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Company Overview
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Global leader in advanced materials for semiconductor devices and electronics packages

Global Network
Subsidiaries in:

USA

Europe

Taiwan

Singapore

Korea

Hong Kong
China

MUNICH

PARIS ®

MILAN

O 0O O O O O O

® MOSCOW

:’ ® BUDAPEST
SWITZERLAND

® |SRAEL

Established
Employees
Head Office
U.S. Subsidiary
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SEOUL
YANTAI\» o
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SINGAPORE e TAIWAN

® NIIGATA

February 1947

Approx. 600 worldwide
Niigata, Japan

NAMICS Technologies, Inc.

Been in business for over 70 years!

Unmatched sales and service

BOSTON
SANJOSE

NEW YORK

e Head Office
e Office
® Agency
Group Enterprise
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Market Trends

Meeting industries future
needs for 2020 and beyond:--

Automotive
ADAS

Camera Modules for
Mobile & AR / VR

5G with Cloud

S Computing

RF Power and
Power Market

In-Mold / Flexible
Electronics
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Market Needs

® Increase electrification
= High reliability

* Increased pixels
= Smaller form factor

= [ncrease data center demand
= Higher frequencies

* Increasing demand
= Faster data

= Functional parts
= Automotive to white goods

= Growth of medical devices
= Skin patches

= Thin, flexible electronics

001042
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Innovative Technology

= Board Level Underfills (BLUF) & Cornerbond
= Thermal Conductive Die Attach

= Snap cure / low temperature cure adhesives
= UV Adhesives

= Underfills for 2.5D / 3D wafer level packaging
= SiP Packaging solutions

= Pressure-Less Sintering Technology
= Low Dielectric Underfills
= High thermal non-conductive films

= In-mold decorating (IME) with functional Inks

= Board Level Materials
= Low Temperature Curing Adhesives
= Low CTE Encapsulants

= Stretchable inks
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Market is accelerating = close to 21% CAGR

Main factors...

o Rise in traffic congestion & long-
distance traveling

o Demand for more safety functions
In passenger cars

H © WARMPcs "4



ADAS Overview

« ADAS stands for Advanced Driver
Assistance Systems

« Enhanced and automated driving:

v’ Identify objects, signs, lane,
pedestrians and other vehicles

v' Sense vehicle distances in real time
v Alert driver to potential hazards
v' Automate braking and steering
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Emergency Braking
Pedestrian Detection

collision Avoidance o

M Long-Range Rader

M LIDAR

I Camera

M Short-/Medium Range Rader
M ultrasound
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Advanced packaging will be needed to meet

next generation ADAS requirements
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SiP Packaging

° © WAMPcs
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Pressure-less Capillary Underfill Liquid Compression Board level Underfill
sintering Molding

High thermal Narrow gap, Simplified process, High reliability,
die attach fine pitc low warpage fast processing

ey e —_
i =4 * =

o Unmatched thermal o Void free for narrow gap, o Simplified process o High reliability
performance fine pitch

o High throughput o Ideal for high volume
o High reliability due to resin o Low resin bleed for narrow production
reinforcement and low KOZ (keep out zone)

modulus technology

o Reduce heat cycle improves
warpage control o Meet stringent

o High reliability environmental requirements
o Proven ready for HVM (high
volume manufacturing)
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Pressure-less
sintering

High thermal
die attach

o Unmatched thermal
performance

o High reliability due to resin
reinforcement and low
modulus technology

o Proven ready for HVM (high
volume manufacturing)

001047
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m MO technology

Schematic view for synthesizing nano silver particles using MO
Technology.

MO : Metallo-organic compound

Amine complex

MO precursor -
° L) —
=+ i

Amine 0 = g T

” Reduction™ \
‘\ reaction ,/

————————

R—C—0 —Ag
Il

R :Alkyl group

Nano-silver particle

m Sintering behavior

~ Nanosilver 9 ¢ ./Amine
Amine particles z é

o‘o@oo )

A

Temperature

© WAMEcs

m Observation before and after
sintering

Before sintering

After sintering at 200°C
without pressure
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Resin Reinforcement

m Reliability can be improved by adding resin

Cross- sectlon(W|th and without epoxy resm) Thermal cycle test result
: : H9890 Series~, ~ ) (o . o : —
with epoxy resin Si chip -Si chip: 2 X 2mm? size Si chip
: 2 3 Al (backside: Au)
L b A t¢f -Substrate: Ag plated Al,O5
|I i ' Ag -Test condition:
Substrate -55°C(30min)/150°C(30min)
The smtered structure is filled The resin prevent the cracks 70 _ ,
with epoxy resin. during thermal cycle test. o | -8~ With epoxy resin type
o -#-Without resin type
c = = = 50 L
Behavior of cure and sintering <
D 40 r
Amine and c
solvent\vapor Resin (Liquid) Ag s sintered Resin (Cured) Sintered Ag g 30 ®
0000 Ipsam 4 prewn -
e Ay, v g 0 20
Temp, S S S ;"”;-’5':.'3'#-»-‘*-‘“ — g-"f':&.’.i'b‘-ﬂ*' &
7 N A o 10 | o
= e a 60% Red®ction T
200°C
Liquid resin ~ 0 L L I
+ solvent MO < : : 0 250 500 750 1000
. . ncrease silver content by
10 vaporization of solvent Temperature cycles
Mechanism - - )
1. MO is dispersed in solvent and liquid resin.

2
2. Nano-silver is sintered before curing of resin. Shear Strength after 1’000 CYCIQS.

. Resin is cured after sintering, resin reinforces
the silver sintering content

— = — —

. Solvent and amine vapor, Ag content increases. i Sintered Ag with Resin showed stable die

N
4
A

0 min. 60 min. 120 min. b | S

NAMNICS © RAMILS 10



Low Modulus Technol
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m Reliability can be more improved by adding resin powders

Cross-section(with powder resins)

Thermoplastic resin(TP)
powders o

N Si chip
ZRNRRES . (Au backside)

Powder resin
high content type

\ Ag plated CuLF

The TP powders reduce the stress
during thermal cycle test.

“AM.B © WARCs

Thermal cycle test result

-Si chip: 2 x 2mm? size Si chip
(backside: Au)
-Substrate: Ag plated CuLF

Si chip
Au

Ag -Test condition:

T -55°C(30min)/150°C(30min)

/70

-~ With powder resin(High content)

60 r -#-With powder resin(Low content)

50

40

30 e

20

10

; I N B

0 250 500 750 1000
Temperaturecycles

Die shear strength (MPa)

Higher powder resin content type showed better
reliability during thermal cycle test.
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Sintering to Bare Copper'Suifacé

m Capable of sintering to bare copper substrates

Addition of Special Additive

Standard Sintered Ag
Resin DSS(6kgf)

bt el
I

I

I
— — a 1pm
Bare Cu substrate e e —

< Very thin oxide layer exist, and it prevents the sintering.

Bare Cu substrate

Improved Smtered Ag with Addltlve

& & * "" 'l
. 7 .‘h’ - -& e N
— — 1um
Bare Cu substra’c"e —— Bare Cu substrate

% Special additive removes oxide layer, excellent sintering
to bare copper.

° © WARMics

Thermal cycle test result

Si chip

Au

Ag

Substrate

-Si chip: 2 x 2mm? size Si chip
(backside: Au)

-Substrate: bare CuLF

-Test condition:

-550°C(30min)/150°C(30min)

Thermal resistance results

Rth (K/W)

1 r

0.8 | —®- ®

0.6 F

04
o— —e

02 L —@-Die attach C (without special additive)

—@-Die attach D (with special additive)
0 | | | | |
0 250 500 750 1000 1250

Thermal cyclles

Special additive is important for the bare Cu
application.

NS
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Manufacturability
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m Desighed to meet high volume manufacturing needs
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/ 05
; 2 ]
0.45
04
0.35
03
0.25
0.2
0.15
01
0.05

Ability to Jet Dispense

Jet Dispense Results, 10,000 Total Shots

30

Low Resin Bleed-Out (RBO)

800.0
B Standard
700.0
’g 600.0 = H9890 Series
=}
5 5000
(@)
o 400.0
1]
o
o 300.0
£
& 200.0
<
100.0
oo I

After Dispense

After Cure

Four (4) hours after cure

© WAt

Open Time

Long open time during

dispensing and bonding process

Staging Time

80

70

60

50

40

30

Die Shear Strength (N)

20

10

0

0 hrs 24 hrs 48 hrs

Up to two (2) days for staging productior “-..
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Capillary Underfill

Narrow gap,
fine pitch

o Void free for narrow gap,
fine pitch

o Low resin bleed for narrow
KOZ (keep out zone)

o High reliability

001053
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Capillary Underfills Featiifes"and Challenges

m SiP Feature

o High density packaging with several components mounted on the substrate
o Distance between each component and solder ball size is decreased with finer pitch

m Challenge
o Narrow KOZ (keep out zone) control

Keep Out Zone (KO2Z)

[ u i
4 2
v' Less underfill bleed
v" No voids for narrow gap
v i A—
N High Reliability P

° © WARfcs



Narrow KOZ (Keep OLUt Z6he) - RBO™

m Cause of Resin Bleed Out (RBO) = RBO Reduction

Bleed is caused by capillary action to

Increase resin affinity to filler
substrate surface.

Affinity
Lucas — Washburn equation
for capillary action
ry cos@ Filler
L = T
g Resin
Substrate Underfill
n Viscosity
¥ Surface tension
L Flow Length ReSL”tS
2500
Underfill-Substrate 2000 700/0
Cc 1 .
¢ Contactangle Reductlon
7’&‘ 1500

r Radius of pore

\__iRoughness ﬁ

> Degree of capillary increases due to improved ’

T Time

Bleed Length (mm)
S
o
S

e Ref Improved Improved (Advanczd)
wettability. : 1
NS
NAMICS © 9ARffcs
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Narrow Gap Filling

m Filler Entrapment
= Small, narrow gaps risk for voids increases due to filler entrapment
= Flowmarks are an indicator of filler entrapment.

B

Wide gap Narrow gap

. . . Fl k
= Uniform flow = Filler cohesion / stuck owmar

(possible risk of
captured void)

Flow direction Flow direction

m Filler Entrapment

Filler size needs to be finer to improve flowability. 20 « »— Filler
15um@Gap ;
pr //:/// size

100 £ / ——5um

Pﬁ * § / 1um
2 10 z 8 0.5um
g O i 4 _40.3um
a | - Need to balance 0 ) ) . ) /| —e—0.1um

001 0.1 1 10 100 | Filler size with viscosity 0 2 4 6 8 10
Filler Size (um) for flow Flow Time(min)
b ) \k

“AM.B © WARtECS
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m Reduce solder bump strain

High Tg reduces
stress on solder

Strain(-)

10000MPa
13000MPa

m
=

m Reduce Fillet Cracking

200
Low modulus, Low
Tg and Low CTE
reduces fillet cracks

150

B | 6w Modulus = Low Tg BBE Low CTE

0]

Stress(MPa)

10000MPa
= 13000MPa




Solutions for
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Liquid Compression
Molding

Simplified process,
low warpage

o Simplified process
o High throughput

o Reduce heat cycle improves
warpage control

001058
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Wafer Level Process for Ligtiid Mold" Underfill

Process Advantage

A Simplified process
Q High throughput

d Reduce heat cycle improves
warpage control

Complete Encapsulant Solution

NAMICS © WARPCs 20
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Narrow Gap Filling

d Trend in advance package is higher density and smaller gaps

d Requires innovative solution to provide high reliability and ease of
manufacturing.

A
Requirements 2.5D package

) ] Sufficient filling
v' Fine filler

v' Enabling to fill over
20 um gap

v Low warpage

@

20 um

Current sample

Gap size

3D package
5um

- " Insufficient filling

2um 20 um

Filler size (Average)
D
“AM.B © MAREcs 21
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Narrow Gap Filling

Influence of filler size

4 Siwafer diameter: 300mm(12inch)

300um

No flowmark

Mold thickness

50um

No flowmark

2

flowmark

2um/5um
Filler size (mean/top cut)

“AM.B © WARics
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Narrow Gap Filling

O Evaluation
« Determine minimum gap exhibiting no flow marks

O Test method
« Wafer Size: 12 inch

« Mold Thickness: 500 um
« Molding Temperature: 120 C

O Validation
« Check for flow marks with CSAM

10 mm

’ ~
~
~
4 ~
S o
- e e e e e e e e e e e e e e e e e .

“AM.B © WAMtcs
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Narrow Gap Filling

O Result

30 um Good down to
20 um gaps

High flowability

20 pm Good

10 um

Flowmark

“AM.KS © WARTcs
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Warpage Control

No Warpage High Warpage

X (pixels) 880 80 X (pixels) sis 840 gap

704 microns

352 Y (pixels)
28

¥ (pixel i
gy Ypbek) microns

3326
3070
2814
2558
2303

352 336

a Concept for low warpage
« Lower stress will result in low warpage

Low
‘ Modulus
and C.T.E.
Trade off

v' Lower filler content v Higher filler content v Higher filler content
v Lower modulus materlals v' Using elastomer
v' Using flexible reswqa -
N\

mm © WAQ%CS 25



Warpage Control

O Results for low warpage
Warpage on 300 mm (12 inch) wafer after post molding conditions (PMC)
Evaluating same filler amount (i.e. same C.T.E.)

Comparing addition of flexible resin system and elastomer

Device Packaging Conference 2021 - April 12-15, 2021

3000
g 2000
=
()
(@)
(0]
o
© 1000
=
0 ith flexibl [
without with flexible resin WiIth iexible resin
with elastomer
Modulus 19.0 GPa 13.0 GPa 10.0 GPa
C.T.E. 7.0 ppm/C 7.0 ppm/C 7.0 ppm/C
© WARPCs
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Solutions for

Board level Underfill

High reliability,
fast processing

o High reliability

o Ideal for high volume
production

o Meet stringent
environmental requirements

001066 27




Board Level Underfill (BLUF)"Neéds™

Increase reliability

Enhanced mechanical shock
resistance

Improve thermal cycle
performance

Drop resistance and vibration
protection

Thermal reliability
Moisture resistance

Automotive needs:

d High Tg and Low CTE to meet for
reliability requirements

Q Ideal for high volume production
O Fast flow
O Snap cure system

O Green - meets requirements for
upcoming REACH 2022, Annex XIV

Packaging evolution:
O CSP/BGA package are increasing

Q Chip size is getting larger >10mmao
O Smaller ball size <0.4mm
Q Finer ball pitch <0.5mm

© NAMics 28



Device Packaging Conference 2021 - April 12-15, 2021
Fast Flow Rate

Test flow rate of each SUF to determine package size based on design criteria
Judgement criteria Underfil
Package size of £ 20mm - Flow 20mm in 5 min Glass

Package size of < 35mm - Flow 35 mm in 5min
Package size of < 35mm - Flow 50mm in 10min

Package Gap
(Ball Height)

10mm

SUF1575-9

Package Size

SUF1570-2

XSUF1594-1 XSUF1589-24

<20 mm o ®
100 pm <35 mm
>35 mm
<20 mm ( ()
200 pm <35 mm [ ) [ )
>35 mm
Flow Test, 100 um Gap
50.0
400 40.0
E_ 30.0 _g_ 30.0
£ £
g ~+-SUF1575-9 (50°C temp) fs" —+—SUF1575-9 (50°C temp)
E 20.0 ) +-SUF1570-2 (70°C temp) g 20.0 ~+—5UF1570-2 (70°C temp)
XSUF1589-24 (70°C temp) - XSUF1589-24 (70°C temp)
10.0 XSUF1594-1 (25°C temp) 100 XSUF1594-1 (25°C temp)
0.0 0.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
Time (min) Time (min)
@ __This is only for reference and the results may differ depen@imghe package specification. 29
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High Reliability

High reliability for low bump stress

High Tg and Low CTE improve to the
protection of solder ball connection.

Bump Strain

High Stress Area

Ideal Underfill

——— High Tg >160°C

Low CTE <20 ppm

0.1200
0.1000 ’
\
< 0.0800
IS \
o 0.0600
9 \
L - O
~ 0.0400 0‘ e — o o ] @r o— o ©
0.0200 @
0.0000
g & & & & & 2 £ 5 0T 2T 2T =2 =2 =
s = = = 5 5 = & ® £ £ £ E E &
8 8 8 K& X K S e ele & &
K & @ = = T X8 ®& R & =&
i — — i
E1 E1 Tg CTE1 CTE2
H © MAREcs



New REACH Requireni&ftg™ = "

ECHA (European Chemicals Agency) has added 18 new chemicals to

REACH affecting current board level underfills (BLUF) and cornerbond
materials used in electronic assembly.

2019 2020 2021 2022

Proposes HHPA & Commission decision to Last date for
_ - REACH Annex XIV
MHHPA for REACH include Annex XIV Authorization
enacted
Annex XIV

NAMICS Board Level Underfill (BLUF) are designed to meet
Future REACH 2022 Annex XIV!

NAMICS © WARifcs 31




Device Packaging Conference 2021 - April 12-15, 2021

Summary

=  Growth of ADAS will require advanced packaging to meet future requirements

= SjP packaging will need advanced material solutions to handle:
> Increase in thermal dissipation
> Small form factor
> High reliability to meet future automotive applications

= Innovative solutions to handle these upcoming package challenges include:
o High thermal conductive adhesives
« High thermal performance
« High reliability
« Proven ready for HVYM
o Capillary Underfill
« Void free for narrow gap, fine pitch
« Designed narrow KOZ (keep out zone)
« High Reliability
o Liquid compression molding
«  Simplified process
« High throughput
« Reduce heat cycle improves warpage control
o Board Level Underfills
« Designed for high reliability
« Ideal for high volume production
« Meet stringent environmental requirements

“AM.B © WARfics
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Thank you

Ken Araujo

Global Business Development Manager
NAMICS Technologies, Inc.

Email: araujo@namics-usa.com
Mobile: (774) 929-5462

001072
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