C Pa-s 4 to 65
Shear Thinning Index, 25C Ratio 1to 3
Yield Stress Pa Oto 10
Temperature Thinning Kelvin/1000 2t0 8
Pot Life at 25°C Hours 8
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Presentation Notes
This table summarizes the rang e of properties that OSCA-R materials can be formulated to have. 
Essentially, OSCA-R chemistries can be prepared with a range of filler loading levels and curing kinetics to match various applications. 


Overview

N

Summary

Acknowledgements

Questions
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Summary & Conclusions

omQOd

. kester

One Step Chip Attach (OSCA) materials can be used to eliminate steps in flip chip
assembly processing using convection or conduction mass reflow

* Reduced complexity of manufacturing

e Higher throughput

» Use existing processing equipment

Approaches to overcoming the key technical challenges presented
e Matching flow and chemistry to reflow temperature profile
« Rational Rheology and Chemical design

Devices built with low void levels and good preliminary reliability performance

Process integration is key to enabling OSCA-R materials
* Chemistry matched to desired reflow processing
* Rheology adjusted for dispensing and die placement process
* Die and substrate size, configuration and type are integral considerations for
OSCA-R materials and process
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Presentation Notes
In conclusion, the OSCA process is enabled by OSCA materials. 
The approaches used by Kester were presented.


Thank you for your attention

Questions?
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