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Introduction Silecs

= Silecs Oy

= Company overview

= SAP 100
= Hard mask for TSV

= SAP 200

= Photosensitive dielectrics for WLP
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Silecs Oy

About The Company

Established in 2001, the company is a
technological leader in developing and
producing advanced polymers materials for
the electronics industry, and an innovator of
siloxane materials used in the
microelectronics industry, particularly digital
Imaging, semiconductor packaging, solar
cell and flat panel display

Global Presence

» Labs, R&D and production facilities in Europe;
. Sales & Representatlves |n AS|a US and Europe

1 {f}

State-of-the-art Production Facility

The Company has built a world-class
manufacturing and R&D facility, using the most
sophisticated and environmentally-responsible
production techniques available.

« >100,000 liters per year, initial capacity

» Copy exact, clean room production

» Temperature and Humidity controlled.

ISO 9001:2000, Certified Quality Management
System

ISO 14001:2004, Certified Environmental
Management System

ISO 9001 ISO 14001
DN DNV
CERTIFIED

CERTIFIED FIRM ORGAMNISATION
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Silecs

SAP 100

Hardmasks for Advanced Etch Applications

InLens

Signal A Date :20 May 2009



Background Silecs

" Proprietary hard masks for aggressive etch applications where
high selectivity to Si or Si-containing coatings are required.

= Key benefits of SAP 100 hard mask

High etch selectivity to Si
Resistant to various fluorine based etch chemistries
Processing conditions — spin coating and hot plate cure

Cure temperature (200 C)

Removable using common dry etch recipes



SAP 100 - Solution for TSV Etch Silecs

SAP 100 hard mask applicable in main stream via, TSV
formation.
Conventional DRIE

Photo Patterning TSV Etch by DRIE

s (SF6, 02)
PR SAP 100 Wi SAP 100 Strip/Clean
" Fe P
Thin SAP 100 ) w3 —)
“Bosch” DRIE
Photo Patterning TSV “Bosch” Etch
(SF6, O2/C4F8)
- SAP 100 {4y SAP 100 Strip/Clean
/ F*F*
Thin SAP 100 =

Passivation



SAP 100 — Development Challenges Silecs

= Particle free formulation

= Filtration to remove particle over 0.2 um of SAP 100 was not
readily possible as filters blocked instantly.

» Two factors during synthesis were found to influence the
formation of a colloidal dispersion without opacity.

= The mode and rate of addition of the raw materials was

critical to affording a dispersion which could pass through 0.2
um filters.

» Extended polymerisation time to form the ideal gel-like
network greatly improved the filterability of the solution
obtained.




SAP 100 — Development Challenges Silecs

* Film Uniformity

« Initial alcohol solvent gave good mechanical handling but
poor film uniformity (10.09 %).

Thickness

Mean = 32.883
Min=29.211

Max = 38.869

Std Dev =3.3167
Uniformity = 10.087 %

37.2593
35.6497
34.04
32.4303
30.8207
== 29.211

“
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 Tailoring the solvent cocktail to include glycol as part of the
formulation gave the desired uniformity (2.58 %).

Thickness

Mean = 59.007
Min=57.621

Max =62.479

Std Dev =1.5223
Uniformity = 2.5799 %

61.6693
60.8597
60.05

59.2403
58.4307




Blanket film etchrates Si|ECS

[ Bosch etch blanket film etchrates summarized in table below
= SAP 100 has very low etch rates under conditions used

= Significanly higher etch rates measured for reference materials

Cure Etchrate Selectivity to
Material [ C/min] [nm/min] Si
SAP 100 200 <0.5 > 10000:1
SiO, 1000 8.5 399
Silicon N/A 3400 N/A
Competitors 144 /1 31.1 109
resist
Cycle Time Gas Power Temp.
Etch Passivation Etch Passivation Etch Etch Platen Passivation Passivation Platen (C)
(sec.) (sec.) SF4/O, (sccm) C,Fg (sccm) Coil (W) (W) Coil (W) Platen (W)
12 7 130/13 110 900 14 800 0 24

e AT e T e e SARCTS z"'"'":r’
e e e e e SllecS o e e

TeT R :Lr v i U e e \e'{f;ﬁrlm'r b e e J”PT '



Blanket film etchrates
= Stability to other silicon etch chemistries shown
* Minimimal thickness changes during etch

= Qutperforms SiO,

Material Power Pressure HBr He SF, Etchrate
(W) (Torr) (sccm) (sccm) (sccm)  (nm/min)
SAP 100 250 250 125 100 0 0.3
Sio, 250 250 125 100 0 0.5
SAP 100 190 750 20 0 100 -0.1
Sio, 190 750 20 0 100 4.0




SEM after silicon etch — SAP 100 Silecs

» SEM images from SAP 100 after 200C/1 min cure are shown below
» Vias etched OK, no hard mask film quality issues after etch

diameter 8 um, depth 67 um, AR =8

—
=
T

EHT = 5.00 kV Signal A = InLens Date :20 May 2009 EHT = 5.00 kv Signal A = InLens
WD= 3mm Mag= 988X Time :16:34:02 f—— wo= 3mm Mag= 831X

Date :20 May 2009 PR
Time :16:43:38 -

-

, depth 69 um, AR =7

e

EHT = 5.00kV Signal A = InLens Date :20 May 2009 EHT = 5.00kv Signal A = InLens
WD= 3mm Mag= 831X Time :16:38:12

Date :20 May 2009
WD= 3mm Mag= 7.15KX

Time :16:49:15




SAP 100 — Adhesion Si|ECS

= Passes Scotch tape adhesion to substrates — residues from tape

o i Ar plasma O, plasma
=  Surface treatment conditions: Power: 1000W Do wer: 1000W
Flow: 250 ml/min  Flow: 1000 ml/min
Time: 1 min Time: 1 min
Substrate Si SiNx + O, plasma SiNx + Ar plasma SiNx + TMAH dip
Pre scotch
tape

After
Scotch tape




Summary Silecs

. High etch selectivity to Si
. Resistant to various fluorine based etch chemistries
. Readily processed — spin coating and hot plate cure

. Low cure temperatures of 200 C

. Removal using common dry etch recipes




Silecs

Silecs SAP 200

Photosensitive Dielectric

= SAP 2030 siloxane-based polymer
= SAP 2040 novolac-based polymer

IME

A*STAR

Signael A = Inlens Date :14 Dec 2010
Time 141843



Silecs

SAP 2030

Siloxane-based TMAH soluble photosensitive Dielectric

A e e

A*STAR

Date :16 Mar 2010



SAP 2030 — Properties Silecs

« SAP 2030 is a proprietary siloxane based photosensitive dielectric.

Cure Shrinkage e RESIElLE! Tg Uenele Elongation [c);ifrl]zct:gri\f
Product . : weight | Stress Strength
% o 100 kH
[C/min] Pl e C]| [GPa] €11 [mPa %] : “
175 - 250
Competitor / 10 - 40 SEUS 28 - 34 T 80 - 250 5-85 2.6-3.7
450 >350
50 - 120
SAP 2030 | 190/60 ) 440 16 >200 29 4 3.5
SAP 2030 | 150/180 4 415 15 >200 29 4 3.6

¥

= Critical parameters

= TMAH developable
= Curable at low temperatures down to 150 C

= Enables low cure temperatures

= Low shrinkage and elongation




SAP 2030 - Chemical Resistance

= SAP 2030 shows good chemical resistance to a wide range of chemicals

Chemical Condition Film Loss* (%)
Cure Cure
150C/3h 190C/1h
Ethyl Lactate RT,30min <0.5 No change
Isopropanol RT,10min No change No change
NMP 80C,30min <0.5 No change
PGME RT,30min No change
PGMEA RT,30min <0.5 No change
DMSO 50C, 30min <1
H,SO,-10% RT,3hr <0.5
H,SO, (57%)/H,0/H,0, (31%)(100:100:3) RT,30min, <0.5 No change
HF(49%):Water(1:180) RT,10min No change
HF(49%):Water (1:25) RT, 10min <0.5 0.66
Methanesulfonic acid(10%) RT,3hr <0.5
1% KOH (aq.) RT,10min <0.5
15.5% HNO,, 5.5%CH,COOH (aq.) RT, 10min <0.5




SAP 2030 - Photolithography Performance BEY|(aws

= Performance on Silicon
= 10pm film
= 20pm Vias resolved

Via size: (~20um) (~50um)

Developer:
2.38% TMAH

2pm

» Performance on Cu (e-plated)
= 10 pm film
= 40 um Vias resolved

Feature size: (~40 pm) (~60 pm)

Developer:
2.38% TMAH




SAP 2030 — Reliability

= No cracks, delamination observed on Si/Cu/SAP 2030 after cure at both

150 € and 190 6.

v/

b\\

(

\

Cure:190 °C/60 min, dose: 250m) Cure:150 °C/180 min, dose: 250m)J

= No defects seen on Si/Cu/SAP 2030 interface after 168 hours Pressure

Cooker Test.




SAP 2030 — Adhesion testing at A Star/IME BN [Se

= Adhesion on Cu RDL after moisture sensitivity level (MSL)

ettt e t———

= Adhesion on Cu RDL after HAST




SAP 2030 - Stress Si|ECS

= Negligible residual stress on Tencor FLX-2320

» No clear differences between the two cure temperatures

= 190 C /60 min

SAP:2083 stress on-Slwafer SAP 2033 stress on GaAs wafer
190C/60 min cure 190C/60 min cure
30
30
25 =
=—ramp up 25 =——ramp up [
E 20 ramp down [ . 20 ——ramp down | |
e s = & 45
‘23 10 \M g 10 s
5 M 5
i . 0 N‘J
-5 T T T T ! -5 . . . .
0 50 100 150 200 250 0 50 100 150 200 250
Temperature [C] Temperature [C]
= 150 C /180 min
SAP 2033 stress on Si wafer SAP 2033 stress on GaAs wafer
150C/180 min cure 150C/180 min cure
30 30
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Summary Silecs

= SAP 2030 offers serveral key advantages:

= TMAH developable
= Negative tone

= Low curing temperature (down to 150 °) enables low

temperature packaging processes

= Good adhesion to silicon eliminating requirement for

adhesion promoters

= Low shrinkage




Silecs

SAP 2040

Novolac-based high resolution photosensitive dielectric

IME

A*STAR



SAP 2040 — Photosensitive Dielectric Silecs

= SAP 2040 is a novel novolac-derived dielectric coating material
particularly aimed for chip scale wafer level packaging applications.

= Negative tone with semi-aqueous TMAH developer containing alcohol
solvent.

Resin Core Post Structure

Thick photoresist SOLDER BUMP
for solder bump formation

OVERCOAT RESIN

Passivation/Encapsulation RESIN CORE
POST

Dielectrics for metal post
Cu REROUTING

Redistribution dielectrics
INITIAL RESIN

Under metal dielectrics FINAL METAL PAD LAYER




SAP 2040 — Material Properties

= Qutline of important parameters in comparison to competitors materials.

Cure |Shrinkage| C.T.E. |Residual| Tg | Tensile |[Elongation| K Value
Product Stress Strength [100 kHZz]
[C/min] [%] [ppm/C]| [MPa] [C] [MPa] [%]
.. [175-250/ 160 -
Competition 50 - 120 10-40 |35-60| 28-34 5350 80 - 250 5-85 2.6 -3.7
SAP 2040 190/60 15 47 25 235 69 3 3.65

ot

« SAP 2040 critical parameters

» Chemically resistant to common solvents, etchants and stripping solutions

= Approx 1:1 resolution

» Low shrinkage compared to competitors

= | ow CTE, residual stress




SAP 2040 - Photolithography Performance EY|[a«s

O Performance on Silicon
= Approximately 1:1 resolution
» |mages below for 10um film thickness with various reticle sizes
= Slightly increased CD bias at smallest via dimensions
= Lithographically stabe — up to 24h delay tested to be permissible.

10um 30um 50um Resolution

—

==t NN W
@ G =@ & = & &

—
444143 » » > » »

Reticle Size Reticle Size
Bias and Bias and Bias and Bias

10pum n 20um n 30um n S0um n

5.1 4.9 22.2 +2.2 32.0 +2.0 51.3 +1.3




SAP 2040 — Electrical Properties

application in WLP.

= SAP 2040 exhibits good electrical properties with low leakage suitable for

1.00E-10

Dielectric Leakage Leakage Breakdown
Cure constant | @0 5MV/cm | @1.0MV/cm voltage
[100 kHz] [nA/cm?] [nA/cm?] [MV/cm]
190°C/1h 3.65 0.05 0.09 4.7
E(J) of Material
g 1.00E-04
2 e i
) 1.00E-07 A/
1.00E-08 —
1.00E-09 .'-‘——//




SAP 2040 — Mechanical Properties Silecs

= SAP 2040
» Mechanical properties obtained from ~40um thick free standing films

» Young’s modulus determined on a Hysitron Tribolndenter (10um film)

Tensile strength S . 2dzy 3 Qa
Cure (MPa] Elongation [%] (GPal]
190°C/1h 69 3 5.5

SAP 2040 - DMA analysis

10000 3 : ¢ ; ; - 0.25

= SAP 2040 DMA analysis
= T, determined from tan 6 peak: 230°C

1000 —Loss modulus G [Mpa]

]

+—Storage modulus G' [Mpa]

]

= tan delta

Tan delta

» Measured on ~40um free standing films

Storage (G') and Loss (G"') Modulus
[MPa]
[y
=

-50 0 50 100 150 200 250 300

Temperature [°C]




SAP 2040 — Thermal Properties Silecs

SAP 2040 TMA analysis
= SAP 2040 exhibits low CTE: o Tomp.fang ' CTE e
. . ' 20 -50 47
= Measured on ~40um free standing films ¢ o= 2% 2
= 025 - 150200 117
g ol 200 - 250 172 |
= Thermally stable s s
Q 01 -
0.05 + /
. LOW StreSS i 0 SVO 100 150 260 ZgO 360
Temperature [°C]

CTE Stress at 25°C
[ppm/°C] [MPa]

190°C/1h 265°C 355°C 47 25

Cure 1% weight loss | 5% weight loss

[ Heating rate: 20°C/min Argon
TGA of SAP 2040 SAP 2040 stress
100 : 5um coating
s ~.:::\SAP 2040 30 + Ramp up
I ® h 25 ® Ramp down
§‘
£ © 20
£ o B SO o
§ 60 a
g E 15 efesrssisnilo g .
£ w a
2 @ 10
. -~
20 Competitor "o
0 O T T
0 100 200 300 400 500 600 0 50 100 150 200 250
Temperature [°C] Temperature [C]




SAP 2040 — Chemical Resistance Silecs

= SAP 2040 shows favourable chemical resistance to common solvents,
acids and bases.

: Thickness change | Thickness change
, - Testing : :
Chemical Composition " after immersion after dry-bake

condition

[%] [%]

NMP 80°C, 30min 20.1 0.4
Dry resist 5% TMAH, 5% aminoethanol o .

' ' 18. -1.

stripper 90% H,0 67°C, 90min 8.9 8

Cu etchant 6% H,S0,, 12% H,0,, 82% H,0 90°C, 120s 1.5 -0.5

Ti etchant 80% H,S0,, 20% H,0 90°C, 90s 0.0 -2.8

5% KOH, 15% Tetrahydrofurfuryl o
Flux remover alcohol, 80% DMSO 86°C, 720s 6.5 -0.2
Dry bake conditions: 190 <C, 5min
E.g. Dry resist stripper Before immersion After immersion After dry bake

=> No visual changes




SAP 2040 — Adhesion Silecs

» Passes Scotch tape adhesion test on a variety of substrates and Ti/Cu
UBM metallization
= Elcometer 1542 cross hatch adhesion tester and Scotch tape 810 were used
= Adhesion to UBM metallization at minimum similar to competitors
=  UBM: Ti (100nm) — Cu (1um) ; degas 150°C/30s + ICP Ar cleaning
Si/50nm (Ti/W)/
1 pumCu

Si/SINX Si/SAP/SAP Si/Al

SAP 2040

Si/Si02 Si/SAP/AI SiI/SAP/TIW UBM
metallization




SAP 2040 — Reliability Silecs

=  SAP 2040

= No cracks or delamination seen in 6-100um after 168 hours (7 days)
=  Si/Cu/SAP 2040 stack used

= Height: Cu 9um — Dielectric 10pm

After Cure After 168h PCT

10um Cu lines 10pum Cu lines

100pm Cu lines 100um Cu lines




SAP 2040 — WLP Integration Silecs

= Basic process flow on blank 100mm Si wafer

=  First dielectric layer deposition, contact opening
= TiW/Cu seed deposition

= Plating resist deposition, patterning

= Electroplating, resist and seed layer strip

= Second dielectric layer deposition, pad opening
* Viaclean, UBM metallization

= No cracks or delamination seen

= Images from a simulated fan in redistribution
scheme.
= Pad size 150um, pitch 400um




SAP 2040 — Development Challenges Silecs

» Chemical resistance improvement

= |nitially poor performance resulting in delamination and significant
swelling.

» By grafting a substituant, containing a triple bond, to the novolac
backbone, additional cross-linking could be achieved after photo-
activation resulted in excellent chemical resistance.

: ° 9
(l)H Cl)H CI)H (l)H (l)H )I( (l)H (l) (l)H (l) (l)H
- OO e OO0
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SAP 2040 — Development Challenges Silecs

= Commercial Viability
= Problem

» Toxicity of raw materials phenol and formaldehyde making scale-up
problematic for worker safety.

» Solvent dimethylacetamide (toxic and expensive) limited throughput
volume.

= Solution

= Polymer composition optimised to minimise the use of formaldehyde.

= Throughput increase by 2.5 times by using the less harmful solvent
acetonitrile and also allowed for safer handling during synthesis.




SAP 2040 — Summary Silecs

= Silecs SAP 2040 offers the following key advantages.

= Negative tone with semi-aqueous TMAH developer
= High resolution, almost 1:1
» Resistant to various chemicals used in processing

=  Alow curing temperature (190 °C) enabling low temperature wafer
level packaging processes of sensitive components

» Good adhesion to multiple surface types
= Low shrinkage, CTE and stress

= UBM adhesion comparable to competitor materials
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Summary Silecs

* [ntroduction to Silecs Oy

= SAP 100 product for TSV solutions

= SAP 200 series for photosensitive dielectric
materials
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