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The semiconductor industry is the major business in
Taiwan. However, almost no effort has been done on
EUVL for the NGL technology before. In this project,
we attempt integrating the resources from the
National Labs (NSRRC, NDL) and universities (NCTU,
NTU, NCKU, NKU) to initiate the EUVL research program
in Taiwan. In this project, we focus on developing
EUV analytical and metrology technologies because
they will be the most-required technologies if EUVL
1s on.

All the works in this project are divided into three
groups of (I) Fundamentals, (II) Optics and
Metrology, and (III) EUVL Applications. The object of
group | (Fundamentals) is to establish the
infrastructures (EUVL beamline, reflectometer and
resist evaluation platform) to measure and analyze
the basic material properties and behaviors in the
EUV range. The object of group II (Optics and
Metrology) is to develop novel instruments (High-



throughput mask inspection system, EUV
interferometer) for EUVL metrology applications. The
object of group III (EUVL Applications) is to explore
the critical issues in device fabrication (radiation
damage, anti-reflection coating, mix/match processes,
and nano-device paterning) with EUV 1ithography.

Next generation lithography (NGL), Extreme UV
lithography (EUVL), Semiconductor, Synchrotron
radiation, EUV metrology technology
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The semiconductor industry is the major business in Taiwan. However, almost no
effort has been done on EUVL for the NGL technology before. In this project, we attempt
integrating the resources from the National Labs (NSRRC, NDL) and universities (NCTU,
NTU, NCKU, NKU) to initiate the EUVL research program in Taiwan. In this project, we
focus on developing EUV analytical and metrology technologies because they will be the
most-required technologies if EUVL is on.

All the works in this project are divided into three groups of (I) Fundamentals, (1)
Optics and Metrology, and (111) EUVL Applications. The object of group I (Fundamentals)
is to establish the infrastructures (EUVL beamline, reflectometer and resist evaluation
platform) to measure and analyze the basic material properties and behaviors in the EUV
range. The object of group Il (Optics and Metrology) is to develop novel instruments
(High-throughput mask inspection system, EUV interferometer) for EUVL metrology
applications. The object of group 111 (EUVL Applications) is to explore the critical issues
in device fabrication (radiation damage, anti-reflection coating, mix/match processes, and
nano-device paterning) with EUV lithography.
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Primary achievement: Establish the platform for nkt measurement in the EUV
region

The measurement platform has been established in this project for measuring
refractive index, extinguish factor and film thickness (nkt) of EUV resist or optical films.
The technical platform is an integration efforts including:

e Designed and constructed an EUV reflectometer
We have designed and constructed a compact UHV reflectometer (Fig.1) for the EUV
optical properties measurement. The characteristics of the reflectometer are
summarized and listed as Table 1.

e Develop an simulation tool for optical fitting
There is no commercially available software for fitting EUV reflectivity curves so far.

In this project, a preliminary simulation tool has been developed, processing the data

obtained from the EUV reflectometer, to get the nkt properties of the resists of thin

7



films. The simulation tool is currently optimized for better performance; however, the
preliminary results (Fig.2) have indicated that the measured reflectivity curve could be
well simulated.
e nkt measurement with the Synchrotron-radiated (SR) EUV light source
Using the reflectometer and simulation tool, the experiments have been performed with
SR EUV light source to measure the optical properties of a benchmarked BARC
(bottom anti-reflective coating) sample. As presented in Fig. 3, the agreement between
the two results suggests that the established technical platform is capable for the
measurement of photo-physical properties (n, k, T) of ultra-thin resist. This technology
also can be used to study the real-time photochemical effect of resist under EUV
irradiation.
This system will be modified to improve the system accuracy and sample holder
alignment mechanism in future.
Table 1. The specification of the reflectometer.

Properties Reflectometer at NSRRC
Polarization geometry sonly

Base pressure 1x 107 torr

Angle of incidence 0°-90°

Rotation 0 (sample stage) 360°/0.0005°

Linear z 50 mm

Rotation 20 (detector stage) 360 °/0.0036°

&Y T ™,
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H N | 1Y %

3 \’ \/ : \\/ /\/ 3

(Blue lines: experimental; red line: simulation.)
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(1) Design and Construction of an Evaluation Chamber for the Resist Outgassing Study

In this work, we design and construct an evaluation station equipped with QMS
(quadruple mass spectrometer) and double-ion chamber for both neutral/ionic
outgassing measurements. We also collaborate internationally with a Japanese company,
Nissan Chemical Industries, Ltd. (NCI), for the resist outgassing study under EUV
irradiation. The novel outgassing study finds out the important of F* outgassing (Fig.1).
This work also accomplishes the absolute total ion yield by a double-ion chamber
method (Fig.2), to our knowledge the first absolute results of ionic outgassing. By both
of the QMS and double-ion chamber methods, this work directly measured the
exposure kinetic constants, Dill’s parameters, of the total ionic outgassing, F+ and
CH3+ outgassing. This is also the first direct measurement to determine the Dill’s C
parameters.
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(2) Establish a complete nkt measurement platform @EUV for thin films

A complete and integrated nkt measurement environment @EUV, including light
source, reflectometer, simulation tool and measurement technique, has been established in
this project. The reflectivities of some typical samples were measured and compared with
that measured at ALS (Berkeley, USA). The data show that the reflectometer’s angle
precision has reached the design goal of this project. The optical properties of underlayer
materials determined at NSRRC is well coherent with those measured at ALS (Fig.3).
Besides, the reflectivity of the same samples measured in two different experimental runs
have the refractive index values agree well with each other within (1.08+0.11) (Fig.4).
The results indicate that the technical platform established in this project could be adapted
as an international benchmark, and could be opened immediately for Taiwan’s
semiconductor industry.
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Absorbance from Reflectivity Measurements
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Figure 4. Precision of the refractive index

Figure 3. A comparison of the refractive index .
measurements in between runs.

values determined by two institutes, ALS and
NSRRC-Taiwan (this work).
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Figure 1. (a) Experimental Chamber for Researches of EUV Detector and Radiation Damage. (b) Measured
and simulated response of the MOS tunneling photodetector with the Ag gate electrode.

(1) Si-based photo-detectors for Narrow-Band EUV Light

Due to the broad-band absorption of Si with the cut-off wavelength of ~1.1um, the
narrow band detection is difficult to be realized with the Si-based photodetectors. This
work attempts using appropriate gate metal to modulate the MOS (metal-oxide-
semiconductor) tunneling diode for detecting specific range of light. To do that, an

experimental chamber for the study of EUV MOS detector was designed and constructed
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in this work (Fig.1a). Under EUV irradiation, the peak of the spectral response (@A=nm)
of MOS tunneling photodetector with Ag electrode is close to the simulated peak of
transmittance of Ag (Fig. 1b). The results indicate the gate electrode is not only used for
reading out the electronic signal but also used as a filter to select the narrow band photons
to enter the Si for further absorption. The MOS structure has a much simple process
without dopant diffusion or implantation as compared to p-n junction and can be easily
integrated with current integrated circuit.
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Fig.2 (a) Thin film transistor SONOS NVM with 4nm thick SiO, tunneling layer 4nm, 7 nm thick Si3sN,
trapping layer, and 20 nm thick SiO, blocking layer. (b) Multi-gate TiIN NC NVM with 4nm thick SiO,
tunneling layer, 7.5nm thick TiN/Al,O5 trapping layer, and 20nm Al,O3 blocking layer.
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Fig.3 Endurance performance of (a) SONOS NVM and (b) NC NVM before and after EUV exposure for 30
12



minutes.

(2) EUV Radiation damage on Non-volatile memory

The effect of EUV radiation on non-volatile memory (NVM) is studied in this work.
Two advanced NVM structures, silicon-oxide-nitride-silicon (SONOS) and nano-crystal
(NC), are evaluated. The device structures are shown in Fig.2. The results (Fig.3a) show
that the memory performance of the SONOS NVM degrades severely after EUV exposure.
In contrast, the memory window, P/E speed, and retention are not affected apparently by
EUV exposure for the NC NVM as presented in Fig.3(b). The memory window dos not
change after 100,000 P/E operations.

The better EUV radiation damage immunity of NC NVM than SONOS NVM can be
understood by the difference in charge storage mechanism. SONOS use traps in the SizNy
layer to store charges. EUV exposure may change the density as well as the energy level
of these traps so that the memory performance changes apparently. However, for NC
memory, charges are stored in NCs while the metallic NC will not be damaged by EUV,
therefore, memory performance can be preserved. Based on these results, a robust design
of the electronic devices can be followed for EUV lithography process.
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(1) Design and construct an evaluation system for measuring resist outgassing with QMS
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In order to count neutral outgassing in absolute numbers, we develop standard
operation procedures to characterize the measurement system, the procedures of which
determine the pumping speed of the system, the absolute scale of the pressure ion gauge,
and the transmission function of the quadrupole mass spectrometer. The absolute gaseous
throughput can be determined within £20% consistency for various amounts of different
gases using a calibrated ion gauge with their calibrated mass dependent pumping speed
taken into account. Counting outgassing in real numbers has been tested preliminarily: An
outgassing rate of 7x10™ molecules s at 10 W cm™ EUV density is a reasonable number
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for the round-robin resist, which had been the benchmarked photoresist organized by
SEMETECH and measured by eight institutes [K. R. Dean, et al., Proc. SPIE 6519 (2007)
65191P]. An underlayer material sample, of which the outgassing rate had been
determined by IMEC as 2x10* molecules s* at 0.4 W cm? EUV power density, is
estimated to be ~1x10™ molecules s™ by this work.

A benchmarking test for the absolute amount of outgassing will be conducted at
NSRRC during 5/24-5/30 with the collaboration with TSMC and NCI. Samples provided
by TSMC and NCI have all been measured at IMEC; therefore, in addition to the
fundamental researches on resist outgassing, we are currently at the status of building the
resist outgassing evaluation capabiliy in Taiwan with the world-class standard.

285.35

NSC-nano, NSC-

\ = personal, Nissan
turbopump supported 10” chamber supported QMS

TSMC sﬁpported NSC-personal

Fig. 1 A new QMS system for resist outgassing evaluation will be ready in July. Major
components including a turbmolecular pump, load-lock chamber, and a
10 measurement chamber.
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(2) Buildup of the EUV interferometric exposure platform

The EUV interferometric exposure platform has been constructed on the
undulator beam-line U9 in NSRRC. Samples with a dimension of 15x20 mm can be
tested. To fabricate a transmitting grating, the e-beam writer (Leica Weprint 200, NDL)
has been utilized to exposure a 300 nm pitch grating pattern with 1:1 line/space. The
thickness of the Cr grating is 60 nm. The 1% diffraction efficiency of the grating is

14



about 5% from our simulation. Fig. 2(a) shows a 300-nm pitch grating pattern exposed
by e-beam lithography and Fig. 2(b) shows the Cr grating after a lift-off process. The
fabricated transmission grating is then utilized as the exposing mask. The resulting
exposed PMMA pattern is shown in Fig. 2(c). It’s linewidth was reduced to about 75
nm. Fig. 3(a) illustrates the scheme for the four beams exposure. We also fabricated the
transmission grating for the exposure of contact/hole pattern and the Cr grating after
the lift-off process is shown Fig. 3(b). The grating pitch is 400 nm. After exposure, the
pitch of contact/hole pattern was reduced to J,/ J2 of the orginal transmission grating
pitch. Fig. 3(b) shows the exposed contact/hole pattern. The pitch of the contact/hole
pattern on PMMA is about 282 nm. In the future we will work on the exposure of a

smaller linewidth pattern(target to 22 nm) and explore the optimal exposure condition
of different photoresists such as PMMA and HSQ.

(a) (b) (©)
Fig. 2 (a) 300-nm pitch grating pattern exposed by e-beam lithography; (b) Cr grating
after lift-off process; (c) EUV exposure result on PMMA.

(a) (b) (©)
Fig. 3 (a) Scheme for the four beams exposure; (b) SEM picture of 400-nm pitch
diffraction grating for contact/hole pattern; (c) Exposed 282-nm pitch contact/hole
pattern.
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(3) Design and simulation of EUV mask inspection systems with zone-plate arrays
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We use the scalar diffraction theory to simulate the field intensity and light
distribution for the set of modified Fresnel zone plates. The focusing properties of
traditional Fresnel zone plate and the set of modified Fresnel zone plates we proposed
are compared. Fig. 4(a) shows the field intensities of seven different structures in the
focal planes. We consider the line fabrication limit is 50 nm in our study. Because the
line width of the Fresnel zone plate decreases from the inner zone to the outer zone, it
is important to have the accuracy for each zone during the fabrication. We used
ELS-7500EX electron beam system in NTU E-beam Lithography Laboratory to
fabricate several structures. The photoresist is Japanese ZEON Corporation's
photoresistor ZEP-520A. Fig. 4(b) is the SEM photo of the grating lines, and Fig. 4(c)
is the zoom in of Fig. 4(b). The line y_vi?_th ’is about 200 nm.

€

’ Rada\Inlensiiy%wslnbmun[rm ( ‘i“::"’?;.': o {:’- . 4 4
(a) (b) (©
Fig. 4 (a) The field intensities in the focal planes of seven different structures. (b) the
SEM photos of the grating lines; (c) the zoom in of (b).
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(4) Effect of Extreme Ultra-Violate Radiation on Advanced Non-volatile Memories and
High Dielectric Constant Dielectrics

In the first part, EUV radiation damage on high dielectric constant (high-k)
dielectric is evaluated. According to the trend of IC industry, TiN is selected as the
metal gate electrode. Two kinds of high-k dielectric are evaluated. They are SiO, and
Al,O3. Among these two kinds of high-k dielectric, SiO, exhibits the best EUV
resistance. (Fig. 5) These observations indicate that SiO; has the strongest immunity to
EUV radiation damage, which may be due to less hole traps in the dielectric and the

low EUV absorbing rate.
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In the second part, the impact of EUV radiation on non-volatile memory (NVM)
is evaluated. Two advanced NVM structures, thin  film transistor
(TFT)-silicon-oxide-nitride-oxide-silicon (SONOS) and multi-gate TiN nano-crystal
(NC) are used to study the variation of memory characteristics after EUV exposure.
According to the experimental results, NC NVM exhibits much better EUV radiation
tolerance than SONOS NVM (Fig. 6).
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Fig. 5 C-V characteristics of the capacitors with (a) SiO,, (b) Al,Os; and .ld-Vg
characteristics of the MOSFET with (c) SiO,, (d) Al,O3 dielectric before and after
EUV exposure.
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Fig. 6 (&) Memory window, (b) program speed, and (c) erase speed characteristic of
the TFT-SONOS NVM before, after 3 minutes EUV exposure, and 257hrs storage
after exposure.
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(5) Mix/Match lithography with EUVL

In this subproject our goal is to develop mix-and-match processes between
EUVL and other lithography methods to reduce the cost and improve the efficiency of
EUVL. We have demonstrated the overlay between I-line and e-beam pattern last year.
Here we report the recent progress including large area grating pattern by I-line
exposure, ~15 nm line generated by electron beam lithography, and the overlay

between two e-beam processes. For I-line stepper, we use JEOL e-beam to fabricate
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the mask for following exposure. After development and TCP plasma etching, silicon
grating made of 5 nm depth with submicron pitch and several centimeters in length
was created, as shown in Fig. 7. This grating pattern has been provided to NSRRC for
further study.

HAE=30d8K epaBasR | kil i1l

(a) (b)
Fig. 7. (a) SEM (b) AFM images of silicon grating pattern.

2010.06~2010.11

PRS2 EPho s R ERL RS Sk (D2 £ 340
%’Té%@fis.u%rg P A BRGHEFRE (B L) £FEN- 244 2T A
%»Ul}%‘h‘f_ #@%étj:\gﬁzgfﬁ;;Lm;

%ﬂﬁ%ilﬁﬁﬁ 17 FHxE o P
o A3rF 2 TSMC 2 NCILE& 5 f1% @ & IMEC RIF § # F anftgith v &
NSRRC it {7 1‘%1.—4(benchmark|ng)%$;p Bk MBS /%L»::L-?Tﬁ- Fr A2 Sk pe
BH Pt 28% e (QRPFEEARE L FHFRET oo 1% A §5 5 EUV
iR HEd TSN kLY > $ A4 4 ka2 1D & 2D F HHA (W 2) - TSMC
G ARG o pREAELITABNM AR F 2 ki o A A ] hE KBRS e A PURT S en
sl ﬁi”}g BA AT RTHCR «ﬁ:ﬁ""}’ﬁ’}"mpi B e (3) 3K E R G Pk o
KLY R kB e AR I R SESPIE S R HERAF & 58 22 B L 7 (Fresnel zone
plate) &z P R E T g F cnTH A NME KRR 2 AT 0 B HHBIAF P
ERFHBRE PET g SRR F P HREFE(RI) c AT ST R A
k EUV k¥ R iﬂ‘*ffﬁ%ﬁ° (4) A% *h L fg St L2 2L B e R 2 B /1 R #
BEARFTORE-FL % T 3018 EUV RRBHEH S X SMELE 2
Foe L AERF mfé-%#?ﬁn‘wh A7 g rxenfg A 2 5 ~ # S EUV i&ﬁfﬂ&%m
Wt (B4) -

According to the plan, the major achievements of the 2"-year project are: (1).
Design/construct a resist evaluation system with QMS to measure the absolute outgassing
under EUV irradiation (Fig.1). An analytical methodology was also developed to figure
out the pumping rate of individual molecules and the penetration efficiency of the QMS.
Based on a benchmarking sample, we are now cooperated with TSMC, NCI and IMEC to
establish a worldwide measurement standard of resist outgassing. This is very valuable for
the domestic companies to communicate with the worldwide semiconductor industrials.
(2). This project also successively establishes a platform for EUV interference lithography.

18



Using the synchrotron EUV light source, 1D and 2 D interference pattern were generated
through the home-made transmission grating mask (Fig.2). TSMC also join this work,
helping to make the grating mask with 45 nm linewidth, to generate smaller pattern down
below 22 nm. The platform of EUV interference lithography is very precious for studying
new resist materials and new lithography technology. (3). Design/simulation of the
Fresnel zone plate for EUV mask inspection system. Based on scalar theory, this work
simulates the distribution of electrical field and optical intensity in the space after a
compound zone plate (Fig.3), and then discusses the features of using the zone plate in the
mask inspection system. (4). The effects of EUV radiation damage on the nano devices
and materials. Our results indicate that high-energy EUV photons will damage most
materials; however, the radiation-damage resistance of the nano devices can be effectively
improved by optimizing materials and structure design (Fig.4).
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Fig.1 A new QMS system for resist outgassing evaluation will be ready in July. Major components including
a turbmolecular pump, load-lock chamber, and a 10* measurement chamber.
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Fig. 2 (a) Scheme for the four beams exposure; (b) SEM picture of the 1D and 2D interference- lithographed
pattern.
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Fig. 3 (a) The field intensities in the focal planes of seven different structures. (b) the SEM photos of the
grating lines; (c) zoom in of (b).
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Fig. 4 C-V characteristics of the capacitors with (a) SiO,, (b) Al,O3 before and after EUV exposure. (c)
Memory window and (d) erase speed characteristic of the TFT-SONOS NVM before, after 3 minutes EUV
exposure, and 257hrs storage after exposure.
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According to the plan, the major achievements of the 3™-year project are: (1)
Design/construct a resist evaluation system with QMS to measure the absolute outgassing
under EUV irradiation. An analytical methodology was also developed to figure out the
pumping rate of individual molecules and the penetration efficiency of the QMS. Based
on a benchmarking sample, we are now cooperated with TSMC, NCI, and IMEC to
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establish a worldwide measurement standard of resist outgassing. The results indicated
that this novel technique has better analytical sensitivity than the traditional methods
(Fig.1). That will benefit to probe the photochemical behavior of resist in more details. (2)
This project has also successively established a platform for EUV interference lithography
(IL). Using the synchrotron EUV light source, 1D and 2 D interference pattern were
generated through the home-made transmission grating mask (Fig.2). The IL resolution
has been improved from 75nm to 40 nm. However, the lithography process has still to be
refined. (3) EUVL rely on reflective optical elements and masks with oblique illumination
for image formation on a photoresist. It always leads to pattern shift and critical
dimension (CD) bias. A fully model-based correction flow has been developed in this
project, and this method can successively compensate for shadowing and proximity
effects simultaneously. (4) The effects of EUV radiation damage on the nano devices and
materials. Our results indicate that the oxide interface is very critical with the EUV
radiation damage of the device. The radiation damage resistance of the nano-device can be
effectively improved via controlling the material properties of the oxide interface (Fig.4).
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Fig.1 N-2 outgassing measured by this work (blue) and IMEC (red).

Fig. 2 SEM images of (a) the transmitting diffraction grating structure and (b) EUV-IL interference
fringe.
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In the first stage of this project, we have established a technology platform for nkt
measurement of the resist and thin film in the EUV region. This achievements include a
home-made reflectometer with a resolution comparable with the international laboratories
such as ALS (advance light source) at USA or New SUBARU at Japan. Since there is no
commercially available software for processing EUV reflectivity data, we also develop a

simulation tool for curve fitting of the nkt measurement.
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The measurement results of a benchmark film (Fig.3) indicate that the results are quite
close to that measured by other two international laboratories. This result has been
recognized by an international resist company.
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In the first year of the project, we have designed and constructed an evaluation station
equipped with QMS (quadruple mass spectrometer) and double-ion chamber for both
neutral/ionic outgassing measurements. With the novel measurement scheme, we found
the first time that the F* outgassing is proportional to the F photoabsorption of the resist
under EUV irradiating. The exposure kinetic rate constants, Dill’s C parameters, of the
total ion, F*, and CH3" outgassing were also determined directly. To our knowledge, this is
also the first direct measurement to determine the Dill’s C parameters. The Kkinetic
measurement results are very precious for new resist development.

A complete and integrated nkt measurement environment @EUV has been established
in this project. The system not only revealed adequate angle resolution and measurement
reproductivity, its measurement results is also well coherent with those taken at ALS
(Berkeley, USA). These results indicate that the established technical platform could be
adapted as an international benchmark for domestic industry.

In the research of EUV detector, this work attempt using appropriate gate metal as a
filter, and successively modulate the MOS (metal-oxide- semiconductor) tunneling diode
for detecting specific range of light. This MOS device is easily to be fabricated, and can
be easily integrated with current integrated circuit compared with conventional devices.

2009.08~2009.11
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Due to the broad-band absorption of Si with the cut-off wavelength of ~1.1um, the
narrow band detection is difficult for Si-based photodetectors. This work use appropriate
gate metal as a filter, and successively modulate the MOS (metal-oxide-semiconductor)
tunneling diode for detecting specific range of light. The MOS structure has a much
simple process without dopant diffusion or implantation as compared with p-n junction.
The MOS EUV photodetector also can be easily fabricated with current semiconductor
technology.

The experimental results also indicate that the high-energy EUV photons will damage
the electronic devices. However, the device performance can be successively preserved
via adequate design of the device structure and material. The results provide a precious
basis for the device design for EUVL fabrication.
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This work has focused on studying ionic outgassing in the past two years. We
proposed the exposure kinetics of EUV photochemistry, and developed the EUV
reflectometer method to determine the integrity of thin-films samples, as publications
listed in item (2). In the TSMC JDP, we identified ionic outgassing at massive molecular
weight, which had not been reported by IMEC; while checking innovative
silicon-containing compounds provided by TSMC and NCI, we found a change in surface
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hydrophilic properties by EUV irradiation. The fundamental study of this sub-project on
ionic outgassing turns into industrial applications.

In the study of effect of EUV radiation on advanced non-volatile memories and high
dielectric constant dielectrics. Two advanced NVM structures, thin film transistor
(TFT)-silicon-oxide-nitride-oxide-silicon (SONOS) and multi-gate TiN nano-crystal (NC)
are used to study the variation of memory characteristics after EUV exposure. According
to the experimental results, NC NVM exhibits much better EUV radiation tolerance than
SONOS NVM. On the other hand, the oxide treated as high dielectric constant dielectrics
was found to exhibit the best EUV resistance. These findings could be a good guide for
the design of next generation devices.
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In this project, we have designed and constructed an evaluation station equipped with
QMS (quadruple mass spectrometer) for both neutral/ionic outgassing measurements.
With the novel measurement scheme, we found the first time that the F* outgassing is
proportional to the F photoabsorption of the resist under EUV irradiating. The exposure
Kinetic rate constants and Dill’s C parameters were also determined directly. To our
knowledge, this is also the first direct measurement to determine the Dill’s C parameters.
The kinetic measurement results are very precious for new resist development.

This project also successively establishes a platform of EUV interference lithography
(IL) to generate 1D and 2 D nano-pattern through the home-made transmission grating
mask. Although Europe, Japan and US (not Korea) have similar technology already, But
Taiwan’s semiconductor industry have the power to dominate the developing direction of
mass-production technology. The established EUV IL platform will benefit the
development of new resist materials and new pattern technology in Taiwan. Beside, there
are very rare reports about EUV radiation damage so far. The results obtained in this
project indicate that high-energy EUV photon will damage most semiconductor materials.
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However, the radiation-damage resistance of the nano devices can be effectively improved
by optimizing materials and structure design. The results are very valuable for the EUVL
mass-production of nano devices.
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In this project, we have designed and constructed an evaluation station equipped with
QMS (quadruple mass spectrometer) for both neutral/ionic outgassing measurements.
With the novel measurement scheme, we found the first time that the F* outgassing is
proportional to the F photoabsorption of the resist under EUV irradiating. The exposure
Kinetic rate constants and Dill’s C parameters were also determined directly. To our
knowledge, this is also the first direct measurement to determine the Dill’s C parameters.
The kinetic measurement results are very precious for new resist development.

This project also successively establishes a platform of EUV interference lithography
(IL) to generate 1D and 2 D nano-pattern through the home-made transmission grating
mask. Although Europe, Japan and US (not Korea) have similar technology already, But
Taiwan’s semiconductor industry have the power to dominate the developing direction of
mass-production technology. The established EUV IL platform will benefit the
development of new resist materials and new pattern technology in Taiwan. Beside, there
are very rare reports about EUV radiation damage so far. The results obtained in this
project indicate that high-energy EUV photon will damage most semiconductor materials.
However, the radiation-damage resistance of the nano devices can be effectively improved
by optimizing materials and structure design. The results are very valuable for the EUVL
mass-production of nano devices.
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The semiconductor industry is the major business in Taiwan; the output value has
exceeded 1500 billions in 2006. According the ITRS 2006 report, EUV (@13.5 nm)
Lithography will be one of the main streams for the next generation lithography (NGL)
technology with a resolution down to 32nm and beyond. However, almost no effort has
been done on EUVL in Taiwan for the NGL technology so far. The nkt measurement of
the resist and optical thin film is the essential capability for EUVL research. It is also the
most-required technology for Taiwan’s semiconductor industry if EUVL is applied. In this
project, we have successively established a technology platform, including reflectometer,
simulation tool and measurement technique, to measure the nkt properties of the resist and
optical thin film. The experimental results show that the measurement results of a
benchmark film indicate that the results is quite close to that measured by other two
international laboratories. Especially, the technology platform is designed and constructed
100 % by ourselves. This work has made a first and successful step of EUVL technology
in Taiwan. All the EUVL-related researchers, both from academics and industries, might
benefit from this achievement.

The conducting of this project is the first step of the EUVL research in Taiwan. This
project not only establishes the fundamental EUVL facilities, trains the talents, but also
initiates the following and extending EUVL-related research program. Especially, a novel
evaluation chamber has been constructed in this project for analyzing kinetic outgassing
behavior of the resist. A complete nkt measurement platform @EUV for thin films was
also established, and its performance is comparable with other leading-edge system in the
world. These technical platforms could provide real-time and accurate analytical
capabilities for domestic industry, which will benefit the R& D of EUVL technology in
Taiwan.
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This project is the first step of the EUVL research in Taiwan. This project not only
establishes the fundamental EUVL facilities, trains the talents, but also initiates the
following and extending EUVL-related research program. Especially, due to the progress
of this project, Taiwan Semiconductor Manufacturing Company (TSMC) and Nissan
Chemical Industies Ltd. in Japan (NCI) are interested in conducting the resist outgassing
study in Taiwan. A complete nkt measurement platform @EUV for thin films was also
established, and its performance is comparable with other leading-edge system in the
world We signed two joint development projects (JDP) with both. The TSMC project is
“ Quantitative and Qualitative Evaluation of Outgassing From EUV Photoresists*, and the
NCI project is “ Outgassing Evaluation for Nissan EUV Underlayer Materials“. On the
other hand, an EUV interferometric exposure platform is constructing in this project for
exposing one-dimensional or two-dimensional gratings, simulating line/space, holes
patterns. It can be an important tool to investigate the EUV exposure capability and
explore the limits of EUV resist performance. These equipment could be analytical and
exposure platforms for domestic industry, which will benefit the R& D of EUVL
technology in Taiwan.
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This project has successively initiateed EUVL researches in Taiwan. The major impacts
of the project are:

(1) Based on synchrotron-EUV light source, this project has established several important
endstations and analytical technologies for EUVL-related researches. They include a
high-resolution EUV reflectometer, a resist evaluation system coupled with QMS, and
a EUV interference lithography system.

(2) Based on the above achievements, domestic semiconductor companies have coupled
with this project via commission projects or join researches.

(3)More than 30 professors and graduate students have joined EUVL-related researches in
this project. More than 12 master theses hase been produced. We believe that this
project has successively bred the talents about novel EUVL technology.
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