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Who we are

We are an innovative materials company with strong R&D
capabilities and a portfolio of unique patents. We are one of the
only European suppliers of EUV lithography materials. Pibond'’s
materials have been adopted in the latest semiconductor
devices globally.

Our Experienced global management team includes industry
veterans from some of the largest Semiconductor chip and
device companies.

We have an audited supplier track record to the semiconductor

industry from our 3000 square meter PPT (parts per trillion)
Clean Room production facility in Finland.

PiIBond
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State of the art facility e ——

3,000 m2 of space )
production

State of the art automation

Fully audited production
Extensive in-house track record

semiconductor process > 200 tons/year capacity of
testing capabilities high value materials

We enable, simplify, and increase the quality
and performance of logic, memory, sensor
and other semiconductor devices.

With over 112 patents with 85 issued and 27

pending, we continue to invest in R&D and
grow our knowledge in the field.
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PiBond is a leading innovator of Advanced Materials

Semiconductor Dielectrics
for State-of-the-Art Applications

Optical Coatings for
Image Sensors

PRESENT

Enabling Layers for
Sub-5nm microelectronics

Future Data Transfer
Through Photonics

Semiconductor-level
Precision and Reliability
to Photonic Applications

FUTURE

Devices and components
enabled by novel processes




Material technology platforms

DIELECTRICS

Traditional spin-on dielectrics

Optical dielectric, industry leading range of
refractive indexes

lens

filter ' £ S [
High index material (n=1.68)

Novel conformal and low k dielectrics
for sub 5nm metallization processes

Magnification 250K

CVD replacement

Bond

PATTERNING MATERIALS

Traditional and advanced litho underlayers:
organic underlayer, silicon middle layer

Industry proven
stacks & results

& etch selectivity

Auxiliary materials and removers

Novel silicon-based photoresists
i-line — KrF — ArF — EUV

++++++

------
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Designed chemistry

PIBOND CONFIDENTIAL INFORMATION

CLEAR SILICON RESINS

» High quality, high refractive index silicone

materials

* NIL patterned lenses and resists

» Wafer level optics
and silicon
photonics
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HSQ and patterning

« HSQ used as e-beam resist for a long time

 HSQ also has been demonstrated to
pattern sub-10nm features

« Main challenge: sensitivity

Normalized thickness

Solubility switch mechanism . —— 1} —_—
R R 40 50 60 280 320 360
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Silicon based resists

Material Design Strategy

Resolution High Si-content
HP nm
‘ Substrate
I:> High etch resistance I:> 3?: 188235 eI
L WR Sensitivity BT |
30 nm dose md/cm? s 2
and stochastic
variation Low LWR




Simple processing

Process step Parameter <¢o\ 0O /oéw
HSi SiH HSi SiH /"
Pre Bake 80°C -120°C, 1min o | o | o | o
Ho./ @ ./ ©_ / OR/ O
EUV exposure 40-95mJ/cm? Si—0- S: | RSi=——0-|—Si
| Rsid—o—si | Rsid—o—sioy
Post exposure bake NA C‘J o <|3 o/ R ? o T O/ 00
/ / " »-
Develooment TMAH 2.38%, RSiLO—Si\ /SiLO—Si\ o a0 bt SRR
evelopme 1-4min OH R 70
60
50
40
. . 30 -& PRE 104B 80 0oC SB
Material Bake Thickness Exposure dose y value - 7 |rapre ross 005
PRE104B  80°C  38.0nm 65.8 mJ/cm2 3.7 Sl
25 35 45 55 65 75 85 95 105
PRE 104B 120 °C 37.6 nm 43.4 md/cm?2 5.5

Negative tone resist compatible with industry standard TMAH
development

Decent process window
Dose requirement for film retention can be adjusted by process
Good post coating delay: at least 24 h after 120 °C baking

25 /——‘
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Dose mJ/cm?2

83.5 90.4



Simplified process

+ Very high selectivity to UL in O, plasma
» Qutperforms industry Si-HM's

* Increased bake increases O, etch

resistance

e Sotbake OIS ety
80 °C/1min 62 1:0.4
Fa 150 °C/1min 62 1:0.4
80 °C/1min 7.3 1:45
: 150 °C/1min 4.7 1:70

« Enables bi-layer stack

*PiBond underlayer used as reference. Etch rate +300nm/min
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Etch rate, O2 plasma

)]
1 L

Etch rate (nm/min)
w IS
L 1 L 1 L

N
1

N
1

o

120°C/1min 120°C/2min 150°C/1min

Bake condition

80°C/1min 80°C/2min

Etch rate (nm/min)

Etch rate, CF4 plasma

RIE recipe *
Parameter o, CF,
RF TOP
250 200
(W]
Pressure
[mTorr] 50 30

*Oxford RIE plasma lab 80

80°C/1min

120°C/1min 120°C/2min 150°C/1min

Bake condition

80°C/2min
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Polyhydrogen silsesquioxane resist in EUV lithography

16nm HP 15nm HP

Chii4.4
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 High resolution can be obtained
« Slight deviation from mask size, decent LWR

» Selected results, and parameters affecting the outcome Process Conditons:

Substrate/Underlayer: Si
I I I I Spin: 1500
discussed in this presentation Bake: 80C/ 1min
Exposure: PSI XIL-Il, 22nm hp 1:1 pattern
Development: 5% TMAH/3min
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Main challenge

v Sensitivity: low
v’ Solubility switch mechanism: can be modified or combined.
v'How to alter/improve the resist: chemistry modification



Photoabsorption cross section at 91.5eV

o N & O

EUV reaction mechanisms - absorption

» Absorption:
« HSQ resin structure close to HSIO;,,

—> theoretical absorptivity close to
CAR

—> similar analogy should suggest Sn-
based resist materials to absorb
significantly more than CAR
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Linear Percent
Density absorption Transmittance
Name Structure (g/em?) coefficient at40 nm FT %
PMMA l 12 52 82
\/\/\/
007
A
HS-STY-TBA o> 1.2 4 85
e
| |
—l — —"_
I |
HSQ 14 42 85
AW
/ \ |
PTFE C 22 18.5 48

Thackeray J. J. Micro/Nanolith. MEMS MOEMS, 10(3), 033009 (2011).
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EUV reaction mechanisms - absorption

2H510;, = Hy + =051 — 810 = Dudty  sooopln  Tanamince
Name Structure (g/em3) coefficient at 40 nm FT %
2HSIO;, — H,Si0 + SiO, (1) /ji
H,SiO + HSiO,, — H,Si0,,, + Si0, (2 ' l
PMMA 12 52 82
3H,Si0 + 6HSiO,, — (HgSi,0,) + SiH, + 4Si0, AN
(3) ) )
Q0 0 “X
HS-STY-TBA v 12 a 85
2HSiO3/2 — HzSiOz/p_ . 5 Si04/2 _:_ _{_
- S .
HSQ l ! 14 42 85
2H,Si0 — 2H, + = 0Si — Si0 = N ;
VA
2H,S10 — SiH, + S10y),. PTFE E 2 22 185 a8

Thackeray J. J. Micro/Nanolith. MEMS MOEMS, 10(3), 033009 (2011).

1. Namatsu, H., Yamaguchi, T., Nagase, M., Yamazaki, K., Kurihara, K. Microelectr. Eng. 1998, 41/42, 331-334
2. Volksen W, Miller RD, Dubois G. Low dielectric constant materials. Chem Rev 2009; 110:56e110.
3. Olynick, D. L., Cord, B., Schipotinin, A., Ogletree, D. F.,, & Schuck, P. J. (2010). J Vac Sci & Tech B 28(3), 58 1-587.
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Not likely to take place i Mechanism 1_Condensation

vacuum, the presence of water
molecules is extremely rare

irradiation
—Si—H —» —Si+ + H
irradiation .
—Si+ + H,0 —_— —Si—oH + H
irradiation |
——Si—OH + Si OH ’ Si o Si + H,O
irradiation |
—Si—OH + SiH ? Sii ) Si + H,
irradiation

H + H —» H



Mechanism 2_Bond redistribution

\o 0 \o o)
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Ashish et al, “Extreme Ultraviolet-Printability and Mechanistic Studies of Engineered Hydrogen
Silsesquioxane Photoresist Systems,” ACS Appl. Polym. Mater. 3, 4, 1964-1972 (2021)



HSQ mechanism 2_crosslinking via bond redistribution
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FiG. 3. (Color online) Schematic illustration of the redistribution reaction
that may be partially responsible for cross-linking in HSQ. A Si—H and
Si—O bond are broken on adjacent HSQ cages (1). The resulting oxygen
radical bonds to the site formerly occupied by the hydrogen atom on the
adjacent cage, while the now-free hydrogen atom bonds to the Si atom at the
site formerly occupied by the oxygen atom, resulting in two slightly altered
HSQ cages connected by an oxygen atom (2). Note that this reaction does
not depend on the presence of any external reactant, such as water, in order
to_occur.

. Olynick et al, Journal of Vacuum Science & Technology B 28, 581 (2010)



../../Literatures/1.1. Patterning mechanism/Mechanism_e-beam_bond rearrangement in siloxane.pdf

Mechanism 3 Patterning mechanism

Y . intiation Y
+ H —— &
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propagatlon propagation
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https://patents.google.com/patent/WO2020174126A1/en

Improved material design at PiBond

« Specific organic functional groups used to modify
polyhydrogensilsesquioxane resin performance:
* Increase resin reactivity
* Increase resin EUV absorption
« Add functions to impart in altered dissolution to developer

~<0\ 0 /O} @ . group to increase resin reactivity
r}s; s H/Si /TiH n
o 2 or° o0 °©or 0 . : '
SELO__%/ |R8i40__$i/ | (B : group to enhance absorption
R-Si——0—Si R Si——0—Si
0O & 000 ¢ O 0 @ : group to alter resin solubility to developer
s!/ 0 S’,i/ s!/ 0 s|'/
- U/ I——0U—9ol
] M- O

Q = functional groups



Reference

Dose: 900 uC/cm?
CD: 50.5nm
LWR: NM

Si=52.9%

EHT = 8.00 kv Signal A = InLens
WD = 12mm Photo No. = 30692

Date :22 Jan 2018
Time :12:37:18

R R
R -E‘l;i-O—Sli-R
R R

@ : group to increase resin reactivity

2.5% functional A
33% more sensitive

Dose: 600 uC/cm?
CD: 48.4nm

LWR: NM

Si = 52.6%

EHT = 8.00kV
WD = 32mm

Signal A = InLens Date :10 Oct 2018
Photo No. = 28258 Time :12:50:43

Si=47.3%

5% functional A
42% more sensitive

Dose: 500 uC/lcm2

CD: 49.3nm
LWR: NM

Signal A = InLens. Date :10 Oct 2018 ZEISS|
Photo No. = 28253 Time :12:33:10

Alternative
reaction
path

Process Conditions:
Substrate/Underlayer: Si
Thickness: 20nm@1500rpm
I? Bake: 80C/1min
; Exposure: Vistec EBL, 50nm hp 1:1 pattern
I 1 Development: 2.38% TMAH/2min

R R 50



@ : group to increase resin reactivity

3.3% functional A 10% functional A
Reference 45% more sensitive 89% more sensitive

Dose: 63 mJjicrn posel3smueme | (F 1 L1 M DOSE: 7.2mJ/cn
CD,4~20.1nm; EP c21Bamid JREEE il | '3
LWR=46nm & oo TL3E5%

'J .

& "".". """ E 7
Regulus 0.50KV-D 2.6mm x130k SE+BSE(U) 08/30/2018 16:48  400nm Regulus 0.50KV-D 2.7mm x130k SE+BSE(U) 08/30/2018 16:25  400nm
R s : - Alternative !
I hu | : —Rf h <:| , !
R-Si-H —» R-Sj+ + H-* E — R-E:,i-O-—Rf reaction |
IIq IIQ i hv path |
L e o e ll_ll
H,O | h
2 ¢ v RI Process Conditions:
| . Substrate/Underlayer: Si
R R R-Si- R R_Sll_OH Thickness: 50nm@1500rpm
| | R R-Si_OH R R R Bake: 80C/1min
= - - —al— = e P o P = 1 Exposure: PSI XIL-Il, 22nm hp 1:1 pattern
R if' © ”;f' R ho FIE h R S|' O Sf' R Development: 2.38% TMAH/2min
v R R
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@) : group to increase resin absorption

5% Functional A 5% Functional B
Reference 42% more sensitive /0% more sensitive
Dose: 900 uC/cm? Dose: 500 uC/cm?

CD: 50nm CD: 49.3nm
LWR: NM LWR: NM

Dose: 300-pe/cm?
CD: 42.6nm
LWR: NM

Si=52.9% Si=47.3% Si=49.4%

« Effect of absorbing group C:

* Increased functional group |:> significant improvement in sensitivity [rocess condiions

Substrate/Underlayer: Si

Thickness: 20nm@1500rpm

Bake: 80C/1min

Exposure:Vistec EBL 50nm hp 1:1 pattern
Development: 2.38% TMAH/2min
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@) : group to increase resin absorption

Reference Reference 5% Functional B 5% Functional B
Development: 2.38% TMAH 3min Development: 5% TMAH 3min Development: 2.38% TMAH 3min Development: 5% TMAH 3min

08/28/2019 1

« Effect of absorbing group B:

* Increased functional group I:> decrease in sensitivity
« Increased dose needed to achieve same CD Sbsrate/Undenayer: §

Thickness: 50nm@1500rpm

Bake: 80C/1min

Exposure: PSI XIL-Il, 22nm hp 1:1 pattern
Development: see above
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© : group to improve resin solubility

Reference 1% Functional C 2% Functlonal C

77 5 mUlem? |
o 20:2nm i
LWR 3 9nm

9lT 52 9%

190131a1 0 5k\." D2 9mm %80, Ok SE+BSE(TU) 01/31/ 2019 1901o1a O 5kV D2 9mm )(6 .

« Effect of functional group C:
* Increased functional group I:> decreased sensitivity
* Increased functional group |:> improved LWR, decreased scumming and bridging

Process Conditions:
Substrate/Underlayer: Si

Thickness: 20nm@1500rpm

Bake: 80C/1min

Exposure: PSI XIL-Il, 22nm hp 1:1 pattern
Development: 2.38% TMAH/3min
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LER/Resolution improvements with different solubility enhancer EUV

Reference sample SqubiIity enhancer C1 Solub|l|ty enhanoer (32 Solubility enhancer C3

Width{3%) 20 0201 7im ] 181 w-qu)u umm;-m | (e (=010 17 18 ] § i i 1 | v-am(x; =010 1828}im
Max 2002370 t | i i | 0(1 17}

rriA LT 5 mdlom2 W il 90mJ/cm2~

i Cummlng : ’ ' | Jhl'h’]qﬁ? lliarﬂ\lm‘

190131a1 0.5kV-D 2.9mm x80.0k SE+BSE(TU) 01}3%/2'019 500nm 190131 h3 0. 5kV D 3.0mm x60.0k SE+BSE(TU) 01/31/2019 500nm 2 0.5kV-D 2.9mm x80.0k SE+BSE(TU) OT/

o H gAl
\wumx} -g gﬁ;gpu 4 i wm';l :s: f% g;ﬁm
i H | Min 30 01708}

(T L BaSmd e L ITTIT | 9iom): m 95mJ/cm2

:'E | 4
SREIRREE ]
i i L SETRRRRQRAERIES! : L
190131a1 0.5kV-D 2.9mm x80.0k SE+BSE(TU) 01/31/2019 )O1f’31f201 07/31/2019




Underlayer effect  EUV

Piond’s OTL

LI I ¢ | AP e | i B TR P Je |
500nm [ 190131b3 0.5kV-D 2.9mm x80.0k SE+BSE(TU) 01/31/2019 500nm



Summary of PiBond'’s siloxane resist

Main characteristics

E= Simple and stable processing: agueous development
Q Simplified patterning: inorganic, excellent etch performance

A Risk-free: no metal contamination, low outgassing



Summary
Silicon based resist materials High resolution demonstrated
: : Main challenge: sensitivity needs to be improved
ShOW, proml_se ds pOtentlal Process parameters have significant effect on
candidates in EUVL outcome

Improvement in resist performance can be obtained through
chemical modifications

The underlayer effect is important and will affect results
significantly



Thank You for your time!



