Calibration and validation of projection lithography focusing
by fluorescence detection of latent photoacid images in chemically
amplified resist
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We dope the commercial resist UVIII with theH sensitive dye coumarin @6) to demonstrate a
fluorescence microscopy technique for detecting latent photoacid images in exposed chemically
amplified resist films. The spectroscopic properties of C6 in the resist matrix are investigated in
order to select spectroscopic filters which optimize the fluorescence image contrast of exposed
patterns. We apply this technique to focus calibration of a projection lithography system and show
a significant correlation of the results to scanning electron microscope analysis of developed
features. Hence, we demonstrate the utility of this technique as a fabrication line diagnostic for focus
calibration and validatiorti.e., proof of focu$ prior to postexposure processing of the resist film.
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[. INTRODUCTION exposure was indeed in proper focus before PEB and devel-
_ - _ _ opment.
Chemically amplified resistécCARS)" are widely used by Several recent reports have demonstrated techniques in-

the semiconductor industry and continue to be developed igolving fluorescence microscopy of resist doped withHh
response to the increasingly demanding requirements of prondicator dye to detect latent photoacid images prior to pos-
duction lithography. In this class of resists the radiation pattexposure processirfg® We herein report the application of
tern incident at the wafer is recorded by photogeneration of #luorescence detection of latent photoacid images to calibra-
catalyst, typically a strong Brosted acid produced by the tion of the best focus of a projection lithography system.
photolytic decomposition of a photoacid generator. The phoThis investigation demonstrates the potential of this tech-
toacid is thermally activated by a postexposure bdkeB) nique as a fabrication line diagnostispecifically with re-
to catalyze multiple chemical reactions in the resist matrixgard, but not limited, to focus validatipnwhere the ability
and thereby locally alter the dissolution rate, a process calletb characterize the exposure step without the need to proceed
chemical amplification. The resist is then developed with thehrough PEB and development would be advantageous. We
spatially dependent dissolution rate defining the ultimate patused the commercial, positive-tone resist UV(Bhipley
tern. The success of the CAR scheme is due to the deco@0.) doped with the commercially available laser dye cou-
pling of the exposure and the resist chemistry, so that thenarin 6(C6).”~° Because a dye must have at least two pro-
photospeed is effectively enhanced by the amplification prototropic forms with different spectroscopic properties to ex-
cess during PEB. hibit fluorescence contrast as a function pH,!° the
Precise control of the spatial distribution of photoacidfluorescence contrast between the two prototropic popula-
during lithographic processing is paramount for maximizingtions is maximal if one prototropic form may be spectro-
lithographic resolution and minimizing critical dimension scopically probed without interaction with the other form. By
variation. For example, in projection lithography systems exploiting the spectroscopic properties of C6, we obtain fluo-
the aerial image must be well focused at the wafer to genefescence images with very high contrast. We furthermore
ate a photoacid image that reproduces the mask as faithfullompare fluorescence images with scanning electron micro-
as possible. Proper focusing requires frequent calibration c¥cOPe(SEM) images of cross sections of the corresponding
the wafer scan stage. Photoacid distribution is generally indeveloped features.
ferred from developed patterns. However, because developed
patterns represent the convolution of each and every lithoy ExpERIMENT
graphic process, it is not possible to determine the photoacid
distribution at each stage and hence unambiguously charac- Previous studies which have employed C6 as an acid sen-
terize individual processes. Furthermore, in many cases for (in CARs or otherwisphave demonstrated that the ab-
may be desirable to inspect the outcome of a particular prosorption and fluorescence spectra of the dye undergo a red-

cess before proceeding to the nétg., validating that the Shift upon protonatiofi*~*" However, the positions and
shapes of these spectra generally depend on the chemical

apresent address: JDS Uniphase Corp., Windsor, CT 06095. composition of the host matrix. Therefore, absorption and
PElectronic mail: robert.grober@yale.edu fluorescence spectroscopy of the neut@$) and monoca-
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Fic. 1. Absorption and fluorescence spectra of C6 and* Ci
hydroxystyrenezo-t-butylacrylate. (b)

Fic. 2. (a) and(b) Fluorescence images of 0.22n lines at 0.44um pitch
tion (C6") forms of the dye in UVIII were necessary in ©xposed atfocus increment 1.35 and 2.2%m, respectively. Insets show
. L enlarged views of linegc) and(d) SEM images of the cross sections of the
order to s_elect_the appropriate spectroscopic filters for quoEOrresloonding developed patterns.
rescence imaging.
Two formulations were prepared for spectroscopic analy-
sis: A and B. Both were hydroxystyreme-t-butylacrylate  therefore provides detection of C6 with very good contrast.
(which is the UVIII resist matrix doped with 1 wt%(vs  Images were acquired using an integration time of 30 s in
solids contentC6. This high dye loading was necessary toorder to use a substantial fraction of the dynamic range of the
provide a sufficient signal-to-noise ratio for absorption speccamera(with the given excitation intensify To achieve the
troscopy. A sulfonic acid was added to A until the formula- best focus in the fluorescence microscope prior to image ac-
tion was observed by the naked eye to change color fronquisition, the field diaphragm was closed partially and the
green to orange. Hence, A contained ‘C@hereas B con- sample stage was adjusted until the sharpest image of the
tained C6. Each formulation was coated to a thickness ofield diaphragm edge was obtained.
approximately 0.7um on a 1 in. quartz wafer and received a A formulation of UVIIl doped with 0.05 wt% C6 was
postapplication bakéPAB) at 130 °C for 60 s. prepared for focus calibration. Films were coated to a thick-
Absorption spectra were recorded using a Varian CARYness of approximately 0.76m onto two 8 in. silicon wafers
13 spectrophotometer. Fluorescence spectra were obtainpgach coated with an AR3 antireflective coatifghipley
from the identical samples as the absorption spectra using &0.)] and received postapplication bakes at 130 °C for 60 s.
apparatus based on a Triplemate monochrometer. SampleEach of the wafers was exposed with a binary image mask
was excited with 488.0 nm light from an Ar-ion laser. consisting of various features using a GCA XLS 7800 pro-
Sample B was excited with 457.9 nm light. Both the absorpjection lithography system. Since the field of view of the
tion and the fluorescence spectra are shown in Fig. 1. Theystem is much smaller than the wafer area, the exposure
redshifts between the C6 and C&pectra are so large that was repeated at different positions on each of the wafers as
little overlap exists between each pair. the focus was ramped through a range of 2 in incre-
The apparatus used for detecting latent photoacid imagasents of 0.15um (a total of 17 samplgsOne of the wafers
is based on a Zeiss Axioskop 50 microscope operated ineceived a PEB at 130 °C for 90 s, developed using CD-26
epi-fluorescence mode. The spectroscopic filters were choséBhipley Co), and underwent SEM analysis. The other wafer
to excite and detect the neutral population of the dye excluunderwent fluorescence analysis directly after exposure.
sively. Light from a 75 W xenon arc lamp is transmitted The features chosen for focus calibration were an array of
through a ground glass diffuser and a 457®nm excitation  seven 0.22um lines at 0.44um pitch. Seventeen fluores-
filter, reflected by a 497 nm long pass dichroic beam splittercence images of these features were acquired, one for each
and imaged onto the sample with a dry, 0.9 numerical aperfocus incrementz). Two representative fluorescence images
ture, 100K, infinity corrected microscope objective. Dry mi- are shown in Fig. 2{a) z=1.35um and (b) z=2.25um
croscopy permits noncontact inspection, a necessity for a pdwherez=0 is the beginning of the focus ramyBecause the
tential fabrication line diagnostic tool. The fluorescence isspectroscopic filters were chosen to detect the neutral popu-
collected by the objective, transmitted through the dichroidation of the dye, the regions of high intensity identify unex-
beam splitter, a 500 nm long pass filter, a %18 nm filter,  posed resis{i.e., regions of low acid concentratipnThe
and imaged onto a liquid nitrogen cooled 51212 array contrast between the lines and spaces in the fluorescence
24x 24 um pixel charge coupled device camera with 16 bitimage atz=2.25um is significantly less than that a
resolution by a combination of the microscope tube lens ané=1.35um due to a weaker modulation of acid concentra-
a negative lens for additional magnificatig@a total of tion, which indicates that the=1.35um image is in better
492x). As can be seen in Fig. 1, the Céopulation is very  focus.
weakly excited by light at 457.9 nm and is very weakly = We note that if the spectroscopic filters had instead been
fluorescent between 500 and 530 nm. This choice of filtergehosen to excite and detect the monocation population of the
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groups: whereas the DOM for 1.QBm<<z<<1.80um is
larger than 0.074, the DOM forz<0.90pum and z
>1.95um is less than 0.046. The data therefore suggest that
the wafer scan stage of the projection lithography system
achieves best focus for 1.QEm<<z<<1.80um, and that the
depth of focus of the system is 1.80n—1.05um
=0.75pm.

The focus latitudéFL) of a resist is defined as the focus
range through which a given feature develops with a critical
dimension(CD) within =10% of the target CD and with less
than 10% thickness loss. FL is a function of the properties of
the resist as well as the optical depth of focus of the projec-
tion lithography system. The FL of this resigor 0.22 um

(b) . T lines) was calculated from the SEM images to be 020
- - (from z=0.90um to z=1.80um). This result validates the
fluorescence method. Therefore, the fluorescence method
. | provides a robust calibration of the best focus of the wafer
. scan stage, as well as a means to validate whether an expo-
sure was indeed in best focus before proceeding through

- PEB and development.
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Fic. 3. (a) Cross sections of the fluorescence images as a function of focus We have demonstrated a fluorescence technique for detec-

incrementz. (b) Depth of modulatiorfcalculated from the cross sections in tion of latent photoacid images in chemically amplified re-
sist. We have applied this technique to the focus calibration

of the wafer scan stage of a projection lithography system
dye exclusively, the reverse images would be produced'?m‘_j have shown that the fluorescence _image may be used to
However, the optical resolution of the reverse images wouldy2lidate the focus of exposed wafers prior to subsequent pro-

be somewhat less because the fluorescence would be shifte8SS'"9:
to longer wavelengths.
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