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ABSTRACT

Significant effort has been directed in recent getwwards the realization of immersion lithograpdly 193nm
wavelength. Immersion lithography is likely a kenabling technology for the production of criticayers for 45nm and
32nm design rule (DR) devices. In spite of the ificent progress in immersion lithography technglothere remain
several key technology issues, with a critical ésefiimmersion lithography process induced deféidte. benefits of the
optical resolution and depth of focus, made poedilyl immersion lithography, are well understoodt, Yieese benefits
cannot come at the expense of increased defectscand decreased production yield. Understandiadgntipact of the
immersion lithography process parameters on wadéeats formation and defect counts, together with dbility to
monitor, control and minimize the defect counts daw acceptable levels is imperative for successtnbduction of
immersion lithography for production of advanced’®Rn this report, we present experimental resaftimmersion
lithography defectivity analysis focused on topdager thickness parameters and resist bake tetupesa\Wafers were
exposed on the 1156Hmmersion scanner and 1200B Scanff&BML), defect inspection was performed using a DUV
inspection tool (UVisioR", Applied Materials). Defect material analysis weeformed for different defects. Higher
sensitivity was demonstrated at DUV through detectof small defects not detected at the visible elength,
indicating on the potential high sensitivity betefdf DUV inspection for this layer. The analysiglicates that certain
types of defects are associated with different imsive process parameters. This type of analysid Af wavelengths
would enable the optimization of immersion lithggmg processes, thus enabling the qualification rofnersion
processes for volume production.
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1. INTRODUCTION

Lithography has been traditionally at the forefrohtvafer manufacturing technology. In the sub-wergth era, where
the smallest printed features are smaller thanlltmainating wavelength, lithography is facing ieasingly complex
challenges arising from design rule (DR) shrinkage,introduction of new processes and the tighteoif the process
windows. Design rule shrinkage leads to smallelekidefects, and the introduction of new procedsass to the
formation of new defect types, most recently imnuwersrelated defects. The significant progress tholjraphy
technology has been made through increase of thenec projection lens numerical aperture (NA), #mg use of
shorter illumination wavelengths, ranging from 38b(Hg i-line) through 248nm (KrF) and down to 193k#aF) [1].
The significant progress in lithography technoldgg also introduced new challenges associatedpnaitiuction yield,
as defects as small as half of the DR can haveagtmpact the yield. Consequently, lithographgpstare followed by
critical monitoring for pattern registration, cdéll dimension measurements, and defect inspedtargrefully monitor
the production process and to minimize the deletisrimpact on the yield. Consequently, lithograsteps are followed
by critical monitoring for pattern registration,it@ral dimension measurements, and defect inspgctio carefully
monitor the production process and to minimize de&imental impact of process excursions on thelyetion yield.
When excursions are identified, the resist laydrlvd stripped and lithography be reworked to avwoald loss. It is for
these reasons that lithography defect inspectitbed®ming critical for yield



Significant effort has been made in recent yeamsitds realization of immersion lithography to emaektending optics
lithography down to the 32nm node [2 - 3]. Whilgrsficant progress in immersion lithography hasrbe®mde, several
key technology issues must be addressed, inclutimgritical issue of immersion lithography procestuced defects.
Clearly, the benefits of the immersion lithograpBych as optical resolution and depth of focusnotibe traded with
increased defect counts and decreased producttoh Ydence, it will be necessary to monitor andtgnas well as to
minimize, immersion lithography defects counts dotenacceptable levels. Understanding the role ahémsion
lithography parameters on defects formation, typed counts is essential. This in turn presents cleallenges for
inspection tools for lithography immersion laydrs particular, high sensitivity detection schemesuld be required to
detect small, low contrast, immersion lithograplejedts.

By and large, optical inspection systems are dividéo bright field (BF) and scattered light or-affis collection (3D)

schemes. For a BF scheme the detection sensigeitgrally depends on the optical resolution thadrégortional to

MNA, where) is the illuminating wavelength. It follows that general, a DUV tool will have higher resolutioratha

UV or visible wavelengths tools with similar NAScattered light schemes are generally used foeatgm of memory
arrays, often combined withspatial filtering teaumés. Here, larger defect scattering cross-seiigenerally observed
at DUV compared with UV or visible wavelengthsidtfor these reasons that advanced inspection &relintroducing

shorter wavelengths, following the wavelength terad lithography tools. Further, it is advantagediiat optical

inspection systems will combine both BF and 3D sub® to provide high detection sensitivity for aiety of defect

types and patterns.

In this paper we report on the role of immersidhdgraphy parameters on defects types and courdstasted at the
DUV wavelength (266nm), with the objectives of djaracterizing the benefits of DUV inspection on iergion
lithography layers, and b) characterizing the insimr defectivity of lithography layers as a funatiof the photoresist
type, with and without topcoat, post apply bake BpAemperatures and wet vs. dry exposures. Thigmpaporganized
as follows: Section 2 describes the work methodglogsults are presented in Section 3 and discuasgédction 4.

2. METHODOLOGY

2.1 Test Wafers Preparation

A set of 25 test wafers was prepared at Albllayotech complex for the tests. The immersion veafegre exposed
using the 1150& immersion scanner (ASML). The dry wafers were egubusing the 1200 dry scanner (ASML). The
printed pattern consisted of a dense lines/spdngstigre with 110nm half pitch, which was prepausthg two different
types of photoresist, with and without TC, and pssed at three PAB temperatures, as shown schaityalig. 1:

Table. 1. Test wafer parameters used for the tests.

Resist stack Exposure

» TC =W

;E ;@
BARC

» TC > Wet

» TC | Wet |

Mo TC Dry




The immersion and dry scanner parameters and &dst warameters are presented in Table 1:

Table. 1. Immersion and dry scanner parametersemtdvafer parameters used for the tests.

Scanner ASML 1150i at 50mm/s scan speed
ASML 1200B at 320mm/s scan speed

Reticle AttPSM, 110nm line/space structure, 4x&warr

Settings 2/3 Ann 6i=0.55;060=0.85; NA=0.75; optimal dose and focus
Track Online: TEL-Lithius

Substrate Virgin silicon wafers, pre-count <50 (@im sensitivity)
BARC 90nm, PAB @ 215°C, 60s

Resist POR | 200nm; PAB @ 120°C, 60s; PEB @ 110°C, 60s
200nm; PAB @ 110°C, 60s; PEB @ 120°C, 90s
Top coat 30nm, PAB @ 90°C, 60s

Developer Standard with surfactant, DI water rinse

2.2 Wafer Inspection and Defect Review

Defect inspection was performed using a BF/3D DW¥piection tool (UVisioR, Applied Materials). A simplified
schematic layout of the tool is shown in Fig. 2DAV 266nm CW laser is used as the light sourcegrtable high
optical resolution in BF mode, and high scatteringss-section in 3D mode. A multi-beam scanning umedplits the
incoming laser beam into an array of parallel sganbeams to enable high scanning rate and higlugiput (TPT). A
high NA objective lens is used to focus the scagitieams onto the wafer. A telescope turret (nowshe&nables the
selection of the illumination spot size to optimibe detection TPT per each DOI. The reflected thedscattered light
are directed towards the BF channel and the 3DrdiaArrays of photomultiplier tubes (PMT) detect@re used to
enable high sensitivity high data rate detectioalafzation control modules are used to control ihemination

polarization and the BF and 3D collection polaimatfor optimal light penetration into the struauand noise
suppression to enhance the detection sensitivitygatial filtering in the 3D channel is realizbg using Customized

Light Collectio™ (CLC, not shown).
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Fig. 2. A schematic layout of the UVisiBh DUV inspection tool.

SEM review for defect classification and defect enial analysis was performed (SemVision'%2Applied Materials).
Prior to the DUV inspection, a DUV damage test wpasformed on the lithography layers to set themiilation
conditions. No apparent damage to the pattern Wwasrged.



3. RESULTS
3.1 Defect Review and Classification

The DUV inspection tool defect maps were used téopm SEM defect review and classification. A véyief defects
was detected on the immersion wafers, as showngin3t As apparent, both immersion and non-immersipecific
Defect of Interested (DOI) were detected, with defeas small as ~30nm being detected, indicatinghenhigh
detection sensitivity at the DUV wavelength on slagJers.
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Fig. 3. SEM images and defect classification.
3.2 Defect Count Trends
Figure 4 presents defect count trends for diffemnembersion parameters.
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Fig. 4. Defect count trends.



The following are observed:

» Lowest defect count using resist 2 is observed witelmC is used and the system is exposed on acdnner. With
TC, still exposing dry, increases the defect cdynfive fold. Surprisingly, in this experiment, thest exposure of
the resist with TC had two fold lower defect cothan the dry exposure on the same resist.

» Comparing the effect of PAB on defectivity for ttveo resists shows a strong impact on the totalaefeunt for
resist 1 and a smaller effect for resist 2. Whiler PAB significantly improves the defectivity foegist 1, resist 2

shows a slight increase in total defect countatPAB. PAB in both cases affects the total defectrt but not the
random defect count.

Figure 5 presents a signal-to-noise ratio (SNR)yais for the inspection tool parameters usedHertests. As shown,

for all defect types, highest SNR was achieved with 3D channel with 120-160nm pixel, together ggiolarization
control and spatial filtering (CLC).
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Fig. 5. Signal-to-Noise Ratio analysis for the iesjon tool parameters used for the tests.

3.3 PAB Effects

The defect count distributions for the Resist 1 P& the Resist 2 POR as a function of the PAB &zatpre are
shown in Fig. 6 and 7, respectively.
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Fig. 6. Defect count distribution as a functiortioé PAB temperature resist 1 POR.
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Fig. 7. Defect count distribution as a functiortlod PAB temperature resist 2 POR.

The following are observed:

¢ Resistl POR - Lower defect count with lower PAB pemature is a result of higher protrusion clustefedts
observed at POR bake condition, while low PAB terapge shows comparable count for the rest of défpes.

* Resist 2 POR - Comparable defect count for allselasexcept protrusion cluster which are higherddar PAB
conditions.

3.4 Photoresist Effects

The photoresist effects on defect count are showig. 8.
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Fig. 8. Photoresist effects.

Random defect counts are comparable. The differémdetal defect count mainly due to differencespimtrusion
cluster defects.




3.5 Immersion Exposurevs. Dry Exposure

As seen in figure 4, the lowest defect count oistésis observed with dry exposure without TC.Bekposures of
resist 2 (wet and dry) with TC have larger defextrit, with the dry exposure having significantlgier defect count
than the wet exposure. We want to further exantfireeoint by including the classification detail$ie total defect
count and the defect count distribution for the iension and dry exposures are shown in Figs. 9 Gnde$pectively
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Fig. 9. Total defect count for the immersion ang exposures.
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Fig. 10. Defect count distribution for the immers@and dry exposures.

¢ Dry exposure defect density without TC showed lodefiect density compared to the immersion exposure.
¢ Dry exposure with TC showed higher defect dengky (han immersion exposure or dry exposure witidCit

« Dominant defect types for immersion exposure: BridBarticles and Protrusion. Protrusion is unique t
immersion, not observed to significant degree \dith

¢ Unique defect type for dry with topcoat was linalthi distortion.



The relative defect count distribution for the @xposure with and without TC is shown in Fig. 11.
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Fig. 11. Relative defect count distribution for tiry exposure with and without TC.

» Topcoat defects, dry exposure:
High defect counts observed with dry exposure aitld WC (5x) compare with dry w/o TC.
Line thinning defect type dominant (~60%) with Tabnost no line thinning defect observed with drpw/

TC.
Low defect counts observed without TC and dry exmpesVery few line slimming defects, mostly
particles
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Fig. 12. Defect count distribution for the immers@nd dry exposures with TC.

By comparing immersion with topcoat to dry with ¢opt, we can note that the line slimming defeairigjue to
dry expose while protrusion is the dominant defectmmersion expose.



4. DISCUSSION AND CONCLUSIONS

In this study on the defect levels observed for tesist types with immersion lithography processiwg observed
similar types of defects for the two materials, ioutlifferent counts, with resist 2 showing 3x lawetal count relative
to resist 1 at their respective vendor-recommerfdl&B condition. At reduced PAB temperature of 80tz defect
level of resist 1 substantially improved to thedkwuf resist 2. Resist 2 showed ~.5x higher defatthe lower PAB
temperature than at its vendor-recommended PAB eestyre. Thus, the two materials behave quite rdiffiy in

immersion exposure, indicating on the need to dpenthe PAB process for each resist in order toimmize defects
with immersion exposure. The dominant defect tymedll of the baking conditions is the protrusioefett. Possibly,
the solvent content of the resist is related topitetrusion defect formation by modifying the atgdching behavior.

In comparing resist 2 with immersion exposure vg.akposure we observed that protrusion defecte Wer dominant
type for immersion, whereas this type was a miredect for dry exposure, both when a TC was usedifpand when a
TC was omitted during dry exposure. This would ¢atie that the protrusion defect may be a charatitedefect of
immersion processing.

In Fig. 4 we observed that the defect count on mafising resist 2 with TC was larger when exposethe dry scanner
than when exposed on the wet scanner. The defesdifitation in Fig. 11 indicates that this effegts mainly driven by
line slimming defects as shown in Fig. 13. The keyexplain the origin of this defect lies in thectfahat it is more
prevailing in the dry exposure than in the wet expe. In Refs [4-5] it was shown that defects oigjing from bubbles
in the TC material that would refract the lightediw the index of refraction of TC compared to watea way that line
slimming would be observed. Assuming this beinggbarce of the observed defect, we can explairdiffierence in

occurrence with wet or dry exposure, based on llaage of index of refraction between water and d&@npared to air
and TC.

Fig. 13. Line slimming defect.

In order to compare the effect of a bubble in tikeoh the resist image in dry and wet exposuresaarer aerial image
was simulated in the presence of a TC lens-typeatleB00nm in size, for the immersion and dry expes, as shown in
Fig. 11. The TC-bubble is filled either with airwater, for dry or immersion exposures, respedivel
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Fig. 11. Cross section through the resist stack thi¢ TC-lens defect. For the immersion exposweeTt®-bubble is filled
and surrounded with water (left), for the dry exg@swith air (right).




A commercial SW (Panoranif) was used to generate resist profiles for the irsioe and dry exposures. The result is
shown in Fig. 12. As can be seen for the wet dasepattern below the TC lens is nearly unaffectedhe dry case, the
area below the center of the TC-lens is over expogale the area below the edge of the TC-lensndeu exposed,
similar to the line slimming defect shown in Fi@. TThe effect of a TC-lens immersed in water is kesvere than that of
the same lens in air, due to the smaller indexefrhiction difference between the TC and the watengared to the TC
and air. It appears that the immersion exposulesissensitive to process imperfections than dppsure regarding this
defect. Dry exposure of a resist system with T@éefore a preferable test to detect such TC imdg@mneities over wet
exposure.

Wet -
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Figure 12. Simulated resist profiles for TC defdotsthe immersion and dry exposure. Dotted lirdigates the position of
the TC lens.

To conclude, an immersion defectivity analysis wasformed using a BF/3D DUV inspection tool. Hightettion

sensitivity was shown on these layers, attributethé use of DUV illumination combined with polaiion control and
low noise detection. The analysis indicates thafoetypes of defects are associated with diffenemmersion process
parameters. We expect that this type of analysiBW@Y wavelengths would enable the optimization winiersion

lithography processes, thus enabling the qualiioadf immersion lithography processes for volumeduoiction.
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