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Influence of developers and underlayers on dissolution kinetics of photoresist
G4 films during development process for lithography
(VY777 4887 0t 2B 5 BUEK & T O R

AR DER

Manufacturing of semiconductor integrated circuits (ICs) is of importance in current life. An unstoppable
demand for the ICs with high-performance chips has been a trend. To satisfy the above requirement, the extreme
ultraviolet (EUV) lithography has been applied in manufacturing since 2019. However, a series of problems
remain to be addressed in the current stage.

One of the problems is the matching photoresist for EUV 1ithography. Chemically amplified photoresists (CARs)
are one of the potential candidates. Even though CARs exhibit high sensitivity to the light source, the
stochastic effect derived from the heterogeneous distribution of photons could lead to pattern defects after
development. To improve the performance and pattern collapse of the photoresist during development, an
underlayer was attached between the substrate and photoresist. However, the interactions between the underlayer
and photoresist can affect the dissolution behavior during the development. The surface free energy (SFE) of
the underlayer and photoresist film has a profound influence on the pattern formation in the photoresist
The alternatives for tetramethylammonium hydroxide (TMAH) aqueous solution are in demand. The conventional
developer is not applicable to the development process for metal oxide photoresists. On the other hand, the
non—polarity of molecules in the developer should be enhanced as well.

In this study, the relationship between the underlayer, photoresists, and developers during the development
were targeted on. The dissolution kinetics of resist films in different conditions would be revealed. The
study could be divided into three sections:

In chapter 1, the relationship between the attenuation rate (a) of photoresist film during the development
and the SFE of underlayer was revealed. As a result, an obvious tendency was observed between o and SFE ratio.
With the increased SFE ratio of underlayer, the a was first descended and increased. In addition, an inflection
point existed in the tendency, indicating the strongest interaction between the underlayer and photoresist
films. The position of a would right shift with the decrease in developer concentration and increase of
protection ratio of poly(4-hydroxystyrene) (PHS).

In chapter 2, the influence of underlayer on the deprotection reaction of photoresist film with three
components, partially protected PHS/triphenylsulfonium nonaflate/triphenylsulfonium salicylate was revealed,
as well as their dissolution kinetics in the TMAH aqueous solution. Underlayers could significantly affect
the formation of swelling layer and dissolution kinetics at the critical exposure dose for solubilizing the
photoresist films. The SFE ratio of underlayer with the low ratio, 0.23-0.28, could prominently improve the
dissolution process of resist films. Furthermore, the proton affinity of the end groups of the underlayers
probably affected the progress of the acid-catalytic reaction, and thereby, the dissolution kinetics.

In chapter 3, the dissolution kinetics of photoresist film of partially protected PHS with different
protection ratio in the novel developers, alkyltrimethylammonium hydroxide (A-TMAH) aqueous solution, was
revealed. The resist films with the protection ratios of 0 and 30% were soluble in developers, whereas those
with protection ratios of 50 and 70% protected PHS films were insoluble. The order of dissolution rates was
as follows: for PHS, TMAH>E-TMAH>P-TMAH>B-TMAH>TEAH, whereas for 30% protected PHS, B-TMAH>P-TMAH>
E-TMAH>TMAH>TEAH. Similar results were obtained in the hydrodynamic radius (&) and diffusion constant (J).
Such differences indicate that the elongation of one alkyl chain in tetramethylammonium cation is beneficial
to the penetration of the developer and the separation of non—polar molecular interactions among polymer

molecules.
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T, BREAKEWV) Y Y 757 4 7 AOBRRBIZMIT T, KRBT~ 7 27 2 QM) EEZ AN
VYA NEREBHOREICL Y, VPR NEBREREEOBLEBIR, THIEOBHEDRELZRA LML TND, ERHE
REBENTHLEUTOEY TH 2,

1) VPR MEBEEMINGR LRV ) aryEiRE OMICIE, VYR MNEBEORENE L < T 5O THIER
BAEND, THEEBRBGRICAETHS, LYVR MNERESEBM L7 ERIL, THEREORS FREEXS .,
FORRIZHE ST, EBIC LV B FRETED T 5, QOMERERBIT A v E—F U RABr b, T EFAFAT
YEZT LN FrEEY R (IMAD) KBET T, LR NESTFRBEZEM LI &0, THIEBEE TOL YR b
BRTOREORMEE, BRoRAHHZ RV F—2F oML O THEICOVWTHIEL, B TREOHE
RO THEDORE B BT RV X — ORI S & IR DHIKTET 5 Z L 26 LTV S,

(2) VYA MEAT. BRAEA, HoMEREEN BRI ALFHIER L U X MNERIL, XRF L Zo%OB
LY, LURMNEHTOBEREDLY |, BEOEMENET D, KRHELBRAOREEFET I LITK
D, VIR NERTFOBEEREGFNICEILIEDZ LIk BieoREH AT XNV — 2K o4 O THIRIZ
DWT QM BIZ X WIRMFEFZRIEL, LUX MEEE, THEORE B B R X — OB L BEEH O
BREHLMILTNS,

(3) YBAEBEIZI O TiT TMAH AESRBMERETBIR & L THEDIL TV, TELV VR My F O kN
ATEY, BRBEBELZNIZHIETEINERDH D, TMH DT NVFINLEE 4 DL bELSTHEH5TFDV A ZFENK
ERDBIED, TUXNED1OFEFERELSTHILICLY, VLUR MNEEOEMEENICBT AT AH Y OB
REFIETEAZEEHALNIILTNS,

Pl X oz, ABXiE, ThECREATH- BB T o RAIBIT A2 THEBLUT AL ) HFRLI R L
ROBMREECE X 2P BEALMCT I LICL Y, THIRORR B B =RV —OMBIERS & FEBMERS, A
TNHYBFOBHEICLY | BREE, BEOCHER. BME— FEHBE T LEHLNIZLTVDS, 5%, A0
BTOHRED LI o AREHEHEMLL, BV VY57 4 Fubv AORMBBRELEERTIHF-ZR T uk R
DOREFBEIHFIND, Lo TABRITIELRL L LTUHESHS D LBO D,






