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Impact of electron scattering in EUV mask absorber materials on different beam voltages
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Extreme ultraviolet (EUV) lithography has been applied to some critical layers at 7-nm node and become the most promising high-volume
lithography technologies for 3-nm node and beyond [1]. The EUV 13.5-nm short wavelength characteristic makes mask fidelity directly affect
the wafer patterming quality [2]. Vanable shaped beam mask writer and multi-beam mask wiiter are used to fabricate the mask because of its
high-resolution patterning capability [3]. The mask patterning process depends on the choice of EUV mask absorber material that has direct
impact to the mask quality such as electron scattering events, point spread function, and CD control [4]. A clear understanding of electron
scattering in test specimens 1s necessary for the co-optinuzation of the mask absorber matenial and electron beam voltage. In previous works,
the impact of electron scattering in the multilayer on the patterning results has been widely investigated for the optimization of the proximity
effect correction and of mask process correction at 30 keV [3, 6]. However, the impact of electron scattering in advanced EUV absorbers on
various beam voltages has hardly been reported. Therefore, this study is focused on the effect of electron scattering in conventional Argon
Fluoride (ArF) and advanced EUV absorbers on its dependency of incident energy. In order to investigate the effect of absorber on electron
scattering, four types of absorbers including Cr, TaBN, Te, and TaTe; are simulated on EUV mask stack. Since Cris the most common absorber
material in ArF mask, we include it as a reference for comparison. From TaBN as starting point we can improve to materials with higher EUV
extinction coefficient (%) in optics, which allows for thinner absorber thickness and consequently smaller shadowing effect (M3D). Based on
the previous works of rigorous imaging simulations at NA 0,33 for various mask absorbers, 32-nm thickness TaBN absorber has been identified
to improve the optical properties including %, reflection index (#), and normalized image log-slope (NILS) [7, 8]. Te is also shown as a
promising alternative EUV absorber for binary photomasks, as a lugh # allows the implementation of thinner absorbers [9]. In addition, TaTe:
performs better thermal stability, stability in the hydrogen environment, oxidation stability, and stability in cleaning solutions than Te [9]. In
this study, the electron collision 1s traced with Monte Carlo method and the mechanism of electron scattering during the resist and mask stack
1s investigated. In simulation conditions, the 80-nm thickness PMMA mask resist is set according to the International Roadmap for Devices
and Systems (IRDS) 2.1-nm technology node in 2025 [10]. Fig 1 (a) to (d), (e) to (h), (i) to (1), and (m) to (p) illustrate 7 representative electron
trajectories simulated by 100,000 electrons in the EUV masks with various absorbers at 5 keV, 10 keV, 25 keV, and 50 keV, respectively. Fig
2 (a) illustrates the structure of EUV mask stack including 80-nm PMMA resist (denoted by E1), 10-nm TaBO ARC (denoted by E2), 32-nm
absorber of the 4 material candidates (denoted by E3). 2.5-nm Ru capping layer (denoted by E4), 280-nm Si/Mo multilayers (ML) (denoted
by E3), 6.35-mm Si0: LTEM (denoted by E6), and 70-nm CrN conductive layer (denoted by E7). Fig 2 (b) shows the comparison of scattering
events within the resist, absorber, and ML among the 4 different absorber materials at 5 keV, 10 keV, 25 keV, and 50 keV, respectively. Table
1 summarizes the accumulated number of electron scattering events in Fig 2 (b). Fig 3 represents the comparison of deposited energy
distribution inside the resist among Cr at 5 keV. TaTe2 at 10 keV, Cr at 25 keV, and TaBN at 50 keV, respectively. According to the electron
trajectories shown in Fig 1 (a) to (d) at 5 keV, the back-scattered electrons (BSEs) are almost reflected back from the ARC (E2) and absorber
(E3). In addition, the long-range BSEs come from Cr absorber layer show the slightest effect on resist as compared with the other three
absorbers. Fig 1 (a), Fig 2 (b), and Table 1 indicate that using Cr absorber produces the narrowest scattering range and the least scattering
events within the resist at 5 keV. Comparing with Fig 1 (a) to (d) at 5 keV, the short-range BSEs within the range of 100 nm at 10 keV in Fig
1 (e) to (h) are alleviated at the expense of increased long-range BSEs. Please note that the range of depth-axis and radius-axis between Fig 1
(a) to (d) and Fig 1 (e) to ¢h) are not identical since one is 250 nm at 5 keV and the other is 500 nm at 10 keV. The BSEs are reflected back
from the ML layer (ES) that is the dominated factor influencing the resist resolution in the range of 200 nm to 400 nm at 10 keV. We find that
using TaTe; absorber presents the narrowest scattering range and the least scattering events shown in Fig 1 (h), Fig 2 (b), and Table 1. In Fig
1 (i) to (1), it can be observed that electrons at 25 keV are able to penetrated into the ML (E3) and most of the long-range BSEs are generated
from the ML (E5) and LTEM layer (E6). Fig 1 (i), Fig 2 (b), and Table 1 indicate that using Cr absorber produces the narrowest scattering
range and the least scattering events within the resist at 25 keV. At 50 keV, most of the electrons penetrate through the mask stack form E1 to
E6 layers no matter what kinds of absorber materials are adopted such that no BSEs are appeared within the range of 2000 nm in resist. Using
TaBN absorber presents the narrowest scattering range and the least scattering events shown in Fig 1 (n), Fig 2 (b), and Table 1. Fig 2 (b)
illustrates the trend of scattering events during the resist, absorber, and ML with different absorbers and beam voltages. Table | summarizes
the accumulated number of electron scattering events. We find that using Cr, TaTe;, Cr, and TaBN absorbers at 5 keV, 10 keV, 25 keV, and
50 keV, respectively show the least scattering events within the resist. In addition, we compare the deposited energy distribution (i.e., point
spread function) inside the resist among the absorber of Cr at 5 keV, TaTe2 at 10 keV, Cr at 25 keV, and TaBN at 50 keV, respectively as
shown in Fig 3. The value in radius is proportional to the beam voltage as expect with 100-times simulation and smoothing process to avoid
the random noise. The study of curve-fitting proximity effect parameters to determine the range of forward scattering (FS), the transition region
between the FS and the BS-dominated regions, and BS are ongoing. The patterning prediction results including the influence on critical
dimension and image log slope (ILS) to examine the mask resolution are under. In addition, further absorber materials will be investigated at
different beam voltages for finer mask resolution.
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Figure 1. Seven electron trajectories in EUV mask with various absorbers mcludmg (a) Cr, (b) TaBN {c) Te, (cl) TaTe; at SkeV in the range of 250
nm, (e) Cr, () TaBN, (g) Te, (h) TaTe; at 10 keV in the range of 500 nm;, (i) Cr, (j) TaBN, (k) Te, (Ij TaTe; at 25keV in the range of 2000 nm; (m)
Cr, (n) TaBN, (0) Te, (p) TaTe; at 50keV in the range of 2000 nm, respectively. Each marker describes the collision position and the solid line
shows the trajectory of electrons between two scattering events.
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Figure 2. (a) The structure of EUV mask stack. The labels E1, E2, E3, E4, ES, E6, and E7 represent the resist, ARC, absorber, capping layer,
multilayers, LTEM, and conductive layer, respectively. (b) Comparison of scattering events within the resist, absorber, and ML among the 4 different
absorber materials at 3 ke, 10 keV, 25 keV, and 50 keV, respectively.

Table 1. The accumulated number of electron scattering events in Figure 2 (b). 107 . e "
SkeV 10keV 25keV 50keV _ Cr GV
Resist 1,342,140 701,420 284,330 177810 N"" TaTe, (10 keV)
= -——Cr (25 keV)
Cr Absorber 5,751,870 3,320,880 996,500 404,250 2 — . TaBN (50 keV)
Multi-layer ~ si7.s10 26.605.620 1.700,1860 11466180 =
- ]
Resist 1510.510 712130 288000 I =
TaBN Absorber 3,967,470 2,324,330 876,460 466,350 _E
Multi-layer 5,524,630 25613450 18.099,48) 11,687,350 é ~
\
Resist 1,515,020 736,140 290,120 179,990 Eﬁ T =
5 . |
Te Absorber som.620 2960640 $59,130 392,100 = \| AR
AY
Multi-layer 5.260.580 26.597.040 18195930 11,503,450 5 ' .
10 . — .
Resist 1,532,440 700,750 285,430 178,460 10! 10° ' 10 10°
TaTe,  Absorber 1,719,950 2,367,150 1961500 312,160 § . Radivs (om)
: . X Tigure 3. Comparison of deposited energy distribution inside
Multi-layer 5626540 25485560 1820 1L the resist among absorber of Cr at 5 keV. TaTe; at 10 keV, Cr

at 25 keV, and TaBN at 50 keV, respectively.
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INTRODUCTION

O Extreme ultiraviolet (EUV) Tithography has been applied 10 some
eritical layers at 7-nm node and become the most promising high-
volume lithography technologics for 3-nm node and beyond

QThe EUV 13.5-nm short wavelength characteristic makes mask
fidelity directly affect the wafer patterning quality

O Variable shaped beam mask writer and multi-beam mask writer
are used to fabricate the mask because of its high-resolution
patterning capability The mask patterning process depends on the
choice of EUV mask absorber material that has direct impact to
the mask quality such as electron scattering events. point spread

function, and CD control However, the impact of electron

attering in advanced EUV absorbers on various absorber
materials based on wafer-level optical performance and on
different beam voltages has hardly been reported.

Q Therefore, this study is focused on the effect of electron scattering
in a simplified 2-layes structure and the advanced EUV full-mask
structure on its dependency of absorber material and incident
energy.

D As TaBN is regarded as a bascline (BSL). we determine the
candidates of absorber materials based on the improved optical
properties including EUV  reflection index (n). extinction
coefficient (k). shadowing effect (M3D), normalized image log-
slope (NILS), and the following process stability.

SIMULATION CONDITION

O The resist is based on 2021 IRDS's prediction of MPU/ASIC

Minimum Metal 1/2 pitch: 10 nm, which will be produced in 2025.

Because the mask line width is 4 times of wafer, and the thickness
of photore: s 2 times of the line width. Therefore. this
simulation uses a resist setting of 80 nm thickness.

. =
@)

Fig. 1. Structure and materials of (a) 2-layers structure simulation
and (b) EUV full-mask structure. In (a), the labels L, and [,
represent PMMA resist and the selected 6 various malerials as a
substrate, respectively. In (b). the labels E,. E.. E., E,. Ec. E, and E,
represent PMMA resist, TaBO ARC, TaBN absorber, Ru capping.
SiMo reflective mu ayer, Si0, LTEM substrate, and CrN BSC,
respectively.

Fq (LTEM, 635 mm, Si0.)

Table 1. Simulation conditions of the mask structures and materials.

Mask stacks  Labels Layers Materlals  Thickness (nm)
L Resist PMMA s0
Resist / Absorber Cr, TaBN,
Substrate L Absarber Substrate Te, TuTes, =
NiTez, NisAl
Et Resist PMMA 80
E: ARC TaBO 10
Cr, TaBN,
E Absarber 2
Te, TaTe:
EUY mask stacks
Ea Capping Ru 25
Es Multi-layer Si/ Mo 280
Es LTEM substrate Si10: 6,350,000
Er BSC €N 70
SIMULATION RESULTS AND DISCUSSION

0 2-layers structure simulation : 100 electron trajectos PMMA
resist and the substrate with various absorber materials including
{a) Cr. (b) TaBN, (c) Te, (d) TaTe, (e) NiTe,, and (f) Ni Al
respectively at 5, 10, 25, and 50 keV in the range of 250 nm in
depth and radius. The labels L, L. L, represent vacuum, resist
layer, and absorber layer. respectively.

skev 2-layers structure simulation

*e-mail: chliuzzh@ntt

Ty

Fig. 2. 100 electron trajectories in PMMA resist and the substrate
with various absorber materials at different keV. Each circle
represents a scattering position, and the solid line shows the
irajectory of electrons between two scatiering events. Using Cr and
Ni;Al absorbers all shows the narrower trajectory distribution than
the others at 5 keV and 10 keV. which is comparable. At higher
energies such as 25 keV and 50 keV. using different absorbers
seems that it makes no difference within the resist layer.

ed energy distribution of electrons within the PMMA
¢ substrate with various absorber materials at different
layer had limited-narrower energy distribution than
the absorber substrate since the resist is composed of
materials in which scattering events are rare. The distribution
become narrower and the deposited energy become less energy
within the resist when incident energy is increased.

Scattering events (#)
"'
w |I.

Beh WA IV SR R WAV M SRV SV MY M Skey

St (1500 [ry—

Fig. 4. Scattering events dependency on lateral radius for the resist
layer with various absorber materials at different keV. Ni;Al absorber
shows the smallest number of collisions in the short-range (SR)
radius within the resist at 5 keV and 10 /. indicating the best
candidate for fine CD. However, at 25 keV and 50 keV, the
difference among the 6 absorber materials is nearly negligible in SR
since most of the clectrons are scatiered to the long-range (LR)
radius.

Full-mask structure simulation

10 keV 25 keV

= H

Skev

Fig. 5. 7 representative electron trajectories for ArF and EUV full-
mask structurc with various absorber materials at different keV. At 5
keV, the back-scattered electrons (BSEs) are almost reflected back
from the ARC (E,) and absorber (E,). In addition, the long-range
(LR) BSEs come from Cr absorber layer show the slightest effect on
ist as compared with the other three absorbers. The SR BSEs
within the range of 100 nm at 10 keV are alleviated at the expense of
increased long-range BSEs. The BSEs are reflected back from the
ML layer (E;) that is the dominated factor influencing the resist
resolution in the range of 200 nm 1o 400 nm at 10 keV. A1 25 keV are
able to penetrated into the ML (Eg) and most of the LR B are
generated from the ML (Eg) and LTEM layer (Eg). At 50 keV, most
of the electrons penetrate through the mask stack form E, to E,
layers no matter what kinds of absorber materials are adopted such
that no BSEs arc appeared within the range of 2000 nm in resist.

CONCLUSIONS

QO Using Ni;Al absorber preforms the least collision events and
the narrowest energy distribution at lower voltages (ic.. 5 keV
and 10 keV).

0 At higher energies such as 25 keV and 50 keV, it seems that
those absorbers in SR make no difference of collision events
within the resist layer. However, NijAl absorber also preforms
the ollision events in MR and LR

0 We concluded that Ni;Al absorber may lead to better mask-
level resolution while optical property improved as
compared with the currently baseline TaBN absorber for EUV
mask lithography according to our simulation with the
simplified 2-layers structure.

O The mask-level patterning capability with more advanced
absorber materials in full-mask structure is under investigation.
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ABSTRACT

The drones first came from military reconnaissance aircraft. They were originally used in warfare
but gradually people discovered that making military reconnaissance aircraft smaller can not only reduce

costs, but also be more flexible on the battlefield than conventional fighters. In recent years, drone-related

industries have been booming, It has been widely used in aerial photography, commercial performances,
investigation, industry, disaster relief, and even pollination of flowers and fruits in agriculture. In this

paper, the proportion-integral-derivative (PID) control of quadcopter in the commercial software called

Simulink has been discussed. The design process with Ziegler-Nichols method to adjust the parameters
of PID including three control parameters Ky, X, and Ky is studied on the overall flight system, so that
the drone can take off rapidly and achieve a stable hover flight at a specified altitude. Then through the

actual simulation of the parameters with manual adjustment to reduce the maximum percent overshoot.
Simulation results between before- and after-optimized performance have been compared.

Keyword: Unmanned Aerial Vehicle (UAV), PID Controller, Z-N method, overshoot performance
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MNE2021 - 47th international
conference on Micro and Nano
Engineering

Dear Chun-Hung (Jimmy),
Thank you for your submission to MNE2021.

Following review by the Programme Committee, I am pleased to inform
you that your submission entitled 'Impact of electron scattering in
EUV mask absorber materials’ has been accepted for Poster
presentation at the conference - congratulations.

Registration at MME2021 is already open, you can find additional
information at https://www.mne2021.org/fees/

Again, congratulations on your acceptance. We look forward to meeting
vou at MNE2021!

Yours Sincerely,

Massimo De Vittorio and Fabrizio Pirri,

MNE2021
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Dear Chun-Hung Liu,

Your poster has been accepted by the Micro and Nano Engineering Conference 2021
committee.

For access, modification or upload of new content, follow link: https: //mne.panel.
platform.ibrida.io/dashboard/

To access your Poster, please follow this procedure:

Use your email and the password you created during the subscription to log in

Click on the Event Manager box

Click on the "Selact" button on MNE2021 platform url

Select "Competition” from the upper menu (don't worry, the system calls this section
"competition” but yours is not a race! ) )

On "Poster Area”, click "Challenger list"

Here you will see your Poster. To check the contents you uploaded, click on "Challenger contents"
Here you can edit your contents

Best regards,

ibrida.io and MNEZ021 fteams
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Continued from Tuesday, 21 September
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3:30pm
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Pillar Supported Soft X-Ray Compatible Liquid Cells
» Dr. Alokik Kanwal', Dr. Robert llic’, Dr. Glenn Holland', Dr.

Subhrangsu Mukherlee Dr. Eliot Gann', Dr. Dean DeLon; schamp‘,m
Lﬂmnﬁgg_udﬂg (. National Institute of Standards an Technology)
Poster Session - Odd numbers - Advanced Patterning

PA1-High throughput fabrication of plasmonic colors on flexible
substrates

M;mmgg{_;gﬂ Mr. Stephan Ruttloff’, Dr. Susanne Schweitzer',
Mr. Florian Kolb', Dr. Anja Haase' (1. JOANNEUM RESEARCH
Forschungsgesellschaft mbH)

PA3-Impact of electron scattering in EUV mask absorber materials
» Prof. Chun-| Hunéulmmy) Liu', Mrr Hgigni Yi Hsieh?, Prof. Kuen-Yu
Tsa’, Mr. Shuen-Ping W. Mr. Kuan-Fu Huan, r. Wei-Yung Hsu',
Mr. Fei-Ming Huang', Mr. -Chiang Wu', Ms. un-Chin Li', Mr. Chieh-
Sheng Lee' (1. Interdisciplinal ProgramofGreen and Information
Technology, National Taitung University, 2. Department of Applied
Science, ational Taitung University, 3. Department of Electrical
Engineering, National Taiwan University)

PAS-Direct Mic i
for Optical Applications
» Prof. Mark Schvartzman', Ms. Sivan T; ', Mrs. Natali Ostrovsky',
Mrs. Esti Toledo!, Dr. Guillaume LeSaux Mr. Evyatar Kassis?, Dr. S ay
Joseph?® (1. Ben Gurion University in the Negev . Optical Component
Center, Rafael Advanced Defense Systems)

inton Ch ide Glass

PA7-A study of gate recess-width effect on the DC/RF performance
of InP-based InAlAs/InGaAs HEMTs

» Dr. Yuying Xie', Dr. Mingsai Zhu', Prof. Yifang Chen' (1. Fudan
University) e E

Powered by Ex Ordo, everything you need to run a research conference.
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PA9-Etch behaviour of an AI203 hard mask in Silicon Deep
Reactive lon Etching

Er Martin Drost', Dr. Steffen Marschmeyer’, Mr. Mirko Fraschke?, Dr.
Oksana Fursenko', Mr Flonan Baerwolf’, Dr. loan Costina’, Dr. Marco
Lisker' (1. IHP - Lei it fiir i ik )

PA11-High
chromium hard mask
%L.AILN.QW.?LEM Mr. Marcus Albrechtsen’, Dr. Babak Vosoughi
Lahijani", Prof. Rasmus Ellebaek Christiansen?, Prof. Jesge( Mork’, Prof.
Hennjansen‘ Prof. Seren Stobbe' (1. DTU Fo(omk Technical Umverslty

of Denmark, 2. Department of Mechanical Engineering, Technical
University of Denmark., 3. DTU Nanolab - National Centre for Nano
Fabrication and Characterization Technical University of Denmark)

etching of ic cavities using a

PA13-3D printing of bicinspired super black microstructures

» Mr. Alexandre Wetzel', Ms. Nuria del Castillo Iniesta’, Dr. Einstom
ngay", Dr. Kirstine Berg-Serensen?, Dr. Ada-loana Bunea’, Prof. Rafael

Taboryski® (1. DTU Nanolab - National Centre for Nano Fabrication and

Characterization Technical Universigy of Denmark, 2. DTU Health Tech

- Department of Health Technology Technical University of Denmark, 3.

DTU Nanolab)

PA15-Implementation of concave vacuum chuck in laser
interference lithography to reduce period variation on large area
gratings

» Mr, Ratish Rao Nagaraj Rao' (1. University of Lyon, UJM saint etienne,
Laboratoire Hubert Curien UMR 5516)

PA17-The effects of flame-treated PDMS robust micro-structure on
the enhancement of hydrophobicity and bacterial anti-adhesion
properties

» Dr. Nithi Atthi', Ms. Pemika Elamwo , Ms. Apitsara Horbud®, Dr.
Suthichal Samart, Prof. Sutee Chutipaifit', Mr. Witsaroot Sripumkhai’,
Ms. Pattaraluck Panamang Dr. Pawasuth Saengdee Mrs. Suphnchga
Radomyos', Mrs. Oraphan Thong:

Nongluck Houngkamhang® (1. National Eleﬂmmcs and Computer
Technology Center, 2. King Mongkut’s Institute of Technology
Ladkrabang)




@@ﬁ%ﬁf.& HIA®

NATIONAL TAITUNG UNIVERSITY COLLEGE of SCIENCE and ENGINEERING

i X?Uia@jw

Y - BB E ~ WAL~ ¥ AR RER
Rapsk ~ hsh - B ~ i
IER-HHE

FeAs At gz ' mRAABRZIEF SR

HRLEHME  CAFHGFFERAFEHR

i@ o M T 20214 SRAHEUE A 2T E A

& WX ATILEEHR -

PEREABRARHARR

el

+ &% R 8 — = 0O % & A =+ & H

15



