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PR-1

A new parametric point spread function at low keV for next generation EUV_mask proximity modeling and
correction, Chun-Hung Liu, Hsing-Yi Hsieh, Yun-Chin Li, Chieh-Sheng Lee, Ze-An Ding, Ai-Ling Chang, Yi-Xuan Chen,
Yung-Hsiang Chang, Wei-Yung Hsu, Shuen-Ping Wang and Kuan-Fu Huang, National Taitung University

We present results of resist response at 5-keV according to MC simulation on different EUV absorber materials and
demonstrate a new compact 3-terms PPSF (1G+2E) which shows averagely 20% improvement than the best 3E one. We
find intensity weight of n and n’ almost shows a positive correlation with Z.

PR-2
Development of Love wave resonators for biological sensing, C. Veras, A. Joulie*, A. Reinhardt*, T. Alava*, M.
Bousquet*, P. Mailley, Univ. Grenoble-Alpes, CEA-LETI*, MINATEC Campus*

The present work focuses on the development of a MEMS based on Love wave resonators fabricated on a LiINbO3 substrate
and a waveguide SiO2 layer. The SiO2 layer also plays two other essential roles acting as an electrical insulator and offering
a surface on which to graft bioreceptors.
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A new parametric point spread function at low keV for next generation EUV
mask proximity modeling and correction

CH Lin® ® HY Hsieh®? Y.C Li® C.S Lee® ZA. Ding* AL Chang * Y.X Chen® Y H. Chang ®
WY Hsu® SP. Wang . KF. Huang*

* Interdisciplinary Program of Green and Information Technology, National Taitung University, Tainmg 05092, Taiwan
* Deparmment af Applied Science, Narional Tainmg University, Tainmg 03002, Taivan
e-mail: chliuzzh@nemedu nv

The next generation EUV masks adopt a vanety of thinner absorber materials fabricated on reflecting multi-layer
(ML) stacks, attempting to reduce the mask three-dimensional (M3D) effect, improve the wafer-level optical
performance, and enhance the development and etching processes [1, 2] To accurately mamtain the mask fidelity
processed by low-keV e-beam lithography. the absorbed energy distnbution (AED) spread from the electron
scattering in the resist and absorber layer 1s necessary to be discussed [3] In this work, we (1) first present the results
of resist response to 3-keV e-beam patterning according to statistical Monte-Carlo simulation on different EUV
absorber matenals; (1) demonstrate a new 3-terms mathematical combination of paramefric pomnt spread fimction
(PPSF) form which can be more appropriate to describe the overall-range AEDs when using various absorbers and
more practical for mask proximuty comrection (MPC) algonthms because of its compact property: (3) compare with
the conventional combination of two/three Gaussian (denoted by “2G/3G™) or even the three exponential (denoted
by “3E”) functions represented with three/five parameters characterizing the forward scattering range (a), the
backward scattering range (f), the ratio of the backscatterad to the forward scattered exposwure intensity (), the
range between forward and backward scattering (y), and the ratio of the in-between range phenomena te the forward
scattered exposure intensity (y 7; (4) analyze the comelation between the determined parameters of PPSF and the
atomic number (Z) or the average atomic mumber ( Z ). The new PPSF form is constituted by one Gaussian and two
expenential fimetions (denoted by “1G+2E") to describe the short-, mid-, and long-ranges, respectively, with the
curve-fitted parameters based on minimizing the logarithm-nommalized-sum-square-error (LOGNSSE) cost
function to determine the agreement between the AED and the PPSE, using Nelder-Mead simplex optimization
algonthm [4] According to recently published studies regarding improvement of M3D effect, optical performance,
and process related, we select four advanced and 32-nm thin abserber matenials including Te, TaTes, NiTe:, and
NizAl as compared with the EUV/ATF masks™ baseline TaBN/Cr. [1, 2] Under conditiens of the EUV mask stack
shown in Figure 1 (a) at 5 keV, the AEDs with various absorber materials shown in Figure 1 (b)~(g) are not suitable
te be described only by 2G PPSF due to mid-range scattering observed. We also find the mid- and long-range
radiuses cannot be described by Gaussian form such as 3G PPSF when the equal weighting on a loganthm scale to
all of the data points 15 considered. The preliminary results show that the exponential form without curvature
property 1s more proper than Gaussian form to mention the mid- and long-range radiuses simce the backscattering
electrons caused from even the thin 10-nm TaBO ARC and the higher Z or Z absorbers demonstrate smooth
distnbutions rather than curved ones. In addition, we compare the difference between using the exponential (3E)
and Gaussian (1G+2E) forms m short range while using the same exponential form in both mid and long ranges
shown in Figure 1 (b)~(g), averagely 20% improvement of overall fitting error is obtained. Figure 2 compares the
relation between the fiting parameters (&, 5. 3, 5. §7) of the new 1G+2E PPSF and the vanous absorber matenals
under comparable fitting error. The determined a values are extremely small because of narrow forward scattering
with zero-width beam blur. It 15 interesting that the intensity weight of 1 and y " almost shows a positive correlation
with Zand 7 besides TaBN with such heavier nature. The outlier of TaBN and the following patterning prediction
results with different PPSFs including the influence on through-pitch proximity effect to examine the fitting
performance are ongoing.

[11V. Luong, V. Philipsen, K. Opsamer, J. Rip, E. Hendrickx, M. Heyns, C. Detavemier, C. Laubis, F. Schalze, Assessing stability of metal tellurides as
altermatve marerials for extreme uwiravinlet lithography, I Vac S Techool B, 37 (2019) 061607,

[2] B Sejpal, B. Smith, Identifving exteme ubranviolet lithography anemuated phase shifting mask absorber materials using effective media approximation

modeling, I Vac. 5d. Techmod. B, 38 (2021) 062604

[3] P. Hudek, M. Jurkovic, P. Choleva, W. Wroczewski. M. Hashimoto, K. Ono, T. Fului, T. Takahashi, K. Takabashi, Muld-beam mask wiiter exposure

optimization for EUV mak smcks, Joumnal of MigoWanepatterming, Materials, and Matrelogy, 20 (2021) 041202,

[4]C -H. Lin, New parametric point spread fimctien calibrton methodology for improving the acouracy of pameming pradiction in elacron-beam [ithography,
I MicroNanokith. MEMS MOEMS, 11 Q012
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Figure I: (a) EUV mask structure with various thin absorber materials. The absorbed energy distnbution (AED)
is extracted from the 80-nm PMMA resist and fitted by the 2G, 3G, 3E, and the new 1G+2E PPSFs with absorber

material of (b) Cr, (c) TaBN, (d) Te, () TaTes, (f) NiTea, l:gl} NizAl and (g2) enlargement of NizAl. 1G+2E
shows ~16% nnpmvemeni as onmpﬂ:ed with 3G PPSE
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Figure 2: Belation among the fithng parameters (&, £, v, #, i) of the new 1G+2E PPSF under comparable fithing
error, the various absorber materials, and its comresponding Z or Z msequenceﬁumlowtolng;h(ﬁ‘omleﬂtn
right). The infensity weight of g a.ndq shows almost a positive correlation with Z and 7 besides TaBN.

17






