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Abstract of Thesis

High-fidelity resist patterns are essential for high-volume integrated circuit production, especially with the
introduction of EUV lithography. Chemically amplified resists (CARs) are widely used as EUV and electron beam
(EB) resists, utilizing heat to amplify photon energy. A typical CAR contains a photoacid generator (PAG), a base
quencher, and a polymer with partially protected side chains.! Upon exposure, acid from PAG deprotects the

polymer during postexposure bake (PEB), increasing its hydrophilicity and solubility in aqueous developers.

Pattern quality is largely determined by the concentration of protecting units on the side chain of polymer ().
The accumulation of these stochastic effects* in making patterns finally cause the protected unit fluctuation. This
was thought to be the main factors for generating defects such as line edge roughness (LER), on the
line-and-space (L/S) pattern which is a typical resist pattern to evaluate the pattern fidelity. On the other hand,
the discoverability of a hydrophilic developer in this study was indicated by the dissolution threshold ( Gin).
Whether a polymer dissolves depends on G, relative to the Gin. A key factor affecting LER is the effective
deprotection reaction radius (&), which is difficult to measure directly. In Chapter 1, both &, and Cin were

estimated using simulation and experimental data via Bayesian optimization.

Polymer dissolution kinetics involve complexities beyond Cin can describe, such as resist swelling. Quartz crystal
microbalance (QCM) method is an essential technique to understand the dissolution kinetics. It measures the
dissolution rate of the resist, a critical aspect of lithographic processing. QCM also tracks changes in impedance
(AZ), which indicate energy loss during development. Although QCM provides valuable measurements, the full
potential of the impedance data which it produces is not fully utilized yet. Chapter 2 introduces a stratified
polymer dissolution model (SPDM), simulating frequency (Af) and impedance (AZ) changes in QCM
measurements. Impedance data reflects not only dissolution rates but also interfacial viscosity. Reproducing
QCM charts have shown that impedance not only offers insights into the rate at which the resist dissolves but
also provides information on the viscosity at the interface between the developer and the top layer of the resist.
Based on impedance data, which allows for the extraction of key parameters such as the diffusion constant ()
and hydrodynamic radius (&x) from QCM measurements. I analyzed previously reported QCM data for #Boc
protected poly(4-hydroxystyrene) (PHS) films in an alkaline developer, aqueous tetramethylammonium hydroxide
(TMAH) at different resist film thickness.

In Chapter 3, an image recognition method was developed to evaluate defective L/S resist patterns using SEM
images. About 2500 SEM images from EB-printed L/S patterns of varying half-pitches and doses were analyzed
using Hough transform, providing quantitative metrics for severe defects like over- or under-dissolution. Monte
Carlo simulations were also used to model polymer distribution, and results were compared with experimental
data.

Finally, integrating chemical parameters, QCM modeling, and SEM evaluations, a regression analysis model was
developed. This model supports the selection and design of developer formulations for next-generation

photoresists.




B 7
MXEEOKROEE RO Y

K 4 ( JIN YUQING )

(&) K k2
T Hiis wiE il (EFEREARIERT)
[l Bz w ORI
ml A Bz I Fxth
[l Bz RN Bl
AR AT Y %IJ “ ﬁ%% E@E##%ﬁ
&l 7 Bz ®oms
[ Bz M7 BEE]
[l Bz FoiE
w2 Bz Yell IEAE
m A& Bz il
[ iz ek Fed (PEZERMFWFSTRT)
RXBEDOEREOES

XTI, Ex LN ERLEEREEROY V757 01T 5, $ENRME, e A0RRE RIS
LHREE 2 AT MEFEE L L TV 5, R, RIBROMBIRENKLEWV) Y ¥ 757 1 Tk, RO LN DERIT
BELL . BB I A0SR RERKICIE. 2O 0OBBE I SEENRTMMNERINTVS, ERFEREZEN
THLUTO®RY THD,

(1) $EEY Y757 4 TX, BHT. BRAEA, HELOBRINIEFHERL VX MBRERAER TV,
ZDOVYRAMIBIIC R VAR LZBOMBERINCE Y BaFOBEEE L, B FERBRICAEL T2, 2
OB OMERE L SRR 3 2 BEE R R EIIEEAE 0 ER G2 L BRRIE T H 255, AR RFMMFENRRV, K
XTI R ARBIC LD ERT -4 L Ial—Ya U F—2ZORBKIZE Y, 2O OBEEBOFMMFLELH
SLLTW3,

(2) BB T RATRBITHEMEBRETT VI, VYR MERZERTI2EELRFEECTH LN, HEMBEL o
TSR RMEE AT D ITIREERT+2TH 5, AL TIE, KEEBTF~A 7 a5 2BETHLND
POV IR NRUBBRORBELEFHAOBBETNVCHENTTHZLICEY, BB X EEBRT 55
e RBEBEOHMHZFRRIC LTV D,

(B) VY7 I 7 4#EHET A% D SEM B CHMEND, BIEMDY VT 7 ¢ TIIMEEMRE KMar K
LU, FCHE, 7utRXTHoThH, SEMEFITHEITE S LIZER S, ARIXTIX, £DO L5 RREBEED S
VYR b SEM EfREFHFETHM, HKMELETREE L, #RFEICRT 2 BNERE LTOMAEZTREL LT
(AP

UED XSz, KRXX, ThETHMIBEETH-R) VT T77 4 DET e ROBRBEDT —# b FE &ML
LCW5, ZTORE, VY ITIF 7B a2 %0 SEM B % BNER, Mk et 20 BE23AEKL
L7-AHEEFEAT 2 FTRE L LTV D, AR CHY SN-FENMEAINI LT, 4% . EW Y Y T I 7 068 7
2 2D LRBERBEFIND, Lo TARUIELRICLE LTEHESH 2 D LBD 5,






