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Abstract

For the last few years several different phototessmd Cr layers were used for mask
making: - IP3600 resist for 363.8 nm laser writer

- ZEP 7000 resist suitable for E-beam writers
- CAR resists (PEK 130, FEP 171, NEB 022)

Introduction of a new resist into production hagesal risks associated with and requires
process adjustments in litho and etch process igewW his presentation will focus on the
differences in the endpoint detection using optieahission spectroscopy (OES),
especially at low Cr load, when using above memetibphoto resists.

Development of the OES endpoint detection starfingh single wavelength is shortly

discussed and methods for endpoint detection atGowoncentration in the gas phase
caused by decreasing plasma power and increasilgneoof the etch chamber are
shown.

An important factor for the practical use of thedpoint detection is the reliability,
scalability for different Cr loads and dependencdhe chamber seasoning. These factors
will be discussed finally.
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Introduction

Scaling down of the feature size in semiconductohmology and increasing complexity
are reasons for tightening of the specifications ghotomasks. Major drivers for the

introduction of novel types of photo resists, whimtovide better performance, are the
critical dimension uniformity, compatibility of rists with both laser as well as E-beam
writers and - in some cases — reduced writing tinoelay several types of photo resists
for the I-line laser writer, classical E-beam resiand modern positive and negative
chemically amplified resists are used to explod fineviously developed technology and
tools on one hand and the production of high enskhan the other hand. The following

resist types were used in this work: IP3600, ZER76&EP171, NEB022 and PEK 130.

Their usage depends on the technology node, complard the specification of the
particular mask. Nowadays the Cr layer of almostnahsks are dry etched, which
requires an etch process available for all thesestréypes. These requirements include
endpoint detection, in this case optical emissipactoscopy endpoint. The process
development showed that there are several diffeemetween these types of resists
causing difficulties, which have to be solved irder to achieve reliable endpoint
detection for all of these resists. Formerly thdpmnt was detected by a photomultiplier
and monochromator set to 520 nm. This detectiorhotetan potentially result in mis-



processing of the mask due to different slope f lihe for different combination of Cr
layer and resist type. Some of the differences éetwthe photo resists mentioned above
will be discussed as examples.

Methodology

The data used in this article was obtained fronomier etch process performed on an
ETEC Tetra If mask etch system equipped with EJe@ES endpoint system
manufactured by Verity Instruments Inc. The etchrolstry utilized was GI& O,, with

an excess of the £[The endpoint data was recorded in the range bet®86-800nm
with a sampling rate of 2 Hz. The intensity of 8ignal was adjusted by automatic gain
control after plasma ignition by changing the im&ggn time of the CCD array.

Three types of masks will be discussed in this pajge photo resist blank and two
different mask layouts with a global clear field @23% and 11.7%. All experiments
were performed on Hoya NTAR7 Cr blank for ZEP70B&P171 and Hoya AR8 Cr
blank for IP3600 and PEK130 resists.

Endpoint time and Cr etch rate

There are several known factors influencing thepeit time. The most important ones
are thickness and composition of the Cr layer &wedgas composition - mainly the ratio
O,/Cl; [1]. Another factor is the global Cr load thateddfs the endpoint time and etch
rate[2],[3],[4]. The vertical Cr etch rate is influenced by thebgll as well as the local Cr
load. This effect can be observed as “steps” inetidpoint signal, when etching masks,
containing regions with strongly different Cr lo&hch of the steps in Fig. 1 represent an
endpoint for the particular region, starting wittetlow load areas and ending with the
high load regions as proven by measurement ofehtecal Cr etch rate. Also the average
structure size seems to be a factor influencingetbk rate and causing differences in the
endpoint time of masks with the same global Cr laad different layout.
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Figure 1: Endpoint trace (520 nm) of an FEP171 masks caonaimwo different
Cr loads:a, low load area (< 3%), high load area (> 40%)



Endpoint for low load masks

As shown in Figure 2, the endpoint traces at 520dnamatically differs when using
FEP171, ZEP7000, IP3600 and PEK130 resists atregtydow Cr load masks.

The FEP171masks show well-pronounced endpoint witiplateau just before the
endpoint down to about 0.1% global Cr load.

ZEP7000 coated masks show the same trend at &3 loglder than ca. 0.5%. Below this
limit the endpoint cannot be identified unequivocal lower Cr load the data has to be
more precisely investigated, to obtain reliablepemiat as will be shown later.

Traces of the IP3600 and PEK130 coated masks stfalliray trend where no endpoint
signal at the 520 nm can be identified. There @eel hypotheses explaining this
effect.

A) The trend can be explained by slight decreasth@fCr etch rate, caused by sulfur
content in the resist. Small amount of sulfur i thtch gas may decrease the
Chromium etch rate dramatically, or stop the etgliompletely, depending on the
O./Cl; gas ratio.

B) Varying composition of the vertical profile ohe Hoya ARS8 Cr layer is the root
cause, which changes the Cr etch rate and thusghal intensity.

C) The background intensity trend is the root cdaséhe intensity decrease for 520 nm.

Which of these hypotheses is correct can be answm®reeomparing the endpoint traces
of the resist blanks and masks with both AR8 an&RT Cr layers coated with the same
resist.
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Figure 2: Intensity trend of 520 nm Cr line for uniformlysttibuted masks with
0.23% global Cr load coated with IP3600, FEP171RZED0 and PEK130 resists.
The expected endpoint time is about 130 s for FERKd ZEP7000 masks and
about 170 s for the IP3600 and PEK130 masks.



Endpoint evolution for higher Cr load

As shown for very low Cr loads, each photo reses fis own characteristic but with
decreasing resist percentage its contribution écetidpoint signal becomes less and less
important. In contrast the amount of etched Crh@ ¢jas phase increases and thus its
impact on the endpoint signal increases. At theeséime the endpoint time shifts to
slightly higher values.

Figure 3 demonstrates that the differences betwesists are already very small at
11.7% global Cr load. Typically one can use the esatgorithm for high load masks.
Please note the shape of the trend line beforertdpoint, which corresponds well to the
trend for very low load masks (cf. Figure 2).

The endpoint time for ZEP7000 and FEP171 residterdiby about 5 %. The higher
endpoint time of the IP3600 and PEK130 coated nmskainly due to the thicker Hoya
ARS8 Cr layer.
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Figure 3: Intensity trend of the 520 nm Cr line for mask&wli1.7% global Cr
load coated with IP3600, FEP171, ZEP7000 and PEK&S88t. The endpoint is
very well pronounced and the intensity prior to @mdt shows a similar trend as
corresponding low load masks. The error bar indg#te intensity range of the
low load FEP mask from Figure 2.

Resist contribution to the endpoint signal

In order to clarify the resist contribution intetysirends and spectra were collected for
resist blanks. Figure 4 shows the intensity trefedsSFEP171, ZEP7000, IP3600 resist
and - for reference - a Quartz blank. As expectexl ttend for quartz is nearly flat
whereas the resist blanks show a decreasing sajnahdpoint after ca. 140s. These
intensity trends do not contain any endpoint infation instead their curvature
corresponds to the intensity change of the neighfgdines, in most cases the,dihes.
Their variation can be linked to the change of ok in the gas phase, a change of the

! In addition the FEP171 resist shows an intensityease at the beginning.



resist etch rate because of surface passivatiomgticam of the resist composition across
the film depth just to name a few. These process$iest the intensity trends but they
steadily decrease with increasing Cr load of thekn@&o amplify the contribution of the
Cr layer, we have to subtract the blank resist &tata the endpoint intensity data taken
for the corresponding low load masks.
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Figure 4: Intensity trend of 520 nm (Cr line) for Quartz36®0, ZEP7000 and
FEP171 blanks. The error bar indicates the intgmarge of the low load FEP
mask from Figure 2. The Y scale is identical fothbfigures.

A rough estimate of the Cr etch contribution can di#ained by subtracting the
background (Figure 4) from low load mask (Figuréd?)corresponding resist types.
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Figure5: Resulting endpoint traces of the low load masks28tnm calculated
by background subtraction (“Low Load — Resist Blgnk



Endpoint data analysis

Figure 6 shows the spectra for certain resist tyyedween 500-540 nm normalized to the
most intense chlorine line (256nm). The spectraava&saged for 5 seconds in timeframe
50-55s after the etch start to reduce the noise.differences in both spectra do not seem
to be significant but play a big role for the enaipaletection. Below the spectra, the
endpoint signal of the 0.23% FEP mask is shownue gn indication for the intensity
change we are looking for (mind the error bar iatitg the intensity range for FEP171).
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Figure 6: Spectra of the Cr-etch process performed for QuZEP7000 and
FEP171 resists between 500-540 nm averaged fdm 6sder to provide an
estimate for the intensity change, the endpoimetiet low load FEP mask is
shown below the spectra.

Since there is no obvious endpoint in figure 5thar ZEP coated mask at 520 nm, there
has to be at least one parameter, which affectmtéesity trend. To find the root cause
for this trend, all remaining Cr lines at 205, 4281 360 nm were investigated.

Figure 7a shows that all trends from the differ@ntlines deviate from each other,
indicating that the change of Cr amount in thegasse during the etch process is not the
root cause. After background subtraction trendsoee prevalent in Figure 7c but
nonetheless all 4 trends differ from each otherly@he trend for 360 nm shows an
acceptable endpoint trace.
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Figure 7: Intensity trend observed at Cr wavelengths 208, 388 and 520 nm
for ZEP resista, 0.23% Cr load madli, Resist blank, 0.23% load with
background subtraction.

One would expect that all four Cr lines show a Emirend, even so the absolute
magnitude and/or slight variation in the form amaeivable. This effect is not fully
understood. Identical analyses for each of thera#mst types (cf. Figures 8a- c) show,
that there are preferable wavelengths, which ass laffected by the background
subtraction and show the “real” Cr endpoint traldee optimal wavelength differs from
resist to resist and endpoint signal strengthdratiintensity change at the endpoint time
vS. hoise) is specific to the resist type too. factice this determines the lowest limit for
the Cr load at which a reliable and repeatable eimdgan be found. E.g. PEK130 resist
in Figure 8c has no reliable endpoint conditiongpéeted endpoint time is approx. 170s)
for any given wavelength, whereas the endpoint F&P171 resist has multiple
wavelengths with very reliable endpoint.
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Figure 8: Intensity trend observed at Cr wavelengths 208, 328 and 520 nm
0.23% Cr load mask processed as in Figure 7 fderéifit resist types &,
IP3600 maslb, FEP171 masks, PEK130 mask.

A method frequently used for improving the sigrahbise-ratio is the division of the
intensity of the Cr line by one of the lines foetheactants, in our case Cl or O. This
approach improves the signal, but introduces as#ime time an additional factor, which
may cover the real endpoint and lead to a shithefendpoint time to higher numbers. A
typical example for this case is shown in Figure 9.
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Figure 9: Endpoint comparison for ZEP coated mask for: 520Cr line (ZEP
raw), 360nm line with background subtraction (ZERlgzed) and ratio of Cr 520
nm / Ch 258 nm line.

Conclusion



Using a single wavelength detector (e.g. 520 nmn@ay result in wrong estimation of
the endpoint time for (very) small Cr load to dodhe background influence. This has an
adverse effect on the €due to e.g. higher variance of the critical dimensas well as
variations of the sidewall slope.

As we have shown in this paper the different regiseés show reliable endpoint traces at
different Cr lines. Table 1 summarizes these figdin

Resist type Suitable Cr line
FEP171 428 ~ 520 > 360
ZEP7000 360
IP3600 428 > 360

PEK130 No wavelength available
at given conditions at
0.23% Cr load

Table 1: Overview of photo resists investigated and cowadpmg Cr lines which
show a reliable endpoint.

Last but not least the root cause for the decrgasitensity trend when using IP3600

resist in combination with Hoya AR8 Cr layer wasdstigated. The detailed analysis of
the endpoint data from IP3600 blank as well asOt28% Cr load mask show, that the
significant decrease of the intensity prior to evidpis not caused by the resist itself,
since the trace of resist blank shows a differeaartd. Comparison of the endpoint data of
Hoya AR8 and Hoya NTAR7 material provide a strongt lthat this trend is caused

solely by the composition of the AR8 Cr layer.
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